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Summary.
1. Undegraded and active poly(A)"*̂ RNAs were obtained from
tissues (rat liver or calf thymus) and cell lines (K^62, NS 1 or 
HMy2) using sucrose gradient ultracentrifugation, guanidinium 
thiocyanate and rapid pheno1-chloroform deproteinization. The 
above methods yielded Z-y/o of total RNA which v?as as mRNA,found 
to be an undegraded product by analysis on either PAG or agarose 
gel electrophoresis. Single cycle oligo(dT) cellulose chromato
graphy was used to purify poly(A)^RNA and the percentage yield 
was 0.6-4% of total RNA. These poly(A)^RNAs were in fact active 
templates and gave more than 3 fold increase in the incorpor
ation of radioactivity over the control (without exogenous mRNA) 
in the rabbit reticulocyte lysate cell-free system. The fidelity 
of protein synthesis could be shown by gel electrophoresis. The 
incorporation of radioactivity was directly dependent on a con
centration of added poly(A)^RNA.

2. Two types of cell-free systems; wheat germ lysate and
rabbit reticulocyte lysate, were studied. Both cell-free systems 
were shown to have high efficiency in translation of various types 
of RNA (TMV RNA, globin mRNA, polu U and poly(A)^RNA from rat 
liver, K562 and NS 1 cells). The rabbit reticulocyte lysate was 
more efficient than wheat germ lysate in the synthesis of high 
M.W. protein (TMV protein at M.W. of 1?6k) but less sensitive to 
salt concentration. TMV RNA was the most active template since 
its rate of incorporation of radioactivity was approximately 100 

fold above the control (without exogenous mRNA).
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3. In studies of the effects of ANAs on protein synthesis
in cell-free systems, either rabbit reticulocyte lysate or wheat 
germ lysate was used to synthesize protein directed by TMV RNA, 
globin mRNA, poly U or poly(A)^RNA from K562 and NS 1 cells.

IgG fractions (36 samples from 8 subgroups of ANAs) prepared from 
the sera of SLE patients were examined and their effects detected 
by comparing the incorporation of radioactivity with normal IgG 
controls. The translation product was further characterized 
using a single-dimensional gel electrophoresis technique.

It was demonstrated that some of these ANA samples had 
an inhibitory effect on protein synthesis and that the inhibition 
was not specific to any particular group of ANA. The ability 
to inhibit protein synthesis by different ANAs was different, 
since the percentage inhibition varied from 3^ to 9^- How
ever, the inhibition was dose-dependent in each case (IgG con
centration) . These ANA samples inhibited mRNA-directed protein 
synthesis in either rabbit reticulocyte lysate or wheat germ lysate 
cell-free systems.

ANAs did not appear to inhibit translation preferentially 
on any particular type of messenger. Messengers from various 
sources were affected by these ANAs with only slight difference in 
the percentage inhibition. The results of gel analysis demonstrated 
that the amount of protein synthesized was dependent on percentage 
inhibition and the inhibition was not related to any specific type 
of protein. At high percentage inhibition, there was no protein 
synthesis emd synthesis of low M.W. protein was seen in the samples 
that exhibited low percentage inhibition.

The mechanism of protein synthesis inhibition by different 
ANAs appeared to be different. AntiRo (Frayne) and antiDNA (Jonas),
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which showed high percentage inhibition (more than 90%), exerted 
the effect of inhibition at the level of elongation, whereas, 
other ANAs with inhibition between 20% and 40% blocked protein 
synthesis at the initiation step.

The above results clearly showed that some ANA samples 
had inhibitory effects, on protein synthesis in cell-free systems. 
The significance of the inhibition in these systems by ANAs was 
unclear.

4. The effects of ANAs on protein synthesis were further
examined in intact cells. Several techniques were employed to 
transfer IgG molecules into cells, including fusion with lipo
somes or red cell ghosts, transfer via Fey receptors on cells, 
and permeabilization of cells in the presence of ANA. This study 
indicated that there was a limitation in transfer of macromolecules 
into cells. The protein synthesis pattern of cell lines was more 
complicated than protein synthesized in cell-free systems. Owing 
to the limitation involved, the ANAs did not show any effects on 
protein synthesis in the intact cells.
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1. Introduction.
1.1. General Introduction.

It is now well established that RNA mediates the expression 
of DNA information in living cells. In the nucleus, RNA is synth
esized on a DNA template by a process called transcription. All 
forms of eukaryotic primary transcripts (RNAs) are processed to 
form shorter,' native forms of RNA with precise biological functions. 
The mature RNAs are transported into the cytoplasm for use in syn
thesis of proteins (translation process). Protein synthesis 
involves three types of RNA; mRNA, rRNA and tRNA.

The heterogeneous giant RNA molecule; called heterogen
eous nuclear RNA (hnRNA) is found in the nucleus as a nucleoprotein 
particle; hnRNP. This hnRNA has been shown to be the precursor 
of mRNA by analysis of its nucleotide sequence. The actual model 
of the hnRNA is not known yet. The structure and function of 
the hnRNP, are briefly described in section 1.2. The mature mRNA 
results from post transcriptional processes which occur in the 
nucleus. These processes include RNA splicing or processing, 
addition of polyA at the 3* terminal and méthylation (in section 
1.3). The exact mechanism of splicing and the enzymes which take 
part in this process are not known yet. There are a number of 
possible hypotheses about this mechanism (in section 1.4). Some 
evidence suggests the involvement of snRNA in this process. The 
snRNAs are found both in hnRNP complex and free in the nucleus and 
their functions are not exactly known yet (in section I.3).

The translation process occurs in the cytoplasm and invol
ves a great number of chemical reactions. The mechanism of the 
individual steps in translation in both prokaryotes and eukary
otes, including the control and inhibition of eukaryotic trans
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lation system are briefly reviewed in section 1.6,
The snRNAs are recognized by antibodies (antinuclear 

antibodies, ANAs) in sera of patients with autoimmune disease;
MGTD and SLE. Some evidence suggests that these ANAs might be 
involved in the splicing process, transcription and translation. 
Therefore, the effect of ANAs on protein synthesis is studied in 
this thesis. The disease SLE, together with the incidence and 
specificity of ANAs are briefly reviewed in section 1.7.

1.2. Structure and Function of HnRNP.
In 1961,Georgiev found that there are two classes of 

RNA in the nuclei of eukaryotes; rRNA with base composition rich 
in G+C and RNA with DNA-like base composition, which is hetero
geneous in size; dRNA. Since then, the existence,,structural 
organization and function of this nuclear dDNA have been studied in 
many eukaryotic systems. Various terms are designated for this 
nuclear dDNA which axe dependent on its structure and function; 
nuclear AU-rich RNA or dJKNA; heterogeneous , heterodisperse RNA 
or hnRNA; messenger like or HIRNA and precursor of mRNA or pre- 
mRNA. HnRNA and pre-mRNA are in common use. This hnRNA is 
characterized by a low G+C content, which resembles total cellular 
DNA. It is heterogeneous with high M.W. and possesses a very 
high sedimentation coefficient in the range of 70-100 S (Georgiev 
^  aX, 1972). Samarina (1964) proposed that this hnRNA was a 
precursor of cytoplasmic mRNA, synthesized in nucleus with a high 
rate and cleaved into shorter chain by a nuclear processing mechanism, 
Therefore, this hnRNA is designated as pre-mRNA.
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1.2.1. Structure and Characteristics of HnRNP

1.2.1.a. The structure of hnRNP under electron microscope.

The 30s particles, consisting of pre-mRNA complex with 
protein, have been isolated from the nuclei of rat liver or 
Ehrlich ascites carcinoma cells and they look like homogeneous 
globules about 200A° in diameter under electron microscopy (Samarina 
et aX, 1968). The 3OS particles are the monomers of the bigger 
complexes that are organized like the polysome. These large 
complexes are heterogeneous particles with sedimentation coeffi
cient from 30-^OS, containing high M.W. pre-mRNA and designated 
as polyparticles. These polyparticles consist of the same compon
ents as 30s particles; pre-mRNA and a major protein with a M.W. of 
40K (calls "informatin" ), and are converted into 3OS particle 
when treated with a mild RNase. In 197^, Georgiev had analyzed 
the hnRNP by electron microscope and revealed a variety of shapes 
and sizes rather than a homogeneous structure as in early work. 
They are not well visualized in either negative or positive stain
ing (Malcolm and Sommerville, 1977 ; Martin et al., 1978) and show a 
fibrilar configuration in the pellet which is obtained after cent
rifugation (Malcolm and Sommerville, 1977)•’ The nRNP complexes 
have the appearance of a tangled string of bead-like structure. 
Since a low concentration of RNase rapidly causes random disper
sion of single beads, it is assumed that the tangled string is 
hnRNA and RNA may maintain the structure of the bead itself. How
ever, its disintegration by RNase digestion can be due to the com
bined effect of proteolysis and nucleolysis.

1.2.1.b. Characteristics of the hnRNP units.
According to the sensitivity of hnRNP to salt and RNase,
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hnRNP in eukaryotes can be separated into two classes of units; 

monoparticles and heterogeneous complexes or polyparticles (Jacob

et y., 1981).
i). Monoparticles.

Monoparticle is found in 3O-3OS range after digestion 
of hnRNP with RNase under mild conditions. Its sedimentation 
coefficient is heterogeneous and this is not due to hydrolysis 
of a large monoparticle nor due to theexistence of two or more 
classes of monoparticle. Monoparticle is also found to be heter
ogeneous in shape; ellipsoid, triangles and rectangles are observed 
under electron microscope. The size heterogeneity of monoparticle 
does not result from a set of protein at M.W. of 28k, 41K, 4%, 
and 3IK which are present in small amount. ( Stevenin et aX, 1977).

When monoparticles are treated with medium RNase concentrar 
tion, a substantial amount of RNA is hydrolyzed and certain prot
eins are released from monoparticles ( SteVenin et al., 1977 and
1979)• The protein of the residual RNA and the released protein 
are different and designated as oc and p proteins, respectively.
The cc proteins are a set of 8-10 polypeptides with a M.W. range 
between 28k and 38K and have pi values of 5-9 while the p  proteins 
comprise a few basic polypeptides with M.W. of 28K-38K and 6 

major polypeptides of M.W. 4lK, 43K, 5IK, 55K, 62K and IQBK and 
their pi's are 5-7. The distribution of ot and p proteins in 
monoparticle is 40% and 60% of total monoparticle protein, res
pectively. There are three hypotheses for the model structure of 
monoparticles; A, B, and C. Model A suggests the existence of 
2 classes of monoparticles M^ and M^ with different RNase sensitiv
ity and heterogeneous in size. Model B suggests the existence of
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only one class of monoparticle with a core of pC protein surroun
ded by p protein while in the model G, the oC and p proteins are 
distributed in a random way, ( Stevenin et aX, 1977, Gattoni et al.,
1978).

ii). Heterogeneous complex, (HC).
HC is RNP with typical protein composition. It has a 

sedimentation coefficient in range of 5OS to 200S and is a product 
of hnRNP after removal of monoparticle. The proteins are acidic 
with M.W. range of 23K to 200K and have pi of ^ to ?• HC differs 
from native hnRNP by having a low amount of protein below 40K 
( Stevenin et al., 1977; Fuchs and Jacob, 1979). The major pro
teins of HC are found between 6OK and 8OK and the protein with the 
M.W. of actin (42K)is enriched in this HC. The size of the RNA 
of the complex is 20-300 nucleotides, which is much smaller than 
that of hnRNP after isolation by salt treatment. This may be 
due to the RNase activity which was used to release the mono
particle. However, the HC is more resistant to RNase than the 
monoparticle and protein in the HC may protect the molecule from 
RNase ( Stevenin et al., 1977).

When hnRNP is treated with NaCl, monoparticle proteins 
are released. The protein composition of the salt-resistant RNP 
is close to that of the HC while their hnRNA is much larger in 
size, up to 6000 nucleotides (Fuchs and Jacob, 1979). HC are 
also resistant to salt dissociation. Salt-resistant RNP contains 
snRNA in addition to hnRNA and it is still not known whether snRNA 
belongs to HC or monoparticle. The proteins in the range of 
23K- 200K in hnRNP are phosphorylated in vivo. The most prominent 
phosphoproteins are found in the 28K-38K range and remain associated
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with the HC or salt-resistant RNP. All proteins are detected 
in all fractions of HC with various sedimentation coefficient but 
their relative distributions are different. The HC are a popul
ation of hnRNP with gradual variation of protein content. The reason 
for this variation in protein distribution in HC is unknown but it is 
suggested that it might be involved in RNA processing and more 
evidence is needed to explain this role fully ( Ste’venin et aX,1977)

1.2.I.e. Model of hnRNP.
The configuration of hnRNA, protein and nuclear matrix 

are not well understood. Several models of hnRNP configuration 
have been postulated. All the models proposed employ the concept 
of a bead-on-a-string structure in which a string of RNA was local
ized on the surface of a globular protein complexes (the beads).
The difference among the models are the protein composition and 
the presence of snRNA.

Samarina and Georgiev*s group first postulated a polysome 
like structure in which the bead was made of 20-40 identical 
polypeptides (macroglobular particles; informofer ), each having 
a homogeneous protein with a M.W. of 40K and called "informatin" 
Each informofer was combined with a part of RNA with M.W, of 200K 
(Samarina et aly I968; Georgiev, 1974). Martin et al. (1978) 
had supported this model but with a slight modification, the 
linker was dsRNA from the observation that dsRNA region was not 
complexed with any protein at all in hnRNP. Calvet and Pederson 
(1978) and Le Stourgeon et al. (1978) postulated a stoichiometric 
interaction of 6 proteins as the bead structures. All of these 
models assume a regularly repeated subunit organization similar 
to ribosome in polysome.
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From the existence of two classes of hnRNP population; 
monoparticle and HC (Jacob et al., 19^1), and the association of 
hnRNP with nuclear matrix in vivo (Miller et al., 1978), other 
models of hnRNP have been proposed. Stevenin et al., (1977) 
suggested that the fibrils were joined by two classes of components 
the monoparticleS and HC interspersed along the fibrils (Fuchs 
and Jacob, 1979). Jacob's group (I98I) proposed 3 models; A, B, 
and C. Model A showed an alternation of the 2 classes of RNP along 
the fibril, while in model B, monoparticles were clustered at one 
end and HC were at the other end of the RNA molecule. Model C 
assumed that HC constituted an uninterrupted background structure. 
Some of the RNA sequences are within that structure or tightly 
bound to it and alternate with sequences emerging out of it and 
cover with monoparticle proteins. From the RNase and NaCl 
treatment experiments and the existence of nuclear matrix which are 
associated with hnRNP, model C is the most plausible model for 
hnRNP but at the present all the models are still compatible with 
experimental evidence.

These models need to be re-examined after the discovery 

of non-coding sequences (introns) in hnRNA,snRNA-hnRNA hybridi

zation and the splicing mechanism. The size and number of introns 

may play a role in specifying the secondary and tertiary structure 

of hnRNA which in turn must define configuration of hnRNA-protein 

complex. The hnRNA is a very unstable molecule and interacts with 

protein and other nuclear components. This property contrasts 

with the more permanent and regular nucleic acid-protein inter

actions characteristic of chromatin and ribosomes. The poly- 

somal-like structure should be reconsidered.



1.2.2. Constituent and Function of HnRNP.

1.2.2.a. HnRNA.
Characterization of both chemical structure and prop

erties of hnRNA and its relation to cytoplasmic mRNA have been 
studied in hnRNP and in both units; monoparticle and polyparticle 
(see Perry, 1976; Van Venrooij and Janssen,1978; Sekeris and 
Guialis,198l; Samarina and Krichevskaya, I98I for review).
These hnRNAs which are extracted from nRNP particles are hetero
geneous in size, comprised of DNA-like base, have high rate of 
turnover, contain polyA tract at the 3* terminal and cap struct
ure at the 5* terminal and have a ds-RNA sequence or ds hairpin 
structure,

Mnnoparticles have been shown to contain mRNA sequences 
by hybridization between RNA isolated from these particles and 
cDNA. Moreover, the results from experiments of hnRNA transla
tion in cell-free systems, transcription kinetics and the existence 
of pre-mRNA (such as globin mRNA) have indicated that mRNA sequences
are found in hnRNA molecules in both monoparticle and polyparticle.lt 
has been observed that 85% of the cytoplasmic poly(A) RNA have counter-

' parts in monoparticles and only 5-10% of this RNA is transferred to 
cytoplasm as mRNA (Kinniburgh and Martin, 1976). Most of the 
RNA is located in the nuclei and this means that the greater part 
of hnRNA molecules turnover within the nucleus. The hnRNA is 
degraded to different degrees and the size of the hnRNA can be 
determined under non-denaturing condition. Economidis and Peder
son (1982) demonstrated that the hnRNP which is transcribed in vitro 
had the same properties as the nuclear RNP particle in which hnRNA 
was found in vivo. It is assumed that small amounts of RNA in 
polyparticle and monoparticle contained mRNA sequences.
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The polyA sequences, characteristic of most cytoplasmic mRNAs, 

have been shown to be present in hnRNA and hnRNP complex in poly

particle. (see Samarina and Krichevskaya, I98I for review).
These polyA sequences were tightly bound to protein in the form 
of low M.W. nuclear entities of about 15S fraction from sucrose 
gradient and showed a density of 1.24-1.26 gm/ml in GsSO^ grad
ient .PolyA RNP particles are also found in polysomal cytoplasmic RNA 
and have a sedimentation coefficient of l4s. Their polyA RNAs 
estimated to be 200-230 nucleotides of which most residues are 
adenosine (88%). The size and base composition of the RNA 
from nuclear RNP appear to be similar to that of cytoplasmic 
RNA. These polyA are not transcribed from DNA but are added into 
hnRNA during a post transcriptional process. Protein composition 
of poly A RNP particles is distinct from that of 3OS monoparticle 
but the number of polypeptides is not yet clear. However, memy 
reports have suggested that a major protein at M.W. between 
7OK and 86k is tightly bound to a polyA sequence, which other 
proteins are less tightly bound to polyA (Quinlan et aL, 1977). 
These polyA may play a role in the normsil maturation of mRNA and 
transport of mRNA to cytoplasm.

Short oligo(A) sequences(20-40 nucleotides) are also found 
in hnRNA from both monoparticles and polyparticles at the 3* end. 
These oligomers are located inside the molecule and transcribed 
from DNA (Edmonds et aL, 1976). It is suggested that these 
sequences might be a primer for binding of long chain polyA 
in post-transcriptional process. Only crude I5S RNAs contain 
oligo(u) sequences(15-30 nucleotides). These sequences are 
localized near the 5 * end and hydrogen -bonded to oligo, (a) to 
polyA sequence in hnRNP structure (Kish and Pederson, 1977).
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The stability of these oligo(U)-polyA duplex may be related 

to protein which is bound to polyA sequence. The function of 

this duplex remains unclear. It may be responsible for main

tenance of the pre-mRNA secondary structure which in turn may 

be related to pre-RNA processing and transport.

The pre-mRNAs of nuclear RNP particles also contain 
triphosphorylated nucleotides as well as cap structure at the 
5* end.

Most, if not all, hnRNA molecules from eukaryotic cells 
have a stable hairpin structure which includes an intramolecular 
ds region (see Naora, 1979 for review). These structures are 
RNase-resistant and vary in length from 10-20 to several hundred 

base pairs. Two classes of ds sequences have been revealed 
in hnRNA;
i). More stable ds sequence, which are resistant to RNase
A and T^, and which comprise 1-1.1% of the nucleotidesin hnRNA 
from HeLa cells.
ii). Less stable ds sequences, which comprise an additional 
1.5-2% of the nucleotidesin hnRNA, and are sensitive to RNase III 
and are not resistant to RNase A and T^ unless the salt concen
tration is raised to 0.6^.

The proportion of ds sequences in the pre-mRNA of 3OS 
particles is about 6%, only one ds sequence containing 34-38 

nucleotides with average size of approximately 50A° may exist 
in each 3OS monoparticle. Therefore, most of the pre-mRNAs in 
30s particles is in single-stranded form. The ds structures are 
localized on the surface of the particle and are almost free of 
protein. Biochemical and physical data suggest that pre-mRNA 
is already complexed with proteins during its synthesis and this
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binding prevents the formation of secondary structure of pre-mRNA. 
Naora et ad. (1979) have shown that parts of the nucleotide 
sequence present in the *̂-a.nd 3'-terminal regions of many 
cytoplasmic mRNAs are derived from ds hairpin structure of hnRNA 
(pre-mRNA). They also suggested that ds sequences might play 
a possible role in the processing of non-coding sequences of 
pre-mRNA. Ds regions in hnRNA can result from intramolecular 
as well as intermolecular interaction. Intramolecular ds 
sequences can be formed by base pairs of contiguous (hairpin) 
and long range (loops) complementary sequences while inter
molecular interaction can occur between two hnRNA molecules 
and between hnRNA and snRNA.

1.2.2.b. SnRNA.
There are many species of snRNA which are detected in 

cell nuclei and cytoplasm. They contain 90-200 nucleotides, have 
sedimentation coefficient in the 4-8s range and consist of modified 
nucleotides. They may have different functions in the cell 
dependent upon their contents, localization and metabolic activity. 
However, their roles remain unclear. The structure and function 
of these snRNA species will be described later in more detail in 
section 1 .5.

Of the snRNA detected in nuclei, some are hnRNA constit
uents due to hydrogen-bond (of about 10-25 base pairs)formation 
to hnRNA (see Jacob et aL, I98I; Sekeris and Guialis, I98I;
Samarina and Krichevskaya, I98I for review). The direct assoc
iation of snRNA to hnRNA is found in both momoparticles and HC 
and represents about 6% of the hnRNA. Therefore, a functional 
role for the snRNA seems more likely than a structural role. The
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function of the association of snRNA with hnRNA is not clear yet.

It is suggested that snRNA might participate in structural organ
ization of the nuclear RNP particle. SnRNA species in both mono
particles and HC appear to be similar and independent of the part
icle size. Comparison of the proteins is difficult because their 
concentrations are not certainly determined. SnRNA protein 
consists of polypeptides with M.W. between lOK and 70K. The 
snRNA species does not distribute equally between hnRNP of various 
sizes. The Ul, U2 and one of the three 4.5S RNA are found to 
complex with nuclear RNP particles. In monoparticles, Ul RNA is 
the most prominent snRNA while the amounts of Ul and U2 are equiv
alent in larger hnRNP. The high specificity of the protein bound 
to snRNA and the interaction of Ul RNA to pre-mRNA at specific 
region may be responsible for the splicing of pre-mRNA.

I.2.2.C. Proteins.
The protein composition of intact hnRNP particles is 

very complex, consisting of a series of proteins ranging in M.W, 
from 23K to 200K with some predominant components around 40K (Galli* 
naro-Matringe and Jacob, 1973). This 40K protein is most probably 
identical with the protein that is the structural components of 
the informatin (Samarina et I968) or informofer (an aggre
gated form of 20-40 informatin molecules, Lukanidin et ad., 1972) 
or high salt washed of 3OS particles. There is disagreement over 
the number of different protein species involved in particle form
ation. Northemann et ad. (I978) reported that the difference in 
the protein composition of hnRNP particles might be the direct 
result of differences in the isolation procedure. Sonication of 
nuclei and salt concentration in buffer destroys chromatin and
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nuclear matrix and may lead to redistribution of their compon

ents. HnRNP proteins may be classified according to their distri

bution between monoparticles and polyparticles. The protein 

composition of monoparticles is quite simple. For example, in 

the HeLa cells these proteins are basic polypeptides with high 

glycine content and dimethylarginine which may be involved in 

the interaction between protein and nucleic acid (Samarina and 

Krichevskaya, I981). Isolation of the protein of polyparticles, 

which is tightly bound to RNA, has not started yet.

Irrespective to the tissue or cell type, and even the 
presence of protease inhibitors, the most prominent protein in 
hnRNP particle are in the M.W. range of 3OK to 40K (Pederson,

1980). There is disagreement over their proportions, for 
example in the HeLa cells, they constitute 26^ of the protein mass 
of nRNP while they represent of the total nRNP protein in
brain nuclei (Gallinaro-Matringe et al., 1975) • It is generally 
agreed that this set of proteins can be removed at high salt con
centration (Faiferman and Pogo, 1975; Beyer et aL, 1977). Some 
salt labile proteins are basic, with pi of 8-9, have an unusual 
amino acid composition including high glycine content(25%%high hydro- 
phobic amino acid content and a modified basic residue, N^N^-dimeth- 
ylarginine (Beyer et aX, 1977)•

SDS-PAGE is the most effective method for investigation 
of heterogeneity of the proteins associated with hnRNA. It has 
been demonstrated between 6 and 50 protein species (Northemann et 
ad., 1978; Brunell and Lelay, 1979). Some of the proteins 
associated with hnRNA maybe species-specific, such as protein 
(7O-8OK) which is associated with the polyA of hnRNP particles 
(Quinlan et al.,1977). The problems in study of the protein comp-
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osition of hnRNP complex are the purity and the presence of 
secondary and tertiary structure of hnRNA.

1.3. Maturation and Structure of mRNA.
Recent studies of mRNA have demonstrated that most eukary

otic mRNAs have a unique terminal structure at the 5' terminus and 
a polyA sequence at the 3' terminus (Lodish, 1976). The mRNA 
is transcribed from DNA as a pre-mRNA which contains non-coding seque- 
nces(or introns) and coding sequences or (exons).There are post-transcrip
tional modifications of mRNA, including polyA addition, RNA splicing, 
capping and méthylation which occurs in the nucleus and results in 
the formation of mature mRNAs. These mature mRNAs are transported 
into the cytoplasm and some of them are bound to ribosomes and 
direct the synthesis of polypeptide chains.

1.3.3. Post-transcriptional Modification of mRNA.
1 .3.1 .a. PolyA addition.

Most eukaryotic mRNAs and viral mRNAs contain a polyA 
sequence, about 50-200 residues,at the 3* end.PolyA addition is a rapid 
process and precedes splicing of RNA as shown by kinetic labelling 
and determination of the size of poly(A)^RNA (Nevins and Darnell,
1978; Abelson, 1979). There are two processes of polyadenylation; 
the first process is a step-wise process in which one adenylic 
residue is added to nuclear RNA at a time by polyA polymerase 
(LewiUj 1980) and the second process involves two steps, 
cleavage and polyA addition (Nevins and Darnell, 1978; Nevins ei 
âi*» I98O; Hofer and Darnell, I981). In the second process, it 
is possible that the transcript is cleaved by an endonuclease and 
and there is a specific site in the structure of nucleic acid for
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the recognition of this enzyme.

The hexanucleotide AAUAAA sequence in the 3' noncoding 
region of mRNA is highly conserved, therefore, it is thought to 

play a role in formation of a recognition site fourcleavage or 

in recognition by the polyA polymerase (see for review Nevins,

1983; Baralle,1983). This sequence (AAUAAA) is present in many 
mRNAs about IO-3O residues away from the 3* terminal polyA sequence, 
The 3' noncoding sequences have been found to vary in length and 
are not essential to mRNA function. The role of the AAUAAA 
sequence in polyadenylation has been investigated both in vitro 
and in vivo. By study of deletion mutants of SV40 at or around 
the AAUAAA sequence, it was found that the polyadenylation site 
was moved dependent on the size of deletion if deletion occurred 
within IO-I9 nucleotide range from the AAUAAA sequence and stopped 
if the deletion included the AAUAAA sequence. From these results, 
the sequence AAUAAA was essential for the formation of poly(A)^RNA 
and it was suggested that this sequence could specify the proper 
cleavage of the RNA chain by acting as a part of recognition site. 
This was confirmed by a recent study of adenovirus AAUAAA mutation, 
only 10% of the normal amount of poly A RNA is produced, if the 
AAUAAA is converted to AAGAAA (Montell et al., I983). Therefore, 
AAUAAA sequence is required for the cleavage step preceding poly
adenylation to occur efficiently but it is not required for RNA 
polyadenylation.

This AAUAAA may not be the recognition site for all poly - 
adénylation. There is heterogeneity in the site of polyA addi
tion in vivo. For example, in bovine prolactin mRNA polyA appears
to be added at several sites within a 10 base pair region and the 
adenovirus 3 transcription unit has 2 polyA sites. Moreover,
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some picornaviruses and polyovirus, which completely lack of the 
AAUAAA sequence, can also form polyadenylated mRNA. Different 
polyadenylation mechanisms may exist. However, the precise 
mechanism of polyA addition is still unclear.

l.^.l.b. RNA splicing.

It is now accepted that many cellular and viral mRNA 
molecules are derived from high M.W.precursor (pre-mRNA). The 
coding sequences (exons) of many eukaryotic pre-mRNAs are 
interrupted by stretches of noncoding sequence (intron) of var
ious size. The introns are deleted and the exons are then cova
lently joined by intramolecular ligation. This cleavage-ligation 
process is termed RNA splicing. This hypothesis requires a 
specific mechanism for selecting splice sites and a splicing pro
cess, involving enzymes for cleavage and ligation of the RNA mole
cule. The actual mechanism of the splicing process is still un
clear. The details of RNA splicing will be described in section 1.4.

1 .3.I.e. Capping and Méthylation.
Many eukaryotic, viral mRNA and nuclear pre-mRNA contain 

a rather unusual structure called the "cap" 7-methylguanosine (m^C) 
(Shatkin, 1976; Lewin, I98O). In general, the 3*-5* pyrophospate 
bridge is formed by guanylyl transferase and their terminal guan-

*7osine is methylated at the N position. Sometime, the nucleotide
at the 3 * end of the transcript is methylated in the ribose moiety

7before linking to the m G. The formation of a capped terminus is 
a very early event in mRNA formation, since a capped-premature 
terminated transcript and a capped nascent chain less than 100 

nucleotide long have been found (Babich et ad., I980). Shatkin (1976)
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demonstrated that in vaccinia virus and HeLa cell, capping occurred 
after the initiation of transcription. In recent studies of 
the structure and function of mRNA transcripts, the"TATA" box, 
which was a strongly homology region and almost universally con
served, has been found. This "TATA" box is located approximately 
30 nucleotides upstream from the capping site. These results lead 
to the speculation that this "TATA" box might have a role in the 
initiation of transcription in eukaryotes (Pribnow, 1979)*
In vivo, Baker et ad. (1979) found that *TATA” box was not essential 
for transcription of certain viral mRNA and after a point mutation 
in "TATA" box (TAGA) the site of RNA synthesis was not changed while 
the rate of transcription was decreased. (Grosschedl et ad., I98I). 
This "TATA" box is also required to guide the RNA polymerase 
into a correct initiation frame (Benoist and Chambon, I98I). The 
rapid addition of the cap and polyA to pre-mRNA tends to suggest 
that the 5* cap structure and 3' polyA; sequence are involved in 
the protection of pre-mRNA from nuclease during RNA processing. 

Méthylation of mRNAs also occurs at internal adenylate 
residues at the N^ position (Shatkin, 1976). The m^A residues 
are added to the sequence in primary transcription and are 
conserved during RNA processing. Stoltzfus and Dane (1982) 
found that the formation of mature snRNA was reduced and the syn
thesis of protein from pre-mRNA was also increased when viral in
fected cells were incubated with cycloleucin, a drug that reduced 
the frequency of n̂ A in retrovirus RNA. From these results it 
was suggested that m̂ A residues might play a positive role in spli
cing, but more direct experiments are needed to prove this point.
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1.3.2. Structure and Function of Gap structure and PolyA.

1.3*2.a. Gap structure.
The cap, m G, at the 5' end of the transcript has been 

shown to have many functions (see Ravel and Groner, 1978;Baralle, 

1983 for review). There are three types of cap; cap 0 (m GpppX) 

which has only one méthylation at G, cap I (m/cpppX^) where the 

3*-5* bond between the 2'-omethylated nucleotide and the next 
residue in the mRNA chain is stabilized against hydrolysis by 
alkali or T^RNase because formation of the 2'-3'-cyclic inter

mediate required for cleavage is blocked and cap II (m^GpppX^px"^) 

which has many méthylations at the 5* terminal of mRNA.
The exact role of this structure in mRNA function has 

not yet been established. However, a number of functions have 

been proposed for this cap structure and two suggestions are more 
likely to be its function. The first one is to protect the mRNA 
molecule from degradation by phosphatase and nuclease, at the 5* 
terminus, and the second is to play an important role as a recog

nition signal in the initiation step of capped mRNA translation, 
by helping in the ribosome binding process or in specific protein 
binding. Other functions have been speculated including part
icipation in mRNA processing and transport and involvement in the 
switching on or off of protein synthesis in the cell, but there is 
not enough evidence to support these; functions.

The stabilizing effect of the cap structure on mRNA 
has been examined by incubation of capped and uncapped mRNA in 
cell-free systems (Xenopus Oocyte, wheat germ lysate or L cell 
extract) and determination of mRNA stability. The results^ showed 

that mRNAs containing m^GpppG or GpppG at their 5 '"termini were 

degraded more slowly than uncapped mRNA. This indicates that
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the 3 ’ - 3 ' pyrophosphate bridge was sufficient for protection 
of the mRNA against nucleases. But this structure is not the only 
factor determining mRNA stability since uncapped natural mRNAs, 
such as several viral RNAs, are active and stable in in vivo and 
in vitro. It is assumed that mRNA is rapidly degraded after rem
oval of the cap.

Concerning the role of the cap structure in translation,
Kozak (1978) has suggested that the cap is used as a guide for 
the binding of the ribosome to mRNA. This suggestion is supp
orted by in vivo and in vitro studies of mRNA translation and

7 7 7use of cap analogues such as m Gp, m Gppp, m GpppXm (Fig 1.1.).
In vivo, only capped viral mRNA is associated with polysomes 
in VSV infected BHK cells. In vitro, capped mRNAs are much more 
active in translation than improperly capped mRNAs and removal 
of the 3* cap of mRNA prevents translation. In particular, the 
uncapped mRNA fails to bind to the 40S subunit. In addition, the 
translation of capped mRNA is strongly inhibited by cap anal
ogues. This inhibition seems to be by interference at the bind
ing of mRNA to the ribosome subunit and the binding of mRNA 
and of Met-tRNA^ to initiation factors, eIF-2 and eIF-4B (Shafritz 
et aXf 1976). This inhibition is reversed by adding eIF-2.
However, there are uncapped mRNAs, such as poliovirus and enceph-
alomyocarditis (EMC) virus, are very active templates for protein

nsynthesis and are not inhibited by m Gp. Modification of cap 
structure in mRNA by chemical or enzymatic procedures was shown 
to involve in the translation capacity of mRNA. Efficiency in 
cell-free system is either retained or lowered and this reduction 
may be resulted from both decreased stability of mRNA and its 
lower activity in binding to the ribosome ( Wodnar-Filipowicz et ^  ,1978)
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It is not clear which features of the cap are required 
for the process of ribosome binding. However, méthylation at 
position 7 of the G and the 5'-5' pyrophosphate are essential 
while the sequence adjacent to the cap structure is unnecessary 
for binding of 40S subunit.

The cap binding protein (CBP) which is isolated from 
rabbit reticulocyte and mouse L cell, specifically recognises 
the cap of several mRNAs and stimulates the translation of cap
ped mRNA in cell-free systems. CBP might facilitate mRNA-ribo- 
somal interactions by unwinding the 5 * terminal secondary struc
ture of eukaryotic mRNA (Sonenberg et ad., 1979) •

These results indicate that the cap structure of eukary
otic mRNAs may have an important function in the initiation of 
translation but the exact nature of this function is not clearly 
understood.

1.3.2.b. PolyA.
The polyA sequence at the 3* end of mRNA behaves as a 

relatively homogeneous component with a sediment coefficient of 
about 4S and an electrophoretic mobility at 7S RNA component in 
PAGE. This value indicates a size of about 200 AMP residues.
The length of this sequence varies in mRNA, and lower eukaryotes 
seem to have shorter polyA sequences (Brawerman, 1974).

The function of the polyA sequence has been determined 
and three general hypotheses for polyA function have been sugg
ested. These include a role in mRNA stability, in mRNA processing 
and transport and in protein synthesis (Baralle, 1983; Ravel and 
Groner 1978; Nevins, I983).
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Several studies suggested that the polyA segment played 
a role in determining mRNA stability. Globin mRNA with polyA 
tracts of approximately 30 nucleotides or more was found to be 
stable, whereas that ivdth a shorter polyA tract was found to be 
unstable (Nudel et 1976). Histone mRNA, which lacks polyA, 
was found to degrade rapidly after injection into HeLa cells (Huez 
et al., 1977)• The 3' polyA had an important function in mRNA 
stability and the minimum length of the polyA segment required 
for stability was found to be about 30 adenylate residues. The 
shortening of polyA segments does not appear to reduce the trans
lational actvity of mRNA and it occurred in the cytoplasm. How
ever, there were results which suggested that polyA did not reg
ulate mRNA stability. This included experiments demonstrating 
that deadenylated forms of interferon and oC -2U-globulin mRNA 
did not differ in stability from their adenylated forms when micro
injected into Xenopus oocytes (Deshpande et ai, 1979) and there 
was no correlation between the stability of a mRNA and the size 
of its polyA tail in 66 different Dictyosteliom mRNAs that 
possessed different lengths of polyA tracts (Palatnik et gi, I980).

A role for polyadenylation in mRNA processing or trans
port is unlikely, since a number of mammalian viruses that totally 
lack a nuclear component have a polyA on their mRNA. Recently, 
Zeevi et ah, (I982) showed that a number of mRNAs which were natur
ally poly(A) or which become poly(A) in 3'-&eoxyadenosine-treated 
cells, were efficiently transported to the cytoplasm and their 
nuclear RNAs were properly spliced.

The possibility function of a polyA in protein synthesis 
has been investigated. Many studies suggested that a polyA seg
ment was not required for translation in a cell-free system, since
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histone mRNA and deadenylated rabbit globin mRNA were actively trans

lated. In addition, artificial deadenylation or blockage of the 

polyA tail with poly U did not significantly reduce the efficiency 
of mRNA translation (Munoz and Darnell, 1974). In contrast,
Doel and Carey (I976) showed that native poly (a)^ ovalbumin 
mRNA was translated more efficiently than deadenylated ovalbumin 
mRNA in reticulocyte lysate, but no difference was observed in 
less active wheat germ lysate, Deshpande ei al, (1979) found that 
in Xenopus oocytes, ©0 -2U-globulin mRNA with a short polyA tract 
was translated less efficiently than the same mRNA possessing a 
long polyA tract. During in vitro translation of mRNA, many 
polynucleotides, including polyA, can inhibit the initiation step 
in reticulocyte lysates and different polymers varied greatly in 
their inhibitory activity (Lodish and Nathan,I972). This result 
suggested that the inhibitory activity was due to an interaction 
between polymer and the ribosome, which resulted in an overall 
reduction in initiation efficiency. Jacobson and Favreau(l983) 
also suggested that the polyA tract of mRNA had a function in 
protein synthesis that was competitively inhibited by exogenously 
added polyA and proposed that polyA had a function in protein 
synthesis and its other role in mRNA stability was indirect.

1 .3*3. mRNA Transport.
The mature mRNA is formed after post transcriptional 

processing and is transported to the cytoplasm as a nRNP particle 
(Spirin,1969) via the nuclear pores (Jacob and Danielli,1972).
Only fully processed molecules enter the cytoplasm (Nevins,I979).
There appears to be no cytoplasmic processing of RNA; furthermore, 

unspliced mRNA does not normally accumulate in the cytoplasm of



- 23 -

differentiated cells. Thus, it seems that a mechanism must 

exist for selective transport of RNA sequences from the nucleus 
to the cytoplasm. The transport of mRNA may be related, to size, 
capping and polyadenylation of mRNA and its chemical components. 
Biochemical and ultrastructure studies ( Faiferman and Pogo,1975; 
Herman et al., 1976; Agutter et ad., 1979;Moffett and Nebb, I983) 
indicated that nuclear RNA is normally transported to the cyto

plasm through the nuclear pores and this process requires many 
components. However, the regulation of this mechanism is still 

unclear.
The rate of nuclear-cytoplasmic transport of different 

mRNAs varies. Histone mRNA are transported immediately after 
synthesis (Bonaldo et aX, 1979) while other mRNAs require more 
than 1 hr for processing and transport (Wilson et a^, 1978),
The regulation of this mechanism is not known but much evidence
suggests that mechanisms must exist for the selection of mRNA
sequence at the post-transcriptional nuclear level which include 
selective processing of the primary transcript, multiple splicing 

enzyme system , the absence and presence of processing enzymes 
specific for classes of mRNA and the selection of fully processed 
mRNA for transport to the cytoplasm (Crick,1979). In general, 
processing is obligatory for the transport of mRNA to the cyto
plasm. Interference with RNA processing may result in the inhib
ition of mRNA migration to the cytoplasm. The actual mechanism 
still cannot be resolved.

1.4. The Possible Hypothesis in RNA Splicing.

RNA splicing, in which the noncoding sequence (intron) 
is removed from pre-mRNA and coding sequences (exons) are joined
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together, appears to be one of the terminal events in the post 
transcriptional process of mRNA. This splicing process is rel

atively slow and occurs exclusively in the nucleus (Nevins,1979)• 
Nevins (1979) has demonstrated that the splicing of adenovirus 
fiber mRNA requires approximately 20 min and splicing intermediates 
are obligatory precursors in the pathway to the final mRNA. More

over, in the case of globin mRNA, intermediates in the splicing 
pathway have been found, showing that the introns in a transcript 

are removed in a series of steps (Kinniburgh and Ross, 1979).

1.4.1. The Recognition of Splice Site.
The splice sites in nuclear mRNA are always marked by 

a sequence resemblance. The consensus sequences are:-

5 ’̂ AG/GT^AGT for the donor site and N ^ / G T ^  3* for the

acceptor splice site.and the first two GT and the last two AG 
nucleotides of an intron are strictly conserved. These results 
came from analysis of the sequence at over I30 splice junctions 
by Mount (1982). These conserved splice sites must be involved 

in the actual cleavage. This is confirmed by the study of human 
^-thalassemia, ec-thalassemia and adenovirus EIA. Orkin ei 
al. (1982) found that in the globin gene, which had an A to G 
change at the 5' splice site of the second intron (AG), this re
sulted in the inactivation of this splice site and a low level 
of p globin production. A similar result was shown in oc-thal
assemia, which had a mutation removing 5 ' splice site, which resul
ted in the use of an alternative site contained in the middle of 

the exon (Felber et al., I982) . Thus, this mRNA is not able to 

produce globin. Furthermore, with adenovirus FIA, modification
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in the first splice site (GT) by conversion of a T to a G , inact
ivated the splice site and resulted in failure to produce mature 
EIA 12S mRNA (montell et al., I982). In contrast, deletion of 
portions of introns outside the consensus sequences generally does 
not have any effect, such as in rabbit globin gene,deletion leaving 
only 6 nucleotides of the intron next to the 5 ' splice site or 15 

nucleotides next to the 3' splice site still allows accurate spli
cing (Kuhn et al., I983). From this evidence, the involvement of 
the consensus sequence in splice site selection is established.

SnRNPs have been proposed to be involved in hnRNA pro

cessing and in particular, in the splicing of pre-mRNA molecules 
(Abelson, 1979; Crick, 1979; Lerner et al., I98O). Lerner et al. 
(1980) have made a comparison of sequences of snRNA to known sequ
ences of intron-exon splice junctions in many eukaryotic genes and 
found extensive complementarity between both the 5 * and 3 ' end 
functions of intron-exon sequences and the sequences at the 5 * 
terminal of U1 RNA. They have presented a model for possible base 
pairing interaction of U1 RNA and the splice junctions of hnRNA 
(Fig 1 .2). A similar model was also reported by Roger and Wall 
(1980). Lerner et al. (I980) also showed that the intron-exon 

splice junctions were conserved through evolution and U1 RNA 

with the 5' end missing was not associated with hnRNA. These 
proposals have some evidence from in vitro experiments to support 
this role. Yang et ^ , (198I) found that addition of antiRNP-or 
ant:Sm-antiserum from SLS patients resulted in a failure to splice 
the adenovirus RNA transcript. In contrast, antiRo-and antiLa- 
antisera which are antibodies against cytoplasmic RNA and a sep
arate class of nuclear RNP, respectively had no effect. In addi

tion, Mount et al. (19839 also found that U1 RNP was selectively
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bound to the 5' splice site of an artificial ^  -globin pre-mRNA.
The model is not completed yet, an alternative splicing mechanism 

may exist. The results of Spritz et al. (I9SI)indicated that 
regions other than consensus regions of intron could affect pro
cessing. The possibility exists that the processing site and 

its interaction with snRNA might be affected by the secondary 
structures of the RNAs involved and all splice sites might not 

be identical. Naora and Deacon (I98I) reported that a better 
match between U1 RNA and the splice junction of insulin pre-mRNA 

could be made with model for the secondary structure of U1 RNA 

which was demonstrated by Epstein et al. (I98I) and the sequence 
of the exon and the intron portions of insulin pre-mRNA. More
over, mitochondria have not been found to contain snRNA molecules 
but mitochondrial messengers are spliced. The hnRNP structure 

could bring certain 5 ' and 3' splice sites into proximity and 
lead to exposure of the consensus sequence for splicing (Kuhn ei 

al., 1983) . Langford and Gallwitz (I983) have shown that an octa- 
nucleotide that occurs 20 - 25 nucleotides upstream of the 3* splice 
site in all yeast mRNA was also required, for splicing in addition 

to the conserved sequence at the splice sites.

Therefore, the specificity of splicing may require a 

primary sequence and double helical regions in the RNA transcripts 
and also interaction of the transcript with protein by means of 

snRNA (UI.RNA) and sequences of the splice junctions. The exact 

mechanism for selective splicing is still unknown.

1.4.2. Mechanism of Splicing Reaction.

Abelson (1979) has pointed out the requirement of enzymes 
in splicing, which must accurately excise introns and then accurately
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link the exons together. Multiple enzymes have been proposed 

for these processes (Crick, 1979)* A variety of RNases are can
didates for enzymes that specifically cleave hnRNA during its 
processing. Only RNase III, P , Q, (an exonuclease), and a 
few other enzymes exhibit specificity for tRNA precursor cleavage 

and for processing viral pre-mRNA. RNase III recognizes l6s rRNA 
and 23s rRNA of the 3OS pre-rRNA and RNase P and RNase "E" recognize 

tRNA and 5SrRNA, respectively (Abelson, 1979)* RI'Tase Ill-like 
enzymes are present in eukaryotes, but their functions are not 
known (Abelson, 1979)* The cleavage sites recognized by the 
RNases are dependent on RNA conformation, which is controlled by 
its nucleotide sequences and its associated protein. RNase P 
is an endonuclease which consists of a 20,000 M.W. basic protein 
and 300 nucleotide long RNA and pre-tRNA which generates the 3' 
termini of mature tRNA molecules. The enzyme recognizes the 
structural conformation of pre-tRNA molecules rather than 
nucleotide sequences (Kole and Altman, 1979).

No specific RNA cleavage enzyme or ligase has been found 
associated with U snRNP. The only example is RNase P, which is a 
small RNP, and is involved in processing of pre-tRNA. It is not 
known whether this RNase P is related to U snRNP particles. There
fore, the exact mechanism of splicing and the enzymes which take 
part in this process are not yet known.

1.5 . Structure and Functions of SnRNA.
A special class of nuclear RNA with sedimentation coeffic

ient ranging from 4 to 8S, referred as a low M.W. nuclear RNA or . 

snRNA has been found in all eukaryotic cells and also in viruses 

and bacteria. Many species of these snRNAs are first discovered
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in the nuclei and are later found in the cytoplasm. It appears 
that most of snRNA species are concentrated in the nucleus.

However, some of them have been shown to shuttle between nucleus 
and cytoplasm. At first, these small RNA species were suspected 

to be the degradation products of higher M.W. RNA (hnRNA, rRNA 
and tRNA) because of the problem of digestion by endogenous RNase 

Some of these problems have been overcome by using improved methods 

and RNase inhibitors or by finding a biological source with low 
Ri'kse activity, such as Novikoff hepatoma cells. A class of 
RNA species with specific properties which represents approx

imately 0.5;̂  of total cellular RNA has been found. Their 
structure and function are briefly described as follows (see 
Ro-Choi and Busch, 1974; Hellung-Larsen, 1977;Choi and Ro-Ghoi,1980; 
Reddy and Busch, I98I; Busch et al., I982 for detail review).
i). About IOO-3OO nucleotide long.
ii). Rather stable with half-lives up to one cell cycle,
iii). Distributed in all cellular fractions including nucleolar, 
extranucleolar fraction, nucleus and cytoplasm.
iv), Some of them exist in RNP complex and hybridize with 
nuclear and nucleolar DNA.

v). Some of them have unusual distribution and content of
modified nucleosides.

1.5*1. Classification and Structure of SnRNA.
These snRNAs.are classified into many groups according to 

their size. They are isolated by sucrose gradient centrifugation 
and fractionated by electrophoresis or chromatography.



1 .5 .1.a. 43 RNA.
4S RNA is the only snRNA which is present in all sub- 

cellular fractions, with about 99/̂  in the cytoplasm. In nucleol
us, it has only 60/Wiino acid acceptor, contains a high amount of 
U and A and has less hydro-U and I'P-methyl-G than 4S RNA in the 
cytoplasm. It is suggested to be a precursor of nuclear and cyto
plasmic tRNA. Nuclear 4s RNA has an aa. acceptor activity the 
same as that of cytoplasmic tRNA. It appears that the newly syn

thesized tRNA is converted to an active form as soon as it is 
formed. Cytoplasmic 4s RNAs are all tRNA's and have the typical 

clover leaf structure.

1 .5 .1 .b. 4 .5s RNA.
4.53 RNA is located in chromatin or nucleoplasm. It 

comprises three distinct molecular species; 4.53 RNA I, II, and III 
4 .5s RNA I and II are 96 nucleotides long, contain approximately 
equal quantities of each of the four nucleotides and have no modi
fied nucleotides. The base sequence at the 5 'end is rich in 
purine and its nucleotide is 3*»5* diphosphate G. At the 3* end 
it is rich in pyrimidine and U is the 3' terminal nucleotide. It 
has a high content of AMP residues at the center of the molecule. 
4 .5s RNA III is a unique RNA species with adenosine 3', 5'-ddphos- 
phateat the 5'-terminal and 2'-0-methyluridine at the 3 'terminal. 
It contains ij/ ,N -methyl-G and N -methyl-A and has higher A and 
lowerC content than 4.5 RNA I. Their functions are not known 
and they certainly are not tRNA precursors.

1 .5 .1.e. 53 RNA.

53 RNA has been found in both nucleolar and ribosomal RNA
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fractions. There are three subspecies (I, II, and III) of 

nuclear jS RNA and their functions are suggested to relate to 
the maturation process of the ribosome. It is clear that 5S RNA 
is a component of rRNA. It is associated with 28S rRNA by hydrogen 
bond Its synthesis is coordinated with l8S and 28S rRNA

but their cistrons are located at different sites.

1.5.1.d. U RNA.
These snRNA have a high content of uridylic acid and 

consist of 6 major species; Ul-U6. Most of them, except U3 RNA, 
are found in nucleoplasm as shown by immunofluorescence using 
specific antibodies directed against these RNPs. U3 RNA is found in 
the nucleolus. They are present in viruses and in prokaryotic and eu

karyotic cells but their gel electrophoretic patterns are different. 

They are also found in all vertebrates and nonvertebrates. By 
sequences analysis, the snRNA*s Ul, U2, and U3 appear to have been 
conserved through evolution. Many reports showed that snRNA (Ul- 
U6) are also present in cell as small RNP. particles complexed vdth 

a set of polypeptides and these snRNA species are immunoprecipita- 
ted with a series of autoimmune sera from MCTD and SLE patients.

i). Ul RNA is found only in the nucleus and is the most
abundant of the snRNA species. Ul RNA can be separated into 
two bands (Ula and Ulb) with electrophoretic mobility lower 
than that of jS RNA. The faster moving (Ula RNA) has a 3' term
inal G and lacks a 5' terminal phosphate. Recently, only a single 
band of Ul RNA was found in HeLa cell and Novikoff hepatoma 
nuclei (Donis-Keller et aĴ , 1977;• However, mouse nuclei still 

contain two Ul RNA and twoUl RNA species from Erlich ascites
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cells appear to be isomers. (Lerner and Steitz,1979)•

11 ;. U2 RNA is localised in the extra nucleolar portion
like Uj RNA. It contains a large number of modified nucleotides, 
including tenl'-0-methyl nucleotides and ten vj/ . Sequence anal

ysis of U2 RNA confirmed that this RNA had one common 5' end 
with trimethyl G and two 3' end (A or C)(Shibata et aL, 1975)* 
This RNA was associated vdth protein as an RNP complex and was 

suggested to be involved in the synthesis of hnRNA. Its 3’ end 
is protected by the secondary structure and attached protein.

iii). U3 RNA is specifically located in the nucleolus and is
the first snRNA which is found to associate with precursor RNA.
It is hydrogen bonded to nucleolar 28S and 323 rRNA along with 

8s RNA and 5*53 RNA. It is capped with trimethyl G and can be 

separated into three subspecies (Reddy et 1979)• Reddy et 
al. (1980) found that U3A and U3B differed by substitution of 
only 17 bases and had an identical length of 216 nucleotides.
The ratio of U3 RNA/28s RNA is approximately l/2, suggesting 
that only some nucleolar 28s RNAs are bound to these molecules. 
Since its association is only for a limited time, it may play a 
role in processing of nucleolar 28s RNA. The third species of 
U 3 RNA has not been completely sequenced but it appears to be 
a minor variant of U3B RNA.

iv). U4 RNA is localized in the nucleoplasm and is also 

capped with trimethyl G. It has heterogeneity at position 97 

(substitution of A-> C). It contains a v// near the 5' cap, 2'-0- 
methylated and m^A (Reddy et aJ., I98I).
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v) . U5 RNA is the most enriched in uridine (37;3) and is

capped with trimethyl G (Choi and Ro-Choi, 1980).Like U4 RNA
U5 RNA is homologous to Ul RNA. It vras first called jC RNA III 
and has at least two subspecies.

vi). U6 RNA is found to associate ifith perichromatin granules. 
Apart from U2 RNA it is the most highly modified, and in contrast to 
other UsnRNA, the modified nucleotides are in the center of the 

molecule (Epstein et ad., I98O). U6 RNA is also capped at the 5' 

end, but their cap structure is not fully characterized. The

cap structure is suggested to be XpppG and Xp is not a nucleotide 

( Epstein et al., I980) .
The nucleotide sequences of these U snRNA species have 

been determined. When the sequence of U3 RNA m s  compared with 
those of other snRNA species it was found that there were ten 
regions of homology in these molecules which varied in length, 
composition and spacing throughout the molecule. The areas of 

homology are at the 5 ' end, and also purine-rich and pyrimidine- 
rich sequences in various portions of the structure. Some of 
these variations may be related to the localization or to a flex
ibility for binding to various types of hnRNA. The longest homo - 
logons region is at position 1-26 (maybe up to 35) which has been 
implicated in hydrogen-bonding to the intron-exon junction.

1 .5 .2. Functions of SnRNA.
SnRNAs are present in all cellular fractions and represent 

only 0 .5^ of total cellular RNA. They may have an important role 
in the cell. However, their functions are unknown. By indirect 

evidence, some classes ofsnRNAs are implicated in a role such as
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splicing of mRNA, transport of mRNA to ribosomes, translation 
regulation and stimulation of transcription.

1 .5 .2.a. A role of snRNA in RNA splicing.
Ul RNP has been proposed to be involved in splicing of 

pre—mRNA molecules as described in section 1.4.1. Other snRNA 

(U2, U4, U5, and U6) are also involved in processing of hnRNA 
since they are also associated with hnRNA. U6 RNA has been 
shown to be associated vdth perichromatin granules and contains 
different 5' cap which is not a nucleotide. Therefore, U6 RNA 

may have a different function from U2, U4 and U5 and it is poss
ibly related to the formation of a precursor particle in the 

chromatin. (Daskal et al.. I980)
U3 RNA and 83 RNA are located in the nucleolus and they 

are hydrogen-bonded to precursor rRNP. It has been suggested that 
U3 RNA and 8S RNA might have complementarity to regions where 
specific cleavage of 45S or other rRNA precursors occurs to yield 
mature 5-8» I8 and 28s RNA*s.. More evidence from..sequencing of 
regions at the complementary site may confirm this function of 

U3 RNA and 8S RNA. Since there is good complementary between 
rat U3 RNA and Die tost el ium D2 RNA and the exon region of a rRNA 
precursor of tetrahymena at the splice junction. Wise and Weiner 
(1980) proposed that U3 RNA and D2 RNA might be involved in splicing 
of ribosomal precursor RNA*s.

1 .5 .2.b. A role of snRNA in translation and transcription.

SnRNAs have shovm an inhibitory effect on translation

of mRNA in cell-free systems as will be described in section 1 .6 .3. , 
The role of snRNA in gene transcription was studied in isolated
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nuclei. Kanchisa ep ai. ('977/ reported that nuclear 4.3: RNA 
could increase the number of binding sites for RNA polymerase 
to initiate transcription in calf thymus chromatin whereas Krause 
and Ringuette {1977] showed that a small RNA extracted from the 
chromatin of transformed ',;13'3 human fibroblasts could stim
ulate transcription of normal '138 nuclei to a level undisting
uished from that of transformed nuclei. This snRNA contains 
loosely bound chromosomal protein (NHCPy. The RNA,not the NHC.r, 
was the active element stimulating transcription and the stimul
atory effect of this RNA was found to be dose dependent. This 
RNA stimulated transcription by promoting new chain initiation.
The active snRNA which showed the highest activity was in the 
region (29O-32C nucleotides ; from untreated RNA whereas urea- 
treated RNA showed the highest activity in region (l60-173 nucleo
tides) in PAGE. Many studies suggested that the smaller species 
was a breakdovm product of the larger one. The regulatory RNA 
may be heterogeneous. Ringuette et ad. (I98O) showed that snRNA 
from transformed human cells (SV40-W138) could stimulate trans
cription in both human and monkey nuclei, although the stimulation 
observed in human nuclei was considerably greater. These results 
indicated that regulatory snRNAs were not unique to viral trans
formation and were tissue and species specific. Krause and 
Ringuette (I982) proposed that the active snRNA, acting in conjun
ction with nuclear protein, might help to destabilize the double 
helix in the controlling region of DNA, thereby facilitating 
entry of RNA polymerase 1 for the formation of an initiation 
complex.

Paoletti et ad. (I98C; found that some of the proteins in 
trie loosely bound fraction of RHCP were tissue and species specific,
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very heterogeneous in size and had intransient association with 
chromatin. This extract contains the high mobility group (HMG) 
protein and HMG l4 and 17 are associated with nucleosome core 
particles in the transcribable region of chromatin (Weisbrod 
and Weintraub, 1979)» These results suggested that these 
proteins might have a role in selective gene regulation.

1.6. Translation Process.
1.6.1, The Mechanism of Translation System in Prokaryotes

and Eukaryotes.
Translation consists of three major stages; initiation, 

elongation, and termination of the polypeptide chain. A common 
feature throughout the process is a high degree of specificity at 
every step, an association of many components and a requirement 
for energy. The brief review of translation process in both 
prokaryotes and eukaryotes is described as follows.

Most of the processes are better understood in a prokar
yotic system. The initiation stage is a major step for control 
of the overall translation process, in I968, Jacobson and Balti
more suggested that, in animals, several cellular mRNAs contain 
only one initiation site near to the 5 * terminal (monocistronic 
mRNA) and code for only one protein. More recently, two different 
initiation sites have been detected on poliovirus RNA (Celma and 
Ehrenfeld, 1975) and many mRNAs are shown to contain several initi
ation sites. In all cases, however, only one of them, which is 
closest to the 3* end of mRNA, is active in vitro (Smith and 
Carrasco, 197#), while internal sites are inactivated by the second
ary structure. In contrast to eukaryotes, many bacterial and 
bacteriophage mRNAs are polycistronic and each cistron has its
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own signals for initiation and termination of polypeptide 
chain synthesis. Each of the genes initiates protein synthesis 
at a different rate. However, it is difficult to study since in 
the translation of most bacterial mRNA, the degradation of the 
3* end of mRNA can begin while the 3* end of mRNA is still being 
synthesized (Forchhammer et al., 1972). The segment of a mRNA 
encoding different protein can have a different half-life so that 
the determination at the level of mRNA is difficult.

1.6.1.a. Initiation.
There axe a number of reviews for the mechanism and the 

control of the initiation process (Lodish, 197^; Ravel and Groner 
1978; and Hunt,1980). The process of initiation is related to
how ribosomes find the initiation site on mRNA, how the process 
is controlled, how many different components are involved and what 
each individual component does.

In both prokaryotic and eukaryotic, initiation of syn
thesis of all polypeptide is mediated by a specific met-tRNA 
(initiation tRNA). In most bacteria, a formyl residue is added 
to the amino group of the met after the latter is esterified 
to fMet-tRNA (N- formylmethionyl-tRNA . By contrast,
in eukaryotic cells, the initiator Met-tRNA^^^ is not formylated. 
The next step of initiation proceeds by the addition of initiator 
tRNA and mRNA to the small ribosomal subunit (3OS in bacteria and 
40S in eukaryote) followed immediately by the joining of the large 
(30s or 60s) ribosomal subunit. The diagram of initiation stage 

in bacteria is shown in Fig.1 .3.
In bacteria, binding of the initiator tRNA to ribosome 

requires the initiation factors; IF-1 and IF-2, and GTP and is
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dependent on the addition of mRNA. The IF-1 stabilizes the 
binding of IF-2 to the 3OS initiation complex and is required 
for IF-2 release from the 70S initiation complex. The IF-1 also 
enhances the rate of dissociation of 70S ribosomes into their 
component subunit, thereby cooperating with IF-3 in supplying 30S 
ribosomal subunits, from the 70S ribosome pool. The IF-2 recog
nizes and promotes the ribosomal binding of initiator tRNA and 
exhibits a ribosome-dependent GTPase activity. IF-3 acts as a 
ribosome dissociation factor in that it binds to free 3OS ribo
somes and prevents their reassociation with 5OS subunit. IF-3 
also stabilizes the binding of mRNA to the 3OS subunit and this 
reaction also requires ribosomal protein (isono and Isono, 1973). 
However, the situation in bacteria is not so clear cut because the 
30s subunit/initiation tRNA complex is not so stable and mRNA 
seems to bind to the 3OS subunit.

Prokaryotes and eukaryotes have evolved different ways 
of recognizing their mRNAs. The mechanism underlying these 
processes is, however, unclear and most of the available inform
ation is based on the prokaryotic system (Steitz and Jakes,1973)* 
Clearly not every AUG triplet could function as initiation codon 
and a few nucleotides on either side of the AUG cannot be used as 
the primary signal. In bacteria, the possibility for selection 
of the correct binding site may be determinedboth by the sequences and 
conformation of the mRNA including a specific sequence of nucleotides 
near the AUG codon and by the small ribosomal subunit. A seg
ment about 30- ^  nucleotides long in mRNA is protected from the 
action of RRa.se by ribosome binding and the initiator, AUG, of 
all bacteriophages is approximately in the middle of this ribo
some-protected sequence. There is a polypurine rich stretch of
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3-9 nucleotides (-- 5* AGGAGGU 3'---) on the 5' side of the
initiation codon and this is complementary to a pyrimidine seq
uence at the 3' terminus of E.coli l6s rRNA (Steitz and Jakes,
1973; Shine and Dalgarno 1973) and it participates directly in 
translational initiation. The 3* end of l6s rRNA is necessary 
for recognition of initiation site on mRNA. The proteins loc
ated around the ribosome are required in the binding of mRNA and 
initiator tRNA during initiation and for stabilizing the RNA-RNA 
interaction. Some of these proteins are initiation factors such 
as IF-2 and IF-3 and some are ribosomal protein such as Ŝ , S^^ 
and interference factor i«c. These proteins can produce changes 
in rRNA or mRNA configuration and affect the stability of the 
interaction between them. At low concentration , factor 3» oria 
is required for translation of all natural mRNA (Van Dieijen ei 
al,, 1975; Szer et aL, 1973) and it blocks translation of poly U 
and other polynucleotides when present in excess amount (Miller 
and Wahba, 197^). All these results are obtained from the studies 
in cell-free protein synthesis. In I98O, Backendorf et al.propo
sed that the initial rRNA-mRNA interaction may occur some distance 
away from the initiation sequence. The efficiency of ribosome 
binding and the efficiency of initiation results from the correct 
binding of rRNA to the initiation codon on mRNA and this is helped 
by a region of sequences complementary between the two RNA species.

The last step in initiation is the formation of the 70S 
complex. The 3OS initiation complex which still carries all these 
IFs, binds a 3OS subunit. This reaction involves RNA-protein, 
protein-protein, and RNA-RNA interaction, the latter may be due 
to the formation of base pairs between sequences in the 3' terminal 
regions of l6s and 23S RNA, and IF-3 could be concerned because it
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can be cross-linked to sites near the termini of both RNA species 
(Grunberg-Manago et al., 1978). The IF-3 is last to leave the 
"70s pre-initiation complex" with initiator tRNA in the . P site 
and IF-2 in the A site. The conformation of IF-2 is changed 
which reduces its affinity for the ribosome and it is released from 
the 70s initiation complex. The release of IF-2 also requires 
IF-1 and the energy is derived from GTP hydrolysis.

There are several important differences between eukaryotic 
mRNA and prokaryotic mRNA, including the cap structure at the 3* 
end and polyA at the 3'end, the nucleotide sequence at the 3* end 
preceding the initiator codon (leader sequence) which has no 
uniformity with respect to either length or base sequence and 
has no coding function, ribosomal protein which is much larger in 
eukaryotic cells than in bacteria and the number of initiation 
factors. The process of initiation in eukaryotes is more compli
cated than in prokaryotic organisms and information has been 

provided mostly from studies in the rabbit reticulocyte system.
This process is briefly described, based on the work of Benne and 
Hershey (I978).

The first step is the formation of two distinct complexes, 
one is a binary complex between the small 40S subunit and eIF-3 and 
the other is ternary complex containing the initiator tRNA, GTP 
and eIF-2. These two complexes are brought together in the prese- 
ence of eIF-4C and eIF-3 is required to bind and stabilize the 
ternary complex to the 40S subunit. In the next step, mRNA is 
added to the complex and the 40S initiation complex is formed by 
using the energy from ATP hydrolysis. This stage requires, eIF-1, 
eIF-4A, eIF-4s and eIF-3, which has a greater effect on mRNA binding 
than on the binding of Met-tRNA^^^^ (Trachsel et aL, 1977)* so
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that this eIF-3 should be considered as a mRNA binding factor.
The work of Kozak (1930 a) indicated that secondary structure 
of mRNA is not required for mRNA-40S subunit interaction, 
whereas the fidelity and efficiency of translation does depend on 
the precise folding, or secondary structure, of mRNA. The eIF-2 
is a minor protein of the mRNA particles and it has a high bind
ing affinity for several mRNAs and also for polyA (Shafritz 
et al., 1976). The final step is the joining of 60S subunit 
to the 40S initiation complex in the presence of eIF-3, forming 
the 80s initiation complex. This may occur when the Met-tRNA^^^ 
anticodon has engaged the initiator, AUG, codon but this is un
certain. The energy for this step is from the hydrolysis of the
GTP by the GTPase associated with eFI-3 and thus the initiation 
stage is complete.

In eukaryotes, the ribosomes always seem to start at 
the first AUG near to the 5* end in mRNA, in contrast to bacterial 
ribosomes which can select an internal AUG codon to initiate 
translation. Both RNA-RNA and protein-RNA interaction may 
play a role in mRNA recognition and discrimination by the ribo
some. At present, the evidence for rRNA-mRNA base pairing 
(the region near the 3* end of l8S rRNA and the short sequence at 
5* side of initiation codon on mRNA) in eukaryotes is weak (Steitz
and Jakes, 1973). A cap binding protein (CBP) has now been ident
ified in many eukaryotic cells which specifically aids the 
formation of a stable initiation complex (Sonenberg et ^., 1979); 
in particular, CBP enhances the interactions between the two 
initiation factors, eIF-3 and eIF-4B, and mRNA.

Studies by Kozak and Shatkin (I978) and Filipowicz and 
Haenni (1979) indicated that the 40S subunit binds at the 3'
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terminus of mRNA (leader sequence) and then moves in the 3* 
direction to the initiation codon. At this time, the 60S sub
unit joins up with the mRNA-bound 40S subunit and translation 
is initiated. The molecular basis for recognition between the 
Acs subunit and the leader sequence is not yet known but mig
ration of the Acs subunit along eukaryotic mRNA supports the 
"scanning model" which has been proposed by Kozak (I98O b). The 
3 * cap structure also has an important role in the initiation 
step of capped mRNA translation as described in section,1.3*2.a.

1.6.1. b. Elongation.
The elongation stage in protein synthesis is defined 

as the addition of each amino acid to the growing polypeptide 
chain in a sequence dictated by mRNA (see Clark,I98O; Szekely, 
1980 for review) .There are three steps in the mechanism of the 
elongation process; (l), the binding of aminoacyl-tRNA to the 
ribosome; (2), formation of the peptide bond; and (3), trans
location. In both prokaryotes and eukaryotes, these three steps 
are essential but most of the mechaism has been studied in the 
in vitro system of prokaryotes, especially E.coli.

In the first step of elongation, the elongation factor, 
(EF-Tu) initially forms a complex with GTP and this complex can 
bind tightly to any aa-tRNA (except initiator t-RNA). The 
(aa-tRNA.EF-Tu.GTP) ternary complex interacts with the ribosome 
at A-site and the anticodon of the aa-tRNA anneals to the corres
ponding codon on mRNA (Fig 1.4). The conformation of tRNA and 
5S rRNA components of the 50S subunit play a role in this binding 
by forming hydrogen bonds between a specific CGAA sequences of 
33 rRNA with the TYCG sequences of tRNA (Erdmann, I976). By the
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help of a proof reading mechanism and interaction of the ribo
somal proteins, either which interacts with aa-tRNA and
stabilizes in the A site or Ly and which interact with EF-Tu 
to produce GTPase activity, the translation of the message is 
carried out with very great precision and the mistakes are 
estimated at less than 1 per 10^ codons. GTP hydrolysis is 
required for the release of the elongation factor in the form of 
an EF.Tu.GDP complex. Recycling of EF-Tu in an active form 
occurs with the aid of other elongation factors (EF-Ts) and the 
use of GTP as energy (Fig. 1.4). No clear data has been obtained 
about the way in which the EF-Tu.GTP complex binds to aminoacyl- 
tRNA. The two binary complexes EF-Tu.GDP and EF-Tu.GTP have 
different conformation. From the study of the three dimensional 
structure of EF-Tu by Rubin et al. (198I), the GDP-binding site 
is located on the surface of a highly structured part called the 
tight domain. This evidence may be related to the mechanism of 
(EF-Tu.GTP.aa-tRNA) ternary complex formation.

Peptide bond formation is the second step of the elong
ation process and is catalyzed by an enzyme, peptidyl transferase, 
which is a ribosomal domain on the 3OS subunit. other ribosomal 
proteins including L y  L^g, L^q and a stretch of the
23s RNA are cofactors in this enzymatic reaction (Szekely, I980). 
The peptide bond is formed by transferring the carboxyl end of 
the peptidyl-or fMet- from the CCA terminal to tRNA which bound at 
the ribosomal P site to the amino group of the aa-tRNA at the A 
site on ribosome (Fig. 1.4.). This transfer reaction is unique 
in not requiring energy from the breakdown of either ATP or GTP.

Translocation is the last and most complex step in 
elongation. The uncharged tRNA is removed from the P site.
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peptidyl tRNA is then moved from the A site to the P site and the 
ribosome moves along the mRNA by one codon in the 3*“3* direction 
(Fig. 1.4.). The EF-G which combines with protein and 
and a few other proteins and GTP are required for this step.
EF-G does seem to be required for translocation at the normal 
rate. Following translocation, the GTP is hydrolysed, EF-G 
leaves the ribosome in the form of EF-G-GDP complex and the next 
elongation cycle can start. It is not clear how the movement of 
ribosomes forward by one codon is accomplished, but this may be 
related to changes in the conformation of mRNA, tRNA, the ribo
somal particles themselves and the RNA within the ribosomal part
icles such as 33 rRNA. EF-Tu and EF-G which have a sequence homo
logy of about 100 aa near the N-terminal of EF-G, bind to the 
ribosome at a common or overlapping site and their rapid binding 
and release is essential in the translation system (Orchinnikev 
et ad., 1982).

In eukaryotes, the elongation factors are different 
from the prokaryotic system and are much less characterized (Grun- 
berg -Manage et aL, 1978). For the first step, elongation factorsj 
EF-Tu and EF-Ts; are required in prokaryotes but only one elong
ation factor ; EF-1; is required in eukaryotes (Clark, I98O).
EF-1 is present in the cell both in monomeric form and in the form 
of aggregated; EF-1^ , heavy form and EF-1^, light form. GTP may 
disaggregate these heavy and light forms into monomer which then 
form the ternary complex (EF-1.GTP.aa-tRNA) (Szekely, I980).
EF-1 has a slightly higher affinity for GTP than for GDP. This 
probably makes recycling of the factor unnecessary. EF-2 is a 
soluble factor and is involved in a translocation step as the 
EF-G in prokaryotes (Clark,I980).
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1.6,I.e. Termination.
Termination represents the final stage in translation.

A mode of peptide chain termination has been obtained from studies 
in vitro of baterial and mammalian systems. This process differs 
from chain initiation and elongation since the codon recognition 
molecules are protein not tRNA and the peptidyl transferase leads 
to hydrolysis of the peptidyl-tRNA (for review see Caskey, I98O; 
Grunberg-Manago et aL. 1973; Szekely, I98O). The diagram of the 
termination step in bacteria is shown in Fig.1.5»

Three nonsense codons; UAA, UAG and UGA, serve as termin
ation signals. The actual termination reaction is the hydrolysis 
of the bond between the tRNA and the carboxyl end of the polypeptide 
chain and results in the release of the complete polypeptide 
from ribosomal bound tRNA. This reaction requires release 
factor and ribosomal peptidyl transferase.

Three release factors are present in E.coli. Two of 
them are codon specific release factors; RF-1 responds to the term
ination codons UAA and UAG and RF-2 to UAA and UGA (Scolnick and 
Caskey, I969). The third factor, RF-3, promotes binding to and 
release from ribosomes of RF-1 and RF-2 and interacts with GTP 
or GDP (Milman et I969). The stimulatory activity of RF-3 
is related to ribosomal binding. The eukaryotic release factor 
is a single protein factor which is nonspecific and can recognize 
all three termination codons. This release factor interacts 
with GTP and GDP and promotes an active ribosomal dependent GTPase 
reaction. By in vitro assay, this release factor requires tetra- 
nucleotide (UAAA or UAGA) rather than trinucleotides. However, 
it appears that the 3' terminal base of these tetranucleotides 
is not a part of the recognition process but confers an element
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of stability on the codon recognition complex.
The release factor binds to the A site (or specific 

termination codon) of the ribosome and is responsible for codon 
recognition. The binding and release of this factor is stimul
ated by GTP and the exact details of this process are not clear.
The sequence of the 3* terminus of the l6s rRNA is shown below:

OHAUUCCUCCACUA-^' —

The underlined triplets interact with the termination codon by 
hydrogen-bonding and this interaction may be involved in the binding 
of the release factor to the ribosome (Caskey ei âL, 1977). The 
ribosomal proteins and are involved in peptide chain termin
ation. The protein ^2 ^3 required for release
factor binding, while and affect peptidyl tRNA hydrolysis
(Tate et al., 1973) * These proteins have been implicated as part 
of the peptidyl transferase centre and surrounding domain.
Release factor is found to cross link to L^» ^17 ’̂ 21
and S^g. There is evidence that the binding domain for the 
release factor is a region of the interface between the two ribo
somal subunits(Brimacombe et a2.,1973).Peptidy!l transferase has sev
eral catalytic activities and it appears most likely that the 
release factor interacts with the peptidyl transferase to stimulate 
hydrolysis of the peptidyl-tRNA and release the nascent protein.

1.6.2. The Control of Eukaryotic Cell-free Systems.
In eukaryotes, mRNAs aire very stable. They may be trans

lated repeatedly and tend to have a lower rate of protein synthesis 
than bateria mRNA. It is generally assumed that elongation 
and termination in all eukaryotic translation occurs at the same 
rate. Therefore, if translational control mechanisms occur in
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eukaryotes, they are most likely to function at the initiation 
level. Initiation is the rate-limiting step in protein syn
thesis. Two types of controls might regulate polypeptide 
chain initiation: Firstly by regulation at the binding of mRNA to 
eIF-2 and the small 40S subunit, and secondly, the specificity 
of eukaryotic initiation factor in initiating translation of 
different mRNAs (Lodish, 1976).

In the eukaryotic initiation step, the formation of the 
ternary complex, eIF-2.Met-tRNA^^ .GTP,is essential for the 
attachment of the initiation tRNA to the 40S subunit. A study 
of the effect of hemin on globin mRNA in reticulocyte shows that 
hemin affects the eIF-2 kinase by preventing the activation of a 
cAMP- independent protein kinase by phosphorylation of their 
subunits(in section 1.6.3.a.) The phosphorylated form of eIF-2 
is unable to participate in the usual formation of the ternary 
complex. In a deficiency of hemin, the translation of globin 
mRNA is rapidly stopped but the inhibition is reversed by the 
addition of purified eIF-2. Clearly, the blocking of the func
tion of the initiation factor, eIF-2 by phosphorylation results 
in control of the polypeptide chain initiation (Ochoa and de Haro,
1979).

The second control is related to message-specific com
ponents that would lead to changes in the type of mRNA being 
translated and thus, in the type of the protein being synthesized. 
An important test for the specificity of translation of hetero
logous (foreign) mRNA in different cells was reported by Gurdon 
et al.(1974) and Woodland et (1974). These results show 
that after microinjection of rabbit globin mRNA into fertilized 
xenopus eggs, rabbit globin is synthesized in tadpole derived
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from these eggs at the same rate as in the egg, and moreover, 
the developing muscle and nerve cell in this Xenopus laevis 
were synthesizing rabbit globin as efficiently as erythropoietic 
cells. These results are supported by Ravel and Groner (1978) 
who found that the ribosome and initiation factor from one source 
can translate the mRNA from another source at high efficiency.
These results strongly suggested that the translational machinery 
in all eukaryotic cells has the same specifity towards all mRNA, 
irrespective of their origin. In contrast to these results, 
several publications have reported that the homologous mRNA is 
always translated at better efficiency than heterologous mRNA 
in cell-free systems and the functional product of one mRNA can 
inhibit the translation of other mRNAs(^athews and Osborn, 197^)*

Not all of mRNA which is transferred from the nucleus 
will be translated into protein. Some of them can form a RNP 
complex which is inactive for translation. There are two forms 
of globin RNP particles in immature erythrocytes; 15S and 20S 
(Civelli et al., 1976). Active mRNA can be released from both types 
of mRNP by deproteinization. The 203 mRNA is a reserved form of 
globin mRNA and one of the proteins in the 203 mRNP complex prevents 
translation.

Unfertilized eggs of sea urchin and amphibian also 
contain mRNP that is not translated. Following fertilization, 
there is a five-fold or greater rise in protein synthesis and a 
rise in the proportion of ribosomes engaged in protein synthesis 
(Gabrielli and Baglioni,1977;Ruderman and Gross, 1973). This 
increase of mRNA is from the store of mRNP complexes. There 
is a protein inhibitor which prevents the binding of aminoacyl- 
tRNA to the cytoplasmic ribosome in the cell of unfertilized eggs
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but the mechanism is not known yet (Gambino et al., 1973). Lee- 
Huang et al, (1977) found that the inhibition in cell sap of 
dehydrated A.salina cyst is a short RNA, about 20 nucleotides long 
and rich in U and C. It inhibits aminoacyl.tRNA binding to 
ribosomes without mRNA specificity, and even blocks translation 
of synthetic polynucleotides. It is a reasonable hypothesis 
that inhibition of the mRNA in mRNP complex by protein or short 
RNA sequences is to prevent their use in protein synthesis.

1 .6.3. Inhibition in Translation Systems.
The mechanism of regulation of translation systems is 

studied by using inhibitors (protein, antibiotics, or chemical 
reagents) of protein translation in cell-free systems such as 
rabbit reticulocytes, wheat germ and ascites cell lysate systems. 
There are two major mechanisms of translation control in eukary
otes, The first is related to the phosphorylation of the initi
ation factor, eIF-2. Hemin or hemin controlled repressor, oxid
ized glutathione and double-stranded RNA (ds-RNA)-activated pro
tein kinase are involved in this regulation while the second 
mechanism inhibits translation by degrading mRNA. This occurs 
via the action of endonuclease on an oligonucleotides.

The inhibition of protein synthesis by lack of hemin, 
salt concentration, and addition of dsRNA, low M.W. RNA and oxi
dized glutathione will be briefly described as follows.

1.6.3.a. Hemin control of translation in reticulocyte.
Protein synthesis in rabbit reticulocytes is controlled 

by the availability of hemin. In the absence of hemin, which 
leads to the formation of inhibitor from proinhibitor, protein
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synthesis declines rapidly due to a block at the initiation level. 
These phenomena have been extensively described and reviewed by 
Ravel and Groner,(1973), Safer and Anderson (1978) and Ochoa and 
de Haro, (1979).This inhibition has been shown to be related to the 
formation of inhibitor and this inhibitor is referred to as "the hemin- 

controlled repressor (HCR)" or the "hemin-controlled inhibitor (HGl)". 
There are two forms of this inhibitor ̂ the reversible and irrever- 
ible forms, dependent on the process of proinhibitor activation 
which is affected by temperature and N-ethylmaleimide. Revers- 
ibly activated HCR, forms by prolonged incubation at 3^-37°C 
for several hr and its formation can be prevented by hemin.
From the study of phosphorylase kinase conformation, it has been 
suggested that activation of HCI might result from, a conformational 
change leading to alteration or release of the catalytic subunit.
The irreversible HCR or HCI can be activated by brief incubation 
(5 min at 34°C) in the presence of N-ethylmaleimide and cannot 
be inactivated by hemin. HCI is slowly formed and is less active 
at high potassium concentrations (Suzuki, 1981). This activation 
mechanism of HCI is still unknown.

Purified HCI appears to have M.W. of 96K on SDS-PAGE and 
M.W. of about 140K by gel filtration. The HCI is a cyclic AMP- 
independent protein kinase whose substrate is the smallest subunit 
(M.W. of 38k) of initiation factor, eIF-2 (Ochoa and de Haro, 1979; 
Austin and Clemens , 1980;Jagus et aJ.„ I98I). Inhibitory effect 
of HCI on chain initiation in hemin-containing reticulocyte lysates 
in the presence of ATP seems to be the result of the phosphory
lation of eIF-2 and it is not related to the ability of eIF-2 
to form ternary or 403 initiation complex. Hemin appears to

block the conversion of proinhibitor to inhibitor by blocking 
the phosphorylation of the 96K
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of HCI as well as that of the 38K subunit of eIF-2.
HCI also inhibits binding of Met-tRNA to the 403 ribo

somal subunit. This effect requires ATP or GTP hydrolysis and 
results in reduction of the formation of the ternary complex 

(Proud and Pain, I982). Polysome disaggregation is presented in 
the inhibition due to HCI. This inhibition in reticulocyte lysate, 
either from the absence of hemin or the addition of HCI in the 
presence of hemin, can be overcome by the addition of eIF-2.
The amount of eIF-2 needed is dependent on the amount of HCI 

present.
Phosphorylation of eIF-2, 38K protein by HCI can be inhib

ited by high levels of GTP as well as 3*“3* cAMP, 2 aminopurine 
(but not hydroxy purine or cAMP), and other purine derivation.
GTP appears to block HCI activation possibly by competing with 
ATP for a site on cAMP-dependent protein kinase. High concentrat
ions of cAMP and 2-aminopurine inhibit protein kinase and nucleo
tides inhibit HCI action on initiation.

Pho sphorylated sugars, including glucose-6-phosphate, 
2-deoxyglucose-6-phosphate, fructose-6-phosphate and sedoheptulose 
7-phosphate, are known to prevent the effect of hemin-deprivation 
on translation in reticulocyte lysate and they seem to inhibit HCI 
formation.

1.6.3 .b.Effect of salt-ion on translation in cell-free system.
The efficiency of translation in cell-free systems is 

dependent on various compounds that are contained in the system, 

such as ATP, GTP and salts. Weber et al. (1977) have reported 
that the binding of mRNA to ribosome at the initiation step is 

inhibited by addition of 130mM KCl. Calcium can enhance the
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efficiency of protein synthesis of exogenous mRNA and poly U in
24-reticulocyte lysate when the Mg ion concentration is decreased, 

but theregulatory mechanism is unknown (Ruiz and Krauskopf, I98O; 
Pantoja et al., I981). The activity of eIF-2phosphoprotein phos
phatase in rabbit reticulocyte is inhibited by a variety of diva
lent metal ions (Cd^^> Aĝ -̂> Cu^^> Pb^^> Z n^^> Co^ > Sr^ > 
Mo^^ ), pyrophosphate, EDTA, NaF, Na HSO^ and Na^S^O^. The 
inhibition by Na^S^O^ is associated with the phosphorylation of 
eIF-2 and is overcome by addition of exogenous eFI-2 (Ranu and 
Bhala, I98I).

1.6.3.c. Inhibitory effect of ds-RNA, oxidised glutathione, and
low M.W. RNA on translation.

i). Ds-RNA.
Ds- RNA either natural, which can be produced by trans

cription of DNA or replication of viral RNA genome (such as reo- 
virus, polio or EMC RNA replicative form), or synthetic (a copoly
mer (A-U)^.(A-U)^or homopolynucleotide pairs such as (A)^.(u)^ and 
(l)^.(C)^ ) has been found to be a potent inhibitor of protein 
synthesis in cell-free systems (Clemens and Vaquero, 1978; Content 
et al., 1978; Rosen et aL, I981). The mechanism of action of ds-RNA 
on protein synthesis is complex and shows the effect at the level 
of initiation (including the formation of 80S ribosomal complex 
and at the elongation step (Rao et al., 1977 a; Sarma et gl., I978).

The inhibition of translation in reticulocyte lysate 
(in the presence of hemin)by ds-RNA is similar to HCI by activation 
of the translational inhibitor. This inhibitor, ds-RNA activated 
inhibitor (DAl), like HCI is a cAMP-independent protein kinase 
that can cause phosphorylation of the 38K subunit of eIF-2 
(Farrell et al., 1977; Lewis et al., 1978) and a decrease in (Met-



32 -

tRNA^.40S ) ribosomal complex formation, (Kerr si aJ., 1974).
This inhibition is overcome by adding eIF-2 (Clemens çt al..
1975)• DAI is activated in the presence of ATP and low concen
trations of ds-RNA and at high concentrations of ds-RNA, DAI is
inactive. In contrast to HCI,ds^NA induced inhibitor and eIF-2 
protein kinase are activated by ds-RNA on the ribosome them
selves, without the need for cell sap (Farrell et al., 1977;
Levin et al., 1977). Therefore, DAI is ribosome associated and 
it also activates the phosphorylation of 67K protein. The 
mechanism of DAI activity is not known yet, it may be a single 

enzyme or may represent a chain of reactions. Phosphorylation of 
67K protein is associated withDAI activation rather than DAI act
ivity (Farrell et al., 1977).

In other.cells such as Krebs ascites cells, the inhibition 
of mRNA translation occurs only at high concentrations of ds-RNA, 
about 40 fold higher than the amount neeeded in reticulocyte lys
ate (Robertson and Mathews, 1973)«Grill §t al. (197&) have reported 
that ds-RNA at the low concentration which shows a high inhibitory 
effect on protein synthesis in reticulocyte lysate has no effect 
on protein synthesis in wheat germ lysate, even at a high concen
tration. Inhibition of protein synthesis by ds-RNA may be limited 
to the mammalian host (Jay et ^., 1974) or the initiation factors 
of wheat germ and reticulocyte may be different since initiation 
in wheat germ extract is sensitive to temperature (Zehavi-Wiliner 
and Postka, 1976).

The toxic effects of ds-RNA are much more potent on pro
tein synthesis in interferon treated cells than in the control 

cell. Interferon is a glycoprotein vdiich is synthesized by 

various animal cells after viral infection or by treatment
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with inducer (such as ds-RNA). After interferon treatment in 

the cell-free system, both elongation and initiation .tegs are 

inhibited. .'hen the treatment is carried out without ds-RNA, 

the block appears first in elongation, followed by initiation and 

then stops (Content et al., 1975) • V/hen ds-RNA is added, initia

tion is blocked earlier (Kerr et ad., 1976).
The addition of ds-RNA and ATP to interferon tr ated 

cell extract, or cell extract which was incubated with interferon 

cell sap, activates a protein kinase(s) that phosphorylated oTK 

protein and 38K subunit of eIF-2 (as described above). More

over, addition of ds-RNA and AT? to an extract of interferon 

treated cells is related to degradation of ss-RNA eg: reovirus 

mRNA, phage RNA (Ratner et al., 1973). This action is by the 

formation of a heat-stable, low M.R. compound which inhibits 
translation in hemin-containing-reticulocyte lysate and mouse 

L-cell system at subnanomolar concentration (Kerr et 1977) • 

This low M.W. inhibitor has been identified as an oligonucleotide 

(pppA2'p5'A2’p5’A)(Kerr et al.,1977; Kerr and Brown, 1973).
It appears to have similar effects on the translation of either 

globin or EMC RNA (Hovanessian and Kerr, 1973) but more active to 

mengo virus RNA than globin mRNA (Farrell et al, 1973). This 

low M.W. inhibitor probably does not inhibit translation by itself 

but triggers other reactions, because it has an effect after a lag 

period of incubation and it inhibits protein synthesis in crude 

systems and at a low concentration (Hovanessian and Kerr, I978). 
Clemens and Williams (1973) have proposed that this low M.VJ. 

inhibitor stimulates an endonuclease that degrades mRNA, thus 

preventing translation, and this proposal is supported by lewis 

ei al.(19735, Farrell et al. (1973) and Ratner et al.(l973).

The low M . . inhibitor is synthesized from ATP by the enzyme
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pppApApApA synthetase. This enzyme is activated by protein 
kinase which is activated in interferon-treated extract in the 
presence of ds-RNA and ATP. Two partially purified enzyme frac
tions, DEI and DS2, which are isolated from interferon-treated 
cells, can degrade RNA in the presence of ds-RNA and ATP (Ratner 
et al, 1978)

ii). Oxidized glutathione (GSSG).
The addition of diamine to a reticulocyte lysate shows 

an effect on protein synthesis similar to the lack of hemin, since 
it also induces an inhibitc;r of phosphorylation of 30K subunit of 
eIF-2 (Clemens et âl-, 1975; Levin el al,, 1977).

These three compounds; HCI, ds-RNA, and GSSG have a com
mon mechanism of inhibition of translation including decline 
of protein synthesis starting after a lag period of incubation, 
disaggregation of polysomes from the mRNA occurring at the time 
of shut-off, reduction of the number of (Met-tRNA^.40S) ribosomal 
complexes and the inhibition is reversed by the high concentration 
of eIF-2 and also by high levels of cAMP and 2-aminopurine.

GSSG-induced inhibition is prevented by a wide range of 
sugars, such as glucose-6-phosphate, fructose-6-phosphate and 
2-deoxy glucose-6-phosphate and several other hexose monophos
phate (Wu, 1981) and Giloh et ad. (1975) suggested that the level 
of NADPH may be important.

iii). Low-M.W. RNA.
Oligonucleotides and low-M.W. RNAs have been reported to 

modulate in vitro protein synthsesis. Oligonucleotides from euka
ryotic cell extracts such as chick erythroblast and embryonic chick
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muscle, rabbit reticulocyte ribosome and Artemia salina embryo 
affect translation of mRNA in a non-selective manner (Lee-Huang 
et ad., 1977; Hey wood and Kennedy, 1976). Some of these RNA 
species, the pyrimidine rich inhibitory RNA of Artemia salina 
embryo, preferentially inhibit chain elongation at the EF-1- 
dependent binding of aa-tRNA to the 80S ribosome and also inhibit 
the chain initiation step at a high concentration (Lee-Huang et ad., 
1977). Other RNA species, a class of low M.W.-uridine-rich 
dialysable RNA species about 30-40 nucleotides in length and ref
erred to as translational control RNA(tcRNA), from chick embryonic 
muscle block the initiation step and the inhibition is dependent 
on its interaction with the 3* polyA tract of mRNA (Heywood and 
Kennedy, 1976).

The low M.W. RNA as an inhibitory factor of translation 
in vitro was first isolated from free myosin mRNP particles 
(Heywood and Kennedy, 1976; Rao et al., 1977 a). Several reports 
have described the inhibitory effect of low M.W. RNA of nuclear 
origin (Rao ei al.,1977 a; Sarma et aX, 1978; Bathurst et al., I980), 
however, the physiological significance is still unclear and there 
are multiple species of inhibitory RNA.

The snRNAs (90-220nuc1eotides in length) are found in the 
nuclei of all eukaryotic cells. Little is known about their 
cellular function. Isolated Ul-snRNAInhibits protein synthesis of 
either liver or Novikoff hepatoma mRNAs in cell-free systems (Rao 
et aL, 1977 a ). Another report of snRNA inhibition of cell-free 
translation included in_a less than 10s fraction isolated from guinea 
pig poly(a)^nuclear rRNA, which appears to inhibit the translation 
of milk protein mRNA in several cell-free systems at the level of 
elongation (Bathurst et aX, I98O). This inhibition can be
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reversed by increasing the amount of S30 supernatant in wheat germ 
cell-free system. It is similar to the activity of low M.W. 
nuclear RNA which was reported by Rao et ad. (1977 a) and is in 
contrast to the low translational activity of another RNA species 
(Rao et ad., 1977 b.). A similar snRNA fraction from lactating 
rat mammary gland was characterized by Bathurst and Smith (1982). 
These low M.W. RNAs, which are derived from total poly(A)^ nuclear 
RNA fraction by sucrose gradient centrifugation, inhibit the trans
lation of several mRNAs but not poly U or poly A and they appear 
to have different sites of action. There are at least three active 
inhibitor RNA species, two of them inhibit elongation by interact
ion with elongation factors while another inhibits initiation of 
protein synthesis.

There are two types of mRNA-protein complex (mRNP), 
designated as polysomaland free cytoplasmic RNP particles, found 
in cytoplasm of eukaryotic cells. Only polysomal mRNAs are active 
for translation in cell-free systems (Goldenberg and Scherrer,I981). 
The inhibition of translation of free cytoplasmic m P  particles may be
due to a translational repressor protein (Vincent et gd.,198l)or trans

lational control of low M.W. RNA (Lee-Huang et ad., 1977; Siegers 
et aX, 1981). The translation of 40S free non-polysomal RNP 
particles from rat liver in the cell-free system is inhibited by 
low M.W. RNAs in mRNP. These low M.W. RNAs, of l4?, 203, and
263 nucleotides in length associated with the 358 RNP particles
that is dissociated from 40S by treatment with EDTA, are powerful 

inhibitors of protein synthesis and their inhibitory effect may 
be due to the double-stranded region (Kiihn ei gd., I982)

Sarma et al. (1978) have reported that a group of low M.W. 
RNAs (4s to 5*58 RNA, called I-RNA) which are isolated from nuclear
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RNA particles of adenovirus-infected HeLa cells, inhibit protein 
synthesis using mRNA from rabbit reticulocyte and EMY RNA in 
Ehrlich ascites cell-free systems. The inhibition results from a 
block at the initiation step by inhibition of the formation of 80S 
ribosomal complex, and the 5»5 S RNA is thought to be the inhibi
tor. Mukherjee and Sarkar (I98I) have purified a low M.W. RNA 
species in the 70-90 nucleotides size range (iRNA) from the ribo
somal salt wash of chick embryonic muscle and found that the iRNA 
strongly inhibits the translation of either homologous or heterolo
gous mRNA in nuclease-treated reticulocyte lysate. The inhibition 
is non-selective and affects the initiation step. It does not 
appear to be dsRNA, therefore^it is different from other low M.W. 
inhibitory RNA species including U1 snRNA (Rao et ̂ .,1977 a) and 
low M.W. RNA in 40S particles (Kuhn et aX, I982).

1 .7. Systemic Lupus erythematosus (SLE).
SLE is a connective tissue disease that is associated 

with inflammatory disorders of many tissues and with evidence of 
abnormal humoral and cellular immune responses. It is a disease 
of unknown etiology and characterized by multiple clinical mani
festations, especially involving the skin,joints and kidneys, and 
by the presence of autoantibodies, particularly antibody to native 
DNA. The pathological, clinical and immunological abnormalities 
in SLE may overlap with other diseases in the connective tissue 
disease group, which include rheumatoid arthritis (RA), polymyo
sitis and dermatomyositis, progressive systemic sclerosis, Sjogren's 
syndrome, and MGTD. (Le Roy, I982). The clinical manifestations, 
etiology and immunological abnormalities of SLE are described.
The autoantibodies which are normally found in the aera of SLE
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patients may play an important role in the development of some of 
the disease manifestations. The characterization of these auto
antibodies, including their biological functions, and possible 
methods for introducing these autoantibodies into cells are also 
discussed.

1.7.1 . General description of SLE.
1 .7.1.a. Diagnosis.

A variety of skin manifestations, the involvement of joints, 
intestinal tract and kidney and the presence of LE cells are first 
used to characterize the SLE disease. LE cells are detected in 
over 75% of patients with SLE during active disease (Dubois,197̂ )» 
Since the correlation of LE cells with disease incidence is not 
good and LE cells are difficult to detect,this test has been gener
ally replaced by other assays.

The criteria of clinical manifestations (such as arthri
tis, inflammatory disease, renal disease and Raynaud's syndrome) 
and biological features (such as antinuclear factor,hypocomple- 
mentemia and proteinuria) are now used in the diagnosis of SLE. 
Criteria of SLE diagnosis have been proposed by the American Rheu
matism Association and Dubois, and serve to identify the disease 
when 4 or more criteria are present (Cohen et 1971? Dubois,
1974).

Since many different types of abnormal autoantibodies 
such as ANA and antibodies to cytoplasmic components have been 
discovered in SLE patients (Reichlin, I98I; Provost and Reichlin, 
1981), it is possible to define SLE on the basis of the presence 
of certain autoantibodies. The presence of antibodies to native 
DNA in sera of SLE patients is of major diagnostic significance
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and also gives a highly sensitive result. However, this biolo- 
logical characteristic has not been shown to directly cause the 
disease. AntiDNA antibodies are not exclusive to this disease, 
some subjects with antiDNA antibodies show no clinical manifest
ations. In addition, this suggestion is less acceptable now 
that specific antiDNA antibodies can be measured in other diseases 
by sensitive techniques such as radioimmunoassay. An intermed- 
-iate approach to the definition of SLE consists of the presence 
of one or more of the clinical manifestations and the presence 
of ANA or antibodies to cytoplasmic components at the same time 
(Tan et I982).

l.y.l.b. Clinical manifestations.
The clinical manifestations of SLE are characterized by 

involvement of multiple organs. The various clinical manifest
ations show widely variable incidence and significance in terms of 
morbidity and mortality.
The symptoms of SLE, together with percentage of frequency are:- 
Arthritis and arthralgia (91.6^), 
fever (83.6^),
I# cells (73.7#), 
skin changes (71 «55̂ )» 
adenopathy (58.6 )̂, 
anemia (5^.5%),
anorexia, nausea and vomiting (53*2/̂ )» 
dysproteinemia (33^),
Myalgia (48.2^), 
renal change (46.1^),
Pleuritis (45^), 
leukoperia (42.6^), 
pericarditis (30.3%),

central nervous system (CNS) {25.5%) (Dubois,19?4).
The three most common localizations of diseases are at renal.
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cutaneous and articular. Christian (1982) has suggested that SLE 
may he fatal because of renal failure, CNS disease, cerebral lesion 
and infection complications. Kidneys and skin are the tissues 
in SLE patients in which immune complexes deposit and could then 
result in tissue injury. These tissue injuries are associated 
with glomerulonephritis, skin lesions, CNS disease, vasculitis, 
and pericarditis (Koffler et aJL, I982).

i). Joints.
Involvement of joints is the most frequent manifestation 

of SLE (in nearly 92% of Dubois* cases) with evidence of arthr
itis or both arthritis and arthralgia. The knees are the most 
commonly involved joint, followed by the wrists and metacapopha- 
langeal joints. Ankles, elbows and shoulders are involved less 
frequently.

Arthritis occurs particularly in the acute phase, some
times associated with severe effusion. This disappears rapidly 
during corticosteroid treatment. Pain may be very intense or mild. 
In chronic cases, deformation and radiographic abnormalities are 
very similar to the features of RA and present difficulties in 
differential diagnosis from arthritis.

Myositis and myalgia usually occur with arthritis.
These patients have pain in and between their joints, True poly
myositis with evidence of muscle weakness, electromyographic changes 
typical of polymyositis, vascular myopathy, and necrosis has been 
reported in untreated SLE patients (Dubois, 1974).

ii). Skin change or dermatological manifestation.
The second most common manifestation of SLE is abnorm
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alities of the skin, hair and mucous membranes. (Dubois, 1974).
In acute forms, erythema begins in the face as small red or purple 
spots and then rapidly extends throughout the face. The rash, 
which is called the classic 'butterfly' blush is formed. It 
may or may not be preceded by sun exposure. The second most com
mon erythematous rash seen in SLE patients is a non-specific macul- 
papular rash which also may occur after sun exposure. It may 
extend rapidly to the limbs, involving the dorsal part of the hands 
and feet, forearms, legs and shoulders and the trunk,breast and back,

Immunopathological studies of skin lesions in SLE patients 
reveal deposits of immunoglobulins (including IgG, IgM, IgA) and 
complement component (03) at the dermsil-epidermal junction (Schrager 
and Rothfield, 197^). These patients which showed positive dermal- 
epidermal fluorescence had more severe disease with high fever and 
renal disease. However, this finding is not a specific lesion of 
SLE since the deposition of immunoglobulins and complement compon
ent also occurs in SLE patients without skin lesions during active 
disease (Schrager and Rothfield, 1976). Alopecia is frequent and 
may appear as patches of hair loss in SLE patients.

iii). Renal disease.

Renal disease is present in 46% of SLE patients (Dubois,
1974) and by renal biopsies with immunofluorescence tech

nique, 73-80% are reported. This technique also showed in nearly 
all patients a deposition of granular immunoglobulins and complement 
components on the epithelial surface of the glomerular basement 
membrane or in the mesangium (Schur; 1973, McGluskey, 1982). Schur 
(1973) showed that the majority of SLE patients had IgG deposits, 
more than half had IgM and less than one third had IgA. IgD and
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IgE were weakly present and detected infrequently. Comple
ment components, Clq andC^ were detected in more than half and Cq 
was detected infrequently. The kidney may be normal by light 
microscopy or shows only minimal glomerular change in electron 
microscopic pattern. The pathological and clinical forms of lupus 
nephritis in SLE patients can be classified into mild-, severe 
(diffuse) proliferative-, membranous-and mesangial-lupus nephritis. 
The immune complexes with 03 are thought to generate chemotatic 
factors, resulting in the activation of macrophages, phagocytosis 
of immune complexes and release of lysosomal enzymes (Cochrane and 
Koffler, 1973)' Mannik (I982) has shown that in SLE patients 
with lupus nephritis, antigen-antibody complexes are deposited in 
renal glomeruli and subendothelial and mesangial areas but not 
in subepithelial areas. Affinity of denatured DNA for
glomerular basement membrane, which has a net negative charge, 
has been found and this may explain the deposition of immune 
complex (Mannik, I982).

iv). Nervous and blood vessel systems.
SLE is clinically associated with neurological abnormality 

including CNS disease, convulsive disorders and psychological 
problems. The CNS disease occurs as two major forms, organic 
psychosis and seizures (Feinglass et al.,1976). Seizures with 
hypertension and infection occur in about 13% of SLE patients 
during active disease while organic brain disease with memory 
deficits is common in CNS involvement (Feinglass et aX, 1976).
Severe headaches are associated with either seizures or organic 
brain disease and disappeared when the patients were treated with 
corticosteroid. Peripheral neuropathy, which presents mainly as
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sensory and cranial nerve signs, such as facial weakness, ptosis 
and diplopia, has also occurred in SLE patients (Feinglass et aL,

1976).
Immune complexes, (IgG and IgG and IgM but not C]), which 

mediate vasculitis and are responsible for tissue injury in most 
organs, are rarely found in the brain of patients with CNS disease. 
The amount of lymphocytotoxic antibodies in the circulation and 
IgG antineuronal activity in the CSF has been found to be assoc- . 
iated specifically with active CNS disease in SLE patients (Blue- 
stein and Wood.1982). In SLE patients with vasculitis, immune 
complex deposition is found in the small and large blood vessels 
the arterioles and venules by immunofluorescence assay. ANAs 
deposited in blood vessels of the spleen of SLE patients are IgG, 
1^, and IgA classes and have, in part, specificity for DNA (Svec 
and Allen, 1970).

1.7.I.e. Immunological abnormalities.
Both humoral and cell mediated immunity are involved in 

the immunological abnormalities of lupus disease. These immuno
logical abnormalities include autoantibodies particularly ANAs, 
immune complexes in tissue and serum manifested as hypocomplement- 
emia and cryoglobulinemia, and abnormalities in cell-mediated 
immunity.

i). Autoantibodies.
Autoimmunity is a condition in which the organism has an 

immune response against itself. SLE is characterized by the pres
ence of many different autoantibodies which can be divided into two 
classes,autoantibodies directed against tissue specific antigens
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(thyroid, liver, muscle, adenal) which also include those directed 
against cellular element of hemopoietic system (lymphocyte,ery
throcyte, platelet), and autoantibodies directed against nuclear 
and cytoplasmic antigens (in section 1.7.2.).

ii). Immune complex-mediated disease.
Immune complex-mediated tissue injury in SLE, which part

icipated by auto antibodies, is clearly associated with glomer
ulonephritis and with symptoms in other organs such as skin, lung, 
heart and brain (Koffler et ad., I982). Immune complex deposits 
in tissue can be detected by immunofluorescence assay. Wilson et 
al. (1977) showed that the presence of immune complexes is closely 
related to disease exacerbation in SLE patients and is also assoc
iated with cryoglobulinemia, hypocomplementemia and nephritis.
Mixed cryoglobulinemia, which involves IgG, IgM, and complement 
factors (Clq, G3, C4) is commonly found. Winfield et al. (1975) 
have demonstrated that cryoprecipitates contain both antilymphocyte 
antibodies (l^ class) and ANAs (to native DNA, ssDNA and RNP).

Activation and fixation of circulating Immune complexes 
in SLE patients are affected by disorders of the complement system. 
The serum complement level may be affected by varying rates of 
synthesis and catabolism of complement compounds as well as genetic 
control of complement levels (Schur, 1975)* Serum C4 level is the 
first to fall in SLE patients. Very low level of Clq showed at 
active disease state and tended to be associated with high mortal
ity in SLE patients. Low levels of 05 may occur during exacer
bation of nephritis and the very low level of C3 is usually acc
ompanied by active and severe nephritis. Complement levels are 
also depressed in association with extensive skin lesions, arthr-
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itis,and hemolytic anemia (Schur, 1975)

iii). Abnormalities of cell-mediated immunity.
Immune reactions are mediated by effector cells; B- 

lymphocytes, which secrete antibodies, and Tlymphocytes, which 
produce lymphokines and mediate cellular immunity, and phagocytic 
cells. There are two major types of T lymphocytes, helper and 
suppressor.

During the active phase of disease in SLE patients,
T lymphocytes were reduced while B lymphocytes were normal ̂ decreased 

or elevated when their number was determined either by format
ion of rosettes with sheep red cells or by the use of T cell- 
specific antibodies. The absolute number of suppressor, T lym
phocytes was significantly decreased while helper T lymphocytes 
were slightly reduced (williams, I982). It has been demonstrated 
that cold-reactive lympho-cytotoxic antibodies and immune complexes 
which interacted with the complement receptors on B lymphocytes, 
may interfere with the determination of the number of B lymphocytes 
(De Horatius, I982). Antibody-dependent lymphocyte mediated cyto
toxicity was also decreased in SLE patients especially during active 
disease. In autopsy studies, SLE patients often show thymic abnor
mality with many germinal centres containing plasma cells. These 
thymic abnormalities are not specific for SLE and may be a secon
dary effect. The mechanism involved in T lymphocyte deficiency 
in SLE patients is still unclear.

1.7*l.d. Etiology.

The initiation and aggravation of SLE may have a multi-
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factorial etiology. The clinical heterogeneity of SLE also 
shows the involvement of more than one factor. These factors
include viral infection, genetic factors, environmental factors 
and endocrine factors. However, in some cases, the presence of 
a high level of one factor may cause the disease. Therefore, 
it is difficult to make definite conclusions regarding aetiology.

i). Virus.
Both New Zealand black (NZB) and New Zealand white (NZW) 

mouse strains, have autoimmune phenomena and disease that resembles 
human SLE. Type C oncornavirus is involved in its pathogenesis 
(Yoshiki et al., 1974).Viral glycoprotein with M.W. of 70K is 
present in a high concentration in the blood and spleen of NZ 
mice and also is deposited in renal glomeruli as an immune complex 
(Yoshiki et aL, 1974). However, the formation of pathogenic 
complexes in NZ mice is still unclear. Chronic infection with 
polyoma virus also enhances the SLE-like expression of NZB 
disease.

Because of the similarity of SLE to NZ mouse disease, 
the role of virus, particularly type C virus, has been studied in 
SLE patients. Levels of serum antibodies directed against RNA 
viruses such as measles and rubella (Phillips, 1975) and those 
directed against DNA viruses such as adenovirus and Epstein-Barr 
viruses (Pincus, I982), are significantly elevated in SLE patients. 
This seems to be a reflection of hyperactivity of humoral immunity 
in SLE rather than any specific viral aetiology.

The presence of the inclusions (such as antibodies to 
type C virus antigens) is not SLE specific because it is also 
found in lupus nephritis, scleroderma and Sjogren's syndrome
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(winchester, 1978). In addition, antiviral antiserum apparently- 
reacted with only 10% of glomeruli and the reaction was weaker 
in some positive SLE patients (winchester, 1978). Subsequently, 
antibodies eluted from these kidneys are found to have some 
anti-type C reactivity. These studies suggested type C viruses 
are involved in the immunopathogenesis of some cases of SLE.
However, the role of type C virus in SLE remains a hypothetical 
(Phillip, 1975) and the results are still inconclusive.

ii). Genetic factors.
SLE affects individuals of all races but varies in 

different countries and it seems to occur more frequently in 
females than males. In the United States, black females suff
ered from SLE more than do white females, while this disease is 
apparently uncommon in Africa.

Many reports have suggested family clustering of SLE 
and related rheumatic disease. Therefore, genetic factors must 
play an important role in SLE. First-degree relatives have been 
reported to have a higher incidence of ANA (4.33%) than normal 
controls (0-1%) and also show a high incidence of Raynaud's phenom
enon (Block et aL, 1975). In many cases, members of the patient's 
family show only autoimmune manifestations such as hyper gramma- 
globulinemia and a high frequency of RA. AntiRNA -antibodies, 
which are related to antilymphocyte antibodies, are found in high 
levels in the serum of household contacts and relatives of SLE 
patients (De Horatius et ai, 1975). The concordance rated in 
monozygotic twins is high, including 57% for SLE disease, 71% 
for ANA incidence and 87% for hypergammaglobulinemia (Block et al.̂
1975). The rate for this concordance in dizygotic twins appears
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to be lower.

iii). Snvirorunental factors.
Sunlight has been found to relate to SLE or to exacerb

ation of this disease but the incidence of the disease may not 
relate to the amount of sunlight. Chemicals, such as food add
itives, which might combine with and alter the structure and 
function of DNA have also been reported to relate to SLE. In 
rare cases, the high incidence of ANA lymphocytotoxic antibodies 
is found in workers who are regularly exposed in laboratories to 
sera of SLE patients.

Certain drugs may produce the whole or partial clinical 
or serological feature of lupus-like illness and also induce 
ANAs. The drugs often involved include procainamide, hydral
azine, antiepileptic drugs and anticonvulsants (isoniazid) 
and other drugs rarely involved, include <tC-methyldopasulfonamide, 
penicillinamide and beta-blockers (Hess,1982). Joint pains and 
swelling, fever, rashes, pericarditis and pulmonary ateleetasis 
are commonly involved in drug-induced lupus. These clinical symp
toms are milder than in patients with spontaneous SLE. Renal 
lesions and female predominance are also unusual. LE cells and 
ANA y which is directed against nucleoprotein especially histone 
or ssDNA, are generally found. There are no antibodies directed 
against native DNA and against non histone protein antigens.
The mechanism for the induction of ANA and lupus by these drugs 
is obscure. Although in experimental animals, the appearance of 
ANAs is found with administration of high levels of both isoniazid 
and hydralazine. The possible mechanisms are release or dénatur
ation of nuclear antigen, drug autoantigenicity after coupling to
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serum protein or activation of latent virus. Some inducing drugs 
(like hydralazine and procainamide) can bind to DNA and then alter 
its physical and chemical properties.

iv). Endocrine factors.
SLE occurs predominantly in women, which is probably 

related to the action of female hormones. Talal et ad. (1982) 
have found that androgens improve the disease in female NZB mice 
by stopping the decrease in interleukin-2 (T cell growth factor), 
reducing immune complex nephritis and increasing the response of 
spleen cells to interleukin-2. Castration in male NZB mice induced 
aggravation of the disease. Oral contraceptives have also been 
found to lead to development of a lupus-like syndrome. An estro
gen (16- ^ hydroxy oestrone) responsible for endocrine predisposition 
to SLE is found in some patients with SLE and is also found in 
clinical liver disease and rheumatoid arthrtis (Lahita et aly I982).

1.7.2. Autoantibodies against nuclear and cytoplasmic antigen
in SLE patients.
SLE is an autoimmune disease of unknown etiology (see 

Notman et aL, 1975; Provost, 1979; Reichlin ,1981). There 
are two groups of ANAs divided according to their antigen;, those 
that react with macromolecules (DNA, RNA and hucleohistone) and 
antibodies to extractable nuclear antigens (Reichlin, I98I).
The incidence of these heterogeneous ANAs in sera of SLE patients 
and other rheumatological diseases is very high. They are con
sidered for diagnosis of the diseases (Farrell and Tan, 1983).
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1.7.2.a. Antibodies to macromolecules,
i). Antibodies to DNA.

High titres of antiDNA antibodies are one of the major 
serological markers of clinical autoimmunity, especially in SLE 
patients, and occur in 70-73% of SLE patients (Reichlin, I98I).
By the indirect immunofluorescence technique, the peripheral 
nuclear staining pattern is recognized for antiDNA antibodies.
The more sensitive radioimmunoassay has demonstrated that these 
antibodies are also present in normal individuals but the antibody 
levels are much higher in SLE patients (Notman et al., 1973) and 
heterogeneity of antiDNA antibodies is found in SLE. A simple, 
rapid and highly sensitive ELISA procedure has been developed 
for use in routine, clinical and experimental studies of antiDNA 
antibodies for determination of sera from SLE patients (Halbezrt 
et aL, 1981 ; Pisetsky and Peters, I981), It has one disadvantage, 
the difficulty in attaching native DNA to solid phase supports.
A high concentration of DNA or an additional binding agent have 
been used to achieve adequate DNA adherence.

Antibodies to DNA can be divided into three major types. 
The most prevalent are those that react with sites on both native 
(or ds)DNA and denatured (or ss)DNA (ds/ssDNA), some react with 
only dsDNA and some react with only ssDNA (Cohen et 1971; 
Reichlin, I98I; Tan,1982).

Antibodies to ds/ssDNA are present in 30-70% of patients 
with SLE (Notman et aL, 1973)• In other rheumatological diseases 
these antibodies are present in a low level. Antibodies recog
nize a common antigenic determinant possessed by both ds and ssDNA.
A part of the deoxyribose phosphate backbone of DNA is an important 
component of this antigenic determinant. The class of antibodies
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to dsDNA appears to be both IgM and IgG. The IgG antibodies 
are primarily IgGl and IgG3. Using monoclonal antibodies to DNA 
from NZB/NZW and MRL/lpr mice in competitive radioimmunoassay, the 
antibodies to ds/ssDNA from SLE patients which reacted with the 
phosphate sugar-backbone also had the ability to cross-react with 
phospholipids, especially cardiolipin (Koike e± al*» 1982).

For antibodies specific for dsDNA it has been presumed 
that the reactive antigenic determinant on DNA should be related 
to either the double helical conformation or the secondary structure 
of dsDNA, which consists of deoxyribosephosphate backbone. Great 
heterogeneity exists in the binding specificity of antibodies to 
dsDNA in SLE sera and antibodies react with dsDNA fragments vary
ing in size from 20 to 1200 base pair ( P a p a l i a n e t  al., I98O) .
There are two types of antibodies directed against the left-handed 
Z-DNA helix. The Z DNA helix is organized in a zig-zag pattern, 
which results in the exposure of bases on its. helix as w e l l  as phos
phate groups (Wang et al., I98I). Casperson and Voss(l983 a, I983 b) 
also demonstrated that not only nucleotide bases, the linear DNA 
backbone and secondary structure but also the nucleotide sequence 
were important in the recognition of dsDNA by antibodies in SLE 
sera.

High titres of anti-dsDNA antibodies and immune complexes 
(antiDNA-dsDNA) in the circulation correlate well with active 
nephritis in SLE patients (Davis et aL, 1977; Cochrane and Koffler, 
1973). The initial association rate of DNA to antiDNA shows a 
closer correlation with disease activity than other factors, such 
as total antibody concentrations or antibody classes. Francoist- 
ron et al. (I982) have developed a new method for detecting DNA-- 
antiDNA complexes in SLE sera using monoclonal anti dsDNA antibodies.



- 72 -

and have found that the presence of this complex is associated 
with low levels of C4,

Antibodies to ssDNA are found in up to 87% of SLE patients 
with and without nephritis and are also found in RA, chronic nephritis 
and procainamide-induced lupus patients (Koffler et aL, 1971).
Their antigenic determinants are purine and pyrimidine bases(Farrell 
and Tan, I983). Many of these antibodies also cross-react exten
sively with the base determinants of RNA. From the observations 
that anti ssDNA is present in sera from lupus patients, and be
cause of the appearance of antigen and antibody in cryoprecipitates 
in circulation, renal lesions and renal eluates, antibodies to 
ssDNA have been proposed to play a major role in the immunopatho
genesis of SLE. The changes in antiDNA antibodies and free serum 
DNA are closely correlated to clinical manifestations of SLE (Swaak 
et aL, 1982). Alarcon- Segovia et ad,(1973) has shown that anti
bodies in SLE patients are directed to a variety of nucleotides 
and nucleotide sequences. SsDNA has many potential antigenic de
terminants. Deven et al.(l978) suggested that antibodies to ssDNA 
are heterogeneous both within each determinant and between all of 
the various determinants.

ii). Antibodies to RNA.
Antibodies to ds-andss-RNA are not diagnostic for SLE 

but are found more frequently and in high titres in SLE patients 
(Koffler et al,, 1971). Ds-RNA occur in high amounts in the RNA 
of virally infected tissue, so that the antibodies may represent 
part of an immune response to a virus.
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iii). Antibodies to histone.
Anti histone antibodies are relatively common in SLE. 

Histones are basic proteins and tend to complex non-specifically 
with many serum proteins. It is difficult to study immunological 
reactions with histones by immunodiffusion assay. Tan et 
(1976) have developed a method for detection of histone anti
bodies by using an immunofluorescence assay with acid-treated tissue 
In acid-treated tissue, proteins including histones and non-histones 
are eluted from the tissue with O.IN HCl and DNA is not eluted and 
remains in ds form. By this assay, about 35% of patients with 
idiopathic SLE possess antibodies to histone while almost all pat
ients (93%) with drug-induced lupus have these antibodies. Anti
bodies to the individual histones H2A and H2B were detected in 
patients with drug-induced lupus,while in idiopathic SLE antibodies 
reacting specifically with histone HI, H2A, H2B, H3, and H4 have 
been found. More than 30% of the sera from SLE patients had I ^  
activity to total histones and a slightly lower frequency was ob
served for IgG antibodies.

1.7.2.b. Antibodies to small nuclear and cytoplasmic ribonucleo-
proteins.
These soluble antigens are Sm, nRNP, Ro and La and are rec

ognized by ajitibodies in sera from rheumatic diseases, such 
as SLE, MCTD, RA, scleroderma, and Sjogren's syndrome (Notman et 
ad., 1973; Provost, 1979; Reichlin, I981). The presence of these 
autoantibodies, together with their titre and specificity, is an 
important clinical feature for diagnosis of the disease. These 
antigens are complexes of small RNAs, which are not mRNA, tRNA, or 
rRNA, and protein and are found in the nucleus and cytoplasm of 
eukaryotic cells (Lenner and Steitz,1979 and 198l‘,Zieve, I98I) .
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Serum from individual SLE patients may contain antibodies of 

multiple specificities, such as those containing antiSm and 

antiRNP or antiRo and antiLa.

There are many techniques used to characterize ANA. The 
most commonly used method is the indirect immunoflucrescent tech
nique. The specificity of antibodies cannot be determined by 
this method. Moreover, as many SLE sera contain antibodies of 
multiple specificities, distinct patterns of nuclear staining may 
not be obtained. This method cannot determine the nature of the 
antigenic molecule.

Analysis of ANAs by Ouchterlony double immunodiffusion 
in agar or agarose has been a valuable method for defining spec
ificity. Extractable nuclear antigen (ENA), which is pre
pared from calf thymus or human spleen, is used as a crude source 
of antigens (Sm, nRNP, Ro and La). The precipitin lines differ 
antigenically from one another. This method can determine the 
specificity of antibody but must be carried out with the aid 
of reference sera containing known precipitin systems. Recently, 
the pure antigen has been separated by affinity chromatography 
and used in the more sensitive and specific methods, ELISA and 
radioimmunoassay (TePPO,198l; White et aL, I98I; Venables et al.,1983)

By SDS-PAGE, the proteins are separated, identified and 
characterized by their relative M.W. (Laemmli, 1970)and a simple 
efficient and reproducible procedure in transferring protein from 
gel to nitrocellulose sheets has been developed by Towbin et ad. 
(1979)• It is possible to determine the antigenically active 
proteins to ANAs on nitrocellulose sheetsby detecting the antibody- 
antigen complexes (White and Hoch,198l;Schrier et aL, I982).
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i). Antibodies to Sm.

Antibodies to Sm are found in approximately 23-30% of 
SLE patients and occur almost exclusively in SLE(Kurata and Tan, 
1976). They may serve as a marker antibody for diagnosis of 
SLE (Notman et ad., 1973) • Patients with SLE having only this anti
body system, are prone to develope renal disease . AntiSm anti
bodies are primarily of the IgG class (Sabaharval et ad., I983). 
The presence of antiSm antibodies is usually associated with 
anti nRNP antibodies. SLE patients with a high incidence of 
CNS disease (Winfield et ad., 1978) and Raynaud's phenomenon (Winn 
et ad., 1979) have antibodies to Sm in these sera. These results 
were obtained by the positive hemagglutination test with ENA. 
Therefore, the result may not form a true assay of Sm antibodies 
only. By using a pure Sm antigen in complement fixation and
ELISA, no correlation between antiSm antibodies and CNS, Raynaud's 
phenomenon and nephritis has been found (Barada et ad., I98I).
In contrast, Sabaharval et al. (I983) still suggested that 
antiSm antibodies were related to nephritis, arthritis, serositis, 
and dermatitis.

The Sm antigen is a non-histone nuclear acidic protein 
with M.W. about I30K, highly soluble in physiological salt sol
ution. It is insensitive to the action of RNase, DNase, and 
trypsin except on prolonged exposure. This antigen is largely, 
but not exclusively,distributed in the nucleus as a speckled stain
ing pattern by immunofluorescence assay. It shows preferential 
binding to ssDNA over dsDNA (Reyes and Tan,1977). Lerner and 
Steitz (1979) have reported that this Sm antigen is a complex of 
snRNAs with 7 polypeptide chains with M.W. between 12K and 33K.
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These snRNAs consist of 6 subunits; Ula, Ulb, U2, U4, U5 and U6 

(Lerner and Steitz, 1979? Lerner et aL, I98O; Takano e± &%., I98O;
I'/hite et al., I98I; Gibbons et ad., 1982; Busch et gd., I982).
Some of these proteins are required for antigenicity (Lerner
and Steitz, 1979). The Sm determinant is conserved among species 
from man to insect (Lerner et ad., I98O). Lerner et ̂ . (1981a)
have confirmed the nuclear localization of Sm snRNP by immuno
fluorescence using monoclonal antiSm antibodies.

ii). Antibodies to nRNP.

The highest titres and incidence of antibodies to nRNP 

are present in sera of patients with MCTD (Notman et 1975)*
By the passive hemagglutination technique, these antibodies are 

also found in lower incidence in SLE, RA and Sjogren's syndrome.

In SLE patients, the high incidence of antiRNP antibodies ranges 
from 23-50% and they often occur with antibodies of other spec
ificities (Kurata and Tan, 1976; Tan et aL, I976). RNP anti
bodies are characterized by a nuclear speckled immunofluorescence 
pattern (Provost, 1979)* Anti nRNA antibodies are immunoglobulin 
of the IgG type. Patients with SLE usually have anti nRNP anti
bodies together with antibodies to Sm while in MCTD only the anti
bodies to nRNP have been found. The presence of antibodies to 
nRNP alone in SLE patients shows a low incidence of antibodies 
to DNA and a low prevalence of renal disease and CNS disease (Notman et 
al-» 1975; Provost, 1979; Sharp, I982). Nephritis occurs in 
SLE patients which have anti nRNP antibodies in association with 
antibodies of other specificities (antiDNA, antiSm, and antiRo) 
(Reichlin, I981).
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The nRNP antigen is a nuclear non-histone protein with 
M.W. of 200K and consists of RNA and several protein subunits.
It is an unstable antigen and is sensitive to both RNase and 

trypsin (Takano et al*» I98O; Douvas çt al., 1979)* The snRNAs 
(Ula and Ulb) were recognized by either nRNP antibodies or 3m 

antibodies (Lerner and Steitz, 1979)» The Sm and RNP antigens 
have independent antigenic determinant (Lerner et al., I98O).
The Sm and RNP antigenic determinants are present on discrete 
small RNP complexes with U1 snRNP having two sites, one for antiSm 
and one for antiRNP (Lerner et aL, I982). Other reports demon
strated that Sm and RNP represent distinct antigenic sites on 
the same nuclear complex (Takano et I98I; Sharp, I982).
Eilat and Totan (1982) have observed that the autoimmune response 
in human and murine SLE is restricted to one or a very few anti
genic determinants. The nature of the antigenic determinants 
that are responsible for their activity is still unknown.

The structure of the Sm and RNP antigens and the number 
of their polypeptide components have been characterized and 
studied. Variable results have been reported which may be due 
to differences in types of cells and tissue, method of isolation 
and detection as well as a real difference in their proteins and 
snRNAs (%cGill%vray et al., I982).

Lerner and Steitz (1979) have found 7 identical poly
peptides (A-G) with M.W. of between 12K and 35K for both Sm and 
RNP antigen. By affinity chromatography, sucrose gradient 
centrifugation and SDS-PAGE, only 5 polypeptides with M.W. from 
lOK to I5K (BDSFG) were associated with RNP whereas the same or 
similar 5 polypeptides plus 6 additional subunits with M.W. from 
21K to 42K associated with Sm antigen only (Gibbonset al., I982) .
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Thus RNP and 3m appear to have different numbers of protein 
components. The identification of 4 polypeptides with M.W. 
of approximately I3K plus additional polypeptides with M.W. of 
3OK and 63K are for both Sm and RNP and only two polypeptides of 
M.W. of I3K, was reported by hemagglutination (Takano e± aL,

1980). On the other hand. White et al. (I981) have reported that 
the mixture of RNP and Sm contains 9 polypeptides with M.W. from 
9K to 44k and most of these proteins are not actually required for 
antigenic activity. By sucrose gradient centrifugation, Douvas 
and Tan (I98I) occasionally observed traces of immunological 
activity in 30-403 hnRNP peak but the preponderance of the antigen 
is contained in the K 10S fraction. Recently, Hinterberger et al. 
(1983) and Kinlaw et al. (I983) have shown that UlRNP is composed 
of a minimum 8 different M.W. polypeptides and 5 of these poly
peptides are also found in RNP particles containing U2, U4, U5, 
and U6.

Major polypeptides of M.W. 3OK and I3K (Douvas et ad.,
1979) and 3 polypeptides of M.W. approximately 6 %  and 3OK (Sharp, 
1982) appear to be associated with the nRNP antigenic determinant. 
Recently, many investigators have found that the nRNP antigenic 
determinants are related to polypeptides with M.W. of 7OK, 40K, 
and I3K and it has been suggested that the smaller polypeptides 
are the degraded products (VJhite and Hoch,198l; IVhite et aL, 1982; 
Douvas, 1982; Wieben et aX, I983).

The Sm antigenic determinant appears to be associated 
with the approximately I3K polypeptide (Takano et aX, I98I;
'/Jiite and Hoch,198l; l\!hite et al., 1982; Douvas, 1982; Sharp, 1982; 
Schrier et ad., 1982; Buchanan et al.. I983), whereas in other pre
liminary reports two polypeptides with M.W. of IlOK and 28K are
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found (v/aelti and Hess, 1930).

iii). Antibodies to Ro(SSA).
The SSA antigen is now known to be immunologically iden

tical to the Ro antigen (Alspaugh and Maddison, 1979).
Antibodies to Ro or SSA are found in about 30% of SLE patients 
and 25% of patients with Sjogren's syndrome (Scopelitis et ad.,
1980). By the counter immunoelectrophoresis technique, these 
SLE patients with antiRo can be classified into two subgroups; 
those having antiRo alone and those having both antiRo and antiLa 
( Wasicek and Reichlin, I982). Antibodies to Ro rarely occur with 
antibodies to Sm (Reichlin , I98I). Warsicek and Reichlin (I982) 
found that patients with SLE which had antibodies to Ro alone, 
have a high incidence of antibodies to DNA (77%) and serious renal 
disease (33%). Maddison and Riechlin (1979) have demonstrated 
that Ro-antiRo immune complexes participate in the development of 
nephritis. This participation is associated with a decrease of 
antibodies to Ro in the circulation and enrichment of antiRo activity 
in the glomerular eluate from the kidneys. These patients also 
had anti-ssDNA in their sera and their kidney eluates were also 
enriched for anti-ssDNA activity. The patients with both antiRo 
and antiLa (about 75% of Ro patients) had a lower incidence of 
antibodies to DNA (30%) and a very low incidence of nephritis (9%)
( Wasicek and Reichlin,I982) and had milder disease than with 
antiRo alone.
Maddison et aJ. (1981) demonstrated that approximately 62% of 
SLE patients with"ANA-negative SLE” have antiRo precipitin in 
their sera and 50% of these patients also have antiLa precipitin, 
while the remainder have anti-ssDNA. The "ANA-negative SLE” class
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consists of SLE patients whose sera fail to stain nuclei in 
immunofluorescence assay.

The Ro antigen is a soluble cytoplasmic acidic glycopro
tein with a I:.W. of about lOOK to I5OK which is resistant to both 
RNase and trypsin. This class of small cytoplasmic RNPs (scRNPs) 
contains 2 to 5 scRNAs, depending on the mammalian species. RNAs 
designated h*Yl -hY5 are present in Ro sc RNPs of human HeLa cells 
whereas there are two RoRNAs (mYl and mY2) and 3 RoRNAs (rYla, 
rYlb; and rY2) in mouse cells and rat cells, respectively. (Hendrick 
et al.,1981; Reddy et aX, I983). These RoRNAs range in size from 
8O-IIO nucleotides, possess ^'-triphosphate termini and lack of mod
ified nucleotides(Hendrick et ai ,1981»). The se RoRNAs are different 
in size and sequence from the U series of snRNAs which are com
ponents of the Sm and nRNP antigens (Lerner et al., I98O; Hendrick 
et ̂ ., 1981). These RoRNAs are significantly less abundant than 
the URNAs and are not so highly conserved from species to species. 
They are presumed to be part of a. RNA-protein complex and their 
function in cytoplasm is unknown. Ro scRNPs contain the La protein 
in addition to protein (s) carrying the Ro determinant, therefore, 
they are also precipitated by AntiLa (Hendrick et aX, I981). The 
exact number of proteins associated with Bo scRNAs has not been 
well defined, immunoprécipitation profiles show several high M.W. 
polypeptides (Francoeur and Mathews , I982).

iv) . Antibodies to La(SSB).
Antibodies to La are found in sera from patients with 

rheumatic disease, including RA, SLE and Sjogren's syndrome and 
are strong markers for sicca syndrome (Provost, 1979).

The La antigen is a nuclear RNP molecule which is sensitive
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to trypsin and resistant to DNase and RNase (Teppo et al., I982) . 
Alspaugh and Maddison (1979) have suggested that La antigen is 
identical to SSB and Ha antigens. Although immunological ident

ity has been shown in the SSB/Ha/La and SSA/Ro system by double 

diffusion, there are still some differences which have not been 

resolved. The SSB and Ha antigen were reported as nuclear anti

gens whereas La antigen was cytoplasmic RNP. Also the SSA 

antigen was described as a nuclear antigen whereas the Ro antigen 

was described as a cytoplasmic antigen. Later studies suggested 

that the La particles were primarily located in the nucleus but 

they seem to leak out easily during biochemical fractionation of 
cells (Hendrick et al., I98I; Hardin et aL, I982).

La RNAs are notas highly conserved as the UlRNA. They 
are significantly less stable than the U or Ro RNAs. Most of the 
La RNAs are synthesized by RNP polymerase III and possess 5* phosphate 
with internal modification typical of tRNA, and range from about 
80 to 120 nucleotides. The size of the La antigen varies from 
30K to 68k, which may be due to the type of cells and extraction 
procedure used (Francoeur and Mathews, 1982; Teppo et I982),
Anti La is also able to precipitate precursor to tRNA and 5S rRNA 
in human HeLa cells (Rinke and Steitz,I982).

In addition to many cellular La RNAs, at least 4 viral 
specific RNAs in the form of RNP complexes; Adenovirus encoded 
RNAs, VAI and VAII and Epstein-Barr-encoded RNA, EBERl and EBER2 
(Lerner et aL., 1981a and 198lb;Rosa et aX, I98I) are precipitated 
by antiLa antibodies from SLE patients. These small RNAs: EBERl 
and EBER2 are approximately I66 and 1?2 nucleotides long, respec
tively, possess 5' PPPA terminal and heterogeneity of residues at 
the 3' terminal with lack of polyA (Lerner et al.,1981 ; Rosa et al.,1981)
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(osa et al. (1981)demonstrated that host cell protein which binds to 
viral VA and EBER RNA is required for antigenicity of these viral 
RNP complexes. The cellular La RNAs are very heterogeneous and 
their molecular structures have remained obscure.

1.7.3. Introduction of IgG into cells.
The appearance of specific autoantibodies in sera from 

patients with autoimmune diseases, SLE and MCTD has been reported 
to be associated with particular clinical signs of disease.
Alarcon-, Segovia and co-workers, (1973, 1979^0 also demonstrated 
the penetration of antiRNP antibody into live human mononuclear 
cells (MC), obtained from these patients, via their Fc 3* receptors 
(FcS* R) . The incidence of intranuclear IgG in MNG of SLE was 
low and this result may be due to the amount and heterogeneity 
of their ANAs and the blocking of some Fc receptors (Alarcon- 
Segovia et al., 1979a). These antiRNP antibodies have also been 
found to penetrate into Ty cells via their FcT R (Alarcon-Seg- 
ovia et al., 1979b) resulting in the deletion of their suppressor 
function. Dysfunction and loss of suppressor cells (Ty cells) 
may lead to the self-perpetuation of autoimmune disease, since 
T cells with FcT R seem to behave as suppressor cells in immune 
regulation and this suppressor function is diminished in diseases 
where ANA appears (Alarcon-Segovia et aX, 1979b). In Fey R 
bearing human Ty cells, antiRNP antibodies can cause a defect in 
the progress of activated cells from the G^TG^ to S4G2 phase of 
the cell cycle while anti-native DNA causes activated cells to 
have an increase in their RNA content without a concomitant increase 
in their DNA content (Alarcon-Segovia and Llorente, I983). These 
reports showed that different effects were caused by different ANAs
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upon penetration into living cells. These differences may 
have pathogenic significance in the disease where these anti
bodies occur. The effect of anti-RNP on the progression of the 
cell cycle correlated well with the suggested function of the snRNP 
(Ul) in helping the splicing of mRNA (berner et ad., I980).

Antibody penetration into living cells seems to consti
tute a new mechanism of immunologically mediated damage that may 
be operative in diseases with autoantibodies, particularly SLE 
and KGTD. A possible mechanism or effect of ANAs in these GTD may be 
studied by finding the function of human MNG after introducing 
high amounts of ANAs into them. There are many procedures for 
introducing macromolecules into living cells, such as fusion 
with liposomes or red cell ghosts, or by using cells with abundant 
Fc# R (as described above).

1.7.3.%. Red cell-mediated microinjection of macromolecules
into mammalian cells.
During hypotonic haemolysis, the swollen red cells can 

take upexogeneous macromolecules and release the haemoglobin 
(Schlegel ajid Rechsteiner, 1978). This lysis can then be rev
ersed by the addition of enough concentrated saline to bring the 
suspension to physiological salt concentrations. These cells 
are called gray ghosts (Rechsteiner, 1975). Many macromolecules 
such as ferritin, myoglobin, IgG, E.coli p  -galactosidase, tRNA 
and mRNA have been shown to be taken up by red cells during their 
hypotonic haemolysis and passive diffusion is suggested to be 
the mechanism of uptake (Rechsteinér, 1975» Schlegel and Rechsteiner, 
1978; Antman and Livingston, I98O; Boogaard and Dixon, I983 a). 
Fusogens such as polyethylene glycol (PEG) or Sendai virus were



used to fuse red cell ghosts with cultured cells (Wasserman et 
al.f 1976; Furusawa, I9S0) but fusion efficiencies are generally 
low and selectivity is lacking. It is also limited by the type 
of cells that can be treated. PEG mediated microinjection can 
be enhanced by agglutinating vesicles to cells with phytohema
gglutinin (Szoka et al., I98I) or by using vesicle targeting with 
PEG (Godfrey et al., I983). The entrapped macromolecules (tRNA, 
mRNA or immune IgG) have showed their biological activity after 
transfer into cultured cells (Capecchi et 1977; Boogaard and 
Dixon, 1983 b; Antman and Livingston, I980). Therefore, red cell 
microinjection of macromolecules into cell lines is a simple and 
efficient method and has permitted the introduction of functional 
macromolecules.

1 .7.3'b" Liposomes.
Liposomes have now been used successfully as carriers 

to introduce a wide range of biologically active molecules and 
macromolecules into cells both in vivo and in vitro. Liposomes 
have many advantages, including lack of cytotoxicity, lack of 
immunogenicity, efficient incorporation of macromolecules into 
the liposomes under conditions that do not inactivate the incor
porated materials and efficiency in transferring entrapped materials 
into cell cytoplasm. Many substances such as antibodies IgG, horse 

radish peroxidase, actinomycin D, synthetic ds-RNA and haemoglobin 
mRNA have been found to be efficiently transferred from liposomes 
into cells. The interaction of liposomes with cultured cells is 
a complex phenomenon and could involve these mechanisms; fusion, 
endocytosis and transfer of phospholipid between liposomes and 
cell membrane. The actual processes involved remain uncleau:.
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It is related to properties of liposomes such as size, surface 

charge and lipid composition and optimum conditions with diff

erent cell types are achieved by varying the characteristics of 

the liposomes (for review see Poste and Papahadjopoulos, 1978; 
Pagano and Weinstein, I978; Ryman and Tyrrell, I98O; Poste, I980)
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1.8. Aims of this study.
The biological function of the snRKP complexes which are 

recognized by antiRNP-,antiSm-, antiRo-and antiLa-antibodies has 
not been well resolved. Some proposed functions of these snRNP 
complexes, especially Ul RNP, include processing of hnRNP or RNA 
splicing and regulation of transcription and translation (as des
cribed in section 1.4.1,1.3 .2,and 1 .6.3.0).

Some direct evidence had been obtained to support the 
proposal that Ul RNA is essential for RNA splicing. In these exp
eriments, antiRNP-, antiSm-, antiRo-and antiLa-antibodies were added 
directly into permeabilized nuclei from Ad infected cells (Yang et 
al., 1981) or into whole cell extract of HeLa cells (Padgett et 
1983 b)were introduced into intact cells using liposomes as a 
carrier (Lenk et al., I982). They found that only antiRNP- and 
antiSm- antibodies specifically inhibit RNA splicing and synthesis 
of some viral proteins, while antiRo-and antiLa-antibodies have no 
effect.

To examine the function of these ANAs on both transcription 
and translation, one possible way is to isolate and purify 
poly(A)^RNAs from cells which were incubated in the presence or 
absence of ANAs.These poly(A)^RNAs could then be used as a template to 
synthesize protein in a cell—free translation system, since the cell- 

free translation system can be controlled and gives a high effici
ency and faithful protein product. An alternative way to deter
mine the effect of ANAs on translation is to add ANAs directly into 
a cell-free translation system or to introduce them into intact cells 
before the pulse labelling protein.

Electrophoretic analysis is required to identify the syn
thesized proteins in anlysis of the effect of these ANAs on trans
cription and translation.
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2 General Materials and Methods.

2.1 Materials.
2.1.1. Biological materials and cell culture supplements.

Daudi (human), K 5^2 (human), RPMI 1788 (human), RPMI 
8226 (human), HMy 2 (human), NS 1 (mouse) and X63 (mouse) were cell 
lines available at the Biochemistry Department (Dr. D.W.Hough).

The sera of SLE patients were kindly supplied by Dr. P. 
Maddison, Royal National Hospital for Rheumatic Diseases, Bath.
Normal human sera came from volunteers in the laboratory.

Normal rat and normal rabbit peripheral blood were pro
vided by the animal house at this University.

The sterile media and supplements; RPMI l640 with 2g/l 
of sodium bicarbonate, L-glutamine (200mM) penicillin-streptomycin 
(5,000 lU/ml and 500pg/ml, respectively), heat inactivated foetal 
calf serum (FGS) and new born calf serum, were obtained from Flow 
Laboratories, Ayrshire, Scotland and Gibco, Glasgow, Scotland.

2.1.2. Enzymes and Immunological Reagents.
Rabbit muscle creatine phosphokinase (activity 1^2 unit^mg), 

bovine pancrease ribonuclease A (protease free, activity 53 units/mg) 
and Tritirachium album protease K (activity 15 units/mg) were 
obtained from Sigma, England.

Anti human IgG (V-chain specific)alkaline phosphatase 
conjugate (Ho A-3150) and anti human polyvalent immunoglobulins 
peroxidase conjugate (No A-8400) were products from Sigma, England. 
Rabbit anti human IgMĵ ĵ̂ , rabbit anti human IgG and anti calf red 
cell IgG were kindly given by Mr.K.M.Thompson (Biochemistry depart
ment, Bath University). Staphylococcus aureus adsorbent (SaC) 
came from Sigma, England.
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2.1.3. Radioactive Materials.
L-phenyl (2,3-^H) alanine (specific activity 28.4 Gi/mmole)

r>
as an aqueous solution containing 2;o ethanol,L-(4,p- H) leucine 
(specific activity 6l Gi/mmol) as an aqueous solution containing 
2/0 ethanol; L-^^S methionine (specific activity 1000-1500 Gi/mmol) 
as an aqueous solution containing 0.1;̂  2-mercaptoethanol;
5,6-(^H) uridine (specific activity 51 Gi/mmol)
in 50fo aqueous ethanol and iodo (l-^^G) acetamide (specific 
activity 53iiiOi/mmole) as a powder were purchased from Radiochem
ical Gentre, Amersham International, Bucks., England. ^̂ -̂ I-lab- 
elled sheep IgG was a gift from Dr.A.M.T.Jehanli (Biochemistry 
department;Bath University).

2.1.4. Gell-free Translation Systems.
Wheat germ lysate (as suspension in 20mM HEPES, 120mM KGL, 

5mM Mg (OAc) and ImM DTT, protein concentration of 5«4mg/ml) was 
from Miles Laboratories Ltd. Nuclease-treated wheat germ extract 
(in buffer consisting of 20mM HEPES, 5mM Mg(OAc), lOOmM KGl and 
5mM p-mercaptoethanol, 80 A260 units/ml) and protein biosynthesis 
reaction mixture (contains 200mM HEPES, 300mM K(OAc),lmM Mg(OAc),
2mM ATP, ImMGTP, 55"iM creatine phosphate, 2mg/ml creatine kinase, 
800;uM spermidine phosphate and 500pM each of 19 amino acids except 
methionine) were obtained from BRL Ltd., England.

Rabbit reticulocyte lysate as nuclease treated and 
message dependent (N90) (containing 110-120 mM K(OAc), 1.5-2.5mM 
Mg(OAc) and 12-620pmolar of each of 20 amino acids) was a pro
duct of Amersham International,England.

TMV RNA, rabbit globin mRNA and poly u(5*,M.W>100,000) 
were purchased from Amersham International, BRL Ltd., and Sigma 
respectively.



— 89 —

2.1.5. Chromatography Media.
Protein A-sepharose GL-4b (2mg/ml) and Sephadex G-25 were 

obtained from Pharmacia Fine Chemicals, Sweden, Oligo (dT) cell
ulose came from Sigma and BRL Ltd. and the poly A binding capacity 
was 23.3 and 53.5 A260 units/g, respectively.

2.1.6. Gel Electrophoresis Media.
Acrylamide and N,N' methylene bisacrylamide were obtained 

from BDH chemicals. Agarose was from Miles Laboratories Ltd., 
Nitrocellulose sheet (BA 83) with a pore size of 0.2pm was a product 
from Schleicher and SchUll, West Germany. Medical X-ray film 
(Kodak X-Omat) was from Kodak (Britain) Ltd.

Goomassie brilliant blue R250, acridine orange, amido 
black lOB (naphthol blue black) and 4-chloro-l-naphthol were pur
chased from Sigma. DMSO and PPO were obtained from BDH chemicals
and Sigma, respectively.

Standard protein markers were ̂ -galactosidase (M.W. 116k), 
catalase (M.W. 62K), lactate dehydrogenase (M.W. 3^K), myoglobin 
(M.W. 17.5K), myosin (200K), BSA (M.W. 68K), cytochrome c(M.W. 12K), 
trypsin inhibitor (M.W. 21.5K), RNase (M.W. I3.7K), Ig light chain 
(25K) and Ig heavy chain (ï,50K; p, 73K).

2.1.7. Ghemicals.
lodoacetamide* .negrosin, nonidet P-40 and folin and 

ciocalteu's phenol reagent were from BDH chemicals. Spermine 
tetrahydrochloride, DTT, p-nitrophenylphosphate, cycloheximide, 
aurin tricarboxylic acid, and diethylpyrocarbonate came from 
Sigma. Guanidine thiocyanate was a product of Fluka AG, chemische, 
Fabrik CH-947] Buchs. Polyethylene glycol 4000 was from Merck.
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Phosphatidyl choline (from frozen egg yolk) and cholesterol were 
obtained from Sigma. Trypan blue as a O.̂ fo solution in -aline and 
Ficoll-Paque came from Flow Laboratories.

All other chemicals were of analytical grade and came from 
3DK chemicals and Sigma.

2.1.8. Buffers and Solutions.
The buffers and solutions were prepared with glass dis

tilled or double distilled water. Phosphate buffer salts Dulbecco's 
formula without magnesium and calcium came as a tablet from Flow 
Laboratories., Other buffers such as citrate phosphate buffer,pH3, 
O.IM; phosphate buffer saline (PBS), pH?.2, 0.15M and phosphate 
buffer pH6.3,0.5M were made as described in Hudson and Hay (I98O).

The scintillation fluid consisted of 5g of PPO, 700ml of 
toluene and 300ml of triton X-100.

2.1 .9. Instruments.
Homogenizer was from MSE and B.Bram Melsungen. Beck

man ultracentrifuge model L5-65 and model L5-50B were used for 
maximum speed of 65,000 rpm and 50,000 rpm, respectively. Bench 
centrifuge and micro-centaur from MSE were also used. Ultraviolet 
spectrophotometer, SP 8-100 UV from Pye Unicam and CE 212-variable 
wavelength UV monitor from Cecil Instruments were used with rec
order. The absorbance spectra from gel and X-ray film were scanned 
using a Unicam SPI8OO UV spectrophotometer from Pye Unicam. Manual 
reader from Gilford was used to measure absorbance at 405 nm for 
ELISA. Liquid scintillation spectrophotometer, model Tri-carb was 
from Packard and gamma counter, model 128 Ultrogamma was from LK3, 
Wallac. Light microscope(Zeiss) with UV light and Leitz Orthro- 
plan microscope with UV light were used in fluorescence experiments.
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Trans-blot cell was from 3io-Rad laboratories.

2.2. General Methods.
2.2.1. Cellular Methods.
2.2.1.a. Cell Culture.

Cell lines were cultured continuously in RPMI l640 medium 
with 10-20^ of heat-activated foetal calf serum or newborn calf serum, 
2g/l of sodium bicarbonate, 200IU of penicillin and 200pg of strep
tomycin at 37°C in an incubator with Sfo CO^ in air. The cell con
centration usually reaches 1 to 1.5 X 10^ cells/ml within 3-4 days.
The cells were then subcultured by dilution with fresh medium to 
200,000 - 500,000 cells/ml.

2.2.1.b. Cell Viability.
Cell viability was determined using a solution of either 

trypan blue or negrosin. The cell suspension was mixed with 0.2^ 
trypan blue or negrosin in saline at a ratio of 1:2. The cells 
were counted within 3 to 5 min for trypan blue and after 5 min for 
negrosin, with 40X objective, using hemocytometer. The dead cells 
absorbed dye and the percentage viability was given by the equation

Total number of cells - number of dead cells 
% viable cells = ' X 100

Total number of cells

2.2.I.e. Preparation of Peripheral Blood Lymphocytes.
Heparinized blood (20 lU/ml) was diluted with an equal vol

ume of saline and layered on to Ficoll-paque. After centrifugation 
at 400g for 30 min at room temperature, the lymphocytes were removed 
from the interface layer between plasma and Ficoll-paque. The cells 
were washed twice with PBS and used for the extraction of RNA.
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2.2.1d. Determination of Fc Receptor on Cell Surface by 
Rosette Assay.

Formation of calf red cell and anti calf red cell complexes.
Calf red cells were washed three times with ice-cold PBS 

and resuspended in PBS at a concentration of I'o or 2,5 (v/v). The 
required amount of anti calf red cell IgG to be used to react with 
calf red cells was determined by haemagglutination test. A con
centration of antibody which just caused agglutination was used.
The anti calf red cell IgG was serially diluted in 25pl of PBS in 
a microtiter tray. 2_5ul of 1% calf red cells in PBS was then added 
to each well, mixed and left at 37^C for 30 min before reading the 
end point.

To prepare IgG-coated calf RBC, the appropriate amount 
(l/8 dilution) of anti calf red cells IgG was added to 1ml of 
2% (v/v) of washed calf red cells, dropwised while gently mixing 
on a vortex mixer and further mixed for 1 min. The mixture was 
incubated at 37°G for 30 min, washed twice with PBS and resuspended 
in 1ml of PBS containing 2% (w/v) of BSA.

Rosette Counting.
About 1 X 10^ cells (target cells) were washed twice 

with PBS, and resuspended in 0.2ml of PBS. lOÔ Lil of this cell 
suspension was mixed with 200ul (2% (v/v)) of calf red cell-anti 
calf red cell IgG complexes and incubated at room temperature for 
60 min. One drop of 1% toluidine blue was added and the cells 
were gently resuspended by hand inversion and left at room temper
ature for 30-60 min. The cells were resuspended as before and 
counted under a light microscope. The cells with more than 2 
red cells attached were taken as rosettes and 200 cells were 
counted. The percentage of rosette-forming cells was determined.
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Rosettes with 2-4 bounded red cells were considered to be 'weak 
rosettes' while those with more than 4 red cells as 'strong rosettes’

2.2.1. e. Cell Lines.
Daudi cell was a lymphoid cell derived from the Burkitt 

lymphoma. It expressed a 7-S 9" MIg both within cells and on their 
external surface membrane (Marchalonis et al.,19?4) and it does not 
contain Fc receptor or secrete IgM (Eilliot-and Takacs,1979)•

K562 cell line was originally established by Lozzio and 
Lozzio (1975) from the pleural effusion of a patient with chronic 
myelogenous leukaemia in terminal blast crisis and was thought to 
be an immature myeloid cell line and to lack Ig, EBV genome and 
EBV receptor. It was not considered as a B-cell line but had some 
T cell properties (Klein et al.,1978). It is strongly positive 
for Ig Fc receptors and pinocytosis but does not phagocytose or 
mediate ab-dependent phagocytosis or cytolysis (Klein et al., 1976). 
Later it was established as an immature erythroid cell line 
(Gahmberg and Andersson,198l). It synthesized glycophorin A, 
which is a major sialoglycoprotein on human erythrocytes (Ander- 
sson et al.,1979)» and also synthesized ferritin (Rutherford et al..
1981). It can be induced to differentiate and synthesize haemo
globin by hemin (Rutherford et al,^198l).

RPMI1788 cell is a human lymphoblastoid cell line which 
produces and secretes I ^  (A) in varying proportions of monomeric 
and pentameric forms. It produced a 2-fold molar excess of light(A) 
chains over heavy chains (u), but did not secrete the excess light 
chains. It contains a minor p-chain-encoding mRNA, which sedi
ments at 19s and codes for a 67,400 dalton polypeptide, in addition
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to the major p-chaln-encoding mRNA, which sediments at l8S and 
codes for a 65,000 dalton polypeptide(Molgaard et al.,198l).

RPnl822o cell line derived from a patient with multiple
myeloma. It actively produced only >-type light chains of Ig
which were secreted into the medium (Matsuokay et al.,196?).

NSI cell line derived from MOPG-21, a 3ALB/C mouse
myeloma cell lines. It is unable to produce a heavy chain of Ig.
NS 1-Ag 4-1, which synthesized but did not secrete k type light 
chain, was used (Hudson and Hay,I98O).

X63 mouse cell line has been developed for somatic cell 
hybridization with immune spleen cells to generate antibody- 
producing hybrid cell lines (Keaxney et al.,1979). It did not 
synthesize or secrete either light or heavy chains and hybrid 
cells derived with this parental cell line will only produce 
antibody of the spleen cell parent.

HMy2 cell line is a rapidly-growing and HAT sensitive 
human cell line. It has been derived from the ARH-77 human plasma 
cell leukaemia and produced IgG, (k) (Burk et al..lQ78). It is 
Epstein-Barr nuclear antigen positive and is capable of reproduc- 
ibly giving rise to stable hybrids when fused with human lymphocytes 
from a variety of sources . (Edward et ad., 1982) .
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2.2.2. Sterile Techniques.
All glassware and plasticware that is used in cell culture 

and preparation of RNA should be sterilized by autoclaving. Glass- 
vrare was baked at 200°-300°G for at least 6 hr or autoclaved. 
Plasticware was treated with 0.2;5 diethylpyrocarbonate for 30 min, 
washed thoroughly with distilled water and then autoclaved for 45 min.

The solutions and buffers were prepared with double-distil
led water and sterilized by autoclaving or by filtration through a 
0.20;Lim sterile filter (microflow 25 from Flow Laboratory). The 
sucrose solution was treated with diethylpyrocarbonate. 50l1 of 
diethylpyrocarbonate was added to 100ml of solution, shaken at room 
temperature and placed in a bath of boiling water for 15-30min.
The solution was shaken vigorously many times while still hot to 
remove CO2 and ethanol. This is similar to the method used by 
Palmiter (l9?4).

2.2.3. Preparation of Human IgG.
By using protein A-sepharose CL-4B affinity chromatography.

The affinity column (Protein A-sepharose CL-4B about 5iïi1 
volume) was initially washed with O.IM citrate phosphate buffer 
pH3 and then equilibrated with PBS. 1 to ^ml of sera from normal 
individuals or SLE patients were applied to the equilibrated column 
and unbound protein was washed through with PBS until no more 
protein left the column (A280 ^ O.Ol). The bound protein (igG) 
was then eluted with O.IM citrate phosphate buffer pH3. This 
fraction was collected on ice and immediately dialysed against PBS 
at 4°C, overnight. This purified IgG fraction was concentrated 
with a Millipore Minicon ultrafiltration unit to a concentration 
of 4-lOmg/ml, aliquoted and stored at -20°G.



—  9^ —

3y ammonium sulphate precipitation. (Johnston and Thorpe (1982)).
Nâ SO, (3.%) was added to human serum (lOml) at room 

temperature. The mixture was stirred to dissolve Na^SO^ I3'4g) and 
incubated at 25°C for 30 min. The precipitate (about l.jml) was 
collected by centrifugation at JOOOg for JO min at 25°C and redis
solved in water (3ml). This solution was warmed to 23°C and 0.4g 
of Na^SO^ was then added to make l4;5 w/V. The mixture was stirred 
to dissolve Na^SO^ and incubated at for JO min. The precipitate
was collected and redissolved in water (3ml). This IgG solution 
was dialysed against cold PBS overnight, aliquoted and stored at 
-20°C.

2.2.4. Estimation of Protein Concentration.
By absorbance measurement.

The absorbance of the protein solution was determined at 
the wavelength of 280nm. The concentration of IgG solution was 
calculated from the extinction coefficient value, 280eJ^ = I3.3 .
By the Lowry method (1931).

Five to 20ul of protein solution was made up to lOOul 
with distilled water in a cuvette, mixed with lOQul of reaction 
mixture containing 0.02^ potassium sodium tartate and 0.01^ of 
copper sulphate and left for 10 min at room temperature. lOQul 
of Folin-Ciocalteu's phenol reagent (diluted with distilled water 
at a ratio of 1:2) was added and incubated at room temperature for 
30 min before reading the absorbance at wavelength of ?30nm. The 
concentration of protein was determined from a calibration curve 
prepared with BSA as standard.
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2.2.5. Determination of Specificity of AI'lAs.
By double immunodiffusion (Ouchterlony, 1938)•

Five ml of 0.6,5 agarose in PBS was melted and poured into 
a 5cm petri dish to give a depth of J-Jmm. The wells of 3mm or5mm 
in diameter, were made with a cork borer and filled with 40pl of 
antigen (human spleen extract or calf thymus extract) in the centre 
well and 20pl of antibodies (serum or IgG solution) in the outer 
wells. The petri dish was kept in a moist chamber and incubated 
at room temperature, overnight.

By ELISA for IgG antibodies to Bo, La and DNA.
The well of a Gilford micro ELISA cuvette m s  coated with 

0.25ml of antigen solution (see note l) and incubated for one hr at 
37°C and then overnight at 4°C. The wells were emptied by suction, 
incubated with 0.25ml of 1% (w/v) BSA in PBS-tween {0.0J% V/v) at 
37^0 for 20 min and then mshed three times with PBS-tween for a 
total of 60 min. 0.25ml of IgG or serum dilution (see note 2) 
was added and incubated overnight at 4°C; this was followed by 
washing three times with PBS-tween for a total of 60 min. After 
incubation of the antigen-antibody complex with 0.25iRl of anti
human IgG ( y -chain specific) alkaline phosphatase conjugate 
(1:1000 dilution in PBS-tween) for two hr at 37°G, the wells were 
washed three times with PBS-tween for a total of 60 min and 0.2ml 
of p-nitrophenylphosphate (img/ml in 0.05M Na^GO^-HGO^ buffer pH9.8 
containing ImM MgCl^) >ra,s added and incubated at room temperature 
until A^^ in the maximum well reached 2 absorbance units. The 
reaction was then stopped in all wells with 0.05ml of IN NaOH 
before reading the absorbance at 405nm using a Gilford manual 
reader.
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Note l). For anti DNA antibodies, calf thymus DNA at a concen
tration of Ipg/ml in saline sodium citrate buffer pH8 was used as 
an antigen. Antigen Ro purified from human spleen extract at 
concentration of lOpg/ml in PBS was used for anti Ro antibodies 
while antigen La purified from calf thymus extract was used with 
anti La antibodies at concentration lug/ ml in PBS.

Note 2). IgG solution of anti DNA antibodies was diluted with 
PBS-tween containing I/o BSAto a dilution value of l/lO,l/50 and I/25O 
For anti Ro and anti La antibodies, IgG solution was diluted in 
PBS-tween containing 1% BSA at dilution l/lOO, I/2OO, and I/50O, 
while serum was used at a dilution of I/50, I/25O, and I/5OO.

2.2.6. Protein Synthesis in Cell-free Translation System and 
Determination of Radioactivity.

Translation of poly u and poly(A) RNA from tissues and cell lines 
in wheat germ lysate cell-free system.

The composition of 25ul reaction mixture is shown below:-
Component Final concentration
HEPES pH7.4 28.9mM
DTT 2.75mM
KCl 64mM
Mg(OAc) or Mg(OAc) and spermidine HCl or 2.jmM and 0.2mM
ATP ImM
GTP 20uM
creatine phosphate 8mM
creatine kinase
wheat germ lysate* 3.5ul

poly u 20ug
^8-Phe  ̂ 0.2-l.QuCi
X was a product from Miles Laboratories.
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Each of 19 amino acids (except Phe or Leu) at a concentr

ation of 50ul'̂  and O.p-l.QuCi of ^H-Phe or O.j-ZuCi of ^H-Leu v;ere 

used in translation of poly(A)^RNA or total RNA from tissues and 

cell lines.

The reaction mixture was incubated at 25°C for 90 min 
and lOul of reaction mixture was taken and added to 2m1 of ice cold 
20^ TGA containing Phe (2mg/ml) and left on ice for at least one 
hr. Precipitate was collected under vacuum on GF/C filter 
(iTiatman) presoaked in 20.5 TCA and washed with 15ml of 205 TGA 
containing Phe (2mg/ml) and then with 10ml of 955 ethanol. The 
filter was dried, placed into 3ml of scintillation fluid and 
radioactivity was counted using liquid scintillation spectrophoto 
meter. This method was an adaptation of the procedure of Robert 
and Paterson (1973) %nd Marcu and Dudock (1974).

Translation of TMV RNA in wheat germ lysate cell-free system.
Wheat germ lysate and reaction mixture were obtained from 

BRL Ltd, and their compositions are shown in the Materials section 
2.1.4 above. Each l^ul reaction mixture contained of wheat 
germ lysate, 1.5ul of reaction mixture, lul of 50CtoM K(0Ac),0.5ul 
of 20mM Mg(OAc), l-2ul of -Met(about 2QuCi) O.OSpl of TMV RNA 
and 5-6u1 of sterile water. The reaction mixture was incubated 
at 25°G for 120 min.

In order to determine radioactivity, Ijul reaction mixture 
was spotted on a GF/G glass filter. The dried filters were put into 100ml 
of 10% TGA and boiled for 10 min. The filters were washed twice with 
10% TGA and twice with 955 ethanol allowing 10 min for each wash.
The filters were air dried and radioactivity was counted in 3m1 
of scintillation fluid.
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Protein Synthesis in rabbit reticulocyte lysate cell-free system.
The reaction mixture (25pl) consisted of 10 to 20pl 

(40% to 80% (v/v)) of rabbit reticulocyte lysate, 20-30^01 of 
^^S-Met or 2-3uCi of ^H-Leu and TMV RNA, globin mRNA or poly(A)^RNA 
at concentration of O.Ojipl, 0.3ug or 0.01 to 2 A^^q units, respect
ively. Incubation was carried out at 30°C for 60 min. To deter
mine radioactivity, l-3ul of reaction mixture was added to 0.5ml 
of IN NaOH containing 55 (v/v) of 305 HgOg and incubated at 37°C 
for 10 min. The protein was precipitated with 2ml of ice cold 
255 TCA containing 2% (w/v) casein hydrolysate and left on ice for 
at least 30 min. The precipitate was collected by filtration on 
a Whatman GF/G glass filter that was presoaked with 8%TGA and 
washed twice with 3̂ il of ice cold 8% TGA. The precipitate was 
dried and radioactivity was counted in 3ml of scintillation fluid. 
The method followed Pelham and Jackson (1976) with some modification,

2.2.7. Polyacrylamide Gel Electrophoresis.
2.2.7.a. Single-dimensional separation of synthesized protein. 

The separation was performed according to the method of
Laemmli (1970). This system is a discontinuous pH system in which 
the stacking gel contains 0.12M Tris-HCl pHé.B and the resolving 
gel has O.37M Tris-HCl pHS.B. The electrode buffer was 0.024m 
Tris-HCl pH8.3, O.I9M glycine and 0.1% SDS.

Preparation of stacking gel and resolving gel.
The cylindrical gel in a glass tube (lOcm long and 0.7cm 

inner diameter) had 7.5% acrylamide with 0.37M Tris-HGl pH8.8,
0.1% SDS, 0.0002% ammonium persulphate and TEMED as resolving gel.
The gels were left to set for at least 4 hr. The stacking gel.
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y/o acrylamide with 0.12M Tris-HCl pH6.8, 0.1% SDS, 0,0002% ammonium 
persulphate and TEMED, was then added and left for about 30 min 
before use.

The size of the vertical slab gel was l40mm X l60mm with 
a thickness of 1-1.5mm. The resolving gel was a gradient gel of 
5-155 acrylamide. 15 to l6ml of 55 acrylamide that contained 
0.37M Tris-HCl pH8.8, 0.15% SDS, ammonium persulphate and TEMED 
were mixed and a linear gradient was generated with 15-l6ml of 
15% acrylamide containing the same mixture as 55 acrylamide.
The gel solution was degassed before filling the gradient mixer 
and transfered into slab gel by using a peristaltic pump at 2ml/min. 
The gel was left for at least four hr or overnight. Like the 
cylindrical gel,the stacking gel used was also 35 acrylamide.
The sample wells were formed in the stacking gel by using a Teflon 
comb. The stacking gel was allowed to polymerize for 15-20 min 
before removing the Teflon comb, and the wells were rinsed with 
water.

These gels contained acrylamide and bisacrylamide at the 
ratio of J0/0,8.

Preparation of samples and markers.
The translation product of poly u in the wheat germ cell- 

free system was precipitated with 20% TCA. The precipitate was 
collected by centrifugation, washed twice with 95% ethanol, dried 
and dissolved in lOOjil of 0.05M Tris-HCl pH6.8 and 2% SDS,
55 mercaptoethanol, 0.0001% bromophenol blue and a drop of glycerol 
were added, and the mixture boiled for 5 min.

For the translation product of RNAs in rabbit reticulocyte 
lysate, 5-lQul of reaction mixture was treated with 10-20;ul of
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lOmM EDTA containing RNase A (50ug/ml) by incubation at 37°C for
13 min and used immediately or kept at -20^0. The RNase-treated 
sample (l5-3Qul) was mixed with 5 to IQul of 10% SDS, Jjil of mer
captoethanol and 3]il of 0.001% bromophenol blue in 30% glycerol, 
and then heated at 100°C for 3 min before applying to the gel.

Many proteins (described in Materials section 2.1.6.)
l4were used as a standard marker including labelled proteins, C-BSA,

14 l4C-trypsin inhibitor and G-RNase A. These labelled proteins
were prepared according to the method of Hirs (I967). 30ug of
protein in IQul of O.IM Tris-HGl pH8.3 containing 2mM EDTA and
3M guanidine HCl were incubated with O.03M DTT at 30°C for 30 min. 

l4O.O3M C-iodoacetamide was then added. Carboxymethylation was 
allowed to occur under nitrogen gas and in darkness at 37°C for 
2 hr. The labelled proteins were purified by passing them through 
the Sephadex G-23 column using 0.623M Tris-HGl pH6.8 and 2% SDS as 
a buffer and were checked by SDS-PAGE (Fig 2.2).

Running of the gel.
The upper and lower chambers of the electrophoresis 

apparatus were filled with the same electrode buffer and the posit
ive electrode was in the lower chamber. Electrophoresis was per
formed for about 30-45 min at a constant voltage of 80 volts for 
stacking. The voltage was increased to 110-130 volts and the time 
was based on bromophenol blue migration; about 90 min for cylind
rical gel and about 6 hr for slab gel.

Detection of separated protein on gel.
By staining with Goomassie blue.

The length of the gel and the distance moved by bromo-



Table 2.1. The average value of log %T for standard protein 
markers that were used on 5-15% SDS-PAGE.

Standard protein marker M.W.(K) Lpg %T±S.D. no. of '

Myosin 200 0.802±0.012 8
^-galactosidase 116 0.879±0.014 9
BSA 68 0.93760.019 12
Catalase 62 0.95160.014 5
Lactate dehydrogenase 36 1.01960.016 9
Trypsin inhibitor 21.5 1.09260.017 8
RNase 13.7 1.10560.018 8
Cytocrome C 12 1.10460.027 6

100K -

80K-

60K—
50K-

30K-

2ÛK-

lOt̂

Fig. 2.1. Calibration curve of log^^ protein M.W. versus 
log %T for 5-15% linear gradient SDS-PAGE.,
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phenol blue were measured. The gels were placed in staining sol
ution (0.625g of Goomassie blue R250 in 250ml of methanol/glacial 
acetic acid/water at a ratio of 113/24/11]) and left overnight at 
room temperature. The gels were destained in a mixture of 
methanol/glacial acetic acid/water (50/75/875) at 60°C to 70°C 
for 5-7 hr.

The Rf value of the cylindrical gel was determined for 
both samples and markers after scanning the gel at wavelength 5^0nm.
The M.W. of protein was estimated from a calibration curve (M.W. 
versus Rf value).

The M.W. of protein in 5-15^ gradient gel was determined 
by using a calibration curve that was plotted according to Poduslo 
and Rodbard (I980). The linear relationship between mobility and 
M.W. was shown in this calibration curve, which plotted log M.W. 
versus log^ T (Fig 2.1.). The % T value was calculated from the 
migration distance of protein on the gel and the acrylamide concen
tration gradient. The degree of reproducibility of this method 
of protein markers is shown in Table 2.1.

Measuring the radioactivity of gel slices.
The method employed was adapted from the procedure of 

Aloyo,V.J. (1979). The unfixed gels were frozen at -70°C for 
30 min and sliced into horizontal slices with a razor blade slicer.
Each gel slice (about 1.5nuii in length) was placed in 10ml of scinti
llation mixture consisting of hyamine hydroxide (l$^,v/v), soluene 350 

(1^, v/v) and PPO (0.6% W/v) in toluene, mixed well and left at 
room temperature for 24 hr. The level of radioactivity in the gel
slices was determined with a Packard scintillation spectrophotometer. 

l4The graph of C-protein marker containing gel slices is shown in Fig. 2.2
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By fluorography.
The fluorography method was shown to detect efficiently

isotopes such as or -̂̂ S, while autoradiography has been
12 S 32used to detect isotopes such as I or P. Two fluorographic

methods for polyacrylamide gels were used in this study. The 
methods followed were those developed by Bonner and Laskey (19?4) 
using PPO and DMSO and Skinner and Griswold (1983) using PPO and 
glacial acetic acid. Both methods detected radioactivity equally 
efficiently. But the acetic acid/pPO procedure had many advantages, 
including there is no need to pre-fix proteins in gels, used with 
either agarose or acrylamide gel, it is performed in a shorter 
time and with fewer toxic reagents than DMSO (Skinner and Gris
wold, I983).

In the PPO/DMSO procedure, the gel was fixed with a mix
ture of methanol/glacial acetic acid/water (113/24/113) for at 
least 1 hr. The gel was then dehydrated by soaking in 20 volumes 
of DMSO for 30 min followed by a second 30 min soaking in fresh 
DM SO. The gel was soaked for 3 hr in 20% (v/v) PPO in IMSO and 
the excess of DMSO was removed by washing with water for 1 hr.

In the acetic acid/PPO procedure, the gel was soaked in 
20 volumes of glacial acetic acid for 5 min and then soaked in 
20% (w /v) of PPO in glacial acetic acid for 1.5 hr. The gel was 
finally washed with water for 30 min before drying.

The gel was dried under vacuum by using a heated slab 
dryer, and exposed to X-ray film (Kodak X-Omat) at -70°C.

2.2.7.b. Two-dimensional separation of synthesized proteins.
The method of 0'Farrell (1975) was used in two-dimensional

(2D) gel analysis. Synthesized proteins were separated by isoelec
tric focusing in the first dimension and by SDS-gradient gel
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electrophoresis in the second dimension. More than 1000 proteins
-5 ^can be resolved, and a protein as little as 10 to 10 of of 

the total protein can be detected and quantified (O*Farrell 1975)•

Isoelectrofocusing.
Synthesized proteins were focused in 4^ acrylamide con

taining 9«2M urea, 2% carrier ampholyte (pH 3.5-10, Ampholine,LKB) 
0 .8ml of this 4^ acrylamide was applied in a cylindrical glass tube 
(l2cm long and 0.25cm diameter) and left for setting about 2 hr. 
This gel was prefocused at 200 volts for 13 min and 300 volts for 
4-3 min to remove persulphate and isocyanate. Samples (20-lOpnl) 
containing 8m urea, mercaptoethanol and Z% carrier ampholyte 
(pH 3*3-10) were applied and overlaid with 20nl of the overlay 
solution (3M urea and \% carrier ampholyte (pH 3*5-10)). The 
electrode buffer (0.02M NaOH) was carefully applied over the over
lay solution. The anolyte was O.OIM H^O^ and the catholyte was 
0.02M NaOH which were degassed before use. The lEF gels were 
focused at 300 volts for about l6 hr or until a total of at least 
6000-9000 vh was achieved,

3 - 13^ SDS-PAGE, the second dimension.
The lEF gel was equilibrated in a buffer consisting of 

0.06m Tris-HCl pH 6.8, SDS, 3^ mercaptoethanol and 0.002^ 
bromophenol blue for 1 hr and used immediately or kept at -70^0 .
The IFF gel was loaded on the 3-13% gradient acrylamide as a resol
ving gel with 3% acrylamide as a stacking gel and fixed in place 
with l^^arose in 0.06m Tris-HCl pH6 .8 and \% SDS.

Electrophoresis and fluorography were performed in the 
same way as for single-dimensional gel.



chapter Three Isolation, purification and characterization of 
poly(A) RNA from tissues and cell lines.

3.1. Methods

3.1.1. Isolation of total RNA from tissues and cell lines.
3.1.1.a. Using guanidine-HCl, DTT and iodoacetate.
3.1.1.b. From isolated free and membrane bound polysome.
3.1.1.e. From isolated polysomal RNA and purified by sucrose 

gradient ultracentrifugation.
3.1.1.d. Using guanidinium thiocyanate.
3.1.1.e. Using phenol-chloroform deproteinization procedure.
3.1.2. Purification of poly(A)^ RNA by oligo(dT) cellulose 

chromatography.
-Preparation of oligo(dT) cellulose column.
-Preparation of RNA.
-Separation of poly(A)^RNA.
-Depletion of salt from RNA solution.

3.1.3. RNA determination.
-By extrlnction coefficient.
-By orcinol reagent.

3.1.4. Radiolabelling of RNA in cell culture.
3.1.5. Gel electrophoresis of RNA.
3.1.5.a. Non-denaturing polyacrylamide gel.

-Preparation of gel.
-Preparation of RNA sample.
-Running and determination of the gel.

3.1.5.b. Agarose gel electrophoresis.
-Minigel electrophoresis.
-Fluorography of agarose gel.
-Agarose gel containing urea.

3.2. Results

3.2.1. Isolation and purification of poly(A)^ RNA from tissues 
and cell lines and analysis of RNA translational activi
ty in in vitro cell-free system.

3.2.1.a. Using guanidine-HCl, DTT and iodoacetate.
3.2.1.b. From isolated free and membrane bound polysome.
3.2.1.e. Purification of active RNA from polysomal RNA by 

sucrose gradient ultracentrifugation.
3.2.1.d. Using guanidinium thiocyanate.
3.2.1.e. Using phenol-chloroform deproteinization procedure.



3.2.2. Characterization of isolated RNA and synthesized protein
by gel electrophoresis.

3.2.2.a. Characterization of isolated RNA from tissue and cells
by gel electrophoresis.
i) Non-denaturing conditions in 4% acrylamide gel.
ii) Non-denaturing conditions in 3-8% SDS-PAGE.
iii) Radiolabelling of RNA in cells.
iv) Non-denaturing condition in 1,2% agarose minigels.
v) Denaturing conditions in 1.5% agarose gel in urea.

3.2.2.b. Characterization of synthesized protein by gel 
electrophoresis.

3.3. Conclusion .
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3 Isolation. Purification and Characterization of poly(A)^RNA
from Tissues and Cell lines.

3.1. Methods
3.1.1. Isolation of total RNA from tissues and cell lines.

3. Using guanidine-HCl, DTT and iodoacetate.
The method employed was adapted from the procedure of 

Kahn et al,(I981). Tissues or washed cells were homogenized in 
20 volof prechilled (-20°C) homogenization buffer (20 mM sodium 
acetate buffer pH5 containing 7M guanidine-HCl,ImM DTT and lOmM 
iodoacetate) for 1 min with 10 strokes of a tight fitting Dounce 
glass homogenizer. The supernatant was separated by centrifugation 
at 10,000 rpm (ll,000xg) for 30 min at -10°C and filtered through a 
sterile gauze. The supernatant was mixed with a half volume of 
prechilled (-20°C) 93% ethanol and the mixture was left at -20°C 
overnight. The precipitate was collected by centrifugation at
9,000 rpm for 30 min at -10°C, quickly dissolved at 4"°G in a small 
volume of homogenization buffer containing 20mM sodium EDTA, mixed 
with a hailf volume of 93% ethanol and left at -20^0 for 20 min.
The precipitate was collected by centrifugation at 4,000 rpm for 10 
min at -10°G, The precipitate was redissolved and precipitated again 
and this step was repeated twice. The final precipitate was dissolved 
in a minimum volume of 20mM sodium EDTA pH? at 4°C and extracted with 
an equal volume of chloroform/isoamylalcohol (at a ratio of 24/l),
The organic phase was re-extracted with a half volume of 20mM sodium 
EDTA pH?, The aqueous phases were pooled, mixed with a half volume 
of 93% ethanol and left overnight at -20°C. The RNA pellet was coll
ected by centrifugation at 3,000 rpm for 10 min and washed twice with 
3M Na(OAc) pH3, once with 66^ ethanol and once with absolute ethanol, 
respectively. The RNA pellet was dried under N^ gas and kept at -20°C.
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3.1.l.b. From isolated free and membrane bound polysome.
This method was performed according to the method of 

Mechler and Babbitts (1981). Tissues or washed cells were suspended 
in 3 vol of ice-cold hypotonic buffer medium RSB (lOmM KCl, 1.3mM NgCl^ 
lOmM Tris-HCl pH?.4) and then ruptured mechanically with 10 strokes 
of a tight-fitting Dounce glass homogenizer. The homogenate was 
diluted fivefold in 2.3M sucrose TK^^M (0 .I3M KCl, 0,003M MgCl^,
O.03M Tris-HCl pH?.4) and layered over 2 vol of 2.3M sucrose TK^^qM. 
Another two layers of sucrose TK^^qM solution, 2.03M sucrose and 
1.2M sucrose, were applied. This discontinuous sucrose gradient was 
centrifuged for 3 hr at 4°C in aBeckmaJi SW 2? rotor at 23,000 rpm 
(ll8,000xg^^). The solution was fractionated into 30 drop fractions 
and the absorbance was measured at 260nm. Free polysomes were 
located in the loading zone while microsomes were at the interface 
between the 2.03M and 1.2M sucrose layer. These fractions were 
pooled and dialysed against 10^ sucrose in TKg^M (O.O8M KCl, O.OO3M 
MgClg, O.O3M Tris-HCl pH?.4), overnight. This solution was concen
trated, treated with 0.3% sodium deoxycholate and 0.3% Brij 38 and 
layered over 13-30% sucrose gradient in TKg^M with 69^ sucrose in 
TKqqM as a cushion solution. Centrifugation was carried out for 
8.3 hr at 4°C in a Beckman SW 2? rotor at 2?,000 rpm (l32,000xg^^^).
The gradient was collected in fractions of 30 drops and the absorbance 
was measured at 260nm.

The polysome fractions were pooled, diluted with Ivol 
of water and mixed with equal volumesof hot SDS buffer (l^ SDS,
0.2M NaCl,0.02M Tris-HCl pH?.4, 0.04M EDTA). The mixture was heated 
at 100°C for 120 sec, immediately plunged in ice for cooling to 30°C 
and adjusted to O.IM Tris-HCl pH9 and \% SDS. The mixture was 
extracted 3 times at room temperature with an equal volume of a
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mixture of phenol, chloroform, and isoamylalcohol (50/50/1). The 
RNA pellet was precipitated from the aqueous phase by adding 0.1 vol 
of 2M Na(OAc) pH5.2 and 2.3 vol of ethanol and standing at -20°C 
overnight. The RNA pellet was collected by centrifugation at 12,300 
rpm for 20 min at -10°C, washed twice with ethanol, dried and kept 
at -20°G.

3.1.I.e. From isolated polysomal RNA and purified by sucrose
gradient ultracentrifugation.

This method was essentially performed as Taylor and Schimke 
(1973)* Rat liver was resuspended in 10 vol of 0.23M sucrose in 
buffer B (30mM Tris-HCl pH?.7, 23mM NaCl, 3mM MgCl^ and 30Qpg/ml Na- 
heparin), homogenized with 3 strokes at 1,000 rpm in Dounce homogenizer 
and centrifuged at 9,300 rpm for 10 min at 4°C. 9 vol of supernatant was
diluted with 1 vol of 10^ triton X-100 and 10^ sodium deoxycholate, 
mixed in a homogenizer with a tight pestle for 4 strokes and layered 
over a step gradient of sucrose in buffer B (0.3M sucrose, IM sucrose 
and 2.^ sucrose). The gradient was centrifuged for 2.3 hr in Beck
man SW 2? rotor at 2?,000 rpm (132.000xg^^)and collected in fractions 
of 30 drops. The polysome fraction was collected and diluted with 
4 vol of buffer B. The supernatant was separated by centrifugation 
at 12,000 rpm (l4,600xg^^^) for 3 min at 4°C and made to 1% SDS,
30mM sodium EDTA pH? and lOOmM NaCl. The RNA pellet was precipitated 
by adding 2 vol of ethanol and standing at -20°C for at least 8 hr.
It was collected by centrifugation at 12,000 rpm for 13 min at 0°G, 
dissolved in buffer C (23mM Tris-HCl pH?.4, 2mM sodium EDTA, 1% SDS) 
and layered over 3-20% linear sucrose gradient in buffer G. Centrifug
ation was carried out at 2?,000 rpm in Beckman SW 2? rotor for I8 hr.
The gradient was fractionated into 30 drops per tube and the absorbance 
was measured at 260 nm. The 28s and l8s RNA fractions were pooled
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and mixed with a half volume of water and 2 vol of ethanol. After 
18 hr at -20°C, the precipitate was collected by centrifugation and 
washed once with 3M Na(OAc) pH6 containing jmM EDTA, once with ?0% 
ethanol with 2M NaCl and once with absolute ethanol, dried under N^ 
gas and kept at -20°C.

3.1.led. By using guanidinium thiocyanate.
This method was performed according to the method of 

Chirgwin et ai. (1979). lOg of rat liver was homogenized in 100ml 
of guanidinium thiocynate stock solution(see note 2 ) in an MSE homo
genizer at full speed. The supernatant was separated by centrifug
ation at 8,000 rpm for 10 min at 10°C, mixed with 0.025 vol of IM 
acetic acid and 0.75 vol of absolute ethanol and left at -2 0 over
night. The precipitate was collected by centrifugation at 6,000 rpm 
for 10 min at -10°C and resuspended in 0.5 vol of guanidine hydro
chloride stock solution (see note 2). The mixture was shaken vigor
ously and warmed to 68°C to ensure complete dispersion of pellet, 
then it was reprecipitated in 0.025 vol of IM acetic acid and 0.5 
vol of ethanol. After 3 hr at -20°G, the precipitate was collected 
by centrifugation at 6,000 rpm for 10 min at -10°G. The precipitate 
was resuspended and reprecipitated again. The final precipitate 
was mixed with ethanol to extract excess guanidine hydrochloride 
and collected by centrifugation at 6,000 rpm for 5 min at -10°C.
The precipitate was dried in a stream of N^ and dissolved in sterile 
water at Iml/g of tissue. The supernatant was collected by centri
fugation at 13,000 rpm for 10 min at 10°C and insoluble material was 
re-extracted with sterile water (0.5ml/g tissue). The supernatants 
were pooled, mixed with 1 vol of 2M K(OAc) pH5 and 2 vol of absolute
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ethanol and left at -20°C, overnight. The pellet was collected, 
washed with 95% ethanol, dried in a stream of and kept at -20°C.

Note l). Guanidinium thiocyanate stock solution was 
prepared by dissolving 5g of guanidinium thiocyanate and 0.5g of 
sodium-N-lauroylsarcosine with 0.7ml of 2-mercaptoethanol, 0.33ml of 
30% antifoam A and 2.5ml oflM Na(OAc) pH7.0 with warming and stirring. 
The solution was adjusted to 100ml,filtered and titrated to pH7.0 
with IN NaOH.

Note 2). Guanidine hydrochloride stock solution was 
prepared by mixing 50 ml of. 7»5M guanidine HCl pH7.0 with 1.25ml of 
IM sodium citrate pH7 and 0.03g of DTT.

3.1.1. e. Using a phenol-chloroform deproteinization procedure
The method of Noyes et al. (1979) was used with some mod

ification. 3g of tissue or washed cells were suspended in l6ml of a 
mixture solution of phenol saturated with buffer A (0.2M Tris-HCl pH9, 
O.IM LiCl,25mM EDTA and 1% SDS^, chloroform and isoamylalcohol (at a 
ratio of ^/^rQ/z) and mixed with l6ml of buffer A. The mixture 
was homogenized at high speed in an MSE homogenizer for 2 min. The 
aqueous phase was separated by centrifugation at 11,000 rpm (l5,000xg) 
for 15 min and the interphase and organic phase were re-extracted 
with 16ml of buffer A. The aqueous phases were pooled and re-extra
cted with 8ml of phenol (saturated with buffer A)/chloroform/isoamyl- 
alcohol (50/48/2). The nucleic acid was precipitated from the aqueous 
phase by adding 0.1 vol of 2M Na(OAc) and 2.5 vol of 95% ethanol.
After standing at -20^C overnight, the pellet was collected, washed 
twice with 70% ethanol, dried and dissolved in sterile water.
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The separation of DNA fron total nucleic acid isolated
from tissue was performed by adding 1% streptomycin sulphate pHj
to nucleic acid until no more DNA precipitated. The supernatant 
was separated after 6 hr at 4°C by centrifugation and mixed with 
0.1 vol of 2M Na(OAc) and 2.5 vol of 95% ethanol. After leaving at 
-20°C overnight, the RNA pellet was collected by centrifugation at
10,000 rpm for 20 min at -lO^C, washed with 95% ethanol, dried in a 
stream of N^ and kept at -70°C.

The isolated nucleic acid from cell lines was mixed with
0.25 vol of lOM LiCl and left at O^C for 1 hr. The RNA pellet was
collected by centrifugation at 10,000 rpm for 20 min at 0°C, washed 
twice with 2 vol of cold 75% ethanol, dried and kept at -70°C. A 
similar method for RNA precipitation from total nucleic acid solution 
has been used by Duguid et al.(197&).

3.1 .2. Purification of poly(A)^RNA by oligo(dT) cellulose 
chromatography.

The method employed was adapted from the procedure of 
Aviv and Leder (1972). There are two procedures used in purific
ation of poly(A)^RNA from tissues and cell lines, one cycle and two 
cycles of chromatography. A similar method for purification of 
poly(A)^RNA by two cycles of oligo(dT) cellulose chromatography has 
been employed by Noyes et al. (1979)•

Preparation of oligo(dT) cellulose column.
0.25g of oligo(dT) cellulose was suspended in lOmM 

Tris-HCl pH7.4 and packed into a column (l x 5cm). The new column 
was treated with E. coli tRNA to reduce non-specific binding. The 
column was firstly equilibrated with binding buffer (0.5î'î LiCl,
0.2^ SDS and lOmM Tris-HCl pH7.4) and 3^260 units of E.coli tRNA
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was then applied. The column was continuously washed with 30ml of 
binding buffer or until the absorbance of the effluent at 260nm was less 
than 0.01.

The efficiency of binding of the new column was checked 
by using poly(A). The binding of poly (a ) by oligo(dT) cellulose 
from Sigma and BRL was found to be 80-85% and 45-50%, respectively.
The amount of poly(A) was 6O-8O units/g oligo(dT) cellulose.

Preparation of RNA.
RNA pellets were dissolved in binding buffer,incubated 

at 60-70°C for 2-5 min and immediately cooled in ice. The clear 
supernatant was collected by centrifugation at 4,000 rpm for 10 min.

Separation of poly(A)^RNA.
The RNA sample in binding buffer at concentration of 

50-100 A^^units was applied to a 1ml (about 0.25g, dry weight) 
column of oligo(dT) cellulose, previously equilibrated with the same 
buffer. RNA solution was passed through the column 3 times. The 
unbound material was eluted by continued washing with binding buffer 
until the absorbance at 260nm was less than 0.01. The column was 
then washed with buffer containing O.IM LiCl, 0.2^ SDS and 10mM 
T r i s - H C l - p H 7 . 4, although this step was not performed when poly(A)*RNA 
was purified by two cycles of olig(dT) cellulose chromatography.
The bound material (poly(A)^RNA) was then eluted with lOmM Tris-HCl 
pH 7.4 or lOmM N-ethylmorpholine pH7.4 (elution buffer).

The bound fractions were pooled, lyophilized, dissolved 
in a small volume of sterile water and poly(A)*RNA was precipitated 
by the addition of 0.1 vol of Z0% Na(OAc) plus 2 vol of ethanol.
After keeping at -20°C overnight, the poly(A)^RNA precipitate was
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collected by centrifugation at 12,500 rpm for 1 hr at -10°G, washed 
with ethanol, dried in a stream of and dissolved in sterile water 
(at a concentration of 0.02-0.1 Ag^Qunits/pl).

For the second cycle of oligo(dT) cellulose chromatography, the bound 
material from the first oligo(dT) cellulose column was adjusted with 
LiCl and SDS to the same concentration as binding buffer. This 
bound material was applied to a 1ml of oligo(dT) cellulose column 
(a new column) and passed through the column three times. The 
unbound material was eluted by continuous washing with the binding 
buffer. The bound material was then eluted from the column with 
elution buffer. The poly(A)^RNA was precipitated as described above.

The absorption capacity of oligo(dT) cellulose for RNA 
is dependent on the salt concentration. The poly(A)^RNA was eluted 
from the column at low salt concentration. The quantity of poly(A)^RNA 
from tissues or cell lines adsorbed and eluted from the column was 
between O .3 and 1.0% of total RNA for one cycle of oligo(dT) cellulose 
chromatography. The second bound fraction of poly(A)^RNA was about 
15-30% of the amount of poly(A)^RNA from first bound fraction. The 
elution profiles for poly(A)^RNA that was separated by one cycle and 
two cycles of oligo(dT) cellulose chromatography are shown in Fig 3.1(a) 
and 3.1.(b) and (c), respectively.

Depletion of salt from RNA solution.
High salt concentration had been shown to have an effect 

on translation in cell free system (Weber et al.,1977; Ranu and Bhala, 
1981) and a small volume of poly(A)^RNA was achieved from cell lines 
or tissue isolation. Therefore a mini system to deplete salt which 
gave high recovery of RNA was adapted from the method used by Tuszynski
et al.(1980).
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An Eppendorf tip for lO-Z^pl was cut at the end to make 
a larger hole, plugged with glasswool and then filled with Sephadex 
G-25 (medium) which was suspended in sterile water. The column was 
packed and the water dried out by centrifugation at 1,000 rpm for 2 min. 
The column was then inserted into a collection tube, jx^^mm (Luckham 
LP2 tubes). The RNA sample (about 100-_$00̂ 1 ) was applied to the 
column and centrifuged at 1,000 rpm for 2 min. High percentage 
recovery of RNA was achieved while at least 90% of salt was removed by 
this method. The RNA solution was aliquoted and kept at -70°C.

3.1,3. RNA determination. 
by extinction coefficient

The concentration of RNA was determined spectrophoto- 
metrically by the absorption at wavelength 260nm. An absorbance of 1 
corresponded to approximately 0̂}ls RNA/ml(Maniatis et al^l982;Mechler 
and Rabbitt5 1̂981) or 30pg/ml (Kahn et al.,198l) of RNA.

by orcinol reagent.
10(^1 of RNA solution was made up to 1ml with distilled 

water and mixed with 2 ml of orcinol reagent (O.l^ orcinol, 0,3% FeCl 
in concentrated HCl). The mixture was heated in a water bath at

3

90°C for 30 min amd cooled under tap water before measuring the ab
sorbance at 663nm. The concentration of RNA was determined on a
calibration curve using standard yeast RNA. The range of RNA
concentration was between 30 and 73Pg/ml.

3.1.4 . Radiolabelling of RNA in cell culture.
K562 and HMy2 cells with viability more than 90% were 

washed and suspended in fresh culture medium at a density of
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0.7-1x10^ cells/ml. Ĥ-uridine(3uCi) was added and the incubation was 
continued at 37°C in an atmosphere of 3% GO^. Triplicate samples 
(lOOpl) were taken at hourly intervals, filtered using GF/C filter 
(Whatman) and washed with 200pl of PBS, 3ml of 10/̂ TCA, 3ml of 3^TGA 
and 10ml of 93% ethanol,respectively. The GF/G filter was dried
and radioactivity was counted in 3ml of scintillation fluid. The 
rest of the cells were harvested at 4 hr incubation, washed twice with 
PBS and used to isolate RNA. The uptake of Ĥ-uridineby these cell lines
was dependent on incubation time as shown in Fig 3-2.

3.1.3 . Gel electrophoresis of RNA.
3.1 .3. a. Non-denaturing of polyacrylamide gel.
Preparation of gel.

Cylindrical gels in glass tubes (I0x0.3cm) contained 4^ 
acrylamide, which was prepared by mixing 1.3ml of JO,B% acrylamide 
and N,N-methylene bisacrylamide with 3.3ml of gel buffer (3»99mM EDTA, 
0.06m Na(OAc), 0.12M Tris-HCl pH7.8), 10;il of TEMED, 0.1ml of 1% 
ammonium persulphate and 3.3ml of water. The gel solution was de
gassed and poured into glass tube. After setting for 1 hr, the gel
was prerun at constant current (about 3mA/tube) for 1 hr.

In vertical slab gels (l4xi6cm with 1mm thickness), y-8% 

gradient polyacrylamide gel were used as a resolving gel with 3^ poly
acrylamide as a stacking gel.

Preparation of RNA sample.
30-200pg of RNA pellet was dissolved in lOOpl of electro

phoresis buffer (2mM EDTA, 0.02M Na(OAc), 0.04mM Tris-HCl pH7.8 and 
0.3^ SDS). The clear supernatant was collected from centrifugation 
and mixed with lOpl of 3% bromophenol blue in 3^% glycerol or in 
30^ Ficoll.
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Running and determination of the gel.
The two compartments of the electrophoresis apparatus were 

filled with electrophoresis buffer. Electrophoresis was performed 
at a constant current (about ^nA/tube) until bromophenol blue moved 
nearly to the end of the cylindrical gel. For slab gels, the electro
phoresis was performed at constant voltage of 200volts for 13 min and 
decreased to 15O voltsfor approximately 2 hr.

The cylindrical gels were washed with water and scanned at 
260nm using aPye Unicam UV-spectrophotometer (slit width 1.5mm).

Both ethidium bromide and acridine orange were used to 
stain nucleic acidinthe gelJVcridine orange can differentiate single- 
and double-stranded nucleic acid (Carmichael and Me Master,I980).
The gel was washed with O.IN NH^(OAc) for 1 hr and stained with 
ethidium bromide (l^g/ml in O.IN NH^(OAc)) for at least 1 hr before 
locating the RNA band under short wavelength UV light (Sharp et ad., 
1973) • After 30 min staining of the gel with acridine orange 
(3P^g/ml of lOmM phosphate buffer pH?), the gel was washed with lOmM 
phosphate buffer pH? for 1 hr before detecting the RNA band under a 
short wavelength UV light.

3.1-5-b. Agarose gel electrophoresis .
Minigel electrophoresis.

The horizontal, submerged gel apparatus of minigel type 
was manufactured by Cambridge Biotechnology Lab. 12ml of 1.2^ 
agarose gel in electrophoresis buffer (O.O9M Tris,2.55mM EDTA and 
O.O9M boric acid, pH?.9) was used for one gel and left for setting 
about 30 min. 2-lC^l RNA samples were applied and 25ml of electro
phoresis buffer was added to submerge the gel. Electrophoresis was 
performed at 100 volts for 10 min and reduced to 80 volts for about 
30 min or until the bromophenol blue moved a distance of 5-5 .5cm
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(total length of gel was 6cm), The gel was stained with ethidium 
bromide or fluorographed.

Fluorography of agarose gel.
The agarose gel was fixed in 1% streptomycin sulphate, 

overnight at room temperaure. The gel was then dehydrated in 20 vol 
of methanol for 30 min, twice, and soaked in 10^ PPG (w/w) in methanol 
for 3 hr. The gel was dried at room temperature and exposed to X-ray 
film (Kodak X-Cmat) at -?0°C. This is similar to the method used by 
Lasky and Mills (1975)•

Agarose gel containing urea.
The method was performed according to Rosen et al*(1975) 

with some modification. 1.5^ agarose gel was prepared by dissolving 
36g of urea and 1.5 g of agarose in 10ml of 0.25M trisodium citrate 
and 63ml of water. 40ml of this agarose solution was used to prepare 
a slab gel, (12 X l6cm with 1.5mm thickness). 5-20pg of RNA was 
dissolved in 8pl of sample buffer (7.8M urea in 25mM citrate buffer 
pH3«5) with ^ 1  of 3% bromophenol blue in 30^ Ficoll. Horizontal 
gel electrophoresis was performed at a constant voltage of 200 volts 
for 30 min and increased to 3OO volts for 4-5 hr. The electrophoresis 
buffer was 25mM citrate buffer pH3.5*RNA was detected by staining or 
fluorography.

3.2. Results.
The ability to isolate, examine, and quantitate indivi

dual poly(A)^RNA or mRNA from eukaryotic cells is a tool for analysis 
of transcriptional and translational control mechanisms. Procedures 
available for the detection, isolation, and characterization of 
eukaryotic mRNA have involved the use of cell-free translation system
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in conjunction with the electrophoretic assays to identify protein 
products. Many procedures have been used to isolate total RNA from 
a variety of tissues and cell lines. The aim of the study was the 
attempt to prepare an active and undegraded RNA which can be trans
lated to full-length polypeptide chains in a cell-free system.

The presence of poly A in most mRNA provides a precise 
criterion for the identification and purification of poly(A)^RNA.
Several procedures have been developed using the complementary base 
pairing property of poly A. Oligo(dT) coupled to cellulose is an 
effective adsorbent for poly(A)^RNA. It has been used successfully 
for the isolation of many eukaryotic mRNAs on a relatively large scale#

Therefore this affinity chroma
tography was chosen to purify poly(A)^RNA from isolated total RNA.
These total RNA and poly(A)^RNA were further analysed on gel electro
phoresis, either polyacrylamide or agarose gel.

Translation of an isolated RNA and poly(A)^RNA in cell-
free protein synthesizing system is a useful criterion for detection
and characterization of purified RNA. Wheat germ lysates were firstly
used in these experiments because of their low endogenous protein
synthesis and high efficiency in translation of many eukaryotic and
viral mRNAs, . ’ . . Wheat germ lysate was
shown to be active in translation of poly u and TMV RNA which is
described in detail in chapter 4, section 4.1.1. Using the same
optimal conditions, this wheat germ lysate cell-free system was used
to check the activity of isolated total RNA or poly(A)^RNA from tissues
and cell lines. In addition, the rabbit reticulocyte lysate (nuclease
treated) cell-free system which was active and probably gave the
highest proportion of full-length polypeptides was also used in these
experiments. Some translated products were further characterized 
in SDS-PAGE.
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3.2.1. Isolation and purification of poly(A)^RNA from tissues and 
cell lines and analysis of RNA translational acivity in
in vitro cell-free system.

The results of isolation and characterization of total RNA 
or poly(A)^RNA from tissues or cells will be discussed separately for 
each isolation method.
3.2.1.a. Using guanidine -HCl, DTT and iodoacetate.

Total cellular high M.W. RNAs were isolated by homogen
ization of cells or tissue in guanidine-HCl (a powerful denaturing 
agent) with DTT and iodoacetate, (inhibitors of RNase activity) as 
described in detail in rfethod.3.I.1.a.

Daudi cells, rat liver and rat muscle were used in the 
isolation of RNA and the yield of RNA varied from 0.004^ to 0.02^.
The ratio of ^260^ to 2.16. This ratio provides an 
estimate of the purity of the nucleic acid,and pure preparations of 
RNA have ^260^ approximately 2.0(Maniatis et al.,1982) or 
1.8-2.0 (Kahn et al..l98l). Therefore,these RNA pellets were mainly 
nucleic acid. The RNA was further purified for poly(A)^RNA by 
using oligo(dT) cellulose column, the average final yield of
poly(A)^RNA was 0.647^0.018^ of total RNA. The summary of these
results is presented in Table 3*1•

The translational activity of both total RNA amd 
poly(A)^RNA was characterized in wheat germ lysate cell-free system. 
The RNA template activity was estimated by measuring ^H-Phe incorpor
ation. Total RNA from Daudi cells and rat muscle gave no incorpor
ation of ^H-Phe and the incorporation of ^-Phe was increased I .65 

fold when using poly(A)^RNA from rat muscle at a concentration of O .05

Aĝ ĝUnits in 2^^1 reaction mixture. For rat liver, maximum increase
in incorporation of radioactivity into protein was only 1.6 fold for 
total RNA at aconcentration of lOpg in 25pl reaction mixture and about
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2.6 to 3 .3 fold for poly(A)^RNAat aconcentration of O.O3 - 0.2 A^^g 
units in 23pl reaction mixture. The purified poly(A)^RNA gave the 
highest incorporation of radioactivity but this value was still very 
low when compared to standard poly u which gave an increase in 
incorporation of ^H-Phe of about 10 fold at a concentration of 2Qng 
in 23)il reaction mixture. By this method the maximum incorporation 
of radioactivity into protein was not obtained for either total RNA 
or poly(A)^RNA. Even poly(A)^RNA, which gave higher radioactivity 
incorporation, did not give reproducible results, probably a result 
of unstable or degraded RNA. Therefore, the rapid large-scale iso
lation of polysomes from fresh tissues or cells was used to obtain 
large quantities of undegraded and biologically active mRNA(Mechler 
and Rabbitts,l981).

3.2,l.b.' From isolated free-and membrane-bound polysome.
In this method, cells or tissues were broken by Dounce 

homogenization. The post nuclear supernatant at a final concentr
ation of 2.1M sucrose were fractionated to yield free ribosomal and 
microsomal fractions on a discontinuous sucrose density gradient 
(2.5M and 2.O5M sucrose) as shown in Fig 3»3« In rat liver,rat muscle, 
calf thymus and Daudi cells, the average distribution of RNA (determi
ned by Ag^) between the free ribosomal (fraction no. 6-12) and 
microsomal (fraction no. 16-I9) fractions was 23.7 + 6.17 % and 76.29 + 
6.17%, respectively.

Polysomes were further separated from the free-ribosomal 
and microsomal fractions by sedimentation on 15-30% sucrose density 
gradient with 69^ sucrose cushion (Fig. 3.4). The recovery of the 
polysomal fraction was approximately 32%. The total RNA was extracted 
from the polysomal fraction and the percentage yield varied from 0.44  

to 1.18. Moreover the average yield of poly(A)^RNA after passing the
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Fig. 3.3. Sedimentation pattern of free ribosomal and 
microsomal fractions of the cytoplasmic extract. Samples 
were layered on discontinuous sucrose density gradient 
and were centrifuged for 5 hr at 25,000 rpm. in Beckman 
SW27 rotor. Gradients were collected in 20-22 fractions 
and absorbance was measured at 260 nm.
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Fig. 3.4. Sedimentation profiles of polysome on 15-30% 
sucrose density gradients. Centrifugation was carried 
out for 8.5 hr at 27,000 rpm, in Beckman SW27 rotor at 
4*C. Gradients were collected in 24 fractions and the 
absorbance was measured at 260 nm.
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total RNA through oligo(dT) cellulose column was O.9O8 + 0.19^ of 
total RNA. The variation of the RNA yield probably related to the 
type of tissue or cell, containing different amounts of RNA. The 
yield of RNA at each step in the procedure is summarized in Table 3.2.

By examination of their translational properties in wheat 
germ lysate cell-free system, poly(A)^RNA gave higher incorporation 
than total RNA. Very low incorporation of ^H-Phe (about 1 fold) was 
obtained when using total RNA or poly(A)^RNA from Daudi cells and calf 
thymus. For rat liver and rat muscle, the maximum incorporation of 
radioactivity into protein ^ s  obtained from RNA concentrations in the 
total translation reaction mixture of I6 to 40 units/ml,for
total RNA and about 0.2-0.4 A^^Qunits/ml for poly(A)^RNA. Maximum 
stimulation was 1-2 fold with total RNA and 2.4-3.5 fold with poly(A)^ 
RNA.

The incorporation of ^-Phe was still lower than standard
poly u and was not proportional to the amount of RNA added. This
method gave a higher yield of total RNA eifter extraction from polysomes 
but these RNAs still had low activity in in vitro translation system. 
This procedure involved many steps in the purification of polysome 
and required a longer time to get the final poly(A)^RNA product. It 
is possible that the RNAs may have lost their activity by the contam
ination with RNase,or other factors during the step of preparation, 
thus producing degraded RNA (Lomedico and Saunders,1976).

The yield of poly(A)^RNA was very low and total RNA had 
lower activity in translation in wheat germ systems than poly(A)^RNA. 
Therefore, partial purification of l8s RNA from total rat liver
polysomal RNA were used instead of these two types of RNA (Taylor and
Schimke,1973» Bant le et al ..1976).
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3.2.I.e. Purification of active RNA from polysomal RNA by sucrose 
gradient ultracentrifugation.
This procedure was performed according to the method of 

Taylor and Schimke (1973). They found that rat liver polysomal RNA, 
which had asedimentation coefficient of approximately l8s in sucrose 
gradient, could direct the synthesis of albumin in a rabbit reticu
locyte lysate cell-free system.

After homogenization of the rat liver in the presence of 
triton X-100 and sodium deoxycholate, the polysomes were separated on 
a discontinuous sucrose gradient. The polysomal fraction was collec
ted at the interface between the IM and 2.3M sucrose layer and the RNA 
was precipitated out using ethanol. The RNA pellet was dissolved in 
buffer G, loaded on a linear 3-20% sucrose gradient and centrifuged 
at 25f000 rpm (ll8,000xg^^) for l8 hr. Two major peaks were ob
served at the sedimentation coefficients of approximately 28S and l8S 
as shown in Fig. 3.5. The yield of iBs RNA was approximately 5% of 
total polysomal RNA. Scanning the absorbance at wavelengthsbetween 
340nm and l80nm demonstrated that, the maximum absorbance was given 
at 260nm and l88nm and the average ratio of ^260^ 2.09 + O.O5 . 
indicating low protein contamination. The absorbance profile 
of these RNAs is shown in Fig.

3The incorporation of H-Phe in the wheat germ lysate 
was related to RNA concentration and the maximum radioactivity incor
poration into protein was about 4 fold above control (without mRNA) at 
a concentration of 30dg of l8s RNA in 25ul reaction mixture (Fig.
3.7.a.). A similar result was given when using rabbit globin
mRNA (commercial product from BRL) as a template. The maximum 

3incorporation of ^H-Phe was about 3.5 fold greater than a mRNA free 
control at a concentration of O.^ug in 25^1 reaction mixture (Fig.3.7.b). 
These results suggested that the wheat germ lysate cell -free system
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Fig. 3.5. Sucrose gradient sediment
ation profile of polysomal RNA from 
rat liver, 2-5mg of polysomal RNA 
sedimented in a linear 5-20% sucrose 
gradient. Ultracentrifugation was 
performed in Beckman SW27 rotor at
25,000 rpm. for 18 hr. 1ml fraction 
was collected and absorbance was 
measured at 260 nm.
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Fig. 3.6. Spectra profile of the RNA. The absorbance was measured at 
wavelengths from 340 to 180 nm. (a) rat liver RNA, (b) calf thymus RNA, 
(c) rat liver 188 RNA, (d) rat liver 288 RNA. These RNAs were prepared 
(as method c,3.1.1.c.) and separated for 188 and 288 by sucrose density 
gradient centrifugation.
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Fig. 3.8. The effect of poly(A) RNA concentration on protein synthetic
activity (a) and time-course experiment (b). Poly(A)^RNA was extracted
from rat liver by using guanidinium thiocyanate procedure. All incuba-

• 35tion was carried out for 60 min, at 30*C with S-Met in rabbit reticu
locyte lysate system.
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may not be the most active system. This system had given poor
synthesis of large polypeptides and this problem was probably impro
ved by adding polyamine (Roberts et ad.,1973)• This wheat germ system 
>ra,s proved to work with poly u, which gave the maximum stimulation, 
about 10 times the level of radioactivity in the blank without 
addition of exogenous RNA. The poly u was a synthetic polynucleotide 
and used only the phe to synthesize polyphe, while p61y(A)^RNA needs 
20 essential amino acids to synthesize a polypeptide chain. By 
checking with an amino acid analyzer,the wheat germ system which was 
used to translate the poly(A)^RNA from tissues and cells contained 
all 19 amino acids and no phe. Therefore, the low efficiency of 
translation of poly(A)^RNA in wheat germ system may be due to lack 
of essential materials for initiation and elongation steps and the
system may not be in the optimum condition for each type of poly(A)^ 
RNA (Benveniste gt al.,1976*,Tse and Tayloi^977).

3.1.2.d. Using guanidinium thiocyanate..
A major problem in isolation of biologically active mRNA 

from tissues and cells is contamination by RNase. The primary con
cern has been either the rapid separation of the RNA from nucleases 
or the rapid inactivation of nucleases. Therefore rapid lysis of 
the cells and inactivation of the RNases may be achieved by using the 
method described by Chir^in et (1979). They prepared RNA from 
tissue rich in RNase (pancrease) by homogenization of the tissue in 
the presence of a powerful denaturing agent, guanidinium thiocyanate, 
and 2-mercaptoethanol and found that this method was sufficiently 
effective to yield undegraded and active cellular RNA.

Rat liver, calf thymus and NS 1 cells were used for iso
lation of RNA. The recovery of these RNAs was about 23mg per g of 
wet tissue,or cells and varied by 27%, The average ratio of
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A260A280 2.0 j_ 0.06. Poly(A)'RNA was purified by two passages
over the oligo(dT) cellulose column and the yield of poly(A)^RNA 
varied from 0.39 to 0.?2% of total RNA. At the step of ethanol 
precipitation of poly(A)^RNA, E.coli tRNA was added as a carrier to 
improve the recovery (Krystosek et al.p.973)• The results for iso
lation of total RNA and poly(A)^RNA from tissues and cells by this 
method are summarized in Table 3«3*

As presented in section 3.2.I.C, the efficiency of 
translation of poly(A)^RNA in wheat germ lysate was very low. There
fore, the conditions in the wheat germ system which were used to 
translate poly(A)^RNA, were adapted by using lOOmM JCGl instead of 
64mM, 30mM each of 19 essential amino acids instead of 20pM, and 
incubation at 30°Cinstead of 23°C. The maximum radioactivity 
incorporation was increased from 10 fold to 13 fold for poly u at 
the concentration of 20;ug in Z3)il reaction mixture while the value 
was unchanged, only 1.5 to 2 fold above a control(without mRNA) for 
either first or second bound poly(A)^RNA from rat liver and calf 
thymus at concentrations of 4-2Qug in 23hl reaction mixture. The 
incorporation was not significantly improved when using a mixture of 
%-Phe and ^-Leu,the incorporationofradioactivitywas 2 to 4 fold 
higher i than la control (no exogenous mRNA).

Rabbit reticulocyte lysate (nuclease treated) was con
sidered for use in checking the activity of isolated poly(A)*RNA from 
tissues and cells. In the next chapter (section 4.1.2.) this retic
ulocyte lysate system is shown to be active in translation of mRNA 
from various sources. The rat liver poly(A)^RNA from two 
cycles of oligo(dT) cellulose chromatography was found to give a 
specific stimulation of 4 times the level of radioactivity incorp
orated in the control (without exogenous mRNA). The incorporation
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of ^^8-Met into polypeptide chains was linearly dependent on the 
amount of poly(A)^RNA (Fig.3.8.a.), and incubation time (Fig. 3.8.b.),

3.2.I.e. Using a phenol-chloroform deproteinization procedure.
The isolation of nucleic acid from tissue was done by 

using the rapid phenol-chloroform deproteinization procedure as 
described in the method 3*1 •6* about 0.7g of total nucleic acid 
was extracted from 12.6g of rat liver (wet weight) and the DNA was 
separated out by precipitation with 1% streptomycin sulphate pH3.
The total RNA yield from rat liver approached 1% of the Het weight. 
Poly(A)^RNA was purified by two cycles of oligo(dT) cellulose chroma
tography. The percent yield of poly(A)^RNA was approximately 1% of

total RNA and had a ^260^^280 of 2.23.
The second bound fraction of poly(A)^RNA was active in

promoting incorporation of ^-Leu or ^^S-Met,when tested in reticu-
3locyte lysate cell-free systems. The incorporation of H-Leu was 

enhanced with increasing poly(A)^RNA concentration and the maximum 
stimulation was approximately 7 fold higher than contrôlât a concen
tration of 0.23pl in 1(^1 reaction mixture (Fig. 3.9*a). In a time 
course study, the incorporation of ^-Leu increased linearly for 10 
min and then leveled off (Fig.3.9.b).

This method gave reproducible yields of RNA, took less 
time in preparation and yielded RNA that was suitable for protein 
synthesis. The efficiency in translation of this poly(A)^RNA from 
rat liver was slightly better than poly(A)^RNA that was isolated using 
guanidinium thiocyanate. These two methods, guanidinium thiocyanate 
and phenol-chloroform deproteinization procedures, have shown the 
possibility of isolating poly(A)^RNA from relatively large amounts of 
tissue and have demonstrated its activity by in vitro translation.
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- 126 -

The next step was to attempt to isolate biologically active poly(A)^ 
RNA from small amounts of cell line material by using rapid phenol-
chloroform deproteinization procedure. Rabbit lymphocytes, NS 1,
K562 and HMy2 cells were used in this experiment.

Because of the low amount of total nucleic acid isolated
from cells, in order to remove DNA from total nucleic acid, RNA was

precipitated in 2.5M LiCl (Duguid et ad.,1976). The poly(A)^RNA was
purified from the LiCl precipitated RNA by oligo(dT) cellulose
chromatography.

Rabbit lymphocytes were separated from heparinized blood
by using Ficoll-paque centrifugation. About 15-2Q)Ug of total nucleic
acid were obtained from lymphocytes separated from 1ml of blood.
The percent yield of poly(A)^RNA was between I .3 and 3*59^ of total
RNA (Table 3*^)» The incorporation of ^^S-Met was dependent on
the amount of poly(A)^RNA and it was about 3 fold greater than mRNA
free contrôlât a concentration of 0.01 units in llpil reaction
mixture of reticulocyte lysate (Fig.3.10.a).

For NS 1 cells, the amount of cells used in isolation of
poly(A)^RNA was varied and the lowest number of cells that yielded
enough amount of active poly(A)^RNA to test in translation was

' 72.9 ̂  10 cells. The recovery of total RNA was about 23mg per g of
wet weight and varied by Between 1.6? and 3*^3^ of total RNA
was contained in the polyadenylated fraction after one cycle of
oligo(dT) cellulose chromatography. The yield of second bound
fraction of poly(A)^RNA from the column was approximately 0.8^
of total RNA. The result for the preparation of these RNAs is
summarized in Table 3.4. Translation of total RNA, and poly(A)^RNA
from either first or second bound fraction in rabbit reticulocyte
lysate was characterized by varying RNA concentration as shown in 
Fig. 3.10.b.
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Table 3.4. Purification and recovery of total RNA and poly(A) RNA from
rat liver and cell lines by rapid phenol-chloroform deprotein
ization procedure.

Source and amount Yield of % Yield Yield of % Yield Poly(A)
total RNA (RNA/g cells) poly(A)^RNA (polv(A)^RNA/ RNA from

Rat liver

(mg)

127.5 1.01 21.59

total RNA) 

4.23

2nd cycle 

5.04^
(12.6g)

Rabbit lymphocyte 1. 65 0.237 3. 59
(80ml blood) 
Rabbit lymphocyte 0. 15 0.009 1 . 50
(10ml blood) 

NSl cells 3. 50 2. 33 0. 48 3.43
(29 X 10®)* 
NSl cells 16.87 2.38 2.23 3.30 0.18'*’

6 * (141 X  10 )
NSl cells 8.40 2. 55 0. 56 1.67
(66 X 10®)*
NSl cells 14.50 2,04 1.432 2.47 0.09"̂
(142 X  10®)* 

K562 cells 12.75 2.55 1.325 2. 59
(100 X  10®)*
K562 cells 12.60 2.93 1.66 3.29
(86 X  10®)*
K562 cells 8.12 2.71 0. 575 1.77
(60 X  10®)*
K562 cells 4,0 1.74 0.43 2.68

6 * (46 X  10 )
K562 cells 0. 6 0. 52
(23 X  10®)* 
K562 cells 0.2 0.40
(10 X  10®)*

HMy2 cells 2.21 1. 58 0. 15 1. 69
(28 X 10®)*

( * 20 X 10®cells weigh about O.lg, + was A260 units )
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Total RNA at a concentration 0.2 to 0,3 A.ZQ units in llpl reaction
mixture gave a radioactivity incorporation of 1,3 to3.0 fold higher

35than a control. The incorporation of S-Met was increased to as 
high as 7 fold when using O.O3 ^260 of poly(A)*RNA from the
first bound fraction. However this activity was not improved by 
using poly(A)^RNA from the second bound fraction. Its activity was 
lost and the maximum radioactivity incorporation was only 3 fold above 
a control (without mRNA) at a concentration as high as 0.2
^260 units in lljul reaction mixture. This may have resulted from 
using a low amount of poly(A)^RNA from the first bound fraction, 
therefore, the recovery of the product was low. In addition, the 
RNA was probably degraded during the step of purification. There 
was a variation in the activity of RNA from different batches of 
preparation but the difference was not significant.

For K562 cells, the average recovery of total RNA was 
quite high, 24.82 + 4.49mg/g of wet weight cells when prepared from

nlarge amounts of cells (at least 6 X 10 ) but this value was reduced
to 4-^mg/g when the number of cells was 10-20 X 10^ cells. Between 
1.77% and 3*29^ of poly(A)^RNA was obtained after one cycle of oligo 
(dT) cellulose chromatography (Table 3.4). The ability of total 
RNA and poly(A)^RNA to promote the incorporation of -̂̂ S-Met into 
rabbit reticulocyte lysate was compared. As shown in Fig. 3.IO.C, 
the total RNA had lower activity in directing the radioactivity incoiv
poration than poly(A)^RNA. Poly(A)^RNA was relatively active, the

35incorporation of S-Met was approximately 11 fold higher than a control
at the concentration of O.I3 Ap^ units in llpl of reaction mixture^

35and this incorporation of ^^S-Met increased proportionally with RNA
concentration.

7About 2.8 X 10 cells of HMy2 cell line were used for
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isolation of RNA. The recovery of total RNA and poly(A)^RNA was 
1.58^ and 1 .69 ,̂ respectively (Table ].4). The maximum radioactivity 
incorporation into protein was obtained for RNA concentrations in the 
total translation reaction mixture of ^260 uuits/ml for total RNA 
and about ^260 uuits/ml for poly(A)*RNA. Maximum stimulation in 
both cases was about 3 to 4 fold higher than controls(without mRNA).

3.2 .2 . Characterization of isolated RNA and synthesized protein
by gel electrophoresis.

3 .2.2.a. Characterization of isolated RNA from tissues and cells 
by gel electrophoresis.
The major aim of this work was to indicate that undegraded 

RNA can be prepared, RNAs were analysed by electrophoresis under 
non-denaturing and denaturing conditions in both acrylamide and 
agarose gel,

i). Non-denaturing conditions in 4^ acrylamide gel.
The RNAs prepared by phenol-chioroform/i soamylalcoho1

extraction were analysed by electrphoresis on cylindrical gels under 
non-denaturing conditions in 4% acrylamide (as described in Method
3.1.3 .a). After electrophoresis,the gel was washed with water and 
monitored for RNA by measuring absorbance at 260nm. The absorbance 
profiles are shown in Fig.3.11.

E.coli tRNA gave one major peak near the bottom of the gel
and the Rf value was O .96 (Fig. 3.11.3') • Only one broad peak at an Rf
value of 0.29 was shown for poly u (Fig. 3*ll.h).

The isolated RNAs were shown to have high M.^. (Fig.3.11. 
c-g) .Two major peaks at an Rf value of 0.12 and 0.1? and one minor peak 

at an Rf value of O .95 were obtained for total rat liver RNA. Total 
calf thymus RNA had 6 major peaJcs near the top of the gel and one 
peak at the bottom of the gel and their Rf values were 0.03, O.Oj,
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Fig. 3.11. Scan at 260 nm of electro
phoresis of RNA on 4% acrylamide gel.
a) tRNA of E.coli
b) poly u
c&d) total rat liver RNA and total calf 
thymus RNA, respectively. Both samples 
are prepared by phenol extraction.
e&f) 18S RNA and 288 RNA of rat liver 
RNA that separated by sucrose gradient 
ultracentrifugation.
g) 188 polysomal RNA that purified from 
polysomal RNA of rat liver by sucrose 
gradient ultracentrifugation.
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0.09, 0.12, 0.l4, 0.19 and 0.97, respectively.
Total rat liver RNA was further fractionated into l8S RNA 

and 28s RNA by sucrose density gradient centrifugation. The size 
distribution of these RNAs on polyacrylamide gel was determined. The 
absorbance profilesof 18S RNA and 28s RNA were very similar, there was 
one major peak at Rf value 0.l6 and 5 minor peaiks at Rf values of 0.02, 
0.06-0.07, 0.10-0.11, 0.23 and 0.20. 28s RNA contained higher amounts
of RNA at the Rf value of 0.02, than l8S RNA and there was a peak at an 
Rf value of O.98 that was not contained in l8S RNA samples(Fig.3.H.e 
and 3'll.f).

For 18s polysomal RNA, prepared from the polysomal RNA 
of rat liver by sucrose density gradient centrifugation as in method 
section 3»l*l«c, 3 major peaks at Rf values of O.O6, 0 .36 and 0.98,and 
4 minor peaks at Rf valuesof 0.13* O.I9, 0.23 and 0.44 (Fig.3.11.g) 
were obtained.

These results demonstrate the presence of high M.W. cell
ular RNA when isolated by phenol extraction in the presence of RNase 
inhibitors, heparin and SDS.

ii). Non-denaturing conditions in 3-8$̂  SDS-PAGE.
The 3-8^ polyacrylamide gel was a vertical slab and the 

separated nucleic acid samples were visualized by their fluorescence 
under UV light after staining with acridine orange. Calf thymus DNA, 
poly u and tRNA from wheat germ were used as standards and they showed 
broad bands at Rf values of O.I7, 0.22 and 1.0, respectively.

Total rat liver RNA, prepared by phenol chloroform depro
teinization procedure, gave three major bands at Rf values of 0.15,
0.2 and O.98. Five bands of Rf values between O.I5 and 0.72 were 
detected for 18S polysoaml RNA prepared as in the method section
3.1.I.e. Total K562 DNA, separated from total nucleic acid by the
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streptomycin precipitation procedure, showed a tailing band near the 
origin of the gel with an Rf value 0.05»'»/ith total K3^2 RNA, one major 

band at an Rf value of 0.17 was obtained and no bandscould be detected 
for K562 poly(A)*RNA,which was probably a result of the low amount of 
RNA loaded. Degradation was detected in lymphocyte poly(A)^RNA after 
keeping at -20°C for more than 6 months. One broad band at the Rf 
value of 0.8 was shovmt

The RNAs prepared by phenol extraction showed no degradat
ion products by gel electrophoresis except after prolonged keeping 
at -20°C. This gel electrophoresis failed to separate high M.W. 
nucleic acids,even after increasing the electrophoresis time. The 
DNA and RNA were separated and located at the same position and this 
may be related to the pore size of the gel. Therefore, agarose gel 
vras used to separate the RNA.

iii). Radiolabelling of RNA in cells.
The labelled RNA was used for checking the recovery of 

RNA at each step in isolation and purification of RNA from cells by a 
phenol-chloroform deproteinization procedure and oligo(dT) cellulose 
chromatography and for determination of the size of isolated RNA by 
gel electrophoresis.

The RNA from K562 and HMy2 cells was labelled with ^H-uri- 
dine and extracted with phenol-chloroform isoamylalcohol by procedures 
described in method section 3.1.4. and 3.1.1.e, respectively. About 
70-80^ of total radioactivity was found in the aqueous phase and only 
30-40$̂  of this was recovered in the RNA pellet. The total nucleic 
acid contained only 1.2% poly(A)^RNA. This result was similar to the 
result determined by absorbance value at 260nm. These RNAsfrom K562 

and HMy2 were tested for translational activity in rabbit reticulocyte 
lysate and the incorporation of ^̂ 3-î̂ et was 2-4 fold greater than mRNA
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free control'at the concentration of 2-lOjag in llpl reaction mixture,
iv). Non - denaturing conditions in 1.2% agarose minigels 
The separated nucleic acid was detected under UV light

after staining with ethidium bromide. Calf thymus DNA and wheat germ 
tRNA gave a broad band at Rf values of 0.37 and 1.2, respectively.
Total K5^2 DNA and RNA, prepared by phenol-chloroform deproteinization 
procedure, showed one band at the same Rf value of 0.l8. This may 
result from either contamination by DNA in the RNA fraction or this 
gel electrophoresis may not be able to separate high M.W. nucleic acids. 
Total nucleic acid of HMy2 showed one band at Rf value 0.24.

Result of fluorography of isolated labelled K562 RNA and 
HMy2 RNA demonstrated that K562 RNA had four bands at Rf values of 
0.27, 0.45, 0.64 and 1.1 (Fig. 3*12. a. lane 1 and 2) while HMy2 RNA 
showed two faint bands at Rf valuesabout O .3 and 1.1 (Fig.3.12»a Jane 3) •

v). Denaturing conditions in 1.3^ agarose gel in urea. 
Electrophoresis of labelled K362 RNA and HMy2 RNA in 1.3^

agarose gel in 6m urea pH3.3 gave results similar to those found in the 
1.2/̂  agarose minigel. ^H-uridine labelled RNA separated from K362 

and HMy2 cells (as described in 3*2.2.a. iii) gave a similar hetero
genous distribution with two high M.W. bands at Rf values of O.I8 and 
0 .26. A fluorogram of these labelled RNAs from K362 and HMy2 is shown 
in Fig.3.12.b.lane 1 and 2, and Fig 3*12.b; lane 3 and 4, respectively.

These results demonstrate that nondegraded RNA can be 
isolated from both tissues and cells by phenol extraction. However, 
a large amount of tissue and cells was required and the efficiency of 
translation in the cell-free system was low and variable. Therefore 
it may not be practical to use these RNAs to study the effect of ANAs.



3Fig. 3.12. Fluorogram of H-uridine labelled RNA separated by 
1.2% agarose minigel (a) and 1.5% agarose gel in 6M urea pH 
3.5 (b).
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3.2.2.b. Characterization of synthesized protein by gel
electrophoresis
The protein synthesized from tissue or cell RNA in the 

reticulocyte lysate system was further analyzed on gradient
SDS-PAGE. The M.W. of the proteins was determined from a calibration 
curve of protein markers (as shown in Fig. 2.1.) by using log %T value.

Poly(A)^RNA from rat liver and cell lines directed the 
synthesis of several proteins and the protein patterns on fluorograms 
for these RNAs were different. However, the RNA from cell lines,
K562, NS 1 and HMy2 gave similar protein patterns.

Rat liver poly(A)^RNA from the second bound fraction 
directed the synthesis of proteinsof M.W. between 73K and 12K, includ
ing the intense bands at M.W. of 63K (albumin), 43K (the band that 
also was shown without exogenous mRNA Fig.3.13* lane 4) and 26k 
(Fig. 3* 13. lanes 1 and 2). The protein pattern for lymphocyte 
poly(A)^RNA was relatively simple (Fig.3-13«lane 3) containing only 
4 major bands of protein at M.Ws of 63K, 43K, 29K and 14K.

Protein synthesized in response to poly(A)^RNA from K362

and NS 1 gave a similar pattern on fluorogram of SDS-PAGE (Fig.3 .13*
lane 3-8 and 9, 12 and 13, respectively). The M.W. of these proteinb
was between 120K and 20K. By scanning the X-ray film of fluorogram
of protein synthesized from K362 and NS 1 at 3 ^  nm,it was found that
there was a difference at M.W. between 40K and 3OK and the intensity
of some proteins was different, such as the proteinsat M.W. of 68K,62K,
and 41K (Fig.3.14). The protein synthesized from HMy2 and poly(A)^
RNA (Fig. 3.15 lane6 and 7) gave a similar pattern on SDS-PAGE to
K362 synthesized protein (Fig. 3.13 lane 3) but the intensity of some
bands was different.

This protein pattern of cell lines was quite different 
from TMV RNA and globin mRNA. Many proteins were synthesized from



Fig. 3.13, A fluorograph of SDS-PAGE of translation product in 
rabbit reticulocyte lysate.
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Fig. 3.15. Fluorographic image of labeled protein synthesized in 
rabbit reticulocyte lysate.

lane 1 : control without addition of exogenous mRNA
M 2 ; addition of control normal IgG (as a standard protein marker)
" 3: of K562 poly(A)"^RNA
n 4 . of TMV RNA
’’ 5: of HMy2 total RNA
” 6 : of HMy2 poly(A)^RNA
" 7; of HMy2 poly(A)"*^RNA
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TMV RNA, including proteins at M.l. 1?6K and 116K (Fig.3.13, lane 
11 and Fig. 3.I3. lane 4). A major product at M.W. of I3K (globin) ' 
and several components at M.W. of ^0- 90K, 35“40K and 23K were shown 
for proteins synthesized from globin mRNA (Fig. 3•13» lane 10 and 
Fig. 3.15• lane 8).

3.3. Conclusion.
The major aim of this section of work was to isolate 

undegraded and active mRNA from a small number of cells. A number 
of different methods for the isolation of active mRNA from a wide 
vaxiety of sources have appeared. In each case the primary concern 
was to overcome two main obstacles, dajnage of mRNA by strong shearing 
forces and hydrolysis by nucleases (RNase). Enzymic hydrolysis 
causes the greatest damage to RNA, so that either rapid separation of 
RNA from nuclease or rapid inactivation of nuclease was required.
Further purification of RNA is frequently achieved by affinity chromar 
tography or by sucrose gradient sedimentation. Reviews of these 
procedures in isolation and purification of RNA, including their devel
opments, can be found in many texts, such as Brawerman 1974, Stewart 
and Letham,1977; Taylor, 1979 and Majiiatis si al.,1982.

Many problems were encountered in our attempts to isolate 
active RNA from small amounts of tissue or cells. Modifications of 
published procedures which were used with rat liver, high RNase 
containing tissue or cells have been described for isolation of total 
RNA from tissues and cell lines (Kahn et al.,198l; Mechler and Rabbitts, 
1981-,Taylor and Schimke,1973; Ghirgwin et ad., 1979 and Noyes et al.,1979 
or method a-e as described in method section 3«1»1«)* The character
ization of RNAs was usually based on their efficiencies in translation 
in cell-free systems (wheat germ lysate and rabbit reticulocyte lysate) 
and their purities and lack of undegraded products by gel electrophoresis
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analysis (polyacrylamide and agarose gel). From these 5 methods for 
RNA isolation data were obtained relating to the recovery of total RNA 
and poly(A)'*’RNA and the activity in protein synthesis in cell-free 
systems. Only three of these methods (c,d and e) produced an active 
RNA which translated at a significant rate and gave reliable results.

A large amount of starting material was required to produce 
enough poly(A)^RNA for study in cell-free translation sytems. There.- 
fore, tissues such as rat liver, rat muscle, and calf thymus were 
firstly used to investigate an effective procedure for isolation of 
highly active RNA.

Generally in procedures used here, tissues or cells were 
gently disrupted in a buffer solution containing dissociating agents 
or nonionic detergents (such as sodium deoxycholate, SDS, triton X-100, 
sodium-N-lauroylsarcosine, antifoam A), RNase inhibitors (sodium 
heparin, DTT and iodoacetate) or potent denature agents (guanidine 
hydrochloric acid and guanidinium thiocyanate). Apparently,this
combination of reagents reduced endogenous RNase levels whereas exo
genous nuclease can be minimized by use of sterile gloves and auto- 
claved glassware and solutions. This homogenate may be further 
fractionated for polysomes by sucrose gradient centrifugation 
(method b and c) and isolation of nucleic acid was achieved by extr
action of either cell homogenatesor polysomeswith phenol at various 
pH and ionic strength values and in the presence of chloroform and 
isoamylalcohol (method b and e). Total RNAs were precipitated from 
aqueous phase using their properties of having different solubility 
in salt and certain solvents. RNA of high M.W. was insoluble in 
4M NaCl, 2.5M LiCl or 0.2M Na(OAc) or NH^(OAc) with ethanol (Duguid 
et ad.,1976} Osterberg et âl.;1975) whereas tRNA and DNA were soluble.
The RNA precipitate can be washed with yi Na(OAc) pH3 to separate
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glycogen, other polysaccharides, DNA and small RNA which may still be 
left in the preparation at this stage (Palmiter, 1974% Kahn et ad.,198l)» 
Total RNA was further purified to l8s RNA,from rat liver,by sucrose 
gradient centrifugation (Taylor and Schimke,1973» Bantle et aJ.,1978). 
and to poly(A)'RNA by oligo(dT) cellulose chromatography (Aviv and 
Leder,1972). Salt or detergent contamination was mostly removed from 
these RNA samples before use in cell-free protein synthesizing systems 
by passing through the Sephadex G-23 minisystem (Osterburg et ad.,1973)• 

The data presented here indicatesthe considerable variation 
in yield of total RNA from tissue or cells with different procedures, 
for example only 0.01^ of total RNA was recovered using a guanidine-HGl 
procedure and an improved yield (more than 2%) was achieved with 
guanidinium-thiocynanate and rapid phenol-chloroform deproteinization 
procedures (Table 3-1» 3*3 and 3.4 respectively). The reduced activity 
and low yield of isolated RNA in guanidine-HCl proceduresand polysome 
isolation may be related to nuclease activity, preparative time and 
the number of manipulations such as several precipitations and ultra
centrifugations. Lomedico and Saunders (1978) suggested that the 
long time required and many manipulations involved in polysome iso
lation created many opportunities for RNA degradation. Moreover, 
there was a loss of RNA. which did not engage on ribosomes.
Total nucleic acid extraction circumvented these problems. Thus, 
the guanidinium thiocyanate procedure and rapid phenol-chloroform 
deproteinization procedure seemed to control the degradation of RNA 
and resulted in active translatable RNA (Fig. 3*8-3.10). Product
ion of undegraded biologically active RNA by these two methods was 
also demonstrated by Lomedico and Saunders. 1976, Noyes et al.; 1979, 
Ghirgwin et ai. 1979 and Allen et ai.1982. Most of total RNA 
samples had ^260^^280 approximately 2.0 indicative of
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highly purified RNA (Osterburg et ai .,1973» Kahn et all98l ; Manistis 
et ai., 1982).

Size fractionation on sucrose density gradients and 
chromatography on oligo(dT) cellulose were performed in purification 
of eukaryotic mRNA. Following sucrose gradient centrifugation of 
polysomal RNA from rat liver, 2 major peaks (28s and l8s) were 
observed as shown in Fig 3«3* This result was also demonstrated by 
Taylor and Schimke(1973)• The translation of l8s RNA in wheat germ 
lysate, under conditions which were optimal for poly u, indicated 
the maximum radioactivity incorporation of about 4 fold over free 
mRNA control (Fig 3*7»a) whereas the maximum incorporation of 
^R-Phe directed by globin mRNA and poly u was approximately 3*3 
and 10 fold, respectively (Fig. 3*7.b). Therefore,the optimum 
conditions with wheat germ lysate for poly u were not suitable for 
rat liver l8s RNA and globin mRNA. Various reports by other labor
atories found that mRNA species might not all have the same assay 
requirement and that minor changes in assay conditions, especially
+ 2-hK and Mg ion concentration could affect the translational effic
iency in the wheat germ lysate cell-free system (Marcu and Dudock, 
1974; Benveniste et ̂ .,1976;Tse and Taylor; 1977) • Increasing the 
concentration of K^ (from 64mM to lOOmM) and amino acids (from 20^M 
to 30p-M) in the translation of poly(A)^RNA from rat liver and calf 
thymus (isolated by guanidinium thiocyanate) did not improve the 
translation efficiency. The rabbit reticulocyte lysate cell-free 
system was utilized in the study of translation activity of isolated 
RNA instead of wheat germ lysate. This cell-free system was very 
active in translation of various mRNAs as shown in chapter 4, section
4.1.2.

Selective purification of mRNA by the sucrose gradient
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centrifugatiom method was time consuming, used many centrifugations
and obtained only certain size classes of mRNA. Therefore,the simple
and most commonly used method of oligo(dT) cellulose chromatography
was applied in the purification of eukaryotic mRNA and it appeared
possible to obtain poly(A)^RNA free of contaminating rRNA (Aviv
and Leder,1972). The yield of poly(A)^RNA was 0.6-4^ and 0.4-0.7^i
of total RNA after one cycle and two cycles of oligo(dT) cellulose
chromatography, respectively. The variation in the level of poly(A)"̂  
RNA might result from the efficiency in isolation of undegraded total
RNA (Brawerman,197^) or the source of tissue or cells, since typical 
mammalian cells contain mRNA between 1% and 3% of the total cellular RNA 
(Maniatis et al.,1982). The translational activity of poly(A)^RNA 
which was purified by one cycle of oligo(dT) cellulose chromatography 
was increased more than 30 times compared with that of total RNA.
The purity or translation activity of poly(A)^RNA was not enhanced 
by a further purification on a second column of oligo(dT) cellulose 
as also shown by Krystosek et al.(l975) so that only one cycle of 
oligo(dT) cellulose chromatography was performed in purification of 
poly(A)^RNA from cells. The rapid phenol-chloroform deproteinization 
had several advauitages over other methods which included a higher 
yield of RNA, an easy, rapid and reproducible method and it provided 
biologically active poly(A)^RNA. This method was used to isolate 
poly(A)^RNA from various cells lines and the results are presented 
in Table 3*4. The poly(A)'RNA from these cell lines (rabbit lym
phocyte, NS 1, K562 and HMy2 cells) gave more than a 3 fold increase in 
radioactivity incorporation over the control in rabbit reticulocyte 
lysate cell-free system (Fig. 3*10)•

By analysis of RNA on gel electrophoresis (both PAG and 
agarose gel), unlabelled RNA was most commonly detected by absorbances
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at 260nm (Fig. 3.II) and by staining with acridine orange or ethidium 
bromide whereas labelled RNA was detected by fluorography (Fig. 3.13). 
The results confirmed that undegraded total RNA can be prepared by 
either the phenol-chloroform deproteinization procedure or purification 
by sucrose gradient centrifugation. These RNAs gave bands at high 
M.W,with Rf valuesless than O.3, after analysis on gel electrophor
esis in either nondenaturing or denaturing conditions. The results 
presented are similar to Chirgwin et al( 1979)and Krystosek et al(1975)• 
They demonstrated the presence of high M.W. RNA at the position of 
28s and 18s rRNA (or 93 RNA for globin mRNA) in gels with undegraded 
RNA whereas only one peak at low M.W. (near tRNA position) was det
ected after separation of degraded RNA by gel electrophoresis. There
fore the results of RNA gel electrophoresis demonstrated the lack 
of degradation of the RNA product when isolated by phenol-chloroform 
extraction.

These RNAs were effective in directing the synthesis of 
many proteins. The incorporation of radioactivity was dependent 
on both RNA concentration and incubation time (Fig. 3«8”3*10)« 
Fluorographic analysis of the translation products, resolved by 
one-dimensional SDS-PAGE, confirmed that the phenol-chloroform and 
guanidinium thiocyanate extraction yielded RNA suitable for protein 
synthesis in rabbit reticulocyte lysate cell-free systems. A number 
of proteins were synthesized in response to poly(A)^RNA from rat 
liver, K562, NS 1 and HMy2 cells (Fig.3.13 and 3.15). The 
protein profile of synthesized rat liver protein (Fig. 3.13 lane 
1 and 2) was the same as shoi-m by Pelham and Jackson (I976), Chirg
win et al.(1979); Moffett and Webb.(I981) and Barth et al^(l982).
Many polypeptide's (M.W. between 75K and 12K) of various abundances 
were shovm including a band that corresponds to albumin (M.W.68K ).
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The protein profile was similar for translation products of poly(A) 
riNA from cell lines(K562, NS 1, and HMy2 cells), as shown in 
Fig.3.15 lane 5-9» 12 and I3 and Fig.3.15 lane 3 and 5-7. The M.W. 
of protein was between 120K and 20K with difference in intensity of 
some bands between these proteins from different typesof cell (Fig.314) 

The results presented here demonstrate that active poly(A)^ 
RNA can be purified from both tissue and cells and that these RNAs 
also show a high efficiency to direct protein synthesis in the 
rabbit reticulocyte lysate cell-free system. Since a large amount 
of cells was required to obtain enough poly(A) RNA for further study, 
and the variation of results may be found due to translation of these 
poly(a)^RNA under different conditions in the cell-free system, it 
was difficult to utilize these poly(A)^RNA routinely to investigate 
the effects of ANAson the mRNA production in cell lines and consequent 
effects on protein synthesis.



Chapter Four Protein Synthesis in Cell-free Systems.

4.1. Results

4.1.1. Protein synthesis in wheat germ lysate cell-free
system.

4.1.1.a. Conditions forpolyphe synthesis directed by poly u
4.1.1.b . Analysis of polyphe by SDS-PAGE and sucrose

gradient centrifugation.
4.1.1.e. Translation of TMV RNA.
4.1.2. Protein synthesis in rabbit reticulocyte lysate 

cell-free system.
4.1.2.a. Translation of TMV RNA.
4.1.2.b . Translation of globin mRNA.
4.1.2.C. Translation of poly(A)^RNA from rat liver, K562

and NSl cells.
4.1.2.d. Translation of poly u.

4.2. Conclusion
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4. Protein Synthesis in Cell-free Systems.
The optimal conditions for translation of various RNAs 

in cell-free systems were investigated and selected for use in 
studying the effect of ANAson protein synthesis in chapter 5*
4.1. Results.
4.1.1. Protein synthesis in wheat germ lysate cell-free system.
4.1.1.a. Conditions for polyphe synthesis directed by poly u.

An artificial, messenger, poly u, was used for initial
optimization for translation in wheat germ lysate cell-free system.
The final concentration of the components used in this cell-free 
system was described in method section 2.2.6.

The effect on translation of varying the concentration 
of wheat germ lysate was examined and it was found that the highest 
activity for poly u translation was given at amounts of wheat germ 
lysate between 3.5pl and 5^1 (or iBSipg and 2?0pg of lysate protein) 
in 25hl reaction mixture (Fig. 4.1.a. and 4.1.b.). The radioactivity 
incorporation directed by poly u was dependent on the concentration

oof added *̂ H-Phe and incubation time (Fig.4.I.e. and 4.I.e., respect
ively). After an initial lag of 5 to 10 min, the incorporation of 
3H-Phe in response to poly u increased linearly for 120 min and 
terminated after 240 min (Fig. 4.I.e.). Concentrations of poly u
between 0.80 and l.Ojmg/ml gave the highest radioactivity incorp
oration as shown in Fig. 4.1.d.

Polyamines, in particular spermine and spermidine, have 
been shown to have a stimulatory effect on protein synthesis both in 
prokaryotic and eukaryotic cell-free systems (Hunter et y . . , 1 9 7 7 ;  

Igarashi et a i. ,1 9 7 9 ;  Abraham et § a .,1 9 7 9 ) .  Abraham et al. (1 9 7 9 )  

showed that the rate of synthesis of polyphe was significally en
hanced when Mg(OAc) was partially replaced by spermidine (l.jmM
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Fig■ 4.1. Characteristics of polyphe synthesis directed by poly u 
in wheat germ cell-free system.

a) effect of wheat germ lysate concentration on translation of poly u
b) effect of wheat germ lysate concentration and incubation time on 

translation of poly u.
3c) polyphe synthesis at various concentrationsof H-Phe.

d) response to increasing amounts of poly u.
e) kinetics of reaction without added poly u  and with 800

Xig/ml of poly u (•--- » ■) .
f) effect of spermine MCI concentration on translation of poly u
g) effect of Mg(OAc) concentration on translation of poly u.
h) effect of spermine HCl and Mg(OAc) concentration on translation 

of poly u; 0,2mM spermine HCl and 2.5mM Mg(OAc) (• —  *):
3 . 5mM Mg(OAci (* â) : and 2 . 5mM Mg(OAc) (•---“) .

i) effect of KCl concentration on translation of poly u.
The reaction mixture (except h.e, and h) was incubated at 25 C 
for 90 min and radioactivity was determined in 10;jl of reaction 
mixtu'f. All points were the average of duplicates.
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Mg(OAc) and 0.66mM spermidine). A similar result was found in our 
experiment with different concentration of spermidine and Mg(OAc).
For translation of poly u in wheat germ lysate which contained both 
spermidine and Mg(OAc), the optimum concentration of spermidine hydro
chloride in the presence of Mg(OAc) was 0.2mM (Fig. 4.1.f).
The addition of optimum concentration of spermidine hydrochloride 
resulted in a lowering in the optimal Mg(OAc) concentration from 
3.5111M to Z.^mM as shown in Fig.4.1.g. This result was also shown 
by Hunter et al.(1977)• The concentration of Mg(OAc) was reduced 
from 3.3mM to l._$mM when adding optimum spermidine concentration 
(0.8mM) in translation of TMV RNA in wheat germ lysate cell-free 
system.

The stimulatory effect of spermidine on poly u trans
lation is clearly shown in Fig.4.1.h. At the optimum spermidine
hydrochloride concentration (0.2mM) in the reaction mixture containing 
Z.^mM Mg(OAc), there was approximately a three fold stimulation of 
incorporation over that of the reaction mixture containing the 
optimum Mg(QAc) concentration (3-5mM) or of reaction mixture contain
ing 2.5mM Mg(OAc). For further experiments, we routinely used Z.^mM 
Mg(OAc) and O.ZmM spermidine hydrochloride.

The optimal concentration of KGl for polyphe synthesis was
found to be 64mM (Fig.4.1.i). From these experiments, we found the
optimum conditions in wheat germ cell-free system, which was very 
active in translation of poly u. This optimum condition in wheat 
germ lysate cell-free systems was used to test the translation activity 
of total RNA or poly(A)^RNA isolated from tissue and cell lines
as previously described in Chapter 3•

Endogenous incorporation(in a control without poly u) was 
very low in wheat germ lysate cell-free systemsjit was less than
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Analysis of polyphe by SDS-PAGE and sucrose gradient
centrifugation.

The translation product in vitro of poly u in wheat germ 

lysate was further analysed on SDS-PAGE/fluorography and sucrose grad

ient centrifugation. The results revealed a high yield of a large 

polypeptide.

Cylindrical 7*5% acrylamide gels were used to separate 
the trichloroacetic acid-precipit able product from translation of poly u 
and radioactivity was determined by gel slicing as described in method 
section 2.2,7.a. TheM.W. of separated proteins on gel was determined
from a calibration curve by using its Rf value. As shown in Fig.4.2.a, 
a broad radioactivity peak that migrated in the M.W. range between 90K 
and 4jK was obtained from translation of poly u in wheat germ lysate.
The broadness of the radioactivity peak might be due to the presence of 
various sizes of synthesized polyphe.

The size of the polyphe synthesized in wheat germ lysate 
was also determined by sucrose gradient centrifugation. (The method as 
described by Krystosek et al., 1975 ). 25pl of translation product was 
layered on 4.8ml of 10-30% sucrose gradient in a buffer containing 
O.OIM KCl, 0.0015M MgClg, O.OOIM DTT, and O.OIM Tris-HCl pH7.35 and 
centrifuged at 39,000 rpm (200,000xg^^^) for 2 hr, at 20°C,in,a Beckman 
SW 50.1 rotor. The radioactivity was determined |in 30pl of each fraction 

( 8 drop fractions of the gradient). A sharp radioactivity peak sedi- 
mented at the fraction near the high density of the sucrose (Fig.4.2.b). 

These; results showed that wheat germ lysate cell-free systemshad a high 
efficiency to synthesize a large polyphe directed by poly u.

4.1.I.e. Translation of TMV RNA.
A complete translation kit from BEL.Ltd. was used in this 

experiment and the details of this method were already described in
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method section 2.2,6. TMV RNA was translated in a reaction mixture 

containing 26.7mM HEPES pH?.4, 103mM K(OAc), 3.07mM Mg(OAc') 80pM sper
midine phosphate, 0.33^M DTT, 1.2mM ATP, O.lmM GTP, 3*5^ creatine 
phosphate, 400pg/ml creatine kinase, each of 19 amino acids minus
methionine, 26a^^q units/ml of wheat germ lysate and 20 - 25 liCi of 

S-Met. The incorporation of radioactivity directed by TMV RNA at 
concentrations of 5*3hl/ml was approximately 9 fold higher than control 
(without exogenous mRNA). Fig. 4.3 shows the time-course of 3-Met
incorporation into TCA insoluble material from Ipl reaction mixture.

35The incorporation of S-Met increased almost linearly with incubation 
time for the first 60 min and then slightly changed until 120 min of 
incubation.

The synthesized polypeptides directed by TMV RNA in wheat 
germ lysate were analyzed on a slab gel (5-15^ gradient acrylamide) and 
followed by fluorography as described in method section 2,2.7.a. A 
fluorogram of synthesized TMV protein revealed the presence of a large 
number of polypeptides with M„W-. between lOK and 120K (Fig. 4.5 b. lane 
5 and 6). A large proportion of smaller M.W. protein products were seen 
and there was no TMV protein at M.W. of I76K when compared to translat
ion product of TMV RNA in rabbit reticulocyte lysate cell-free systems 
(Fig. 4 .5 .b. lane 2-4). This result agrees with the finding of low 
M.W. productsin translation of TMV RNA in wheat germ lysate by Hunter 
et §1(1977)• In wheat germ system, a certain amount of nucleolytic 
cleavage of mRNA occurs, and could account, at least in part, for the 
synthesis of incomplete chains(Scheele and Blackburn,1979; Hunter ^  

al.,1977). In the presence of polyamine, the nucleolytic cleavage of 
mRNA was decreased (Abraham et al.,1979) elongation rather than initiat
ion was increased (Hunter et al.,1977) and the binding of aminoacyl 
tRNA to ribosomeswas high (igarashi et al.,1982) leading to increased 
synthesis of full length product^ with a corresponding reduction in the
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Table 4.1. Incorporation of radioactive amino acid directed 
by TMV RNA.

Radioactive Radioactivity incorporation Incorporation ratio 
amino acid control(cpm) TMV RNA(cpm) (TMV RNA/control)
35S-Met 6,038 157,199 26.04

^H-Phe 400 10,878 27.19
14C-Leu 220 5,306 24.12

II ;al reaction mixture were incubated for 60 rain,at 30 C with 
^^S-Met (136pCi/ml), ^H-Phe (l80pCi/ml), and ^^C-Leu (50pCi/ml) 
and contained O.I pi of TMV RNA. The percentage of reticulocyte 
lysate in reaction mixture was 69%. Control, reactions were 
incubated in the absence of TMV RNA. Duplicate 1 jjI samples 
of reaction mixture were cpunted for radioactivity incorporation 
after TCA precipitation.
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short polypeptide form.
In our experiments, wheat germ lysate in the presence of 

80piM spermidine phosphate and ^.O^mM Hg(OAc) actively translated TMV 
RNA but its efficiency to synthesize high M.W. protein(1?6k) vras rather 
lower than rabbit reticulocyte lysate.

4.1.2. Protein Synthesis in Rabbit Reticulocyte Lysate Cell- 
free Systems.
The optimum conditions and the procedure were as described 

in section 2.2.6.
4.1.2.a. Translation of TMV RNA.

When added to reticulocyte lysate (80̂ ,v/v), TMV RNA
35strongly stimulated the incorporation of S-Met into protein. Time

course studies of the reaction at 30°C indicated a lag period of 3 min,
followed by greatly enhanced incorporation of radioactivity for 30 min
which then levelled off until 90 min of incubation (Fig.4.4.a). The

35incorporation of S-Met was dependent on the amount of added TMV RNA 
and was saturated at about the relative amount of TMV RNA (or 23)4L/ml ) 
(Fig.4.4.b.). Under optimal conditions, incorporation of ^^S-Met 
directed by TMV RNA was more than 100 fold that of the control incub

ation at the same time,in the absence of exogenous mRNA. In addition, 
this reticulocyte lysate cell-free system îras very active in translat
ion of TMV RNA and showed a significant difference in incorporation of 
radioactivity at a concentration of TMV RNA as low as l^l/ml.

With different radioactive amino acids (̂ -̂ S-Met, ^^C-Leu 
and H-Phe), the stimulation of incorporation directed by TMV RNA 
at a concentration of 9.1pl/ml) was similar and about 24-27 fold 
higher than the control. The ratio of these radioactivity incorpor
ations is shown in Table 4.1.
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Fig. 4.5.

a) SDS-PAGE of TMV protein synthesized in rabbit reticulocyte 
lysate. The radioactivity content in each 1.5mm gel slice 
was determined after solubilizing the gel in hyamine hydroxide 
and soluene 350. The M.W. of protein was estimated from 
calibration curve, using Rf value. Control,without mRNA
(a 1 ) and added TMV RNA (•-- ®).

b) Fluorogram of translation product directed by TMV RNA and 
globin mRNA in wheat germ lysate and rabbit reticulocyte 
lysate cell-free system and separated on 5-15% SDS-PAGE.

lane 1: without exogenous mRNA.
35" 2: added TMV RNA and incubated with S-Met in rabbit

reticulocyte lysate cell-free system.
14’* 3; added TMV RNA and incubated with C-Leu in rabbit

reticulocyte lysate cell-free system.
3" 4: added TMV RNA and incubated with H-Phe in rabbit

reticulocyte lysate cell-free system.
" 5: added TOV RNA in wheat germ lysate and incubated

with S-Met.
" 6: addedg'gMV RNA in wheat germ lysate and incubated

with S-Met.
" 7: added globin mR^^ in reticulocyte lysate and

incubated with S-Met.
" 8: added globin mRg^ in reticulocyte lysate and

incubated with S-Met.
14 14" 9: standard C-BSA, C-trypsin inhibitor, and

C-RNase.

Exposure: 40,000 to 200,000 cpm; 4,6,and 10 days; -70 C.
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For analysis of in vitro products on SDS-PAGE, the gel 
samples contained equal volumes of reaction mixture. Determination
of radioactivity in gel slices after separation of TMV RNA translation 
products on 5/̂  acrylamide cylindrical gel demonstrated the major peaks 
at M.F. approximately 116K and at M.W. less than lOK, which was 
also shov.n in a control without TMV RNA) (Fig.4.^.a.). The fluorogram
of TMV RNA products separated on 5-^5% SDS-PAGE, slab gel indicated 
a large and complex distribution of polypeptides of M.W. ranging 
from 21K to I76K (Fig.4.5 .b. lane 2-4). The profile of TMV proteins 
labelled with different radioactive amino acids (^^S-Met, ^^C-Leu and 
H-Phe) was similar except that TMV protein bands appeared with increased 
intensity in samples incubated with S-Met (Fig. 4.^.b. lane 2). A 
major product of M.W. approximately 116k and a readthrough product 
of M.W. 1?6K including other polypeptides with M.W. of lOOK, 95K,
7O-75K, 65K, 50-55K, 3O-38K and 20K were observed (Fig. 4.5.b. lane
2-4). This result was similar to other investigators who showed that 
translated TMV protein in reticulocyte lysate included two large poly
peptides of M.W. approximately IlOK and a readthrough product of I60K 
(Pelham and Jackson,1976; Pelham^1978). A large reproducible number 
of discrete polypeptides of M.W. below IlOK have frequently been ob
served at varying intensities during translation of TMV RNA in rabbit 
reticulocyte lysate cell-free systems(Pelham and Jackson,1976; Beier 
et al.,1980; Kurkinen,I98I; Goelet and Kahn,1982). The M.W. of two 
large polypeptides varied between different investigations and was 
referred to as IlOK, I3OK and l40K for major product, and 16OK and 165K 
for a readthrough product. A precise M.W. of 126k and 183K was
deduced from the nucleotide sequences (Goelet et al.,1982). From 
our resultsthe average valuesof M.W. of these TMV proteins differed 
slightly from their precise values and were II6 — 3.99 and I76 — 6.49,
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respectively for a major protein and their readthrough product.
A smaller product of 30K-38K was also shown in Fig.4.3.b. 

lane 2-4. These proteins might be a set of proteins with M.',:. of 
3OK, 29K, and 28K(Beachy and Zaitlin,1977; Hunter et al.,1983)• The 
synthesis of 3OK protein was found to be different in amount and diff
ered slightly in size for each virus RNA, TMV vulgare or U^,TMV dahle- 
mense, TMV and coivpeastrain of TMV (Beier et al.,1980).

The coat protein of M.W. 17*3K was not detected in the 
translation product of TMV RNA in reticulocyte lysate (Fig. 4.5.b. 
lane 2-4). Hunter et al. (1976) and Beier et al. (I980) have shown that 
coat protein in virus RNA was not a major product and was never detected 
in reticulocyte lysate and xenopus laevis oocyte systems except using cow- 
pea strain of TMV RNA that showed a protein with the same electrophoretic 
mobility as coat protein.

4.1.2.b. Translation of globin mRNA.
In kO% (v/v) of reticulocyte lysate, rabbit globin mRNA

35stimulated the incorporation of S-Met into TGA-precipitable product 
approximately 10 fold over the control^without exogenous mRNA. In 
a time-course, incorporation directed by globin mRNA appeared to incr
ease linearly for about 60 min until terminated at 90 min (Fig. 4.6.a ).
Increasing the mRNA concentration resulted in a greater amount of 
35^ S-Met incorporation and was saturated at about 0.073MS of globin 
mRNA in lOpl of reaction mixture. (Fig.4.6.b.)

3-13^ SDS-PAGE analysis of the translation product of 
globin mRNA with a fluorography technique revealed the presence of a 
major product at a M.W. of approximately 13K which had about the same 
electrophoretic mobility as globin protein (Fig.4.3b. lane 7 and 8).
By this sensitive method, several minor components at M.W. of 3G-63K,



globin mRNA

E

E

Co
1Q_OUc

incubation timelmin.)

X
E
CLW
E

co
2oQ .OUc

globin mRNAadded l/jg/ml )

Fig. 4.6. Translation of globin mRNA in rabbit reticulo
cyte lysate. The reaction mixture was incubated at 30*C 
and radioactivity was determined on Ipl reaction mixture
a) Time-course experiment using 0.5;ug of globin mRNA in 

25pl reaction mixture.
b) Response of incorporation to added globin mRNA concen

tration ( incubation time 60 min ).



- 147 -

35 -40K and 23K were also observed in the translation products of 
globin mRNA. This result might suggest that globin mRNA was not 
cleaved since a high amount of globin protein was synthesised in the 
cell-free system. However, globin mRNA might not be in a pure form 
and may result in the synthesis of many sizes of polypeptides.

4.1.2.c. Translation of poly(A)^RNA from rat liver. K562 and NS 1
cells
Total RNAs were extracted from rat liver, K5&2 and NS 1 

cells using a phenol-chloroform deproteinization procedure and 
yielded poly(A)'RNA after affinity chromatography on oligo(dT) cellu
lose column. The results of isolation and purification of these 
poly(A)^RNAs were previously presented in chapter 3» section 3*2.I.e.

The ability of these poly(A)*RNAs to direct protein syn
thesis in the rabbit reticulocyte lysate cell-free system was measured 
using the incorporation of radioactive amino acid into acid-precipitable 
protein.

In rabbit reticulocyte lysate (80^,v/v), the incorporation 
of ^^S-Net in response to rat liver poly(A)^RNA was dependent on added 
poly(A)^RNA and incubation time (Fig.4.7.a. and 4.7.b., respectively). 
Under the conditions used, it was not possible to add saturating amounts 
of RNA. Specific incorporation, approximately 4 fold higher than the 
control without exogenous RNA was achieved with 5pig of poly(A)^RNA 
in 10^1 reaction mixture (Fig.4.7.a.).

In 6Q% (v/v) reticulocyte lysate, the K562 poly(A)^RNA 
and NS 1 poly(A)^RNA at the concentration of 0.1 Ag^Q units/llnl 
reaction mixture stimulated incorporation of -̂̂ S-Met approximately 
8 fold and 4 fold, respectively, over the endogenous reticulocyte 
lysate protein synthesis without added RNA. The incorporation of 
^^S-Met directed by either K562 poly(A)^RNA or NS 1 poly(A)^RNA was
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also proportional to incubation tim^ and concentration of added poly(A) 

RNA as shown in Fig 4.7.0.

4.1.2.d. Translation of poly u.
In rabbit reticulocyte lysate (86̂ ,v/v), the incorporation 

of ^H-Phe directed by poly u was approximately 7 fold over the control 
without poly u and the efficiency of poly u translation was increased 
to approximately 20 fold when adding 0.2mM spermine hydrochloride into 
the reaction mixture (Fig.4.8.a.). Incorporation of ^H-Phe into 
polypeptide increased linearly with time up to 60 min and then
leveled off (Fig 4.8.a.). The incorporation of radioactivity into 
polypeptide increased with increasing amount of poly u and maximum 
incorporation occurred between 0.23 &nd 0.46 mg/ml of added poly u; 
further increase in poly u caused a decrease in incorporation (Fig.4.8.b.)

4.2, Conclusion.
Many cell-free protein synthesizing systems,such as retic

ulocyte lysate, wheat germ lysate, Krebs II ascite cells, mouse L 
cells and xenopus leavis oocytes have shown to be able to translate 
mRNAs from several different sources. Some of these systems were 
limited by the efficiency of translation, the degree of fidelity of 
translation and high levels of endogenous protein synthesis.

Wheat germ lysate and rabbit reticulocyte lysate cell- 
free systems were chosen to study,for their efficiencies in translation 
of several mRNAs. The results presented here demonstrate that these 
two cell-free systems are capable of translating poly u, TMV RNA, 
globin mRNA and poly(A)^RNA from rat liver, K562 and NS 1 cells. 
Although these mRNAs and poly u were able to direct the synthesis of
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their various protein products in cell-free systems, the relative 
efficiencies of translation for each messenger were apparently differ
ent and required their individual optimization.

The wheat germ protein synthesizing system has distinct 
advantages over other cell-free systems. These advantages involved 
the ease and rapid preparation in large quantities, low cost, high 
translational efficiency with ability to synthesize large polypeptides 
(M.W.>30K or as high as 140K) and, in particular, a low level of 
endogenous mRNA activity (Roberts and Paterson,1973» Roberts et al..
1974; Marcu and Dudock,197^ and Ben veniste et al..l976). In our work, 
poly u and TMV RNA were translated in a wheat germ lysate cell-free 
system and emphasis was placed on finding a maximum rate of 
translation. The results showed that this cell-free system was very 
active in synthesis of polyphe and TMV protein in response to poly u 
and TMV RNA, respectively. The variation in the optimum conditions 
was found to relate to the type of added RNA.

In translation of poly u, the maximum incorporation of 
^-Phe into polyphe was achieved by using 7*6-10.8 mg/ml of wheat 
germ lysate (protein concentration), 64mM KCl, 2.jmM Mg(OAc), 0..2mM 
spermidine hydrochloride, 80^Ci/ml of ^-Phe and 0.8-1.03 mg/ml of 
poly u whereas the concentration of other components was previously 
shown in method section 2.2.6. This optimization for poly u 
translation in wheat germ lysate was slightly different from previous 
works by Abraham et al. (1979)» Algranati (I98O), Igarashi et (1979) 
and Igarashi et al. (1982). Poly u directed radioactivity incorporation 
was 8-10 fold greater than that of controls,without poly u. klien 
adding an optimal concentration of spermidine hydrochloride (0.2mM) 
into the reaction mixture of wheat germ lysate, the optimum Mg(OAc) 
concentration was reduced to 2.3mM and total radioactivity incorporation
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was increased by about 3 fold from using only optimal concentration
of Hg(OAc). This result confirmed the previous studies which found
that highly activated poly u translation including the fidelity of
translation in wheat germ lysate cell-free system was achieved when 
? +Mg“ concentration was partially substituted by polyamine and this

St-stimulatory effect could not be equalled by any amount of Mg 
(Hunter et al.,1977» Igarashi et al.,1979»* Abraham et al.,1979»* Watanabe 
et al.,1981). Poly u directed the synthesis of high M.W. polyphe 
as shown by a large distribution of polypeptides with M.W. higher 
than ^r% to 9OK after analysis on 7•5% SDS-PAGE. Most of the incorp
orated radioactivity was found as a single high M.W. peak when the 
translation product of poly u in wheat germ lysate was analysed by 
sucrose gradient sedimentation. This result indicated that wheat 
germ lysate had a high efficiency to synthesize large polypeptides in 
response to poly u. This optimum condition of wheat germ lysate was 
used to check the translational activity of isolated poly(A)^RNA from 
tissue or cells as described in chapter 3*

The wheat germ lysate reaction mixture (in the presence of 
80^  spermidine hydrochloride and 3*07mM Mg(OAc), 30mM each of I9 

amino acid except met and 26 units/ml of nuclease-treated wheat
germ lysate) was used to translate TMV RNA and gave an increase in 
radioactivity incorporation of approximately 9 fold over the background 
at 3*3u1Ai of TMV RNA. By analysis on 3-13^ SDS-PAGE, the distri
bution of protein with M.W. between lOK and 120K (or precised M.W. 
of 126k) vias seen. High amounts of low M.W. products and no synthesis 
of protein at M.W. of I60K (or precised M.W. of I83K) were found when 
the protein profile was compared with translation products of TMV RNA 
in rabbit reticulocyte lysate cell-free system. Support for this 
result was obtained from a previous study in which the highest M.W
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of TMV protein synthesized in the presence of 1.5mM Mg and 0.66mM 
spermine was IlOK (Abraham et ad.,1979)• Roberts and Paterson(l973) 
and Hunter et ad.(1977) also demonstrated that a large number of 
discrete polypeptides ranging in M . '=\ from lOK up to a maximum of 
l40K of TMV product in wheat germ lysate which was a major product of 
TMV RNA in other systems (Pelham and Jackson,197^; Knowland,197^).
Marcu and Dudock (1974) demonstrated a maximum M.¥. of 80K from the 
analysis of TMV protein from wheat germ lysate protein synthesizing 
system on l4̂ o PAGE. The accumulation of incomplete chains during 
translation of TMV messenger in wheat germ lysate was suggested to be 
due to premature termination (Abraham et ad?1979), decreased elongation 
(Hunter et ad., 1977)» a reduction in the initiation step at the level 
of binding of aminoacyl tRNA to ribosomes(igarashi et ad.,1982) and 
the presence of RNase itself (Hunter et ad.,1977; Scheele and Black
burn, 1979) . The higher yield of full length product of protein syn
thesis in wheat germ lysate suggests that fidelity of translation

2+might be achieved by partial substitution of Mg concentration vdth poly
amine (Hunter et al^l977 » Abraham et al.,1979f Igarashi et ad.,1982), 
increasing concentration to higher than that for optimal protein 
synthesis (Benveniste et ad., 1976; Schmeckpeper et ad.,1974) and by 
adding RNase inhibitor to the reaction mixture (Hiranyavasit and Kusa- 
mran, 1983).

Rabbit reticulocyte lysate is a mRNA-dependent protein 

synthesizing system after removal of endogenous translatable mRNA by

preincubation of the lysate vrith micrococcal nuclease in the presence
2 !of Ga , as described by Pelham and Jackson (1976). This lysate had

an extremely low rate of endogenous protein synthesis and appeared to be 

highly selective for translation of various mRNAs (Pelham and Jack

son,I976; Ghu and Rhoads,I980). Optimum concentrations of exogenous
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ïïiRNAs (TMV RNA, globin mRNA, poly(A) RNA from rat liver, K562 and 
NS 1 cells, and poly u) and an optimum incubation time for maximum 
protein synthesis in rabbit reticulocyte lysate was determined. The 
percentage of lysate(v/v)was varied between and 86% dependent upon the 
concentrations of the messengers used. The results showed that there 
was a difference in the efficiency of translation for each of these 
messengers including their optimal concentration of added mRNA in 
rabbit reticulocyte lysate cell-free system. Endogenous protein 
synthesis in controlsvias less than f>% maximum of radioactivity incorp
oration. The rate of incorporation of radioactivity into protein was 
approximately lOOfold, 20 fold, 10 fold, 8 fold and 4 fold above the 
controlswhen TMV RNA (50;ul/ml), poly u (0.5mg/ml), globin mRNA (7.5hg^l)» 
K562 poly(A) RNA (9 A^^pUnits/ml) or poly(A) RNA from rat liver(500;ug/ml) 
and NS 1 cells (9 ^260 were added,respectively into the reaction
mixture. These messengers have been translated effectively in this 
cell-free system although none stimulated protein synthesis as 
effectively as TMV RNA.

Translation of TMV RNA in rabbit reticulocyte lysate was 
efficient and equivalent to the data presented by Pelham and Jackson 
(1976), Pelham (1978), Beier et y., (I98O) and Kurkinen (I981). A 
large number of polypeptides ranging in M.W. from 21K to 1?6K were indi
cated from analysis of in vitro synthesized TMV protein on 5-15^ SDS- 
PAGE (Fig.4.5.b. lane 2-4) This rabbit reticulocyte lysate also app
eared to be highly selective for globin mRNA translation. The effic
iency for translation of globin mRNA was at least similar to that 
reported by Pelham and Jackson ( 1976) and Ravel and Groner (1978j 
(in reticulocyte lysate) and Roberts and Paterson (1973) and Schmeck
peper et §2 .(1974) (in wheat germ lysate). The in vitro product on 
SDS-PAGE (Fig. 4.5.b. lane 7 and 8) indicated a major band which had
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a mobility the same as globin protein (M.W. of about I3K) and also 
showed by Robertsand Paterson (1973)»Schmeckpeper et al.(1974) and 
Pelham and Jackson (1976). This rabbit reticulocyte lysate appeared 
to stimulate the synthesis of protein in response to poly(A)^RNA from 
rat liver, K562 and NS 1 cells and poly u. Different mRNA species
translated with varying efficiency^ and TMV RNA was the most active
mRNA in directing incorporation of ^^S-Met in rabbit reticulocyte lysate 
cell-free systems. Therefore, to determine the control of the synthesis 
of protein at translation level by ANAs in a cell-free system TTW RNA
and rabbit reticulocyte lysate were the main systems. Other RNAs
such as globin mRNA, poly u and K562 and NS 1 poly(A)^RNA were used 
in alternative systems including the wheat germ lysate cell-free system.



Chapter Five Effect of ANAs on RNA translation in rabbit reticul
ocyte lysate and wheat germ lysate cell-free systems.

5.1. Methods

5.1.1. Effect of ANAs on protein synthesis in cell-free
translation systems.
-The rabbit reticulocyte lysate cell-free system,
-The wheat germ lysate cell-free system.

5.1.2. Effect of PBS concentration on translation of TMV RNA
or globin mRNA in rabbit reticulocyte lysate and 
wheat germ lysate cell-free systems.
-Conductivity measurement.
-Effect of PBS concentration and ANA on protein 
synthesis.

5.1.3. Comparison of the effects of ANA and inhibitors on 
protein synthesis.

5.1.4. Preparation of specific antiRo and antiLa by affinity
chromatography.
-Coupling of antigen Ro or La to Sepharose 4B
-Purification of specific antiRo or antiLa by using 
antigen Ro- or antigen La-Sepharose 4B column.

5.1.5. Determination of specific antigenic proteins of ANAs 
by immunoblotting technique.

5.1.5.a. Electrophoretic transfer of proteins from PAGs to 
nitrocellulose sheets.

5.1.5.b . Detection of protein on nitrocellulose by staining 
with amido black.

5.1.5c. Immunological detection of antigen on nitrocellu
lose using peroxidase-conjugated anti-humanlgO.
-Pretreatment and storage of nitrocellulose sheet 
containing immobilized polypeptides.

-Detection of antigen-antibody complex using 
peroxidase-conjugated anti-humanIgG.

5.2. Results

5.2.1. Specificity and concentration of IgG solution from
normal individuals and SUE patients.

5.2.2. Effect of ANAs on TMV RNA translation in rabbit 
reticulocyte lysate cell-free system.

5.2.2.a. Effect of concentration of ANA and incubation time
on TMV RNA translation.

5.2 2.b. Analysis of translation product on SDS-PAGE.



5.2.2.C. The inhibitory effect of ANAs on translation of 
TMV RNA.

5.2.2.d. Effect of salt concentration on TMV RNA translation.
5.2.2.e. Comparison of inhibition of TMV RNA translation by

ANAsand other protein synthesis inhibitors.
5.2.2.f. Effect of specific antiRo- and antiLa-antibodies on 

TMV RNA translation.
5.2.3. Effect of ANAs on translation of various RNA templates 

in rabbit reticulocyte lysate cell-free system.
5.2.3.a. The effect of ANAs on translation of globin mRNA.
5.2.3.b. The effect of ANAs on translation of poly(A)^RNA

from K562 and NSl cells.
5.2.3.C. Translation of poly u affected by ANAs.
5.2.4. Effect of PBS concentration on translation of globin

mRNA in rabbit reticulocyte lysate and inhibitory 
mechanism of ANA.

5.2.4.a. Effect of PBS concentration on globin mRNA translation.
5.2.4.b . Inhibition of globin protein synthesis by ANA.
5.2.5. Effect of ANAs on TMV RNA translation in wheat germ 

lysate.
5.2.5.a. Inhibitory effect of ANAs on TMV RNA translation.
5.2.5.b. Effect of PBS concentration on TMV RNA translation.
5.2.6. Detection of the antigenically active protein in cell

lysates using immunoblotting technique.
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5 Effect of ANAs on RNA translation in rabbit reticulocyte
lysate and wheat germ lysate cell-free systems.

The results of effects of ANAs on protein synthesis will 
be discussed in the next two chapters. In chapter 5»we have used 
the cell-free systems (rabbit reticulocyte lysate and wheat germ 
lysate) with various RNA templates and studied the effect of ANAs 
on translation. The effect of ANAs was further determined on 
protein synthesis in intact cells as described in chapter 6.

5.1. Methods.
5.1.1. Effect of ANAs on protein synthesis in cell-free 

translation systems.
The optimal conditions used to synthesize proteins in the 

cell-free systems were described in section 2.2.6. including determin
ation of radioactivity. Preparation and characterization of IgG
fractions from normal individuals and SLE patients were described iny
sections 2,2.3.and 2.2.5., respectively. SDS-PAGE and fluorography 
were also described in section 2.2.7.

[Therabbit reticulocyte lysate cell-free system.
The control was a sample in which PBS or normal IgG 

solution at a concentration of 0.2;ug/ul reaction mixture) was added 
to the reaction mixture. In experimental tubes, each ANA sample 
(at 0.55 to 2.^ug IgG/tube) was incubated with ll̂ il reaction mixture 
at 30°G. The percentage of lysate (v/v) was 63-68/0 for TMV RNA,
60% for globin mRNA and NS 1 poly(A)^RNA, 66% for K562 poly(A)^RNA 
and 66% for poly u. Duplicate 1;j1 samples of reaction mixture were 
withdravm to determine acid-insoluble radioactivity at 30 and 60 min 
of incubation and the rest of the reaction mixture was used for 
gel analysis.
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The wheat germ lysate cell-free system.

The reaction mixture contained the components described 
in section 2.2.6, except that IgG (at O.^g/ul reaction mixture) from a 
normal individual, or SLE patient was added to control or experimental 
tubes, respectively. The reaction mixture was incubated at 25°G for 
30, 60 and 90 min. At each of these incubation times, duplicate 1^1 
samples of reaction mixture were precipitated with TGA and radioactivity 
was counted. The rest of the reaction mixture was further analyzed 
on SDS-PAGE.

5 .1.2. Effect of PBS concentration on translation of TMV RNA 
or globin mRNA in rabbit reticulocyte lysate and wheat 
germ lysate cell-free systems.

Conductivity measurement.
10;2l of PBS solution at various concentrations or diluted 

IgG solution from normal individuals and. SLE patients were added into 
20ml of double distilled water, mixed well and the conductivity was 
measured using a Radiometer type CDM 104 conductivity cell.
Effect of PBS concentration and ANA on protein synthesis.

In this experiment IgG solutions from both normal individ
uals and SLE patients w&fe diluted with PBS instead of distilled water. 
IgG samples or PBS at various concentrations were added into the reaction
mixture and incubated at 25°C for wheat germ lysate,and 30°G for retic
ulocyte lysate. At 30 and 60 min of incubation, duplicate 1;il samples 
of reaction mixture was withdrawn for radioactivity determination and 
the rest of the mixture was kept for gel analysis.

5.1.3. Comparison of the effects of ANA and inhibitors on
protein synthesis. ' '

Aurin tricarboxylic acid and cycloheximide inhibited protein 
synthesis at the initiation and elongation steps, respectively
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(Lodish et al.,1971; Mathews, 1971 ;Bathurst et a.i.,1980 j. These
protein synthesis inhibitors were used to compare their effect on 
protein synthesis in reticulocyte lysate with ANA in a time-course 
experiment. The reaction mixture (which contained 8l.5^ lysate) 
was incubated at 30°C and duplicate Ipl samples of reaction mixture were 
taken out for radioactivity determination at 5 and 10 min. At 10 min 
incubation, 0.2ng/)nl IgG solution, 50juM cycloheximide and 50hM aurin 
tricarboxylic acid ( a final concentration) were added which resulted 
in a final lysate concentration of 76,3%̂  The assay was continued 
and duplicate Ipl samples of reaction mixture were taken to determine 
radioactivity at 15» 20, 30 and 60 min of incubation. The rest of 
reaction mixture was further analyzed on SDS-PAGE.

5.1.4 . Preparation of specific antiRo and antiLa by affinity
c hromatography.

Coupling of antigen Ro or La to Sepharose 4b .
Antigen Ro and. antigen La were provided by Dr. P. Skinner, 

Royal National Hospital for Rheumatic Diseases, Bath. Both antigens 
were prepared by using their antibody affinity chromatography with 
antiRo (Frayne)— and antiLa (Buffalo)— Sepharose 4b columns. Activ
ation of Sepharose 4b with cyanogen bromide and coupling of antigen 
were performed according to the method described by March et al. (1974).

Sepharose 4b (about 4 grams wet weight) was washed on a 
sintered glass funnel with 50ml of H^O, suspended in 10ml of 2M 
sodium carbonate and mixed slowly. The mixing was changed to a fast 
rate before adding 0.5ml of cyanogen bromide solution (l.l50g/ml in 
acetonitrile) and stirring was continued for 1-2 min. The mixture 
was then poured on to a coarse sintered glass funnel and washed with 
50ml of H^O and 50ml of PBS.

About 1.5g of dry activated Sepharose 43 were added to
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antigen Ro in PBS(l.6mg in 7ml PB3)or antigen i.a in P33 (,1 .7mg in 6m 1 
PBS). The reactants were mixed slowly in a rotary mixer at 
4°C for 22 hr, and filtered on a sintered glass funnel. This 
Sepharose 4B was then resuspended in 0.2M sodium carbonate pH8 ,con
taining IM glycine to block any unreacted sites and stirred slowly 
at 4°C overnight. The mixture was again filtered on a sintered glass 
funnel and washed with PBS. This Sepharose 4B-coupled with antigen 
Ro or La was packed into a column (length 5cm, diam.1cm), washed with 
3M guanidine-HGl pH7 and equilibrated in PBS. The coupling of anti
gen Ro and antigen La to Sepharose 4b was 30.4^ or (0.49rag/ml of 
Sepharose 4b) and l6.5^ (or 0.28mg/ml of Sepharose 4b), respectively.

Purification of specific antiRo or antiLa by using antigen Ro- or 
antigen La-Sepharose 4b column.

The IgG-antlRo solution or IgG-antiLa solution was applied to 
the antigen-Sepharose-4B column and the unbound material was eluted 
with PBS. The bound material m s  eluted with 3M guanidine-HGl pH7 
and immediately dialysed against PBS, at 4°G, overnight.

This specific antiRo antibody fraction or antiLa anti
body fraction was tested for specificity by an ELISA method and used to 
to test for effects on protein synthesis in cell-free systems,

5*1*5- Determination of specific antigenic proteins of ANAs by 
immunoblotting technique.

5.1.5.a. Electrophoretic transfer of Proteins from PAGs to 
nitrocellulose sheets.
The method employed ivas adapted from the procedure of 

Towbin et ad.(1979)• Nitrocellulose sheets(0.2pM pore size,
Schleicher and Schiill BA83) were briefly wetted with 30mM phosphate 
buffer pll6.5. After running electrophoresis of antigen (both crude 
and purified form) and \heat germ lysate or reticulocyte lysate on
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5-13/̂  SDS-PAG, the gel was briefly washed in 30mM phosphate buffer 
pH6.3 and placed on a scouring pad (Scotch-brite) which was supported 
by a stiff plastic grid. The wet nitrocellulose was put on the gel 
and all air bubbles carefully removed. A second pad and plastic grid 
were added and held tightly before putting into an electrophoresis 
chamber (a Trans-blot cell) with the nitrocellulose sheet towards the 
anode. The chamber contained about 3 litres of 30mM phosphate buffer
PH6.3. Electrophoresis vras run at 13 volts for 20-22 hr at room tem
perature .

3.1 .3 /b. Detection of protein on nitrocellulose by staining 
with amido black.
After blotting, the nitrocellulose sheet was stained in 

0.1% amido black (in 30% methanol containing 10% acetic acid) for 10 
to 13 min and destained in 30% methanol containing 10% acetic acid 
until a clear background was obtained. This method was adapted from 
the procedure of Schaffner and Weissmann (1973)•

3.1.3 . c. Immunological detection of antigen on nitrocellulose 
using peroxidase-conjugated anti-human IgG.

Pretreatment and storage of nitrocellulose sheet containing immobilized 
polypeptides.

Gelatin, BSA, tween 20 and casein, (all in 30mM Tris-HGl 
pH7.4 containing 0.9% NaGl)were tested for theiir efficiences in pre
venting the non-specific binding of antibody and other proteins to the 
nitrocellulose paper. Gasein, BSA, and tween 20 gave a clear back- 
grWnd, and the sensitivity in detecting the immune complex on casein 
and BSA treated nitrocellulose sheets was higher than tween-20 treated 
sheets. Using casein was an economical method, therefore, 1% casein 
(in 30mM Tris-HGl pH?.4 containing 0.9% NaCl or in PBS) was used in 
all the incubation and washing steps to prevent non-specific binding.
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The nitrocellulose sheet was treated in 1% casein in P3S 
for at least 4 hr at 37°C or overnight at room temperature before 
processing for immunological detection or storage.

For storage, the sheet was briefly rinsed in PBS and 
blotted dry between 2 sheets of 3 filter paper under a stack of 
paper towels for about 30 min. The dried nitrocellulose sheets sand
wiched between the 3 mm filter paper, was ivrapped in aluminium 
foil, sealed in a plastic bag and stored at -yO°S. This is similar 
to the method used by Lin and Karamatsu (1983).

Detection of antigen-antibody complex using perioxldase-conjugated 
anti-human IgG.

The pretreated-nitrocellulose sheet, which contained anti
gen, was thawed briefly and soaked in 1% casein in PBS for 10 min at 
37°C. This nitrocellulose sheet was incubated with the antibody IgG 
fraction (lOiirtg/ml) (diluted to 1 in 230 with 1% casein in PBS) for 1 day 
at room temperature. The nitrocellulose sheet was then washed with 
1% casein in PBS for 30 min (;d.th 3 changes of buffer) and incubations 
continued with a 1/1000 dilution of perioxidase conjugated anti-human 
IgG in 1% casein in PBS overnight, at room temperature. The sheet 
was then washed for 30 min as described before. The sheet was briefly 
washed in 30mM Tris-HGl pH7»3 containing 0.9% NaCl and put into a fresh
ly prepared . solution of 0.06% (w/v) of 4-chloro-l-naphthol contain
ing 0.01% HgOg in 30mM Tris-HGl-saline,pH?.3.After about 3-10 min,dark 
blue or purple bands were seen. The reaction was terminated by 
washing with H^O. The blots were stored and protected from light 
before taking a photograph. This procedure was adapted from the method 
of Mason and Sammons (19?8).
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3.2. Results.

3 .2 .1 . Specificity and concentration of IgG solution from normal
individuals and SLE patients.

Serum samples were obtained from clearly diagnosed SLE 
patients with autoantibodies of known specificity as determined by 
immunodiffusion and counterimmunoelctrophoresis. Serum samples were 
provided by Dr. P.Maddison and Dr.P.Skinner, the Royal National Hospital 
for Rheumatic Diseases, Bath. The sera were divided into 8 groups 
according to their ANA specificity and IgG fractions were prepared.

The specificity of some sera and all IgG fractions from 
both normal and SLE patients was again checked by immunodiffusion 
(Ouchterlony), radio-immunoassay, and enzyme-linked immunosorbant assay 
(ELISA). The results are summarized in Table 3*1• Some of these 
IgG fractions from SLE patients were prepared and identified by Mr.J.R. 
Dobson in this department. In all assays, normal serum or IgG fraction 
was used as a control.

The specificity of the ANA (both serum and IgG fraction) 
was checked by immunodiffusion analysis (Ouchterlony, 1938). Human 
spleen extract gave precipitin lines with anti-Ro - and anti-Sm-anti- 
bodies while calf thymus extract was used with anti-La - and anti-n 
RNP -antibodies. Positive tests were compared to the knom anti-serum 
which was used as a standard. All of serum and IgG fractions from nor
mal individuals gave negative tests, no precipitin line with either 
calf thymus extract or human spleen extract. To identify antibody, 
radiq-immunoassays were used and all of 3 samples (igG fractions) 
gave positive tests.

The ELISA was also used to check the specificity of 
antiLa- antiRo- and antiDNA- antibodies. Both serum and IgG frac
tion were used and samples from normal individuals were used as con
trols. For antiRo , all sera samples gave positive tests while only
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4 out of 9 IgG samples showed positive tests and three gave absorbances 
slightly higher than control while the rest were considered to give a 
negative test. These results were different from the immunodiffusion 
assay and this might be due to the antigen Ro which was used to coat 
the wells and bind to anti Ro-antibody in ELISA. Two out of five 
samples from SLE patients containing anti DNA-antibody showed low 
positive tests in the ELISA assay their absorbance was slightly higher 
than control. The reason of this result was not clearly understood 
but it is suggested that it might be related to the amount of specific 
ANA in each sample, the purity of antigen and the specificity of assay.

The concentration of IgG solution was determined by using 
either absorbance value at 280nm or Lowry's method and the results 
are shown in Table 5*1•

5.2.2. Effect of ANAs on TMV RNA translation in rabbit reticu
locyte lysate cell-free systems

5.2.2.a. Effect of concentration of ANA and incubation time on 
TMV RNA translation.
The optimization of ANA concentration and incubation time 

were investigated. IgG solutions of various concentrations from nor
mal and SLE patients were added to the reaction mixture before start
ing the incubation at 30°C. The incorporation of ^%-Met into TMV
protein was determined after 60 min of incubation. The incorporation 

35of S-Met decreased proportionately with increasing ANA concentration 
up to 0.2pg/ul (Fig.5.I.a.) At a concentration of O.^gANA/pl reaction 
mixture, the antiDNA (F.Jonas) and antiRo (C.Frayne) gave the high
est inhibition, about 95%, while antiLa (Buffalo) gave only 36.6% 
inhibition and 6.5% inhibition was given by antiRo/La (S.Jone).
For other ANA samples, a concentration of 0.2pg/ul reaction mixture 
was used to investigate the effect of ANA on TMV RNA translation.



100-

co

25-

0.05
IgG added (Aig/̂ Jl)

Fig. 5.1. The effect of ANAson 
translation of TMV RNA in rabbit 
reticulocyte lysate cell-free 
system.

a) The effect of various concen
trations of ANAson TMV protein 
synthesis. Inhibition by ANAS 
was compared to normal IgG at 
60 min incubation. antiDNA 
C Jonas)(<•---«) ; antiRo(Frayne) 
(*— *) ', antiLa(Buf falo) (o — o) ; 
and antiRo/La( S. Jone) .
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b) Effect of ANAs(0.2Aig/iil) on translation of TMV RNA. The reaction mixture 
was incubated at 30°C with H-Phe and all the points were the average of 
^H-Phe incorporation. The fluorogram of these translation products is 
shown in Fig.5.2.a. no I gG(*---̂ ) ; normal IgG(Mullen)(*— *) ; antiRo(Frayne)
(. — ;antiLa(Buffalo)(* —  ♦) ; ant iRNP( Burness ) (® —  o) ̂ and antiRo/La(M. Jone)(®---o)

35c) Time-course experiment of TMV RNA directed incorporation of S-Met in 
the absence and presence of IgG from normal and SLE patients at concn, of
0.2pg/ul. no I g G ( ^ - ; normal IgG( Mul len ) ; ant iRo/La( Burnett )(«*---o) ;
antiLa(Buf falo) C*— ♦) : and antiRo( Frayne) (• —  •) ,
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1 3'5The radio Labelled amino acids 'H-Phe and 3-Met, were 

used in translation of TMV RNA in the presence of ANAs and it was found 

that the inhibitory effect was not related to precursor used; for 

example anti Ro (Frayne) at a concentration of 0.2pg/pl reaction mix

ture gave 95.62/0 inhibition with ^^S-het and inhibition with

^H-Phe (Fig j.l.b. and j.l.c.). Because a high specific activity
35was required for ge’ analysis, we have chosen S-Met for studying the 

the effect of ANAs on TMV RNA translation.
The time course of incorporation was studied in this ex

periment. With AI'JA sajiples that have inhibitory effect on TMV RNA

translation, lower incorporation of radioactivity into protein was 

shown immediately with only slightly increased incorporation up to 

15 min. After min of incubation, the incorporation tended to 

slow down and Level off until 90 min (Fig. j.l.b.). The incubation 

time of 30 and 60 min was used to test the rest of the ANA samples.
Only the most inhibitory samples were repeated in time-course exper
iments.

5.2.2.b. Analysis of translation products on SDS-PAGE.

To determine which TMV protein was inhibited in the pre

sence of ANA during translation of TMV RNA in reticulocyte lysate, 

the translation products are further analyzed on SDS-PAGE. The 

samples were loaded on to a gel with the same volume of reaction mixt

ure in each well and the protein patterns were detected by fluorography.

The gel patterns of TMV protein were the same whether lab

elling was with ^H-Phe or ^^S-Met (Fig.5.2.a.lane 2 and 3 and Fig.
5.2.b. lane 1 and 2, respectively). Two major proteins at M.'ls

of ?6k and II6K,as well as several protein bands at lower M.Is of about 
BO-9OK,60-?0K 515-55K and 3G-40K were sho'-n. The protein pattern and



Fig. 5.2. Effect of ANAson TMV RNA translation in rabbit reticul
ocyte lysate cell-free system. Fluorographic pattern of translation
product separated on 5-15% SDS-PAGE after 90 rain incubation with
3 - 35H-Phe (a) or 60 rain incubation with S-Met (b-d).

(a) (b)
lane 1 control without mRNA lane 1 added normal IgG(W.M);0.2pg/pl

2 added H^O 2 " (W.M);0.1 "
3 " normal IgG(W.M) 3 antiLa(Buffalo) ;0 2
4 ” antiRo/La(Davis) 4 " (Buffalo);0.1 "

5 " antiLa(Buffalo) 5 " (Buffalo);0.05 "

6 " antiRoCFrayne) 6 antiRo( Frayne) ;0..1 "

7 " antiRNP(Burness) 7 ” (Frayne);0.05 "
8 ” antiSm(Hodges) 8 antiRo/La(S.Jone);0.2"
9 " ant iRo/La(M.Jone) 9 antiRo/La(Burnett); 0.2”
10 " standard proteins: 

Ç-BSA; C-RNase;and
C-trypsin inhibitor. Exposure: 21,000-100,000 cpra;

2 days; -70°C.
Exposure: 2,000-50,000 cpra;

20 days; -70°C.
(d)
Normal IgG and ANAs were added tothe 

(g) reaction mixture at concn, of
Normal IgG and ANAswere added to the 0.2
reaction mixture at concn. of lane 1
0.2 pg/pl. ” 2
lane 1: added normal IgG(W.M)

” 3
" 2 : ” antiRo(Clement)

" 4
" 3: ” antiSra /Ro(Pryce)

” 5
” 4: ” ant iRNP(Swindell)

” 6
" 5: ” antiRNP(Carter)

” 7
" 6 : normal IgGfW.M)

" 8
7: ” antiRNP(Windsor)

" 9.. g. antiSm/RNP(Summes)
” 10

” 9: antiDNA(Holraan)
” 11

" 10: antiDNA(Hildea A)
” 12

Exposure: 200, 000-300,000 cpra;
Iday o-70 C.

added normal IgG(K.O) 
antiRo(Miller) 
antlRo(Ashman) 
antiRo(Ravenhill) 
antiRo(Cuff) 
antIRoCCillard) 
antiRo(Clement) 
normal IgG(NG) 
ant iRo/La(M.Jone) 
antiRo/La(S.Jone) 
antiRo/La(Rydor) 
antiRo/La(S.Jone)

Exposure: 100,000- 300,000 cpra; 
2 days; -70°C
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the amount of protein synthesized .ere the same when P3S or normal IgG 
solutions were added to the reaction mixture (Fig.5.P.a. lane 2 
and 3)» therefore, we used the translation product in the presence 
of normal IgG as a control.

From fluorograms of SDS-PAGE of TMV protein synthesized 
in the presence of normal IgG and ANAs(Fig.5.2.a,b,c, and d) it was 
found that the inhibitory effect of ANAs was not restricted to any specific 
protein. All types of proteins were synthesized in smaller amounts 
when the inhibition by ANAs was shown. Pith antiRo (Frayne) which 
gave about 93% inhibition, there was no protein synthesis. This 
result was the same as using translation products without exogeneous 
mRNA (Fig. 5*2.a, lane 6 and lane 1, respectively). Protein was 
synthesized at lower M.V. (less than 65K) in sample antiRo (Frayne), 
which gave about 7̂ '% inhibition and nearly all sizes of protein were 
synthesized (except 176K) in sample antiRo (Frayne) which gave 
about 32% inhibition (Fig.5.2.b. lane 6 and 7,respectively). Be
cause protein at M.H.I.76K was synthesized in smaller amount than other 
proteins at M.W. of 116k or less than 116k, it seemed to be most aff
ected by ANAs which gave an inhibitory effect on TMV RNA translation..
With antiLa (Buffalo) which gave about 36^ inhibition, there was 
no synthesized protein at M.W. of I76K (Fig.5.2.a. lane 5 and Fig.
5.2.b. lane 3)«

The gel pattern was the same as ANA-free controls when there 
was no effect on protein synthesis,.such as antiRNP (Burness), antiSm 
(Hodges), antiRo/La (Burnett) and antiRo (Miller, Ashman, Ravenhill)
(Fig.5 .2.a.lane 7 and 8, Fig.5.2.b. lane 9 and Fig.5.2.d. lane 2-4, 
respectively).



Table 5.2, Percent inhibition of ANAs on TMV protein synthesis 
in rabbit reticulocyte lysate cell-free system.

Specificity / Name Amount of IgG 
(pg/pl)

% Inhibition
at 30 min at 60 min

I . Normal
1. W,Mullen
2 . K .Ounarom
3. W.Y.NG
4. M.El-Naggar
5. K.Thompson
6 . Me. Keowan
7. S.F.Chai
8 . Mrs,M
9. Miss
10. B.Al-Ibrahim

II. AntiLa
1. Buffalo

2. S.Savory
3. Knowland

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.1
0.05
0.2
0.2

-26.79il0.40 -15.63±4.60
-0.49il8.70 5.20±9.96

-22.10i26.15 -6.97i9.89
5.96 -18.70

-17.90il4.70 -6.60±3.80
-22.55±5.86 -18,84±8.60
-8.40i4.67 9.98il0.50

-19.95±4.45 6.59±6.36
-12.75i2.33 12.35ill.50

0.12 2.86
-12.48ill.27 -2.98ill.94

17.88i22.08
7.llilO.32
21.0 
N.D 
N.D

36.60i8.39
20.80i0.71

9.7
-5.7

-13.5

III. AntiRo
1. C.Frayne

2. N.Gillard
3. D.Clement
4. N.Gillard*
5. D.Clement*
6 . M.Miller
7. Huggill
8 . E.Ashman
9. T.Charles
10. Ravenhill
11. N.Cuff

0.2
0.1
0.05
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

95.02i3.04
78.5
43.3

6.90i5.32
0.83il3.34 
-7.65i3.32 
-4.02i5.49
-11.80i2.26

-9.8
3.3
2.0

5.80i7.49
13.80i6.08

95.62i2.07
74.0 
52.3

ll.40il3.56
0.90il4.4 
7.85±7.0
2.35il.9 

-4.15i7.99
3.3
5.3
5.6

11.18i4.41
26.15il.34

IV. AntiSm/Ro 
1. M.Pryce 0.2 -11.50 -16.10



Table 5.2.(continued)

Specificity / Name

V. AntiRo/La
1. S.Davis
2. M.Jone
3. S .Jone
4. P.Burnett
5. M.Rydor

VI. AntiRNP
1 . E.Swindell
2. M.Windsor
3. R.Carter
4. Johanna
5. A.Key
6 . M.Fry
7. E.Burness

VII. AntiSm/RNP 
1 . P .Summes

VIII. AntiSm
1. P.Higginson
2. V.Norton
3. R.Hodges

IX. AntiDNA
1. M.Holman
2. P.Plummer
3. J.Hildea A
4. J.Hildea B
5. F.Jonas

Amount of IgG 
(ug/pl)

0.2
0.2
0.2
0.2 
0.2

0.2
0.2
0.2
0.2
0.2 
0.2
0.2

0,2

0.2
0.2 
0.2

0.2
0.2
0.2
0.2
0.2
0.1

Inhibition
at 30 min

6.73 
20.20±10.6 
7.56±10.87 

N.D
12. 90

1.93±11.1 
4.79±6.65 
“6.6 

-22.5
10.9
6.1 

-16.1

10,85±9.54

12.95i3.75
16.55i0.07

-19.4

20.47i9.50 
-7.17i22.6 
32.85i3.88 

-3.8
95.llil.78 

95.1

at 60 min

2.78
10.35i7.42
10. 90±2. 75 

-5.70 
-8.50

8.30i8.11
4.45il5.06

5.3 
-6.8 
-0.89
4.3 

-23.4

22.25i6.69

16.75i2.05
30.85il0.43

9.0

19.61il2.64 
6.56il0.86 

39.35i4.45 
-6.7 

96.26il.21
95.9

Note; The negative values of % inhibition represent stimulation 
of incorporation of radioactivity.
N.D = not determined.
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5 .2.2.C. The inhibitory effect of ANAs on translation of TMV RNA.
36 ANA samples from 8 groups for SbS patients ani 10 

samples of IgG fractions from normal human serum were used to study 
their effects on TMV RNA translation. The inhibition index of ANAs 
was quoted as the percent inhibition compared to normal IgG at 30 

and 60 min of incubation while for normal IgG, this value was compared 
to just PBS or HgO in the reaction mixture.

The average values of percent inhibitions of ANAs relative 
to normal IgG.and percentage inhibitions of normal IgGs were calculated 
and are summarized in Table 3*2 and Fig.5.3*

Normal IgG samples showed a slight effect on TMV RNA 
translation in terms of radioactivity incorporation when compared to 
controls without any IgG solution in the reaction mixture. The mean 
value of protein inhibition was -12.48 ± 11.27% and -2.98 ±  11.94;b 
at 30 and 60 min of incubation, respectively, representing a slight 
increase in incorporation.

The inhibition of TMV RNA translation did not relate 
to any individual type of ANA; for example,with antiRo, 4 samples 
out of 9 gave inhibition higher than 10^ and only one of these samp
les gave very high inhibition, about 95%» For antiSm and antiDNA 
most of the samples had an effect on TMV RNA translation and the 
inhibition varied from 6% to 9^%* Only one sample of antiLa gave 
any inhibition of approximately There was no inhibition or
very low inhibition of TMV protein synthesis {j% to lO^J by anti 
Ro/La and antiRNP groups.

5-2.2.d. Effect of salt concentration on TT-IV RNA translation.
All IgG samples of normal individuals and SLE patients 

were in PBS solution and were diluted v.ith H^G to the required con-
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]' able 5.3. Effect of PDS on translation o I t'MV RNA and 
comparison of inhibitory effect of ANAs onconductivity.

Specificity / Name % Inhibition 
at 60 min

Conductivity 
(pmho)

10. 5 jLiM PBS
38.0 juM PBS
84.0 JLiM PBS
210.0 juM PBS
420.0 AiM PBS

0. 56 
-3 . 60 
16.60 
54.3 
90.6

3 . 8 
7.2 

12 .2 
27.5 
52.0

I . Normal
1. W.Mullen
2. K.Ounarom
3. W.Y.NG

-15.63*4.6
5.20±9.96

-6.97±9.89

4.08±1.09
4.3
4.8

11. AntiLa 
1. Buffalo 36.6018.39 2.4410.06

III. AntiRo
1. C.Frayne
2. N.Grillard
3. D.Clement

95.62±2.07 
11.40113.56 
0.90114.4

5.3312.74
4.5
5.0

IV. AntiSm/Ro 
1. M.Pryce -16.10 9.0

V. AntiRo/La
1. S.Jone
2. M.Jone
3. M.Rydor

10.9012.75 
10.3517.42 

-8.5

4.65
5.0
4.5

VI. AntiRNP
1. E.Swindell
2. M.Windsor
3. R.Carter
4. Johanna
5. A.Key
6 . M.Fry

8.3018.11
4.45115.06

5.3 
-6.8 
-0.89
4.3

4.7811.45
4.9810.6

4.25
5.0
4.8
6.5

VII. AntiSm/RNP 
1. P.Summes 22.251 6.69 8.9513.46

VIII. AntiSm
1. P.Higginson
2. V.Norton

16.75i2.05 
30.85110.43

7.7
6.0

IX. AntiDNA
1. M.Holman
2. P.Plummer
3. J.Hildea A
4. J.Hildea B
5. F.Jonas

19.61112.64 
6.56110.86 

39.3514.45 
-6.7 

96.2611.21

3.8810.03
4.4810.74
7.9510.64

5.5
6.5

Note : The negative values of % inhibition represent
stimulation of incorporation of radioactivity



- i65 -

centration (l . The PBS solution at a concentration of 0. ] _$I'l,
contained Nail, KCl, KH^PO^ and Na^HPO^. Translation of mRNA in 
rabbit reticulocyte lysate cell-free systems is dependent on salt con
centration. At high concentrations of Mg^^ salts, K"*" salts, or Cl 
salts, the radioactivity incorporation vas significantly reduced as 
shown by Weber et al.(1977), Suzuki (1977 and I981) and Bhargava (1983) 

We have proved that the inhibitory effect of some ANA 
samples on TMV translation in this cell-free system was not a result 
of salt concentration by testing the effect of PBS at various concen
tration on TMV protein synthesis and comparing the present inhibition 
to amount of salt (conductivity value). The conductivity of most 
of the IgG solutions from normal and SLE patient which were used to 
test the inhibitory effect on TMV RNA translation was also determined. 
These conductivity values of the IgG samples and PBS samples were 
compared to their percent inhibition as presented in Table 5*3 and
Fig. 3 .4.a. On varying the PBS concentration (lO.^hM to 420pM), the

35incorporation of S-Met was decreased at higher concentration of PBS. 
The percent inhibition with these PBS samples was compared to the 
effect of adding H^O to the reaction mixture. At low concentration 
of PBS (l0.3pM - 38pM) or at conductivity less than 8pmho, there v;as 
no effect on TMV RNA translation (-3.6 to 0.3^% inhibition). The 
inhibition increased to 90.6^ when PBS was added at a concentration 
of 420juM, or conductivity of 32pmho, in the reaction mixture. There
fore, PBS concentration did have an inhibitory effect on TMV RNA tran
slation (Fig. 3.4.a.) As shown in(Pig.3.4.aand Table 5*3» most of 
the IgG samples from both normal and SLE patient had conductivity 
values less than 9.0pmho. The ANAs which gave high percentage inhib
ition, such as antlRo (C.Frayne) and antiDNA (F.Jonas) had conduct

ivity of 3"33 and 6.3/Jmho, respectively. Therefore, the inhibitory
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effect of AiiAs on TÎ’iV translation should not be due to PBS concen

tration.

Phosphate buffer v:as also tested for effects on TMV RNA 
translation and it was found that the inhibitory effect depended on 
the concentration of phosphate buffer. At l.SlmM of phosphate buffer, 
there was no effect on protein synthesis and the percent inhibition 
was increased to approximately and 85I0 at concentrations of 3.63mM 
and 9.O91RM in the reaction mixture, respectively. Calf thymus DNA 
and BSA at concentrations of 0.003 ^260 and 0.2jig/ul of
reaction mixture, respectively, showed no effect on TMV RNA trans
lation in reticulocyte lysate.

A fluorogram of SDS-PAGE of these translation products is 
shovm in Fig.3.4.b. At high percentage inhibition, due to 420^1 PBS 
or 9*09inl'l phosphate buffer, there was no protein .synthesis (Fig.3.4.b. 
lane 10 and 12, respectively). The protein was synthesized at low 
M.'^ where there was lower inhibition (Fig.3.4.b. lane 9 and ll).
The gel patterns were the same as controls in samples which gave no 
inhibitory effect on TMV RNA translation (Fig.3.4.b. lane 2-4,6 and 8).

The inhibitory effect of ANAs on TMV RNA translation was 
confirmed to depend on the amount of IgG added, and to be independent 
of PBS concentration by the experiment using IgG solution from both 
normal and SLE patient diluted to optimal concentration with PBS 
solution. All of the IgG samples had different amounts of IgG but 
the amounts of PBS were nearly the same as shovm by conductivity 
value (Fig.3 .3 .a.). For normal IgG at different concentrations in
the reaction mixture (C.02 to 0.2pg/pl), the incorporation of -̂̂ S-Met
is slightly changed so we used the mean value of these incorporations

33of S-Met to calculate the percent inhibition by ANA samples, 

hen adding ANAs at various concentrations into reaction mixture, all
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the ANA samples antiRo(Frayne), antiDNA (jonasj, anti;a (Buffalo) 
and antiSm (Higginson) showed that the percentage inhibition ’:as 
dependent on the concentration of IgG (Fig.3*5*a.)•

The translation products ere further analysed on SDS-PAGE 
and the fluorogram is shovm in Fig 3*3*b. The amount of protein syn
thesized was related to percent inhibition and all sizes of proteins 
were synthesized in reduced amount. There was no protein synthesis
at high percent inhibition (Fig. 3*3*b, lane 4 and I3). At low
percent inhibition, the protein band at M.’h of I76K was not seen 
(Fig.3 .3.6 , lane 6, 7, and 13).

3.2.2.e. Comparison of inhibition of T M  RNA translation by ANAs
and other protein synthesis inhibitors.

The protein inhibitors aurin tricarboxylic acid and cyclo- 
heximide were used in this experiment. Aurin tricarboxylic acid 
is known to inhibit initiation of protein synthesis in cell-free 
systems by preventing attachment of mRNA to ribosomes and subunits of 
both pro-and eukaryotes (Mathews,1971)• Gycloheximide inhibits 
the release of tRNA and the movement of the ribosome on mRNA template, 
therefore, the translation sttep is stopped (Chan et al,,1973) • Bath
urst and Smith (1982) have used these protein synthesis inhibitors 
to compare the mechanism of inhibitory action on protein synthesis 
by small nuclear RNAs. The mode of action of ANAs on TMV RNA trans
lation was investigated by comparing their action in a time-course 
experiment with that of the known protein synthesis inhibitors, cyclo- 
he:cimide and aurin tricarboxylic acid. After 10 min of incubation, 
ANAs and protein synthesis inhibitors were added to the reaction mix
ture to give a final concentration of 0.2pg/ul and 30pM , respectively 
and the kinetics of inhibition was determined until 60 min of incuba
tion. The result is shown in Fig.3.6.a. and 3*6.b.
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mixtures at a final concentration of 0 .2jjg/jjl and 50pM ; 
respective I y.
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The effect of antiRo (Frayne) and ■: ntiDNA (Jonas) was
■35similar to cycloheximide, the incorporation of S-Met into protein 

was immediately inhibited. This inhibition occured at the level of 
elongation, whereas the inhibition by aurin tricarboxylic acid was 
at the initiation step. The results demonstrate that antiLa 
(Buffalo), antiRo (Guff), antiDNA (Milder A.), antiSm/RNP(Summes) 
and antiRo/la (S.Jone) gave a curve which mimicked aurin tricarboxylic 
acid in which the inhibition of incorporation of radioactivity occured 
after a lag period of 15 to 20 min of incubation (Fig 5.6.a. and j.6.b.).

The results were confirmed by analysis of translation 
products on SDS-PAGE and the fluorograms are shown in Fig.5*6.0 . and 
5.6.d. When inhibition was at the elongation step, protein at M.W. 
higher than 7OK was not synthesized and low M.protein was synthesized 
in smaller amounts in the sample which gave inhibition at initiation 
step (Fig.5.6.c. lane 5-7» 5*6.d. lane 5 and 6 and Fig. 5.6.0 . lane 
4 and 8, 5*6.d. lane 3,4, and 12,.respectively). For antiLa (Buffalo), 
the protein bands at M.O. less than 32K were more intense than with 
aurin tricarboxylic acid, but less protein at M.I7. of 1?6Kwas synthe
sized. (Fig. 5.6.C. lane 3, 4, 8 and 9).

5.2.2.f. Effect of specific antiRo-and antiLa -antibodies on
TMV RNA translation.
Specific antiRo- and antiLa- antibodies were purified 

by using antigen Ho-and antigen La-Sepharose 4b affinity chroma
tography, respectively.

IgG solution of antiRo (C.Frayne, about 2mg), was applied 
to antigen Ro-Sepharose 4b column. The unbound fraction was washed 
with PBS and collected into 4 fractions and the bound fraction was 
eluted wdth guanidine-HJ] buffer, collected into 3 fractions and 
immediately dialysed against PBS overnight. The specificity of
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antiRo ”as tested by Ej_I3A and it was found that both bound and un
bound fractions had lost their Ro specificity (Fig. ^.7.a..). These 
fractions were tested for the inhibitory effect on TMV RNA translation 
in rabbit reticulocyte lysate and it ’-as found that there was a low 
inhibition, about 6-183 for the unbound fraction number 1 and 2 at 
the concentration of 0.8-2.2pg in lljul reaction mixture and this inhi
bition '-as increased to ll-32;o for bound fraction at concentrations 
of 0.38-l.C4pg in llpl of reaction mixture. Before passing through 
the column this antiRo (C.Frayne) gave 93-94^ inhibition and 74;-o 
inhibition at the concentrations of 2.2;ig and l.lpg/llpl reaction 
mixture, respectively.

Specific antiLa was purified from antiLa (Buffalo) IgG 
solution by affinity chromatography, the same procedure as antiRo.
The unbound fraction (no 1-2) and bound fraction (no l-3)were tested 
for antiLa activity by ELISA and it vïas found that both bound and 
unbound fractions still had antiLa specificity but the absorbance at 
405 nm vras less than the initial antiLa (Buffalo) IgG preparation 
(Fig.5 .7.b.). This might be due to the overloading of the column 
which meant that the column could not bind all of the antiLa. On 
testing for inhibitory effect on TMV RNA translation in rabbit reticu
locyte lysate, the unbound fraction had low percent inhibition (about 
G%) at a concentration of 2.2pg in 11^1 reaction mixture while the 
bound fraction gave higher inhibition, l6-l8^ at concentrations of 0.22* 
0.37pg in ll;ul reaction mixture. The inhibition was higher than 
antiLa. (Buffalo) before passing through the column, which had 38:0 

inhibition at the concentration of 2.2pg in ll̂ ul reaction mixture.
This result showed that the inhibitory effect of ANAs on TMV RNA 
translation might be related to specific antiLa. In contrast, the 
unbound fraction, which had nearly the same specificity (by ELISA
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Table 5.4. Percent inhibition of globin synthesis by ANAs in reticulocyte lysate.

Specificity / Name

I. Normal
1. K.Ounarom
2. W.Y.NG
3. M.El-Naggar
4. K.Thompson
5. Mc.Keowan
6. S.F.Chai
7. Mrs.M
8. Miss
9. B.Al-Ibrahim

II. AntiLa
1. Buffalo
2. S.Savory
3. Knowland
III. AntiRo
1. C.Frayne
2. N.Glllard
3. D.Clement
4. M.Miller
5. Huggill
6. £.Ashman
7. T.Charles 
B. Ravenhill 
9. N.Cuff
IV. AntiSm/Ro 
1. M.Pryce
V. AntiRo/La
1. S.Davis
2. M.Jone
3. S.Jone
4. P.Burnett
5. M.Rydor
VI. AntiRNP
1. E,Swindell
2. M.Windsor
3. R.Carter
4. Johanna
5. A.Key
6. M.Fry
7. E.Burness
VII. AntiSm/RNP 
1. P.Summes 
VII. AntiSm
1. P.Higginson
2. V.Norton
3. R.Hodges
IX. AntiDNA
1.2.
3.
4.
5.

M.Holman 
P.Plummer 
J.Hildea A 
J.Hildea B 
F.Jonas

Amount of IgG 
(*ig/;al)

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.2

0.2
0.2
0.2

0.2
0.2
0.20.20.20.20.20.20.2

0.2

0.20.20.20.2
0.2

0.20.20.20.2
0.2
0.2
0.2

0.2

0.2
0.20.2

0.20.20.20.20.2

% Inhibition
at 30 min

10.26
-34.22

7.08
2.37

-12.43
8.28
5.28

-7.76
3.68

-0.22±14.39

10.48
26.08
-1.29

94.11
-3.80
19.66
18.64
-0.76
8.20
-5.69
30.86
13.84

8.47

-2.44
15.66
3.48

36.59
-8.67

1.22
-2.29
-0.54
1.45
7.23

-17.12
-15.11

21.32

5.09
17.84
-1.19

20.47
6.03
8.91

-44.66
91.18

at 60 min

12.14
-8.97
-7.4
-23.08
-18.19
14.99
8.17

-7.10
-4.50

-3.77±13.14

23.49
15.83
-7.33

98.0
-2.18
10.46
15.03
4.69

-4.52
-11.56
30.93
29.22

-17.18

2.17
23.54
17.12
36.88
-6.50

20.65
6.74

-3.92
-2.36
-11.79
-8.38
-20.17

20.93

8.20
28.44

- 11.11

11.06
8.06

19.88
-24.79
95.75

Note; The negative values of % inhibition represent stimulation 
of incorporation of radioactivity.
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test) , showed less inhibitory effect on TMV r:MA translation than 

bound fraction. Therefore,the effect of /MlAs on TMV RNA translation 

is still unclear.

j.2.3. Effect of ANAs on translation of various RNA templates
in rabbit reticulocyte lysate cell-free systems.

5 .2.3«a. The effect of ANAs on translation of globin mRNA.
38 ANA samples from SbE patients and 10 samples of IgG 

from normal individuals were used in this experiment. Some of these 
Ai'îAs inhibited globin mRNA translation in reticulocyte lysate as shown by 
determination of the incorporation of radioactivity after incubation for30 

and 60 min in the presence of ANAs. For normal IgG samples the inhi
bition was compared to reaction mixtures without IgG as in the experi
ment with TMV RNA. The effect of normal IgG (lO samples) gave the 
mean value of inhibition of -0.22±l4.39^ and -3.77 i 13.1^^ at 30 min 
and 60 min incubation, respectively.

For ANA samples, it appeared that inhibition of globin 
synthesis did not relate to any particular type of antibodies; in the 
case of antiRo-and antlRNA-antibodies, only one sample in each group 
gave very high inhibition (93% at concentration of 2,2pg in llpl reac
tion mixture). Most ANA samples showed similar inhibition to their 
effects on TMV RNA translation, except that some ANA samples gave 
slightly higher or lower percentage inhibition. All of these results 
are summarized and shown in Table 3A  and Fig.3 .8.

For gel anlysis, both gradient 3-13% 3DS-PAG and 10^
SDS-PAG were used to separate translation products and fluorograms are 
shown in Fig.3.9.a, b, c, and d. The major product was globin protein 
at M.N. of about I3K and some higher M.N. proteins (about 63K, 48%,
28k, and 21K) were also synthesized. The protein pattern on 3-13,0 

SDS-PAGE showed more protein bands than 10% SDS-PAGE, including 68K



# %

a.

CH

Cl

CH i_n 
• X  —

et

CH

m

o  r n

CD

«H o
O 3 r4 d

t—4 r4 o
c CO c •H
o > 4->

•H CO
+J d X
(0 CO 3

1—1 m ü
CO B d
C •H
(0 0)
k X 01 SH

4-» Eh CO O

d d d
•H > •H

G 0 G
m d> X
a ■P 01 O
3 01 CD
O 01

01 •H P»
bO CO
n o
3 01 01 (D
0) P Q) P

«H rH (D
M 1 a >
3 rH G
CO CO Ü

Q) 01 bO
■p Ü
d O
(D <D rH iH
k P> (0
<D CO G

«H 01 CD P
«H >» bO O
•H r4 d
Xi

(D iH "O
E ■P CO d
0 > . G CO
P Ü P V)

«H O O <
(A rH d 'Z

< 3 <
% ü p
< •H o X

■P «H -P
(D O

JD P d X
o

d -P •H p
o tH ■P o

•H X t CO «H
4-> X
•H CO > 01
£l P <D 01
•H TJ 3
x : d 1-4
d "r4 •O CO

P >
O  + < CO
° d % 73 d

o g d o
(0 a ta •H

•H ■p +>
p d 01 •H
CO *r4 X
a X2 X v4
a O -p X
o r 4 •H d
ü bO i4

(%) uoTïBjodJoouT jo uo%i%q%yui



Fig. 5.9. Analysis of the translation products of globin mRNA in 
reticulocyte lysate with IgG from normal and SLE patients by SDS- 
PAGE and followed by autoradiography (a) and fluorography (b-d).
a and b were 5-15% SDS-PAGE while c and d were 10% SDS-PAGE

( a)
lane 1: control without mRNA

(b)
lane 1: added normal IgG(NG)

” 2: added H^O " 2: normal IgG(M.N)
” 3: " normal IgG(W.M);0 2pg/pl. " 3: antiRo(Frayne)
M 4 . ” (W.M);0.1 " ” 4: M antiRo(Ravenhill)
" 5: antiLa(Buffalo);0 2 ” " 5: ft antiRo(Cuff)
" 6: " (Buffalo);0.1 ” " 6: I t antiDNA(Jonas)
" 7: " antiRo(Frayne);0.1 " " 7: tt antiDNA(Holman)
" 8: (Frayne);0.05 " " 8:' antism(Norton)
” 9: " antiRo(Davis);0.2 " " 9: antiSm/RNP(Summes)

Exposure: 67,000-260,000 cpm; 
20 days; -70°C.

" 10: 
” 11:

antiRNP(Swindell) 
antiRo/La(M.Jone)

" 12: ” standard proteins 
C-BSA, C-T.I, ^^C-RNa

Exposure : 12,000-250,000 cpm; 
6 days; -70^0

(p)
lane 1: added normal IgG(K.T)

(d)
lane 1 : added normal IgG(NG)

" 2; normal IgG(K.O) " 2: ft normal IgG(M.N)
" 3; " antiRo(Frayne) " 3: ft antiDNA(Jonas)

4: " antiRo(Cuff) " 4: ft antiDNA(Holman)
" 5 : " antiRo(Ravenhill) " 5: ft antiSm(Higginson)
" 6: " antiENA(HildeaA) ” 6: antiSm(Norton)
" 7: ” antiDNA(Plummer) " 7: normal IgG(Miss)
" 8; ” antiRNP(Swindell'> " 8: antiRo(Clement)
•• 9; " antiRNP(Windsor) " 9: ft antiRo(Miller)
" 10: » antiRo/La(S.Jone) ’’ 10: ft antiSm/Ro(Pryce)
” 1 1 : I* antiRo/La(M. Jone) " 11: ft antiRo/La( Davis)
" 12: " standard proteins " 12: ft antiLa(Knowland)

14 14C-BSA, C-T.I 14

Exposure 4,000-96,000 cpm;
4 days; -70 C

C-RNase Exposure; 1,700-43,000 cpm;
5 days; -70°C.

Note ; In (b),(c), and (d), normal IgG and ANAswere added to reaction 
mixture at a concentration of 0.2 pg/pl.
T.I. = trypsin inhibitor
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6r.K, jjK, and which may result from higher radioactivity of 

loaded samples (Fig. 5.9-a, b, and j.Q. c, d, respectively). There 
was no protein synthesis (except protein at H.W. about 47-48K which was 
also seenin areaction mixture without mRNA, Fig. 3*9.a. lane l) at 

high percentage inhibition (Fig. 3*9*a. lane 7» Fig. 3*9*b. lane 3 
and 6, Fig.3.9.c. lane 3 and Fig.3.9.d. lane 3). At lower percen
tage inhibition, globin and other proteins were synthesized in lower 
amount when compared to control with added normal IgG but the result from the 
fluorogram of globin band did not show the difference which might be 
related to high amount of protein synthesized (Fig 3*9.a lane 3» Fig 
3'9.b. lane 4, 3» and 8, Fig.3.9.c. lane 4,6, 11 and Fig. 3*9*d. lane 
3, 6, 8).

3.2.3.b. The effect of ANAs on translation of poly(A)^RNA from
K 562 and NS 1 cells.
68̂  (v/v) lysate was used to translate K362 poly(A)^RNA 

in the presence of ANAs (antiRo (Frayne) and antiLa (Buffalo))at 
concentrations of 0.33 -2.2 ĝ in ,ll;il reaction mixture. Both types 
of ANA showed inhibition of incorporation of radioactivity into protein.
The inhibition was dependent on the concentration of ANAs. For antiRo 

(Frayne), the inhibition was 10.35% and 38.9^ at concentrations of 
0.55P-ë and l.lpg in llpl reaction mixture, respectively. The same 
result was given by adding antiLa (Buffalo) at concentrations of 1.1 

and 2.2pg in llpl reaction mixture; inhibition of 23.4$% and 32.7% was 
obtained.

For NS 1 poly(A) RNA, 60% (v/V) lysate was used. The 
inhibition vas 43^ for antiRo (Frayne) at a concentration of 1 .l_ug in 

ll;il reaction mixture and was only l6.8;̂  for antiLa (Buffalo) at a 
concentration of 2.2pg in lljul. reaction mixture.



Table 5.5. Inhibition by ANAs of translation of poly u inarabbit 
reticulocyte lysate cell-free system.

Specificity / Name Amount of IgG 
(Aig/;ul)

% Inhibition
at 30 min at 60 min

I. Normal
1. W.Mullen
2. K.Ounarom
3. W.Y.NG
4. M.El-Naggar
5. K.Thompson

0.2
0.2
0.2
0.2
0.2

-1.54
-5.29
6.53

-4.72
-16.83

-4.37±7.52

6.32
0.85
5.27

-4.89
-11.29

-0.75±6.59

II. AntiLa
1. Buffalo
2. S.Savory

III. AntiRo
1. C.Frayne
2. N.Glllard
3. Ravenhill
4. N.Cuff

0.2
0.2

0.2
0.2
0.2
0.2

6.86±1.89
-17.13

73.24±4.89
8.43±3.25

8.92
-0.01±5.85

6.58±0.12
-13.40

65.7712.85 
3.24110.32 

0.72 
3.0315.39

IV. AntiRo/La
1. M.Jone
2. S.Jone

0.2
0.2

-6.3611.7
1.2613.36

12.3613.39
11.1615.26

V. AntiRNP
1. E.Swindell
2. M.Windsor

0.2
0.2

-2.1819.62 
3.10

-5.2113.08 
4.02

VI. AntiSm/RNP 
1. P.Summes 0.2 -1.8112.09 4.0215.76

VII. AntiSm
1. P.Higginson
2. V.Norton

0.2
0.2

21.4615.87
9.0611.48

17.9813.55
6.8012.49

VII. AntiDNA
1. M.Holman
2. P.Plummer
3. J.Hildea A
4. F.Jonas

0.2
0.2
0.2
0.2

19.1116.8 
8.37

25.6316.78
67.5311.09

-14.9612.13 
9.46 

16.5410.23 
55.2213.37

Note ; The negative values of % inhibition represent stimulation 
of incorporation of radioactivity.
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3.2.3.c. Translation of poly u affected by ANAs.
The ANAs which showed the inhibitory effect on transla

tion of TMV RNA and globin mRNA, were used to investigate their effect 
on poly u translation. The inhibition by ANAs vas calculated and is 

shown in Table 3*5* Some of the ANA samples shovjed a reduced level 

of inhibition while others showed stimulation. Poly u directed 
H-Phe incorporation in the reticulocyte lysate ^stem was extremely 
sensitive to protein synthesis inhibitors (both cycloheximide and 

aurin tricarboxylic acid), being 85;o inhibited at 20pM.

These results showed that ANAs did not inhibit translation 
of any specific types of RNA. For example, antiRo (Frayne) and 
antiLa (Buffalo) showed inhibition of incorporation of radioactivity 
regardless of the type of RNA whether TMV RNA, globin mRNA, poly(A)^ 
RNA from K562 and NS 1 cells or poly u .

3.2.4. Effect of PBS concentration on translation of globin
mRNA in rabbit reticulocyte lysate and inhibitory 
mechanism of ANAs.

3.2.4.a. Effect of PBS concentration on globin mRNA translation. 

The rabbit reticulocyte lysate translation system for
globin mRNA was sensitive to salt concentration. There was a low 
effect or no inhibition when using PBS at a concentration of 3%iM 
and the inhibition increased vdth increasing salt concentration.

The inhibition of incorporation of radioactivity was 32.34?̂ , 68.36% 
and 91.397  ̂when adding PBS at concentrations of 84, 210 and 420 pM, 
respectively, to the reaction mixture.

The same result was obtained as for TMV RNA translation
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in the reticulocyte lysate system that the inhibition by ANAs was 

not due to changes in salt concentration. This was shown by compar
ing the conductivity of IgG solutions (AI'fA samples) to the inhibition 
obtained (Fig. f. 10. a.). These ANAs and normal IgG were diluted 
with PBS and the inhibition increased at a high concentration of 

ANAs,while normal IgG showed no inhibitory effect at all concentra
tions. AntiDNA (Jonas), antiRo (Frayne), antiLa (Buffalo) and 
antiSm (Higginson) were used and the results are shovm in Fig.3.10.a.
The translation product from this experiment was analyzed on gel 

electrophoresis and the fluorogram is shovm in Fig.3*10.b. In ANA
samples which gave a very high percentage inhibition (70/̂) protein 
at M.W. 48k was synthesized together with quite a lovr amount of 
globin protein (M.W. 13K) (Fig. 3* 10. b. lane 3* 4, 9, and lO).
Higher amounts of globin protein and protein at M.W. of 63K, 48K and 
28K were synthesized in translation products at lower percentage 
inhibition (about 33%) (Fig 3 .10. b. lane 3» 6 , 11, 13 and l4).

3.2.4.b. Inhibition of globin protein synthesis by ANAs
Globin protein synthesis was studied in a time-course 

experiment. ANA(antiLa (Buffalo); antiRo (Frayne); antiDNA (jonas)),

PBS, normal IgG and protein synthesis inhibitors (cycloheximide and aurin 
tricarboxylic acid) were added to the reaction mixture after 10 min 
of incubation to give final concentrations of 0 .2pg/pl and 30pM, 
respectively. The incubation was continued at 30°C and samples of 
the reaction mixture (ipl) were taken out at 13, 20, 30 and 60 min 
for radioactivity determination. The results showed that antiRo and 
antiDNA curves mimicked cycloheximide while antiLa gave a curve which 
mimicked aurin tricarboxylic acid (Fig. 3 . 11. a.). The translation 

products vrere further analyzed on GDS-PAGE and the fluorogram is
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inhibitors were added to reaction mixture at 10 rain 
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Fig. 5.10. b) Fluorogram of translation product from (a).

lane 1 added normal IgG(NG),0,2pg/pl lane 9 added antiDNA (Jonas) ,0.2;ug/pl
2 " (NG),0.1 " 10 (jonas),0.1 "
3 antiRo(Frayne),0.2 " 11 (jonas),0.05 "
4 (Frayne),0.1 " " 12 normal IgG(NG),0.05 "
5 (Frayne),0,05 " " 13 " antiSm(Higginson),0.2"
6 antiLa(Buffalo),0.2 " " 14 " (Higginson),0.1"
7 (Buffalo),0.1 " " 15 (Higginson),0.05"
8 (Buffalo),0.05" " 16 antiRo(Frayne),0.025"

Exposure: 14,000-83,000 cpm; 1-2 days; -70°C.
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Fig. 5.11. b)Fluorographic pattern of 
translation product from (a).

lane 1 
2
3
4
5
6 
7
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normal IgG(K.T) 
antiLa (Buffalo) 
aurin tricarboxylic acid 
eyeloheximide 
antiRo (Frayne) 
antiDNA (Jonas)

Exposure; 29,OtX')-83 ,(X)0 cpm; 1 day; 
-70°C.

1 2 3 : 5 6 1



Table 5.6. Effect of ANAson TMV protein synthesis in wheat germ lysate

Specificity / Name
at 30 min at 60 min at 90 min

I. Normal
1. W.Mulien -7.7 -9.2 -6.4
2. K.Ounarom 13.85 -7.2 -3.15
3. W.Y.NG 8.59 -4.66 -14.98
4. M.El-Naggar 8.5 13.1 3.6
5. K.Thompson 1.3 -0.3 -7.4
6. Me.Keowan 14.8 2.9 11.7
7. S.F.Chai 8.1 10.1 7.7
8 Mrs.M. -0.89 -1.2 15.8
9. Miss -14.16 -10.06 -27.97
10. B.Al-Ibrahim -6.5 -25.6 0.54

2.59±9.77 -3.21±11.03 -2.06*13.03
11. AntiLa
1. Buffalo 24.20±20.6 49.05±3.7 74.35±17.89
2. S.Savory -7.8 -3.1 -9.5
3. Knowland 25.5 28.9 30.8
III. AntiRo
1. C.Frayne 66.70il5.84 73.60i5.66 90.40*1.27
2. N.Grillard 5.1 16.4 20.1
3 D.Clement 31.2 40.0 47.8
4. M.Miller 23.4 -3.2 14.4
5. Huggill -0,41 25.9 15.9
6. E.Ashman 16.7 14.4 21.8
7. T.Charles -5.4 -7.8 -26.8
8. Ravenhill 47.5 59.5 71.5
9. N.Cuff 32.7 48.2 43.2
IV. AntiSm/Ro
1. M.Pryce 38.4 49.8 54.9
V. AntiRo/La
1. S.Davis 3.7 6.4 46.9
2. M.Jone 9.1 30.5 39.7
3. S .Jone 8.2 23,2 39.8
4. P.Burnett -8.3 -17.6 31.6
5. M.Rydor 19.6 11.5 9.1
VI. AntiRNP
1. E.Swindell -14.9 -10.3 -2.5
2. M.Windsor 37.8 43.1 53.9
3. R.Carter 46.3 61.8 70.6
4. Johanna 37.8 33.2 42.3
5. A.Key -9.3 6.7 33.5
6. M.Fry -1.6 14.9 24.1
7. E.Burness 0.97 -0.73 15.0
VII. AntiSm/RNP
1. P.Summes 29.7 40.5 41.5
VIII. AntiSm
1. p.Higginson 28.0 43.2 51.4
2. V.Norton 25.9 48.7 50.6
3. R.Hodges 0.87 17.8 24.9
IX. AntiDNA
1. M.Holman 7.7 18.1 22.3
2. P.Plummer -1.4 14.6 27.4
3. J.Hildea A 18.9 39.2 56.5
4. P.Jonas 51.75i21.4 60.65*19.73 76.40*20.79

Note; The negative values of % inhibition represent stimulation 
of incorporation of radioactivity.
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shown in Fig. j.ll.b.

The results did not clearly differentiate between inhibi

tion at initiation and elongation steps of protein synthesis, unlike 

the results i.ith TMV RNA. This may be due to the low M.W. of major 

synthesized product, globin protein (about 13k). In samples which 

showed inhibition at elongation step only the amount of globin synthe

sized was less and there vras no protein synthesis at M.W. of 63K 
(Fig. 3.11. b. lane 5 -7). Smaller amounts of globin protein than 

control were also seen in samples which were inhibited at the initia

tion step (Fig. p.ll.b. lane 3 and 4).

5.2.3. Effect of ANAs on TMV RNA translation in wheat germ lysate.

3.2.3.a. Inhibitory effect of ANA on TMV RNA translation.

The optimum conditions for translation of TMV RNA were 

described in section 4.1.I.e. In this experiment, TMV RNA was 

translated in wheat germ lysate in the presence of ANAs or normal IgG 

at a concentration of 0.2}ig/}il and incorporation of radioactivity was 

determined at 30» 60, and 90 min of incubation. All ANA samples 

and normal IgG were used as experiments on TMV RNA translation with 

rabbit reticulocyte lysate.

The inhibition index was calculated by comparing ANAs i to 

normal IgG while normal IgG was compared to reaction mixture without 

any added IgG. These results are summarized in Table 3*6 and Fig.3-12. 

The normal IgG sample showed no effect on TMV RNA translation and the 

mean values of percent inhibition were 2.39 ± 9.77, -3.21 + 11.03
and -2.06 + 13*03 at 30, 60 and 90 min of incubation, respectively.
Most ANA samples gave higher inhibition of TMV protein synthesis 

than in reticulocyte lysate. For example, antiRNP groups showed 

inhibition of ].3-70;3 while in reticulocyte lysate the percent inhibition
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Fitr. 5.13. A 1 luoro^raph of SDS-PAGE of translation product from
35incubations in the presence of ANAs with S-Met for 

90 min, at 25°C.

(a)
-origin igne 1 

"  2 
" 3
" 4

-T.6K 

-70 K

IsOK

30K

S -0 #

10

1 1 :

12

Exposure

added normal IgG(B.I) 
antiRNP(Swindell)

........ (Windsor)

........ (Fry)

........ (Carter)
" (Johanna)

" antiSm/Ro(Pryce)
" antiRo (Ashman)
" PBS 

: " antiSm(Higginson)
at concn. of 0.2pg/ul 

added antiSm(Higginson) 
at concn. of O.lpg/pl 
added antiSm(Higginson) 
at concnjof O.OSpg/pl

30,000-120,000 cpm;
12 days; -70°C.

5 6 7 8 9 10 11 12

(b)

if
-orig in

■-116K 

-70 K

— 50K

-•30 K

# #  m r n m

lane 1 added normal IgG(K.O)
2 " (K.T)
3 antiLa(Buffalo)
4 ........ (Savory)
5 ........ (Knowland)
6 " antiDNA(Holman)
7 ......... (Plummer)
8 " normal IgG(NG)
9 ........... * (Miss)

" 10 antiRo(Frayne)
" 11 " " (Clement)
" 12 ........ (Gillard)
" 13 ........ (Ravenhill)
” 14 ........ (Cuff)
" 15 ........ (Charles)

1 2  3 4 5 6 7  6 9 10 11 12 13 14 15 Exposure : 9,000-260,000 cpm;
5 and 10 days; -70°r
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was only 3-8,3. This may result from the efficiency of the wheat germ
lysate system. The efficiency of wheat germ lysate for translation
of TMV RNA was lower than the reticulocyte lysate system, as shown by 
the larger proportion of low M.W. protein product and the absence of 
protein bands at M.W. of 1?6k in gel analysis (Fig.3.13 a. lane 1,
Fig.3.13.b. 1,2,8 and 9 and 3 and Fig 3-2.a. lane 2 and 3).

The inhibitory effect of AîîAs on TMV RNA translation 
was confirmed by gel analysis. Fluorograms of SDS-PAGS of translation 
product in the presence of normal IgGs and ANAs are shovm in Fig.3.13* 
a and b. The amount of protein synthesized was dependent on the per
centage inhibition, at high percentage inhibition there vras no 
protein synthesis (Fig. 3*13*1>* lane 3 and 10) and synthesis of lower 
M.W. protein started at alower percent of inhibition (Fig.3.13*a. lane 
3, 6 , 7» 10 and Fig.3*13 I** lane 11, I3, and l4).

3 .2.31b. Effect of PBS concentration on TIW RNA translation.
In the reticulocyte lysate cell-free system, high con- 

centrationsof PBS (K̂ , Na*̂ , ’HPO^^”and 01 ions) can inhibit the trans
lation of TMV RNA in the wheat germ lysate system, which is more sen
sitive to this effect. As shown in Fig 3.14., PBS at a concentration 
of about 10.3hM (or conductivity value of 3.8;imho) showed no effect 
on TMV RNA translation in the wheat germ lysate system, but the 
inhibition was increased to 7.3^, 29^, 76.8^ and 8I.I# when using PBS 
at concentrations of 7.2, 12.2, 27.3, and 32.0piM, respectively. The 
conductivity of ANA samples ranged from 2.3 to 9.Opmho. Therefore,
the inhibitory effect on TMV RNA translation should not be related to 
salt concentration, except for some samples which had conductivity 
greater than 4phmo, where the effect may result from either ANAs or 
salt concentration.
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F ig. 5.15. h anil c ) Fluorogram of lahell*-(l l'\U s vi> I lios i/.••d
in the presence of ANAs, in wheat ^erm Ivsate (b and c) 
and reticulocyte lysate (c).
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From experiments on translation of TMV RNA in the presence 
of ANAs and normal IgG diluted vdth PBS, it was clearly sho .n that the 
inhibition was dependent on the amount of added ANAs(Fig.5*I5*a.)•
In this experiment, normal IgG at concentrations from0.03 to 2.2̂ g/jul 
(conductivity ranging from 11.3 to 12.2̂ mho) gave nearly constant per
centage inhibition, about yy%. This inhibition should not be related 
to the amount of IgG added. Because the wheat germ system was more 
sensitive to salt concentration, PBS at a concentration of 84;iM (conduc
tivity 12.2)imho) gave 29;b inhibition. Therefore, the inhibition of 
TMV RNA translation by normal IgG was due to salt concentration.

The translation products were further analyzed on SDS-PAGE 
and fluorographic patterns are illustrated in Fig. 3*13*i> and c. The 
results demonstrated that synthesis of proteins of all sizes was inhi
bited by AITAs and high M.W. protein is seen to be affected prior to 
lower M.N. protein.

3*2.6. Detection of the antigenically active protein in cell
lysates using immunoblotting technique.
The inhibitory effect of ANAs.on protein synthesis in 

cell-free systems was shovm with various types of RNA templates and 
in both wheat germ and reticulocyte lysate systems. Using specific 
antiRo and antiLa with TMV RNA translation in the rabbit reticulocyte 
lysate system, the relationship between inhibitory effect and antibody 
specificity vras unclear, (in result section 3*2.2.f.).

The immunoblotting technique was shovm to be efficient in 
detecting antigenically active proteins after separation by gel elect
rophoresis. Many laboratories have used this technique to identify 
the antigenic proteins detected by antiRo, La, Sm and RNP. The res- 
uj.ts are varied, which might be due to the source of antigens used or 
degradation and aggregation of antigens during theirpreparation (steitz



0)
S I4J
bOc
V)
3

tn<
(00)
TJO

E
u, CD
0) 4->
bc CD

CO
4J >
CD
0)

Z

0>p>,
Üo CD

r 4 +J

3 CD
Ü COP

P
CD

<N
If)

olO O 'TT
cvjCD

CD

00bC0)c

bO0)c

toQ)
c

to0)c

a
z

Q
Z

Û o 
z  z

a
z

Q
Z

0) c4-> 0>
CO bo Ü -H •H J->C
O . CO3 0)TJ O 

3  O i k -HÜ -Mc (0 (0
CD CD u

m > >  - o O
o p o CD 4-1

p a Q C  CO
CO CO CO CNJ CO 3 c
in bO CO z 2 CD CD

O) CD E  CO bO
m C CO P

On
m<N

r~
in
«
.o
(St-

c
CD CO
bo CO

p
p

b c c i n
CD CO

CO
c • o

p 9 CD
« P r r
p V i

o “P 0 0
k k TT
o . 3

a CN
o m

p c
c p

• o P
c c
CD CD

V I
E o

CO

3
s

o o
B : 3

CT
V I P
o CJC
CO o
c 0>

p
CD
P bO
o c
k p
CL P

p
o o 0>p P
c X» a
0> o E
bO c CD

• p 3 to
p E
c E

< P

Ü<DO.
CO

m

3

c<

o
CO

CO

in
m
(X)

Q
2

O CO CO
CO œ 00

V m m
i n m
T f m p m

CN CO
m 'V Q m Q Q p o T fm CO CD
CD 2 2 2 CN T f 2
V CM CD CO CO

CO CD CO i n
m CD

<j> CD m o p
r r CD CD p

m
O ) CD
CD

m

o>
TT
CD

CD
CN

m m
CO m
m O O

CO CO CO
CD 00 CD CO
CN ■cr in

CO m in
m

CO CO p CO CD p CN p
i n m CD m CO CO CO COp

CD
CD CD CO TT CN CN
r - CD CD o CO CO

CD

p

CD CD
CD k CD CD CD k
k
9 %

@
CO

CD
k

km k
CD

kCD CD
CO s

0) 0> CD m CO CO CD
TJ CO k rH CO

O o C 9 p T3 k r4
P p CD 9 <D CO c k O CD k
CO CD P C C <D CD CO ■o CD

V I V I > >, >» V I E P TJ c P
V I «M o CD CO V I 0 P C p k
3 3 c k k 3 r4 *P P CO

m CO k k U Ü Ü ( / ) Ü

001
c<

(0k<D
0)
Xkk

4-»c<

00

00m
CO00
DJ<N
O
CO
CN

U0)CO
co4->
E
Z

E
CD

C<

<N
CD

CD
CD

O
2

(0k0)CO
'coCO
f - lkkoS

CD CO

CD -P U Û  J= CO O • H  CD ^  2

OZ



- 177 -

et al.,1982; hite et al.,1982; MacGillivray et al.,1982; ’/ooley et 

1983:.
In this experiment, antigenic proteins in either crude 

or purified antigen preparations and both reticulocyte lysate and 

wheat germ lysate were identified using ANAs which showed inhibitory 

effects on protein synthesis in the cell-free translation systems.
The proteins from crude or purified antigen and reticulocyte or 
wheat germ lysate was separated on 3-15^ SDS-PAGE prior to transfer 
to nitrocellulose sheets. The antigenic proteins were detected by 
double antibody technique. Specific antibodies were used, followed 
by peroxidase-conjugated anti-human IgG (as described in detail in 

section 3 *1 •3)*
AntiLa (Buffalo and Knowland), antiRo (Frayne, Clement, 

Cuff and Gillard), antiRNP ( rndsor, Swindell, Carter and Fry) and 
antiSm (Hamilton and Morrison) were used together with calf thymus 
extract, human spleen extract and the purified antigens Ro, La, Sm and 
RNP/Sm (provided by Dr. P. Maddison, Royal National Hospital for 
Rheumatic Diseases, Bath and r t r .  D. M. Brennand in this department).

The antigenic proteins recognized by these ANA samples are 
summarized in Table 3»7- Both antisera and IgG fractions from SLE 
patients were used and were shovm to react with the same proteins 
(Fig.3.16.a. lane 1 and 3 and Fig.3.l6.b. lane 3, 4, and 3). Differ
ent protein antigens are recognized by antisera from different SLE 
patients. For example, antiSm (Hamilton) reacts with protein at M.W. 
of II7K, 64k and 38K while antiSm (Morrison) recognized proteins at 
M.W. of 66k and 62K (Fig.3.l6.c. lane 1 and 2 ). Crude antigen and 
purified antigen also gave slightly different result. AntiLa recog
nized many more antigenic proteins in purified antigen than in calf 

thymus extract (Fig.5*'6.a. "ane 3, 6, 8 and 9) and antiRNP a:so gave



Fi K • 5.16. Immunoreactive proteins in crude tissue extract, purified 
antigen and cell-free translation lysate Proteins from these sourecs 
were separated on 5-15% SDS-pAGE and then transferred electrophoretic- 
ally to nitrocellulose sheets. Each antigen was incubated with its 
appropriate antibody (antisera or IgG fraction from SLE patient) and 
then detected by using peroxidase-conjugated antihuman IgG. All anti
sera were used at dilution of 1/250,and 1/1,OOOdilution was used for 
peroxidase-conjugated antihuman IgG.

a) lane 1: antigen La reacted with antisera La (Buffalo)
" 2: reticulocyte lysate reacted with antisera La(Buffalo)
" 3: antigen La reacted with antiLa(Buffalo),IgG fraction

4: reticulocyte lysate reacted with antiLa(Buffalo), igG fraction
5; antigen La reacted with antisera La(Buffalo)
6 : calf thymus extract reacted with antisera La(Buffalo)
7: reticulocyte lysate ” m " •» ’*

" 8 antigen La reacted with antisera La(Knowland)
" 9: calf thymus extract reacted with antisera La(Knowland)
” 1 0 : reticulocyte lysate >• ” » >• »»
" 11-14: protein transferred to nitrocellulose and stained 

with amido black.
" 1 1: reticulocyte lysate 
" 12: calf thymuS extract
'* 13: calf thymus extract (30-60% (NH^lgSO^ cut)
" 14: standard proteins; myosin(200K); ovalbumin(43K); trypsin 

inhibitor(21.5K); and RNase(13.7K).
b) lane 1: wheat germ lysate reacted with antisera Ro(Frayne)

" 2 : reticulocyte lysate »» »’ >» *» »»
” 3: antigen Ro reacted with antisera Ro(Frayne)
" 4: human spleen extract reacted with antisera Ro(Frayne)
" 5: human spleen extract reacted with antiRo (Frayne) , IgG fraction
’♦ 6 : reticulocyte lysate „ »» »» r „ „
" 7: antigen Ro reacted with antisera Ro(Cuff)
" 8 : human spleen extract reacted with antisera Ro(Cuff)
" 9: reticulocyte lysate »* ** »* »> r
” 10: human spleen extract reacted with antisera Ro(Clement)
" 1 1 ; reticulocyte lysate »>' >.* >» »> »>
” 12: standard proteins: myosin(200K): BSA(68K) ; ovalburoin(43K) : 

trypsin inhibitor(21.5K); and RNase(13.7K).

c) lane 1: antigen Sm reacted with antisera Sm(Hamilton)
2: w n y* V antisera Sm(Morrison)
3: calf thymus extract reacted with antisera RNP(Windsor)
4: antigen RNP/Sm reacted with antisera RNP(Windsor)
5: reticulocyte lysate reacted with antisera RNP(Windsor)
6 : calf thymus extract w w antisera RNP(Swindell)
7: antigen RNP/Sm reacted with antisera RNP(Swindell)
8 : reticulocyte lysate reacted with antisera RNP(Swindell)
9: calf thymus extract reacted with antisera RNP(Fry)

iO: reticulocyte lysate )•> '• >y »
11 : calf thymus extract reacted with antisera RNP(Carter)
12: antigen RNP/Sm reacted with antisera RNP(Carter)
13: reticulocyte lysate reacted with antisera RNP(Carter)
14: standard proteins; myosin(200K); BSA(68K); ovalbumin(43K); 

trypsin inhibitor(21.5K); and RNase(13.7K).
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the same result as anti..a (Fig.3- ;6.e . ^ane 3 , 4 , 6  and 7 ) . The 

additional bands in purified antigen preparations might v.'C.Lj. result 

from degradation during the purification process.

All anti,.a samples reacted with antigenic protein with M.W. 

of approximately jOK in reticulocyte lysate (Fig.3.l6.a. lane 2,4,7 

and 10;. AntiRo samples did not recognize a.ny protein in either 

wheat germ or reticulocyte lysate. Moreover, with antiRNP samples,

3 out of 4 samples gave a reaction ’dth proteins of M . 1'. 39K, 33K and 

3-lK (Fig. 3.I6.C. lane 3 . 8 and 10 ̂ in reticulocyte lysate. The 

details of these results are sho-m in Table 3*7* The lack any bands 

in lysate might be related to a low amount of antigenic protein which 

cannot be detected by this technique.



Chapter Six Effect of ANAs on protein synthesis in intact cells

6.1. Methods
356.1.1. Radiolabelling of protein in cell lines with S-Met 

and extraction of labelled proteins.
6 .1.1.a. Pulse-labelling of protein in cells
6.1.1.b. Extraction of labelled protein from cells.
6.1.1.e. Determination of radioactivity.
6.1.2. Transfer of IgG molecules into intact cells.
6 .1.2.a. Using Liposomes.

-Preparation of liposomes.
-Incubation of cells with liposomes.

6.1.2.b. Using red cell ghosts.
-Preparation of red cell ghosts by pre-swell technique, 
-Microinjection of IgG molecules into cells.

6.1.2.C. Via Feyreceptors.
6.1.2.d. By permeabilization.
6.1.3. Testing the efficiency of transfer of IgG molecules

into cells using fluorescein-labelled IgG(FITC-IgG) 
and ^^^I-labelled IgG.
-Using FITC-IgG.

125-using I-labelled IgG.

6.2. Results
356.2.1. Labelling of proteins in cells by S-Met.

6.2.2. Effect of ANAson protein synthesis in intact cells.
6 .2.2 .a. Using liposomes to transfer ANAsinto cells.

i)Effect of liposomes on viability of cells and 
incorporation of ^^S-Met by cells.

ii)Efficiency of liposomes to entrap and transfer 
macromolecules into cells.

-using cytochrome c.
125-using I-labelled IgG.

-using FITC-IgG. j
iii)Effect of ANAs on protein synthesis in intact cells
iv)Effect of cycloheximide on protein synthesis in 

K562 cells.
6.2.2.b. Using red cell ghosts to introduce ANAsinto cells.



6.2.2.C. Antibody penetration of cells through FcS receptors.
6.2.2.d. Introduction of ANAsinto cells by permeabilization 

in the presence of ANAS.
i)Effect of permeabilization on the viability and 

incorporation of radioactivity into cells.
ii)Efficiency of K562 cells in take up of macro

molecules by permeabilization procedure.
125-Using I-labelled IgG.

-Using FITC-IgG.
-Effect of ANA on protein synthesis.
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8 . Effect of ANAs on Protein Synthesis in Intact Cells.
6.1. Methods.

In these experiments, some of the ANA samples which showed
inhibitory effects on protein synthesis in cell-free systems, includ
ing antiRNP-antibodies, were used to examine their effects on intact 
cells. Several techniques were used to transfer IgG molecules 
into intact cells, including fusion with liposomes or red cell 
ghosts, transfer via Feyreceptors on cells and permeabilization of 
cells. The details of this method will be discussed in this chapter 
together with radiolabelling of cellular protein and extraction 
and determination of radioactivity of labelled proteins. These 
radiolabelled proteins were further analyzed on SDS-PAGE either 
single-dimensional or two-dimensional gels. Gel electrophoresis 
techniques and fluorography were described in detail in section 2.2.?.

6.1.1. Radiolabelling of Protein in Cell Lines with ^%-Met and
Extraction of Labelled Proteins.
The methods described by Mishell and Shiigi(l980) and 

Johnston and Thorpe (I982) were used with some modifications.
6.1.1.a. Pulse-labelling of protein in cells.

About 1t2.5 X 10^ cells were washed twice with met-free 
medium. The cells were collected by centrifugation at ]00g for 
10 min, resuspended in 1ml of met-free medium which contained 2mM 
glutamine and 10^ FGS, and incubated with 3-lOpCi of -̂̂ S-Met at 37°C 
in a COg in air-mixture, for 3 to 48hr.

In time-course experiments, IQnl of samples (triplicate) 
were taken out at 1, 2, 3 and 4 hr to determine radioactivity.

After completion of the incubation, the cells were harves
ted and washed twice with 2-3ml of ice-cold washing buffer (O.OIM 
phosphate buffer saline pH7.2 containing 0.02# NaN^ and 2mg/ml of met)
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to remove the excess free "̂̂ S-Met. The last wash was transferred 
to 12 X 75 mm plastic tubes and duplicate 10^1 samples were with
drawn to determine radioactivity of whole cells. The cells were 
collected and further used to extract protein. Acid-insoluble 
radioactivity in the medium was also determined and the rest was 
kept at -70°C for gel analysis.

6.1.1.b. Extraction of labelled protein from cells.
Washed cells in 12 x 7 5 ^  plastic tube, completely free 

of supernatant, were mixed with 0.05-0 .2ml of extraction buffer 
(lOmM Tris-HGl pH7.2 containing O.ljM NaCl, 0.02# NaN^ and 0.5#
(w/v) of NP40) on a vortex mixer and left on ice for 15 min. The 
mixture was transferred to a plastic microfuge tube and centrifuged 
at high speed in MSE microcentrifuge, for 10-15 min. The super
natant (extracted protein) was collected and duplicate Zpl samples 
were used for radioactivity determination. This extracted protein 
was kept at -70^0 for further analysis by gel electrophoresis.
The recovery of extracted protein from cells was calculated.

6.1.1.e. Determination of radioactivity.
The sample (2-50^1) was mixed with 0.5ml of 0.9# NaCl 

containing 0.5# FGS. The protein was precipitated by adding 0.5ml 
of 10# TGA containing 2mg/ml of met. The mixture was left at room 
temperature, for at least 30 min before filtering on a GF/G filter.
The protein precipitate was washed with 10ml of 5# TGA and 5ml of 
ethanol, dried and radioactivity counted in 3ml of scintillation 
fluid.



6.1.2. Transfer of IgG Molecules into Intact Cells.
6 .1.2.a. Using liposomes.

This was performed according to the method of Lenk et al. 
(1982). Some modifications were used in the preparation of 
liposomes.
Preparation of liposomes.

0 .32ml of phosphatidyl choline (lOmg/ml in chloroform) 
was mixed with 0.02ml of cholesterol (lOmg/ml in chloroform) and 
diluted to 1ml with ether. The aqueous solution (about 0.2ml PBS, 
ANAsor normal IgG) was slowly added into the organic solvent while 
mixing on a vortex mixer, and mixing was continued for 2-5 min.
The solution was then shaken in a sonicator bath during the evap
oration of organic phase with nitrogen gas. The organic phase 
was completely separated out by suction with a water pump for 5-10 

min. The liposome pellet was resuspended in 1ml of PBS aind collec
ted by centrifugation at 5*000 rpm for 10 min. These liposomes 
were washed twice with PBS and resuspended in 1ml PBS before use.

Incubation of cells with liposomes.
About 2-4 X 10^ cells were harvested, washed twice with 

PBS, resuspended in 1ml of liposomes in PBS and incubated at room 
temperature for 30 min. For 2 hr incubation, this cell suspension 
was diluted with 1ml of culture medium and incubation continued at 
37°C in a 5^ 00^ in air-mixture while for I8 hr incubation, the 
cells were diluted to 400,000 cells/ml with culture medium.
The viability of cells was determined as described in section 2.2.1.b. 
These cells were harvested and protein labelled with S-Met as 
described in section 6.1.1 .a.
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6 .1.2.b. Using red cell ghosts.
Preparation of red cell ghosts by pre-swell technique.

This method was performed according to Schlegel and Rech-
steiner (I978). Human red blood cells were separated from 2ml
of heparinized blood and washed three times with 5^1 of ice-cold

2+ 2+PBS (Dulbecco’s formula without Ca and Mg ). White blood cells 
and residual protein were carefully removed during the washing.
The washed red blood cells were resuspended in PBS (Dulbecco's 
formula without Ca^^ and Mg^^) at the concentration of (v/v).
0 .3ml of this cell suspension was added into 11ml of 55% (v/v) of
PBS (Dulbecco's formula without Ca^^ arid Mg^^) to swell the cells 
and the pellets were collected by centrifugation at 300g, for 10 

min. About 0.2ml of this pellet was mixed with 0.1ml of PBS or 
IgG solution from normal and SLE patients followed by addition of 
0.2ml of sterile water to lyse the cells. After standing on 
ice for 2-3 min, y>pl of lOfold concentrated PBS (Dulbecco's formula 
without Ca^^ and Mg^^) were added and the mixture was incubated at 
37°C, for 60. min. These loaded red cells (or red cell ghosts) 
were washed 3 times with PBS by centrifugation at 600g, for 10 min.

Microinjection of IgG molecules into cells.
About 4 X 10^ of washed cells were mixed with red cell 

ghosts and 1ml of 53% (w/w) polyethylene glycol 4000 (in PBS 
containing 5% (v/v) of IMSO) was slowly added while gently mixing 
the suspension. PBS was slowly added to the mixture until the 
final volume was 25-30ml. The cell pellets were collected by 
centrifugation at 300g for 10 min.and washed twice with PBS.
These washed cells were resuspended in 1ml of culture medium and 
incubated at 37°C with a 5% CO^ in air-mixture, for 2 hr. The
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red cell ghosts were fused to cells by the procedure of Boogaard 
and Dixon (I983 a).

The viability of cells was determined as described in 
section 2.2.1.b. while the rest of these cells were used to label 
proteins with ^^S-Met as described in section 6.1.1,a.

Before extraction of labelled protein, the red cells were 
separated by mixing cell pellets with lysis buffer (lOmM KHGO^ 
containing 0.155M NĤ Gl and O.lmM EDTA) at 90# (v/v). After 
standing at room temperature for 3 min, the mixture was resuspended 
in 4ml of PBS, overlayed on to 2ml of albumin solution (5# (w/v) in 
PBS) and centrifuged at JOOg for 10 min. The cell pellets were 
collected stnd washed twice with PBS. This is similar to the method 
used by Johnston and Thorpe (I982).

6.1.2.C. via Fey receptors.
About 1 X 10^ K562 cells (which have a high percentage of

FcJf receptors at the cell membrane), in 0.1ml of culture medium
was incubated with 0.1ml of PBS or IgG solution from normal and
SLE patients, at 37°G,for 1 hr. The cells were adjusted to a con
centration of 2 X 10^ cells/ml and 400,000 cells/ml and incubation 
continued at 37°G in a 5# CO^ in air-mixture, for 2 hr and I9 hr, 
respectively. The cells were harvested and pulse-labelled with 

S-Met (section 6.1.1.a.). The viability of cells was also det
ermined (as in section 2.2.1.b.).

6.1.2.d. By permeabilization.
About 2-4 X 10^ cells were washed twice with PBS (Dul

becco's formula without Mĝ '*' and Ga^^) and resuspended in this PBS 
at concentration of 50# (v/v). 0.015ml of this cell suspension
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was added to 0.5ml of 60# PBS (v/v) to swell the cells and centri
fuged at 300g, for 10 min. The cell pellets were mixed with 0.01ml 
of PBS or IgG solution from normal and SLE patients,followed by 
addition of 0.02ml of sterile water. The mixture was left on ice 
for 2-3 min, immediately mixed with 3pl of 10 fold concentrated PBS 
(Dulbecco's formula without Mg^^ and Ca^^) and incubated at 37°C, 
for 1 hr. 1ml of culture medium was added and incubation was
continued at 37°C in 0.5# GO^ in air-mixture for 3 hr. The cells

35were harvested, pulse-labelled with S-Met and viability determined 
as described in section 6.1.1.a. and 2.2.1.b., respectively. This 
permeabilization technique was adapted from the method of Schlegel 
and Rechsteiner (1978).

6.1.3. Testing the Efficiency of Transfer of IgG Molecules into 
Cells Using Fluorescein-labelled IgG (FITG-IgG) and
^̂ •̂ I-labelled IgG.

Using FITC-IgG.
About l8mg of human IgG in PBS were incubated with 0.2ml 

of fluorescein i sothiocyanate solution (FITG, at a concentration of 
5mg/ml in carbonate-bicarbonate buffer pH 9•5)» at room temperature, 
in dark, for 2 hr. Unreacted FITG was removed by gel filtration 
on G25-Sephadex (medium) in PBS. The bound FITG-IgG was pooled, 
concentrated by Millipore Minicon ultrafiltration unit and absorb
ance determined at 280 and 495nm. The concentration of FITG-con- 
jugate was calculated from the equation ;-

^280 ” ^ ^495^
FITG-protein (mg/ml) =  ------------------ - (Goldman,1968).

1.4
The F/P ratio was estimated from the nomo gram given by Wells 
et al, (1966).

The FITG-IgG had a protein concentration of 8.4mg/ml and
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the ratio of F/P was 3.7. This FITC-IgG was used to examine 
the efficiency of transfer of IgG molecules in to cells by lipo
somes and permeabilization.

Using ^^“̂I-labelled IgG.
As with FITG-IgG, this ^^^I-labelled sheep IgG was used 

to prepare liposomes or red cell ghosts and incubated with cells.
The amount of ^^^I-labelled sheep IgG transferred into cells
was determined and used to compare the efficiency of each technique.

6.2. Results.
6.2.1. Labelling of Proteins in Cells by -̂̂ S-Met.

The type of cell line and optimal conditions for labelling 
protein were examined in this experiment. Four human cell lines, 
RPMI 1788, RPMI 8226, HMy2 and K562 cells were tested. The washed 
cells, which had viability greater thaJi 90#, were incubated in the 
presence of S-Met as described in method section 6.1.1.a.Incorporat
ion of -̂̂ S-Met increased linearly until 3hr of incubation and then
levelled off as shown in Fig.6.1.a,b,and c.The incorporation of 
35S-Met after 3 and 4 hr incubations was similar and gave enough 
radiolabelled protein for gel analysis. Moreover, after incubation 
of the cells (RMPI I788, RMPI 8226 and HMy2) for 1-2 days, the 
viability was decreased which may result in detection of a false
amount of secreted protein in medium (Table 6.1.). Therefore,

353 hr incubation of cells with ^S-Met was chosen for further study
ing,

35The incorporation of ^^S-Met into cells was dependent on
the concentration of radioactivity (Fig 6.2.). For 1 X 10^ cells,

35 65pGi of S-Met per 1 X 10 cells were used which resulted in
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incorporation of about 3-4cpm of "̂̂ S-Met per cell after 4 hr incu
bation and the r e c o v e r y  of extracted protein from cells was between 

and 44% (Table 6.1).
Single-dimensional gel electrophoretic analysis of label

led proteins from these cell lines followed by fluorography revealed 
a similarity of protein synthesis patterns(Fig. 6.3.a and b).
The cell lines synthesized many proteins at M.W. range between 210K 
and 18K, including the intense band at M.W. of 42K which should be 
actin and they also showed their specificity of protein synthesis 
and secretion. For RPMI 1788 cells, which synthesized IgM, heavy 
chain (ji) at M.W. of ?2K and light chain (a) at M.W. of 25K were 
found in either cell lysate or medium (Fig.6.3.a. lane 1-5 and 
Fig.6.3.b. lane 1-4). Similar results were shown in RPMI 8226 cells, 
light chain (A ) was seen but the intensity of this band in medium 
was lower than in cell lysate (Fig.6.3.a. lane 6-9). Heavy chain 
( y ) at M.W. of 52K emd light chain ( k ) at M.W. of 24K were syn
thesized and found in cell lysate from HMy2 cells (Fig.6.3«t>« 
lane5-8 ) but the intensity of the bands was low. The extracted 
protein and whole cell lysate were loaded on to gels and it was 
found that the gel pattern from both seimples was similar but 
the bands of extracted protein showed a sharper and clearer line 
(Fig 6.3.b. lane 1,3,5,7, and 9 for whole cell extract and lane 
2, 4,.6 , 8, and 10 for extracted protein). Therefore,protein 
extracted from cells was used for analysis on gel electrophoresis. 
Since the recovery of radioactivity in extracted protein varied 
slightly in each sample, equal amounts of radioactivity from each 
sample were used for gel analysis.

The extracted protein from cells and the precipitated 
protein from medium were directly separated on gel electrophoresis.



Fig. 6.3. Fluorogram of labelled proteins from cell lysate and 
culture medium after separation on 5-15% SDS-PAGE.

a) ^^S-Met labelled proteins from RPMI1788 and RPMI8226 cells. 
l!abelled cells were lysed and protein precipitated from me
dium was dissolved in electrophoresis buffer, heated and 
>pnalysed on 5-15% SDS-PAGE.
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14 14 14standard proteins ; C-BSA, C-trypsin inhibitor, C-RNase,
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Exposure; 9,000-800,000 cpm; 1 day; -70 C,

b)'Comparison of radiolabelled protein from RPMI1788 and HMy2 cells 
incubated in medium with and without FCS; analysis of cell ly
sate and extracted protein on 5-15% SDS-PAGE.

lane 1; RPMI1788 cells(2.5x10® with 12.5;iCif®S-Met),4 hr incu
bation in medium with FCS.

2: RPMI1788 extracted proteinr2.5x10® with 12.5pCi®®S-Metl 
4 hr incubation in medium with FCS.

" 3: RPMI 1788 cells(2.5x10® with 12.5;jCi,̂ ®S-Met),4 hr incu
bation in medium without FCS.

6 35" 4; RPMI1788 extracted proteinr2.5x10 with 12.5mC1, S-Met)
4 hr incubation in medium without FCS.

'* 5: HMy2 cells(2.5xlO®withl2.5pCi?^S-Met),4 hr incubation
„ in medium with PCS.

g. HMy2 extracted protein(2.5x10® with 12.5nCi,^®S-Met),
«I 4 hr incubation i'n medium with PCS.6 357; HMy2 cells(2.5xlO with 12.5pCi, S-Met),4 hr incubation
" in medium without FCS

8: HMy2 extracted protein(2.5x10® with 12.5uCi,^®S-Met),
„ 4 hr incubation in medium without FCS.

9: K562 cells(lxlC® with 5pCi^®S-Met),3 hr incubation in
I) medium without PCS.

10; K562 extracted protein(1x10® with 5uCi®®S-Net), 3 hr
„ Incubation in medium without FCS.

11: standard proteinsr^^C-BSA, ̂ '^C-trypsin inhibitor, ̂ ^C-RNase

Exposure; 136,000-195,000 cpm; 20 hr - 3 days; -70°C.
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Because the amount of protein in medium with FG3 was high, a dis
torted gel pattern was seen when the secreted protein in medium 
was analyzed (Fig. 6.3.a. lane 3 and 5). For this reason medium 
without FCS was used and the effect of this medium on radiolabelling 
of protein in HMy2 and RPMI 1788 cells was studied. There was 
little difference in incorporation of radioactivity into cellular 
protein when incubated in medium with FCS and without FCS. For 
HMy2 cells, 4.91 cpm of S-Met were incorporated per cell after 
3 hr incubation period in medium with FCS and this value decreased 
to 4.44 when cells were incubated in medium without FGS. The res
ult was similar for RPMI I788 cells, 4.4l cpm and 4.08 cpm of Met 
were incorporated per cell at 3 hr incubation of cellsin medium with 
FCS and without FGS, respectively. These labelled proteins were 
characterized on gel electrophoresis. There was no difference in 
the gel patterns between cells which were incubated in medium with 
FCS and without FGS (Fig. 6.3.b.lane 1,2,5,and 6.and lane 3,4,7,and 
8 , respectively).

The result that RPMI I788 and HMy2 cells synthesized IgM;̂  
and IgG^, respectively, was confirmed by immuno-precipitation ana
lysis. Rabbit antihuman-IgM^  ̂ and rabbit antihuman-IgG^ were 
used as antibodies to react with the labelled I ^  and IgG from 
either cell lysates or medium and staphylococcus aureus (SaC), 
protein A-antibody adsorbent was added for rapid isolation of 
immunoprecipitate from the mixture as described by Mishell and 
Shiigi (1980)(slightly modified by adding normal serum to remove 
non-specific binding protein to SaC before adding antiserum).
The yield of labelled IgM that was bound to SaC was 1.29 i 0.31%
(n=3) of total labelled protein in extracted protein from cells and 
this value was 0.04 ±0,01% (n=3) of total labelled protein in medium.
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The same result was achieved for HMy2 cells, about 1.29:^ 0,31%
(n=3) of total labelled protein was the labelled IgG in extracted 
protein from cells which bound to SaC and only O.O3 0.01% (n=3) 
of total labelled protein was precipitated from the medium. The 
major heavy chains or Y ) and light chain (> ) were found together 
with low amounts of other proteins on gel analysis (data not shown). 
These results showed that these cells (RPMI 1?88, HMy2) synthesized 
IgM or IgG molecules and SaC could separate out the antigen-anti- 
body complex but also had non-specific binding to other protein 
and the percentage recovery of immunoprecipitate was rather low.

From the above results of characterization of the labelled 
protein from cell lineson single-dimensional gel electrophoresis, 
RPMI 1788 cells (both cell lysate and medium) seemed to show a high 
amount of heavy chain ()i) and light chain ( A ) on gel pattern 
(Fig.6.3.a. lane 1-5). Therefore,RPMI I788 cells were chosen for 
further study of the effect of ANAs on protein synthesis in intact 
cells.

The high resolution technique of two-dimensional gel 
electrophoresis was also used to analyze the labelled proteins of 
cells, since similar protein patterns for these cell lines were 
shown on single-dimensional gel electrophoresis. The method of 
2D gel anlysis of labelled protein was as described in section 
2.2.7.b. The 2D gel technique gave a reliable result. Similar 
gel patterns were shown when using labelled proteins from cells 
which had been incubated for different periods (Fig.6.4.a for 4 hr 
and Fig.6.4.b. for 24 hr ), in medium with and without FCS (Fig.6.4. 
c and d.), with different amounts of radioactivity ^^S-Met (Fig.6.4. 
c and e) and running electrophoresis at different occasions (Fig. 
6.4.C.and f).



Fig.6 .4. 2D gel pattern of radiolabelled protein from cells
incubated in various conditions. Extracted proteins 
were separated by lEF on a pH gradient of 3.5-10.0 and 
5-15% SDS-PAGE.

35a) HMy2 cells incubated with S-Met(12.5pCi) for 4 hr.
35b) HMy2 cells incubated with S-Met(12.5pCi) for 24 hr.

35c) RPMI1788 cells incubated with S-Met(5QuCi) for 4 hr, 
in medium with ECS.

35d) RPMI1788 cells incubated with S-Met(12.5pCi) for 4 hr, 
in medium without PCS.

35e) RPMI1788 cells incubated with S-Met(ISpCi) for 4 hr
35f) RPMI1788 cells incubated with S-Met^50pCi) for 4 hr.

c and f) Extracted protein were isoelectrofocussed on 
different day.

Exposure; 140,000-736,000 cpm; 6-15 days; -70 C.
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The 2D gel patterns of the cell lines (RPMI I788, RPMI 8226, 
HMy2 and K562) were similar to each other hut differences between 
them could be detected as shown in Fig. 6.5. together with the 
drawing line of some interested areas. The spot A on these 2D 
gel patterns was characterized as the actin from its M.W, of 42K 
and pi value of 5*25 ” O.3O (Garrels and Gibson,1979)• The common 
areas among these 4 cell lines were box 2, 3» 4, 7, 8 and 9. K562

cells showed a difference from other cell lines in the absence of 
labelled proteins in the area of box 1 and spot numbers 3 and 4 and 
in the presence of labelled proteins in the area of box 5 and spot 
number 1. The labelled protein at spot numbers2 and 3 appeared 
to be absent in RPMI I788 and HMy2 cells, respectively. The 
labelled protein in area 6 was present only in RPMI 8226. In 
some areas, such as spot numbers2 and 3, there were quantitative 
differences among these cell lines.

The results of 2D gel electrophoresis show that these 
cell lines have similar cellular products and they appeared to be 
different mainly in the amount of each product in relation to 
the others. More than 100 proteins have been shown and spread 
out over the 2D gel area. The result was more complicated than 
ID gel patterns!and the intensity of some proteins was not very 
consistent in each cell line. It may be difficult to use this 
method for showing the effect of ANAs on protein synthesis in 
intact cells. For general investigation, only the efficiency 
of cells to incorporate ^ S-Met and single dimensional-gel 
electrophoresis were determined.
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Fig. 6.5. 2D gel pattern of extracted protein from cell lines. The 
extracted proteins were focussed on gel at pH gradient 3.5-10.0.and 
run on 5-15% SDS-PAGE.
a) RPMI1788(5xlO^)cells (25pCi?^S“Met)4hr incubation in medium with FCS.
b) RPMI8226(5.2xl06)cells(25pCi?^S-Met)4hr incubation in medium with FCS,
c) HMv2( 5.7xlO*^)cells (25^Ci^^S“Met) 4hr incubation in medium with FCS.
d) K5G2(2.5x10^)celIs (12.5uCi, S-Met) 4hr incubation in medium with FCS,
Exposure: 156,000 cpm; 6-12 days; -70°C.
Line drawing of 2D gel of RPMI1788, RPMI8226, HMy2, and K562 were shown 
as a box area (1-9) or spots (1-4) and the actin position is near the 
acid end (A).

«

Fig. 6.7. Fluorescent micrograph of RPMI1788 cells 
incubated at 37°C with liposome containing FITC-IgG.
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6.2.2. Effect of ANAson Protein Synthesis in Intact Cells.
6.2.2.a. Using liposomes to transfer ANAsinto cells.
i). Effect of liposomes on viability of cells ajid incorp

oration of -̂̂ S-Met by cells.
Empty liposomes filled with PBS were incubated with RPMI 

1788 and HMy2 cells with viabilitiesof90.5^ and 95-4^f respectively, 
as described in method section 6.1.2.a. The control was set up 
using the same amount of cells but incubated in PBS without lipo
somes. After 18 hr incubation, the cells were labelled with 
■̂̂ S-Met for 3 hr. The viability of cells was reduced to 83.4^ 
for RPMI 1788 cells and 86.1^ for HMy2 cells when cells were 
treated with liposomes. The cell viability in controls was 
87.9% for RPMI 1788 cells and 90.6^ for HMy2 cells.

The incorporation of -̂̂ Ŝ-Met was dependent on incubation 
time and showed no difference between liposome-treated and untreated 
cells (Fig 6.6.). After 3 hr incubation with ^^S-Met, the incorp
oration of ^%-Met was 3.24 and 4.21 cpm/cell for RPMI 1788 and 
HMy2 cells, respectively. The control gave 3.39 cpm/cell for 
RPMI 1788 cells and 4.57 cpm/cell for HMy2 cells. There was a
slight effect on viability of the cells and incorporation of
35S-Met by cells when treated with liposomes.

ii)' Efficiency of liposomes to entrap and transfer macro
molecules into cells.

Using cytochrome c.

Cytochrome c was used to determine the efficiency of
liposomes to entrap macromolecules.Various ratios of phosphatidyl

choline(PC)/cholesterol were used. The results are shown in Table 6.2. 
About 12.5 - 21.8^ of cytochrome c was entrapped into liposomes 
prepared from PC and cholesterol at ratios of 8:1, l6:l, and 24:1.
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Fig. 6.6 Effect of liposomes on
35the incorporation of S-Met by 

HMy2 cells.
Control: 2xl0^cells were incubated 
with PBS(o —  o) .
Experiment: 2x10 cells were incub
ated with 1ml of liposomes con
taining PBS(^ —  A) ,
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incubation time Itir )incubation time I tir)

Fig. 6 .8 . Effect of ANAS transferred into cells by liposomes on protein 
synthesis in RPMI1788(a) and K562(b) cells. Cells were incubated with 
liposomes filled with
a) PBS,2hr (°-- °) and 18hr(*— ■) incubation; normal I gG(M. K) , 2hr(* —  •) and
18hr(o— o) incubation; antiRo(Frayne),2hr(^ —  and 18hr(a— a ) incubation
b) PBS(° —  a); normal IgG(NG)(* •) ; antiRo( Fra y n e ) ( ^ — ^) ; antiRNP( Windsor)
(o— o) ̂ for 18 hr incubation.



Table 6.2. Encapsulation of cytochrome c in liposomes,,

Ratio of 
PC/cholesterol

cytochrome ̂  
added

cytochrome c 
in liposomes

cytochrome c 
entrapped in 
liposomes(%)

8:1

16:1

24:1

30

30

30

3.35-4.16 

5. 42-5.90 

5.72-7.38

12.50±1.35 
( n=3)

18.85±0.80 
( n=3)

21.82±2 77 
( n=3)

125Table 6.3. Preparation of I-IgG-liposomes and transfer of 
125I-IgG from liposomes to intact cells.

Experiment sample Control sample

Cell line 125, -IkG recovery 
of radio- uptake by

recove ry 
of radio-entrapped in uptake bv cells(%)

liposoDes(%) 1 2 acti vity(%) cells(%) acti vi ty(%)

RPMI1788 
f4x10®) 
(n-2)

36.02i5.93 2.33i0.71 6.21il.03 73. 55*5.76 1.38*0.66 88 23*6.79

RPMI1788 
f2x10®) 
(n-5)

33.03i4.26 2.16il.26 7.16±3.59 79.79*3 76 0. 76*0.29 91.95*1.31

K562
( 2x 106)
( n=3)

30.8£t±4. 51 2.55il.06 7.59i3.26 78.75*5. 23 0.61*0.09 92.68*1,16

125Note : 1 and 2 were percent binding of I-IgG with cells which were
calculated from total added radioactivity and total en
capsulated radioactivity in liposomes, respectively.
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This value was less different between liposomes prepared from 
PC/cholesterol at ratios of l6:l and 24:1. The ratio of PC/ 
cholesterol at l6:l was chosen for preparation of liposomes.

Using ^^^I-labelled IgG.
was prepared from sheep IgG and had a protein 

concentration of 0.l46pg/ml. ^̂ ■̂ I-IgG was counted in a gamma counter
for calculation of the results. 2-4)il of ^̂ "̂ I-IgG with 0.64mg of 
normal human IgG (as carrier) was used to prepare 1ml of liposomes.
2 X 10^ cells were incubated with 0.3nil of liposomes for 2 hr, at 
37°G. The results are shown in Table 6.3.

About yyfo to 3^^ of total ^̂ -̂ I-IgG was entrapped in lipo
somes. After incubation of these liposomes with RPMI I788 and 
K562 cells, the uptake of ^^^I-IgG into cell was Z.Z-Z.6% and 
6.2-7.3% of total cpm of ^^^I-IgG axided and ^^^I-IgG in liposomes,
respectively. This value was only 0.6-1.4^ in the control in which

125cells were incubated with empty liposomes and free of I-IgG.
These results showed that liposomes can transfer IgG into cells, 
though with a low efficiency (about 1-2%).

Using FITG-IgG.
The liposomes loaded with FITC-IgG were incubated with 

RPMI 1788 cells, at room temperature, for 30 min and incubation 
was continued at 37°C, for 2 hr, after dilution with fresh medium.
The cells were washed three times with PBS, fixed on a microscope 
slide and checked for fluorescent cells under UV light with a Leitz 
Orthoplan microscope. Most of the cells had fluorescence around 
the surface and some of them had fluorescence throughout the cell 
(Fig.6.7.). This experiment showed that, there was a binding of
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liposomes to the cells but could not show the transfer of FITG-IgG 
into cells. The FITC-IgG may transfer into cells at low con
centration and this method may not be sensitive enough to detect 
it.

iii). Effect of ANAson protein synthesis in intact cells.
Liposomes were used to transfer ANAsand normal IgG into 

cells. The control was cells treated with empty liposomes (loaded 
with PBS) or with liposomes containing normal human IgG at the 
same concentration as ANAs. After incubation with liposomes for

X
352 hr or 18 hr, the cells were washed and then labelled with S-Met.

The incorporation of -̂̂ S-Met was determined at 1, 2 and 3 hr of
incubation and either cell lysate or medium were analyzed on gel
elec trophore sis.

About 2 X 10^ RPMI 1?88 cells, with viabilities of 86-93%
were incubated with 0.3ml of liposomes. Duplicates of each sample
were compared to controls in each experiment. With antiRo (Frayne)
at concentrations of 0.4mg or 2.0mg in 0.3ml liposomes, the incorp- 

35oration of S-Met by cells was similar to control during 3 hr
incubation, after either 2 hr or I8 hr of incubation of cells with
empty liposomes or liposomes containing normal IgG (Keowan at 0.4mg in
0.3ml liposome) (Fig 6.8.a.). This result was confirmed by the

35incorporation of S-Met by cells and the incorporation into 
secreted protein which showed insignificant differencesbetween 
control and ANAs(Table 6.4). The viability of cells was reduced 
to 82-90% and 73”80% after 2 hr and 18 hr incubation with liposomes 
respectively. The same result was given when using antiRNP 
(M.Windsor) antibodies, there was no change in incorporation of 
radioactivity after incubation of cells with liposomes containing
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antiRNP antibodies (Windsor), (O.4mg/0.3ml liposome) for l8 hr 
(Table 6.4. and Fig 6.8.a).

The labelled proteins from these cells were analyzed on 
SDS-PAGE and their fluorograms are shown in Fig. 6.9.a, b, and c.
The protein profiles were similar for controls and with ANAs, no 

bands were missing and the intensity of each band was not signif
icantly different between controls and with ANAs'.Similar results were 
given in both extracted protein from cells (Fig.6.9 a. and b) and 
medium (Fig. 6.9.C. lane 1-7)• There was no effect of ANAson pro
tein synthesis in RPMI 1788 cells following transfer into cells 
by liposomes.

K 3^2 cells (about 2 X 10^ cells) were incubated with 
0.3ml liposomes prepared using antiRo (Frayne) 2mg, antiRNP (Windsor) 
0-53mg, normal IgG (NG) 0.6mg and PBS, respectively, for 18 hr 
before labelling with ^^S-Met. There was no difference in incorp
oration of -̂̂ S-Met between controls and with ANAs (Fig.6.8.b). The 
cell viability was slightly decreased after 18 hr incubation with 
liposomes (from 95% to 89-9^) • The amount of radioactivity in 
medium, cells ajid the recovery of radioactivity in extracted protein 
are shown in Table 6.4. By gel analysis of extracted protein and 
medium, no effect of ANAson protein synthesis could be detected in 
these K362 cells (Fig.6.9.c. and d). The protein profile was 
the same in either control or ANA-treated cells. The fluorogram 
of labelled protein from RPMI I788 cells treated with liposomes 
containing ANAsor normal IgG showed no difference in intensity of 
each band between controls and with ANAs. Quantitative determination 
of each band was achieved by scanning the X-ray film of the 
fluorogram at 340 nm and calculating the area under the peak with 
a fixed arm planimeter. The scanning profile is shown in



Fig. 6.9. Characterization of the proteins synthesized in RPMI1788
and K562 cells after incubation with liposomes by electro
phoresis on 5-15% SDS-PAGE.

a) RPMI1788 cells incubated with liposomes containing PBS, normal IgG 
and ANAsfor 2 and 18 hr. All the samples were extracted proteins 
from cells.

lane

14C-RNase

PBS in liposome , 2hr incubation
normal IgG(M.K) in liposome(duplicated samples),2hr Incubation 
normal IgG(M.K) " " ( " " ),2hr
antlRofFrayne) " " ( " " ),2hr "
antiRo(Frayne) " " " " ),2hr,
standard proteins; C-BSA, C-trypsin inhibit 
normal IgG(M.K) in liposome,2hr incubation 
PBS in liposome,18 hr incubation
normal IgG(M.K) in liposome(duplicated samplesXl8hr incubation 
normal IgG(M.K) " " ( " " ),18hr
antlRo(Frayne) , " ( " " ),18hr "
antiRo(Frayne) " " C " " ),18hr

Exposure; 205,000 cpm; 1 day; -70 C.

b) RPMI1788 cells incubated with liposomes containing PBS, normal IgG 
and ANAsfor 18 hr. All the samples were extracted proteins from cells.

lane 1; PBS in liposome (fromduplicated samples)
" 2; PBS " ” ( " " " )
" 3; normal IgG(M.K) in liposome(from duplicated samples)
" 4; normal IgG(M.K) " " (
" 5; antiRo(Frayne) " " (
'• 6; antiRo(Frayne) " " (
" 7; antiRNP(Windsor) " " (
" 8; antiRNP(Windsor) " " (
" 9; extracted protein of cells that did not treat with liposomesI* II II II II II II II If If II
" 11; normal IgG(M.K) in liposome,2hr incubation 
" 12; normal IgG(M.K) " " ,18hr

Exposure; 200,000 cpm; 20 hr; -70°C.

c) Culture medium from RPMI1788 and K562 cells that incubated with 
liposomes containing PBS, normal IgG and ANAsfor 2 and 18 hr.

lane PBS in liposome with RPMI1788 cells,18hr incubation
normal IgG(M.K) in liposome with RPMI1788 cells,18hr incubation
antiRNP(Windsor) " " " " " ,18hr
antiRo(Frayne) " " " " " ,18hr
PBS in liposome with RPMI1788 cells,2hr incubation
normal IgG(M.K) in liposome with RPMI1788 cells,2hr incubation
antiRo(Frayne) " " " " " ,2hr
standard proteins ; C-BSA, C-trypsin inhibitor, C-RNase
PBS in liposome with K562 cells,18hr incubation
normal IgG(M.K) in liposome with K562 cells,18hr incubation
antiRo(Frayne) " " " " " ,18hr
antiRNP(Windsor) " " " " " ,18hr

Exposure; 10,000 cpm; 15 days; -70 C.

d) K562 cells incubated with liposomes containing PBS, normal IgG, 
and ANAifor 18 hr. All samples were extracted proteins from cells.

lane PBS in liposomeCfrom duplicated samples)
PBS " " ( "
normal IgG(NG) in liposome 
normal IgG(NG) " "
antiRo(Frayne) " "
antiRo( Frayne) " '*
antiRNP(Windsor)" "
antiRNP(Windsor)" "

)
from duplicated samples)

" ) " ) " ) " ) 
" )

control,K562 cells incubated in PBS for 2hr before radiolabelling
control, " " "...... ........18hr "
PBS in liposome with RPMI1788 cells,18hr incubation 
P B S ............................. ,2hr

Exposure; 195,000 cpm; 20 hr; -70 C.



ELQ-iS

n̂gin
. ( b l

P i l K - a S  1

I

# # # # # « * # - # $ " #
-25K

9 10 11 12 1 2  3 4 5 6 7 8 9 10 11 12

fiqin

È

^-o rig in

1 2  3 4 5 6 7 8 9 0̂ 11 12 1 2 3 4 5 6 7 6 9 10 11 12



SCO

■c
OTm
£M
C•

04 I
5
U r> oc £
^ >
w  C

g IuM ac w c

M i

1 I

>» «4 o
? î :
: î I

I

okOLMC
CCmuw

m
S
TJ
#U
â
m

u
t

u. m'o 5
ec •

I I

I I
■Ti %



E
2
«M

C
0>
•M

M
ü
cokl
-4-»
X
o

%

E  O  
CD C  
kbO .
O  çn k m o Pu 
3

r-l bO
4-1 C

O -r4
CD
•»-»
Co
o

to o o r4

ë d d d
X 44 p 44
CD II to to
0> TT V r r
O

s d d 6

m

oc
JC
CD II
(D >
O

ZE

O
rH X:

00
j»: to
CD II
0) >ol

:e

en X:
A: r-
CD II
d) >a

:E

kl 0) d)
a d> kl

E co bdt
d) O 00 m
£ n m :
P o co zd m

a d) co 00
bO *f4 a d) II
C rH a >
•H
c JC S
c p
co •H
ü >0)

p Q
E c m
O d) r~
kl E t-
*M P m

CD co II
•O d) d) S:
d) p a
c p S
p
E kl
P d)
d) p
P «H X:
d) CO to 00
"O o
<n m P
co rH CQ II
d) P d) >
p d) a
CD O S

00
CD 00
d)
a p

rH
u:
co

c O
co z Jd <N
d) a co II
s ce: <D

a
3:
S

o
o
JÇCD

00
o
O

lO

to
o
o44
g!

M

O
44

6

s00lO

00
o

§lO

O
Oa

çn TT pu II 
Ou c

O44
O'in

O
44
r~TT

O)
O

d
44
co

o
d
d"to

O

d
d
"V

m
O

d
44
O)tT
d

o

co
E Z  ^  
k  v_̂
O O  II
C bo C 
m

O
44
to
to

OJ
O
44<T5

to
O

m

m
O
O
44
to
d

o
44
m

d

o
44

COlO

to
O

d
44

CO

O (D 
CC C 
•H ^
•P CO to
C Oi II
co k  c
co

Q}
bO

a
Q)
k,
p
c0)
m
d)kl
a
<Dkl



- -

Fig 6.10. a, b and c. The average area of some peaks is shown in 
Table 6.5. This result confirmed that protein synthesis in cells 
was not affected after incubation with liposomes containing ANAs

iv). Effect of cycloheximide on protein synthesis in K562 cells.
The incorporation of radioactivity by K562 cells (l X 10^) 

was inhibited after incubation with cycloheximide at various con
centrations for 2 hr and followed by washing twice before labelling 
with ^^S-Met. The inhibition was dependent on the concentration 
of cycloheximide (Fig 6.11.a). Inhibition was 1$^ for cyclohex
imide at 12Qug and increased to 6 8 . at 0̂0;ig. The inhibition

35was as high as 9^.27^ when the cells were labelled with S-Met 
in the presence of lOÔ ig of cycloheximide (Fig 6.11.a). This 
result showed that an inhibitory effect can be detected by reduced 
incorporation of radioactivity using cycloheximide, a small mole
cule which can easily diffuse in and out of the cells.

When K562 (1 X 10^) cells were incubated with liposomes 
containing cycloheximide, the percentage inhibition was found to 
be 18.^. If 35^ of cycloheximide was entrapped in the liposomes 
and only 2% was transferred into cells (from the data using ^̂ "̂ I-IgG 
in section 6.2.2.a (ii)), the total amount of cycloheximide in 
the cells was about lOO^g. This amount of cycloheximide (l20jug) 
will affect the incorporation of radioactivity, showing 19^ inhib
ition in cells treated with this amount of free cycloheximide.
The result of this experiment showed that cycloheximide can transfer 
into the cells by using liposomes in a low concentration which 
results in a small effect on protein synthesis.

This effect of cycloheximide on protein synthesis in 
K562 cells was further investigated by gel analysis. In Fig
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cells by cycloheximide.
Cells incubated with PBS(“ —  o')
Cells incubated with liposomes
containing cycloheximide(û a);
%inhibition- 18.30
Cells incubated with cycloheximide 
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Fig. 6.12. a and b) Effect of ANAs transfered into cells by red cell ghosts 
on protein synthesis in K562 cells(a) and X63 mouse cells(b). Labelling 
of cells was carried out in 1ml medium without met.
a) the K562 cells were fused with red cell ghosts containing PBS(o o) ,

norma 1 IgG(NG)0. 6mg(*--•), anti Ro( F r a  y n e  ) 2m g ( A -  , an ti RNP( Wi ndsor )
O, 55mg(o o) .

b) the X63 mouse cells fused with red cell ghosts containing PBS(o o), 
normal I gG( NG)0, 6mg(»---•), anti RNP( Wi ndsor )0. 55mg(* ^) , antiRNP
( Swindell )0.6mg(*--•) .
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6.11.b. the inhibitory effect is clearly shown and all types of 
proteins were synthesized in reduced amount. The inhibition did
not affect any particular type of protein. At lower percent 
inhibition (19%), the intensity of protein bands was similar to the 
control (Fig.6.11.b. lane 1,11 andiz). Therefore, the effect was 
not easily shown.

The results of this experiment helped to explain the 
difficulty in using liposomes for transfer of macromolecules into 
cells and the difficulty in showing the inhibitory effect on cell
ular protein synthesis. Because the synthesis of all proteins was 
inhibited, the percentage inhibition should be quite high to show 
a difference in gel patterns.

Therefore, it was quite difficult to show an inhibitory effect 
on protein synthesis by ANAstransferred into cells in low concen
tration by liposomes. The cells require a rather high amount 
of ANAsto show high percentage inhibition and this technique(using 
liposomes) did not give high efficiency in transferring ANAs into 
cells. Only some cells bound to liposomes (showed by using
FITC-IgG in section 6.2.2.a (ii)),and the percent incorporation 

35of -̂ Ŝ-Met was determined from all cells. The effect of ANAs ion 
a small number of cells may not be detectable when ^^S-Met incorp
oration is measured for the entire cell population. Alternat
ively, although the liposomes were able to transfer ANAs into 
cells, the intracellular concentration might not be high enough 
to show any effect on protein synthesis in the cells as detected 
by incorporation of radioactivity and separation of labelled prot
eins on gel electrophoresis.
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6.2.2.b. Using red cell ghosts to introduce ANAsinto cells.
Red cell ghosts were prepared by the pre-swell technique 

as described in method section 6.1.2.b. The red cells took up 
the loaded protein (normal IgG or ANAs)during the rapid hypotonic 
haemolysis. These red cell ghosts were fused to K362 or X63 cells 
using polyethylene glycol and loaded protein was transferred into 
the cells. x6]l-mouse cells were used because of their high per
centage of fusions in the polyethylene glycol technique (Kearney 

et al.,1979).
The efficiency of this technique in transferring macro-

125molecules into cell was checked by using I-IgG, The X63-mouse
125cells were fused with red cell ghosts loaded with I-IgG and 

incubated for 2 hr, at 37°C. About 20.3 i 5»5% of total ^^^I-IgG 
was found to load into red cell ghosts. Only 11.78 t 0.44$̂  of 
the amount of radioactivity in red cell ghosts was transferred to 
X63 mouse cells and the amount of radioactivity transferred into 
the cells was approximately O.O6 ± 0.02^ of total radioactivity 
(calculated from the radioactivity in supernatant after lysis of 
the cells).

For controls, the X63 cells were fused with red cell ghosts 
prepared in the presence of PBS or normal IgG (NG),0.6mg and for 
ANA transfer*, antiRNP (Windsor),0.3.^g and antiRo (Frayne), 2mg 
were used. K362 cells and X63 mouse cells were fused with these 
red cell ghosts, incubated for 2 hr, washed and labelled with ■̂̂ S-Met 
(as described in method section 6.1.2.b). The viability of cells 
was reduced from 83-93^ to 83-88^ for K362 cells and to 74-82^ for 
X63 mouse cells after 2 hr incubation with red cell ghosts (Table 
6.6.). The incorporation of ^^S-Met was not significantly diff

erent between controls and for ANAs in either K362 or X63 mouse cell
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(Fig 6.12. a and b). The incorporation of radioactivity per 
cell,and the total radioactivity in cells and medium from these 
cells were determined and are shown in Table 6.6.

Red cell ghosts were removed before extraction of protein 
from cells (as described in method section 6.1.2.b). The recov
ery of cells was 60-67%. These extracted proteins were analyzed by 
gel electrophoresis and the fluorogram is shown in Fig 6.12.C.
No qualitative or quantitative differencesbetween synthesized 
proteins was seen between the cells incubated with normal IgG or 
PBS and with ANAs in K3&2 cells or X63 mouse cells.

6.2.2.C. Antibody penetration of cells through Fc receptors.
Alarcon-Segovia et ad.(I978) have shown that ANAscan pen

etrate viable cells through FcY receptors.They incubated 1 X 10^ 
mononuclear cells from normal subjects with 4.2mg of FITC-antiRIfP 
antibody (which had a titre of 1:1,048,376),for 1 hr at 37°C.
About 11%, 19% and 6% of viable cells showed membrane fluorescence, 
nuclear fluorescence, and cytoplasmic fluorescence, respectively. 
This method was used to transfer ANAs into cells in this study, but 
the concentration of ANAsused was lower. The highest amount of 
ANAs was 2.0mg with 1 X 10^ cells (antiRo (Frayne)).

K362 cells were chosen for use in this experiment since 
the mean percentage of FcT receptors on these cells was 67.2313-11% 
(4 experiments) whereas RPMI I788, HMy2 and RPMI 8226 cells had 
19.00 3.34%, 11.73 ±  4 .76%, and 9.3± 3.84%,respectively. Fc2f
receptors were determined using the rosette assay as described in 
method section 2.2.1.d.

K362 cells, (about 1 X 10^ cells) were incubated for 1 hr 
at 37°G at high concentration in PBS or with normal XgG(M.El-Naggar,
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0.6mg and Me.Keowan,1.6mg) for controls and with ANAs(antiRo(Frayne), 
0.43 and 2.0mg; antiRNP (Windsor),1.Imgj and antiSm/RNP (P.Summes) 
0.173mg) for experiments. The cells were diluted with fresh medium 
and incubation continued for 2 hr or I9 hr before labelling proteins 
with ^^S-Net. Both 2 hr and I9 hr incubations of cells with ANAs 
gave the same results. There was no inhibitory effect on incorp
oration of radioactivity into cells during 3 hr incubation (Fig.6.
13. a and b). The viability of cells was not changed after incub
ation with ANAs. The incorporation of radioactivity per cell and 
total radioactivity in cells and medium were similar between controls and 
with ANAs. The average values are illustrated in Table 6.7.

The extracted protein from these K362 cells was further 
analyzed on SDS-PAGE as shown in Fig. 6.I3.C. The result confirmed 
that there was no inhibitory effect on protein synthesis in K362 

cells that were incubated with ANAs. The protein profile of these 
samples showed both quantitative and qualitative similarities between 
controls and ANA-treated cells.

6.2.2.d. Introduction of ANAsinto cells by permeabilization 
in the presence of ANAs.

i). Effect of permeabilization on the viability and
incorporation of radioactivity into cells.
K362 cells were used in this experiment and it was found 

that the recovery of cellswas 36-70% and the viability of cells 
was reduced from 90-93% to 73-83%, after permeabilization. The 
incorporation of radioactivity into cells was slightly lower than the 
control (untreated cells with equal number of cells). The incorp
oration of radioactivity was 8.36 ± 0.02 cpm/cell for control 
and 8.09 ±  0.08 cpm/cell for cells after permeabilization.
Extracted proteins were analyzed on gel electrophoresis. In Fig.



3 5Fi g . 6.13. a and b ) Incorporation of ' s-Met by K562 cells after 
incubation with ANA^ PRS, and normal IgG for 2 hr(b) 
and 19 hr(a ) .
a) K562 cells(lxlO^) incubated with PBS(o— o), normal 

IgGCM.K) l.Gmgf* •) and antiRNPCWindsor) l.lmgf* a)
b) K562 celIsClxlO^) incubated with PBS(o— o), normal

IgG(M.N) 0.6mg(*--•),antiRo(Frayne) O.45mg(^---a),
antlRo(Frayne) 2.Omgf*— a) and antiSm/RNP(Summes)
0.175mg(o- -,-o) .

c) Characterization of proteins synthesized in K562 cells 
after incubation with ANAsfor 2 hr and 19 hr. All samples 
were extracted proteins and the same amount of radioactiv-
ity from each sample was loaded onto 5- 15% SDS-PAG.

lane 1-6: K562 cells incubated with ANAsfor 19 hr.
•• 7- 17: K562 cells incubated with ANAsfor 2 hr.

1 with PBS (duplicated samples)
*' 2 " PBS ( )

3 ’* normal IgG(M.K)fduplicated samples),1.6mg
4 " normal IgG(M.K)( " ),1.6mg
5 " antiRNPfWindsor)( ” " ),l.lmg
6 '* antiRNP(Windsor)f ” " ) , 1.Img

’* 7 ” PBS(duplicated samples)
** 8 " PBS( " " )
" 9 ” normal IgG(M.N) (duplicated samples),0.Brag
•* 10 ’• normal IgG(M.N) ( ),0.6mg
'* 11 " antiRoC Frayne) ( ’’ ), 0. 45mg
** 12 " antiRoCFrayne) ( ” ) ,0. 45mg
” 13 ” antiRo( Frayne) ( "• ) , 2rag
*' 14 '* antiRo( Frayne) ( ” ) , 2mg
’* 15 ” antiSm/RNP(Summes) ( " ),0.175mg

16 " antiSm/RNP(Summes) ( ),0.175mg
ft • 17 ” PBS
•• 18 TWV protein as standard

Exposure: 193,000 cpm; 20 hr; -70 C.
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6.13. lane 1 and 2 and Figé.lj.c.lane 1 and 2, similar protein 
profiles are shown between control and permeabilized cells.
There was no effect on protein synthesis in the cells after perm- 
eabilization procedure, the only effect was a reduction of the 
number of cells recovered.

ii). Efficiency of K362 cells in take up of macromolecules 
by permeabilization procedures.

Using ^^-^I-labelled IgG.
K562 cells (2 X 10^) were lysed in hypotonic solution

containing ^^^I-IgG (0 .002^g) within 2 min and then resealed by
adding hypertonic salt solution. The control was prepared by

125the same procedure,but the I-IgG was added after resealing the
cells. The cells were incubated at 37°G, for 1 hr, washed three
times with PBS and radioactivity counted vdth a gamma counter.
The amount of radioactivity inside the cell was determined from the
supernatant after lysis of the cells. About 1.2-1.4^ of total 
125I-IgG were detected with washed cells and only 0.5-0.?^ of 

125total I-IgG were found inside the cells. In controls, the 
radioactivity of washed cells and inside cells was 0 .5-0.69^ and 
0.16-0.3̂  of total ^^^I-IgG, respectively. This result showed

125that ^I-IgG was taken into cell but in low amount.

Using FITC-IgG.
The permeabilization procedure was done as described 

above, but K562 cells (2 X 10^) were lysed in the presence of 
FITG-IgG (84pg). The cells were washed, fixed on slides and the 
fluorescence checked under UV lightvdth aLeitz Orthoplan micro
scope. More than 70% of cells in the sample were fluorescent 
while this value was less than 20^ in the control. Fig 6.l4.
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a and b shows typical staining patterns for experimental and 
control cells and demonstrates that fluorescent staining was less 

intense in the control. This result showed that most of the cells 

bound FITG-IgG.

Effect of ANAson protein synthesis.
About 1.3-2.0 X 10^ K362 or RPMI I788 cells with viabilities 

more than 90^ were lysed in hypotonic solution containing ANAs 
(antiRo (Frayne),0.2mg and AntiRNP (Windsor),0.03mg), PBS or 
normal IgG (NG , 0.06mg). After resealing, the cells were incubated 

for 3 hr at 37°G before labelling with -̂̂ S-Met. In Fig 6 .I3 a and b, 

the results showed no difference in incorporation of radioactivity 
by both cell lines between controQsand ANAs. The viability of 
cells was reduced to 83-87% for K362 cells and 66-71% for RPMI 1788 

cells. Amountsof radioactivity per cell and total radioactivity
in medium, including the recovery of extracted protein from cells 
were determined and are summarized in Table 6.8.

There was no inhibitory effect of ANAs on protein synthesis 
in either K362 or RPMI I788 cells in this experiment and this result 
was also confirmed by gel analysis of extracted protein from these 
cells (Fig. 6 .13. c and d). Similarity of protein profiles includ
ing intensity of each bands was seen between cells with ANAs, and . 
control cells.



Fig. 6.15. Effect of ANAson protein synthesis in K562 and RPMI1788
cells. The cells were permeabilized in the presence of
ANAs, normal IgG and PBS. After resealing, the cells

35were incubated with S-Met.

a) K562 cells(2xlO^) with PBS(“ —  °), normal IgG(M.K)
0.08mg(* •), antiRo(Frayne)0.045mg(a— a) and antiRNP
( Windsor)0.05mg(o o) .

b) RPMI1788 cells(2xlO^) with P B S ( o — o ) ,  normal IgCCNG) 
0.06mg(*-- •), antiRoC Frayne)0.045mg('A— 0) and antiRNP
(Windsor)0.05mg(o o) .

c and d) Characterization of synthesized protein in 
K562 cells(c) and RPMI1788 cellsCd) after permeabilization 
in the solution containing PBS, normal IgG or ANAs by 
5-15% SDS-PAGE/fluorography. All samples were extracted 
protein with the same amount of radioactivity.
c)
lane 1 in PBSCduplicated samples)

2 PBSC ” ” )
3 normal IgGCNG)0.06mgCduplicated samples
4 normal Ig0CNG)0.06mgC ” "
5 antiRoC Frayne)0.2mg C "
6 antiRoCFrayne)0.2mg C ” "
7 antiRNPCWindsor)0.05mgC ” "
8 antiRNPCWindsor)0.05mgC ” ”
9--12: the same vol of extracted proteinCIpl)
9 in PBS

10 normal XgGCNG)0.06mg
11 antiRoCFra yne)0.2mg
12 antiRNPCWindsor)0.05mg

Exposure: 150,000-180,000 cpm; 1 day; -70 C.
d)
lane 1: in PBS(duplicated samples)

” 2: •* PBS( ” " )
” 3: ” normal IgG(NG)0.06mg(duplicated samples
" 4: ” normal IgG(NG)0.06mg(
’’ 5: ” antiRoC Frayne)0.045mg( ” ’
" 6: ” antiRo(Frayne)0.045mg( ** ”
" 7: ” antiRNP(Windsor)0.05mgC
’’ 8: ” antiRNP(Windsor)0.05mg( ” "
” 9-12: the same vol of extracted protein(2pl)

9
10
11
12

in PBS 
” normal IgG(NG)0.06mg 
” antiRoCFrayne)0.045mg 
” antiRNPCWindsor)0.05mg

Exposure: 150,000-162,000 cpm; 20 hr; -70 C.
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7. Discussion.

7.1. Effect of ANAs on protein synthesis in cell-free systems.
7.1.1. Significant inhibition by ANAs.

The optimum conditions for translation of each message
(TMV RNA, globin mRNA, poly(A)^RNA from Kj62 and NS 1 cells, and
poly u) in cell-free systems, either wheat germ lysate or rabbit
reticulocyte lysate, have been determined and are described in
chapter 4. High efficiency of protein synthesis was shown in
these cell-free systems. Its efficiency was dependent on many
factors, such as incubation time, mRNA concentration, amount of 

+ 2+lysate, K and Mg salt concentration and in wheat germ lysate, 
spermidine cone entrâtion.

The optimum conditions for translation of these messages 
in cell-free systems were used in experiments to study the effect 
of autoajitibodies from SLE patients (or antinuclear antibodies, ANAs) 
on protein synthesis. IgG fractions at various concentrations, 
from either normal or SLE patients, were added to the reaction 
mixture, which resulted in a change in the amount of lysate, protein 
(added IgG) and salt concentration from the optimum condition 
described in chapter 4. The sensitivity of protein synthesis to 
the inhibition effect by ANAswas determined and it was found that some 
ANA samples had an inhibitory effect on protein synthesis in 
these cell-free systems.

7.1.1.a. Control of cell-free systems.
Since the cell-free protein synthesizing system was sensi

tive to many factors, these systems were controlled to confirm 
that the inhibitory effect on protein synthesis resulted from ANA 
samples.
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In each experiment, the control was normal IgG which was 
added to the reaction mixture at the same concentration as ANAs 
There was no effect on protein synthesis at concentrations of 
normal IgG as high as 0.4pg/pl when the incorporation of radio
activity was compared to reaction mixture with added distilled 
water or PBS. In contrast, a slight stimulatory effect on 
protein synthesis was found when using these normal IgG samples.
The average stimulation by normal IgG at a concentration of 
0.2ug/^l for 60 min of incubation was 3.21 — 11 .03 (n=10) for 
TMV RNA translation in wheat germ lysate and 2.98^11.94(n=10),3.77“ 
13.l4(n=9),and 0.7^^6.39(n=3),for_translation of TMV RNA,globin mRNA 
and poly u in reticulocyte lysate, respectively. BSA (at a con
centration of 0.2pg/pl) and calf thymus DNa(at a concentration of 
0.003 ^260 units/ul) also showed no effect on these cell-free 
protein synthesizing systems (Fig. 3.4.b. lane 3, 4 and 6).
The inhibitory effect on protein synthesis by ANAs was not due to 
the amount of added protein or a change in the amount of lysate.

Another factor was salt concentration. High efficiency
of proteins synthesis was achieved when the reaction mixture in
cell-free systems contained optimum concentrations\of ÎĈ  salt,

2+Mg salt and spermidine, as presented in chapter 4. At higher 
or lower concentrations of these salts, the incorporation of radio
activity was significantly reduced. This result was also reported 
by Suzuki I977 and I98I, Ganoza et al.I982, and Bhargava I983. 
Weber et ad (1977) showed that at high concentrations of Gl“(>80mM) 
in cell-free systems,the binding of mRNA to ribosomes to form the 
initiation complex was severely inhibited. The data in chapter 4 
demonstrated that different mRNAs had different optimum salt 
requirements for translation. Similar effects were shown with both
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Mg(OAc) and KGl concentrations,which gave optimum concentrations for
translation of different mRNAspecies (Suzuki,1977; Alonoso et aL,
1979; Bhargava, I983). Other ions, such as Gd^^, Ag^, Gu^^, Pb^ ,
NaF, NaHSO^, and Na^S^O^ also inhibited the activity of eIF-2 phos-
phoprotein phosphatase, which is associated with the phosphorylation
of the 38K subunit of initiation factor, eIF-2 (Ranu and Bhala,198l).
Moreover, it was reported that the inhibition of globin synthesis in

7 <rabbit reticulocyte lysate by m G p (Weber et al.,1978), by dsRNA 
(Banglioni et aX, 1978) and by poly (dT) (Suzuki et al.̂  I980) depended 
on the concentration of salt. Greater inhibition of globin syn
thesis by poly (dT) was observed with a higher concentration of 
salt (either KGl or K(OAc)) and the inhibition appeared to be at the
initiation step, but the mechanism was unknown (Suzuki et aX, I98O).
At certain concentrations, many salt ions showed inhibitory effects 
on protein synthesis in cell-free systems. In the study of the 
effect of ANAson protein synthesis, the IgG fractions from normals 
and SLE patients were in PBS (at concentration of O.15M) >diich con
tained NaGl, KGl, Na^HPO^ ajid KH^PO^and which was diluted with H^O 
to the required concentration before adding into the reaction mixture. 
Therefore, the amount of salt in these IgG samples was determined and 
quoted as the conductivity value (summarized in Table 5*3)• The 
effect of PBS, at various concentrations, on translation of TMV RNA 
in both cell-free systems was studied and it was found that the 
greater inhibition of protein synthesis was observed with a higher amotint 
of salt (PBS) (Fig.5.4.a.and 3.14). The wheat germ lysate cell-free 
system was more sensitive to salt concentration than rabbit reticul
ocyte lysate cell-free systems. At a conductivity of about 9^ho, 
the inhibition of TMV protein synthesis by PBS was approximately 
3% and 13%t respectively, in reticulocyte lysate and wheat germ lysate. 
Many factors including RNase activity were responsible for the low
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efficiency of wheat germ lysate for synthesis of large polypep
tides, as previously described in chapter 4. The conductivity of 
ANA samples and normal IgG was between 2.5 a.nd « Therefore,
the inhibitory effect by ANAswas not due to salt concentration, as 
shown in Fig.5*^*a.and 5.l4, which compares conductivity to percen
tage inhibition of TMV protein synthesis in both cell-free system 
by these ANAs and normal IgG samples. Phosphate buffer at a high 
concentration (3.63mM and 9.09mM) inhibited TMV protein synthesis 
in rabbit reticulocyte lysate (Fig. 5*^ b. lane 11 and 12) and 
there was no effect at concentration of l.SlmM. PBS solution in 
the reaction mixture contained only 1.44mM NagHPO^ and 0.38mM 
KH^PO^, so that it should not show any inhibitory effect on protein 
synthesis.

The inhibitory effect on TMV or globin protein synthesis 
in both cell-free systems was found to depend only on the amount 
of added ANAs. The ANA and normal IgG samples were diluted with 
PBS so that the conductivity was unchanged whereas the amount of 
IgG was varied. For example antiRo at concentrations,'of IgG between 0.025- 

0. 2pg/)il had conductivity values of 11.5-13 tunho. The incorpor
ation of radioactivity in controls (added normal IgG) was nearly 
the same at various IgG concentrations whereas decreased incorp
oration of radioactivity was observed with increasing the amounts 
of added ANAs (Fig .5 • 5 «s-» 5 «.lO «S' a-îd 5»15»^)* These results clearly 
showed that the inhibitory effect on protein synthesis in cell-free 
systems was from specific ANAs and that it was dose-dependent.

y.l.l.b. Type of cell-free system and mRNA.
To test whether these ANA samples can function as general 

translational inhibitors, their effects on translation of mRNA from
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various sources were examined in cell-free extracts derived from 
rabbit reticulocyte and wheat germ.

TMV RNA was translated in either reticulocyte lysate 
or wheat germ lysate and in the presence of ANAs. The results 
showed that TMV protein synthesis was efficiently inhibited by 
certain ANA samples in both cell-free systems (Table 5-2 and 5*6). 
The extent of inhibition, however, varied with the systems studied, 
for example with antiLa (Buffalo)at a concentration of 0.2pg/pl,
TMV protein synthesis was inhibited by 36.6% and 4-9.0̂ , respect
ively, in rabbit reticulocyte lysate and wheat germ lysate, over 
60 min of incubation. Some ANA samples, antiSm/Ro (Pryce), 
antiRNP (Johanna) and antiLa (Knowland), showed no inhibition of 
protein synthesis in reticulocyte lysate systemsbut gave more than 
30% inhibition when added to wheat germ lysate systems. However, 
some of ANA samples gave less effect in >Jieat germ lysate systems, 
for example, antiRo (Frayne) and antiDNA(Jonas). Protein synthesis 
in wheat germ lysate seems to be affected by ANAs more than in 
reticulocyte lysate. This result was observed in the inhibitory 
effect of cibacron blue F36A (dye) on polypeptide synthesis (Wu,198o) 
He found that addition of 13»^^^ llOyiM dye into wheat germ lysate
and reticulocyte lysate, resulted in a. 66/% and 68 % inhibition of 
protein synthesis, respectively. In addition, these two cell- 
free systems had different efficiency for optimal synthesis of 
a particular protein (Scheele and Blackburn, 1979). This higher 
inhibition of protein synthesis in wheat germ lysate seems to 
relate to its sensitivity to salt concentration as described in a 
previous section (7.1.1.a.). The maximum inhibition of protein 
synthesis in wheat germ lysate was approximately 80% (Fig.5.14), 
at high concentration of PBS solution, while this value was in-
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creased to 90% inhibition in rabbit reticulocyte lysate (Fig.j.4.a).
Rabbit reticulocyte lysate appeared to offer a highly 

suitable cell-free synthesizing system for testing the effect of 
ANA samples. In order to gain more information on the nature of 
inhibitory effects by these ANA samples, the effect of ANAs was 
studied in translation of various types of message , such as TMVRNA, 
globin mRNA, poly(A)^RNA from K5&2 and NS 1 cells and poly u, in 
reticulocyte lysate cell-free systems. The inhibition of synthesis 
of these proteins by antiRo (Frayne) and antiLa (Buffalo) was diff
erent as presented in Table 5.2, 5.4, and 5.5 and section 5.2.3.b. 
However, antiRo (Frayne) which gave a high inhibitory effect still 
showed a high effect in translation of all types of message but 
the inhibition was lower with poly(A)^RNA from K562 and NS 1 cells 
and poly u. Therefore,a similar factor was presumably involved 
in this ANA effect. On the other hand, the inhibitory effect by 
ANAswas limited by factors which were needed for translation of 
all these RNAs. Bathurst et al.(I980) and Bathurst and Smith (I982) 
also demonstrated that the presence of the nuclear poly(A)^RNA 
from mammary glands totally inhibited the synthesis of all proteins 
directed by several exogenous mRNAs such as reovirus protein, milk 
protein, liver protein and rabbit globin protein in both reticulocyte 
lysate and wheat germ lysate cell-free systems. Thus the inhibition 
did not appear to be mRNA-specific. They concluded that the inhib
itory RNA species seem to be a general translational inhibitor 
since neither the nature of the cell-free system (plant or animal- 
derived) nor the source of the mRNA was important.
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7.1.2. Correlation of inhibitory effect to specific ANAs.
7.1 .2. a. Type and amount of ANAs.

The antibodies in sera of patients with connective tissue 
diseases such as SLE are specifically directed against nuclear and 
cytoplasmic antigens (as described in introduction section 1.7-2.) 
Some of these antigens (small ribonucleoprotein (RNP) particles) 
are complexes of low M.W. RNAs and proteins and are found in all 
eukaryotic cells. Little is known about the precise cellular 
function of these small RNP particles, although there was a suggestion 
that snRNPs participate in the splicing of pre mRNA (Lerner et 
al., 1980; Roger and Wall, I98O; Mount et a^, I983). Current 
evidence suggests that most mRNA precursors are spliced by a common 
mechanism and the splicing reaction requires snRNA (U1 RNA)(Yang 
et aX,198l; Hernandez and Keller, 1983; Padgett et ad., 1983a. and 
1983b). The actual mechanism of RNA splicing is still unclear.
To examine the role of these small RNP particles in the living 
cell, including their relationship to the onset of autoimmune 
disease , the study of the nature of these small RNPs particles 
and the effect of their artibodies on transcription and translation 
process is of interest.

Serum samples (n=38) from SLE patients were divided into 8 

groups by the specificities of their autoantibodies and some disease 
symptoms (Table 5-1•)• The IgG fraction was prepared and tested for 
specificities using immunoprécipitation, radio-immunoassay and 
ELISA techniques including determination of protein concentration 
(Table j.l.). IgG samples from both normals and SLE patients (at 
the concentration of 0.2pg/p^were added to a cell-free mRNA transl
ation system from rabbit reticulocyte lysate or wheat germ lysate.

It has been shovm here that these ANAs seem to have a sig-



nificant effect on proteins synthesis in cell-free systems. Some 
of ANA samples can specifically inhibit in vitro translation of 
various mRNAs. The inhibitory effect was found to be dependent 
on the amount of IgG added (Fig.5.1-a) . Since no effect was ob
served using normal human IgG, the inhibitory effect of ANAs 
could not be attributed to a non-specific effect of IgG. The 
data also indicated that the quantitative effect on protein syn
thesis by ANAs was very significant, which was shown from the 
reduction in the incorporation of radioactivity and the protein 
pattern when analyzed by SDS-PAGE and fluorography. All types 
of proteins were synthesized in reduced amount in samples which 
gave an inhibitory effect and no protein was synthesized at high 
percentage inhibition (Fig.5 .2, 5.9, and 5.13). The TMV protein 
at M.W, of 16OK was not found in translation products from wheat 
germ lysate. This protein is a readthrough product of protein 
with M.W. of IlOK and it is not a major product (Pelham, 1978) 
in TMV RNA translation in cell-free systems. Therefore, this 
TMV protein (16OK) seems to be affected by ANAs before other types 
of protein and was not found in translation products at high per
centage inhibition (higher than 30^) (Fig.5 .2.a. lane 5 and Fig.
5.2.b. lane 3 and 7). This result might be related to the low 
amount of this protein which is synthesized in cell-free systems. 
From the results, it could be concluded that these ANAs did not act 
on the translation of specific mRNA species, since their inhibitory 
effects gave nearly total inhibition of protein synthesis for many 
types of proteins.

The inhibitory effect on protein synthesis in both cell- 
free systems was shown to be independent of the particular types 
of ANAs as shown in Fig.5 .3, 5.8, and 5.12, for the comparison
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of these values. ANA samples from different groups inhibit cell- 
free protein synthesizing systems, though to different degrees.
One sample each from the antiRo and antiDNA groups gave very high 
inhibition (about 95^) and both of them showed the highest positive 
value when testing for their antibody specificities by ELISA 
(Table 5*1)• The same result was given for antiLa (Buffalo).
Other ANA samples in these groups (antiRo, antiDNA and antiLa) 
showed less effect on protein synthesis. The inhibition was com
pared with the amount of added IgG, not with the amount of specific 
autoantibodies. Therefore, each of these ANA samples may have 
different amountsof specific autoantibodies and this may result 
in different degrees of effect on protein synthesis. This is 
one possibility, but the results are not conclusive and some ANA 
samples which gave low ELISA values, gave a high percentage inhi
bition of protein synthesis (antiRo (Guff) and antiDNA (Holman)). 
Thus it is possible that inhibitory activity may not be related 
to the ANA specificity identified. Most samples from antiSm and

antiRo/La groups gave low inhibition (less than 30^) for both 
TMV RNA and globin mRNA translation in rabbit reticulocyte lysate 
system, whereas most antiRNP samples had no effect on the synthesis 
of these proteins (less than 10^ inhibition).

My observations for antiRNP group on protein synthesis in 
cell-free system were not entirely consistent with the results of 
an inhibitory effect in cell-free protein synthesis by these snRNA. 
Isolated U1 snRNA (Rao et aL, 1977*a)low M.W. RNA (3»5*S) from 
nuclear RNP particles of adenovirus-infected HeLa cells (Sarma 
et al., 1978), poly(A)^ small nuclear RNA from mammary glands (Bathurst 
et aL, 1980, Bathurst and Smith, I982) and low M.W. RNA from rat 
liver free cytoplasmic mRNP particles (Kuhn et I982) have been
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shown to inhibit cell-free protein synthesis directed by various 
mRNAs. By kinetic studies of the mechanisms responsible for the 
inhibitory effect, it was demonstrated that some, such as low M.W.
RNA (5.5.3) and poly(A)^snRNA (species F), inhibited at the level 
of initiation of protein synthesis (Sarma et al.,1978; Bathurst 
and Smith, I982) whereas others appeared to prevent elongation 
(Rao et aL, 1977.a-;Bathurst et al., I98O; Bathurst and Smith, I982).
Anti Ul-RNP antibodies did not prevent the inhibition of protein 
synthesis observed in the HeLa cells during mitosis (Smith et al.,1983) 

My results on the inhibitory effect of antiRNP antibodies 
on cell-free protein synthesis cannot be directly related to the 
proposed mechanism of mRNA splicing which required U1 RNA. Lenk 
et al, (1982) have shown that transfusing antiRNP antibodies into 
infected cells with liposomes selectively inhibits viral fiber 
and hexon synthesis in adenovirus infected cells. Addition of 
specific anti-sera from SLE patient (against U1 RNA) into isolated 
nuclei (Yang et aL, I98I), in a coupled transcription-processing 
system (Padgett et al., 1983a) and in nuclear extracts or whole cell 
extractsof HeLa cells (Hernandez and Keller,I983; Padgett et al.,
1983 b) resulted in specifically inhibited splicing of eidenovirus 
pre-mRNA. These results suggested that Ul.RNP is essential for 
the splicing of mRNA precursor. There are several possible expl
anations for differences between these results. One possibility 
is related to the system used, since they studied the adenovirus 
RNA splicing and translation in intact cells or cell and nuclear 
extracts, and also there are possible differences in antiRNP anti
bodies, which may be directed against a different class of particles 
with different specificity. More data is needed to give a complete 
explanation.
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7,1.2.b , Depletion of specific ANAs.

To ascertain the specificity of inhibitory effect of 
some ANA samples on cell-free protein synthesis, the antisera 
(antiRo (Frayne) or antiLa (Buffalo)) were adsorbed with antigen 
Ro and antigen La covalently linked to insoluble matrixes (Sepharose 
4b ) and specific IgG were prepared from the eluates. For the 
antiRo (Frayne) sample after passing through the antigen Ro- 
Sepharose 4B column, the specificity of antiRo in both bound and 
unbound fractions was lost (Fig.5*7.a.) Depleted IgG was obtained, 
but not specific IgG. These depleted IgGs lost their capacity 
to inhibit TMV RNA translation in reticulocyte lysate systems 
(section 5.2.2.f.).

For antiLa (Buffalo), the bound fraction, which contained 
mostly specific antiLa, was found to show a higher inhibitory 
effect (about 5 fold) than the IgG sample before passing through 
the column or the unbound fraction (section 5*2.2.f.). In the 
preparation of the La-Sepharose column, the percent coupling was 
only 16,3% which may be due to using PBS during the coupling stage 
(March et 1974). Therefore, this resulted in an unbound frac
tion which still had residual antiLa activity.

These results seem to show that inhibitory effects on 
protein synthesis in cell-free systemswere related to the activity 
of specific antibodies. However, the unbound fraction of antiLa, 
which had nearly the same activity as the bound fraction (by ELISA 
test. Fig.5 .7.b), showed very low inhibition (less than 10^). 
Therefore, the specificity of the inhibitory effect by ANAs is 
still unclear.
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7.I.2.C. Detection of specific antigens in lysates.

The ANA samples which were used in these experiments were 
characterized by detecting their antigenic polypeptide targets 
using the immunoblotting technique. Crude and purified antigen 
from calf thymus extract and human spleen extract and cell-free 
translation lysates (reticulocyte lysate and wheat germ lysate) 
were used as a source of antigen. The antigens detected by antiLa-, 
antiRo-, antiSm- and antiRNP-antibodies were identified and are 
summarized in Table 5*7 and Fig.5.16. Different sized antigens 
were detected using antisera of the same specificity from different 
patients. This result was also found by Wooley et al, (1983).
This may result from the sensitivities of the technique used or 
from artefacts. Alternatively, the sera from these patients 
may detect a different class of antigenic polypeptides. The 
source of antigen or degradation and siggregation of antigens 
during their preparation can also cause variation in the determin
ation of these antigenic polypeptides (see MacGillivray et al.,
1982 for review).

Using antiLa and antiRo samples, the major proteins asso
ciated with these antigens are 3 components with M.W. of 52K,
45K, and 3IK and 2 components with M.W. of 63K, and 54K, respec
tively, (Table 5.7). This result is similar to Steitz et al.(l982) 
who showed that antiLa-and antiRo-ajitibodies recognized protein at 
M.W. about 50K. The lower M.W. antigenic polypeptides of La anti
gen might be degradation products of the 5OK polypeptide (Wooley
et ad, 1983).

AntiRNP samples recognized 6 polypeptide bands, one at 
104k, two at 6O-65K and three or four at 3OK, whereas antiSm 
samples recognized 3 polypeptide bands, one at 120K and two at
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60-65K (Table 5*7)• These results were different from other 
investigators, since these antiSm-and antiRNP- .sera did not 
identify proteins at M.W, around I3K (Steitz et aL, 1982; IThite 
et ad., 1982; MacGillivray et ad., 1982; Wooley et I983» Takano 
et aL, 1981). Wooley et ad. (I983) suggested that the smaller 
polypeptides recognized by antiRNP antisera were degradation 
products of 68k polypeptides. My results also showed antigenic 
protein at M.W. approximately 6%  for both antiRNP and antiSm.
These discrepancies might result from different sources of antigen 
or from degradation of antigen.

Only antiLa-and antiRNP-sera could identify the protein 
at M.W. approximately 5OK (antiLa) and 3 %  and 3OK (for antiRNP) 
in rabbit reticulocyte lysate. Either wheat germ lysate or 
rabbit reticulocyte lysate examined for antigenic protein with 
antiRo antibodies. These antiRo antibodies failed to recognize 
any proteins in these lysates. These results show that the lysates 
did not contain any Ro antigen, within the limits of sensitivity 
of the immunoblotting technique. More data is needed to give 
definite conclusions on the relationship between antibody specificity 
and inhibitory effects on protein synthesis in cell-free systems.

7.1.3. Mechanism of inhibitory effect.
The mechanisms responsible for the inhibitory effect of 

ANAs on TMV RNA and globin mRNA translation in rabbit reticulocyte 
lysate were examined. To investigate whether ANA-dependent inhib
ition occurred at the level of chain initiation or elongation of 
protein synthesis,the kinetics of inhibition were compared in a 
time-course experiment with those of inhibition by aurin tricarb
oxylic acid and cycloheximide, known inhibitors of initiation
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and elongation, respectively. The experiment showed results the 
same as Bathurst e± al, (198O) and Bathurst and Smith (I982).

Mathews et (l97l) and Fresno et al. (1976) have shown
that aurin tricarboxylic acid blocked initiation in the reticulocyte 
system by interfering with the binding of mRNA to the 40S-ribo- 
somal subunit. Mathews (l97l) demonstrated that aurin tricarb 
oxylic acid preferentially inhibited chain initiation on messen
ger lacking the specific initiation codon (AUG and GUG), such as 
poly u and higher concentrations of aurin tricaxboxylic acid were 
required to interfere with initiation on natural messengers. My 
result was similar in that aurin tricarboxylic acid showed higher 
inhibition of poly u translation than TMV RNA or globin mRNA 
translation in reticulocyte lysate systems(section 5*2.3 .c.,
Fig. 5.6 a.ard b. and Fig 5»ll«a). Aurin tricarboxylic acid 
specifically blocked the formation of the ternary complex (Met- 
tRN^» IF-E2,GTP) (Fresno et al., 1976). Lodish et al, (I971) 
also showed that the blocking at initiation of haemoglobin 
synthesis in reticulocyte by aurin tricarboxylic acid was dose- 
dependent and at higher concentration it also blocked some stages 
in the elongation of nascent polypeptides (Lodish et aL, 197%).
The primary effect of cycloheximide was quite different and was 
to inhibit translocation of the ribosome along the mRNA (Lodish 
et aL, 1971 ; Vazquez, 1974). It can also block initiation at a 
higher concentration than needed to block elongation (Lodish et al, 

1971). My results (Fig.5 .6 a. and b. and Fig.5.11.a.) indicate 
that inhibition by antiRo (Frayne) and antiDNA (Jonas) occurred 
predominantly at the level of chain elongation, since the kinetic 
curves mimicked cycloheximide. AntiLa (Buffalo) and antiRo (Cuff) 
behave like aurin tricarboxylic acid which inhibited at initiation.



The other ANA samples, antiSm/RNP (Summes), antiDNA (Hildea a ) 
and antiRo/La (Jone) were also studied in a time-course experiment 
of TMV RNA translation in reticulocyte lysate. They were similar 
to aurin tricarboxylic acid except that the incorporation of radio
activity was slightly higher (Fig.5*6.b).

This result was clearly shown after analysis of their 
translation products on SDS-PAGE and fluorography (Fig.5*6.c. and 
5.6.d. and Fig The accumulation of incomplete translation
products(protein with M.W. less than 70K) was shown in the cell- 
free system which had inhibition at the elongation step. This 
result is supported by the observation of Asselberg et al.(I980).
A lower amount of low M.W. protein followed by accumulation of 
completed protein was seen in translation products of samples 
which showed inhibition at initiation.

By studying poly u translation in the presence of some 
ANA samples in the reticulocyte lysate system, a result was ob
tained which confirmed the mechanism for the inhibitory effect of 
ANAs. Since antiLa (Buffalo), antiRo (N.Cuff) and antiSm/RNP 
(p.Summes) slightly affected translation of poly u (Table 5»5.) 
they might interact with initiation factor. AntiRo (Frayne) 
and antiDNA (D.Jonas) still gave quite high inhibition (Table 5*5). 
It was likely that they interfered at the elongation step.

7.2. Effect of ANAs on protein synthesis in intact cells.
Some ANA samples showed significant inhibitory effects 

on protein synthesis in cell-free systems, as previously discussed 
in section 7.1. Since Alarcon-Segovia et al.(1978) have demonst
rated that antiRNP antibodies can penetrate into viable cells 
through Fey receptors, and Lenk et (I982) have demonstrated
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inhibition of adenovirus protein synthesis in infected HeLa cells 
by antiRNP antibodies transferred into cell using liposome, this 
work was extended to the in vivo situation (the intact cells) 
to test for a pathological role of ANAs'in intact cells.

ANA samples that showed high inhibition in cell-free 
systems (antiRo antibodies (Frayne)), including antiRNP antibodies, 
were tested for their effects on protein synthesis in intact cells. 
Cells were incubated with ANAs or normal IgG, which was introduced 
into cells by various techniques (to be discussed in next section
7.2.1 .) , before pulse-labelling protein with S-Met. The effect 
of ANAs was analyzed by comparing the amount of radioactivity 
incorpoiration into protein and the gel pattern of the synthesized 
protein with control cells which were treated with PBS or normal IgG,

7 .2.1 . Efficiency of transfer of IgG into intact cells.
The techniques used for introducing IgG molecules (normal

IgG and ANAs)into cells were liposomes or red cell ghosts mediated
transfer,use of cell lines witha high percentage Fc3r receptor and
permeabilization procedures. The efficiency of these techniques
(both qualitative and quantitative) was checked using the labelled 

125material, I-IgG or FITG-IgG.
Liposomes have recently been used to introduce a variety 

of biological molecules and molecular complexes into cells 
(as described in Introduction section 1.7.3.b.) The liposomes used 
in this experiment were reverse phase vesicles which were reported 
to be the most effective liposome to encapsulate an aqueous phase 
(Szoka and Papahadjopoulos, 1978). A high degree of aqueous phase 
encapsulation, about 19—22% for cytochrome c (the same as reported 
by Lenk et aL, I983) and 30-36% for ^̂ -̂ I-IgG, was found (Table
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6.2 and 6.3). This value was only 13^ when using multilamellar 
vesicles to encapsulate ^^^I-IgG and less than \% of total radio
activity was attached to cells (Magee and Miller, 1972). My

125result gives slightly higher amounts of I-IgG attached to cells, 
about 1-2% of total radioactivity, after subtracting the amount of 
radioactivity in the control (Tableé.3).Fluorescent microscopy of 
RPMI 1788 cells incubated with FITG-IgG containing liposomes 
(Fig.6 .7) showed that some of these cells had fluorescence distrib
uted throughout all the cell but most cells had fluorescence around 
the surface. Weinstein et ad. (1977) suggested a generalized dis
tribution of fluorescence in cells (6-carboxylfluorescein) indicating 
releasing of entrapped material from liposomes into the cytoplasmic 
space. Ryman and Tyrrell (I980) suggested that the recovery of 
liposomes in association with cells did not necessarily mean that 
its content had been incorporated into the cells. From these 
results, liposomes can introduce IgG into cells, but the efficiency 
is rather low. The rate-limiting step in the transfer of macro
molecules using liposomes is liposome-cell interaction. This 
interaction is a complex phenomenon and many possible mechanisms 
have been proposed (see Poste, 1980;and Ryman and Tyrrell, I98O 
for review). Many factors, properties of the liposome membrane, 
the cell type and environmental factor (temperature) are involved 
in the liposome-cell interaction (Poste, I98O). An important 
factor in this interaction is the fluidity of the liposome (Pagano 
and Weinstein, 1978). However, fluidity of the liposomes also 
results in the loss of encapsulated material during incubation 
with cells at 37°C (Weissman et ^., 1977). Szoka et al.(l979) 
suggested that adsorption of liposomes to cell surfaces might increase 
leakage of encapsulated material. The presence of cholesterol
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in the liposome membrane reduced the permeability of phospha
tidyl choline vesicles induced by various proteins (Papahad- 
jopoulos et aX, 1973). The binding of liposomes to cell surface 
protein might promote permeability changes and result in transfer 
of contents into the cells (Pagano and Takeichi., 1977). The 
liposomes used in this experiment were composed of phosphatidyl 
choline and cholesterol. Therefore, the low percentage binding 
of liposomes to cells might be related to the presence of cholest
erol in the vesicle surface. However, several non-exclusive 
mechanisms and many factors result in the partial loss of liposome 
contents and low efficiency in liposome-cell interactions(Ryman and 
Tyrrell, I98O). These mechanisms are not clearly understood.

The liposome could be applied to cells at high concen
tration without significantly affecting cell function (Fig.6.6) 
and cell viability (section 6.2.2.a. iii). This result was also 
shown by Weinstein et al. (1977) and Wilson ei al. (1979).Many rep
orts document the use of loaded red cells (or red cell ghosts) 
for the microinjection of macromolecnles into cultured cells.
This method has been shown to be a simple and efficient way to 
transfer significant amounts of proteins and nucleic acids (in 
introduction section 1.7.3.a). In my experiments, the pre-swell 
technique has been used to load red blood cells with macromolecules 
(igG) and the loaded red cells were then fused to cultured cells 
(X 63 mouse cells and Kj62 cells) using polyethylene glycol (PEG) 
(the results were in section 6.2.2.b). The overall efficiency
of red cell-mediated microinjection under these conditions was 

125tested using ^l-IgG and it was found that about 20% of radio
activity was entrapped in the red cells and only 0 .06% as 
transferred to target cells. The uptake by red cells is prop—
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ortional to the external concentration of protein but does not 
relate to the change of the molecules. Thus, both protein and 
nucleic acid can be loaded (Rechsteiner, 1975; Schlegel and Rech- 
steiner, 1978). The pre-swell technique offered greater entrap
ment of exogenous macromolecules and it was found that the uptake 
of ^̂ -̂ I-IgG, ^^-^I-IgG-myoglobin and protamine mRNA was 42-60%, 
36-40%, and 12-15%, respectively (Rechsteiner, 1975; Boogaard 
and Dixon, I983 a). In the pre-swell technique, exogenous molecu
les were introduced into red cell without prior removal of red cell 
contents,therefore protein or nucleic acid which is sensitive to 
oxidation might be denatured (Schlegel and Rechsteiner, 1978; 
Boogaard and Dixon, I983 a). This result can be disregarded, 
since Antman and Livingston (I98O) and Smith et ad. (1983) found 
that biologically active IgG (either IgG against SV 40 antigen 
or anti U1 RNP antibodies)could be detected after introduction 
into the cell by this technique.

Transfer of the entrapped IgG into cells was found to be 
approximately 0 .06%, which was higher to what has been reported 
before, (about 0.02% of IgG (Wasserman et aX, 1976 and Smith 
et al, 1983) and only 0.005% of protamine messenger (Boogaard 
and Dixon, I983 a and I983 b)). Polyethylene glycol, which was 
normally used to inject large number of cells,showed limitations 
in the number and type of cells that can be treated, fusion effi
ciency which was generally low, and lack of selectivity (Furusawa, 
1980). Godfrey et ad, (I983) reported that fusion efficiencies 
varied with the length of contact between cells and fusion medium 
as well as with PEG concentration. Longer exposure up to 2 min, 
somewhat enhanced fusion but greatly reduced viability. My res
ults showed that about 12-23% of cells (K562 and X 63) died during
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fusion which was the same (approximately 20%) as reported by 
Boogaard and Dixon (1983 b). These results indicated that the 
microinjection procedure using red cell ghosts as protein carriers, 
can introduce IgG into cells but does not allow the transfer of a 
massive amount of protein, as also shown by Boogaard and Dixon
(1983 a and 1983 b ) and Smith et ad. (1983).

It has been shown that antiRNP-antibodies can penetrate via
ble human mononuclear cells (MNG) via their Fey receptor (Alarcon- 
Segovia et ad, 1978). They demonstrated the presence of nuclear, 
cytoplasmic, and membrane fluorescence in MNG after incubation of 
these cells with high titre FITG-antiRNP antibodies at high protein 
concentration (42mg/ml). They also showed that longer incubation 
(more than 1 hr) did not increase the number of viable cells with 
intranuclear speckled fluorescence. Based on this result, attempts 
were made to introduce ANA samples including normal human IgG into 
viable cells, through their FcîT receptors by incubation for 2 and 
19 hr. The cells were then checked for effects on protein synthe
sis. K562 cells, which have a high percentage of Fc7 receptor 
detected by rosette assay (approximately 67%), were used in this 
experiment. The mean value of percentage Fc receptors for K562 

cells was lower than reported by Klein et ad. (19?6) (90-95%)» 
which may result from the conditions and properties of antibodîy 
coated sheep erythrocytes used.

The high concentration of homogeneous antibodies of 
predominantly IgG class may promote their penetration into viable 
cells (Alarcon-Segovia et ad., 1978). In my experiments, the 
highest concentration of ANAs was 20mg/ml (antiRo, Frayne) there
fore, the penetration of ANAsinto cells may not be as efficient 
as reported by Alarcon-Segovia et ad. (1978). Neither ^̂ -̂ I-IgG 
nor FITG-IgG were used to test the efficiency of this procedure



because the concentration of protein was only 0.15 mg/ml and 
8.4 mg/ml, respectively. After incubation of K562 cells with 
ANAs or normal IgG, the viability of the cells was beween 85-96% 
(Table 6.7), showing no affecting by ANAs as reported by Alarcon- 

Segovia et ad. (1978).
Attempts to introduce a large amount of ANAsinto cells 

were not successful thus far. I decided to use the permeabiliza- 
tion procedure since Halegoua et ad. (1976) and Bergan (1978) 
had reported that the technique was simple and the cells were freely 
permeable to macromolecules (phosphorylated component and exogenous 
protein) and efficiently synthesized DNA, RNA, poly (adenosine 
diphosphoribose) and membrane proteins. My permeabilization 
procedure was different. The cells were permeabilized in hypotonic 
buffer (without toluene, sucrose and mercaptoethanol) which con
tained ANAs or normad IgG for a short time before adding a hyper
tonic buffer. The recovery of the cells was 56-70% and the via
bility was reduced to 75-85% (section 6.2.2.d). These permeable 
cells were functionally normally, giving the same incorporation 
of radioactivity and a similar gel pattern as controls. IgG-con-
taining cells were obtained by this procedure as shown by using 
125I-IgG and FITG-IgG. About 0.5-0.7% of total radioactivity 
was found in the permeable cells whereas this value was only O.I6- 
0.;^ in controls (adding ^^^I-IgG after the cells were resealed).
The percentage of fluorescent cells was more than 70% in the sample 
and less than 20% in the control. The value in the control
correlated with the amount of dead cells after permeabilization 
( 15-25%). These results indicated the entry of ANAsinto cells 
although at a low concentration.
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7.2.2. Effect of ANAs on protein synthesis in cells.

Analysis of the protein product of cells was carried out

by radiolabelling, extracting or immunoprecipitating the protein

and analyzing by gel electrophoresis. After labelling cell protein 
35with S-Met, the cells were extracted with buffer containing det

ergent (NP4o ) which effectively solubilized membrane proteins 
without destroying their antigenicity. Two procedures were used 
for analyzing the radiolabelled protein, single-dimensional and 
two-dimensional SD3-PAGE. The protein bands and spots were visuar- 
lized by fluorography.

Many human cell lines, either lymphoblastoid cells(RPMI 

1788),myeloma cells(RPMI 8226), chronic myelogenous leukemia cells 
(K562) or human plasma cells leukemia (HMy2) were used to test for 
optimal conditions in radiolabelling protein in intact cells, since 
the rate of protein synthesis in these cells was generally higher 
thaji resting cells. The data demonstrated the high efficiency of
these techniques, the cells could be labelled for 3-4 hr and incor- 

35poration of -̂ ""̂ S-Met into protein was linear during this period 
(Fig. 6.1.) and dependent on the amount of radioactive amino acid 
added (Fig.6,2). The amount of ^"^S-Met incorporated into protein
generally ranged from 3-5 cpm per cell (Table 6.I). These results 
were similar to that reported by Mishell and Shiigi (I98O).

On gel analysis, RMPI I788 cells were shown to synthesize 
and secrete Ig M(X ) together with other protein components which 
hadaM.W. range between 210K and 18K (Fig.6.3.a. lane 1-5 and Fig 
6.3*b. lane 1-4). The RPMI I788 cells in vivo synthesized and 
secreted yU chain and % chain,which had a mobility on reducing gel 
corresponding to 72K and 25K, respectively. Immunoprécipitation 

confirmed IgM (X) production by RPMI 1738 cells(p. 18?). The M.W. of
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^ chain was slightly lower than that reported by Dolby et ad.. (1980). 
They found that the secreted chain in vivo had a M . Wabout 77%, 
higher than the in vitro directed product which migrated as 69K. 
Molgaard et ad. (1981) demonstrated slight differences in the M.W. 
value; the mRNAs that were isolated from RPMI I788, coded for a 
major }i chain (65%), a minor p chain (67%) and a k chain (28.6k) 
in rabbit reticulocyte lysate systems .

Light chain (A ) was found in the protein product of 
RPI4I 8226 (Fig.6.3.a. lane 6-9). Matsuoka et al, (196?) reported 
that this cell line produced A type light chain of human immuno- 

globin in free form as shown by using immunodiffusion and immuno- 
electrophoresis. HMy2 cells also synthesized and secreted IgG (k) 
as detected by gel electrophoresis of protein products(Fig.6.3«b 
lane 6-9) and immunoprécipitation using rabbit anti human-IgG ( k ) 
(p*18?). The IgGjĵ j synthesized by HMy2 cell was the same as rep
orted by Bcrk et al- (197®) and Edwards et al, (1982).

The protein products of these cell lines were also invest
igated on two-dimensional (2D) gel electrophoresis (O'Farrell 1975)» 
which gave the highest resolution of complex protein mixtures.

The 2D gel patterns of these cell lines were similar to each other 
with slight differences in some spots or areas as shown in Fig. 6.4. 
and 6.5. The result was a complex pattern of more than 100 spots, 
each of which appeared in a reproducible position with respect to 
its neighbours. This method gave a reproducible result. However 
it was rather difficult to interpret differences in spot intensities 
(quantitative analysis) since slight changes in the intensity prob
ably resulted from slight variation in the number of cells or 

their response to the labelling. Therefore, single-dimensional 

SDS-PAGE which is faster and enables more samples to be processed
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at one .time was used for examination of the effects of ANAs on 

protein synthesisin intact cells.
Many techniques were used to transfer IgG into cells, 

different types of cell lines were used dependent on their prop
erties. For example, K562, the Fc y receptor bearing cells, were 

tested in the experiment in which IgG was introduced into cells 

via FcT receptors. The effect of ANAswas determined by comparing 
the amount of radioactivity incorporation into protein,and gel 
analysis of the synthesized protein with controls to which PBS or 

normal IgG were added.
Using 4 techniques to transfer ANAs into intact cells, 

there was no effect .on protein synthesis by those ANA samples which 
showed an effect in cell-free systems. This observation suggests 
either the amount of ANAstransferred was not high enough to show 
the effect or the physiological mechanism of these ANAs in intact 
cells was different from that in cell-free systems.

The efficiency of the techniques used to transfer IgG 
into cells was checked and discussed in section 7.2.1. The
amount of IgG transferred could be calculated from the percent bin-

125ding of radioactivity( ^i-IgG)to cells. For the experiment using 
liposomes 1-2% of total added ^^^I-IgG was bound to cells and only 
0.2-0.4% was actually inside the cell (calculated from the amount 
of radioactivity in cell lysate). This value (amount of radio
activity inside the cell) was 0.06% and 0.35-0.4% (after subtrac
tion of the control value) of total added ^^-^I-IgG by using red cell 

ghosts and permeabilization, respectively. Of the ANA samples 
used, antiRNP (M.Windsor) had the lowest concentration of protein 

(5mg/ml) whereas the highest protein concentration was 20mg/ml 
for antiRo (Frayne). The calculated amount of ANAsinside the
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cells (2 X 10^) was approximately 2-6/ig, 0.2-0.6^g and 0.2-0.8;ig, 
respectively when using l i p o s o m e s ,red cell ghosts and permeabiliz-

_5ation techniques, A typical mammalian cell contains about 10 ;iig 

of RNA and 1~5% of the total cellular RNA is mRNA (Maniatis et 
al, 1982). Therefore, 2 X 10^ cells have approximately 0.2-1.0 

of mRNA. In cell-free systems 2.2;iig of ANAs was used and 
showed the inhibitory effect on 0.07;ig of globin mRNA. There
fore, at least Thg of ANAswould need to be transferred into 2 X 

10^ cells. The concentration of ANAswas lower than used by Alar

con-Segovia et a l (1978) when incubating cells in ANAs to transfer 
ANAs into cells via Fey receptor. The amount of IgG transferred 
could not be determined but it might not be enough since there was 

no effect on protein synthesis in cells, unlike previous reports 
using other techniques. These results showed that the amount of ANAs 

in cells might not be high enough to affect protein synthesis.
The number of proteins which were synthesized in these cells was 
more than those from TMV RNA which were used in cell-free systems 
(Fig. 6.9,6.12.c,6.13.c,and 6.15.C and d). By studying the effect 
of cycloheximide it was found that the percentage inhibition of 
protein synthesis in K562 cells was dependent on the amount of 
cycloheximide added (Fig. 6.11.a). The inhibition did not affect 
any specific type of protein as shown by gel analysis (Fig.6.11.b). 
At low percentage inhibition (about 19%) the intensity of these 
protein bands was similatr to controls(Fig.6.11.b, lane 1, 11,and 12). 
If the synthesis of all types of protein were affected by ANAs in 
intact cells, as shown in cell-free systems,slight effects may 

not be detected by this analysis. Shuttleworth et ad. (I982) 
also demonstrated that changes in protein patterns of treated Namal- 

wa cells could not be detected even when the treatment of these cells
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with butyrate and 5 ’-bromodeoxyuridine(3rd Lird)resulted in enhancement 

of interferon synthesis (up to 3OO fold). They suggested that buty
rate and Brd Urd may have a general effect on transcriptional 
capacity of chromatin, the pattern of proteins expressed by the 

cell was not necessarily disrupted.
My result was different from Lenk et ad.(1982) who found

that both hexon and fiber ( viral protein) synthesis were reduced
kin the presence of antiRNP antibodies. This may be related to 
the different system used, since the viral protein product was 

more simple than proteins synthesized by human cell lines, or the 
difference in antinuclear antibody samples which may not have the 
same specificity, since my result (in cell-free systems)showed 
an effect on the synthesis of all types of protein.

7.2.3. Summary.
An effect of ANAs in intact cellscannot be shown due to 

the limitation of the efficiency of transfer of IgG into the cells. 
The results for transfer of macromolecules into cells were similar 
to those reported by other investigators (as described in section 
7.2.1). A high amount of ANAs was needed to show an inhibitory 
effect on protein synthesis in intact cells. The protein pattern 
of cell lines used also was more complicated than protein synthesis 
in cell-free sysytems. At the low percentage inhibition (less than 
20%), differences in protein pattern and intensity from controls 
could not be detected (as shown by the result using cycloheximide).
The complexity of the proteins synthesized by these cell lines and 
the limited efficiency in techniques for the transfer of macro

molecules made the results with intact cells different from the 

cell-free sysytem. Therefore, the actual physiological mechanism
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of the effect of these ANAs on protein synthesis in intact cells 
is not known yet. It can be suggested that the inhibitory effect 

on protein synthesis may be shown if a high intracellular concen
tration of ANAsCould be achieved, as in the cell-free system.

7.3. Correlation between inhibitory effect on protein synthesis 
by ANAs and pathological mechanism of SLE disease.
SLE is an autoimmune disease of unknown etiology. The 

mechanisms leading to the development of autoantibodies are not 
well understood. However, the appearance of specific antibodies 
in patient sera has been reported to be associated with particular 
clinical signs of disease (Notman et aL, 1975)• For example, 
the presence of high titres of anti-ds DNA correlated well with 
active nephritis (Davis et aL, 1977), the high frequency of 
Raynaud's phenomenon associated with antiSm-and antiRNP-antibodies (Winn 

et ad.,1979) and the incidence of disease symptoms in neonatal 
lupus (Provost , 1983).

Alarcon-Segovia et ad. (1979 a ) have shown that antiRNP 
antibodies can penetrate into MNG from patients with MGTD and SLE 

via their FcîT receptors. They also suggested that the deficiency 
of T suppressor cells in patients with MGTD and SLE may be due to 
this penetration (Alarcon-Segovia et ad., 1979 b). Therefore, a 
new immunological mechanism has been proposed to explain the 
disease pathology in SLE patients.

The use of autoantibodies has been suggested as a potent 
tool to investigate the function and structure of cellular cons
tituent antigens. In addition, the study of their function may 

also enhance the understanding of autoimmune disease processes.

My findings indicate that an inhibitory effect on protein synthesis



- 228 -

by specific autoantibodies (some ANAs) occurred only in cell-free 
systems. The inhibition was not related to any particular type 

of proteins or ANAs or to any one type of cell-free system.
However, this effect could not be shown in intact cells because 

there was a limit to the efficiency of transfer of macromolecules 
into cells. From these results, it may be suggested that the 
amount of ANAs that would be needed for the suppression of protein 
synthesis in intact cells is relatively high and it is unlikely 
that an SLE patient would achieve such an amount of ANAsvdthin 
MNG by FcY receptor uptake from the damage to the cell. More

over, Alarcon-Segovia (1979 a) has reported the low incidence of 
intranuclear antibody-Fc receptor bearing MNG in SLE and suggested 
this to be due to the amount and heterogeniety of the ANAs these 
patients have. They also found that there was no correlation 
between the serum titre of antiRNP antibodies and the percent of 
MNG that had demonstrated intranuclear antibody in vivo.

Therefore, although a significant inhibitory effect of 
ANAs on protein synthesis has been established in cell-free systems, 
this is unlikely to contribute to the disease process in SLE 
patients.
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Appendix

The value of the incorporation of radioactivity into protein 
was determined by using duplicate samples, and only the average value 
is shown on Fig. 4.2.b, 4.3., 4.4., 4.6., 4.7., 4.8., 5.1., 5.4.a,
5.5.a, 5.6.a and b, 5.7., 5.10.» , 5.11.a, 5.15.a.

When comparing the ANA's with either cycloheximide or ATA 
inhibition, it is important to note that a single concentration (50pM) 
of each inhibitor was used. It may be that the shapes of the curves 
(Fig. 5.6a and b) and their position relative to each other will be 
different at higher or lower inhibitor concentrations. Thus, the con
clusions drawn in the body of the thesis may likewise be changed. It 
must be emphasised that such an approach would be prohibitively expens
ive in terms of isotopes and cell-free lysates and is, at present, 
not possible.

The fundamental cell-free translation assays in this work are 
either wheat germ or reticulocyte lysates. While comparisons within 
each of these assays are of course absolutely valid, there are problems 
in making quantitative comparisons between the two systems. For ex
ample, comparing the absolute efficiency of translation is qualitative 
and therefore subject to differing interpretations (eg. Fig. 4.5.b).

Quantitation of the immunological effects is further exac
erbated by differences in the data for normal individuals (eg. Ig 
stimulation of translation in Table 5.2.), where stimulation of trans
lation seems to be the rule. It might be that clearer conclusions 
could have been drawn if more inhibitory/abnormal sera had been used 
and a comparison made with groups rather than individuals. A further, 
and practically insoluble, problem is that inhibition (antiRo,Frayne) 
or stimulation (normal IgG) of translation may be affected by the 
drugs taken by the patient, or indeed by the normals. The protein A 
purification (p.95) of the IgG's should have removed any of these 
interferring drugs, RNase or protease but for future work this needs 
to be proved beyond doubt.


