
        

University of Bath

PHD

A study of gene expression during ripening in Capsicum annuum fruit

Pollock, Diana J.

Award date:
1990

Awarding institution:
University of Bath

Link to publication

Alternative formats
If you require this document in an alternative format, please contact:
openaccess@bath.ac.uk

Copyright of this thesis rests with the author. Access is subject to the above licence, if given. If no licence is specified above,
original content in this thesis is licensed under the terms of the Creative Commons Attribution-NonCommercial 4.0
International (CC BY-NC-ND 4.0) Licence (https://creativecommons.org/licenses/by-nc-nd/4.0/). Any third-party copyright
material present remains the property of its respective owner(s) and is licensed under its existing terms.

Take down policy
If you consider content within Bath's Research Portal to be in breach of UK law, please contact: openaccess@bath.ac.uk with the details.
Your claim will be investigated and, where appropriate, the item will be removed from public view as soon as possible.

Download date: 24. May. 2023

https://researchportal.bath.ac.uk/en/studentTheses/676e63bd-84ae-43aa-9391-9c3fe7e81d63


A study of gene expression during ripening in 
Capsicum annuum fruit.

Submitted by Diana J. Pollock, 
for the degree of Ph.D. 

of the University of Bath 
1990.

Copyright.
Attention is drawn to the fact that the copyright of this 
thesis rests with its author. This copy of the thesis has 
been supplied on condition that anyone who consults it is 

understood to recognise that its copyright rests with its 
author and that no quotation from this thesis and no 
information derived from it may be. published without prior 
written consent of the author.

This thesis may be made available for consultation within 
the University Library and may be photocopied or lent to 
other libraries for the purpose of consultation.

(i)



UMI Number: U029421

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

Dissertation Publishing

UMI U029421
Published by ProQuest LLC 2013. Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against 

unauthorized copying under Title 17, United States Code.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



UNIVERSITY OF BATH 
___________LIBRARY

2& - 8 AUG 1991



Acknowledgements.

I would like to thank my supervisor, Dr Janet A. Pryke and 
my tutor Dr Bill Vhish for their advice and support; Drs 

John Beeching, Bill Bains and Paul Towner for advice; Dave 
Powell for his help; Kate Powell for the electron 
microscopy; and Dr Jane Cavell for discussions. I especially 
wish to thank Joel Jordan for his unfailing support and 
encouragement.

(ii>



my mother.

<iii)



Contents.

Title page. (i)
Acknowledgements. <i i)
Dedication. (iii)
Contents. (iv>

Abstract. 1
Chapter 1. General Introduction. 2

1.1.01 Introduction. 2
1.1.02 Ripening patterns. 3

1.1.03 Ripening and ethylene. 4
1.1.04 Ultrastructural changes. 8
1.1.05 Metabolic changes. 9
1.1.06 Caratagenesis. 15
1.1.07 Control of ripening. 17
1.1.08 Plastid/nuclear cooperation. 22
1.1.09 Ripening as a developmental

process. 25

1.1.10 Plant gene expression. 28
1.1.11 Summary. 33

Chapter 2. Pigmentation, ultrastructure and protein 
complement of C. annuum fruit during ripening. 35

2.1.00 Introduction. 35
2.2.00 Materials and Methods. 36
2.2.01 Plant material. 36
2.2.02 Chemicals. 36

(iv)



2.2.03 Photography. 36
2.2.04 Pigment extraction. 37
2.2.05 Ultrastructural study. 37
2.2.06 Plastid purification. 38

2.2.07 Dissociating gel
electrophoresis. 39

2.2.08 Isoelectric focusing. 41
2.2.09 2D-gel electrophoresis. 42
2.3.00 Results and Discussion. 45
2.3.01 Pigments. 45
2.3.02 Ultrastructure. 48
2.3.03 SDS-PAGE of plastid proteins. 54
2.3.04 IEF of plastid proteins. 68
2.3.05 2D-gel electrophoresis of

plastid proteins. 74
Chapter 3. Extraction, and study of pepper fruit REA.

85

3.1.00 Introduction. 85

3.2.00 Materials and Methods. 87
3.2.01 Plant material. 87
3.2.02 Chemicals. 87
3.2.03 GuSCE method of REA

extraction. 87
3.2.04 Phenol extraction and

CsCl gradient centrifugation. 89
3.2.05 High SDS method. 91

<v)



3.2.06 Final method. 92
3.2.07 Measurement of yield. 92
3.2.08 Measurement of purity. 93

3.2.09 Scanning to show purity. 93
3.2.10 Tube gel electrophoresis

of RIA. 93
3.2.11 Denaturing gel electrophoresis

of RIA. 94
3.2.12 Testing RMA translational

activity. 96
3.2.13 Oligo(dT) cellulose

chromatography of RMA. 96
3.2.14 Gel electrophoresis of poly

A+ RIA. 98
3.2.15 In vitro translation of RIA. 98
3.2.16 Optimization of in vitro

translation. 100
3.2.17 Optimized in vitro translation

of pepper fruit RIA. 102
3.3.00 Results and Discussion. 103
3.3.01 RIA extraction. 103
3.3.02 Yield and purity. Ill
3.3.03 Oligo(dT) cellulose

chromatography. 112
3.3.04 In vitro translation

optimization. 113

Cvi)



3.3.05 In vitro translation of
pepper fruit Rif A. 123

Chapter 4. Creation of a ripe fruit derived cDHA library and 

identification of ripening related clones. 134
4.1.00 Introduction. 134
4.2.00 materials and Methods. 140
4.2.01 RSA and cells. 140
4.2.02 Chemicals. 140
4.2.03 Primary strand synthesis. 141
4.2.04 Secondary strand synthesis. 143
4.2.05 Size selection of cDHA. 144
4.2.06 Tailing reaction optimization.145
4.2.07 Annealing reaction

optimization. 146
4.2.08 Preparation and use of

competent cells. 146
4.2.09 Plating and replica plating. 148
4.2.10 Tailing, annealing and cloning

the cDSA. 149
4.2.11 Storage of cDBA clones. 149
4.2.12 Colony hybridization. 149

4.2.13 Minipreparations of ripening
related clones. 153

4.2.14 Maxipreparations of ripening
related clones. 155

4.2.15 Extraction of insert. 157
(vii)



4.2.16 Northern blot of insert
against fruit RNAs. 158

4.3.00 Results and Discussion. 161

4.3.01 cDNA synthesis. 162
4.3.02 Size selection of cDNA. 164
4.3.03 Tailing and transformation. 169
4.3.04 Selection of recombinants. 171

4.3.05 Screening the library for
ripening related clones. 172

4.3.06 Minipreparations of
'ripening' clones. 180

4.3.07 Maxipreparations of
A24 and H28. 181

4.3.08 Northern blot of end labelled
insert DNA. 182

4.3.09 'Loss' of clones. 186
Chapter 5. General Overview. 190
Appendix A. Use of SP6 polymerase to help size RNA bands.

197

Appendix B. RNA extraction methods data. 201
Appendix C. Optical density and cell density 
of E.coli, HB101. 206
Appendix D. Survey of transformation methods. 211
References. 224

(viii)



Abstract.

Fruit ripening has been shown to be a developmental process in 
tomato and avocado, involving alterations in gene expression. 

Fruit ripening in Capsicum annuum was investigated. During 

ripening there is a chloroplast to chromoplast transition, 

which is a period of great structural and metabolic change. 
Chromoplasts have been shown to be inactive in protein 
synthesis, and the transition is therefore believed to be 
brought about by nuclear gene expression and transport of 
proteins to the plastids. The pigmentation and ultrastructural 
characteristics of Capsicum annuum were studied during 
ripening and revealed dramatic changes. The protein 
complements of normal and mutant varieties were studied by 
sodium dodecyl sulphate polyacrylamide gel electrophoresis, 
isoelectric focusing, and two dimensional gel electrophoresis. 
A group of ripening associated proteins was identified using 

each method. A protocol was developed far the extraction of 

RIA from fruit, and the RIA papulation studied by in vitro 

translation, again revealing a group of ripening associated 
proteins. Some of this group were tentatively identified as 
the larger precursors of ’ripening* chromoplast proteins. The 
techniques for Isolation of a ripening associated cDIA clone 
were established. The results corroborate previous findings 
that ripening is a developmental process, involving changes in 
gene expression.
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1.1.00 General Introduction.

1.1.01 Introduction.

The aim of this work was to Investigate the changes occurring 

In pepper fruit during ripening, particularly the molecular 
biology, and eventually to use the ripening pepper fruit as a 
model to study differential gene expression in plants. The 
sweet bell pepper, Capsicum annuum var. Bellboy was chosen as 

a system, for the following reasons: (i) it is a convenient
glasshouse crop and can be produced all the year round; <11) 
sweet peppers are commercially important, especially in 
Holland and the USA; (Hi) some interesting ripening mutants 
exist and <iv) the sweet pepper is a non-climacteric fruit 
which is unusual for this kind of investigation (Saltvelt, 
1977). (The climacteric is the name for the respiratory surge 
which accompanies ripening in some fruit, and it will be 

discussed later.)

C, annuum belongs to the Order Scrophulariales, which is a 
large group containing 18 families, 870 genera and over 11 800 

species. Peppers are part of the potato family, the 
Solanaceae, which also contains the tomato and the aubergine. 
They were introduced to Europe by Columbus in 1493 (Heister, 
1969) from the Hew Var Id where they had been used for 

centuries. The earliest evidence that peppers were part of the 
diet was obtained from a study of coprolites in South America,
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which revealed that peppers were being eaten by humans as long 
ago as 7000 BC. Evidence of cultivation was found at Huaca 
Pieta in South America dated at about 2500 BC; the cultivated 
fruits were larger than the wild type, indicating selective 
breeding. Peppers of various sorts now occupy large areas of 
fertile ground; 1041 000 HA in 1985 (FAO yearbook, 1985).

Ripening of a fruit is a process designed to turn it into an 
active seed container. Fruits which are destined to be eaten 
by animals become more edible. This often involves softening, 

the production of aromatic smells and flavours, and recog
nizable ripe colour. The colouration is usually brought about 
by the deposition of carotenoids in the fruit cells. Reviews 
of the ripening process have been written Including those of: 
Grierson et al. (1981); Grierson and Covey (1984); Grierson
(1986).

Early ideas about ripening centred around the supposition that 
ripening was a degradative process, involving a breakdown of 

cellular organization and the release of hydrolytic enzymes. 
Later an alternative hypothesis was developed which proposed 
that ripening was an active developmental process, involving 
specific gene expression (Grierson et al.t 1985).

1.1.02 Ripening patterns.

- 3 -



In the literature, ripening fruits are divided into two types 
according to their pattern of ripening. Such a division is not 

absolute, and differing degrees of each type of pattern are 
seen. The two types are described as climacteric and non- 

climacteric, the difference between them being that 

climacteric fruits show a rise in their rate of respiration 

prior to ripening, and autacatalytlc ethylene production, 
whereas non-climacteric fruits do not. Climacteric fruits 
Include the avocado (Christoffersen et al.t 1982), the tomato 
(Grierson and Covey, 1984) and the hot pepper (Gross et al., 
1986). Climacteric fruits respond to ethylene with positive 
feedback on ethylene biosynthesis i.e. the presence of 
ethylene induces the cells to produce an ethylene surge (Biale 
and Young, 1981). Mon-climacteric fruits do not have this 

surge; this is believed to be due to a lack of the ethylene 
inter-mediate 1-aminocyclopropane-1-carboxylic acid (ACC). It 
is thought that cultivation led to the selection of non- 
declduous fruit which were also non-climacteric. The Mexican 

Bird Pepper, believed to be the progenitor of our sweet 
pepper, is both deciduous and climacteric (Heister, 1969).

1.1.03 Ripening and ethylene.

Ethylene is a gaseous plant hormone produced in the plant from 
its precursor methionine. The biosynthesis of ethylene is 
summarized in Figure 1. Ethylene seems to stimulate and co

ordinate the ripening process in climacteric fruit (Grierson
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and Covey, 1984). Endogenous ethylene reaches a threshold 

level which is then sufficient to stimulate a surge of 

ethylene production from the fruit cells, by a positive 

feedback mechanism. The surge of ethylene is dependent upon a 

preceding surge of the ethylene intermediate, ACC.

Figure 1. The biosynthesis of ethylene.

Glucose

Ribose Homoserine

5-Methylribose Methionine

Adenine S-Adenosylmethionine

(SAM)

5-Methylthioadenosine 1-Ami nocyclopropane-1-

(MTA) carboxylic acid (ACC)

ethylene

IH.

(from Yang, 1981)

Ethylene has been shown to have various effects on fruit 

cells. In tomatoes it was shown that ethylene stimulates the 

synthesis of lycopene, a carotenoid, and also the production 

of polygalacturonase (PG), a wall-softening enzyme (Grierson 

and Tucker, 1983). Ethylene also induced changes in the number 

and size of polyribosomes and altered the mRMA population in 

ripening tomatoes (Tucker and Laties, 1984). The same effect 

was also noticed in carrots by Christoffersen and Laties,
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(1982). Although ethylene Initiates ripening in climacteric 
fruit it does not necessarily initiate the respiratory 

climacteric which sometimes precedes the ethylene surge (Biale 
and Young, 1981). Very little is known of the mechanism of 
ethylene action. Its effect of limiting the production of 
normal proteins in favour of ripening specific ones may be 
significant in ripening initiation as may be its effect of 

reducing membrane turnover (Baker et al., 1985). Ethylene has 
been shown to be a 'perturbor' of membranes, allowing greater 
permeability for example. This may contribute, in that 
precursors for ripening associated metabolism (such as 

carotogenesis) may enter specific compartments (such as the 
chromoplast) more easily (Schneider et al., 1977). Changes may 
also be brought about by altering compartmentalization, 
vacuolation or electrical Impedance.

Ethylene is thought to bind to a metalloprotein initially 
(Christoffersen and Laties, 1982) and is found to require the 
presence of oxygen in order to act (Rhodes, 1980). The 

transient nature of ethylene retention indicates that binding 
is probably by weak van der Vaals forces. Lincoln et al.
(1987) studied the responses of tomato ripening specific mREAs 
to ethylene, and showed that some gene expression increased at 

low basal levels of ethylene and other ripening specific gene 
expression increased at higher levels of ethylene. The authors 
concluded that along with variation in ethylene levels, there 
were variations in ethylene sensitivity for individual genes.
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Deikman and Fischer (1988) identified an ethylene responsive 
gene in tomato, and showed that the responsiveness correlated 
with the interaction of a DIA-binding protein with sequences 
both 5' and 3* to the coding region of the gene. A possible 
mode of regulation has therefore been elucidated.

Silver ions act as inhibitors of ethylene action in 
climacteric tomato fruits (Tucker and Brady, 1987), and
included among the effects of dosing with silver thiosulphate 
were prevention of the following: chlorophyll degradation; PG 
accumulation and activity; lycopene accumulation; and 
lnvertase accumulation and activity. The silver ions are
thought to interfere with ethylene action by binding or 
interfering at specific sites, for example on the
metalloprotein that the ethylene is believed to bind to.

Ion-climacteric fruit seem unable to produce the ACC surge and 

consequently the ethylene surge, although very little is known 
about the mechanisms involved. Saftner and Baker (1987) 
studied the uptake of ACC and its structural analogue ct-
aminoisobutyric acid (aAIB). They found that the bulk of aAIB 
is sequestered into the vacuole, which is believed to be the 
site of ethylene synthesis, and suggested that the rate of 
ethylene production may be related to the ability of the cell 
to transport and sequester ACC. Ion-climacteric fruits may 
possess a deficient ACC transport system which prevents the 
accumulation of ACC, and hence prevents an ethylene surge. An
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increase in ABA (abscisic acid) occurs during ripening and it 
is possible that ABA is the ripening promoter in non-
climacteric fruit (Solomos and Laties, 1973). In the non- 

climacteric strawberry fruit, inhibitors of ethylene action 
and synthesis have no effect on the rate of ripening (Given et
al., 1988), rather, the decline in auxin production from the

maturing achenes seems to induce the process.

1.1.04 Ultrastructural changes during ripening.

Ripening fruit cells undergo many changes at the
ultrastructural level. Overall cell size has been shown to 
Increase (Rhodes,* 1980) reaching 150-700 pm in diameter in 
some fruit; such cells are among the biggest plant cells 
known. Most of the changes are found to take place in the 
plastids. Kirk and Juniper/ (1967) and Simpson et al. (1976) 
studied the ultrastructure of C. annuum plastids during 
ripening. During this period the chloroplasts of the green 
fruit are converted into the chromoplasts of the red fruit. 

This involves breakdown of the typical granal structure of the 
thylakoids and lamellar junctions into a 'thylakoid plexus' 

containing fibrils and plastoglobuli. There is a reduction in 

the size and number of the starch grains, and development of 
lipid globules. The ability to photosynthesize is lost and the 
chromoplast is turned over to the synthesis of carotenoids, 
believed to constitute the globules and found in crystalline 
form between the thylakoids. In the tomato, wall-softening
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occurs as the enzyme polygalacturonase solubilizes the middle 
lamella (Crookes and Grierson, 1983), although the extent of 
this softening has been questioned by Seymour et al. (1987). 

Ripening mutants which show reduced or altered caratenoid 
content also show reduced or altered ultrastructural changes. 
One of the purposes of the changes in ultrastructure seems to 

be to provide an environment suitable for the production of 

carotenoids.

1.1.05 Metabolic changes during ripening.

In correlation with the increase in size of the fruit cells 
the walls undergo changes in composition. A survey of several 
fruits by Gross and Sams (1984) showed that in general there 
was a net loss of non-cellulosic neutral sugar residues, 
mainly galactose and arabinose. In hot pepper the loss of 
galactose and arabinose correlated with a 50-fold Increase in 
p-galactosidase activity (Gross et al., 1986). Unlike tomato 
there was no detectable level of polygalacturonase activity. 

The role of this enzyme has recently been questioned by 

Seymour et al. (1987), who showed that the degradation of 

polyuronides in the cell wall is much less extensive than 
originally believed and shows no close correlation with 
polygalacturonase or pectinase levels in normal and mutant 
tomatoes.
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Most of the studies performed have involved climacteric fruit, 
in particular the tomato and avocado, concentrating on the 
respiratory surge itself and the response of climacteric 

fruits to ethylene/ Such investigations are" pertinent to a 
study of a non-climacteric fruit because they lead to an 
increased understanding of the ripening process, and because 

even non-climacteric fruit may exhibit the same 

characteristics although to a lesser extent. The presence of 
climacteric behaviour in tomato and hot pepper (a different 
variety of C.annuusd and the absence in sweet pepper, suggests 
a fairly simple difference between climacteric and non
climacteric fruit.

Solomos and Laties (1974 and 1976) studied the respiration of 
ripe avocado and found that the respiratory climacteric, 
anoxia and cyanide (HCH) had the same effect on respiration, 
that is, these factors increased the rate of glycolysis and 
ATP levels. In tissues other than ripening fruit, HCH produces 
a fermentation response, a fact which led the authors to 

suggest that ripe fruit must possess an HCH-resistant electron 

transport path-way. HCH also acts to stimulate ethylene 
biosynthesis, and it is thought that ethylene perturbs the 
membranes allowing greater permeability to glycolytic 
precursors. The rate of glycolysis was found to be 
proportional to the rate of phosphate leakage from the vacuole 
via the permeablized tonoplast. ^ennett et al. (1987) suggest 

that the respiratory climacteric in avocado fruit may be
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caused by increases in activity of phosphofructokinase or 
pyrophosphate : fructose-6-phosphate phosphotransferase, the
latter possibly being stimulated by a 90% increase in the 
levels of fructose-2,6-biphosphate. Another glycolytic enzyme, 
fruetose-l,6-biphosphate aldolase was found to increase in 
ripe tomatoes at the mRHA level (Piechulla, 1988), during a 
study of the levels of several nuclear and plasld encoded 

mRVAs during ripening. Only the presence of an HCBT-resistant 
electron pathway seems to explain the high levels of ATP, and 
it was suggested by Solomos and Laties (1974 and 1976) that 
implementation of this pathway de-controls oxidative 
phosphorylation. Vhy such a pathway should be implemented is 
unknown. The respiratory climacteric can be viewed as a 
process which continues alongside ripening rather than being 

Implicated as a cause; this helps to explain the lack of 

correlation between the appearance of the climacteric and the 
rest of the ripening changes, exemplified by ripening in non
climacteric fruit.

Biale and Young (1981) divide the metabolic aspects of 
ripening into degradative and synthetic categories. Included 
in the degradative category are the breakdown of chlorophyll, 
the loss of photosynthesis, the hydrolysis of starch grains, 
the Initiation of some membrane leakage, the solubilization of 

pectins and the release of hydrolytic enzymes. In the 
synthetic category are included the maintenence of 

mitochondria, the preservation of selected membranes, the

- 11 -



enhancement of ripening specific transcription and trans
lation! the initiation of the ethylene synthesis pathway and 
the production of carotenoids and flavours. In spite of the 

differentiation of 'chloroplasts into chromoplasts it is 
believed that the plastid machinery of protein import remains 
functional. Hon-photosynthetic plastids were shown to 
incorporate correctly and process a protein normally confined 

to photosynthetic plastids (de Boer et al.t 1988) indicating 
that processing and transport mechanisms were acting similarly 
regardless of the differential state.

Ziegler et al. <1983) investigated the changes taking place in 
plastids of C. annuum fruit pericarp cells as ripening took 
place. They found that chlorophyll was reduced to zero, and 
therefore photosynthesis likewise reduced, with the enzymes of 

the Calvin cycle decreased in activity by 80%. Glycolysis was 
found to be increased however. The chromoplast was turned over 
to the production of fatty acids and carotenoids. It is not 
known how the breakdown of the photosynthetic apparatus is 

regulated although ethylene is shown to accelerate the 
breakdown of chlorophyll into small colourless fragments 
(Goldschmidt, 1980), neither is it known how much the 

chlorophyll breakdown products contribute to the chromoplast's 

new functions (e.g. pigment production). In contrast to the 
chloroplast the chromoplast is a metabolically heterotrophic 
organelle, depending on the cytosol for organic precursors and 
energy. The metabolism of a chromoplast is shown in Figure 2,
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Figure 2. The metabolism of a chromoplast.

ATP Pi
Acetate 

3bi

ADP+Pi

etate+CoA+ATP

Pi+Pi
Triose-P

\  / SAD-
/ \IADH2 

Acetyl-CoA+AMP+PPi

^  f A DPI!2

Fructose-bis-P
u

Glucose-6-P 
\ 12

SADP-
-P-P-^— Mevalonic acid 
ADP ATP V

kl

Carotenoids Fatty acids

6-10

Pi ATP
Mevalonic acid

(from Ziegler et al., 1983)

Figure 2. 1, phosphate translocator; 2, adenylate
translocator; 3, acetate-mevalonate permeation into the 
plastid in the transition phase (Schneidner et al., 1977); 4, 
acetyl-CoA synthetase; 5, glycolysis; 6 to 10, carotenoid 
biosynthesis from isopentenyl pyrophosphate (Beyer et al., 
1980; Kreuz et al., 1982); 11, aldolase (Ziegler et al.,
1983); 12, glucose-6-phosphate dehydrogenase (Ziegler et al.,
1983); 13, MAD*-dependent triosephosphate dehydrogenase
(Ziegler et al., 1983).
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Figure 3. The terpenoid pathway.

acetate
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(from Xanitto, 1981; Davies et al., 1970)
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1.1.06 Carotogenesis.

/

Carotenoids are unsaturated polyhydrocarbons with aliphatic or 
alicyclic hydrocarbon'chains, and their oxygenated derivatives 

(Britton, 1985). The chromophore is formed from a series of 
conjugated double bonds. They are produced in plants by the 
terpenoid pathway, and cannot be made by animals, any 
carotenoids found in animal cells reached those cells via the 

diet. The production of carotenoids by the terpenoid pathway 
is summarized in Figure 3. In green tissues there are a number 
of carotenes, the main ones being fl-carotene, lutein, 
violaxanthin and neoxanthln. During ripening there is massive 
synthesis of the keto-xanthophylls (keto group on Cl) mainly 
capsorubin, capsanthin and cryptocapsin. Candela et al. (1984) 
performed thin layer chromatography (TLC) on the extracted 
pigments of C. annuum throughout ripening and showed the 

alteration of carotenoid content as the fruit passed from 
unripe to ripe. The chromoplast becomes permeable to the 
precursors of carotenoid biosynthesis, such as mevalonate and 
acetate which are translocated from the cytosol into the 

plastid (Schneidner et al., 1977).

The carotenoids of ripening mutants are found to be altered or 
deficient compared with the wild type (Davies et al., 1970) in 

conjunction with abnormal ultrastructural features.
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The pepper chromoplast contains all the enzymes necessary for 
carotenoid biosynthesis. Most of the work on the elucidation 
of enzyme sites within the plastld has been done by Camara and 
co-workers. By separating C. annuum chromoplast stromal and 

membrane fractions and analysing enzyme activity in each, it 
has been demonstrated that phytoene synthase is a stromal Cor 
peripheral) enzyme (Camara, 1984), and all the following 

reactions of desaturation and cyclization take place on the 
plastld membranes (Camara et al., 1982, 1985; Camara and

Dogbo, 1986).

Chromoplasts are also present in the petals of flowers. In 
daffodil, the chromoplast fractions were analysed by Kreuz et 
al. (1982), and it was found that Intermediates of carotenoid 
biosynthesis were only produced if the stromal and thylakoidal 
fractions were combined. Phenyl transferase and phytoene 

synthase were found to be peripheral membrane proteins and the 
lsomerase, cyclase and dehydrogenase found to be integral 
membrane proteins. In conjunction they form an assembly line 

of tight spatial integrity.

The production of carotenoids renders the chromoplast a 
metabolically heterotrophic organelle, and it is therefore 
interesting to speculate oh the purpose of these pigments. In 

other plant tissues carotenoids act as accessory pigments in 
photosynthesis, as scavengers of unwanted oxygen, as 
antagonists of potentially lethal photosensitization of
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chlorophyll; as photoreceptors; and to protect delicate 
tissues from radiation. In fruit their most likely function is 
that of advertizing to animals and birds that the fruit is 
ripe, and thereby promoting dispersal of the seeds. Plant 

carotenoids provide a valuble source of pro-vitamins and 
pigments for animals and this makes the fruit very attractive, 
to these potential agents of seed dispersal.

1.1.07 Control of ripening.

Ripening involves many structural and metabolic changes, the 
most obvious taking place in the plastld; caratogenesis for 
example is contained entirely within the plastld. It is 
important to try and understand the contributions of the two 
genetic systems, nuclear and chloroplast, to the process of 
ripening and in pursuit of' this four main lines of work have 

been looked at; antibiotic studies; other studies of plastld 
protein synthesis during ripening; mutation studies; and 
comparisons of total and polyadenylated RITA.

Benedict et al. (1985) treated Citrus with the substituted

tertiary amine, 2-(4-methylphenoxy)triethylamine (KPTA) and 
found that it stimulated the synthesis of phytofluene and 
lycopene. The synthesis was shown to be inhibited by the 

mushroom toxin, a-amanitin, which inhibits nuclear DHA- 
dependent RITA polymerase; by cordycepin, which inhibits 
polyadenylation of the primary transcript; and by anisomycin
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and cyclohexlmlde, which, prevent protein synthesis on 
cytoplasmic 80S ribosomes. Therefore the synthesis of these 

carotenoids seems to require nuclear transcription, 
polyadenylation of the primary transcript and translation on 

80S ribosomes. Surzycki (1973) found that treatment of 
Chlamydamanas reinhardtil with rifampicin inhibited 
prokaryotic DJTA-dependent RITA polymerase (i.e. the type of RNA 
polymerase active in plastid transcription), and the loss of 
ribosomal protein meant the organism could no longer 
photosynthesize. Sirev&g and Levine (1973) treated 
Chlamydomonas with rifampicin and demonstrated that it had no 
effect on carotenoid synthesis, implying that prokaryotic (or 
plastid) transcription is unnecessary for this process. (Ellis 
(1977) paints out that rifampicin has only been shown to 
prevent the synthesis of plastid rRHA and allows the synthesis 
of Rubisco subunits and cannot therefore be considered a 

specific inhibitor of plastid protein synthesis, casting doubt 
on the conclusions of Sirev&g and Levine (1973).] These 
authors also tested spectinonqrcin, an inhibitor of 70S 
ribosomes and found that it reduced carotogenesls in 

Chlawjrdomonas. Camara (1984) Investigated carotenoid sythesis 
in Triticum leaves which were deficient in plastld ribosomes, 
and found that synthesis still took place. Treatment with 
chloramphenicol and lincamycin (both inhibitors of 70s 

ribosomes) had no effect. Baker et al. (1985) found that
tomato ripening was inhibited by cycloheximlde but not 

chloramphenicol, thus corroborating the results of Camara
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(1984). The overall results of the antibiotic studies imply 
that plastid protein synthesis is unnecessary for the process 
of carotogenesis, whereas cytoplasmic protein synthesis is 
necessary.

Carde et al. (1988) studied protein synthesis in C.annuum 

fruit chromoplasts. They showed disappearance of ribosomal 
particles (monitored electron micrographically) concomitant 

with a decrease, throughout ripening, of 16S and 23S plastid 
rRMA. Fully differentiated ripe fruit chromoplasts did not 
contain rRHAs or ribosomes. It was suggested tha the complete 
disappearance of ribosomal structures is a sign of complete 

transformation from chloroplast to chromoplast. This evidence 
supports the concept that carotenoid enzymes, and other 
proteins active in the ripe fruit chromoplast, are encoded on 
nuclear genes, translated on cytoplasmic ribosomes, and 

integrated into the plastid by a post-translational 
transportation mechanism. This developmentally induced 
passivity of the chromoplast genome is not accompanied by 
alteration In the plastome DMA, which has been shown to be 

similar to chloroplast (Gounaris et al., 1986).

Further indication that ripening is a nuclear controlled 
process comes from the study of ripening mutations, which 

prove to be inherited in a Mendelian fashion. If the mutations 
were encoded by plastid DMA they would be inherited maternally 
or in an uneven bi-parental fashion. Tomato mutants Mever Ripe
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(IE) and Ripening Inhibited (RID are probably the most 

studied of ripening mutants. IE is a mutation located on 
chromosome 9 and exhibits reduced ethylene, low lycopene and 
slow softening, becoming a pale orange colour in its ripest 
state. RII is located on chromosome 5 and exhibits no 
detectable ethylene, no lycopene and no softening, becoming a 
pale yellow colour in its ripest state. Both mutations are 
inherited in a Mendelian fashion (Simpson et al., 1977). 
Ripening mutants of pepper were investigated by Laborde and 
Spur (1973), who identified nuclear genes responsible for the 
breakdown of the photosynthetic apparatus and the deposition 
of carotenoids. The authors suggested alleles were as follows: 
Y+: allows formation of the red pigment.
T: (recessive) blocks formation of the red pigment.
C1+: allows disintegration of the chloroplast grana.
Cl: (recessive) blocks disintegration of the grana.
VIId type peppers were described as Y+Y+ and a yellow mutant 
as YY C1+C1+, the mutation being Inherited in a Mendellan 
fashion. More recent work on the inheritance of ripening 
mutations in pepper (Hurtado-Hemandez and Smith, 1985) points 
to the existence of three pairs of ripening genes, the 
functions of which are outlined below:
Y+ and Y: production and non-production of the red pigment.
Ci+ and Cl. no inhibition of pigment production and inhibition 

of pigment production.

Qz+ and Czi no inhibition and strong inhibition of pigment 
production.
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[Those genes bearing a (+) are dominant.]
Their deductions were based on the cross of a homozygous wild 

type red fruiting variety with a homozygous recessive albino, 
giving an FI generation, which, when back-crossed to the 
albino, gave eight different phenotypes. The earlier 
observations by Laborde and Spur (1973) appeared to be based 

on a limited number of phenotypes, giving a misleading 
conclusion. These experiments emphasize the Mendelian nature 
of inheritance of fruit ripening mutations, and hence imply 
chromosomal rather than plastidlc inheritance.

The final evidence that ripening is primarily controlled from 
the cell nucleus rather than an organellar compartment comes 
from comparisons of the in vitro translation profiles of total 
and polyadenylated EBTA, from ripe and unripe fruit. The total 
and poly(A)+ RMAs from fruit at different stages was compared 
and the difference between ripe and unripe shown to lie in the 
poly(A)t fraction, generated from the nucleus (tomato, 

Sattapanone et al., 1978; avocado, Christoffersen et al.,
1982). Plastid RHAs have been shown to lack poly A tails.

Suggestions of how nuclear proteins may control a plastid 

developmental process such as ripening have been drawn from 
Ellis (1977). The nucleus and cytosol produce polypeptides 
which are translocated into organellar compartments by means 
of a leading transit peptide which is cleaved off during the 
passage through the organelle membrane. Keegstra and Bauerle
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(1988) have recently demonstrated the existence of further 
consensus sequences at the amino end of the protein, which 
direct the polypeptide more precisely within the plastld, to 
Its destination. Additional sequences exist to transport 

proteins to the thylakoid membranes and plastid lumen. The 
conformation of the protein to be imported has been shown to 
be important, more so than the primary sequence which is not 
particularly well conserved (Ellis and Robinson, 1987; Meyer, 
1988). Proteins to be imported have an unfolded conformation 
that is maintained by a cytoplasmic protein component(s), 
'trigger factor' the absence or presence of which provides 
another possible method for regulation. Recently a receptor 

protein has been identified in contact sites between the outer 
and inner chloroplast envelope that participates in protein 
import into the chloroplast (Pain et al. 1988). Thus 
cytoplasmic proteins can be precisely placed in the plastid, 
and once there carry out their function, whether this be 
structural, enzymic, as in the case of the carotogenesis 
enzymes, or regulatory, affecting the plastid protein 

synthesis apparatus in some way.

1.1.08 Plastid and nuclear co-operation.

t.

It is well known that the nucleus and cytosol provide the 

plastid with most of its polypeptides via the organellar 
envelope. Once inside, these proteins affect metabolism and 
possibly plastid gene expression. For example, a nuclear
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nutation of Chlanyrdamonas reinhardtii has been shown to cause 
reduced accumulation of plastid encoded polypeptides, by 

affecting the translation or stability of the plastid gene 
product (Kuchka et al. 1988). It is believed that most plastid 
genes are constitutively expressed, and are controlled post- 

transcriptionally, possibly by nuclear factors (Deng and 

Gruissen, 1988).

Interest has also been expressed in the possibility of 
pi astid-derived factors which influence cytosolic protein 
synthesis. Treatment with the herbicide fforflurazon Inhibits 
carotenoid synthesis and leads to chloroplasts bleached 
through photo-oxidation of chlorophyll, which mimics the 
effect of an Albina mutation of barley. In both the mutant and 
the herbicide treated plants, functional chloroplasts have 
been eliminated, and in both, transcription of the nuclear 
encoded light harvesting chlorophyll a/b protein (LHCP) is 
inhibited (Batschauer et al., 1986). The inhibition seems to 

be specific for the LHCP and other nuclear genes are not 
affected; this led the authors to conclude that plastld 
derived factors are necessary for continuous light dependent 
transcription of the nuclear gene encoding the LHCP. A nuclear 

mutation of barley which causes plastids deficient in 
ribosomes, pigments and protein synthesis also causes a lack 
of many nuclear encoded plastid proteins (Bradbeer et al., 
1979). Some enzymes are present in very small amounts and it 

is possible to analyse their activity, which shows that there
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is nothing wrong with the structural genes themselves or their 

transcription mechanism. It is the level of transcription 

which has been greatly reduced, and if the chloroplast DFA is 
damaged, transcription of these nuclear plastld genes stops 
altogether. The authors suggest that a non-protein plastidic 
factor, for example an RIA, acts to de-repress cytoplasmic

(1979) suggested that a plastid encoded RIA which was 
translocated into the cytoplasm may act as a tRIA during 
cytoplasmic translation. Its presence would therefore enhance 
translation, and its absence reduce it. Miller MicCrea and 
Hershberger (1978) showed that chloroplast DMA contains a 
number of cistrons which do not hybridize to chloroplast RIA, 
but hybridize instead to RIA from the cytoplasm, also 

suggesting that the plastome codes for RIAs which may be used 
during cytoplasmic translation. Further evidence for plastld 
control of nuclear gene expression is presented in a review by 
Borner (1986), which presents numerous examples of the 

necessity for functional plastids before nuclear encoded 
plastid gene products can be expressed normally. For example, 
in barley and Euglena, deficiencies in plastid structure or 
DIA resulted in greatly reduced amounts of nuclear encoded 

plastld proteins, while expression of other nuclear genes was 
unaffected. In both Zea mays and mustard, plastid deficiency 
resulting from herbicide treatment or mutation caused 
repression of LHCP and Rubisco small subunit gene expression. 

It was shown that light regulated genes are only expressed

of plastld protein genes. Bradbeer et al,,
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where there are functional plastlds and are not expressed 
where there are not. In tuber tissue for example, should the 

tuber start to 'green* and develop functional plastlds, It 
then becomes possible to express the nuclear encoded plastld 

genes. It Is thought that functional plastlds produce a factor 

which targets the promoter region of nuclear encoded plastld 

genes and enhances the transcription of these genes. Plastome 
RIA acting as a tRIA during cytoplasmic translation Is a 
possible method of enhancement. Lack of a plastid factor could 
also enhance cytoplasmic translation, by a de-repression 
mechanism.

1.1.09 Ripening as a developmental process.

Evidence that ripening Is an active developmental process 
involving differential gene expression, rather than a 

degradative senescence Involving a breakdown of 

'organizational resistance', and the release of hydrolytic 

enzymes, has come from the study of ripening fruit at the 
levels of transcription and translation. By looking at the 
proteins, the RIA and finally the DIA, it has been possible to 
demonstrate the developmental nature of ripening.

Polyribosomes were shown to persist throughout ripening of the 
tomato (Speirs et al.t 1984), implying that protein synthesis 
occurs during this process. In vivo labelling of tomato fruit 
pericarp showed that the proteins were labelled during the
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ripening process and that the protein complement changed as 

the fruit progressed from unripe to ripe (Baker et al., 1985). 
The proteins of purified tomato plastlds from ripe and unripe 
fruit were submitted to sodium dodecyl sulphate polyacrylamide 
gel electrophoresis (SDS-PAGE) and shown to differ (Bathgate 

et al., 1985). Three classes of protein were identified; those 
that were present in both ripe and unripe fruit; those present 
in unripe fruit only; and those present in ripe fruit only. 
The changes in the mRVA population were studied using the 
technique of in vitro translation in a rabbit reticulocyte 
system or a wheatgerm translation system (Rattanapanone et 

al., 1978). The translation product profiles of ripe and 
unripe fruit were different, reflecting differences in the 
mRIA populations. There were three classes of product 
corresponding to the three protein classes already identified. 
A cDJTA library was made from ripe fruit mRITA and screened with 
labelled cDITA from either red or green fruit (Grierson et al., 
1985). Those clones which were differentially complementary to 
the red probe were selected as ripening specific. Cross- 
hybridization of the clones to each other was used to group 
the clones and the largest clone in each group was taken to be 

a typical member of that group. Hybridizations to Northern 

blots of ripe fruit RITA indicated that many of the clones were 
the same size as the message, i.e. the clones were full size. 

Hybrid release experiments allowed study of the protein 
products of the clones and these could then be matched to the 
in vitro translation products. By performing hybridization
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experiments with RITA from different organs, or different 

stages of fruit development, the authors were able to 
demonstrate the organ specificity and ripening specificity of 
some of the clones; In other words they showed that the 

expression of the genes was confined to a particular spatial 
and temporal programme, A clone for the tomato ripening 
softening enzyme, polygalacturonase was identified using 
immunoprecipitation, and also by comparing clone sequences to 
the F-terminal amino acid sequence of purified PG. Using this 

clone it was possible to ✓ examine the incidence of PG mRFA 
during normal and mutant tomato ripening. The Ripening 
Inhibited (RUT) mutant of tomato was found to have no 
detectable PG which may explain its lack of softening. Formal 
fruit show increasing levels of PG as ripening proceeds. 
Treatment with ethylene resulted in the measurable expression 
of ripening specific genes and was demonstrated using in vitro 
translation and hybridization of RFAs to the ripening specific 

clone.

A similar story can be told for the avocado (Christoffersen et 

al., 1982). Protein and RFA populations were shown to be 

labelled throughout ripening and components of these 
populations were shown to alter during the process. A cDFA 
library was created from ripe fruit mRHA and those clones 
which hybridized preferentially to ripe fruit cDFA rather than 
unripe were designated ripening specific. Cellulase is the 

enzyme responsible for the softening of avocados and a
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cellulase clone was identified by hybrid release translation 

and co-migration with purified cellulase. Using hybridization 
of the labelled clone to KVA it was possible to follow the 
changes in the RRA papulation as the fruit ripened. It was 

also passible to demonstrate the organ-specific and stage- 

specific nature of cellulase gene expression (Christoffersen 
et al., 1984).

1.1.10 Plant gene expression.

Ripening can be described as a developmental process involving 
differential gene expression. Sets of genes are switched off 
and other sets are switched on, and some genes show variation 
in the level of their expression as ripening progresses. Other 
genes show no alteration of expression at all. In order to 
hazard a guess at how such differential gene expression is 
passible, it is instructive to look at models of plant gene 

expression developed for different plant systems.

An example of how a particular gene may be expressed in 
preference to others is found in the rRITA genes of wheat. 

Vheat rRRA genes are contained in all the nucleolar regions of 
the wheat chromosomes but only expressed from one such region 
(the dominant nucleolus). The dominant nucleolus has been 
found to have the most so-called 'enhancer' sequences, which 
is the reason it becomes dominant. The enhancer sequences are 

beleived to compete for a binding factor, probably a protein,
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which enhances transcription by helping the binding or 

formation of the transcription complex, or by helping the 
movement of the complex, or by increasing the concentration of 
the complex (Grierson* and Covey, 1984).

An investigation into the seed storage proteins of soybean 
indicated that they represent a highly regulated gene set and 
are temporally and spatially differentially expressed 
(Goldberg, 1986; for a review, see Goldberg et al., 1989), A 

model was proposed to explain this expression which suggested 
that each structural gene has a number of cis-acting elements 
which act as transcriptional enhancers and maybe repressors. 
Each element responds to a specific trans-acting factor, which 

is only present in particular situations, for example in a 
particular organ or at a particular stage of development. This 
would make it possible for a gene to be expressed in a 
temporally and spatially defined way. Soy bean lectin genes 

were fragmented and incubated with embryo nuclear protein 
extracts, and then separated by gel electrophoresis. 
Retardation of the fragments was shown to occur indicating 
that proteins in the extract had bound to the DM. Further 

experiments showed that the gene fragments would bind only to 
embryo nuclear protein where expression was taking place and 
not to nuclear protein from other parts of the plant. Deletion 

studies indicated that the binding sequence was -100 to -400 
base pairs upstream of the start of the structural gene. A 
possible trans-acting factor was therefore identified. The
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soybean £-conglycinin seed storage protein gene (Chen et al., 
1988), possesses a cis-acting regulatory element which confers 
spatial and temporal regulation of gene expression as does the 

soybean leghaemoglobin Ibca gene (Jensen et al,, 1988).

Some plant genes may be expressed In a number of tissues but 

to different levels. In an attempt to explain the expression 

of a-amylase genes In wheat, which are expressed in the 
aleurone cells of the grain in response to giberellin, 

Baulcombe et al. (1986) proposed three possible models of gene 
expression. The models are not mutually exclusive, but are 
rather used to explain a variety of possible mechanisms. (1) 
The first model proposed that multiple genes exist for a 
particular set of Isoenzymes, and that different modes of 
expression are possible using the different genes. Eukaryotic 
genes believed to operate like this Include glutamine synthase 
in Phaseolus, and maize phosphoenolpyruvate carboxylase.

(li) The second model consists of a single structural gene 
with different promoters which are used alternatively to 

produce different 5' exons which are then spliced to form the 
mature RIA. Genes believed to have this kind of structure 

include mouse a-amylase which is expressed differently in the 
liver, pancreas and salivary gland, Drosophila alchohol 
dehydrogenase and mammalian immunoglobulin genes, (lii) The 
third model has a single structural gene and a single promoter 
but several cJs-acting regulators which is approximately what 
was proposed by Goldberg (1986) for soybean lectin genes.
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Different cell types would produce different trans-acting 
elements and therefore different expression profiles. Genes 

believed to have this type of expression include the chicken 
lysozyme gene (expressed in macrophage cells and the oviduct) 

and wheat carboxypeptidase genes. As mentioned briefly in 

section 1.1.03, a 5' flanking region of an ethylene responsive 
gene has been identified that binds a nuclear protein in 
correlation with its level of expression during ripening. The 
model proposed for this ripening gene seems to be that 

proposed by Goldberg (1986) for soybean lectin genes, i.e. a 
cis element that acts as an inducer of transcription when 
bound by a factor, or factors, from trans elements some 
distance away (Dlekman and Fischer, 1988).

As well as transcriptional regulation there is evidence that a 
number of plant genes are regulated post-transcriptionally. 
Light induced chloroplast formation in higher plants has been 
found to involve numerous factors including phytochrome, the 
conversion of protochlorophyllide to chlorophyllide, and 
changes in chromatin structure (Apel et al., 1986). Also 
Implicated is a plastid derived factor that moderates the 

expression of nuclear encoded plastid genes. Post- 
transcriptional control has been Implicated in the expression 
of one plastid protein, the P700 chlorophyll a protein, whose 
genes have been localized to the plastid DVA. This protein is 

constitutively expressed in both light and dark conditions, 
but accumulates only in the light. The protein is stabilized
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by chlorophyll which Is present only In the light; In the dark 
the P700 apo-protein is rapidly destroyed. Another possible 
method of post-transcriptional control may lie in the binding 
of ribonucleoprotein£ to the message (Richter, 1988). Some 
mRIPs bind ubiquitously to all niREAs, e.g. those proteins that 
bind the CAP site and the poly (A) tail. Other proteins bind 

specific sequences and may regulate translation.

Post-transcriptional regulation of plastid gene expression was 
studied by Deng and Grulssem (1988) who looked at the 
expression of a number of mREAs in non-photosynthetic 
plastlds. There was found to be constitutive expression of 
plastld R¥A, which was found to be post-transcripttonally 

controlled by preferential translation or message stability. 
Plastid RBAs are transcribed, and often translated, as 
polycistronic units, and the type and amount of processing of 
these units may well have an effect on expression (Barkan, 
1988). The stability of plastid mRIA is Increased by the 
presence of 3* inverted repeated sequences (Stern and 
Grulssem, 1987). Environmental factors are thought to affect 
the structures of the 3* inverted repeats, so altering plastid 

gene expression. A diurnal pattern of expression has been 

observed for photosynthetic genes of early green tomatoes 
which is presumably imposed by the environmental day/night 
cycle (Piechulla and Grulssem, 1987). Many RITAs e.g. histone 

REA, granulocyte monocyte colony stimulating factor RHA, the 
transferrin receptor RITA and Drosophila's c-fos RIA are shown
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to be stabilized by the presence of 3' structures, such as the 
polyadenylated region, which is believed to protect the RIA 
from degradation by nucleases. RIAs are preferentially

degraded in particular situations (Hunt, 1988). The regulation 
of gene expression by specific RIA degradation or maintenance 
is therefore an established hypothesis.

1.1.11 Summary.

Figure 4 summarizes the ideas put forward in this
introduction. Ripening is viewed as a 'function', the result 
of interaction between external factors, nuclear els and trans 
factors, and plastid els and trans factors. The diagram is 
necessarily simplified and does not show many of the possible 
ramifications of the system. It does show the flow of
communication between the plastid and nucleus, and at least 

partially demonstrates the continuously alterable network,
controlling the developmental state of the plant cell. The 
aspirations of the work will be explored more fully in the 
discussions, so it will suffice to say it was with the aim of 
understanding some of this subtlety that this project was 
undertaken.

- 33 -



Figure 4. Possible inodes of gene expression regulation in a 
higher plant cell.
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Chapter 2. Pigmentation, ultrastructure and protein complement 

of C«annuum fruit during ripening.

2.1.00 Introduction.

The main aim of this first group of experiments was to 

investigate the changes taking place in ripening fruit as 
evidence for changes in gene expression. General studies of 
change in the ripening fruit were carried out, including a 
brief look at pigment change, an electron microscopic study of 
the plastlds of ripening fruit, and various studies on the 
protein population, carried out with the aim of identifying 
particular species related to ripening. Standard procedures 
were used with varying degrees of success. The background to 

the work is described in the General Introduction in sections
1.1.04 (ultrastructural changes during ripening); 1.1.05 and
1.1.06 (changes in metabolism and pigmentation); and section
1.1.09 (ripening as a developmental process, involving changes 

in protein). These experiments were included to provide an 
experimental rather than an assumed basis for further work, 
for the sake of completeness, for interest, and to correlate 

with later work at more fundamental levels of gene expression.
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2.2.00 Materials and Methods.

2.2.01 Plant material.

Plants of Capsicum Annuum var. Bellboy, Lito and Golden Star 
were grown from seed under normal glasshouse conditions. The 
plants were kept at a temperature of about 25°C, and 

supplemented with extra lighting if necessary. Mo attempt was 
made to grow the plants under sterile conditions and as a 
result of pest attacks the plants were regularly treated with 
insecticides. Fruits were selected on the basis of their 
appearance, their colour being used as a guide to their state 
of ripeness. Any fruit tissue found to be at an incorrect stage 
was discarded. Fruits were picked with gloved hands and washed 

in distilled water and ethanol prior to any experimental work.

2.2.02 Chemicals.

The chemicals used for the fixation and staining of pepper 
tissue were the purest available, of EM grade, from BDH, Sigma 
and Aldrich. The acrylamlde and bis-acrylamide were 
electrophoresis grade from Sigma.

2.2.03 Photography.

The photographs of pepper fruit were taken in a studio using a 

Hasselblad 50c camera and a Vericolor I.' 120 film.
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2.2.04 Pigment extraction.

Pepper pericarp tissue was ground under liquid nitrogen to a 
fine powder and extra'cted in a ratio of lg per ml in 80%

acetone. The resultant coloured solution was filtered through 

Vhatmann 3KH paper and stored covered at -20°C until scanned. 
The pigment solutions were scanned in quartz cuvettes in a 

Unlearn SP 1800 spectrophotometer against an 80% acetone blank. 
The spectrophotometer scanned through wavelengths from 750nm 
to 180nm and the relative absorbances of the test solution at 
each wavelength were plotted by a chart recorder.

2.2.05 Ultrastructural study.

Pepper pericarp tissue was cut into 0.5mm3 pieces and
/

Incubated for one hour in 2.5% glutaraldehyde in 0.05X sodium 
cacodylate buffer, pH 7.2, at 4°C. The tissue pieces were then 

transferred to fresh 0.051C cacodylate buffer, pH 7.2, and 
incubated overnight at 4°C. The samples were transferred to 1% 

osmium tetroxide in cacodylate buffer and left at room

temperature in a fume hood for 1 hour. The samples were washed 

twice in distilled water and then block stained in 1% tannic 
acid in water for approximately 1 hour at room temperature. 
The tissue was dehydrated by washing in increasing percentages 
of acetone, 30%, 50% and 70% for two lots of 10 minutes each; 
and finally in 100% acetone for four lots of 15 minutes. The 
pieces were then put into a 50:50 mix of resin and 100%

-37-



acetone and could be stored In the freezer at this point. The 

tissue was transferred to a 3:1 resin :acetone mixture (the 

resin was Emix from Emscope) and stirred slowly on a rotating 

stirrer at room temperature overnight. The pieces were then 

switched to 100% resin and left on the stirrer for a further 6 
hours; and then left in fresh 100% resin overnight. The next 
day the resin was changed yet again, and the tissue left 
stirring overnight in fresh resin. The samples were finally 
•blocked up* in rubber moulds containing labelled cavities and 
dried in a bench oven at 50°C for 2 days. Sections were cut on 
a Reichert 0JCU3 ultramicrotome. The sections were viewed in a 
JEOL 100 cx transmission electron microscope.

2.206 Plastid purification.

All procedures were carried out at 4°C.
Vashed and dried fruit tissue was weighed and homogenized in 
buffer A (0.25K Tris-HCl, pH 7.6; 0.5K sucrose; 0.01K MgCla; 
0.04K 0-mercaptoethanol) at a concentration of lg per ml. The 

homogenate was filtered through three layers of muslin into 
bench centrifuge tubes. The tubes were centrifuged at 2,000# in 
a bench centrifuge to spin down cell debris (there was often 

no pellet at this stage) and the supernatant transferred to 

fresh tubes and centrifuged at 4,000g to bring down the 
plastid pellet. The pellet was resuspended in a suitable volume 
of buffer B (0.05H Tris-HCl, pH 8.0; 0.01H MgCl*; 0.04K fl- 

mercaptoethanol) and layered onto stabilized sucrose gradients



prepared the previous day. The gradients consisted of four 
steps from 20% vr/v sucrose to 55% w/v sucrose, made up in 

buffer B, and left to stabilize overnight at 4°C. The loaded 
gradients were centrifuged at 90,000# (26,000 r.p.m. in an SV28 

Beckman ultracentrifuge rotor) for 35 minutes at 4°C.

Two major bands were usually produced, the upper containing 

broken plastids and the lower containing intact plastlds, 
demonstrated by phase-contrast microscopy of the plastids 
(Arundel, 1984). Intact plastids have a 'halo* around them. The 
lower band was taken off with a pasteur pipette and put with 
an equal volume of buffer B. The plastids were then centrifuged 
at top speed in a bench centrifuge to pellet the purified 
plastids. The pellet was resuspended in the minimum volume of 
buffer B and represented the plastid preparation. Treatment of 
the plastids depended on the experiment they were to be used 
for but they were usually lysed (with 5% w/v SDS or Triton- 

XI00) and stored at -20°C.

2.2.07 Dissociating gel electrophoresis.

The method used was that described by Hames (1981), which is 

based on the method originally published by Laemmli (1970). A 

10% polyacrylamide gel was made be mixing 10ml of 30% 
acrylamide/0.8% bis-acrylamide, 0.3ml of 10% SDS, 1.5ml of 
freshly made 1.5% ammonium persulphate, 14.45ml of distilled 
water and 3.75ml of resolving buffer (3X Tris-HCl, pH 8.8). The
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mixture was de-gassed to remove oxygen which could interfere 
with polymerization, and 15pl of TEHED (tetramethylethylene 
diamine) the polymerization catalyst were added and mixed by 
gentle swirling. The' mixture was poured between two glass 

plates of an Atto electrophoresis system, and overlaid with 

butan-l-ol to ensure an even set. When the resolving gel had 
set a 3.75% stacking mixture was made up by mixing 2.5ml of 

30% acrylamide/0.8% bis-acrylamide, 0.2ml of 10% SDS, 1ml of 
freshly made up 1.5% ammonium persulphate, 11.3ml of distilled 
water and 5ml of stacking buffer (0.5K Tris-HCl, pH 6.8). The 
mixture was de-gassed and 15pl of TEHED added as before. The 
stacking mixture was layered onto the rinsed resolving gel and 
a comb inserted. The gel was left to set for about an hour.

Samples were prepared by boiling for 3 minutes with an equal 
volume of sample buffer C0.125M Tris-HCl, pH 6.8; 4% w/v SDS; 
10% p-mercaptoethanol; 20% w/v sucrose; 0.004% bromophenol 
blue) and then centrifuging at top speed in a microfuge for 3 
minutes to pellet insoluble matter that could cause streaking 

on the gel.

Samples were loaded into the wells and run in running buffer 
(0.025K Tris-HCl, pH 8.3; 0.192H glycine; 0.1% SDS) at 150v for 
about 6 hours or until the bromophenol blue dye had reached 
the foot of the gel.
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Gels were stained in Coomassie blue (0.1% Coomassie blue; 40% 
methanol; 15% acetic acid) and destained in 12% methanol/10% 

acetic acid. The destained gels were then analysed by scanning 
on a Joyce Loebl gel 'scanner or by eye. The gels were dried 

down on an Atto gel drier for storage.

2.2.08 Isoelectric focusing.

(i) Running the gel.
The isoelectric focusing of purified plastid proteins (lysed 
with Triton rather than SDS) was done using the Phastgel 
system manufactured by Pharmacia. Prepared gels (pH gradient 

3-10) were pre-run for 75 volthours to establish a gradient 
and then the samples were applied centrally. The samples were 
allowed to run for 425 volthours to ensure that all the 
proteins had reached their isoelectric points. IEF gels were 

stained using the protocol recommended by Pharmacia.

(11) Staining the gel.
The gel was fixed for 5 min at 20°C in 20% w/v TCA. It was 

washed for 2 min at 20°C in wash 1 (50% v/v ethanol; 10% v/v 
acetic acid) and washed for 2 min and then 4 min at 50°C in 
wash 2 (10% v/v ethanol; 5% v/v acetic acid). The gel was
treated with sensitizer (8.3% w/v glutaraldehyde) at 50°C for 

6 min. This was followed by two washes of wash 2 at 50°C for 
3 and 5 min respectively, and a further two washes with wash 3 
(distilled water) at 50°C for 2 min per wash. The gel was

/
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then stained with 0.5% w/v silver nitrate in water at 40°C for 
10 min, and washed twice more with water at 30°C for two lots 
of 5 min. Developer (0.04% w/v formaldehyde; 2.5 w/v Sa^COa 
was added at 30°C “for 0.5 and then 4 min. Gels were stored 

wet in acetic acid (7% v/v), dried by leaving at room
temperature for a few days or dehydrated using a hair—dryer.

2.2.09 Two-dimensional gel electrophoresis.

(i) Sample preparation and running the first dimension.
The proteins were run on IEF gels supplied by Pharmacia as 
described in section 2.2.08 (i), pH gradient 3-10. An equivolume 

of 2D sample buffer (2.88g urea; 1.0ml Triton; 0.25% v/v of 20% 
w/v DTT; 0.1ml Pharmalite 3-10; to 5ml with distilled water) 
was added to the sample which was then left for 1 hour on ice, 
and centrifuged at top speed in a microfuge for 3 min. The 
supernatant 'was applied directly to the gel. Ampholyte is 
present in the sample buffer to aid solubility and prevent 
streaking in the 2nd dimension gel. The samples were applied 

centrally and in lanes rather than across the whole gel.

(ii) Treatment of gel strips.
The parts of the gel that the electrodes were resting on were 
cut away using scissors, and strips containing the samples

were cut from the gel. The lanes were located by identifying
/

the indentations made by the sample applicator. Gel strips were 
appropriately marked on the gel bond backing of the gel naming
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the anode and cathode and the sample type. Strips were 
approximately 3mm by 32mm. The strips were incubated in 
equilibration buffer 1 for 2.5 min <0.112M Tris base; 0.112K 
acetic acid; 1% w/v DTT; 2.5% w/v SDS), and then equilibrated 
for another 2.5 min in equilibration buffer 2 (as buffer 1 but 
with only 1% w/v DTT; 0.26K iodo-acetamide; 0.1% w/v 

bromophenol blue; adjusted to pH 6.4 with HaOH). Iodo-acetamide 

binds excess DTT which can interfere with silver staining. 
This equilibration step serves to wash out much of the urea 
and ampholytes from the gel and equilibrate the sample for the 
SDS-PAGE separation. Some protein may also wash out of the gel 
at this stage.

(ill) Running the 2nd dimension.
The equilibrated strip was placed gel side down an the 
stacking zone of a Pharmacia PhastGel Gradient 10-15 gely as 
close to the buffer strip as possible, so as to allow the 
sample components to stack. Pharmacia molecular weight marker 
proteins were applied alongside the strip, adjacent to the 

cathodic end of the strip, where they would interfere least 

with the sample proteins. The gel was run at 15°C, 250v for 

the first 5vhours, and then the strip was removed to prevent 
electrical field disturbances. The gel was run far a further 
60vhours at 250v, or until the dye reached the anodic buffer 
strip.

(iv) Staining the 2D gel.
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The gel was stained as for IEF gels except there was no 
fixation step In 20% w/v TCA, the gels spent 13 min at 40°C in 

0.25% w/v silver nitrate, and they were finally treated with a 
preserving solution (10% v/v acetic acid; 5% v/v glycerol) at 

50°C for 3 min after the stop bath step. Gels were stored as 

described for IEF gels in section 2.2.08 (ii).
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2.3.00 Results and Discussion.

2.3.01 Pigments.

During ripening C.annuum Bellboy fruits go from leaf green, 
through a 'breaker' stage of a patchy red and green appearance, 

to crimson (Figure la). The visual effect can be followed 

spectrographlcally by extracting the pigment from fruit at 
different stages into acetone and scanning through various 
wavelengths to obtain absorbance spectra. This was done for 
Bellboy fruit (Figure Id), and the ripe fruit showed increased 
absorbance in the wavelengths 410-470nm and loss of a peak of 
absorbance at 668nm (loss of chlorophyll). This correlates well 
with results reported in the literature (Vrench et al., 1987). 
Camara and Jfon6ger (1978) showed that fully expanded green 
Capsicum fruit had the same absorption spectra as leaves 

(although with approximately 40x less chlorophyll; (Davies et 
al., 1970). They showed the disappearance of chlorophylls a and 
b and the simultaneous appearance of ripe fruit associated 

carotenoids including crypiocapsin, capsanthin, violaxanthin, 
zeaxanthln, antheroxanthin and capsorubin. The pigments 
responsible for the red colour of C.annuum ripe fruit were 
found to be capsanthin and capsorubin. Candela et al. (1984) 
performed thin layer chromatography on extracts of ripe 
Capsicum fruits and identified the same species as Camara and 
Kon6ger (1978). Lito fruit progresses from 'white' (or very 

pale green) through an orange stage to a red fruit similar in
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Figure 1. Pigment changes in ripening fruit.
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Figure 1. Parts a, b and c show unripe, intermediate and ripe 
fruits of Capsicum annuum var. Bellboy, Lito and Golden Star 
respectively. Part d shows the absorbances at different 
wavelengths of extracts of unripe and ripe fruits of Bellboy. 
The fruit tissue was ground to a fine powder under liquid 
nitrogen and extracted at a concentration of lg/ml in 80% v/v 
acetone. This coloured extract was filtered and scanned in a 
quartz cuvette against an 80% acetone blank in a 
spectrophotometer (as described in Materials and methods, 
section 2.2.04). The x-axis represents wavelengths from 750 to 
180nm and the y-axis represents the absorbance of each extract 
at that wavelength. The method was taken from Arundel (1984).
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appearance to Bellboy (Figure lb). Golden Star pepper fruit 
(Figure lc) pass from a green fruit very similar in appearance 

to unripe Bellboy, through a spectacular marbled green and 

yellow intermediate stage, to a final deep golden yellow. A 

study of the carotenoids of different types of ripe pepper 
fruit was performed by Davies et al. (1970). It was found that 

yellow fruit had an absorption spectrum very similar to that 

of unripe green fruit except in the lower wavelengths. Yellow 
fruit were shown to contain about 5x more total carotenoid 
than unripe fruit, so carotenoid synthesis does take place 
(ripe red fruit contain lOOx the carotenoid content of unripe 
fruit). The only carotenoids lacking from the yellow fruit are 
the red pigments capsanthin and capsorubin.

2.3.02 Ultrastructure.
/

The types of fruit studied were Lito and Golden Star, in an 
attempt to look for differences from and similarities to 

Bellboy, as well as follow the changes associated with ripening 

in those fruit. Ultrastructural studies on the normal ripening 
of C.annuum sweet bell pepper have been performed several 
times; the work used as a reference was that by Arundel (1984) 
which was performed in our laboratory on C.annuum var. Bellboy, 
using a similar fixation technique and the same electron 
microscope. Four types of chromoplast have been identified in 
ripe fruit according to the appearance of the thylakoid plexus. 
These are globular, tubular, membranous and crystalline
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(Arundel, 1984; Vhatley and Vhatley, 1987). Capsicum 

chromoplasts are designated as tubular, due to the presence of 
large numbers of tubules. Unripe Bellboy fruits have a granal 

organization typical of chloroplasts. Starch granules may be 

present, as bodies with low electron density, and there are a 
few lipid containing osmiophilic globules (Arundel, 1984). As 
the fruit ripens the starch granules become smaller, the number 
of globules increases and the membrane structure becomes less 

well organized, although the grana may remain relatively 
intact. In the ripe fruit there is wide variation in the 
ultrastructural state of the cells. There are usually many 
fibrils (or tubules) with osmiophilic swellings, and 

osmiophilic globules, which possibly originate from the 
fibrils. The thylakoids become abnormally long, and become 
complexed together in some places, to form a so-called 
'thylakoid plexus', a large irregular network of tubules and 
perforated thylakoids. A similar set of observations was made 
by Kirk and Juniper (1967).

The Lito unripe fruit plastid is very different from the normal 

Bellboy chloroplast. There are no granal stacks, or large 
starch grains; instead there is an apparently continuous double 
membraned or tubular structure, coiled around in the cell. This 
structure appears to have been cross-sectioned in Figure 2a. 
This structure is also seen in Orange Bedder fruit (Simpson et 
a!., 1977). In addition, there are a few scattered plasto- 
globull, evidence of vesicle formation at the plastid envelope 
and occasional electron transparent granules, which may be



starch granules. The Llto unripe fruit does have some 

chlorophyll (It has a pale green extract). In the Llto Inter
mediate fruit plastid there is a large cluster of electron- 
dense plastoglobull. These are believed to contain the newly 
synthesized carotenoids. Some vesicles contain very electron 
transparent structures which are possibly starch grains or 
carotenoid crystals. The Lito ripe fruit plastid has structure 
atypical of a normal red fruit plastid. There are no clusters 

of large electron dense plastoglobull, although there is the 
occasional large globule. The plastoglobull appear small and 
cluster next to striatlons believed to be fibrils. The fibrils 
are thought to give rise to the globules or vice versa (Kirk 
and Juniper, 1967). The plastid envelope is only vaguely 
defined, and poorly delineated areas of electron transparency 
are evident.

Golden Star unripe (green) fruit plastids appear similar to 
normal Bellboy chloroplasts. There are clearly defined granal 

stacks and intergranal regions, with a surprising lack of 
starch granules, although electron transparent areas are 

visible. There is the occasional plastoglobule, situated near 
the membranous structures. The intermediate plastid shows 
drastic loss of this organization. It has developed clusters of 

plastoglobull, fibrils, electron transparent granules or 
vesicles, and in Figure 2e, two fibrillar electron-dense 
structures can be seen, which have not been pointed out in 
previous work. The ripe Golden Star (yellow) fruit plastid has
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Figure 2. Ultrastructural changes in the plastids of ripening

fruit.

-51 -



- 51a -



Figure 2. Parts a, b and c show plastids from unripe, 
intermediate and ripe fruit pericarp tissue of C.annuum var. 
Lito. Parts d, e and f show plastids from unripe, intermediate 
and ripe fruit pericarp tissue of C.annuum var. Golden Star. 
Fruit tissue was prepared as described in Materials and 
methods, section 2.2.05. Tissue was sectioned and viewed in a 
JEOL cx 100 transmission electron microscope. The 
magnification was between 10 000 and 16 000 and is shown on 
each figure x 10~3.
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occasional plastoglobules, vesicles of an average electron 
density and a membranous stack, possibly a thiylakaid plexus'. 
Dissolution of the middle lamella, seen as an electron dense 

line in the centre of the cell wall, does not seem to be 

important during the initial ripening of pepper fruit (Figure 
2a-f) in contrast to the case of tomato (Crookes and Grierson, 
1983). Very over-ripe fruit do become soft which may be due to 
dissolution of the middle lamella, or to lack of turgor, but the 
ultrastructure of fruit at this stage was not studied.

For Golden Star and Lito pepper, fruit ripening consists of a 
series of ultrastructural changes as in Bellboy fruit. There 

are differences from Bellboy in the mutant varieties which 
provide an indication of a lack, or blocking of, particular 
gene expression. In Lito, lack of normal photosynthetic 
apparatus means it is not necessary to break it down, with 
unknown consequences. It is possible that chorophyll breakdown 
contributes in some way to carotenoid synthesis. The ripe Lito
fruit lacks the large clusters of plastoglobull formed in

/

Bellboy, although to the eye, the fruit are indistinguishable., 

This raises the question of the function of plastoglobull, 

usually considered that of containing the carotenoids. Golden 

Star fruit are obviously yellow instead of red, and lack the 

final steps in the biochemical pathway necessary to rearrange 

antheraxanthin and violaxanthin to produce capsanthin and 
capsorubin, the red pigments (Davies et al., 1970) (Figure 3, 
section 1.105). The ultrastructure of the plastid is also
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abnormal in that the plastoglobull and fibrils are much 
reduced, In number and size. There is a membrane stack shown 
in the chromoplast in Figure 2F, which is of unknown function. 
It is possible that lack of ability to produce the red pigment 
has affected (directly or indirectly) the plastid 
ultrastructure, or vice versa.

Work linking pigment composition with plastid ultrastructure 

has been performed by Kirk and Juniper (1967) and Simpson et 
al. (1974, 1977). Kirk and Juniper showed that yellow ripening 
mutants lacked fibrils, and had some very large osmiophilic 
globules, which were clumped together. The membranes present 
in the ripe fruit consisted of long tubules or double membraned

i

sheets. Simpson et al. (1974) treated Capsicum fruit with 2- (4- 
chlorophenylthlo)ethyldiethylammonium chloride (CPTA) which 
was shown to induce carotenoid synthesis, and subsequent 
changes in ultrastructure. This seemed to show that carotenoid 
synthesis and ultrastructure are related in Capsicum. Fibril 
formation however seems to be under Independent genetic 

control. Simpson et al. (1977) worked with different cultivars 

of orange fruit and showed that fruit that were apparently the 
same colour had different ultrastructures, indicating that 

fibril formation was controlled separately from carotenoid 
synthesis.

2.3.03 SDS-PAGE of plastid proteins.
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The aim of the protein population study was to establish 
whether variation of the protein complement took place during 
ripening, whether new products were present in chromoplasts 
that were not present in chloroplasts, and to determine the 

apparent molecular weights of any such products. The

information obtained was to be used to facilitate analysis of 
2D-gel electrophoresis in vitro translation product results, 
and finally, help in identification of possible ripening- 

specific cDVAs.

Purified plastids [isolated according to Conover (1986) and 
Bathgate et al. (1985)] were lysed with SDS and stored at a 
temperature of -20°C to facilitate break up of membranes. The 
plastid preparation was thawed and boiled in SDS and 0-
mercaptoethanol for 3 min to inactivate proteases. Difficulty 
was originally encountered with streaking and poor resolution 
on gels. This was overcome by centrifuging the boiled sample

to pellet insoluble matter. The quantity of sample to be loaded
into the wells was determined empirically, by reducing the 
volume of Buffer B used to resuspend the plastid pellet

(section 2.2.06) until a reasonable range of bands was obtained 

(a typical gel is shown in Figure 3a, scans of each track in 
Figure 3b-d). The mass of original tissue and final
resuspension volume was the same for each fruit type, so that
increases or decreases of band quantities represented the
differences between the fruit. SDS-PAGE of total fruit protein 
resulted in a smear, the individual bands of which could not be 
distinguished.
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Figure 3. SDS-PAGE of plastid proteins.
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E

Mol. wts (kD) of polypeptides determined by SDS-PAGE 
of purified pepper plastids.

Bellboy Lito
Unripe Ripe Unripe

205
190

160 160 160
148
116

148
105 105

99
105

93 93 93
87
75

79
71 71 71
66 66

64
61 61

58
59

56*
53* 53*

52
47

46
42
49

42

36
33*

32
29

27
26

25
26*

22*
16

14 14
11 11 11

5

Golden Star
Ripe Unripe Ripe

160 160 160
148 148
116 116
105 105 105
99
93 93 93
87 87

71 71 71
66 66

64
61 61
58 58*

56* 56
53*

52
46

42

35 35*
33*

32
27

26
25

22*
16

14
11 11
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Figure 3. Part a is a photograph of a typical gel obtained by 
running plastid proteins in a dissociating system. Samples 
were prepared by bailing for 3 min in Sample Buffer, followed 
by a 3 min centrifugation at 12 000 g to remove Insoluble 

matter and loaded directly into the gel wells. 10% SDS- 
polyacrylamide gels were prepared as described in Materials 
and methods, and run for about 6 hours at 50mA prior to 

staining and fixing in Coomassie blue solution. Markers are 
shown in kD. Parts b to d are the traces obtained by scanning 
the gel tracks in a Joyce Loebl densitometer. The peaks 
represent bands on the gel and demonstrate differences in the 
protein populations of unripe and ripe fruit of Bellboy (BBG 

and BBR), Lito <LV and LR> and Golden Star (GSG and GSY). The 

direction of electrophoresis is Indicated by an arrow. Part e 
is a table summarizing the results of this protein population 
survey. The table is so arranged that products common to both 
ripe and unripe fruit are on the same line; major products are 
marked with an asterisk (*).
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The results presented in Figure 3e can be summarized using 
Grierson's classification of protein types in ripening fruit 
(Grierson et al., 1985). He divides the protein papulation into 
three classes, (i) Those present only, or in greatly increased 

amounts in unripe fruit, (ii) Those present in both ripe and 
unripe fruit, (iii) Those present only, or in greatly increased 
amounts in ripe fruit. For C.annuum var. Bellboy plastids the 

molecular weights of polypeptides in the three classes are as 

follows, major products are marked with an asterisk.

(i) 79, 56*, 52, 46, 36, 32, 29, 26, 22* and 16 kD.
(ii) 160, 105, 93, 71, 66, 61 and 11 kD.

(iii) 148, 116, 99, 87, 75, 58, 53*. 49, 47, 42, 33*, 27, 25 and 
14 kD.

For C.annuum var. Lito plastids the m wts of polypeptides in 
the three classes are as follows.

(i) 205, 190, 59, 26* and 5 kD.

(ii) 160, 148, 105, 93, 71, 64, 53*, 42, 14 and 11 kD.
/

(iii) 116, 99, 87, 61, 58, 33*, 27 and 25 kD.

Far C.annuum var. Golden Star plastids.

(i) 61, 56*, 52, 46, 35, 32, 26, 22*, 16 and 11 kD.
(ii) 160, 105, 93, 71, 66, 32, 26, 22*. 16 and 11 kD.
(iii) 148, 116, 87, 58* and 35* kD.
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Pepper chloroplast and chromoplast polypeptides have also been 
analysed by in organella labelling (Powell and Pryke, 1987). 
Two other fruits have been analysed by SDS-PAGE, and these are 
the tomato (pericarp tissue, Handa et al.t 1983; plastids,
Bathgate et al., 1985; Piechulla et al., 1986; Vrench et al., 

1987) and the flesh of the avocado (Christoffersen et al., 

1982, 1984). It was hoped that a general 'ripening protein* 
would be found to be at work in pepper and tomato

chromoplasts. Tomato is in the same family as pepper
(Solanaceae) so there was a chance of finding such a protein 

in these two fruit. There is a cluster of 'ripening 
polypeptides' between 32 and 33 kD in tomato chromoplasts
(32.5; Bathgate et al., 1985) avocado pericarp (32; 
Chrlstoffersen et al., 1984) and pepper chromoplasts (33; 
Powell and Pryke, 1987) which approximately coincide with a 
ripening specific polypeptide of apparent m wt 33 kD, present 
in ripe Bellboy and Lito plastids, and 35 kD in Golden Star. 
The other main ripening product of Bellboy and Lito red fruit 

has an apparent m wt of 53 kD. This coincides with ripening 
products of tomato (pericarp, 52 kD; Handa et al., 1983: 

chromoplast, 53 kD; Bathgate et al., 1985) and avocado pericarp 
(53 kD, cellulase; Chrlstoffersen et al., 1984). The nearest ripe 

pepper fruit plastid specific product identified by Powell and 
Pryke (1987) has a m wt of 48 kD. Comparison of the SDS-PAGE 
gel scans of pepper chloroplast and chromoplast polypeptides 
in this paper, with the gel scans reported here, reveals a 
similar pattern of peaks which means that the Powell and Pryke 
(1987) ripe fruit product of 48 kD (first major peak) is
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probably the sane polypeptide as my product of approximately 

53 kD (first major peak). The m wts presented In Figure 3E 
were calculated from the gel rather than from the scans 

(Figure 3B-D) because It was very difficult to marry the fruit 
plastid scans correctly with the marker scans. The 

densitometer scanned from the same zero for each track, but 

due to the irregular nature of polyacrylamide gels, the actual 
zero for each track varied slightly. More meaningful and 
reproducible results were obtained by using the gels to 
calculate the apparent m wts, and the scans to demonstrate 
diagramatlcally the pattern variation of polypeptides between 
ripe and unripe fruit. This may account for the difference 
between my results and those obtained by Powell and Pryke 
(1987), where the gel scans were used to calculate the apparent 
m wts of the proteins. Lito and Golden Star fruit have a
ripening specific product of 87 kD, also reported in tomato

/

chromoplasts (88 kD; Vrench et al., 1987).

The major (Bellboy and Golden Star) green fruit product of 56 
kD is presumed to be the large sub-unit (l.s.u.) of ribulose 
biphosphate carboxylase/oxygenase (rubisco), which has a 

reported m wt of 53 kD (Grierson and Covey, 1984). The large 

s.u. of rubisco has also been reported as having a m wt of 50 
kD (tomato, Bathgate et al., 1985; pepper, Powell and Pryke, 
1987). The m wt of rubisco appears to be over-estimated in 
this work. This is a consistent finding, however, with the 
green fruit major peak calculated as between 54 and 56 kD from 
different gels. The leaf plastid major peak was found to be at
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56 kD, again an apparent over-estimate of the 53 kD large s.u. 

of rubisco. A possible reason for the over-estimate is relative 
over-loading of that major band, which may make m wt 

determination imprecise. The small sub-unit (s.s.u.) of rubisco 
has a reported m wt of 14 kD (Grierson and Covey, 1984) and a 

corresponding band appears at 15 kD on leaf plastld SDS-PAGB 
analysis, but is absent from fruit chloroplast preparations. 
The presence of the large, but not the small s.u. of rubisco 
seems rather strange, but it is possibly to do with contitutive 
expression of the large s.u. from the plastome, and inhibition 
of expression or synthesis of the small s.u. from the nucleus, 
in fruit. A major peak at the lower end of the m wt scale is at
22 kD for green fruit plastids from Bellboy and Golden Star.

/

This correlates with the results reported by Powell and Pryke 
(1987) who found major peaks at 21 and 24 kD. Green tomato 
fruit plastids have a band at 13.5 kD which is assumed to be 
the small s.u. of rubisco. The unripe Lito fruit displays 
undetectable levels of the rubisco peaks reported here; its 

nearest bands in terms of m wt are at 53* kD and 26* kD.

It can be seen from the SDS-PAGB results that Bellboy and 
Golden Star unripe fruit plastids have similar protein 

profiles. The green Golden Star fruit appears to lack certain 

polypeptides present in Bellboy (of m wt 79, 36 and 29 kD), 
and has one product not detectable in Bellboy of 35 kD. Lito 

unripe fruit shares approximately 46% of its products with 
Bellboy green fruit plastids, but otherwise has many unique 
proteins and has two products (not found in Bellboy or Golden
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Star chloroplasts) in caramon with ripe Bellboy chromoplasts. 
One of these products is represented as a major peak in ripe 
fruit plastids (the 53 kD product). Reduced photosynthesis in 
Lito unripe fruit (Indicated by its pale colour) may have 
resulted in an apparent increase in the relative amounts of 

proteins normally associated with ripening fruit. The 
ultrastructure of Lito chloroplasts resembles chromoplasts in 

the lack of granal structure, and the presence of plastoglobuli.

Golden Star chromoplasts show some products in common with 
chromoplasts from Bellboy and Lito, but have a general lack of 
products, particularly in the lower m wt range. A major peak is 
presented at 58* kD which is represented as only a minor peak 

in Bellboy and Golden Star chromoplasts. Ripe Golden Star fruit 
lack the ability to convert Tf-carotene to the red pigments, 
capsorubin and capsanthin, by the necessary cyclization and 
rearrangement reactions usually associated with chromoplast 

membranes (Camara et al., 1982). It is possible that a 

product (s) found in Bellboy and Lito, but not in Golden Star, 

may represent an enzyme polypeptide associated with these 

reactions. Except for the Golden Star specific product of 35 

kD, found in both ripe and unripe fruits, the remaining ripe 
Golden Star bands are also found in Bellboy and Lito 
chromoplasts. The 'rubisco' peak of 56 kD is represented in 
Golden Star chromoplasts. The possible lingering of some 
photosynthetic structure indicated by the presence of this 
product may be reflected in the ultrastructure of the Golden 
Star chromoplast. Transformation to the normal ripe fruit
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chromoplast structure Is not as pronounced as In Bellboy fruit, 
and there Is retention of a membranous stack reminiscent of 

grana. It is possible that there is incomplete disintegration 
of the photosynthetic apparatus in these fruits.

To summarize: Bellboy and Golden Star chloroplasts show some 
similarity to the protein profiles of leaves (Powell and Pryke, 
1987), with a major peak at 56 kD, thought to be the large 
sub-unit of rubisco. The mutant white Lito fruit shares some 
products with ripe fruit, which are not found in unripe fruit 
of Bellboy and Golden Star. The ripening mutant, Golden Star, 
with its golden yellow fruit, shows some products normally 
associated with unripe fruit plastids, and lacks the major 

ripening specific products of red chromoplasts. The differences 
in protein profiles between the normal and mutant fruits may 
reflect differences in gene expression, which may account for 
the appearance of the mutant fruit.

SDS-PAGE is subject to various limitations which mean that 
apparent m wts determined in this way may not be accurate. 
Factors affecting electro-phoretic mobility include abnormal 

SDS binding, protein conformation, large differences in 
intrinsic protein charge, and the presence of large side chains 
(as in glycoproteins). Also several polypeptides may resolve at 
the same m wt giving the appearance of a single band. Any of 

these factors may be operating on the pepper fruit plastid 
ripening associated polypeptides, which means the m wt 
measurements should be treated with caution. Sharper resolution
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may have been obtained by running the gels at 4°C (Piccioni et 

al., 1982) or using much less sample and a more sensitive 
staining method such as that of Morrisey (1981). The advantage 
of using an insensitive method such as Coomassie blue staining 
is that only the major products are visible. From the point of 

view of the project, it was only the major products that 
interested me. In retrospect, investigation of the comparative 

protein populations of chloroplasts and chromoplasts deserved 

a more detailed investigation. This work demonstrates 

differences between fully developed mature green fruit and 
fully ripened fruit only, intermediate stages were not looked 
at except in the ultrastructural study. Tomato ripening was 
studied by Grierson et al, (1985) at several stages, and 

revealed classes of product that could not be revealed in this 
project.

2.3.04 IFF of plastid proteins.

Proteins are amphoteric molecules, bearing amino and carboxyl 
groups, as well as charged side chains. The overall charge on 
the protein, which depends on its composition, governs its 

movement in an electric field along a pH gradient. If the 
protein is negatively charged at its point of loading it will 

move towards the gel anode, and if positively charged, it will 
move towards the cathode. The pi or isoelectric point of a 

protein is defined as the pH at which the anionic and cationic 
values are in balance and the protein has no net charge. Hence 
its migration ceases and it is said to 'focus' at that point.
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Isoelectric focusing is a technique which involves the 
separation of proteins in a pH gradient with the aim of 
identifying proteins by their isoelectric points (Isoelectric 

Focusing. Pharmacia.) Initial attempts at isoelectric focusing 
involved the use of fod gels. The gels were found to be very 

difficult to remove from the tubes, for staining, and also 
expensive in terms of the amount of ampholyte required. The 
Pharmacia PhastGel system was used because of its simplicity. 

The other advantage of this system was that all the protein 

samples are run under the same conditions which is useful for 
comparative purposes. A drawback of the system is the minute 
size of the gels, which limits the volume of sample that it is 
possible to load. A pH gradient is created across about 3.5 cm, 
and the numerous proteins present within a crude sample, such 
as plastid proteins, are focused within that space. It made the 
measurement of distances difficult, and great care had to be 
taken to maintain a relevant zero from which the distances 

were measured.

Most plastid proteins have pis between pH 3.5 and 6.0. By 

heavily overloading the gel it is passible to see proteins with 

alkaline pis but these are present in low amounts compared 
with the proteins with more acidic pis (Figure 4A,B). 
Approximately the same number of proteins were identified with 
this method as using SDS-PAGB. The proteins can be similarly 

divided into classes. Class (i) those proteins present in only 
or in greatly increased amounts in unripe fruit; class (ii) 
proteins present in both ripe and unripe fruit; and class (iii)
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Figure 4. IFF of plastid proteins.
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b

pis of proteins determined by iso-electric focusing of purified
pepper plastids.

Bellboy Lito Golden Star

Unripe Ripe Unripe Ripe Unripe Ripe

3.60* 3.60
3.70

3.60*
3.75* 3.75* 3.75* 3.75* 3.75* 3.75*
3.95 3.95

4.20

3.95
4.15

4.05
4.15

4.30 4.30 4.30
4.40* 4.40* 4.40

4.50*
4.40* 4.40

4.60* « 4.60
4.75

4.60
4.75

4.60* 4.60*
4.80* 4.80*

4.90
4.80
4.90

4.80*

6.55

4.90
5.15
5.30
5.55
6.55

6.70 6.70 6.70
6.75

6.70

6.80 6.80 6.80
6.90 6.90 6.90 6.90

7.10 7.10 7.10 7.10 7.10
7.25 7.25 7.25

7.50
7.25 7.25

7.75 7.75 7.75 7.75 7.75 7.75
8.00 8.00 8.00 8.00 8.00 8.00
8.20 8.20 8.20 8.20 8.20 8.20
>9.30 >9.30 >9.30 >9.30 >9.30 >9.30
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Figure 4. Samples were prepared by lysing purified plastids 

with a non-ionic detergent, Triton X-100. The samples were 
lysed, frozen-thawed twice and loaded directly onto the pre-run 
ready-prepared Phastgel gel as described in Materials and 
methods, section 2.2.08(1). The gel was run for 425 volthours 
against a commercial mixture of proteins of known pis. The gel 
was silver-stained automatically in the staining chamber of 
the Phastgel apparatus. Details of the staining programme are 
given in Materials and methods, section 2.2.08(11). Part a is a 

photograph of a typical gel, with pi markers shown to the left 
and the lanes left of the markers are as follows: Golden Star, 
yellow; GS, green; Lito, red; Lito, white; Bellboy, red; BB, 
green. Part b is a table summarizing the results of this 
protein population survey. Major products are marked with an 
asterisk (*). (+) and (-) indicate the anode (acidic
polypeptides) and cathode (alkaline polypeptides), respectively.

-72-



proteins present only or in greatly increased amounts in ripe 
fruit. For C.annuum var. Bellboy plastids, the pis of the three 
classes of protein are as follows:

(i) 4.60*, 6.80 and 6.90.

(ii) 3.60, 3.75*, 3.95, 4.30, 4.40*, 4.80*, 6.70, 7.25, 7.75, 8.00, 

8.20 and >9.30.

(iii) 3.70, 4.90 and 7.10.

For C.annuim var. Lito plastids:

(i) 4.20, 4.40, 6.90, 7.25 and 7.50.
(ii) 3.75*, 4.60, 4.75, 6.80, 7.10, 7.75, 8.00, 8.20 and >9.30.
(iii) 4.50*, 4.80 and 4.90.

For C.annuwa var. Golden Star plastids:

(i) 3.60, 3.95, 4.30, 4.80* and 6.75.
(ii) 3.75*, 4.15, 4.40*, 4.60*, 6.55, 6.70, 6.90, 7.10, 7.25, 7.75, 
8.00, 8.20 and >9.30.

(iii) 4.05, 4.90, 5.15, 5.30 and 5.55.

The method is limited in that only proteins with pis between 3 
and 10 will be focussed, and only proteins visible with the 
staining method used will be seen. Some proteins have been 
shown to stain with Coomassie blue, but not silver nitrate 
QCorrisey, 1981). Proteins may interact and aggregate, causing 

co-migration, and the pi thus calculated is that of the
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aggregate rather than the individual proteins. Centrifugation 
prior to electrophoresis was performed to prevent streaking on 
the gels, and this may have removed aggregates and also some 
genuine proteins.

IEF has been used frequently to separate mixtures of plant 
proteins (maize, Hagan and Rubenstein, 1980; pea, de Vries et 
al,t 1982; oat, Fabijanski et al., 1985), usually in conjunction 
with SDS-PAGB to separate those proteins with known pis 
according to m wt. There are few reports in the literature of 

ripening proteins being separated by IEF. One of the aims of 
becoming familiar with the IEF technique was eventually to 
perform 2D gel electrophoresis of plastid proteins and identify 
proteins by both m wt and pi. These experiments are described 
in the next section (section 2.3.05).

2.3.05 2-Dimensional gel electrophoresis of purified plastid 
proteins.

The aim of the 2D gel electrophoresis was to study more 
specifically the variation in protein papulation between ripe 
and unripe fruit plastids. Groups of polypeptides of similar m 

wt or pi, which migrated together on SDS-PAGB or IEF 

respectively, could be separated according to their dissimilar 
property in the other dimension.

Purified plastid proteins were separated by IEF in a pH 

gradient of 3-10. The method used was essentially that of IEF
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described in section 2.2.08. The lane in which the proteins 
were separated was identified by the central Indentation caused 

by the comb, and the strip cut out from the gel. The anode and 
cathode were marked and the gel equilibrated, to remove the 
ampholytes and to saturate with SDS-PAGE running buffer. The 
strip was then transferred to the top end (cathode) of a 

PhastGel, acrylamide gradient 10-15%, and the proteins run 
according to the SDS-PAGE method described in section 2.2.07, 
against a set of marker proteins. The 2D gels were silver 
stained as described in section 2.2.09 (iv).

The spots obtained (see Figure 5A for examples of Bellboy ripe 
and unripe plastid protein profiles) were analysed according to 
pi and m wt and the results summarized in Figure 5B. Analysis 
was performed by mounting the gels on millimetre graph paper 
and comparing the positions of the spots with those of the 
markers. As in Grierson et al. (1985) the products could be 
divided into three classes, (i) Those present only or in 

greatly increased amounts in unripe fruit plastids. (ii) Those 
present in both ripe and unripe fruit plastids. (iii) Those 
present only or in greatly increased amounts in ripe fruit 

plastids. For C.annuum var. Bellboy plastids the classes 

contain the following, given as (pi, m wt in kD);

(i) 4.80,72; 4.80,62; 4.80,47; 4.80,41; 4.80,31; 4.80,27; 4.80,23.5; 
4.30,31; 4.30,23.5.
(ii) 4.80,33.5; 4.80,25.5; 4.80,22; 4.80,20.5.

(iii) 4.80,42; 4.80,12.5.
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Figure 5. 2D gels of purified plastid proteins.
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b

2D-gel electrophoresis of plastid proteins (pi, m wt in kD).

Bellboy Lito Golden Star
unripe ripe unripe ripe unripe ripe

4.95, 41 
4.90,125 
4.90,105 
4.90, 88

4.90,77
4.90,66

4.80,58 4,90,58
4.80,51

4.90,50.5

4.80,83
4.80,72 4.80,72

4.80,62
4.80,54

4.80,47.5
4.80,47

4.90,44
4,80,42

4.80,41 4.90,41
4.90,37.5
4.90,36

4.80.33.5 4.80,33.5 4.75,33.5
4.80,31
4,80,27 4.90,27
4.80.25.5 4.80,25.5 4.90,25.5
4.80.23.5
4.80,22 4.80,22
4.80.20.5 4.80,20.5 4.90,20.5

4,75,19.5
4.80,12.5

4.30,31
4.30,23.5

4.15,23.5

4.90,16.5

3.95,83
3.95,31

4.80,12
4.30,62
4.30,48

4.30.20.5
4.15,82
4.15,62
4.15,18

4.15.13.5
4.15.12.5

3.95,20.5
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21>-gel electrophoresis of plastid proteins (pi, in wt in kD).

Bellboy Lito Golden Star
unripe ripe unripe ripe unripe ripe

3.90,62

Figure 5. Plastid proteins were treated with 2D Sample Buffer 
as described in Materials and methods, section 2.2.09(1), and 
applied to the first dimension. This consisted of an IEF gel, 

similar to that described in the legend to Figure 4. Gel tracks 
were cut from the gel after running and equilibrated as 
described in section 2.2.09(11), prior to staining with bromo- 
phenol blue and applying to the second dimension, which 
consisted of an SDS-PAGE gel (10 to 15% gradient). This gel 

was run until the dye reached the gel foot. The gel was silver- 
stained similarly to the IEF gels of Figure 4. Details of the 
staining procedure are given in Materials and methods, section 

2.2.09. Part a shows the gel obtained from Bellboy unripe green 
and Bellboy ripe red fruit, part b is a table summarizing the 
results of this protein population survey. Values are 
represented as pi, and m wt in kD.
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For C.annuum var. Lito:

(i) 4.75,33.5; 4.75,19.5; 3.95,83.
(ii) no products.

(iii) 4.80,83; 4.80,72; 4.80,54; 4.80,47.5.

/

For C.annuum var. Golden Star:

(i> 4.80,51; 4.80,12; 4.30,62; 4.30,48; 4.30,20.5; 4.25,13.5;
4.00,20.5.
(ii) 4.90,58.
(iii) 4.95,41; 4.90,125; 4.90,105; 4.90,88; 4.90,77; 4.90,66;
4.90,50.5; 4.90,44; 4.90,41; 4.90,37.5; 4.90,36; 4.90,27; 4.90,25.5; 
4.90,20.5; 4.90,16.5; 4.20,82; 4.20,62; 4.20,18; 3.90,62.

The ranges of m wts obtained (Bellboy, 72-12.5 kD; Lito, 83-
19.5 kD; Golden Star, 125-16.5 kD) are smaller than those
obtained by SDS-PAGE implying loss of some products. Regarding 
specific m wts, approximately 40% overall of 2D m wts fall 
within 1 kD of an SDS-PAGE determined value, the others do 

not. Of 'ripening specific' products, those identified by SDS- 
PAGE coincide with the m wts of spots on the 2D gels only in
the following cases (the m wts given are those determined by
SDS-PAGE);

Bellboy (ripe fruit specific), 42 kD.

Lito (ripe fruit specific), no products.
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Golden Star (ripe fruit specific) ,35 and 88 kD.

The ranges of pi of product obtained by 2D gel electrophoresis 

are much smaller than those obtained by the IEF technique, 

again implying loss' of some products. In 2D analysis only 
acidic pis are represented, with a concentration at 
approximately pi 4.85 in each type of fruit. The pi of 4.85, 

which represents the majority of 2D products in all the fruit, 

is not represented specifically in the IEF data although pis of 
4.80, 4.75, and 4.90 are. As there was some ambiguity regarding 
the precise pis of the 2D products, the pis were keyed to those 
values (already defined in section 2.3.04) which were nearest 
to the approximate value determined from the 2D gels. For 
Bellboy green and red fruit, Lito red, and Golden Star green 
this meant a shift of -0,05 pH units, from 4.85 to 4.80; for 

Lito white fruit, a shift of -0.10 pH units from 4.85 to 4.75; 
and for Golden Star yellow fruit, a shift of +0.05 pH units 
from 4.85 to 4.90. Of 'ripening specific' products those 
identified by 2D gel electrophoresis, which coincide 
approximately with defined IEF values are as follows:

Bellboy (ripe fruit specific), pi 4.80 (m wts 42, 12.5 kD).
Lito (ripe fruit specific), pi 4.80 (m wts 83, 72, 54, 47.5 kD) 
Golden Star (ripe fruit specific), pi 4.95 (m wt 41 kD), pi 4.90 
(m wts 125, 105, 88, 77, 66, 50.5, 44, 41, 37.5, 36, 27, 25.5, 
20.5, 16.5 kD), pi 4.15 (m wts 82, 62, 18 kD).
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The passible m wts of the products are indicated. From these 
analyses a tentative identification of a chromoplast specific 
polypeptide of C.annuun var. Bellboy may be made at pi 4.80t m 

wt 42 kD; and for C.annuum var. Golden Star at pi 4.90, m wts 
87 and 35 kD. Ho other 2D products are consistent with both 
the IEF and the SDS-PAGE results and this inconsistency casts 

doubt on the identification of ripe fruit specific products 

from Bellboy and Golden Star, which may be coincidental. Major 

peaks such as Bellboy, and Golden Star chloroplast ('rubisco') 
56 kD, and Bellboy and Lito chromoplast 53 and 33 kD are not 
strongly defined on the 2D gels..

Comparison of the ripe fruit specific products with the 
literature is difficult due to lack of comparable studies, 
although Christoffersen et al. (1984) performed 2D analysis of 
in vitro translation products of ripe avocado pericarp. The pis 
and m wts of ripe fruit associated products in this study 
were: 6.3,80; 5.1,36; and 5.7,16.5 which do not correlate with 

any of the products reported in this work. A ripe fruit 

specific product of a similar m wt to the Bellboy 42 kD 

product was identified in tomato as polygalacturonase (43 kD, 

Handa et ai.f 1983) but this tomato product is likely to be 

cytoplasmic rather than plastidic, as polygalacturonase acts on 
the cell wall rather than in the plastid. Vith regard to the 
products identified in Golden Star, a major ripe fruit specific 
product of tomato chromoplasts is described (88 kD; Vrench et 
ai., 1987).



On a gross level the patterns of spots obtained using 2D gel 
electrophoresis were similar for all types of fruit. The 
pattern typically consisted of a streak of products at about pi 

4.85, sometimes distinguishable into separate spots, sometimes 

not. On the anodic side of this streak were other spots, much 
fewer, arranged in various ways. The main problems in 

interpretation were lack of spots on the gels, ambiguity 

regarding the marker proteins, lack of correlation with SDS- 

PAGE and IEF results for each type of fruit, and internal lack 
of correlation between fruits that logically should display 
some similarity (e.g. Bellboy red and green fruits). These 
problems will be dealt with in the following paragraphs.

Lack of spots on the gels, i.e. far fewer products than one 
would expect from the SDS-PAGE, and IEF results, could have a 
number of causes. Light loading of the first dimension and 
subsequent distribution and dilution of signal in the second 
dimension could result in apparent loss of some spots. These 

results were produced from overloading an IEF gel as 

determined necessary to visualize faint alkaline pis, but this 
quantity may be insufficient for 2D analysis. Loss of protein 
could also have occurred during the equilibration steps 

described in section 2.2.09(ii>. At this stage the proteins are 

not fixed in the gel and incubation in buffer could cause them 
to diffuse out. Cutting the strip from the first dimension IEF 
gel is done using the central indentation of the comb to denote 
the centre of the strip. A straight strip is cut, which assumes 
straight running of the products. If the lane was curved for
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any reason (such as variations in electric field), products 
would be lost. There is no way of telling where the proteins 
are on the first dimension gel, except by the slight comb 

indentation. Single sample tube gel electrophoresis of the 
first dimension avoids these problems but as previously noted, 
difficulty was encountered with other aspects of this method. 
Also the method of staining may not be suitable for 

visualization of all the products and some may remain 
unstained and therefore "lost'.

Marker proteins for the SDS-PAGB dimension were run on each 
gel, although sometimes the bands ran badly or were barely 
visible due to edge effects. The markers used for the IEF 
dimension, however, were run on a separate gel from the 
products in question, and calculation of the pis of products on 

the gels was made using the distribution of marker proteins on 
these separate gels. That this is ambiguous is demonstrable by 
observation of the calibration curve for the marker proteins 
(not shown). Three sets of markers were run on different gels 

and the results combined to produce a calibration curve. 
Variation of running distance, in the most extreme cases, 
accounts for an ambiguity at some points of over 1 pH unit. 
The curve used to calculate the pis of products was an average 

of these three curves, which means that any one pi could be 0.5 

pH units in either direction. This renders the specific 
identification of products by pi a relative, rather than 
absolute, exercise. Combination of the various problems 
associated with loss of data and ambiguity of pi markers led
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to lack of correlation with the more rigorously controlled SDS- 
PAGE and IEF data. Reasons for lack of Internal correlation 
within the experiment (for example, between fruit of the same 

variety) are more difficult to explain, but are probably 

related to the various ways In which protein may have been 
lost, and the unreliability of the marker proteins.

To summarize, the technique of 2D gel electrophoresis using the 

Pharmacia PhastGel system requires extensive optimization 
before any firm conclusion can be drawn from data so produced. 
The results presented here represent a preliminary foray into 
this field of experimentation and provide a useful baseline for 
further study, but are not a certain means of positive 
identification of ripe fruit specific polypeptides, by pi and 
m wt.

The alms of this section of work were largely achieved in that 
I showed that there was variation of the protein population 
between unripe and ripe fruit, that ripe fruit plastids 
contained products not present in unripe fruit plastids and the 
apparent molecular weights of these products were determined. 
The changes in protein population were concurrent with the 

extensive pigment and ultrastructural alterations previously 

described, and implied that ripening is a dramatic develop
mental process, involving both destruction and generation, 
probably controlled at the level of gene expression.
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Chapter 3. Extraction and study of pepper fruit RITA.

3.1.00 Introduction. “

The aim of the second phase of experiments was to analyse 

the messenger RITA population of ripening fruits; determining 
the seat of control (plastidic or nuclear), which particular 
messages increased or decreased, and whether any 
correlations could be drawn with the results of the protein 
analysis. The method of extraction had to be approached from 
first principles and a method developed which produced RITA 
of a quality and quantity suitable for the experiments to be 
performed. RMA extraction procedures necessarily involve 

disruption of the subject tissue. As the cells are broken 
up, RMases are released to mix freely with the RMAs. Most 
information about RMase is based on studies of bovine 
pancreatic RMase A, which is produced to digest exogenous 

RMA from the diet, e.g. the RMA of bacteria in the rumen 

(Boyer, 1971, 1982). Most cells contain RMase, possibly
involved in the controlled degradation of RMA. Cytoplasmic 
RMA is synthesized directly into the cisternal side of the 
rough endoplasmic reticulum by ribosomes bound to the 
surface, and therefore, is not normally free in the 
cytoplasm. It is a very stable enzyme, which becomes 
denatured upon absorption into solvents such as ethylene 

glycol, formamlde, and phenol, but renatures rapidly in
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water to recover full activity. RHase A is solubilized and 
inactive in high concentrations of SDS at high pH. Methods 

of KVA extraction involve buffers containing chaotropic 
agents which disrupt the structure of RHase while the RHA is 
separated from it. The essence of extraction is speed; 
eliminating nucleolytic degradation of RHA depends on the 

rate of denaturation of RHase exceeding the rate of RHA 
hydrolysis. The Initial few seconds of disruption are 
therefore very important (Chirgwin et al.t 1979). Various 
methods of extraction were tried, and the one chosen was 
that which gave the most useful results in terms of yield, 
purity, and efficiency of translation. The final method was 
a combination of two other methods with an alteration 
designed to defeat RHases. Once a method was chosen, RVA 

extraction was followed by poly At RHA purification, and in 
vitro translation. In spite of using established methods 
performing the extraction and in vitro translation did not 
prove to be easy, as will be discussed in the chapter. The 

alms of the work were largely fulfilled despite the 
difficulties encountered, and I was able to study, by in 

vitro translation, the changes to the RHA papulation in 
ripening pepper fruit. The background to the mSHA studies is 
discussed in the General Introduction, sections 1.1.07 
(nuclear control of ripening) and 1.1.09 (ripening as a 
developmental process, involving changes in the mRHA 
population).
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3.2.00 Materials and Methods.

3.2.01 Plant material.

Plants were grown as in section 2.2.01, and the fruit chosen 
on the basis of their colour which was a good guide to their 
ripeness. Fruit used for RMA work was always handled with 
gloves to avoid contamination with RMase.

3.2. 02 Chemicals.

All the chemicals used for the extraction and treatment of 
RMA were of the highest passible purity, from BDH, Sigma or 

Aldrich. The water used was purified through a milliQ 
filtration system, and also sterilized by autoclaving. All 
buffers and equipment coming into contact with the RMA were 
sterilized by autoclaving, dry heat <200°C for 5 hours), or 
soaking in 0.1% di ethyl-pyracarbonate (DEP) in ethanol. 
Crystalline phenol was redistilled at 160°C before use, as 
described in Kaniatls et al. (1982). Oligo (dT) cellulose 
was obtained from Sigma, amino acid depleted rabbit 
reticulocyte lysate, 35S-methionine, amino acid mixture 

(minus L-methionine) and pure potassium and magnesium 
solutions were obtained from Amersham International.

3.2.03 GuSCM method of RMA extraction.
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This method was that recommended by P and S Biochemicals 
Ltd. and is an adaption of the method pioneered by Chirgwin 
et al (1979), itself a progression from the method developed 
by Harding et al. (1977), which uses guanidlum
hydrochiori de.

(i) Extraction.
Fruit pericarp tissue was ground to a fine powder under 
liquid nitrogen and allowed to thaw in GuSCX solution (4.00X 
GuSCX; 0.5% sarcosyl; 25mM sodium citrate, pH 7.0; 0.10JC 

p-mercaptoethanol; filtered before use and kept in a dark 
bottle.). The mixture was warmed to 37°C to ensure thawing, 
and vortexed 2-5 times in 10 second bursts, prior to
centrifugation at top speed in a bench centrifuge to pellet 
cell debris. The supernatant was made to lg per ml CsCl, and 
layered onto a cushion of CsCl solution (5.70X CsCl; 0.10X 
EDTA, pH 7.0; 0.2% DEP. This solution was autoclaved before 
use to hydrolyse the DEP which may otherwise inactivate the 
RXA.) and centrifuged at 130,000g (37,000 r.p. m. in a 
Beckman SV50.1 head) for 22 hours at 15-20°C. This was to 
pellet the RXA through the CsCl cushion. At the end of the 
run the pellet was washed in sterile TE buffer (lOmX Tris-

HC1, pH 8.0; lmX EDTA) and then resuspended in TE and
dissolved over a few hours on ice.

(ii) Ethanol Precipitation.
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The RHA was then ethanol precipitated, as described in 
Haniatis et al. (1982). The RHA solution was made to 0.30K 
salt with ammonium acetate and precipitated under 2.5 
volumes of absolute ethanol at -20°C overnight. The RHA was 

recovered by centrifuging at top speed in a microfuge, at 
4°C, for 15 minutes. The pellet was drained, and dried under 

vacuum, and resuspended in pure water for storage at -80°C.

3.2.04 Phenol extraction and CsCl centrifugation.

This procedure was recommended by Conover (1986), and the 
initial extraction at least, is very similar to most of 
those found in the literature.

(i) Extraction.
Phenol (prepared as described in Haniatis et al., 1982) was 
equilibrated with nucleic acid extraction buffer (0.10H 
Tris-HCl, pH 9.0; 5mK EDTA; 0.40H HaCl; 0.02X SDS) and 

chloroform in a ratio of buffer:phenol:chloroform 2:1:1. 
('chloroform' refers to a mixture of chloroform : 
lsoamylalcohol, 24:1.) The aqueous phase of this mixture was 
taken off and the tissue was homogenized in it at a 

concentration of lg of tissue per 4ml of buffer, in a glass 
Varlng blender. The homogenate was filtered through sterile 
muslin into the stirring organic phase, and stirred at 4°C 
for 15 minutes. The mixture was centrifuged at top speed in 

a bench centrifuge to separate the phases, and the top
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aqueous phase was re-extracted twice more with an equivolume 
of phenol:chloroform 1:1. The final aqueous phase was 

extracted with chloroform only, to remove traces of phenol. 
The nucleic acids wdre ethanol precipitated as described in

section 3.2.03 (11) and prepared for loading on a CsCl
/

gradient.

(11) CsCl gradient centrifugation.
This technique was first described by Radloff et al. (1967). 
The sample was resuspended in SSC buffer (0.14X UaCl; 15mK 
sodium citrate, pH 7.0) and made to lg per ml CsCl. 50pl of 
10jng/ml ethldium bromide was added to each tube volume of 
4.5ml. The tubes were heat sealed, and the gradients 
centrifuged at 50,000 r.p.m. in a Beckman Vti65 rotor, at 
15°C, for 12 hours. The gradients were carefully decelerated 
under slow brake, and viewed in UV light. The RITA could be
seen as a strip down the side of the tube and the DBA as a
band floating about midway down the tube. The tops were cut
off the tubes and the DBA taken off with a hypodermic

needle. The RBA was rinsed in sterile TE buffer and then 
resuspended in sterile TE.

(iii) Removal of ethldium bromide.
Ethldium bromide was removed from the RBA by repeated 
extraction with butan-l-ol, or isoamylalcohol. This also 

reduced the volume of the sample, so if the volume decreased
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too much, water saturated solvent was used. The RFA was then
•r

ethanol precipitated as described in section 3.2.03 (ii).

3.2.05 High SDS method of RFA extraction.

This method was recommended by Dr. J. Beeching of Bath 
University. Tissue was weighed and ground to a. fine powder 

under liquid nitrogen. The frozen powder was added to JB 
extraction buffer <50mM Tris-HCl, pH 9.0; 0.15H LiCl; 5mM 
EDTA; 5% SDS) and the frozen slurry allowed to thaw for 
about 3 minutes. It was then strained through sterile muslin 
into an equivolume of phenol: chloroform 1:1. The mixture was 
stirred for 15 minutes at 4°C, and then centrifuged at top 
speed in a bench centrifuge to separate the phases for 15 
minutes. The aqueous phase was taken off and allowed to 
extract in a second equivolume of phenol:CHCl3 as the 
organic phase underwent a back extraction with JB washing 
buffer (20mK Tris-HCl, pH 9.0; 2mM EDTA). The aqueous phases 
were combined and extracted twice more with phenol:CHCl3, 
and once with CHCls alone. The final aqueous phase was taken 
off into a sterile measuring cylinder to estimate its volume 

and made to 0.2X with solid LiCl. This total nucleic acid 
preparation was put under 2.5 volumes of ethanol at -20°C 

overnight to precipitate.

The precipitate was collected by centrifugation at 10,000g, 
4°C, for 20 minutes and the pellets resuspended in 3.00M
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sodium acetate, pH 5.5, and combined. The centrifugation and 
resuspenslon were repeated twice more, to dissolve out DMA 

and polysaccharide. The final pellet was resuspended in 
water, and left to ’ precipitate overnight at 4°C, under 2 
volumes of 3.00H LiCl.The final precipitate was collected by 
centrifugation as before, and ethanol precipitated as 

described in section 3.2.03 (ii).

3.2.06 Final method of RITA extraction.

The method finally adapted for the RITA extractions was a 
combination of the aqueous phenol method, section 3.2.04, 
and the high SDS method, section 3.2.05. The method is 
essentially that of section 3.2.05 except that Instead of 
freezing the tissue it was homogenized directly in JB 
extraction buffer that was saturated with the phenolic 
phase. The homogenate was filtered through muslin into the 
stirring phenolic phase, and continued from there, as 
described in section 3.2.05.

3.2.07 Measurement of yield.

RFA was resuspended in a known volume of water and lOpl of 
this solution was diluted into 0.5ml of water in a quartz 
cuvette. The absorbance of the RRA solution at 260nm was 
compared to a blank of water only. The concentration of R2STA 
in the diluted sample was calculated assuming:
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1 Aseo = a concentration of 40/ig/ml.

3.2.08 Xeasurement of purity.

The purity of an RITA sample was expressed as the ratio of 

its absorbance at 260nm and that at 280nm, the former being 
the peak of absorbance for nucleic acids and the latter 
being the peak of absorbance of protein and phenol. A pure 
RJA sample should have an Abs 260/Abs 280 ratio of 2 or 
more.

3.2.09 Scanning samples to demonstrate purity.

REA was resuspended as described in section 3.2.07, and the 
solution scanned in a Unicam SP 1800 spectrophotometer, 
within a suitable range of wavelengths. The relative 
absorbance at each wavelength was plotted out on a chart 
recorder.

3.2.10 Tube gel electrophoresis of RHA.

This method was adapted from Conover (1986) and Grierson 
(1982). 2.4% polyacrylamide gels were made by mixing the
following solutions. 1.6ml of 15% acrylamide/0.75% bis- 

acrylamide, 3.3ml of BE buffer (6mK EDTA; 0.12K Tris-HCl, pH 
7.8; 0.01K sodium acetate), 5.1ml of distilled water, lOOpl
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of freshly made up 10% ammonium persulphate and after de

gassing;, lOpl of TEXED. The gel mixture was poured Into 

upright quartz tubes sealed at one end, and left to 
polymerize for about an hour. The gels were pre-run for 30 
minutes in running buffer (2mK EDTA; 0.04K Tris-HCl, pH 7.8; 
0.033X sodium acetate; 0.051 SDS) at 4mA per gel.

SEA was dissolved in electrophoresis buffer <0.036X Tris- 
HCl, pH 7.7; 0.03X HaHs>PO*; lmX EDTA; 0.2% SDS; 10%
sucrose), such that 30/ig of HXA could be loaded onto each 
gel. Bromophenol blue dye was run in an adjacent tube to 
observe the movement of the gel front. The gels were run at 
4mA per gel for about 2 hours or until the dye had just run 
off. They were then scanned in a Flsons/Isco tube gel 
scanner. The relative absorbances of each part of the gel 
were plotted on a chart recorder.

3.2.11 Denaturing gel electrophoresis of KHA.

The method used is a modification of the technique described 
by McKaster and Carmichael (1977), and is that recommended 
by Hatfield Polytechnic in their Xucleic Acids Vorkshop.

(i) Sample preparation.
EEA was dissolved in lOmX phosphate buffer pH 7.0 at a 
concentration of 0.25pg//il. EXA to be denatured was treated 

with 8pl of GFP mix. If a native sample was to be run
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alongside the denatured sample, it was treated with 8pl of 
lOmH phosphate buffer. GFP mix was made by mixing 6ml of 

deionized glyoxal with 4ml of deionized formamide, plus
0,1ml of lOmK phosphate buffer pH 7.0, and 3.75ml of sterile

/

distilled water. Glyoxal was deionized by stirring with 
several changes of Bio-Rad mixed bed resin AG50 -X8 CD), and 

formamide was deionized by stirring with several changes of 

BDH Amberlite monobed resin HB3. GFP mix was stored at -80°C 
in full sterile polypropylene tubes, and the formamide was 

stored at -20°C in covered bottles. Those samples containing 
GFP were heated at 55°C for 15 minutes. Prior to loading, 
2pl of loading mix was added to each sample (20% w/v 
sucrose; 10% w/v Ficoll; lOmK EDTA; 1% bromophenol blue; 
lOmK phosphate buffer pH 7.0).

(ii) Running the gel.
A 1.1% agarose gel in lOmK phosphate was prepared by 
autoclaving the agarose suspension. The suspension was 

allowed to cool to 56°C prior to pouring into a sterilized 

gel mould. Samples were loaded into the wells using a Gilson 
P20 pipette, and the gel was run at lOOv with' rapid 

circulation of buffer for 1 hour.

(iii) Staining the gel.
The gel was stained in approximately 10 volumes of 
deglyoxylation buffer (50mK VaOH; 0.5pg/ml ethldium bromide) 
for 20 minutes and then in staining solution ClOmX Tris-HCl



pH 7.5; 0.5/ig/ml ethldium bromide) for 40 minutes. The gel 
was finally transferred to distilled water and viewed on a 
UY translllumlnator.

3.2.12 Testing the translational activity of the RVA.

Purified RVA was tested in a typical in vitro translation
set upf to see if the RVA had any translational activity. A
full description of the method of in vitro translation is
given in section 3.2.15. To test the RVA, a non-optimized

reaction mixture was used, the one recommended by Amersham,
and theoretically suitable for most RVAs. Activity was
measured by visual comparison of tracks made on an SDS-PAGE
gel autoradiograph, between the reaction containing the RVA

sample, and the control reaction containing just water.
CpH ue;e lo NCosuye t"̂ as/a4ioAal
3.2.13 Oligo dT cellulose chromatography of total RVA.

Total RVA was prepared by the high SDS method of extraction 
as described in section 3.2.06. The integrity of the RVA was 
tested by denaturing gel electrophoresis as described in 
section 3.2.11. If there was no apparent degradation of RVA 

as shown by the gel, the sample was subjected to oligo (dT) 
cellulose chromatography to select for poly At RVA, i.e. the 
nuclear messenger RVA population. The method used is that 
described in Maniatis et al. (1982), and in Clemens (1984).
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Oligo(dT) cellulose was equilibrated in sterile high salt 
loading buffer (0.50X VaCl; lmX EDTA; 0.1% SDS; lOmX Tris- 

HCl, pH 7.5), and a l-2ml column was poured in a sterile 
silicon coated pasteur pipette, plugged with silicon coated 
glass wool. The column was washed successively with water, 
0.10X VaOH/5mX EDTA, and water again until the pH of the 
effluent was pH 7.0 or less. The column was then re
equilibrated by washing with at least 5 column volumes of 
loading buffer.

EVA was heated in a water bath to 65°C for 5 minutes, and an 
equal volume of 2-fold loading buffer was added. The EVA was 
allowed to cool to room temperature and then applied to the 
column. The effluent was collected in a sterile vessel and 

heated and cooled as before, and re-applied. The column was 
then washed with 10 volumes of loading buffer, until the 
A2 6 0  of the effluent was close to zero. A second wash was 
then applied to the column, using low salt loading buffer 
(0.10X VaCl; lmV EDTA; 0.1% SDS; lOmX Tris-HCl, pH 7.5). 4 
volumes of this wash were applied (this step is in the 
method of Xaniatls et al., 1982, but not in that of Clemens, 
1984). The At EVA was eluted from the column by washing with 

6 volumes of sterile low salt elution buffer (lmK EDTA; 
0.05% SDS; lOmX Tris-HCl, pH 7.5) and collected in sterile 
siliconized eppendorf tubes. The EVA was made to 0.3X by 

adding a suitable amount of 3X ammonium acetate stock, and 

precipitated under ethanol as described in section 3.2.03
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(ii). The RITA was habitually stored in pure sterile water at 
-80°C. The amount of A+ RHA produced was calculated from the 
absorbance (Aseo) of 10/tl of the sample in 0.5ml, as 
described in section'3.2.07.

3.2.14 Gel electrophoresis of A+ RHA.

A+ RffA was run on a 1% agarose gel in TBE buffer (0.089K 
Tris-borate; 0.089H boric acid; 0.002X EDTA). The purpose of 

this was to see the size distribution of the A+ RITA. The RITA 
was left in its native form, in spite of the fact that this 
distorts the running pattern, so that the secondary 
structure would allow incorporation of the dye and allow the 
RIA to be viewed. The gel was run for 3 hours at 60mA in TBE 
buffer. The gel mixture, running buffer and apparatus were 
sterilized by autoclaving and soaking in 0.1% DEP in ethanol 
to avoid degradation of the RHA by RHases. The gel was 
stained by adding a few drops of 10mg/ml ethldium bromide to 
the running buffer and destalning in sterile distilled 

water. The gel was viewed on a UV light box and photographed 

with a polaroid land camera with an orange filter, and a 

polaroid 665 black and white film.

3.2.15 In vitro translation of RITA.

(i) In vitro translation.
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The in vitro translation system used was that supplied by 
Amersham, and the method used was that recommended by 

Amersham, but scaled down somewhat. A reaction mixture was 

set up containing 25/il of rabbit reticulocyte lysate, 2pl of 
2.00M potassium acetate, 2jil of 3SS-methionine, 2pl of amino 
acid mix (minus L-methionine), to 35pl with RFA solution and 

water. The reaction mix was incubated at 30°C, and 2jil 

samples were taken out at 0, 5, 10, 15, 20 and 40 minutes.

(ii) TCA precipitation of labelled protein samples.
The samples were put into 0.5ml of 1.0M Fa OH/10% H2 O2  to 
decolourize them and heated to 37°C to hydrolyse the tRFA 
complexes. The samples were made to 1% SDS and 0.1% BSA and 
then made up to 2ml with 25% TCA. After an overnight 

precipitation at 0°C the samples were passed through pre
wetted Vhatman GF/C discs and washed with 6 volumes of ice- 
cold 10% TCA. The discs were finally washed in ethanol, 
dried thoroughly, and put with at least 3ml of scintlllant 

('Optiphase') and counted in a Packard scintillation 

counter.

(iii) SDS-PAGE, and autoradiography of labelled proteins. 
After 40 minutes the samples were either stored at -20°C, or 
run on an SDS-PAGE gel as described in section 2.2.07. The 
gels were generally stained and destained in Coomassle blue 
as in section 2.2.07 so that the markers could be clearly 
viewed, prior to PPQ (2,5-diphenyloxazole) impregnation and
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autoradiography. The destained gel was dehydrated in glacial 
acetic acid for 5 minutes, and then incubated for 2 hours in 

20% w/v PPO in acetic acid. The gel was then washed in 
several changes of distilled water over the next hour before 
it was dried on a gel drier as in section 2.2.07. The dried 
and labelled gel was then put into an autoradiography 
cassette next to a piece of Kodak X-Ray film. The films were 

generally left to expose for a couple of days to a week, 
depending on the radioactivity of the proteins. The films 
were developed under a safe light, and generally had 5 
minutes in Kodak X-Ray . film developer, and 3 minutes in 
Kodak X-Ray film fix. The autoradiographs were rinsed and 
dried and analysed by eye or scanned on a Joyce Loebl 
densitometer.

(iv) Isoelectric focusing of labelled proteins.
Labelled proteins were treated as described in section

2.2.08 and run on a prepared IEF gel as described in that 

section. Due to the thinness and size of the gels PPO

impregnation was not performed but Instead the gel was hair-
dryered onto a gel-bond (Pharmacia) backing and
autoradiographed as described for SDS gels in the above
section, 3.2.15 (Hi).

3.2.16 Optimization of the in vitro translation reaction.

(i) The potassium ion concentration.
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A number of solutions of differing K+ concentration were set 
up and used to alter the K+ concentration in six reactions. 

The method used was that recommended by Amersham 
International. The K+ concentration ranged from 85mM to 
211mX, and the translations were carried out as described in 
section 3.2.15 (1). ITo magnesium ions were added. Duplicate 
reactions were sampled at 16 and 40 minutes. These samples 

were TCA precipitated as described in section 3.2.15 (ii), 
and used to compare the effects of K+ ion concentration on 
translation efficiency.

(ii) The magnesium ion concentration.
The method used to determine the K+ ion optimum was also 
used to determine the Mg++ optimum. Six reactions were set 
up, covering a range of Hg++ concentrations from 0 to 
2.23mK. The potassium ion concentration was maintained at 
162mK. The reactions were performed as in section 3.2.15
(i), but instead of samples being taken every 5 minutes 
duplicate reactions were sampled at 16 and 40 minute. These 
samples were TCA precipitated as described in section 3.2.15
(ii), and used to compare the effects on translation of Mg++ 

ion concentration.

(iii) The RHFA concentration.
Six reactions were set up each containing the optimal 
amounts of K+ and Mg++ ions, but with differing amounts of 

total RffA. The total RJA concentrations in the reactions
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ranged from 0.007 to 0.550 /lg/pl. The reactions were carried 
out as described in section 3.2.15 (i). The six reactions 

were allowed to go on for 40 mlnlutes, and then a number of 
samples from each reaction mix were TCA precipitated as in 
section 3.2.15 (ii), and used to compare the effects on
translation of REA concentration.

3.2.17 In vitro translation of pepper fruit RITA using an 
optimized system.

Pepper fruit A+ and total REA was translated in vitro as 
described in section 3.2.15 (i), except that the optimal
concentrations of K+ and Hg++ ions (162mX and 0
respectively), and the optimal total REA concentration of
0.14/ig/jil were used (equivalent to an A+ REA concentration
of 0.0014 to 0.014 jig//il). Samples were taken at particular 
times and TCA precipitated as described in section 3.2.15
(ii). An SDS-gel was also run of the labelled proteins as 
described in section 3.2.15 (iii) and an IEF gel of the 
products was also prepared, as described in section 3.2.15
(iv).
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3.3.00 Results and Discussion.

3.3.01 RFA extraction.

The first method of extraction attempted was that 

recommended by P and S Biochemicals for the production of 
RFA suitable for use in the production of cDFA in their cDFA 
synthesis kit. The method uses a combination of guanidium 
thiocyanate extraction and centrifugation through a CsCl 

cushion. It is based on the method developed by Chirgwin et 
al. (1979), which in turn is developed from an earlier

1method using guanidium hydrochloride (Harding et al.t 1977). 
P and S suggest that the method should yield between 66 and 
333 pg/g f wt of tissue (although they accept there is great 
variation from tissue to tissue), and Chirgwin et al. (1979) 
found the method produced a yield of 20 mg of RFA per g f wt 
from dog pancreas tissue. The main limitation of the method 

for pepper RFA was the centrifugation step of 130 000 g (37 
000 r.p. m.) which had to be performed in a Beckman SV50.1
rotor, with a capacity of only 6 x 5 ml. The amount of total

/

RFA that it was possible to extract by this method was 

extremely small due to the limits placed on the mass of 
starting tissue by the buffer volume. For reasons of economy 
the tube tops were not cut off as recommended by P and S, to 
leave the RFA pellet, but instead the RFA was resuspended in 

sterile TE buffer in the tube, and the tubes recycled by

-103-



soaking In 0.1% DEP In ethanol, and rinsing in sterile 
distilled water. This deviation from the recommended 
protocol probably contributed to the apparent failure of 
this method to produce translatable RVAs. The tube walls 
were in contact with a supernatant which was very rich in 
RVase. Any dilution of this RVase (such as during 

resuspension) would cause it to renature. RJase which was 
not removed by the DEP soak, or DEP which was not removed by 
the sterile water wash would interfere with the next batch 
of RBA, or react with the Trls base in the resuspenslon 

buffer (Berger, 1975; Leonard et al., 1971; Chirgwin et al., 
1979) possibly rendering the RVA translationally inactive. 
The tubes were unsuitable for autoclaving and experienced a 
high failure rate anyway due to continuous exposure to high 
concentrations of GuSCV. Modifications were Introduced into 
the method, specifically an increase in the mass of starting 
material per ml of GuSCV solution. The original mass of 
tissue per ml was 1 g per 10 ml, and this was increased to 

1 g per 5 ml (Manlatis et al., 1982; Cox and Goldberg, 
1988), 1 g per 2 ml, and finally to 1 g per 1 ml
(J.Beeching, personal communication). In spite of this the 
amount of RVA extracted remained very low and 

translatability did not improve. The yield of pepper leaf 
RVA extracted by the same method was approximately 4-fold 
higher than that of fruit. This may be due to the high level 
of hydration of fruit (leaves are about 16% dry weight, and 

fruit about 8%, data not shown). This method was rejected on
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the grounds that the yields were too low to be useful, and 
in spite of a good appearance on multiwavelength scans the 

RVA would not translate in a cell free system.

The second method of RVA extraction was that recommended by 
Conover (1986). The method involves a phenol/chloroform 

extraction, followed by a CsCl gradient centrifugation in 

ethldium bromide to separate the DVA and RVA (Radloff et 

al., 1967). Phenol and SDS alone cause loss of some RVAs and 
loss of some poly (A) tails. The loss is associated with 
certain proteins in polyribosomes, which enter the 
interphase between the phenolic and aqueous phases and cause 
loss of the RVA, or of the poly (A) tail. These losses are 
avoided if chloroform is included in the buffer/phenol 
mixture, or EDTA is included in the buffer to strip the 
proteins from the nucleic acids prior to extraction (Perry 
et al.f 1972). Both of these precautions are taken in the 
Conover (1986) method, and the interphase is also extracted 

twice to be certain that no RVAs are lost in it.

The yields obtained using this method were hugely variable 
and the purity of RVA extracted was the lowest of all the 

methods. A large amount of buffer to tissue was recommended 
(4 ml/1 mg) which presented problems with volume of phenolic 
extraction mixture. RVA taken from the gradients was found 
to be resistant to dissolution, and the intercalated 

ethldium bromide very difficult to remove. Extraction of
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leaf RVA again proved much more successful than fruit RITA. 
RVA extracted In this way showed translational activity, but 

Irregularly, and I decided to keep the basic method of 

phenol/chloroform extraction against an aqueous buffer but 

seek an Improved method of separating RVA from DVA and 
polysaccharide.

The third method was that recommended by J.Beeching (Bath 
University) and also used to extract tomato RVA in Grierson 
et al. (1985). It involved a similar initial extraction to 
the method of Conover (1986), with the addition of a back 
extraction of the organic phase, and resuspenslon of total 
nucleic acid in 3 X sodium acetate, pH 5.5, to dissolve DVA 
and polysaccharides, which may inhibit translation, 

(Rattanapanone et al.t 1978) leaving the RVA as a pellet 
after centrifugation (Clemens, 1984). The final pellet was 
clear, gelatinous and easily dissolved. Yields were low but 
the RVA was very pure. Translational activity, however, was 

still elusive. The most likely point for RVases to attack 
RVA prepared by this method was during the initial minutes 
of the extraction when the frozen powder of the pepper 
tissue was allowed to thaw in extraction buffer. To 

eliminate possible degradation at this point the beginning 
of Conover's (1986) method was adopted, and the tissue 
dropped directly onto the swirling blades of the 
homogenizer, into cold, phenol-saturated buffer. This final 

method resulted in low (but fairly consistent) yields,
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Figure 1. A comparison of the yield and purity of pepper 
fruit RFA extracted by four different methods.

a  yield purity a
m  p g /9  f wt jT j

20
□

4

•1

Figure 1. RFA was extracted by A, the guanidium 
isothiocyanate method; B, phenol extraction and caesium 
chloride centrifugation; C, the high SDS method; and D, a 
method developed by combining B and C. The methodology is 
described in sections 3.2.03 to 3.2.06. Yield was calculated 
as jig RFA per g fresh weight (g f wt) of fruit. Purity is 
represented as the Absaeo/Abssteo ratio.
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Figure 2. Scanning RFA samples between wavelengths 200-300 
nm to demonstrate purity.

Abs

200 220 240 260 280 300
nm

Figure 2. RFA was extracted by one of the methods described 
in sections 3.2.03-3.2.06. An aliquot was dissolved in water 
in a quartz cuvette of 1 cm light path. The sample was 
scanned against a zero of water and the absorbances at each 
wavelength recorded. Filled triangles, green fruit RFA 
extracted by the phenol/caesium chloride method; open 
triangles, red fruit RFA extracted by the phenol/caesium 
chloride method; filled circles, green fruit RFA extracted 
by the guanidium isothiocyanate method; open circles, red 
fruit RFA extracted by the guanidium isothiocyanate method.
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Figure 3. Tube gel electrophoresis of pepper fruit RBA.

25S

BBG

BBR

Figure 3. RBA was loaded onto pre-run polyacrylamide gels, 
prepared in quartz tubes, and run as described in section 
3.2.10. The gels were scanned against blanks of tube gels 
with no RBA. Interpretation of the results was as in 
Grierson (1982) and Bathgate et al. (1985). BBG, Bellboy 
green fruit RIA; BBR, Bellboy red RBA.
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Figure 4. Denaturing gel electrophoresis of pepper fruit 
RIA.

Figure 4. Pepper fruit RHA was extracted as described in 
sections 3.2.03 to 3.2.06. It was then treated as described 
in section 3.2.11 prior to being run on a sterile 1.1% 
agarose gel with constant recirculation of buffer. The gel 
was stained and destained as described, viewed on a UV 
transilluminator, and photographed with a Polaroid Land 
camera. Interpretation of the results was helped by the 
experiment described in Appendix A, where the Rif A was 
electrophoresed against SP6 RIA and sized.
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acceptable purity, and most importantly, a high level of 
translation in a non-optimized In vitro translation system 

(Figures 1 and 5).

3.3.02 Yield and purity.

The yields of RITA from pepper fruit tissue are very low
compared with some reports in the literature (3 mg/g f wt of 
leaf, Cashmore, 1982; 66-333 pg/g f wt of 'most tissue', P 
and S Biochemicals Ltd). Fruit tissue seems to produce low
and variable amounts of total RFA per g fresh weight. For
example, in the avocado, Christoffersen et al. (1982) report 
yields of total RFA of 28-56 pg/g f wt. In the tomato, 
Piechulla et al. (1986) report yields which vary from 10 to 
1000 pg/g f wt. The yield of pepper RFA in this work varies 
between 5 and 25 pg/g f wt. This seems low but is in 
accordance with the results reported above. Possible reasons 
for the low yield include the high level of hydration of the 

fruit; low levels of endogenous RFA; and loss of the RFA in 
some way during extraction. Fruits containing high levels of 
polysaccharide may have apparently lower levels of RFA
because the polysaccharide may hold the RFA in solution and 
cause its loss during extraction. The large volumes of 
tissue used probably resulted in increasing inefficiency of 
the extraction method, and exaggerated the poorness of the 
yield.

-Ill-



Purity was measured for each sample as the ratio between 
A2 6 0  and A2 eo (Figure 1). A pure sample of RFA has a ratio 
of 2. Other ways of demonstrating purity of an RFA sample 
were investigated including scanning (Figure 2), tube gel 
electrophoresis (Figure 3) and denaturing gel 
electrophoresis (Hatfield Polytechnic, Fucleic Acids 
Workshop) (Figure 4). Purity became secondary to efficiency

of translation, so this set of experiments was discontinued
/

except that denaturing gel electrophoresis was used to 
demonstrate the purity and intactness of a translating RFA 
prior to selection on oligo(dT) cellulose. The ability of 
extracted RFA to direct translation of proteins in a cell 
free system is summarized in Figure 5 for each of the
methods of extraction investigated.

3.3.03 Oligo(dT) cellulose chromatography.

Total RFA was subjected to oligo(dT) cellulose 
chromatography to separate the nuclear A+ RFA from the

(plastid) A- RFA (Wheeler and Hartley, 1975). Oligo(dT) 

cellulose was obtained from Amersham, prepared as described 
in Gilham (1964). The procedure was carried out according to 
Haniatls et al. (1982) and Aviv and Leder (1972). Various
problems arose associated with the technique, such as
blocked columns, the appearance of cellulose in the eluate 
and the slow and cumbersome measurement of absorbance at 260 

nm of individual fractions. In spite of these drawbacks the

-112-



method proved reliable. Problems encountered with blocked 
columns were solved by forcing solutions through the column 
under pressure, and eventually by omitting SDS from the 

buffers (SDS precipitates out at lower temperatures), which 
had the added advantage of ensuring that no SDS could
contaminate the eluate. A typical elution profile is given

/in Figure 6. Further adaptions to the method were made in an 

attempt to improve the translational activity of the RITA 
extracted, including the omission of SDS from the column 

buffers, repeated ethanol precipitation of the RFA to remove 
traces of impurities, and prolonged desiccation of the RFA 

under vacuum to remove traces of ethanol.

The A+ RFA produced by oligo(dT) cellulose chromatography 
was subjected to gel electrophoresis (Figure 7). The 
appearance on the gel was that of a smear, indicating the 
presence of some large, variably sized species which implied 
that the RFA was relatively intact.

3.3.04 Optimization of the in vitro translation reaction.

The cell-free translation system chosen for the translation 

of pepper fruit RFAs was rabbit reticulocyte lysate, 

obtained from Amersham International. The lysate was 
depleted in amino acids so that the amino acid 
concentrations could be set by the addition of exogenous
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Figure 5. In vitro translation of total RVA extracted by the 
different methods.

Method of extraction Translation

GuSCV

Phenol/CsCl +/-
High SDS
Combined method ++

Figure 5. A standard non-optimized in vitro translation 
reaction was set up, using total RVA extracted by one of the 
four methods described in sections 3.2.03 to 3.2.06. The 
translatabillty of the RVA was determined by visual 
comparison of labelled gel tracks produced on an 
autoradiograph of an SDS-PAGE gel of the labelled 
translation products. Those RVAs which were not appreciably 
different from the control were designated minus (-) and 
those that showed high contrast (translatabillty) were 
designated plus (+). A typical reaction mixture contained 35 
pi of lysate, 2.5 pi of amino acid solution (minus 
methionine), 2.5 pi of 3SSCmethionine), 2.5 pi of 20 mX K* 
solution, 10 pi of RVA (20 to 30 pg) in sterile water. The 
reactions were left at 30°C for 40 min and a sample run on a 
10% polyacrylamide gel as described in section 3.2.15(iii).
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Figure 6. Oligo (dT> cellulose chromatography of total 
pepper fruit RIA.

abs260

1.8 -

1.4-

1.0 -

0.6 -

0.2-

10

fraction

Figure 6. Total RIA was treated as described in section 
3.2.13 and loaded onto a pre-equilibrated oligo(dT) 
cellulose column as described. The non-polyadenylated RIA 
was washed from the column with loading buffer and the A26o 
of each 1 ml fraction measured against a buffer blank. The 
graph shows elution profiles of red (open circles) and green 
(filled circles) pepper fruit RIA.
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Figure 7. Denaturing gel electrophoresis of A+ RNA.

BB(A)+ RNA

Figure 7. Total Rif A was subjected to oligo (dT) cellulose 
chromatography. The resulting polyadenylated RNA was pooled 
and concentrated by ethanol precipitation, dried and 
dissolved in buffer prior to being run on a sterile 1.1% 
agarose gel. The gel was run, stained and destained as 
described in section 3.2.14.
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material, and also depleted in potassium and magnesium ions 
so that the optimal concentrations of these ions for pepper 
fruit RNA could be' determined. The lysate is previously 
treated with micrococcal nuclease to remove endogenous RNA 

so that translation is exogenous RNA dependent (Pelham and 
Jackson, 1976). Optimization is recommended as addition of 

non-optimal amounts of K+ and Mg2'*' may cause low 
incorporation of label, or premature truncation of protein 
chains (Amersham Product Information). The optimal 
concentration of RNA required was also determined. 
Experiments were carried out according to the protocol 
recommended by .Amersham, and the results are shown in Figure 
8. Results agreed with those determined for TXV RNA by 
Amersham, that no additional Mg2"*- should be added to the 
lysate, and that the total concentration of E-* is optimal at 
about 160 mM. Total RNA concentration was found to be 
optimal at 140 jig/ml of reaction mixture (Figure 8C). Pelham 
and Jackson (1976) report optimal incorporation of label in 

a globin mRNA-dependent lysate at 20 pg/ml. If it is assumed 
that mRNA comprises between 1 and 10% of total RNA it can be 

seen that this work produces a value of about 14 pg/ml, 
which is comparable to the Pelham and Jackson result. 

Concentrations of RNA higher than the optimum resulted in 
decreased label incorporation, in fact, addition of a low- 
translating pepper RNA to a high-translating TNY RNA 
reaction resulted in drastic loss of TKV-directed
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Figure 8. Optimization of the in vitro translation reaction.
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d . p . m .  x  10 **
c
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6 0 -

50  -

4 0  -

30 -

20 -

1 0 -

C RNA)0 -0 3  0  07 0-14 0 -2 7  0 -55
(jg/p> iysata

Figure 8. The Mg2* and K* concentrations (A and 3 

respectively) were optimized by altering one ion 

concentration and keeping the other constant as described in 

section 3.2.16. The total RFA optimum (C) was determined 

using the Mg2* and K* optimized system.
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Figure 9. In vitro translation of pepper fruit RIA.
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Figure 9. Part A is a graph showing the time-course of 
incorporation of lab611ed amino acids into polypeptides in 
an RHA-directed in vitro translation system. Open circles, 
red fruit A+ RJA; filled circles, green fruit A+ RITA; open 
triangles, red total RFA; filled triangles, green total RHA; 
diamonds, no RRA control. Part B is an autoradiograph 
produced by exposing an SDS-PAGE gel of in vitro labelled 
proteins to X-ray film. The lanes are labelled as follows; 
C, control; GT, green fruit total RJA; RT, red fruit total 
RIA; GA+, green A+ RITA; RA+, red A+ RITA; X (kd), m wt 
markers. Part C is a table, giving the m wts of the in 

vi tro-produced polypeptides in kD.
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incorporation (data not shown). A possible explanation of 
this is that some inhibitory substance precipitated with, 
and purified with the pepper MTA. Possibilities include 
phenol, SDS and ethanol, hence the modifications described 
in the previous section (section 3.3.03) to remove possible 
contaminants.

3.3.05 Id vitro translation of pepper RITA.

(i) Analysis of results.

The aims of in vitro translation of RITA from ripe and unripe 

fruit of C.annuumvnr. Bellboy were as follows: to establish 
whether variation of the RlfA population took place during 
the ripening process; whether there were RffAs present in 
ripe fruit that were absent from unripe fruit (i.e. ripe 
fruit specific RITAs); to estimate the apparent m wts of any 
such in vitro translated products; to correlate these m wts 
with the m wts of plastid proteins determined in the 
previous chapter; to compare the m wts of the in vitro 

translated products with those of the products reported in 

the literature and to judge the biological viability and 
intactness of the RITA sample, and hence its suitability for 
use as a template in the construction of a cDBA library.

RITA was extracted as described in section 3.2.06, assessed 

for purity and intactness by denaturing gel electrophoresis
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as described in section 3.2.11, and if mRJTA was required, 
subjected to oligo(dT) cellulose chromatography. The REA was 
used to direct in vitro translation in an optimized rabbit 
reticulocyte lysate system as described, and the products 

subjected to SDS-PAGE and autoradiography. A time course of 
the reaction is presented in Figure 9A, an autoradiograph in 

Figure 9B and analysis of the products in Figure 9C.

C.annuum var. Bellboy was the only variety successfully 
studied. Lito and Golden Star were initially included in the 
study but problems with technique encouraged a 
simplification of approach. The proposed cDEA library was to 
made from mREA isolated from ripe Bellboy fruit, and it was 
therefore paramount to establish procedures for the 
extraction and translation of Bellboy fruit mRlTA. Lito and 
Golden Star REAs were to be used later in the work to aid 
characterization of a ripening associated cDEA clone, and a 

comparative study between ripe and unripe fruit for Lito and 
Golden Star was seen as being related to that work. The 

results presented in Figure 9C can be summarized using the 
classification described by Grierson et ai. (1985). (i)
Products present only or in greatly increased amounts in 
unripe fruit; (ii) products present in both ripe and unripe 
fruit; (iii) products present only or in greatly increased 
amounts in ripe fruit. For C.annuum var. Bellboy m wts of 
the in vitro translation products in the three classes are 
as follows (major products are marked with an asterisk):
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(i) 110, 31 and 24 kD.
(11) 190, 180, 140, 120, 98, 88*, 78*, 64*, 60*. 54*, 46*. 

37 and 22 kD.

(ill) 160, 136*, 130,' 106, 82, 73, 49*, 43, 38, 32, 28* and 
23 kD.

Regarding the in vitro profiles, most products present in 

the total RITA translation profile are also represented in 
the A+ profile, and additional products are present in the 
A+ track implicating the A+ RHA as the seat of control. One 

product of m wt 40 kD is present in the 'total RHA' track of 
both red and green fruit, but is absent from the A+ track. 
This RITA is apparently A-, either an organellar RITA or a 
nuclear RHA lacking a poly(A) tail.

(ii) Criticism of the method.

The rabbit reticulocyte lysate system used was treated with 
micrococcal nuclease to inactivate endogenous RVAs and 

fractionated to remove amino acids to make subsequent 
translation dependent on added RITA and amino acids, one of 

which may be radioactively labelled. The lysate was 
developed by Pelham and Jackson (1976) and is described as 
having very efficient utilization of added RNA with high 
translational ability, low background incorporation, and the 
ability to synthesize large protein products with a low 
yield of truncated protein. However, it has been shown that
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lysate mixtures treated with micrococcal nuclease retain RITA 
fragments, some of which contain initiation sites (Clemens, 

1984). These fragments compete with the exogenous RITA for 
ribosome binding, and weakly initiating exogenous RHAs may 
not compete efficiently. The lysate may also be inhibited by 
low concentrations of double stranded RFA and oxidized thiol 
compounds. A further limitation of the method is the use of 

a single labelled amino acid (in this case methionine) as 
polypeptides with low levels of that amino acid will give an 

accordingly weak signal. The emphasis of bands in an in 

vitro translation experiment may not, therefore, reflect the 
In vivo situation accurately. The effect of viral infection 
of the experimental tissue was demonstrated by Grierson et 
al. (1985), in tomato infected with TKV. The presence of
viral RITA drastically changed the in vitro translation 
profile of the infected plant. The products of interest here 
are those which are different between red and green fruits, 
and the assumption was made that plants would be equally 

infected if infected at all, and the products of interest 
would therefore be bona fide. Monitoring the effect and 

extent of viral infection in pepper fruit with regard to 

translation studies would be a valid related project.

Successful in vitro translation was initially very elusive 
due to the low quality of RNA extracted. Translation in a 
non-optimized system was routinely performed on extracted 
RVA as a means of judging RVA quality; and alterations in
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the methods of extraction and oligo(dT) cellulose 
chromatography were monitored by this method (the 

alterations and adaptations are described in sections 3.3.01 
and 3.3.04). A problem with this approach is the expense 
associated with purchasing commercially available lysate, 
and in retrospect it may have been preferable to develop the 
technique of making the lysate myself. Also a great deal of 
time was wasted with a batch of non-vlable lysate, after 
which lysate was routinely tested with Amersham* s TRY RITA 
before any assumptions were made about its activity, 
involving more expense.

(Hi) Discussion of the results.

The m wts of the in vitro translation products can be 
compared to those determined by SDS-PAGB of plastid 
proteins. Although the plastid is the site of much metabolic 
activity, particularly during ripening, the vast majority of 
plastid proteins are encoded in nuclear genes and 
synthesized by cytosolic ribosomes. This is especially true 
of C.annuum chromoplasts as recent work suggests cessation 
of plastidic protein synthesis (Carde et al.t 1988). A 
protein destined for the plastid is typically synthesized as 
a larger precursor molecule, with a plastid 'targeting 

sequence* of between 2 and 16 kD (usually between 5 and 8 
kD) (Ellis and Robinson, 1987; Keegstra and Bauerle, 1988). 

This presequence, or transit peptide, contains information
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necessary to direct transport of the attached peptide into 
Its ultimate plastidic location. Transport is believed to be 

carried out by binding of the presequence to a receptor on 
the plastid outer membrane, and subsequent transition of the 

transit and main protein to the targeted compartment. The 

transit peptide is then cleaved off by proteases. Kost work 

on the import of proteins into plastids has been done with 
chloroplasts, but it is assumed that chromoplasts function 
similarly. Due to the m wt of the presumed transit peptide 
(between 2 and 16 kD>, it is not possible to compare 

directly the m wts of the SDS-PAGK resolved plastid 
proteins, and the in vitro translation products. 
Correlations are possible if it is assumed that the in vitro 
translation product is between 2 and 16 kD larger than the 

possible plastid located protein, and that the pattern of 
expression of the plastid and in vitro translated product 
will be similar. The different classes of product (as 
defined earlier in this section) which correlate in these 

ways follow. The m wt of the presumed precursor protein is

given first and the possible m wts of plastid products given
in parentheses.

Class i (unripe fruit only):
31 kD (29, 26, 22* and 16 kD).
24 kD (26, 22* and 16 kD).

Class ii (both ripe and unripe fruit):
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120 kD (105 kD).
98 kD (93 fcD).

88*kD (71 kD).
78*kD (71, 66, and 61 kD).
64*kD (61 kD>.
22 kD (11 kD).

Class iii (ripe fruit only)
160 kD (148 kD).
130 kD (116 kD>.

106 kD (99 and 87 kD).
82 kD (75 kD).
73 kD (58 kD).
49*kD (47, 42 and 33* kD).

43 kD (33* and 27 kD> •
38 kD (33*, 27 and 25 kD).
32 kD (27 and 25 kD).
28*kD (25 and 14 kD>.
23 kD (14 kD>.

From this analysis it is possible to conclude that several 

of the in vitro translated products are passible larger 

precursors of proteins found in the plastids. Of the 

ripening associated proteins, the possible correlation 
between the 33* kD plastid protein and the 49* kD in vitro 
translation product is strengthened by their appearances as 

major products of both the in vitro translation represented
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mRJTA population, and in possible ripening associated 
chromoplast proteins.

Comparison of tbe m' wts of pepper in vitro translation
/

products with m wts of in vitro translation products 
reported in the literature reveals five pepper products with 

m wts similar to those reported. These are pepper products 

of m wt 82 kD (tomato, 80 kD, Grierson et al., 1985; 
avocado, 80 kD, Christoffersen et al., 1982); 49 kD (tomato, 
48 kD, Grierson et al., 1985); 43 kD (tomato, 44 kD,
Grierson et al., 1985); 38 kD (tomato, 35 kD, Grierson et 
al., 1985; avocado, 36 kD, Christoffersen et al., 1982); and 
23 kD (tomato, 20 kD, Grierson et al., 1985).

Regarding comparison of the 49 kD protein produced by in 

vitro translation, a product of similar m wt (48 kD) was 
concluded to be an unmodified precursor of the softening 
enzyme polygalacturonase by Grierson et al. (1985). A 43 kD 

protein was described as normal sized polygalacturonase from 
SDS-PAGE of plastid proteins (Handa et al., 1983). Tomato 
polygalacturonase is also described as being of m wt 46 kD 

(Grierson et al., 1985; Rattanapanone et al., 1978; Lee et 

al., 1987). Similarity with a pepper ripening associated 
protein m wt may be coincidental. Further experiments would 
be required to verify that polygalacturonase is active in 
ripening pepper fruit; the lack of softness of the ripe 

fruit seems to suggest that it is not significant.
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Some interesting speculations may be made from an assessment 
of the results presented here. Some proteins are found when 
polypeptide content is analysed directly by SDS-PAGE, but 
are not represented 'in the mRIA population as possible 
precursors, as demonstrated by in vitro translation (e.g. 
the 160 kD product of both ripe and unripe Bellboy fruit 
plastids, and the 56 kD product [large s.u. of Rubisco] of 
fruit chloroplasts). These proteins may be synthesized 

within the plastid, and so possess A- RIA which would not 
have been selected on the oligo(dT) column. Further reasons 
for non-representation in the in vitro profile include the 
limitations of the lysate system, strongly initiating RIAs 
may be translated 40-60 times during an incubation and 
weakly initiating species have to compete, not necessarily 

efficiently (Clemens, 1984). Low methionine content may also 
be responsible for a weak signal. Another possibility is 
that stable and long-lived polypeptides may be produced from 
low levels of RIA, producing an apparent discrepancy between 
the two methods of investigation. The two prominent ripening 
products of purified plastids have approximate m wts of 33 
and 53 kD. Of these two only the 33 kD product appears to be 
represented in the in vitro translation profile (at 49, 43 

or 48* kD) as a ripe fruit specific product, the 53 kD 
polypeptide is represented in both the red and green 
profiles at 64 or 60 kD. A possible explanation of this is 
that the RIA is constitutively expressed, but is not 

normally translated or maintained in vivo in the green
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fruit. This implies activation of translation as a 
regulatory mechanism in fruit ripening. Translational 
control is established as a method by which the gene 
expression of plastids is regulated (Deng and Gruissem, 
1988). It is possible that factors in the ripening fruit may 
promote translation or maintenance of the 53 kD nuclear 

product in a similar way to the plastid dependent expression 
of the nuclear encoded LQCP II protein (Batschauer et al., 
1986). Another possibility is that the 53 kD products in red 
and green fruit are different polypeptides and the green 53 
kD product is reflected poorly by SDS-PAGE and Coomassie 
blue staining. It is unlikely that the 53 kD product is 
synthesized in the chromoplasts, as these organelles have 
been shown to be probably non-active in protein synthesis 
(Carde et al., 1988).

Other polypeptides are found in the in vitro translation 
products but are absent from plastid profiles. These 

products probably represent cytoplasmic rather than plastid 
located proteins. Other explanations include lack of 
response of the product to the staining method used to 
create the plastid profiles, or the presence of RVAs which 

are not translated (or maintained) in significant quantities 
of protein in vivo. Some nuclear and plastid genes are 
transcribed according to a diurnal rhythm, as has been 
described for the LHCP II mRJTA of tomato (Piechulla and 

Gruissem, 1987), and therefore it is possible to extract the

-132-



proteins when the quantity of a particular species is at an 
unusually high or low level.

To conclude: the search for mRHAs associated with ripening 
fruit yielded several in vitro translation products, many of 
which could be possible precursors of chromoplast proteins. 

Therefore the aims of these experiments which are outlined 

at the start of this section have largely been met. The next 
stage was to use the results and techniques so far 
determined for the next phase of experiments, the 
construction and analysis of a cDJTA library.
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Chapter 4. Creation of a ripe fruit derived cDHA library, 

and identification of ripening related clones.

4.1.00 Introduction.

This chapter describes an attempt to identify ripening 
specific cDJfA by differential colony hybridization. Bellboy 
red fruit RITA was made into cDNA using reverse transcriptase 
and RJTaseH (Gubler and Hoffman, 1983). The cDJTA was cloned 

into the amplcillin gene of pBR322 by dC-tailing the cDUA 
and annealing to commercially obtained dG-tailed plasmid. 
Transformed and recombinant cells were identified by their 
combined tetracycline (tet) resistance and amplcillin (amp) 
susceptibility. These recombinants were screened in 
duplicate with either ripe or unripe fruit labelled cDHA. 
Those colonies hybridizing more strongly, or entirely, to 
the red cDHA were selected for further study as this 
indicated possible ripening specificity. The sizes of the 

inserts were looked at by making minipreparations
(separation of the plasmid DUA from the bacterial chromosome

/

and cell debris, digestion of the plasmid and analysis by 

agarose gel electrophoresis). Four clones were of sufficient 

size to be interesting and maxi preparations were made of 
these in order to increase the quantity of insert DUA. The 
eventual aim of isolation of a ripening specific cDUA 
clone(s) was to investigate its expression during ripening,
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both in Bellboy, and Lito and Golden Star fruit. Once cDffA 
inserts of suitable size were identified, and after their 

ripening associated nature and relatedness to each other had 
been established, th6 investigation would have taken one of 
three theoretical directions. These directions involve: 
study of the spatial and temporal expression of the cDHA 
gene; regulation of expression of that gene; and a study of 
the gene product. The approaches are not isolated, and 
techniques valid for one may also be applicable to another.

/

The study of temporal and spatial gene expression was to 
involve a study of levels of clone-complementary RITA during 
ripening in normal and mutant fruit, by extracting total RJTA 
and dot blotting on nitrocellulose to a labelled cDHA. This 
type of study has been performed on tomato by Hansson et al. 
(1985). The levels of ripening related cDRA RBAs were 
assessed by hybridization to total RITA from normal and 
ripening mutant fruit. Thus, the absence or presence of the 
message in the ripe and unripe, and mutant fruits was 

ascertained. Once a pattern of expression levels in normal 
and mutant fruit, and other plant tissues, had been 

established, it would be possible to vary certain 
environmental factors in an effort to assess the effect on 
gene expression. Ethylene levels, temperature, carbon 
dioxide concentration, daylength or levels of plant hormones 
such as auxin are factors which may merit investigation, 
e.g. in the non-climacteric strawberry, declining levels of
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auxin in the achenes appear to modulate the rate of ripening 
which is independent of inhibitors of ethylene synthesis and 

action (Given et al., 1988).

A study of the regulation of the ripening associated gene 

could be approached in the following ways. The first 
approach involves sequencing of the cDHA insert. From the 5' 
sequences possible regulatory regions could be identified, 
for example the cap site. The cDHA could be used to isolate 
the genomic complementary sequence and the 5' region of this 
further investigated for regulatory sequences (such as the 
plant equivalent of the animal TATA box (TC/GTATAT/AAi- 
3C/TA], and the further upstream AGGA or CAAT box (Grierson 
and Covey, 19841) and the 3' region studied for the presence 

of translation stop sequences and poly A addition sequences 
(Grierson and Covey, 1984). A comparison of the cDFA and 
genomic sequences would allow study of the presence of 
introns, and RFA splice sites. The regulatory effects of the 
upstream sequences could be investigated using a hybrid gene 
construct, with a marker gene such as chloramphenicol acetyl 
transferase (CAT) or by looking at the behaviour of the gene 

in a transgenic plant. Effective regulatory regions could be 
identified by mutational analysis or sequential deletion, 
and their mode of action studied. Goldberg (1986) isolated 
gene fragments responsible for the regulation of soybean 
lectin genes and showed binding by protein factors specific 
for the tissue in which the .lectin genes were expressed
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(embryo). These factors were thought to activate
transcription.

The gene product could be primarily characterized by hybrid 
release or hybrid arrest in vitro translation. These 
techniques were used by Veinard et al. (1979) in the
identification of cDHAs specific to developing maize 
endosperm, and by Hignery et al. (1984) in the 
identification of patatin from developing potato tuber. 
Antisera to the protein could be raised in two ways: by
purification of the protein to yield sufficient quantity for 
the production of antisera; or by the construction of a 
synthetic polypeptide, the amino acid sequence of which 
could be deduced from the cDJTA sequence. The antibody so 
raised could be used to locate the protein in situ, or to 
observe the in vitro effects of 'eliminating' the protein. 
A comparison of the amino acid sequences of the native 
polypeptide and the amino acid sequence deduced from the
cDHA sequence may reveal the presence of a signal peptide. 
Hattori et al. (1985) used the cDFA sequence of a sweet 
potato tuber protein (sporamin) to study the presence and 

sequence of a signal peptide. A search of protein or 
nucleotide databases may reveal a similar protein or
nucleotide sequence, which would allow the protein or cDFA 

to be categorized, and perhaps help with elucidation of the 

function of the protein. Other clues to the protein function 
may be derived from its in situ location, hydropathy plots,
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and glycosylation sites in the primary sequence. Addition of 
purified protein to pepper tissue in vitro and subsequent 
analysis of the effects chromatographically or 
ultrastructurally, or'by observing the effects on protein or 
RIA populations may lead to elucidation of passible 
functions of the protein. This type of approach was utilized 

in determining the function of isolated polygalacturonase in 
tomato (Themmen et al.t 1982). Purified polygalacturonase 
was added to tomato fruit parenchyma tissue in vitrot and 
the degrading effect on the cell walls observed ultra

structurally.

Function of the gene product may also be investigated using 
antisense RIA. Antisense RIA binds to the messenger RIA, 

perhaps at a regulatory region, and prevents translation of 
that RIA. The phenotypic effects of inhibition of expression 
may be observable. An antisense RIA of a Drosophila 

segmentation gene was produced using the SP6 vector in vitro 
transcription system to transcribe the non-sense strand of 
the gene. The resulting RIA was injected into genetically 
normal embryos, which then appeared phenotypically to lack 

the gene (Rosenberg et aJ., 1985). Hamilton et al. (1990) 

used the plant transformation abilities of Agrobacterium 

tumefaciens to transfer an antisense cDIA construct of a 
ripening related gene into tomato. Expression of the 
antisense RIA was monitored by lorthern blotting of leaf RIA 
to probes specific for the antisense strand and the
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phenotypic effects of the antisense RITA (reduction in 
ethylene levels) observed experimentally.

The work presented 'in this chapter comprises experiments 
designed to create a ripening related cDSTA library derived 
from pepper fruit, and the isolation of those clones likely 

to be ripening specific.
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4.2.00 Materials and Methods.

4.2.01 RMA and cells. '

RMA was extracted as described in section 3.2.06 and tested 

for integrity by denaturing gel electrophoresis as described 
in section 3.2.11. The intact total RMA was then subjected to 
oligo(dT) cellulose chromatography as described in section
3.2.13, and optimized in vitro translation as described in 
section 3.2.15. If the RMA gave high molecular weight
translation products it was used to produce cDMA.

The cell line used was E.coli strain HB101, recommended and 
donated by Dr J.Beeching (Bath University). The storage and 
growth curves for HB101 are given in Appendix C.

4.2.02 Chemicals.

The oligo(dTi2 -ie), the nucleotides, RMasin and reverse
transcriptase all came from Amersham. The BSA, RMase H 
(E. coii), C32P]dATP, DMA polymerase 1, restriction enzymes,

[3H1 dCTP, terminal transferase and antibiotics were also from 
Amersham. dG tailed pBR322 was obtained from BRL. All 
substances used in the malting up of media were obtained from 
Difco. The HATF nitrocellulose filters were obtained from 

Millipore, the nick translation kit, the [32PJa-dCTP, and the
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restriction enzymes from Amersham. Lysozyme and salmon sperm 
DIA were from Sigma; X-ray films, developer and fix were from 

Kodak. The polynucleotide kinase was from BRL and the C32P]Y~ 
dATP was from Amersham. Otherwise the chemicals used were of 
the highest possible purity available from Sigma, Aldrich and 

BDH.

4.2.03 Primary strand synthesis.

(i) Treatment of A+ RHA.
RITA was made up in water and 6pg was used in each 40pl 
reaction. To remove secondary structure the RITA was heated to 
68°C for 5 minutes before adding to the pre-warmed reaction 
mixture.

(ii) Reaction.
The following reaction mixture was set up in a siliconized 
eppendorf tube on ice: 1 x RT buffer (50mK Tris-HCl, pH 8.3 at 
43°C; 10mK MgCl*; 50mK DTT), 1.25mK dGTP, 1.25mM dTTP, 1.25mK 
dATP, 0.50mX dCTP, 100/ig/ml oligoCdTia-i©), 4mM sodium 
pyrophosphate, 0.43U/pl RRasln, 150pg/ml poly A+ RHA and lpl 
of [32PldCTP. This mixture was mixed and warmed to 43°C, prior 

to addition of the enzyme, reverse transcriptase at a reaction 
concentration of 3U/jil.
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The reaction was incubated at 43°C for 30 minutes, and then 
placed on ice. 2pl of 0.50X EDTA was added to stop the 

reaction.

(iii) Measurement of incorporation.
To calculate the percentage incorporation of label, and hence 

the amount of cDMA made, the total counts per pi, the 
background counts per pi and the incorporated counts per pi 
were measured. The total counts were measured by spotting lpl 
of the reaction mix onto a GF/C filter, drying and counting in 
a toluene based scintillant. The background counts were 
measured by taking lpl from the reaction at time zero and 
transferring it to 500pl of salmon sperm DMA (lOOpg/ml in 20mM 
EDTA) on ice in a scintillation vial. The insert was filled 

with ice cold 10% TCA, mixed and kept on ice for 15 minutes. 
The TCA suspension was then filtered through a GF/C disc and 
washed with 6 volumes of ice cold 10% TCA and a final wash of 
95% ethanol. The disc was dried and put with scintillant and 

counted in a Packard scintillation counter. To calculate the 
incorporated counts lpl of the reaction volume was taken at 
the end of the reaction time of 30 minutes and treated as 

described for the background counts. The amount of cDMA made 

was calculated by estimating the percentage incorporation by 
comparing total and incorporated counts, and using this to
estimate the total quantity of cDMA, given the concentration

/

of dCTP in the reaction mix.
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(iv) Purifying the cDlfA.
The cDEA was extracted with 40pl of phenol/chloroform/isoamyl- 
alcohol (25:24:1) the phenol prepared as described in Xaniatis 
et al., (1982). The aqueous phase was transferred to a fresh 

siliconized eppendorf tube and the organic phase re-extracted 

with 40pl of TE buffer (lOmM Tris-HCl, pH 8.0; lmX EDTA, pH 

8.0). The aqueous phases were combined and 80pl of 4X ammonium 
acetate and 320 pi of absolute ethanol were added. The DXA was 
allowed to precipitate in a dry ice/ethanol bath for 15 
minutes, and then warmed to room temperature with gentle 
shaking. The DXA was pelleted at top speed in a microfuge for 
10 minutes, washed with cold (-20°C) 95% ethanol and re
pelleted. The pellet was re-dissolved in TE buffer,pH 7.4 and 
re-precipitated as described above. The final pellet was 
vacuum dried and dissolved in TE, pH 7.4, to give a 
concentration of lOOng of DXA/RXA hybrid per pi. The pellet 
was stored in the freezer at -80°C if necessary at this stage.

4.2.04 Secondary strand synthesis.

/

The reactions were carried out in volumes of lOOpl. In a 
siliconized eppendorf tube on ice the following reaction was 

set up: 1 x SS buffer (20mX Tris-HCl pH 7.5; 5mX XgCl*; lOmM 
(XH*)=>SOi; lOOmM KC1), 50pg/ml BSA and 40pX of each dXTP. This 
mixture was mixed and the following added: lpg of DXA/RXA
hybrid, 9U/ml RXase H, 230U/ml DXA polymerase 1 and lpl of 

[32P] dCTP (optional). The reaction was mixed and incubated at
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12°C for 60 minutes and then 22°C for 60 minutes. The reaction 
was stopped by adding 5pl of 0.5X EDTA. The incorporation 

could be measured as described in section 4.2.03 (iii). The 
double stranded cDJTA'was then cleaned up in the same way as 

described in section 4.2.03 (iv), with appropriately increased 
amounts. The final pellet was dissolved in 20jil of TE, pH 8.0.

4.2.05 Size selection of cDlTA.

A 1% w/v agarose gel in TBE buffer (0. 089K Tris-borate; 0.089K 
boric acid; 0.002M EDTA) was prepared and the cDNA was run 
against digested X-DlfA [prepared as described in section
4.2.13 (il)] as a molecular weight marker. The gel was run in 
TBE containing ethidlum bromide at 30mA until the bromophenol 

blue dye in the marker was about a third of the way down the 
gel. The gel was viewed on a UV light box and an incision made 
in the gel at the minimum size of interest of the cDBA. A 
piece of DEAE nitrocellulose JTA45 paper (Schliecher and 
Schull) was then inserted into the cut to collect the cDNA. 
The paper was prepared by washing in 2.5H JfaCl for at least 2 
hours, rinsing in TE pH 8.0, and storing in 2mM EDTA at 4°C. 
The DNA was extracted from the paper by placing the trimmed 
disc into 300pl of 1.5M BaCl in TE pH 8.0 and shaking at 37°C 
overnight, or at 65°C for 1 hour. The presence or absence of 

the DJTA on the paper was easily ascertained by viewing in UV. 
The paper was removed and the cDVA precipitated by adding 

600/il of absolute ethanol, and keeping in a dry ice/ethanol
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bath for 15 minutes. The pellet was collected at top speed in 
a microfuge, washed in 95% ethanol and vacuum dried. The final 

pellet was dissolved in 20pl of water.

4.2.06 Optimization of the tailing reaction.

It was decided to clone the cDITA into the Pstl site of pBR322 

by G-C tailing. Commercially dG-tailed plasmid was obtained 
from BRL, purporting to possess dG tails of approximately 15 
residues. Prior to tailing all the cDITA a pilot tailing 
reaction was performed with a sample of cDHA to determine the 
optimum tailing tine. The following reaction was set up in a 
total volume of 20pl: 1 x tailing buffer (200mX K cacodylate, 
pH 6.9; ImH Coda), cDHA (say 5pl), 5mg/ml BSA and lOpX dCTP. 
These reagents were mixed and pre-warmed to 37°C, prior to 
addition of the enzyme, terminal transferase, at a 
concentration of 0.75U/pl. The reaction was incubated at 37°C 
for 20 minutes and samples were taken at regular intervals, 

e.g. 0, 5, 10, 15 and 20 minutes. Of these samples, lpl was 

TCA precipitated as described in section 4.2.03 (iii) and 2pl 

annealed to tailed pBR322 and used to transform competent 

cells which were then plated out, as described in sections
4.2.07 and 4.2.08. This gave an empirical determination of the 
optimum tailing time. The total counts were calculated by 
drying lpl of the reaction mixture onto a GF/C disc and 
counting as described in section 4.2.03 (iii).
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4.2.07 Optimization of the annealing reaction.

The 2pl samples of cDYA obtained from the tailing experiment 

were annealed as described below to a constant 15ng per 
reaction volume of tailed plasmid. In order to ascertain the 
optimal ratio of cDYA to plasmid the following experiment was 
performed. A variety of concentrations of tailed cDYA were 
annealed to 15ng of tailed plasmid in reaction volumes of 
30pl. The amounts of cDYA ranged from lpl of 1/10 
concentration to 5pl of original concentration. Each reaction 
contained 15ng of tailed pBR322, 1 x anneal buffer <5mJC Tris- 
HCl, pH 7.5; lOOpH EDTA; 75mH YaCl) and cDIA. The reactions 
were placed in a water bath at 65°C for 10 minutes. After this 
the temperature of the water bath was adjusted to 58°C and 
allowed to cool gradually to that temperature for 90 minutes. 
The tubes were then placed in a small beaker of water at 58°C 
on the bench and allowed to cool to room temperature. The 
annealings could either be frozen at this stage or used for 
transf ormat i on.

4.2.08 Preparation and use of competent cells.

The method used to prepare the competent cells was that 
described by Hanahan (1985) entitled the 'frozen storage 
method, protocol 3'. This method was chosen as a result of a 
survey of the most efficient methods of transformation 

described in Appendix D. A 10ml overnight culture of HB101
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cells In L-broth (1% bacto tryptone; 0.5% bacto yeast extract; 
1% bacto agar) was set up by Inoculating the broth with a 
scrape from a frozen stock (storage of stocks Is described in 

Appendix C). The culture was Incubated with moderate shaking 
overnight at 37°C. 1ml of this '10ml overnight' was used to 
inoculate 100ml of warmed L-broth. This culture was incubated 
at 37°C with moderate shaking until the cells reached a 

density of 4-7 x 107 cells/ml (characterization of the growth 
of HB101 is described in Appendix C). The culture was 
collected in polypropylene Sorval 50ml tubes and centrifuged 
in the Sorval 8 x 50ml rotor at 750-1000#. The pellets were 
drained and resuspended in 1/3 of the original culture volume 
of RF1 (lOOmM KC1; 50mK MgCla.AHzO; 30mK potassium acetate; 
10mM CaClz.2 H2 O; 15% w/v glycerol; to pH 5.8 with 0.2M acetic 
acldf filter sterilized through a 0.22pm membrane). The cells 
were incubated on ice for 2 hours, and pelleted as before. The 
pellet was resuspended in 1/12.5 of the original volume of RF2 
(lOmM HOPS, pH 6.8; lOmH KC1; 75mK CaCl*.2Ha>0; 15% w/v 
glycerol, to pH 6.8 with HaOH, filter sterilized through a 

0.22pm membrane). The cells were incubated on ice for 15 

minutes and then aliquoted into eppendorf tubes and flash 
frozen in a dry ice/ethanol bath before being placed at -80°C.

When required for use the cells were removed from the freezer 
and allowed to thaw at room temperature until the cell 
suspension was liquid. The suspension was aliquoted into 200pl 
amounts (if larger amounts had been used for storage) and
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placed on ice. The DBA was added to the tubes in a volume that 
was less than 20jil, and swirled gently. The tubes were 
incubated on ice for 10-60 minutes, and the cells were then 
heat shocked by incubating at 42°C for 90 seconds and then 
returned immediately to ice for 2 minutes. 800pl of L-broth 
with 20mH glucose was added and the cells incubated at 37°C 
for an hour with moderate agitation. Known volumes of the cell 

dilution were then plated onto tetracycline agar plates.

4.2.09 Plating and replica plating.
Agar plates were prepared by autoclaving L agar (1% bacto 
tryptone; 0.5% bacto yeast extract; 1.5% bacto agar; 1% ffaCl) 
and allowing it to cool to 45°C. Antibiotics were added from 
stocks (prepared as in Appendix C) to 50/ig/ml ampicillin or 
12.5pg/ml tetracycline, when the agar was cool. It was then 
poured into pre-sterilized agar plates from Sterilin, allowed 
to set and dried inverted for 10-15 minutes in a sterile 
cabinet. Known volumes of cell suspension were aliquoted into 
the centre of the plate and spread with a glass rod, 

sterilized alternately in ethanol and flame. The plates were 

Incubated at 37°C in an inverted position in the dark.
Colonies so produced were transferred using sterile toothpicks 
to known positions on tetracycline plates by using a template. 

The tetracycline resistant colonies were then transferred to 
the same positions on ampicillin plates to test for ampicillin 
susceptibility.
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4.2.10 Tailing, annealing and cloning the cDIA.

Once the optimal tailing time had been determined it was 

passible to tail the rest of the cDIA. This was performed as 
described in section 4.2.06 but scaled up to encompass the 
total cDMA present. The annealing of the optimally tailed cDIA 
was performed at the optimum cDVA:plasmid ratio as determined 
in section 4.2.07. The annealings were transformed into 

competent cells prepared by the method of Hanahan (1985) 
■frozen storage, protocol 3', and plated onto tetracycline as 
described above in section 4.2.09. Those colonies found to be 

resistant to tetracycline were replica plated onto ampicillin 
as described. Those clones found to be tetracycline resistant 
and ampicillin susceptible were identified as recombinants.

4.2.11 Storage of cDIA clones.

Clones were stored on tetracycline L-agar plates at 4°C. The 
cells were transferred to fresh plates once every two weeks or 
so. Ripening specific clones were stored at -80°C in 20% w/v 
glycerol in L-broth.

4.2.12 Colony Hybridization.

The method used was taken from Hanahan and Xeselson (1983).

(i) Preparation of filters.
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Colonies were transferred to nitrocellulose filters lying on 
fresh tetracycline agar plates using sterilized toothpicks. 

The filters were marked with a grid that corresponded with the

template used to define the positions of the colonies on their
/

original plates. The filters were grown for about 5 hours at 
37°C until the colonies were visible.

The filters were treated to lyse the cells and denature their 
DKA. Pads of Vhatman 3KM paper was soaked in the relevant 
solutions and the filters laid gently on top of the pad. In 
this way the filters were soaked in 0.50K KaOH for 10 minutes, 
blotted dry, and soaked in fresh 0.05M KaOH for 10 minutes. 
They were then neutralized by soaking in IK Tris-HCl pH 8.0 
for 10 minutes, followed by IK Tris-HCl pH 8.0/1.50K JfaCl for 
10 minutes. The filters were then briefly air dried and baked 
in a vacuum oven at 70°C for 2 hours.

(ii) Preparation of the cDITA probe.

cMA was prepared as described in sections 4.2.03 and 4.2.04. 

1.0/ig of green fruit cDHA and 1.0/ig of red fruit cDKA were 
subjected to the nick translation procedure, which was that 

recommended by Amersham. To 20pl of cDHA in sterile pure water 
were added the following, 20/il of buffer/nucleotide solution, 

4/il of C32P]a-dCTP, 10pl of enzyme solution (DHase 1 and DKA 
polymerase 1) and 46/il of water to a final volume of lOO/il. 
Two 2pl samples were taken to estimate the total and 
background counts as in section 4.2.03 (iii), and at the end
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of the reaction a 2jil sample was taken to estimate the 
incorporated counts. The reaction was incubated at 15°C for 1 
hour. 40|il of 0.50K EDTA was added to halt the reaction. The 
labelled DBA was ethanol precipitated as described in section
4.2.03 (iv), and the final pellet was resuspended in 300pl of 
TE pH 8.0 and stored briefly at 4°C. Of the 300/il only lOOjil 

was used in the hybridization reaction.

The lOO/il aliquot was treated with lO/il of 1.0X BaOH for 2 
minutes at room temperature to denature the probe DBA, 
followed by lOpl of 1.0M Tris-HCl pH 8.0 and lOpl of 1.0M HC1. 
The denatured neutralized probe was then added to the 
hybridization solution and the pre-hybridized filters.

(iii) Pre-hybridization of the filters.
The filters were pre-hybridized to block non-specific sites. 
They were incubated in pre-hybridization solution for 2 hours, 
with moderate shaking at 42°C. The pre-hybridization solution 
contained 50% deionized formamide, 5 x Denhardt's solution, 5 

x SSPE buffer, 1% glycine and 50pg/ml salmon sperm DBA. 
Formamide was prepared by stirring with several changes of a 

mixed bed resin (Dowex) and filtering into covered bottles to
be stored at -20°C. 50 x Denhardt's solution was made by

/

dissolving 5g of Ficoll, 5g of polyvinylpyrrolidone and 5g of 
BSA in 500ml of water. The solution was filtered and stored in 
aliquots at -20°C. 20 x SSPE buffer was made by dissolving 
17.4g of BaCl, 2.76g of BaH*PCU.H20 and 0.74g of EDTA in a
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final volume of 100ml of water. The pH was adjusted to 7.4 
with HaOH. The solution was sterilized by autoclaving and 
stored at -20°C in aliquots.

2.5ml of pre-hybridization solution was used per filter, and 

each filter was sealed into a separate polythene bag.

(iv) Hybridization.
The pre-hybridization solution was squeezed out of the bags 
and hybridization solution was added. Hybridization solution 
consisted of 62.5% deionized formamide, 5 x SSPE, 1.25 x 
Denhardt's solution, 0.2% SDS and 0.25mg/ml salmon sperm DFA, 
the formamide, SSPE and Denhardt's solution prepared as 
described in section 4.2.12 (ill). The probe was treated as 
described in section 4.2.12 (ii) and added to the 
hybridization solution. The filters were incubated in this 
solution for 12 hours with moderate shaking at 42°C.

(v) Washing the filters.
i

The (radioactive) hybridization solution was carefully
transferred to sterile bottles and stored at -20°C in case it
was needed again. The filters were washed at room temperature

h'q)K
with vigorous shaking in a high salt (. ' stringency) wash (2
x SSC buffer; 0.1% SDS). SSC buffer consisted of 0.15K 
IfaCl/15mlC sodium citrate, to pH 7.0 with HC1 and autoclaved to 
sterilize. 4 washes were performed, for 5 minutes per wash. 
The washed filters were carefully blotted dry and mounted on
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Whatman 3MM. They were marked with radioactive ink and a nick 
and wrapped in cling film. They were then placed under an X- 
ray film in an autoradiograph cassette and left at -70°C to 
develop.

(vi) Developing the autoradiographs.
The autoradiographs were developed as described in section 
3.2.15 (iii), that is they had 5 minutes in developer and 3 

minutes in fixative, were rinsed in distilled water and air 
dried.

4.2.13 Minipreparations of ripening specific clones.

(i) Isolation of plasmid DMA.
Colonies were chosen that demonstrated stronger hybridization 
with the red probe than with the green. These colonies were 

thought likely to contain inserts representing red fruit 
specific RMA. Of the 500 recombinants screened 18 were judged 
to be ripening specific on the basis of their relative 

hybridization to the red probe. These cell lines were grown up 

and mini preparations were made of them to enable the inserts 

to be looked at more closely. The method of making minipreps 
was that recommended by Dr C. M. Lazarus of Bristol University. 
10ml of L-broth containing 12.5pg/ml tetracycline was 

inoculated with each of the clones of interest, by taking a 
scrape with a sterile toothpick. The 10ml overnight was grown 
at 37°C, shaking, overnight. The cultures were centrifuged at
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4,000 r.p.m. in a Sorval 8x50ml head, and the pellet drained 
and resuspended in 50pl of sucrose buffer (25% sucrose; 50mH 
Tris-HCl pH 8.0). 25pl of freshly m d e  20mg/ml lysozyme/lOmM 
Tris-HCl, pH 8.0 was added, the tubes flicked to mix the 

enzyme, and then left on ice for 5 minutes. 63pl of 0.2H EDTA 
pH 8.0 was added and the tubes left for a further 5 minutes on 
ice. 163pl of Triton lysis buffer (0.1% Triton x 100; 50mM 
Tris-HCl pH 8.0; 65mH EDTA) was added and the cells left for 

15 minutes on ice. The cell suspension was then frozen in dry 
ice, allowed to thaw, and centrifuged at top speed in a 
microfuge. The supernatant was drawn off from the sludge 
constituting the lysed cells and transferred to a fresh tube. 

The DBA solution was then phenol extracted as described for 
cDBA in section 4.2.03 (iv) and ethanol precipitated as also 
described in that section.

(ii) Digestion of the recombinant plasmid.
Digestions were set up in siliconized sterile eppendorf tubes. 
The DBA was dissolved in water so that no buffer constituents 
would interfere with the digestion. In general digestions were

performed in final volumes of lOpl, and contained the DBA (in
/

water), lpl of 10 x core buffer (500pg/ml BSA; 500mK BaCl; 
500mH Tris-HCl pH 8.0; lOOmM HgCl2; lOmM DTT) and a suitable 
quantity of enzyme (1U of enzyme is defined as sufficient to 

digest lpg of DBA in 1 hour), made to the final volume with 
sterile pure water. The digestions were Incubated at 37°C for 
up to 3 hours. The reactions were stopped by heat denaturing



the enzyme at 65°C or by freezing at -20°C, or by loading 
straight onto a gel.

(iii) Gel electrophoresis of minipreps.
1.1% w/v agarose gels were made in 1 x TBE buffer (0.089K 
Tris-borate; 0.089X boric acid; 0.002M EDTA) and the digested 
miniprep DBA was run alongside a X-DBA marker, digested with 

Hisdlll and BcdRl (as described in section 4.2.13 (ii) ) and 
both native pBR322 and native undigested miniprep DBA. This 
was so that the insert size could be accurately gauged, and to 
check that the insert was actually a result of digestion and 
not a constant artifact in the DBA. The digested DBA was mixed 
with 6 x loading buffer (0.25% bromophenol blue, 40% w/v 
sucrose). The whole sample was generally loaded into the well 
and the gels were run at 60mA until the dye had reached about 
a third of the way down the gel. Gels were stained by adding a 
few drops of lOmg/ml ethidium bromide to the running buffer 
and leaving for 15 minutes, and destalned for about 5 minutes 
in distilled water. The gels were then viewed on a UV light 
box and photographed using a polaroid land camera and a 

Polaroid 665 black and white film.

4.2.14 Maxipreparations of ripening specific clones.

Four clones were judged to be of sufficient size to be worth 
subjecting to a maxiprep procedure. These clones were grown up 
in a 10ml overnight as described for the miniprep procedure in
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section 4.2.13 (1), and a 1ml Inoculum used to start 11
cultures grown In 21 flasks with 12.5pg/ml tetracycline. The 

cultures were grown at 37°C with hard shaking until the O D g o o  

of the culture was- 0.8, measured against an L-broth blank. 

150pg of chloramphenicol, and 4g of glucose were added and the 

cultures allowed to shake overnight, for an optimum of 16 to 
18 hours. The cultures were centrifuged at 5,000 r.p.m. for 10 
minutes In a pre-chilied Sorval 300ml angle rotor at 4°C. The 
pellet of cells was scraped out of the 300ml bucket and

transferred to a Sorval 50ml tube. The 300ml tube was rinsed
with 4ml of 10% sucrose/2mM hgClss and this rinse was
transferred to the 50ml tube. The cell suspension was vortexed 
until the cells' were uniformly resuspended leaving no lumps. 
The cells were then chilled on ice. 0.7ml of freshly made up 

lOmg/ml lysozyme/lOnilC Tris-HCl pH 8.35 was added and mixed by 
shaking (not whirlymlxing). The tubes were left for 5 minutes 
on Ice, 0.5ml of 0.5H EDTA was added and then they were left a 
further 5 minutes. 6ml of Triton buffer was added (0.5% Triton 
x 100; 62.5mJC EDTA; 50mK Tris-HCl pH 8.35), mixed by

inverting, and the cultures left on ice for 20 minutes and 
mixed by inverting every 5 minutes. The lysed cell debris was 

pelleted by centrifuging in a Sorval 8x50ml rotor at top speed 

for 10 minutes at 4°C. The supernatant was decanted into pre
weighed universal bottles and for each gram of supernatant lg 
of CsCl was added and 0.1ml of lOmg/ml ethidlum bromide. This 
solution was shaken to dissolve the salt, and left to stand 
for 1 hour at 4°C. It was centrifuged briefly (5 minutes) in a
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bench centrifuge to pellet solid material, and the liquid 

phase collected and filtered if necessary. The liquid phase 
was put into a Beckman quick seal 5ml tube and centrifuged at
50,000 r.p. m. in a Beckman Vti65 rotor, at 10°C, for 16 hours 
or more. The lower band was collected by cutting the top off 
of the tube and puncturing the side of the tube with a syringe 
as described in section 3.2.04 (ii). CsCl was removed from the 
plasmid band by centrifuging through a 0.22pm membrane using 
an AmLcon Concentricon, and repeatedly rinsing with sterile TE 

pH 8.0. Ethidlum bromide was removed from the sample by 
extracting several times with lsoamylalcohol. The final 
aqueous phase was ethanol precipitated by adding 0.1 volumes 
of 3H sodium acetate and 6 volumes of ethanol, and kept 
overnight at -20°C. The DHA was centrifuged at 10,000g for 30 
minutes at 4°C. The pellet was vacuum dried, resuspended in 
pure sterile water, and stored at -80°C,

4.2.15 Extraction of insert.

JCaxiprep DHA was digested with Pstl as described in section
4.2.13 (11). The digest was run on a gel as described In 

section 4.2.13 (iii). Inserts were collected on prepared HA45 
paper as previously described for cDHA in section 4.2.05. The 
DHA on the paper was eluted as described in that section and 
the ethidlum bromide removed as described above in section
4.2.14.

-157-



4.2.16 Hybridization of inserts against green and red fruit 
RHA.

Total fruit RHA was extracted using the non frozen 
phenol/choloroform method described in section 3.2.06. The RHA 

was selected by oligo(dT) cellulose chromatography as in 
section 3.2.13 and subjected to denaturing gel electrophoresis 
as described in section 3.2.11. The gel consisted of two sets 
of three tracks, red A+ RHA, green A+ RHA and THV RHA. This 

was so that two identical filters could be made, each 
containing red and green A+ RHAs and a control track of TMV 
RHA.

(i) Preparation of the RHA filters.
A shallow tray was set up containing a low level of buffer (3K 
HaCl; 0.3X sodium citrate). Into this buffer was placed a 
stack of sterile Vhatman 3XK paper, so that the buffer soaked 

through. The gel was placed on this stack and a piece of 
nitrocellulose paper placed on the gel. A further stack of 

Vhatman 3J0C was added, followed by a wad of dry material
(disposable nappies) and a heavy weight. The RHA was left to

$
transfer to the nitrocellulose by capillary action overnight 
at room temperature. Care was taken to ensure that the dry 
material above the gel did not come into contact with the wet 
material below the gel, so the buffer could not bypass the 
gel. All buffers and materials coming into contact with the
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RBA were sterile. The method is that recommended by Hatfield 
Polytechnic (Biicleic Acids Workshop).

(ii) Preparation of the probes by end-labelling.
The following reaction was set up in a siliconized eppendorf 

on ice: lOpl of insert DBTA, lOpl of [32P]Y_dATP (5/iCi), 5pl of 
10 x kinase buffer (0.5X Tris-HCl, pH 7.6, 0. IM HgClz, 50mM 
DTT, ImH spermidine, lmlC EDTA), lpl of T4 polynucleotide 
kinase, to 50pl with pure sterile water. The reaction was 
incubated at 37°C for 30 minutes, and stopped by adding 
ammonium acetate to 0.3X. The labelled DHA was ethanol 
precipitated, and finally resuspended in 50pl of pure water. 
The specific activity of the probes was calculated by taking a 
2pl sample at time zero and at the end of the reaction and 

allowing then to be absorbed onto a DE-81 filter. The filters 
were subjected to 6 washes of 5 minutes each in 0.5X HassHPChi, 
2 washes of 1 minute each in water and 2 washes of 1 minute 

each in 95% ethanol. The discs were then dried and put with 
3ml of optiphase scintillant, and counted in a Packard 
scintillation counter. The total counts were estimated by 
counting an unwashed disc. When the filters were ready for the 

hybridization step the probes were denatured by heating to 
100°C for 15 minutes and added into the hybridization buffer.

(iii) Pre-hybridization of the filters.
The method was taken from Thomas (1980). The nitrocellulose 
filters were baked in a vacuum oven at 80°C for 2 hours. They
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were then incubated in pre-hybridization buffer (50% deionized 
formamide; 5 x SSC; 50mK sodium phosphate pH 6.5; 250pg/ml 
denatured salmon sperm DHA; 0.02% BSA: 0.02% Flcoll; 0.02%
polyvinylpyrrolidone) for 15 hours at 42°C with moderate 
shaking. The formamide and SSC buffer were prepared as 
described in section 4.2.12 (iii).

(iv) Hybridization of the filters.
The denatured probes were added to hybridization buffer (4 
parts pre-hybridization buffer and 1 part 50% dextran 
sulphate) which in turn was added to the filters. The filters 
were hybridized for 20 hours at 42°C, with moderate shaking.

(v) Washing the filters.
The filters were subjected to a low stringency (high salt) 
wash. The high stringency wash recommended by Thomas (1980) 
was left out. The filters were washed 4 times, each of 5 
minutes duration in 2 x SSC/0.1% SDS. The filters were then 
air-dried and wrapped in cling film, before being placed under 
an I-ray film and left at -70°C in an autoradiograph cassette.

(vi) Developing the autoradiograph.
The autoradiograph was developed as previously described in 
section 3.2.15 (iii). The film was left to expose for 2 weeks 

due to the low specific activity of the probes.
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4.3.00 Results and Discussion.

Previous work (chapters 2 and 3) has shown dramatic 
alterations in the pigmentation, ultrastructure, protein 

population, and nftXA papulation of pepper fruit as they 

develop from unripe to ripe. My objectives, however, were 
not only to demonstrate that changes do occur, but to probe 
how and why they occur. These investigations were to be
conducted using a ripe fruit derived cDHA library. The 
rationale was to create double stranded cDHA from a ripe 
fruit mSXA population, and use the cDIA Inserted into a 
plasmid, to transform competent E.cali cells. Transformants 
and recombinants were to be selected by. methods suitable for 
the system used, and the recombinant cDXA library screened 
in duplicate with either red or green fruit derived labelled 
cDXA. The screening procedure should reveal clones that 
hybridized preferentially to the red fruit derived probe, 
and so allow selection of ripe fruit associated Inserts.

The system finally adapted for the selection of pepper fruit
cDVAs was vector pBR322 and host E.coll strain HB101. 

Homopolymer tailed cDXA was annealed into tailed pBR322 at 
the PstI site in the ampicillin resistance gene of pBR322. 
Tetracycline resistance was initially used to select
transformants, and ampicillin sensitivity used to select for 

recombinants. Recombinant colonies were grown on
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nitrocellulose filters, the cells lysed, and the DHA 
denatured and fixed. Duplicate filters were screened with 

red or green fruit derived labelled cDHA* and those colonies 
hybridizing more strongly to the red fruit specific cDHA 

were interpreted as representing ripe fruit associated 
sequences. Similar strategies have been used in the 

establishment of a ripening associated avocado cDHA library, 
in experiments designed to study the expression of the 
cellulase gene (Christoffersen et al., 1984). A tomato 
ripening associated library designed to study the expression 
of polygalacturonase was also established in a similar way 
to the methods described in this work (Slater et al., 1985); 
also the establishment of a library to study non-specific 
ripening-related sequences (Kansson et al., 1985). The 
identification of specific cDHAs such as those coding for 
cellulase and polygalacturonase was carried out using

Hi
electrophoretic comparison of the hybrid release in vitro 

translated product with the purified native protein, and 
immunoprecipitation of the clone in vitro translation 

product with previously raised antisera.

4.3.01 cDHA synthesis.

The method of making cDHA from intact, biologically active 

mRHA was that recommended by Dr J. Beeching, University of 
Bath. Prior to cDHA synthesis it is passible to enrich for 

particular RHAs. This could have been done by loading At RHA
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on a sucrose gradient to fractionate according to sizey and 
translating, in vitro, fractions from the gradient. The 

fractions that gave products of a ripening associated nature 
could be pooled, and ripening specific messages thereby 
enriched. The problem with this approach is the quantity of 
A+ EVA required, which is at least 100 pg. Pepper tissue 

yields about 10 pg of total ESA per g fresh weight, 
therefore extractions of 1000 g of fruit tissue would have 
to be performed to produce sufficient ESA for one sucrose 
gradient. Enrichment of a particular ESA species is only 

necessary if the ESA is degraded or the message rare, 
neither of which applied to this work.. The method used to 
synthesize cDVA was that developed by Gubler and Hoffman 
(1983) from an earlier method developed by Okayama and Berg 
(1982). First strand synthesis was primed by addition of a 
short oligo (dT) primer to the poly At ESA, and a 
complementary strand of DVA was synthesized by avian 
myeloblastosis virus (AXV) reverse transcriptase. The 

synthesis of the primary strand was followed by measuring 
the incorporation, of 32PCdCTP] as described in section 
4.2.03 (iii). Synthesis of the second strand was mediated by 

E.coli EVase H, which preferentially degrades or 'nicks' the 

EVA strand of the DVA-EVA hybrid. DVA polymerase I then 
synthesizes DVA at the sites of the nicks in a 5* to 3' 
direction. This method eliminates the need for SI nuclease 
digestion of the single stranded hairpin loop, previously 

used to prime synthesis of the second strand, which resulted
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in loss of cDHA. The double stranded cDNA resulted from the 
RHase H mediated method is blunt at one end, but may have a 

short 31 overhang at the other:

3*____________________________ 5'
5 ' m T r ___________________________ 3'

Figure 1 shows a calculation of the quantity of pepper cDVA 
made using this method. Several attempts were made to
synthesize cDIA which were Initially unsuccessful. The 
problems primarily lay with impure or degraded RJA, and much 
work had to be done to overcome this, and improve RBA
quality. Initial attempts at cDIA synthesis were made using 
a cDHA synthesis kit from P and S Biochemicals Ltd, which 
also used the RBase H mediated second strand synthesis. A 
system using pUC8 and E.coll strain KC1022 was 
characterized, but abandoned due to expense and lack of 
success. I decided to follow Dr J.Beeching's protocol, as it 

was more detailed than most other methods available, and 
more economical in terms of materials.

4.3.02 Size selection of cDIA.

Size selection of cDVA is shown in Figure 2. The cDVA was
size selected to eliminate molecules too small to be of
interest. Short molecules seem to be generated during cDHA 

synthesis, possibly primed by RJA fragments (Heidecker,
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Figure 1. Calculation of [total cDIA] made,, using the TCA 
precipitated samples from the primary strand synthesis 
reaction.

B = Background counts = 915 c.p.m.
I = Incorporated counts = 7647 c.p.m. 
T = Total counts = 722056 c.p.m.

The final proportion of label incorporated is;

(I-B) = (7649-915) = 9.3 z 10~3 = 0.9% incorporation
(T-B) (722056-915)

dCTP is at a concentration of 1.25 mM, in a volume of 43 pi;

Total moles of dCTP = 1.25 xl0~3 x 43 = 5.37 x 10~e
1 x 10®

Of which 0.9% is made into cDVA;

0.9%(5.37 x 10“e) = 4.77 x 10“10

This represents M of the number of bases, of approximate 
molecular weight 375, and is for one strand only.

Total cDIA = 4.77 x 10-10 x 4 x 375 x 2 = 1.43 x 10-® g
= 1.43 jig (approx)

This represents approximately 20% incorporation.
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Figure 2. Size selection of cDIA.

cDNA cDNA

Figure 2. cDFA was run on a 1.1* agarose minlgel alongside a 

marker (m) of HindllI-J5cbRI digested XDSA (part a). Vhen the 

marker sizes became distinguishable the gel was lifted from 

the tank (with the current turned off), a slit made at the 

appropriate size in the cDFA track and the treated IA45 

paper inserted (part b, arrow). The gel was returned to the 

tank and electrophoresis continued in the same direction as 

before. The cDBTA was allowed to run into the paper where it 

collected in a band visible in UV light, diagrammed in part 

c (arrow). The cDHA was purified from the JA45 paper as 

described in section 4.2.05.
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Figure 3. Empirical optimization of the tailing reaction.
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Figure 3. cDHA was tailed as in section 4.2.06, and 2 pi 
samples taken at regular intervals (e.g. 0, 5, 10, and 15 
min) during the tailing reaction. These samples were 
annealed to a constant 15 ng of dG-tailed plasmid and the 
annealings used to transform aliquots of competent cells. An 
aliquot of the transformed cells was plated onto 
tetracycline agar and the number of tet resistant colonies 
counted. The time point which yielded the highest number of 
resistant colonies was judged to be the most suitable, in 
terms of number of tails added. This time of tailing was 
used in the scaled up tailing reaction. Part a shows the 
increase in c.p.m. of 2 pi samples taken at various time- 
points during the experiment, and part b shows the average 
number of resistant colonies produced by annealing and 
transformation of each time-point sample. The most colonies 
were produced at a tailing time of 5 min. n = 4 for part b.

-167-



Figure 4. Empirical optimization of the annealing reaction.

C.M

8

6

4

2

Figure 4. In order to ascertain the optimal ratio of cDIA to 

dG-tailed plasmid, variable amounts of cDIA were annealed to 

a constant 15 ng of plasmid. Analysis was by counting the 

number of colony forming units (c.f.u.) produced from each 

annealing reaction, after transforming competent cells. The 

annealing was carried out as described in section 4.2.08. 

The figure shows the results of one experiment. The optimal 

ratio was taken to be 0.8:1, approximately 1.1, when the 

total DBA in the reaction volume of 30 pi is 55 ng.
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1983). Radioactive double stranded cDIA was run on a 1% 
agarose gel alongside a J7indIII-£coRI digested XDIA marker. 

When the marker sizes became apparent, treated JTA45 paper 
was Inserted Into the gel to pick up the cDIA of over a 

minimum size of interest (500 bp). The method Is described 
in section 4.2.05. Overall this method of size selection 

seemed very simple and successful, although occasionally 
problems were experienced with the removal of DIA from the 
paper. A passible problem with, this technique is that 
agarose contamination can prevent ligation of DIA into 
plasmids (J.Cavell, personal communication). It may have 
been better to size select the cDVA by a different method, 
which did not involve agarose, e.g. a glycerol gradient.

4.3.03 Tailing and transformation.

DIA thus sized was treated with butan-^l-ol to remove 
ethidium bromide, precipitated, re-dissolved, and subjected 

to a tailing reaction as described in section 4.2.06. Figure 

3A shows the incorporation of radioactivity into a constant 
amount of precipitated cDIA as reaction time increases. The 
enzyme used to tall the cDIA was calf thymus terminal 
transferase, which adds dHTPs to a free 3* hydroxyl group.

3' CCCCCCC__________________ 5'
5'_______________________  CCCCCCC 3'
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The tailed cDIA was then annealed to commercially obtained 
dG-tailed pBE322. The plasndd had been linearized with Pstl 

and the tails added to the 3' strands at the break. This 
annealed plasmld-cDIA’hybrid was used to transform competent 
E.coll strain HB101. The transformation procedure was 
analysed as presented In Appendix D. The optimum procedure 

for our laboratory, using our water and reagents was 
determined, and used in these experiments. The concentration 
of DIA in an annealing reaction Is adjusted to promote re- 
circularlzation of hybrid plasmids rather than the formation 
of concatemers (Heidecker, 1983). The optimum annealing 
concentration of DIA In this work was determined empirically 
by maximizing the number of transformants. Controls of 
annealed dG-talled plasmid only, and no DIA were also 

transformed to assess re-clrcu1ar1zat1on of the tailed 
plasmid to Itself and to. monitor the antibiotic sensitivity 
of the cells. Bath these controls routinely gave no 

transformants. Repair of the annealed plasmid within the 

cell leads to regeneration of a Pstl site on either side of 
the inserted cDIA (Xaniatis et al.t 1982). Figure 3B shows 
the number of colonies obtained from annealing a constant 
amount of tailed cDIA to 15 ng of tailed plasmid, and 

transforming the standard aliquot of 200 pi of competent 
cells. The number of resistant colonies was low, and it was 
thought this was due to the fairly rigorous size selection 
of cDIA. In retrospect the numbers obtained were much too 
low, and passible reasons for this Include agarose
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contamination of cDIA interfering with the annealing and

transformation reactions, or use of a Peed- strain of

E.coli, rather than a RecA+ strain (Peacock et al., 1981). 
This is discussed more fully later. Figure 4 shows the next 
stage of optimization, which Involved an empirical analysis 
of the optimal plasmid:cD&A ratio, again determined by 

counting transformant colonies. The optimal plasmid:cDVA
ratio was found to be approximately 1:1 from this

/experiment.

4.3.04 Selection of recombinant clones.

Scaled up tailing and annealing reactions were set up using 
the optimal conditions determined previously, .. with the rest 
of the size selected cDIA. Resistant colonies were 
transferred to numbered positions on a tetracycline plate, 
using sterile toothpicks. A diagram of the grid used to
identify each colony is shown in Figure 5. The positions
were duplicated to amplcillln plates, . and susceptible 
colonies were transferred to a master plate. About 500 
tetRamp8 recombinant colonies were produced, and these 

constituted the pepper cDFA library used in subsequent 
manipulations. A criticism of the way the library was 

obtained is that it was obtained in 'stages' from the 
experiments designed to optimize the reactions, as well as 
from the final scaled up tailing, .annealing and 

transformation reaction. This method of acquiring
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recombinant clones may produce a library not representative 
of the cDIA population available. At each stage, certain 

sequences may be more likely to clone successfully, and by 
performing several low yielding cloning procedures, it is 
possible that there will be selection for this limited 
number of sequences (Dr P.Towner, personal communication). 
Selection for such sequences would occur in any method of 
cloning, but inefficient, low yielding cloning procedures 
would probably emphasize the presence of these sequences in 
a final library.

4.3.05 Screening the library for ripening related clones.

The strategy used to screen the library was one adapted for 
selection of abundant messages (Kanlatis et al., 1982). 
Analysis of protein and ESA papulation changes during 
ripening revealed several ripening associated products 
(approximately 40% of the major protein products identified 

by SDS-PAGE were found to be ripening associated). I was not 
searching for a particular message, but for a group of 
fairly abundant messages, and therefore felt that a 
differential screening strategy was likely to be productive. 

The method used was that described by Grunstein and Hogness 
(1975). Colonies were grown on Millipore nitrocellulose HATF 
filters as recommended by Hanahan and Xeselson (1980, 1983) 
in the presence of tetracycline. Growth was continued 

overnight and then the cells lysed and the DIA denatured and
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Figure 5. Transfer of tetracycline resistant, ampicillin 

sensitive colonies to a grid position on a master plate.

Figure 5. Clones were transferred using sterile toothpicks 

to a specific grid position. The orientation of the grid was 

maintained by making a nick at the top right hand 'corner* 

and a different cut at the top left hand 'corner*. The 

diagram shows the grid used. Plates were named 

alphabetically and the colonies numbered 1 to 52. Thus any 

clone had a letter and numerical designation, e.g. H28, A24.

19 20 21 22 23 24 25 26

27 28 29 30 31 32 33 34
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Figure 6. Calculation of the specific activities of the red 
and green ds cDVA probes.

cDVA was nade as previously described in section 4.2.03, and 
the quantity of cDIA calculated as in Figure 1. 1 pg each of 
red and green cDVA was nick translated as described in 
section 4.2.12 <11). '

For the green cDVA;
B = Background = 12477 c.p.m.
I = Incorporated = 126347 c.p.m.
T = Total = 200204 c.p.m.

Percentage incorporation = (I-B) = 115870 = 0.617
(T-B) 187727

= 61.71 incorporation
Specific Activity;
In 2 pi there are 126347 counts, therefore in 100 pi <1 pg) 
there are 6417350.
i.e. 6.4 x 106 c.p.m./pg.

For the red cDIA;
B = 2956 c.p.m.
I = 57109 c.p.m.
T = 263999 c.p.m.
Percentage incorporation = (I-B) = 54153 = 0.207

(T-B) 261043
= 21% incorporation

Specific Activity;
In 2 pi, 57109 c.p.m.
In 100 pi (1 pg), 2855450 c.p.m.
i.e. 2.8 z 10s c.p.m./pg.
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Figure 7. Colony hybridization of ripe fruit cDIA-containing 
clones with labelled red and green cDIA.
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Figure 7. Recombinant colonies were grown on filters as 
described, and treated to lyse the cells and denature and 
fix the DIA to the filter (section 4.2.12). Duplicate 
filters of each plate were then incubated with either red or 
green labelled cDIA, the excess label washed off and the 
filter exposed to Kodak X-ray film. Plates were labelled A 
to H, with R indicating a red probe and G indicating a 
green. By comparing the red and green hybridization 
intensities of each colony, it is passible to pick out 
colonies that hybridize to the red cDIA only, and so 
possibly contain ripe fruit specific cDIAs. Each colony was 
identified according to its grid position as outlined in 
Figure 5. In all 18 colonies were found to hybridize only, 
or strongly, to the red.

Figure 8. Minipreparations of clones hybridizing to the red 
cDIA.

A 1 2 3 4 5 6 7

Figure 8. Minipreparations of all red hybridizing clones 
were made as described in section 4.2.13, digested with Pstl 
and run on 1.1% agarose gels, alongside a Hlndlll-EcdRI 
digested XDIA marker, and both native and linearised pBR322. 
(A) Lanes are as follows: 1, digested H28; 2, native 1128; 3, 
digested A24, showing an insert at about 2 kb (arrow); 4, 
native A24; 5, linearised pBR322; 6, native pBR322; 7, 
FindIII-J?criRI digested XDIA. (B) Lanes are as follows: 1, 
digested H28, showing insert at about 2 kb (arrow); 2, 
native H28; 3-8, alternately digested and native recombinant 
plasmids that have no apparent insert; 9, JJindlll-JS'ccRI 
digested XDIA (bands are: 21.8; 5.24; 5.05; 4.21; 3.41;
1.98; 1.90; 1.71; 1.32; 0.93; 0.84; 0.58 kb from the top.
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Figure 7. Recombinant colonies were grown on filters as 
described, and treated to lyse the cells and denature and 
fix the DIA to the filter (section 4.2.12). Duplicate 
filters of each plate were then incubated with either red or 
green labelled cDIA, the excess label washed off and the 
filter exposed to Kodak X-ray film. Plates were labelled A 
to H, with R indicating a red probe and G indicating a 
green. By comparing the red and green hybridization 
intensities of each colony, it is possible to pick out 
colonies that hybridize to the red cDIA only, and so 
possibly contain ripe fruit specific cDIAs. Each colony was 
identified according to its grid position as outlined in 
Figure 5. In all 18 colonies were found to hybridize only, 
or strongly, to the red.

Figure 8. Minipreparations of clones hybridizing to the red 
cDIA.

A

-

Figure 8. Minipreparations of all red hybridizing clones 
were made as described in section 4.2.13, digested with Pstl 
and run on 1.1% agarose gels, alongside a Mndlll-EcdRI 
digested XDIA marker, and both native and linearised pBR322. 
(A) Lanes are as follows: 1, digested H28; 2, native H28; 3, 
digested A24, showing an insert at about 2 kb (arrow); 4, 
native A24; 5, linearised pBR322; 6, native pBR322; 7, 
Pindlll-PcoRI digested XDIA. (B) Lanes are as follows: 1, 
digested H28, showing insert at about 2 kb (arrow); 2, 
native H28; 3-8, alternately digested and native recombinant 
plasmids that have no apparent insert; 9, Hindlll-BcdRI 
digested XDIA (bands are: 21.8; 5.24; 5.05; 4.21; 3.41;
1.98; 1.90; 1.71; 1.32; 0.93; 0.84; 0.58 kb from the top.
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fixed to the filter. Double stranded cDVAs derived from red 

and green fruit were labelled by nick translation as 
described in section'4.2,12 (11) (Kaniatls et al., 1982). A 
calculation of probe specific activity is given in Figure 6. 
cDVA probes were not size selected on agarose prior to 

labelling as agarose inhibits the nick translation reaction 
(Xanlatis et al,t 1982). Pre-hybridization to block non
specific sites was performed as described in section 4.2.12
(iii). The results of the colony hybridization are given in 
Figure 7. From these results it was passible to select 
several clones which show Increased hybridization to the red 
fruit derived probe. All clones showing such ripening 
relatedness were further analysed in terms of size of 

insert.

4.3.06 XInlpreparations of 'ripening* clones.

The method of minipreparation used is shown in section 
4.2.13 and was originally obtained from Dr C. H. Lazarus of 
Bristol University. Only two clones showed detectable
inserts, A24 and H28, shown in Figure 8. Discussion of why 

so few inserts were detected is included in section 4.3.09. 
The inserts obtained both consisted of two fragments 
released from the plasmid upon Pstl digestion, a larger
fragment of approximately 2 kb, and a smaller digestion
product of approximately 200 bp. The similar appearance of
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the digested inserts on the gel implies they may be similar 
in sequence.

4.3.07 Kaxipreparations of A24 and H28.

In order to gain sufficient cDIA for further experimentation 
the clones of interest were subjected to a. maxipreparation 
procedure( designed to greatly increase the amount of insert 
DIA. Clones of interest were grown up overnight in 10 ml of 
tetracycline L-broth, and 1 ml of this overnight culture 

used to Inoculate 1 litre of L-broth with 12.5 fig/ml 
tetracycline. The method eventually used Is described in 
section 4.2.14. Difficulty was encountered with one step of 
this method, namely lysis of the cells. Initially problems 
with lysis of the cells were addressed by altering the 
enzyme batch, which had no positive effect on the problem. 
Analysis of published methods revealed a variation in 
lysozyme concentration of 0.65 to 5.00 mg/ml, and a 
variation of detergent concentration of 0.66 to 2.50% (SDS). 
I decided to treat my cells with the highest recorded levels 
of enzyme and detergent, and there was no lysis. These cells 
were then boiled, and there was still no lysis. A personal 

communication from P.Valente of Bath University led to 
strict monitoring of the time the culture was allowed to 
grow prior to lysis. Apparently the older the cells are the 
thicker their walls are, and the more difficult they are to 

lyse. Different methods allow the cells to grow for
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different periods of time. The method recommended by 
Hatfield Polytechnic (Huclelc Acids Workshop) suggests 
allowing the cells to grow to stationary phase. Dr V. Bains 
of Bath University recommended harvesting the cells at an 
ODeoo of between 0.6 and 0.8. Xaniatis et al. (1982) gives 

an ODeoo of 0.4 for all methods given (boiling, alkali and 

SDS). The method finally adopted is given In section 4.2.14, 

and is that recommended by Dr V. Bains (Bath University), 
except that cell cultures were only allowed to grow to an 
ODeoo of 0.4. This was found to be effective, although the 
yield of insert DVA was low. Pstl digested plasmids obtained 
with this technique are shown in Figure 9. A factor which 
may have affected cell lysis is the type of growth medium, 
and this may have been a worthwhile alteration to make.

4.3.08 Horthem blotting of end-labelled insert DXA.

The small (approximately 200 bp) portion of each insert was 

collected and purified as previously described and end- 
labelled for use in a preliminary Vorthem blot experiment. 
The aims of the experiment were to establish the ripening 
related nature of the inserts, and to practise the method, 

which was taken from Thomas (1980). End-labelling the 3* 
overhangs was achieved using T4 polynucleotide kinase, which 
transfers *-32P[ dCTP] to the protruding single stranded 
termini.
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Figure 9. Maxipreparations of the clones of interest.

Figure 9. Clones of interest were grown up overnight as 

described for the mini prep procedure and 1 ml of these 

cultures used to inoculate 1 1 of broth. The maxiprep

procedure was carried out as described in section 4.2.14, 

involving growth in culture and CsCl/ethidium bromide 

centrifugation to purify the recombinant plasmids. An 

aliquot of the purified plasmid was digested with Pstl, and 

the digested plasmid run on a 1.1% agarose minigel as 

described for minipreparations. Inserts were extracted by 

running onto VA45 paper as described for mini preps. Lanes 

are as follows; 1, Pstl digested H28; 2, Pstl digested A24; 

3, Pstl digested pBR322; 4, Pindlll-PccRI digested XDIA

(bands as for Figure 8).
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Figure 10. Calculation of the specific activity of end- 
labelled insert DFA.

I = Incorporated = 571 c.p.m.
T = Total = 120960 c.p.m.
1 = 571 = 0.005 = 0.5% Incorporation
B 120960
Specific Activity = 571 c.p.m. x 50. pi

2
= 14275 c.p.m. (0.16 pg)
= 8.9 x 10“* c.p.m./pg

Figure 11. lorthern blotting of red and green fruit A+ RIA 
to end labelled cDHA probes.

TMV G

Figure 11. Total fruit RHA was extracted as described in 
section 3.2.06, selected by oligo (dT) cellulose 
chromatography, run on a 1.1% sterile agarose gel and 
transferred to nitrocellulose as described in section 
4.2.16. The filter was treated and pre-hybridized as 
described in that section, and hybridized to the labelled 
probe. The filters were then washed to remove excess probe, 
dried, and exposed under I-ray film for 2 weeks. The 
autoradiographs showed no hybridization, probably due to the 
low activity of the end labelled probes. Part a was 
hybridized to the snail insert of H28 and part b to the 
small insert of A24.
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G______________________ CTGCA 3*
3' ACGTC______________________ G

Labelled probes were used in the hybridization reaction
without prior separation of f-3:2P[dCTP] residues by passage 
through Sephadex G50. If hybridization had occurred, the 
presence of these free nucleotides m y  have obscured the 
pattern of hybridization by producing a high background 

signal. Interpretation would have been compromised by the 
presence of these nucleosides. Transfer of RHA to the 
nitrocellulose filters could have been monitored by staining 
the RHA with ethidium bromide, although this has been shown 
to reduce efficiency of transfer and would later have had to 
be omitted (Thoms, 1980). This preliminary Horthern blot 
has been included to show the direction that the work was 
taking, but represents a very preliminary stage in 
establishment of the technique. The specific activity of the 
end-labelled probes is shown in Figure 10, and is low (9 x 
10^ c.p.m./pg). An autoradiograph of each hybridized filter 
is shown in Figure 11. The experiment was unsuccessful, 

probably due to poor transfer of RHA from the gel and low 

specific activity of the 200 bp probes.
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4.3.09 'Loss1 of clones.

Further work with the ripening related cDBAs was truncated 
due to loss of Inserts from the plasmids. Xlnlpreparatlons 

of plasmids from stored bacteria (stored as described In 
Appendix C, section C.2.04) showed a dramatic drop and then 
a total absence of detectable insert DIA. A possible cause 
of insert loss, or lack of inserted cDBA initially, involves 
the RecA- nature of E.cali strain HB101. The RecA+ gene of 
E.cali codes for a product which promotes pairing of single 
stranded DBA with homologous duplex DBA (Old and Primrose, 
1985). Gene expression is induced by the presence of DBA 
damaging substances, such as nalidixic acid, which suggests 
that the gene is involved in DBA repair. Peacock et al.

(1981) showed that homopolymer tailed hybrid plasmids 
yielded 10-fold fewer recombinants when transformed into a 
RecA- strain, as compared with transformation in a RecA+ 

strain, and the RecA system is therefore implicated as 

important for the repair and maintenance of open circular 

hybrid molecules in E.cali cells (Xaniatls et al., 1982). 
This strongly suggests that the incorrect strain was chosen, 

as recipient for the homopolymer tailed hybrid plasmids, 

which would have had nicks in the DBA duplex, e.g. at the 
Pstl site. A more suitable strain would have had a RecA+ 
genotype, such as E.cali strain RR1.
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It is likely that cDVA was correctly synthesized and size 
selected, as demonstrated by the measurement of 

incorporation and the appearance of the cDITA on an agarose 
gel, respectively. Tailing of the cDVA was also demonstrable 
using the precipitable counts. Suspicion is therefore 
directed at the annealing procedure. Controls were operated 

during annealing reactions of dG-tailed plasmid only, and 
routinely gave zero recombinants, so it is unlikely that the 
plasmid was re-clrcularlzing with itself. The antibiotic 
sensitivity of the HB101 cells was not in question as they 

were tested regularly. The possibility is that no, or very 
few, cDIA molecules were annealed into the plasmids. Tailed 
cDIA was annealed to dG-tailed plasmids in the presence of 
unreacted dCTP nucleosides, and no attempt was made to 
separate the tailed cDHA. It is therefore passible that 
unreacted nucleosides hydrogen-bonded to the dG tails and 
the linear, blunt-ended plasmids then re-circularlzed. The 
hybrid plasmids so produced would have a short interruption 

in the ampicillin resistance gene consisting of a short G/C 

stretch of 15 to 20 nucleotides. Such plasmids would be 

selected as apparent recombinants. The two 'ripening 

related1 clones identified as having inserts (A24 and H28) 

could have contained genuine inserts which were then lost, 
perhaps as a result of the Fee A- cell genotype, or the 
inserts seen initially on gels of minipreparations of the 
clones, were artifactual.
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A further criticism must be applied to the technique of 
clone selection. Double stranded cDXA clones were nick 

translated in the presence of 32PC dCTP], and the labelled 
probes separated from the unreacted nucleosides by ethanol 
precipitation. The only labelled DXA entering the 

hybridization reaction was therefore labelled cDXA. If no 

cDXA inserts were present, this experiment should have 
revealed it. Instead of this the results appeared to show 
the presence of clones hybridizing to the red or green fruit 
derived probes. Xy suspicions should have been aroused when 

some clones appeared to hybridize more strongly to the green 
derived probe (bearing in mind that the library was derived

1

from ripe fruit), but it was believed that these clones 
represented messages expressed at a low level (but still 
present) in the red fruit, and at a higher level in the 
green fruit. It is probable that the hybridizations shown in 
Figure 7 represent varying levels of background 

hybridization. The autoradiographic response of colony 

hybridization appears to depend on the amount of DXA bound 
to the filter (Grunsteln and Vallis, 1979), and therefore 
the variation seen could be a function of varying levels of 
cellular DXA. A negative control of an untransformed HB101 
colony should have been included on each filter so that the 
level of background hybridization could be monitored. A 
better method of screening the library may have been to 
prepare minipreparations of each test colony, and perform 

dot blotting experiments rather than colony hybridization.
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In this way It would have been possible to standardize the 
amount of DVA fixed to the filters. The hybridization 

experiments were useful in that the technique was 
successfully performed, but the results obtained were 

probably not interpretable in terms of ripening specific 
sequences. In spite of the ultimate failure of the 
experiments, the system for establishing a cDIA library was 
largely set up in the laboratory. If the experiments were to 
be repeated the following improvements are suggested: use of 
a SecA+ strain of E.coli as the host cell; differential 
colony hybridization to select ripening clones, but with a 
suitable control colony to allow assessment of background 
hybridization, or dot blotting to colony derived minipreps 
as a method of screening; replica plating of colonies using 

a specially designed tool for replica plating them all at 
once, as opposed to individual transfer of colonies using 
sterile toothpicks, which is very time consuming and loads 
varying amounts of cells; and storage of the library in 
mlcrotitre plates as apposed to storage of individual clones 
in eppendorf tubes, for convenience when attempting to 
access the library.
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5.0.00 General Overview.

Fruit ripening has been shown to be a developmental process 
in avocado and tomato (Christoffersen et al., 1984; Grierson 
et al., 1985) involving changes in gene expression. During 
ripening fruit plastids undergo a dramatic transition from 
chloroplast to chromoplast, with attendant changes in 
metabolism, pigmentation and ultrastructure, and also 
alterations in protein complement (Bathgate et al,, 1985) 
and poly At ERA complement (Sattanapanone et al., 1978).

The aim of this work was to Investigate the changes taking 
place during ripening in Capsicum annuum fruit. Various
aspects of change were studied, including a demonstration of 
change in pigmentation, the changes occurring in
chloroplasts and chromoplasts at an ultrastructural level, a 
comparative study of the changes taking place in the protein 

populations of unripe and ripe fruit plastids, and a similar 
study of the polyadenylated K1A complement of green and red 
fruit, using in vitro translation.

The alteration of pigmentation in C. annuum fruits during 
ripening has been studied by Davies et al. (1970) and
Candela et al. (1984). Synthesis of carotenolds is confined 
to the plastids and elucidation of the carotenoid synthetic 

pathway, and localization of reactions in C. annuum have
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largely been performed by Camara and co-workers (Camara, 
1984; Camara and Dogbo, 1986; Camara et al., 1982, 1985). 

The work presented here on pigment change represents a brief 
study designed to demonstrate and reiterate the established 
change in pigmentation that occurs during ripening. 

Photographs showing the visual effects of ripening are 

presented, and also multiwavelength spectrophotography of 
extracted Bellboy pigments. This showed the loss of green 
pigments (chlorophylls) and the accumulation of red pigments 
(carotenoids) although in the case of Golden Star, the ripe 
fruit lacks the red pigments, and appears yellow. Change in 
pigmentation is an obvious ripening associated change, and 
indicates related change at many levels.

The plastld is the site of dramatic change in ripening 
fruit. The ultrastructure of C.annuum var. Bellboy plastids 
during ripening has been performed previously (Arundel, 
1984), and a description of the changes that take place can 

be found in Chapter 2. A comparison between Bellboy and two 

other varieties of C. annuum was performed In this work, for 
the sake of interest, and to correlate ultrastructural 
features with pigment, protein, and EVA differences. Changes 

in plastld ultrastructure were clearly demonstrated, with 
loss of typical chloroplast internal structure and 
development of chromoplast internal structure, concomitant 
with the loss of chlorophyll and the appearance of 

carotenoids. The electron microscopy was unfortunately not
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perfomed at a sufficiently high signification to observe 
the fate of plastid ribosomes during ripening. The work of 
Carde et al. (1988) has demonstrated loss of these 

structures during ripening. These authors looked at the 
presence and absence of plastld ribosomes during ripening by 

electron microscopy, and studied the presence and absence of 
plastid ribosomal RJAs by gel electrophoresis. Results 
implied loss of plastld ribosomes and rSIAs in fully 
differentiated chromoplasts, suggesting a lack of protein 
synthesis in these organelles. Their conclusions are 
contradicted by the work of Powell and Pryke <1987), who 
report that isolated chromoplasts incorporate labelled amino 
acids into novel proteins. Reconciliation of these two 
contradictory hypotheses is possible if it is assumed that 
loss of ability to synthesize protein is a gradual process, 
reaching completion only in the fully differentiated 
chromoplast. Fruit studied prior to that stage, although 

they may appear ripe, may retain some residual 'chloroplast* 
protein synthesis.

An eventual aim was to correlate differences between Bellboy 

and Li to or Golden Star fruit at the pigment, 
ultrastructural and protein levels, with differences in the 
expression of Identified ripening related genes. These 
ripening related sequences were to be Identified using a 

cDIA library, and it was with this future work in mind that
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comparative experiments of Bellboy, Lito and Golden Star 

mere carried out.

The most obvious changes associated with ripening (such as 
ultrastructural and pigment change) occur In the plastids. 
To look for concomitant changes in protein complement the 
protein populations of chloroplasts and chromoplasts mere 
subjected to study by three methods (SDS-PAGE, IEF, and 2- 
Dimensional gel electrophoresis). Considerable variation in 
the protein complements of unripe and ripe fruit plastids 
mere revealed, as has also been shown for tomato (Bathgate 
et al., 1985). It mas passible to establish the presence of 
a group of ripening associated products, using each method. 

Major ripening related products of m wt 33 and 53 kD 
appeared consistently in SDS-polyacrylamide gels of
chromoplast proteins.

Alterations in the protein papulations of plastids implied 
that similar variation may be taking place at the BYA level. 
Several lines of work (including antibiotic studies; 
ultrastructural studies; comparisons of nuclear and total 

RVA in in vitro translation profiles; and mutation studies; 
as outlined in Section 1.1.07) Indicated that chromoplasts 
are almost certainly not active in protein synthesis, which 
Implied that the 'ripening* KVA messages mere emanating 

from the nucleus. Transport of such nuclear encoded proteins 
from the cytosol to their destination in the plastid, is
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brought about by the presence of transit peptides, or leader 
sequences, at the amino end of the protein. Keceptors on the 
plastid outer membrane seen to recognise the three 
dimensional structure of these transit peptides, and, in a 
process requiring energy, cause the proteins to enter the 
plastid (Ellis, 1977; Keegstra and Bauerle, 1988). Further 

information in the transit peptide nay direct . the 
polypeptide more precisely within the plastld. Such 
sequences are very important for the chronoplast, as it 

appears to be unable to synthesize any of its own proteins. 
In sympathetic conditions ripe red fruit renain on the plant 
for months, and presumably the chromoplasts are maintained 
during this time. Maintenance of the chromoplasts within the 
fruit cells is carried out via a system of transmembrane 
transport of cytosolic proteins and metabolic Intermediates, 
summarized in Figure 2 of the General Introduction (redrawn 
from Ziegler et al., 1983).

A study of polyadenylated nuclear transcripts was carried 
out, preceded by the development of an KVA extraction method 

from fruit. The study was performed using in vitro 

translation of poly At EIAs, and revealed variation at the 
mRVA level between unripe and ripe fruit, as has also been 
shown for the tomato (Kattanapanone et al., 1978) and the 

avocado (Chrlstoffersen et al., 1982). Several products were 

identified that may have been larger precursors of 
chromoplast proteins, possessing transit peptides of between
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2 and 16 kD. The 33 kD ripening associated product, 
Identified using SDS-PAGE of plastld proteins, was possibly 
represented as a 49 kD precursor protein In the in vitro 

product profile (see Chapter 3).

Once variation at both the protein and KVA levels was 
established, the aim was to study expression of a particular 
ripening associated product In more detail. Towards this end 
experiments designed to produce a cDIA library from red 
fruit mRlA were performed. Similar work has been done in 
tomato (Xansson et al., 1985) and the avocado (Christoff- 
ersen et al., 1984).

Future work Involves more detailed study of each 
investigation reported In this thesis, for example of the 
studies of pigment, ultrastructure, and also physiology of 
the ripening fruit. The most interesting work, however, 

involves the investigation of ripening gene expression, 
passible approaches of which are outlined in the 
Introduction to Chapter 4. For the reasons given at the end 
of that Chapter, the work attempted was unsuccessful. 
Identification of a ripening clone and the subsequent 
Investigations of spatial and temporal gene expression; gene 
regulation (possibly in relation to ethylene); and function 
of the gene product(s) remain to be done as future work.

-195-



To summarize: the work presented in this thesis demonstrates 
many changes in the ripening fruit of C. annuum. Several 

products and possibly their precursors have been identified 
at the protein and mRIA levels. Techniques for the creation 
of a cDIA library, and the screening of that library for 
ripening related clones mere developed, laying the 

foundations for future work an expression of specific 
ripening related genes. This work corroborates previous 
reports (Grierson et al., 1981; Grierson, 1986) that
ripening is a dramatic, developmental process, involving 
extensive alterations in gene expression.
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Appendix A. Use of SP6 RIA polymerase to size S1A bands.

A.1.00 Introduction.

SP6 RIA polymerase is isolated fron bacteriophage SP6 infected 
Salmonella typhl murium LT2Z. The enzyne is stable and easy to 
isolate. It transcribes rightwards from a specific SP6 
promoter, which can be linked to a polylinter sequence in a 
vector, and hence be used to transcribe into S1A the DIA 

sequence inserted into the polylinter (leiton et al. 1984). 
RIA produced in this way can be used to increase the
sensitivity of nucleic acid hybridization techniques, and to 
produce RIA substrates for studies on RIA processing and

translation. lew England Biolabs supply an SP6 RIA polynerase 
complete with control template DIA to chect that the enzyme is
transcribing correctly. The template DIA is a pSP64 vector
containing the 1.38 Kb JTcdRI-jEHiidlll fragment of XDIA, 

spanning nucleotides 26104-27479, which has been cloned into 
the polyl inker site downstream of the SP6 promoter. This 
control template DIA was digested in three separate reactions 
with either JBcoRI, FstI, or Seal. The resulting three 

linearized molecules were pooled. Transcription by SP6 
polymerase using this control template DIA results in three 
runoff RIA fragments of discrete size and known sequence. 
There is a 1.38 Kb fragment corresponding to the JSbdRI 

digested DIA, a 0.55 Kb fragment corresponding to the JPstI
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digested DIA, and a 0.22 Kb fragment from the Seal digested 
DVA. These RIA fragments were run on a gel as described In 
section 3.2.11, and used to calculate the sizes of pepper 
fruit RIA fragments.

A.2.00 Materials and Methods.

A. 2.01 Chemicals and reagents.

SP6 RIA polymerase and SP6 control template DIA were obtained 
from lew England Biolabs. Ribonucleotides, spermidine, DTT, 
Rlasln and BSA were of the highest possible purity from 
Boehringer Mannheim and Amersham International. All other 

chemicals used were of the highest possible purity available 
from Sigma, Aldrich and BDH.

A.2.02 Reaction.

The following reaction was set up in a siliconized sterile 
eppendorf tube: 4.5/il 51 SP6 Buffer <0.21 Tris-HCl, pH 7.5; 
30mK XgClz; lOmH spermidine; 0.5ng/ml BSA), 2.0/il 0.IX DTT and 

4.0pl 2.5ml ribonucleotide mix. These reagents were mixed, 
centrifuged briefly to the foot of the tube and warmed to hand 
heat (to prevent precipitation of the template DIA). lO.Opl 
(2/ig) of the template DIA was added, and the mixture was mixed 

and re-centrifuged briefly as before. 1.0/tl (to a final
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concentration of lU/jil) of Biasin and 0.5pl (5U) of SP6 

polymerase were added. The reaction was incubated at 40°C for 

an hour. The nucleic acids were then phenol/chloroform 
extracted as described for cDTA in section 4.2.03 (iv).

A.2. 03 ESA gel.

The SP6 RSA was run against pepper fruit BSA on a 1.1X agarose 
gel in lOmK phosophate buffer, pH 7.0, as described in section 
3.2.11.
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A.3.00 Results and Discussion.

Figure 1. Agarose gel electrophoresis of pepper fruit RIA 
(total and A+) and SP6 marker.

1 2 3 4 5 6 7 8 9 10 11 12

B

Kfty/rfSa 3.6 kb (25S, large subunit, cytosol) 
■' 2.9 kb (23S, large subunit, plastid)

v//»/ZA 1.9 kb (18S, small subunit, cytosol) 
■ 1.5 kb (16S, small subunit, plastid)

Figure 1. Part a: pepper fruit RIA was run against an SP6
marker RIA as described in section 3.2.11. Lanes are as
follows: 1, native SP6 RIA and DIA template; 2, denatured SP6; 
3, green fruit total RIA, native; 4, green fruit total RIA, 
denatured; 5, red fruit total RIA, native; red fruit total
RIA, denatured; 6, green fruit A+ RIA, native; 7, green fruit
At RIA, denatured; 8 and 9, as 6 and 7; 10, red fruit At RIA,
native; 11, red fruit A+ RIA, denatured. The sizes of the SP6
RIA bands (marked) are 1.38, 0.55 and 0.22 kb from the top.
The sizes of the pepper fruit RIA bands were calculated as
diagrammed in part b.
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Appendix B. KVA extraction methods data.

B. 1.00 Introduction.

The results presented in this appendix represent data for 
the methods of KVA extraction adapted for pepper fruit. 
Tield and purity became secondary to activity of the KVA in 
an in vitro translation reaction. The detailed methods of 
the extractions are given in chapter 3, as are references to 
the sources of the methods. The background to KVA extraction 
is given in the Introduction to chapter 3. This data has 
been Included to show the data behind choice of the KVA 
extraction method, on which the results of chapters 3 and 4 

depended.

B.2.00 Materials and Methods.

B.2.01 Chemicals and reagents.

All the chemicals and reagents used for the extraction and 
purification of KVA were of the highest possible purity 
available from Sigma, Aldrich or BDH. The water was purified 
through a milliQ system, and also sterilized by autoclavlng. 
All buffers and equipment coming into contact with the KVA 

were sterilized by autoclavlng, dry heat (200°C for 5 hours)
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or by soaking in 0. IX DEP in ethanol. Crystalline phenol was 

redistilled at approximately 160°C, and equilibrated In 

extraction buffer as described in Kaniatis et al. (1982).

B.2.02 Extraction methods.

The extraction methods used were (1) GuSCE, as described in 
section 3.2.03; <li) phenol extraction and CsCl 
centrifugation, as described in section 3.2.04; (ill) high 
SDS method of REA extraction, as described in section 

3.2.05; and (iv) the final method of REA extraction, as 
described in section 3.2.06. The yield and purity of the REA 
extracted was measured as described in sections 3.2.07 and 
3.2.08 respectively. The biological activity of the REA was 

tested in a non-optimized in vitro translation reaction as 
described in section 3.2.15. The result of this survey of 
methods was used to determine the most efficient way to 
extract total REA from pepper fruit.

B.3.00 Results and Discussion.

B.3.01 GuSCE Method.

Type of fruit. Mass of tissue, [total REA]. Abs260/Abs280.

Green lOg 32/ig 1.62

Green lOg 76pg 1.80
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Green 10g 180/ig 1.75
Intenaedlate 10g 132/ig 3.02
Interned! ate 10g 72/ig 2.30

Sed 10g 24pg 1.32
2ed lOg 72/ig 1.50

average yield = 8/ig/g fresh weight SD = 5.00

average purity =1.90 
translational activity -

SD = 0.58

B.3.02 Phenol extraction and CsCl centrifugation.

Type of fruit. Kass of tissue. [total R1AI. Abs260/Abs280.

Green 70g 522jig 1.75
Green 185g 1248/ig 1.82
Green 131g lOOOpg 1.79
Red 70g 4400pg 1.57
Red 70g 2000/ig 1.65

Red 128g 600/ig 1.88

Red 87g 670pg 1.60
Red 99g 1420>ig 1.59

Red 91g 1720jig 1.68

Red 101g 2376/ig 1.30

average yield = 18pg/g fresh weight SD = 17.00

average purity = 1.66 SD = 0.16
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translational activity +/—

B.3.03 High SDS method.

Type of fruit. Mass of tissue. [total RVA1. Abs2€

Green 40g 294pg 2.30

Green 44g 304/ig 1.55
Intermediate 20g 117pg 2.00
Intermediate 68g 127/ig 4.33
Red 61g 255pg 2.26

Red 76g 529pg 1.80

average yield = 5.6/ig/g fresh weight SD =

average purity = 2.37 SD =

translational activity -

B.3.04 Final method of RIA extraction.

Type of fruit. Mass of tissue, [total KVA]. Abs260/Abs280.

Green 50g 191pg 1.70

Green 50g 319/ig 4.00

Green 50g 754/ig 2.00

Green 50g 1326/ig 1.70

Red 50g 475pg 1.71

Red 50g 396/ig 1.82
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Sed
Sed
Sed

50g
50g
50g

818/ig 1.73
993pg 2.00

627/ig 1.93

average yield = 13.llpg/g fresh weight SD = 7.17
average purity = 2 . 0 6  SD = 0.73
translational activity ++

Covered more extensively in chapter 3 Discussion, I found 
the final nethod of KIA extraction the nost useful, in terns 

of total RSA produced per extraction; yield; purity; and 

nost importantly, translatability.
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Appendix C. Optical density and cell density of E.coli, 

storage of cells and preparation of antibiotic stocks.

C.1.00 Introduction.

The two experiments described in this Appendix were carried 
out as a preliminary to the set of experiments described in 
Appendix Df which aimed to verify the best method of 
transformation for the system chosen. The aim of the 

experiments in this section was to pinpoint the optical 
density of cell culture which correlated with a particular 
cell density. The measurements were taken using the cell 
line of interest, the media and growth conditions to be used 
in the making of competent cells, and with the 
spectrophotometer to be used. Cell competence is a 
transitory phenomenon which occurs between 4 and 9 x 107 
cells per ml of media for E.coli (Hanahan, 1985).

C.2.00 Materials and Methods.

C.2.01 Chemicals and reagents.

Cell line E.coli (strain HB101) was obtained from Dr. John 
Beeching of Bath University. All substances used in the 

making up of media were obtained from Dlfco. Other chemicals
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were of the highest possible purity available froa Slgaa, 
Aldrich and BDH. The antibiotics were from Aaershaa.

C. 2.02 Growth curve of HB101.

10ml of L-broth (IX w/v bacto tryptone; 0.5X w/v bacto yeast 

extract; IX w/v VaCl) was Inoculated with a scrape froa a 
frozen stock of HB101, and grown at 37°C overnight with 
aoderate shaking, lal of this overnight culture was used to 
Inoculate lOOal of L-broth which was then Incubated at 37°C 
with shaking. The tiae of inoculation was designated tlae 
zero, and lal saaples were taken froa the growing culture at 
regular tiae intervals, and their Abs 550 aeasured against 

an L-broth blank.

C.2.03 Correlation of cell nuaber with ODs&o.

At each tiae point described in section C.2.02 lOpl of 
culture was diluted to 102 in lal of L-broth, and lO/il of 
this dilution diluted to 10* in a further lal of L-broth. 
lOpl of this final dilution was spread onto an L-agar plate 
(so that the colonies grown represented a 10* dilution. The 
plates were incubated at 37°C inverted overnight.

C.2.04 Storage of E.coli strain HB101.
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Cells were grown in a 10ml overnight as described in section
C.2.02, and 0.8ml of culture was added to 0.2ml of sterile 
glycerol. The culture and glycerol were Mixed and the cells 
flash frozen in a dry ice and ethanol bath. The frozen 
stocks were stored at -80°C. Care was taken to ensure that 
the cells did not thaw out when samples from the stocks were 
taken as scrapes fron the surface. Repeated thawing and re
freezing would have resulted in eventual loss of cell 

viability.

C.2.05 Preparation of antibiotic stocks.

Antibiotic stocks were prepared and stored as in Hanlatis 
(1982). Amplclllln (sodium salt) was made to 25 «g/ml in 
pure water and sterilised by filtration. The stock solution 
was stored in aliquots at -20°C. The working concentration 
was between 35 and 50 pg/ml.

Chloramphenicol was made to 34 mg/nl in ethanol and stored 

at -20°C. The working concentration was 170 pg/ml for the 
amplification of plasmids.

Tetracycline hydrochloride was made to a 12.5 mg/*l in 

ethanol: water (1:1 v/v), and stared in the dark at -20**C. 
The working concentration used was 12.5-15 pg/ml.

-208-



C.3.00 Results and Discussion.

Figure 1. Growth curve of HB101 in L-broth and correlation 

of optical density and cell density.

1.0 -
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OD 550
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10 -
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******* * tim e (m ini

200100 15050

Figure 1. (A) An overnight culture of E.coli strain HB101
was used to inoculate a culture, at time = 0. 1 ml samples
were taken regularly and the variation of optical density 
with time was measured. The curves were each obtained with 
points from two experiments. (B) Variation of cell density 
with time was measured as described in section C.2.03. Using 
both curves it is possible to estimate the cell density, 
from the optical density.
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Cell densities of 4-9 x 107 cells per al are obtained at 
tiaes of 65 to 100 ains after Inoculation of a 100 al 

culture with 1 al of a 10 al overnight culture of B.coli 

strain HB101. This cell density correlates with an optical 
density at 550 na of 0.52.
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Appendix D. Survey of transformation methods.

D.1.00 Introduction.

CaCl2  mediated uptake of DYA into E.coli was first reported by 

Xandel and Higa (1970), who were interested in the effects of 
monovalent and divalent cations on cell wall permeability of
E.coli, and correlation with DYA uptake. They found that DYA 
uptake into the cells depended on the presence of calcium 

ions, and was enhanced by chilling at a low temperature. The 
method they developed is the basis of most successive methods 
of cell transformation. In 1972 Cohen et al. showed that 
E.coli would Incorporate circular pieces of DYA, carrying drug 

resistance genes if treated as recommended by Xandel and Higa 
(1970). They demonstrated that the transformed cells needed a 
period of recovery before being exposed to the relevant drug 
to allow them time to express the resistance gene. A paper by 

Yorgard et al. (1978) explored the optimization of parameters 
required to transform efficiently the highly enfeebled strain 
of E.coli, xl?76. These workers demonstrated the importance of 
the state of growth of the cells prior to Ca& 2  treatment, and 

the importance of buffer and medium constituents, and cation 
concentrations. They showed that transformation efficiency was 
also affected by plating quantities and temperature. Dagert 
and Erlich (1979) found the transformation efficiency much 

enhanced by an overnight incubation at 4°C in CaCl2  solution,

-211-



and it is their method which is recommended by Maniatis et al.
(1982). Douglas Hanahan (1985) perfomed a survey of 

transformation methods, in which the effects of various 
cations and various combinations of cations were studied. He 
found that a positive effect was produced by an elevated level 
of Kg2"* in the culture medium, by prolonged incubation in 
Mn2"’, Ca2"*-, Eb"-, or K"", by the presence of DHSO, DTT or
HACoCls (hexamine cobalt III chloride) and a short heat pulse 
performed after the addition of the DVA. His work produced 
several methodologies, each suitable for different cell lines, 
or tasks (Hanahan, 1985) and having different transformation 
efficiencies.

In order to determine the most efficient transformation method 

using the reagents, water, and equipment available, five of 
Hanahan1s methods were surveyed using the E.coli strain HB101 
and pBR322 which carries resistance to tetracycline and 
ampicillin, and comprised the host and vector system to be 
used in the creation of the cDIA library. HB101 is suitable 
for all the types of transformation used. The initial work 
involved characterization of the growth of HB101 cultures, 
which is described in Appendix C. It is iiq>ortant to take the 

growing cultures at the mid-log phase of growth, and this can 
be estimated from the ODsso if the optical density 
corresponding to a particular cell density is known, 
calculatated using a particular spectrophotometer. Initially 

problems with positive controls were encountered, that is,
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untransformed competent cells grew on the tetracycline plates. 
This could have been caused by light inactivation of the 
antibiotic in the plates, the presence of a TetR papulation in 
the HB101 culture, the presence of Xg2'” in the medium 

inactivating the antibiotic, or a faulty antibiotic stock. 
Experiments showed that the HB101 had no resistance to either 
tetracycline or ampicillin and a similar result was obtained 
with fresh plates, implying that antibiotic inactivation in 
the plates was unlikely. It was decided to leave magnesium out 
of the medium, even though it was reputed to iiq>rove 

transformation frequencies, and a new tetracycline stock was 
sought, and aliquoted in small amounts to avoid freezing and 
thawing. The simple method recommended by Hanahan <1985) 
Initially produced the highest transformation frequencies, but 
using acid-washed glassware and a highly purified source of 
water Increased all the transformation frequencies and allowed 
further comparison. It was found to be iiqportant to leave the 
transformed cells in a drug-free environment for the maximum 
length of time (1 hour) for resistant colonies to develop.

D.2.00 Xaterials and Hethods.

D.2.01 Chemicals and reagents.

E.coli strain HB101 was obtained from Dr John Beeching of Bath 
University. Plasmid pBR322 was grown in HB101 and harvested in 

a maxiprep procedure as described in section 4.2.14. The
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purity and Integrity of the plasmid preparation was checked on 
a gel, and the concentration of the plasmid estimated from its 
absorbance at 260nm as described in section 3.2.07 for RIA, 
except that an Absseo of 1 corresponds to 50jig/ml for DIA. The 

plasmid was stored in water at -80°C.

All chemicals used in the preparation of buffers used to make 
competent cells were of the highest possible purity from 
Aldrich, Boehrlnger, Sigma or BDH. Glassware was acid-washed 
prior to use so that contaminants would not interfere with the 
procedures. The water used was purified through a milliQ 
system and autoclaved to sterilize. 10% v/v sodium 
hypochlorite solution was used to sterilize plasticware that 
could not be autoclaved, and also for the safe disposal and 
decontamination of equipment.

D.2.02 Simple transformation.

A 10ml overnight culture of HB101 was grown as described in 
section C. 2.02 and 1ml of this culture was used to inoculate 
100ml of L-broth. This culture was grown shaking at 37°C until 
the culture was midway through the logarithmic phase at a cell 

density of 4-9 x 107 viable cells per mlt which took about 110 
minutes. The culture was collected in sterile Sarvall 50ml 
polypropylene tubes and chilled on ice for 10-60 minutes. The 
cells were pelleted by centrifugation at 4000 r.p. m. in a 

Sarvall 8 x 50ml head at 4°C for 15 minutes. The supernatant
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was decanted and the tubes drained by tapping on paper towels. 
The cells were dispersed in 1/3 of the original culture volume 

of SB, simple transformation buffer, (lOOmK KC1; 50mK 
CaCl2 .2 H20 ; lOmX K-HES, pH 6.3; to a final pH of 6.2). The K- 
HES (2[I-morphino]ethone sulphonic acid) was prepared as a 
0.51 HES solution that had been equilibrated to pH 6.3 using 
concentrated KOH, and sterilized by filtration through a 
0.22pl membrane. The cells were left on ice for 10-60 minutes 
and pelleted by centrifugation as before. The pellet was 
drained and the cells resuspended in 1/12.5 of the original 
culture volume of SB. 200/jlI aliquots were pipetted into 
Eppendorf tubes, and the DHA added in a volume of less than 
20pl. To determine the transformation frequency of competent 
cells prepared by the method, lng of pBB322 DIA was added in 

2/il. The tubes were incubated on ice for 10-60 minutes, heat 
shocked at 42°C for 90 seconds and chilled by returning 
immediately to ice. 800/il of growth medium was added, and the 
cells incubated at 37°C with moderate agitation for 30-60 

minutes.

D. 2.03 Standard (high efficiency) transformation.

100ml of L-broth culture was grown to a cell density of 4-7 x 
107 viable cells per ml, as described in section D.2.02. The 
culture was collected in Sarvall 50ml tubes and chilled on ice 
for 10-15 minutes, before centrifugation at 4000 r.p. m. in a 

Sarvall 8 x 50ml head at 4°C for 15 minutes. The pellet was
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drained thoroughly and resuspended in 1/3 of the original 
culture volume of TFB, standard transformation buffer, (lOOmK 

KC1; 45mM XnC1.4H20; 10mK CaCl2.2H20; 3 mK HACoCls, pH 6.3; to 
a final pH of = 6.2). The cells were incubated in TFB on Ice 
for 10-15 minutes, and re-pelleted as before. The pellet was 
resuspended in 1/12.5 of the original culture volume of TFB. 

DnD solution <1M DTT; 90% v/v DltSO; lOmM potassium acetate, pH 
7.5) was added to 3.5% v/v, that is 7jil per 200pl of cell 
suspension. The cells were Incubated on ice for a further 10- 
20 minutes, and a second aliquot of DnD solution was added to 

give a final concentration of 7% v/v. The cells were Incubated 
for another 10-20 minutes, and then 210/xl aliquots were 
pipetted into Eppendorf tubes. DIA solution was added in a 
volume of less than 20/il as described in section D.2.02, and 

the cells Incubated on ice for 20-40 minutes. A heat shock and 
chilling step were carried out as in section D.2.02, and the 
cells grown in 800jil of medium as described in that section.

D. 2.04 Frozen storage of competent cells, protocol 1.

(i) Preparation of competent cells.

A 100ml culture was grown as described in section D.2.02 until 
the cell density reached about 4-9 z 107 viable cells per ml. 
The culture was collected in Sarvall 50ml centrifuge tubes and 
chilled on ice for 10-60 minutes, prior to centrifugation at 

4000rpm in a Sarvall 6 z 50ml head, at 4°C for 15 minutes to
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pellet the cells. The pellet was drained and the cells 
resuspended in 1/3 of the original culture volume of FB, 
simple frozen storage buffer, (lOOmK KC1; 50mM CaCl2.2H20; 
101 w/v redistilled glycerol; lOnX potassium acetate, pH 7.5; 
to a final pH of 6.2 using 0. IX HC1). Potassium acetate was 
prepared as a IX stock, made to pH 7.5 with KOH and sterilized 

through a 0.22pm membrane. The suspension was Incubated on ice 
for 10-60 minutes and pelleted as before. The pellet was 
resuspended in 1/12.5 of FB and 200pl aliquots of the 
suspension were transferred to Eppendorf tubes and flash- 

frozen in a dry ice/ethanol bath for several minutes. The 
competent cells were stored at -80°C until required.

(11) Use of competent cells.

The tubes were removed from the freezer and allowed to thaw at 
room temperature until the cell suspension became liquid, and 
were then transferred to ice. The DXA solution was added in a 

volume of less than 20pl and swirled to mix. The tubes were 
Incubated on ice for 10-60 minutes, and then given a heat 
shock at 42°C for 90 seconds, and re-chilled on ice. 800pl of 
growth medium was added and the cells incubated with moderate 

shaking at 37°C for 30-60 minutes.

D.2.05 Frozen storage of competent cells, protocol 2.
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A 100ml culture was grown to a viable cell density of 6-9 x 

107 cells per ml as described in section D.2.02. The cells 

were collected in sterile Sarvall 50ml tubes and chilled on 
ice for 12-15 minutes. The cells were pelleted by 
centrifugation at 4000 r.p.m. in a Sorvall 8 x 50ml head at 
4°C, for 15 minutes. The pellet was thoroughly drained and 

resuspended in 1/3 of the original culture volume of FSB, 
frozen storage buffer, (lOOmK KC1; 45mX KnClst. 4H20; lOmM 
CaCl:?. 2Es:0; 3mK HACoCls; lOmX potassium acetate, pH 7.5; 10% 
w/v redistilled glycerol; to a final pH of « 6.2 adjusted with 

0. IK HC1). The cell suspension was chilled on ice for 10-15 
minutes, and re-pelleted as before. The pellet was resuspended 
in 1/12.5 of the original culture volume of FSB. DKSO was 
added to 3.5% v/v, and the cells chilled for 5 minutes. 

Another aliquot of DKSO was added to a final concentration of 
7% v/v and incubated on ice for a further 10-15 minutes. The 
suspension was then aliquoted in 210pl volumes into Eppendorf 
tubes and flash-frozen in a dry ice and ethanol bath for 
several minutes. The cells were stored at -80°C and used as 
described in section D.2.04 (li).

D.2.06 Frozen storage of competent cells, protocol 3.

A 100ml culture was grown to a viable cell density of 4-7 x 
107 cells per ml as described in section D.2.02. The cells 
were collected in sterile Sorvall 50ml tubes and chilled an 

ice for 12-15 minutes. The cells were pelleted by

-218-



centrifugation at 4000 r.p.m. in a Sorvall 8 z 50ml head at 
4°C, for 15 minutes. The pellet was thoroughly drained and 
resuspended in 1/3 of the original culture volume of KF1 
(lOOmX EC1; 50mX MnCl^. 4HsrO; 30mX potassium acetate, pH 7.5; 
lOmX CaCl2.2Hs>0; 15% w/v redistilled glycerol; to a final pH 
of 5.8 adjusted with 0.2X acetic acid). The cells were 

incubated on ice for 1 hour (less time is needed for cell 
lines other than HB101) and pelleted as before. The drained 
pellet was resuspended in RF2 (lOmX HOPS, pH 6.8; lOmX EC1; 
75mlC CaCl2.2HsO; 15% w/v redistilled glycerol; to a final pH 

of 6.8, adjusted with XaOH). The XDPS ( was prepared as a 0.5X 
stock, pH 6.8. The cells were Incubated on Ice for 15 minutes 
and then flash-frozen in a dry ice and ethanol bath for 
several minutes. They were stared at -80°C. The cells were 

used as described in section D.2.04.

D.2.07 Calculation of transformation frequency.

Transformation frequency is defined as the number of 
transformants per pg of DIA added. 200pl aliquots of competent 
cells from each of the five methods described were transformed 
with lng of pBK322 DXA. Known volumes of the 1ml final 

solution were plated out onto L-agar plates (1% w/v bacto 
tryptone; 0.5% w/v bacto yeast extract; 1% w/v XaCl; 1.5% w/v 
bacto agar) containing either 12.5pg per ml tetracycline or 
50pg per ml ampicillln. The plates were incubated inverted at 

37°C overnight, and the colonies counted in the morning. The
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amount plated was a percentage of the whole, and the total 
number of potential colonies could be calculated, and 
expressed In terms of c.f.u. (colony forming units) per pg of 

DIA added.

D.3.00 Results.

Protocol. cfu when lOpl plated Efficiency,

Expt 1 Expt 2 mean (c.f.u./pg

fs 1 59 48 53.5 5.35 x 10®
fs 2 36 33 34.5 3.45 x 10®
fs 3 111 119 115.0 1.15 x 10^

Simple 51 51 5.10 x 10®

cfu when lOOpl plated

Expt 1 Expt 2 mean

DnD 355 299 327 3.27 x 10®
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D.4.00 Discussion.

Competence is a transitory phenomenon, which reaches a peak in
E.coli at the mid to late log phase of growth. Vo difference 
is reported by growing the cells in different rich media, and 
DIA sequence also appears to have no effect on transformation 
efficiency (Hanahan, 1983).

The addition of Mg2-*" to the growth medium has been shown to 
increase the transformation efficiency 15-20 fold, and other 
divalent cations also have a positive effect. DKSO has a 
stimulatory effect in the presence of divalent cations; DTT 
and HACoCls have positive effects Independently of the 
presence of other substances. Hanahan <1983) proposes that 

transformation involves two steps, uptake of DIA and 
establishment of the DIA in the cell, with establishment being 
the limiting step. The kinetics of transformation are 
inconq>atible with a model of passive diffusion through pores 
in the cell surface, and specific channels are suggested. 
Divalent cations and DKSO may aid transformation by shielding 
phosphates and solvating the metallic cations respectively, so 
bringing together the otherwise unlikely association of two 

phosphate rich compounds, and stabilizing and organizing ionic 
interactions on the boundary between the lipid bi-layer and 

the aqueous environment.
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At low temperatures the fluidity of membranes becomes reduced. 
Temperatures of around 0°C and the presence of divalent 
cations are necessary to produce phase changes in synthetic 

membrane vesicles (Verkleij et al., 1974). Hanahan <1983) 
proposes that divalent cations, DKSO and low temperatures act 
together to crystallize parts of the bacterial envelope to 
allow the entry of DIA, possibly through conformationally 
altered pores or channels. Divalent cations, particularly 
Kg2-, may cause the re-orientation of llpopolysaccharide 
molecules away from such pores thus allowing the entry of DIA 
molecules. Hanahan suggests that HACoCla acts as an analog of 

vitamin B12, for which specific channels exist in the cell 
envelope. The HACoCla is possibly binding to the pores, 
altering them in such a way as to allow the entry of DIA. 
Vitamin B12 Itself has been shown to be a potent inhibitor of 
transformation, lending credence to this suggestion.

The method of transformation found to be the most successful 
was Hanahan*s Frozen Storage, protocol 3, not the standard 
high efficiency transformation as expected. FS 3 routinely 
gave efficiencies in the order of 107, whereas the standard 
procedure gave efficiencies an order of magnitude lower, 10®. 

A possible explanation for this lies in the extreme 
sensitivity of the standard method to impurities in the water, 

the DKSO or contamination of the glassware. Contamination of 
the water is passible even though it was filtered through a 
Killipore KilliQ reverse osmosis system, as the cartridges
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gradually become saturated, and the contamination with organic 
substances Increases although the resistivity of the water 
remains high. DKSO breaks down into dimethyl sulphone and 

dimethyl sulphide, the latter being a potent inhibitor of 
transormation. The DKSO was treated for over an hour prior to 
use with gaseous nitrogen in an attempt to remove some of the 
more volatile oxidation products, but perhaps this was 

Insufficient. Other workers re-distill their DKSO (John 
Beeching, personal communication) and this probably should 
have been attempted to see if it Inproved transformation 
frequencies.

Overall low frequencies were probably due to the omission of 
from the culture media. This was done in an attempt to 

prevent tetracycline inactivation, although it is unlikely 
that Kg2'" in the media could have had such a far-reaching 
effect. In retrospect Kg2*" should have continued to be 
included in the culture media, and it was probably a mistake 
to omit it. The transformation frequencies of stored cells 

were observed to drop with time in storage and so cells used 
for the establishment of the cDIA library were usually 
prepared only a few days before they were required.

The method of transformation used as a result of this work was 

the Frozen Storage Kethod, protocol 3.
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