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ABSTRACT 

In a two-fold study, basic proteins were charac

terized and evaluated in relation to their role during 

after-ripening in Cucurbita, and to changes which were 

associated with increasing ploidy in Gossypium. 

Seeds taken from mature Cucurbita moschata var. 

'Butternut' fruit at different periods of after-ripening 

were examined to determine weight, viability, and germina-

bility, Polyacrylamide gel electrophoresis was employed to 

characterize changes in acidic and basic seed proteins 

throughout the after-ripening period. Quantitative and 

qualitative differences in proteins were discussed in 

relation to the time course of seed maturation. Addi

tionally, the basic storage proteins of C. moschata 

cotyledons were characterized into four electrophoretic 

fractions t 

Histones were extracted from isolated nuclei of 

diploid, tetraploid, pentaploid, and hexaploid Gossypium 

tissues, and histone fractions and subfractions were 

quantitated by densitometry on polyacrylamide gels. A 

distinct relationship was found between ploidy level and 

histone/DNA ratios in leaves of the species examined. Five 

major histone fractions were identified in all Gossypium 

tissues studied. In leaf tissue these five fractions were 

ix 
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divided into twelve subfractions. Root tissues, on the 

other hand, contained eight or nine subfractions depending 

on development. 

Quantitative differences in fractions and sub-

fractions were demonstrated in relation to development of 

young roots and between the leaf tissues of different 

species. The possible role of histones in the control of 

transcription in polyploids was discussed, 



INTRODUCTION 

Histones are basic proteins of the nucleus found 

associated with deoxyribonucleic acid (DNA). Histones are 

bound to the DNA, and together wi^th ribonucleic acids 

(RNA), and acidic proteins form the mysterious matrix 

referred to as the chromatin. Although the chemical 

structure of the nucleic acid and histone entities is known 

in great detail, how they interact to control and mediate 

the growth and differentiation of a living eukaryotic cell 

is one of the most important biological secrets yet to be 

discovered. 

Based on primary chemical structure, there are five 

main histone fractions having various proportions of the 

basic amino acids—lysine and arginine. Modifications of 

the fractions are also known to occur. Methylation, 

acetylation, and phosphorylation of histones often result 

in the formation of subfractions, Despite these variations, 

the composition of histone fractions is quite conservative 

in an evolutionary and taxonomic sense. All of the 

eukaryotic organisms studied thus far possess essentially 

the same five histone fractions. Amino acid sequences of 

some of these fractions taken from widely divergent sources, 

have been found to be almost identical, This would 

1 
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indicate that nearly the entire structure of these molecules 

is rigidly linked with their function. 

Histones are not found in prokaryotic organisms. 

Such life forms possess little capacity for differentiation. 

Conversely, plants and animals which have nuclear membranes, 

chromosomes, and histones are capable of a high degree of 

cell differentiation. Since cells of the different tissues 

within a given organism all contain essentially the same 

genetic material, regulation of differentiation must be 

attributed to some other nuclear constituent. Histones and 

acidic proteins are likely candidates. 

Considerable evidence indicates that histones are 

involved in genetic regulation. At first it was expected 

that different histones were responsible for controlling 

different steps in the process of differentiation, 

regeneration, and development. The limited heterogeneity 

of histone fractions soon made it evident that this class 

of proteins could be considered only as nonspecific 

repressors. This conclusion was based on the observation 

that no tissue has ever been reported to contain more than 

15 histone subfractions and on the lack of any demonstrable 

specificity when various histone fractions and DNA are 

combined in vitro, 

Despite their limited number, histones, as non

specific gene repressors, may still play a very important 

role in the transcriptive properties of the genome, 
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especially in plants. Any factor which can suppress the 

genome in plants may also decrease the vigor of those 

plants. Whereas animals are usually diploid, plants more 

commonly have higher numbers of chromosome sets, and these 

increases in ploidy are usually associated with increases 

in vigor, hardiness, or size. Thus the role of histones in 

repressing genetic information may be even more important 

in polyploids, where increased numbers of chromosome sets 

are present. 

Histones are agronomically important proteins not 

only because of their possible dynamic effect upon the 

expression of the genome and subsequent plant growth, but 

also because they contain large amounts of lysine—an 

essential amino acid. It is the deficiency of lysine that 

makes plant protein inferior to animal protein as a human 

food source. 

Another function of histone which has been proposed 

is the maintenance of chromosomal structure. It is thought 

that histones negate the acidic charges of nucleic acid 

phosphate groups and various fractions form a lattice 

around the DNA double helix. This would explain why they 

are basic in charge, are found in equal weight proportions 

to the DNA, and are so conservative in their structure. The 

most conservative histone fraction, for example, may be 

intimately associated with the double helix nucleic acid 

structure. 
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As important structural components the histones may 

protect the genetic material from various degradative 

processes. Such protection may be afforded against 

nucleases or extracellular environmental factors which may 

affect the nucleus. Part of the life cycle of many of the 

flowering plants is the dry seed stage; a stage in which 

the young sporophyte undergoes a period of dormancy in a 

dehydrated condition until the proper environment for 

germination is available. During such periods histones may 

help protect DNA from the rigors of drying. 

In this study it was proposed that two of the 

possible mechanisms of histone action would be investi

gated. First, an evaluation was made of the hypothesis 

that histones may play a role in protection of the genome 

during seed desiccation. An intriguing system was selected 

for this study involving the after-ripening period in 

Cucurbita. Seeds removed from Cucurbita fruit harvested 

26 days after pollination had less than one per cent 

germination and viability; but if seeds were allowed to 

remain in harvested fruit for a 20-day after-ripening (DAR) 

period, germination and viability increased dramatically 

(Alves Costa and Bemis, 1972). The conclusion that some 

physiological change had occurred during after'-ripening led 

to the idea that histones could be involved in protecting 

the genome from the stresses of desiccation during seed 

dormancy. If histones were not involved in this process, 
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no changes in the histone fractions would be expected to 

occur during the after-ripening process. An electro-

phoretic study of changes in seed proteins during after-

ripening was proposed to give an indication of physiological 

events which were occurring. 

Secondly, it was proposed that the role of histones 

as nonspecific gene repressors could be ideally studied in 

polyploid plant species. The genus Gossypium was selected 

in this study not only because species of many ploidy levels 

were available, but also because of the presence of differ

ent genome groups. Based upon cytotaxonomic relationships, 

the 32 diploid members of the genus have been placed into 

six genome groups designated A through F. It is of interest 

that these groups differ in size to the extent that 

chromosomes of the largest genome (C) are two to three times 

as large as chromosomes of the smallest genome (D). 

As mentioned, it is possible that one of the roles 

of histones in vivo is the imposition of structural restric

tion on the DNA double helix. One of the ways this may be 

done is by causing the chromosome to condense, a process 

called supercoiling. Whether differences in sizes of 

different genomes of Gossypium are due to supercoiling or 

to some preferential loss of DNA has been a matter of study 

in recent years (Endrizzi, 1962; Katterman and Ergle, 1970; 

Edwards, 1973), A study of histone to DNA ratios could add 

further evidence to one or the other of these theories. 
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Also of interest is the role that histones play when 

multiple genome sets are present. Increases in histones in 

assessory chromosomes of corn and rye have indicated that 

chromosomal imbalance may provide clues to histone function 

(Kirk and Jones, 1970; Ayonoadu and Rees, 1971), Irradia

tion of wheat and oats has shown that when multiple genome 

sets are present, some alleles may be nonfunctional in one 

or more of the additional genomes (Stadler, 1929). The 

possibility exists that histones are involved in a mechanism 

in which extra gene copies are "turned off" when present in 

more than one or two chromosomes. 

The nomenclature of the different histone fractions 

is often confusing since several systems exist. For clarity 

and simplicity the designations of fractions as originally 

described by Johns and Butler (1962) and modified by 

Phillips and Johns (1965) will be used throughout this work. 

References made to work done by other authors using other 

nomenclature systems will be translated into this adopted 

system (Table 1). 
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Table 1. Comparison of Histone Fraction Nomenclature 
Systems of Various Authors 

Authors Fractions 

Phillips and Johns, 
1965 fl f2b f2a2 f2al f3 

Johns and Butler, 
1962 Fl F2b F2a F3 

Panyim and Chalkley, 
1969a 1 3 4 5 2 

Bonner et al., 
1968 I IIb2 Ilbl IV III 

Rasmussen, Murray, 
and Luck, 1962 la,lb IIa,IIb III and IV 

Luck et al,, 
1958 I II III and IV 

Srivastava, 
1971 F F F ' I II III 

Davidson, 
1957 F2 F3 



LITERATURE REVIEW 

The same mechanisms which control gene repression 

and derepression in prokaryotes are thought to exist in 

eukaryotes as well (Comings, 1972). But, in addition to the 

repressor proteins of Jacob and Monod (1961) or the 

activators of the Britten and Davidson (1969) model, 

another set of molecules which restrict transcription is at 

work in eukaryotes. These proteins are the histones. 

On an evolutionary scale the occurrence of histones 

in various organisms closely coincides with the capability 

of tissues within these organisms to differentiate. 

Stedman and Stedman (1950, 1951) are credited with forming 

the idea that histones are responsible for differentiation, 

development, regeneration, and other types of genetic 

regulation. Their hypothesis specified histones as the 

modifiers of all genetic activity. A great deal of 

evidence has been accumulated since that time to support 

some aspects of this original model. 

It has become evident that the complex of DNA and 

its associated proteins is much less reactive than DNA 

alone. Dyes do not bind as well with the chromatin as with 

naked DNA, indicating some type of chemical or physical 

hindrance (Angerer and Moudrianahis, 1972; Auer, 1972), 

Histones afford protection to the DNA from deoxynucleases 
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and act to decrease template activity (Bonner et al., 1968; 

Mirsky, Silverman, and Panda, 1972). They also exhibit a 

greater affinity for double stranded DNA than for single 

stranded DNA (Akinrimisi, Bonner, and Ts'o, 1965). 

It was found that when histones weie added to DNA in 

an in vitro RNA synthesizing system, a nonspecific decrease 

in template activity resulted, and binding of the polymerase 

enzyme was not affected (Huang and Bonner, 1962; Paul and 

Gilmour, 1968; Spelsberg and Hnilica, 1969). Denaturation 

of this DNA-histone complex returned template activity to 

its original level, and this process was found to be 

completely reversible (Marushige and Bonner, 1966; Bekhor, 

Kung, and Bonner, 1969). The suggestion was made that 

inhibition was due to an interference with unwinding of 

the DNA double helix, a step believed to be necessary to 

the process of transcription (Shih and Bonner, 1970). 

Further experiments with this system showed that selective 

removal of histone fractions led to partial re^-establishment 

of normal template activity. Although template activity 

could be lowered by addition of histone fractions, the 

decrease was dependent upon the order of this addition, 

Histone characterization studies soon made it 

apparent that there were not enough histone fractions to 

confer a high degree of specificity on the genome. 

Investigations indicated that, at most, five main histone 

fractions existed, and all higher plant and animal histones 
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were similar in their distinguishable fractions (Johns, 

1964; Busch, 1965; Bonner et al., 1968; DeLange et al., 

1968; Panyim and Chalkley, 1969a; Yeoman et al., 1972). The 

idea gradually evolved that histones may be more general in 

their repressor activity, and their action may be modified 

by other nuclear entities such as acidic nuclear proteins, 

RNA, hormones, or intermediate messengers. Additions of 

acidic nuclear protein, also referred to as nonhistone 

protein (NHP), to DNA had no effect upon the transcription 

properties in in vitro studies. However, if NHP was added 

to chromatin or mixed with histone prior to its addition to 

DNA, the amount of repression was significantly decreased. 

Furthermore, derepression of template activity was propor

tional to the amount of NHP added and the degree of de

repression was highest using NHP and DNA from homologous 

rather than nonhomologous sources (Wang, 1971). 

Other studies have indicated that chromosomal RNA 

may also add specificity for regulation. When histones are 

dissociated from DNA by NaCl and then reassociated, the 

original chromatin is not reconstituted. As determined by 

hybridization competition with denatured DNA, differences 

exist between RNA transcribed from native chromatin and 

that transcribed from reconstituted chromatin. For 

sequence^specific reconstitution the participation of 

chromosomal RNA is required (Bonner and Huang, 1966; Bekhor 

et al., 1969). Although it is now widely accepted that 
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specificity of genome regulation cannot be attributed solely 

to histones, evidence from in vitro studies strongly 

suggests that they are major repressors of genome activity 

(Shih and Bonner, 1970; Elgin et al., 1971). With the 

discovery of the various fractions of histones, attempts 

have been made to find the specific role played by each. 

Histones have been grouped into three classes: 

lysine-rich, slightly lysine-rich, and arginine-rich 

Cglycine-rich), Within these classes are five major 

fractions: one lysine-rich fraction (fl) , two slightly 

lysine-rich (f2a2, f2b), and two arginine-rich (f2al, f3). 

Lysine-Rich Histones 

The fl fraction possesses the most multiplicity, 

having as many as four subfractions (Bustin and Cole, 1969). 

The molecular weight varies between 19,500 and 21,000 

daltons and the lysine to arginine ratio is about 20, Over 

20 per cent of this fraction may be composed of lysine 

residues. 

Selective extraction experiments have indicated that 

the lysine-rich fraction dissociates at a lower ionic 

concentration than the other fractions and has greater net 

positive charge (Ohlenbusch et al., 1967), This indicates 

a weaker chemical binding to the DNA. This binding is 

probably electrostatic in nature. In addition, the fl 

histone is most labile to proteolytic degradation. It would 



seem that this fraction would be most sensitive to environ

mental interactions, but because of its very nature it has 

been difficult to study its properties and effects. 

Georgiev, Ananiev, and Kozlov (1966) used sodium 

chloride to selectively remove protein from a 

deoxyribonucleic-protein complex and found that a fraction 

removed between 0.4N and 0.6N NaCl accounted for a 50% 

increase in template activity. This fraction was thought 

to consist mainly of fl histone and comprised only 15% of 

the total histone. These results led Georgiev and his 

colleagues to believe that the fl fraction played a major 

role in regulation. A reinvestigation of this technique 

has shown that the results are highly suspect due to 

aggregation and proteolytic effects (Bartley and Chalkley, 

1972). It has also been shown that use of 0.6N NaCl leads 

to errors in calculating template activity (Clark and 

Felsenfeld, 1971). Smart and Bonner (1971a, 1971b, 1971c) 

used sodium deoxycholate salts instead of NaCl to selec

tively remove various fractions and found that each con

tributed equally to changes in template activity. 

Meanwhile, evidence was accumulating which rein

forced an observation by Littau and co-workers (1964, 1965) 

that fl histones were required for condensation of the DNA 

and, as such, were involved in cross-linking to other 

histone fractions. It was found that cross-linking was 

inversely proportional to template activity (Jensen and 



Chalkley, 1968), Further data indicated that supercoiling 

prevented RNA from interacting with chromatin (Johns and 

Forrester, 1970) . A model has been proposed in which 

histones form a sheath structure around DNA with fl histones 

on the outside acting as cross-linkers to other fractions. 

The fl fraction is exposed to the aqueous environment in a 

configuration that contributes to the hydrophilic nature of 

chromatin (Smart and Bonner, 1971c). Thus, hydrophobic ' 

groups of fl histone interact with other fractions in the 

interior of the nucleohistone complex, and the outer 

surface consists primarily of charged and uncharged hydro

philic groups (Chattoraj, Bull, and Chalkley, 1972). 

Recent experiments utilizing histone-depleted 

nuclei has shown no difference in template blocking ability 

of f.l or f3 histone fractions when RNA polymerase was used 

as an indicator; however, the lysine-rich fraction was 

significantly more effective in blocking DNA polymerase 

activity. Furthermore, the carboxyl-terminal fragment of 

fl appeared as effective as the whole molecule while the 

amino-terminal fragment had no effect (Silverman and 

Mirsky, 1973), If such experiments reflect actual in vivo 

activity, it seems that the fl fraction is involved in DNA 

replication. The finding that phosphorylated fl histone 

reacted in a different manner than "native" lysine-rich 

histone opens the possibility that this fraction may have 

a dual role. 
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Slightly Lysine-Rich Histones 

The slightly lysine-rich fractions, f2a2 and f2b, 

contain as much as 15% lysine. Average molecular weight of 

these fractions is between 11,000 and 18,000 daltons. 

Slightly lysine-rich histones have very limited hetero

geneity and are not easily isolated in pure form. Only 

recently have techniques been reported for showing 

multiplicity, tissue specificity, and evolutionary varia

tion in these histone fractions (Zweidler and Cohen, 1972). 

Evidence has suggested that these two fractions form 

oligomeric complexes with each other (Kelley, 1973; 

Romberg and Thomas, 1974; Romberg, 1974). 

Bridging models have been independently proposed in 

which highly basic regions of histones bind with DNA while 

other regions of the molecules are available for histone-

histone interactions (Bradbury and Rattle, 197 2; Hayashi 

and Iwai, 1971). In the Bradbury-Rattle model the basic 

ends of the f2b are bound to the DNA while the middle of 

the molecule is available for histone-histone interactions. 

Other investigations have gone a step further in proposing 

that these interactions are involved in effecting the 

superhelicity of chromatin (Hayashi and Iwai, 1971; 

Richards and Pardon, 1970). 
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Arginine-Rich Histones 

Arginine-rich histone fractions seem to be the most 

evolutionarily stable of all histone fractions. Molecular 

weights of these fractions are about 11,000-11,500 daltons 

for the f2al and between 13,000 and 16,500 daltons for the 

f3. Amino acid sequencing of these fractions has been 

worked out in detail in plant and animal tissues and 

comparisons have been made (Fambrough and Bonner, 1968). 

The f2al fractions of calf thymus and that of pea 

have only one amino acid difference out of 102 residues 

(DeLange et al., 1969). The f3 fractions have similar 

electrophoretic mobilities in several widely divergent 

species (Panyim et al., 1970). The evolutionary stability 

of arginine-rich histones reflects their close association 

to the DNA helical structure. This fraction is unable to 

undergo changes which may alter its amino acid sequence 

and protein structure. Hybridization experiments have 

indicated a lower than normal level of third position 

nucleotide changes leading to synonymous codons. This 

suggests the possibility that selection occurs at the 

nucleotide level (Farquhar and McCarthy, 1973). 

Clark and Felsenfeld (1971, 1972), employing 

physicochemical techniques, found that under salt conditions 

often used to remove histone fractions selectively from 

chromatin, the protein that remains tightly bound is 

capable of free exchange with binding sites on other DNA 
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molecules. The tightly bound fractions are arginine-rich. 

Using their new techniques, they have indicated that these 

fractions may be clustered in regions that are rich in 

guanine-cytosine base pairs. It is unknown whether histones 

function by suppressing promoter regions or by determining 

tertiary structure of DNA in the chromosome (Szybalski, 

Kubinski, and Sheldrick, 1966; Smythies, Benington, and 

Morin, 197 2). 

In a theoretical treatise, Smythies and colleagues 

(1972) have shown how a possible a-helical conformation of 

f2al might bind with a 16 base segment of DNA, and how such 

a structure would stabilize DNA in a hairpin bend. Such 

bends have been observed as "rosette" structures following 

interaction of f2al with native Ty DNA (Olins and Olins, 

1971) . 

Circular dichroism studies have indicated that 

divalent phosphate addition causes f2al to go into an 

a-helical conformation and this formation is reversible upon 

removal of phosphate (Li et al., 1972). 

It has been shown that arginine-rich fractions form 

tetramers with each other consisting of two molecules of 

f3 (Romberg, 1974; Romberg and Thomas, 1974). Elsewhere, 

researchers have demonstrated the possibility of an f2al-

f2b interaction (D'Anna and Isenberg, 1973). 



Histone-DNA Interaction 

The manner in which histone fractions interact has 

been the object of research and speculation over many years. 

Some investigators have indicated that only about one-half 

of the chromatin is bound to histones and that the other 

half is either "naked" or covered by a loose sheath of 

proteins from the bound regions (Clark and Felsenfeld, 

1971). Others, using quite different techniques, conclude 

that there are no detectable long protein-free stretches in 

DNA (Taun and Bonner, 19 69; Smart and Bonner, 1971b). 

Likewise, there is controversy over whether histones bind 

in the major groove or the minor groove of the DNA double 

helix; and although there is more evidence for the former 

hypothesis, no experiment has yet settled the matter (Shih 

and Bonner, 1970; Kleinman and Huang, 1971). Indeed a dis

cussion of the pros and cons of each of these models would 

be far too extensive for this review. A few of the more 

recent models have been proposed by Leng and Felsenfeld 

(1966), Chalkley and Jensen (1968), Richards and Pardon 

(1970), Shih and Bonner (1970), Pardon and Wilkins (1972), 

and Kornberg (1974) . 

Interestingly the three groups of histones just 

described can also be separated based on increasing amounts 

of electrostatic interaction with DNA or on susceptibility 

to evolutionary changes in amino acid sequence (Panyim, 

Bilek, and Chalkley, 1971; Bartley and Chalkley, 1972). 
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These groupings are fl > f2b = f2a2 > f2al = f3. The nature 

of the nonelectrostatic interactions of the latter groups 

are most probably responsible for their evolutionary 

stability, 

Several investigators have demonstrated that 

histone synthesis occurs only during the S-phase, or DNA 

replicating phase of the cell cycle (Kiefer, Dorrien, and 

Sandritter, 1973). Using translational inhibitors to stop 

protein synthesis, Weintraub (1972) has shown an inhibition 

of chain elongation during DNA synthesis. He has proposed 

that histones are "elongation" proteins and that their 

effect on stabilization of nascent DNA is necessary for 

continued DNA replication. 

In contrast to the idea that all histone fractions 

are woven into some type of tightly knit structure surround

ing DNA, histone fraction antisera have recently been used 

to bind purified chromatin. Of four specific types of 

antisera, each had its own binding sites and saturation 

points and no interference occurred between specific 

antisera at their saturation points. This would indicate 

that a spatial separation exists between various histone 

fractions (Bustin, 1973). 

Modification of Histone Fractions 

Within the nucleus, histones are subject to such 

reactions as acetylation, methylation, and phosphorylation. 
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These reactions may modify histone structure subsequent to 

synthesis and in some instances lead to subfraction forma

tion (Oliver, Balhorn, and Chalkley, 1972; Vidali, Boffa, 

Allfrey, 1972). It has been suggested that such modifica

tions of amino acid residue side chains play a role in 

regulation of interactions between histone and DNA, and in 

control of chromosomal structure and genetic activity 

(Allfrey, Faulkner, and Mirsky, 19 64; DeLange and Smith, 

1971). Evidence has recently been reviewed which shows 

that dynamic equilibrium of multiple histone forms influ

ences the structure and activity of chromatin (Allfrey, 

1971). 

Every histone except f2b undergoes modification 

(DeLange and Smith, 1971). Arginine-rich fractions f2al and 

f3 may be enzymatically acetylated to form e-N-acetyl-

lysyl residues, They may also be methylated to form mono 

and dimethyl-lysine derivatives (Gershey, Vidali, and 

Allfrey, 1968; Paik and Kim, 1970). Sites of modification 

in a particular histone are limited and specific. Calf 

thymus histone f2al is acetylated at lysine residue-16 and 

methylated at lysine residue-20 (DeLange et al., 1969), 

while histone fraction f3 has one site of methylation and 

at least two major sites of acetylation. Histone fraction 

f2al of pea seedlings shows partial acetylation at lysyl 

residues-5, -8, or -12, in addition to more extensive 

acetylation at lysyl residue-16. Trout testis histone f2al 
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is acetylated at four lysyl residues (at positions -5, -8, 

-12, and -16) in the amino-terminal region of the molecule 

(Candido and Dixon, 1972). 

Histone fraction f2a2 contains both phosphorylated 

and acetylated residues. The first seryl residue of 

fraction f2a2 in trout testis histone is known to be 

phosphorylated and some acetylation of lysyl residues is 

believed to occur (Sung and Dixon, 1970). 

Number and specificity of such modification varies 

for individual histones and may be fraction and species 

specific. The net result is a population of very similar 

protein molecules which differ mainly in contents of 

acetylated, methylated, or phosphorylated residues. The 

biological significance of such microheterogeneity remains 

obscure. 

Ord and Stocken (1966) first hypothesized a rela

tionship between histone fraction fl phosphorylation and 

increased protein synthesis in rats. Sites of phosphoryla

tion in this fraction are at serine residues-37 and -106 and 

circular dichoism studies show that configuration is 

dependent upon the extent of phosphorylation (Adler, 

Langan, and Fasman, 1972). Condensation and expansion of 

chromatin has been explained in terms of phosphorylation 

reactions causing fl conformational changes. These changes 

are proposed to free the middle stretches of the fl molecule 

and allow fl-fl interactions in the region of residues-76 to 
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-106 (Bradbury, Carpenter, and Rattle, 1973). Whether such 

modifications of chromosomal structure play roles in the 

replication process or serve to modify expression of the 

genome is a matter of opinion. 

Louie and Dixon (1973) have associated increased 

phosphorylation with changes in chromosomal appearance 

ranging from heterochromatic supercoil to highly phos-

phorylated uncoiled DNA fibers found in lamp-brush 

chromosomes. Others have linked phosphorylation of fl 

and f2a2 fractions to cell replication rather than a device 

for modifying gene expression (Balhorn, Chalkley, and 

Granner, 1972; Gurley, Walters, and Tobey, 1973a). In such 

investigations fl phosphorylations are dependent upon cells 

entering the replicating phase (Balhorn, Bordwell, et al., 

1972; Gurley, Walters, and Tobey, 1973b). A model has been 

proposed in which separation and condensation of sister 

chromatids prior to and during mitosis is dependent upon fl 

phosphorylation (Marks, Paik, and Borun, 1973). 

Hormonal Effect on Histones 

Whether or not histones are affected by hormones has 

been and remains a matter of controversy. Two primary 

mechanisms of hormonal action that have been elucidated can 

provide some framework on which recent discoveries relating 

to histones can be based. These mechanisms are not meant 

to exclude others, but to date they have been the most 



22 

explored and elaborated of the possibilities proposed. 

Most of the work on hormone mechanisms has been accomplished 

in animal systems, 

Cyclic adenosine monophosphate (cAMP) has been shown 

to act as an intermediate messenger for some hormones 

(Sutherland, 197 2). Other nucleotides may be involved in 

this role as well (Kolata, 1973). The mode of activity of 

cAMP has been linked to stimulation of histone kinases and 

subsequent histone phosphorylation (Langan, 1968). Thus, 

the possibility exists that histones are affected through 

specific histone kinases, but this mechanism probably 

results in a general response by the genome which leads 

to increased template activity and RNA synthesis. 

Many steroid hormones act by entering the cell 

membrane and binding to a receptor in the cytoplasm. This 

complex has been shown to enter the nucleus (O'Malley, 1971). 

Cortisol and its analogues are known to act in this manner 

and once in the nucleus, have been shown to bind with 

arginine-rich histones (Monder and Walker, 1970). 

There is some question whether such steroids affect 

histones directly or act through certain binding proteins 

as intermediates (Barker, 1971; Spelsberg, Steggles, and 

O'Malley, 1971), Most evidence favors a nonhistone protein 

receptor acting as a binding protein (Samuels, Tsai, and 

Casanova, 1974), 
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Results of hormones acting in plants is not clearly 

defined in terms of histone action. Popular consensus seems 

to be that electrophoretic histone patterns are not affected 

by hormones to a noticeable extent (Spelsberg, 1967; 

Spiker, 1970; Spiker and Chalkley, 1972a, 1972b), It has 

also been shown that plant hormones have no demonstrable 

effects on thermal denaturation profiles of pea nucleo-

protein. Regardless of these reports other investigators 

continue to publish contradictory results concerning changes 

in electrophoretic patterns of histones (Bajaj and 

Fellenberg, 1972). In addition Ralph and his colleagues 

(1972) have demonstrated that cytokinins modify protein 

phosphorylation. Whether histones are involved in such 

reactions remains to be proven. 

Changes in Histone Fractions 

An area in which researchers have endeavored to find 

histone differences is between tissues of a given species. 

The idea that different portions of the genome are active 

in different tissues opens the possibility that histones 

may be involved in a general mechanism. They may repress 

a different series of genes in each tissue. Innumerable 

accounts of organ and tissue specificity have been reported, 

and the overwhelming majority of such specificities are 

associated with lysine-rich histone fractions (Bustin and 

Cole, 1968; Panyim and Chalkley, 1969b; Sluyser and Hermes, 
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1973). Among higher plants, the few reports that have been 

published indicate a remarkable similarity between the 

histones of different tissues in general, but some excep

tions have been reported (Fambrough and Bonner, 1966; 

Spiker and Krishnaswamy, 1973; Towill and Nooden, 1973). 

Since a correlation between histones and gene 

repression was being sought, procedures which allowed 

separation of repressed and active chromatin were of special 

interest (Frenster, Allfrey, and Mirsky, 1963). It is well 

known that changes in physical structure, composition, and 

template activity occur during gene activity. Modifica

tions of histone fractions are also known to occur coinci

dent with these and other changes (Allfrey, 1970). 

Consistent with models envisioning a protein maintained 

DNA supercoil as a general mechanism of transcriptional 

repression, physical studies have shown that extended 

chromatin is more accessible to nucleases and other chemical 

modifications (Simpson and Polacow, 1973). 

Additionally, it has frequently been proposed that 

variation in relative content of histone fractions might 

provide a mechanism by which specific portions of the genome 

are regulated, Early work with extended and condensed 

chromatin revealed no differences in ratios of lysine*-rich 

fractions (Comings, 1967), Other investigators, using more 

refined techniques also showed that remarkable similarities 

did exist but reported differences in relative amounts of 
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f2al and f2a2 fractions and noted a unique fl subspecies 

related to condensed chromatin (Johmann, Eckhardt, and 

Gorovsky, 1973). 

Conflicts of ideas still remain, however; and 

Wilhelm and associates (1972) have reported identical 

histone composition in condensed and diffuse chromatin of 

rat tissues. In many of these cases nonhistone proteins 

have been designated as regulating proteins responsible for 

tissue specificity (Chytil and Spelsberg, 1971; Wilhelm 

et al. , 1972). 

Most of the differences noted in histone fractions 

have been iden-tified in tissues undergoing differentiation. 

In many higher plants no tissue or developmental specificity 

exists, and reports on similarity between plant and animal 

histones have been made (Fambrough and Bonner, 19 66; 

Fambrough, Fujimura, and Bonner, 19 68; Spiker and 

Krishnaswany, 1973). Some investigators, however, have 

shown that exceptions do occur. McDaniel (1971) showed the 

existence of quantitative differences between barley 

varieties and qualitative differences between barley and 

calf thymus. Quantitative changes in arginine-rich 

fractions have been associated with age in tobacco leaves 

CSrivastava, 1971). Developmental changes in bean 

hypocotyl tissue has also been reported (Spelsberg and 

Sarkissian, 197 0). Quantitative histone changes have also 
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been identified in embryonic pea tissues (Fambrough et al., 

1968). 

Developmental changes in animals have been very well 

substantiated. During embryogenesis of sea urchin both 

qualitative and quantitative changes have been reported 

(Bekhor et al., 1969; Vorobyev, 1969; Vorobyev, Gineitis, 

and Vinofradova, 1969; Ord and Stocken, 1970; Auer, 1972). 

In addition, great strides are being made in the study of 

histone synthesis and metabolism using sea urchins (Gross, 

Jacobs-Lorena, et al., 1973; Gross, Ruderman, et al., 1973; 

Skoultchi and Gross, 1973; Ruderman and Gross, 1974). One 

of the most drastic changes which has been shown to occur 

has been an increase in arginine-rich f3 fraction and a 

corresponding decrease in f2b. This change has been shown 

to be correlated to increases in template activity 

(Benttinen and Comb, 1971). Independent work has shown that 

the egg of sea urchin contains long-lived RNA specific for 

arginine-rich histones. Other fractions of histones cannot 

be synthesized without de novo synthesis of RNA (Thaler, 

Cox, and Villee, 1970). 

Similar changes have been noted in amphibian 

oocytes of newt (Asao, 1969). Specifically an increase in 

the arginine-rich histones during gastrulation was recorded 

as well as a later increase in the slightly lysine-rich 

fraction. Developmental peculiarities of histones were 
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demonstrated in chicken and fruit fly as well (Agrell and 

Christensson, 1965; Oliver and Chalkley, 1972). 

No developmental changes in histones were found in 

toad embryos by Destree, d'Adelhart Toorop, and Charles 

(1973) or in chicken when studied by Kischer, Gurley, and 

Shepherd (1966). Further information and an elaboration of 

the information presented here may be found in reviews 

(Butler, Johns, and Phillips, 1968; Georgiev, 1969; Johns, 

1969; Smith, DeLange, and Bonner, 1970; Elgin et al., 1971; 

Comings, 1972). 



MATERIAL AND METHODS 

Cucurbita moschata var, 'Butternut' fruit were 

harvested 30 days after pollination from an established 

planting. The planting was highly homozygous, and fruit set 

on the plants were hand pollinated. Cucurbita moschata have 

pyriform fruit with variable neck length. These fruit were 

weighed after harvest and again prior to removal of the s 

seed. Number of days between harvest of fruit from the vine 

and removal of seed is designated as the after-ripening 

period. 

Seeds were removed from fruit at two-day intervals 

from harvest, starting at time of harvest through the 

twentieth day of after-ripening (DAR). Additionally, seeds 

were extracted from squash which had after-ripened for 25 

and 3 0 days. A five fruit replication was taken for each 

time interval. Seeds were washed thoroughly and room dried 

for at least two weeks, then counted and weighed. 

Collections of leaf material were taken from potted 

cotton plants which were maintained in the greenhouse 

throughout the experiment. Plants were grown in a soil-

sand-peat (5:1:1) misture and were watered regularly at 

two-day intervals. Full strength Hoagland's solution was 

added every six to eight weeks (Hoagland and Arnon, 1950). 

Periodically, larger plants were cut back to maintain fresh 

28 
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growth of leaf material. For the experiments, fully 

expanded, non-senescent leaves were removed from the plants 

with a razor. Midribs of leaves were removed, and leaves 

weighed, rinsed, and placed in plastic bags in the freezer 

at -18 C. 

Pentaploid and hexaploid cotton plants and hexaploid 

seed were obtained through the generosity of Dr. H. 

Muramoto of The University of Arizona. Hexaploid cotton 

originated from the cross Gossypium hirsutum L. with 

Gossypium sturtianum Willis. Pentaploid plants were 

selected from the f^ population of hexaploid plants, some 

of which had outcrossed naturally with Gossypium barbadense 

L. Tetraploid seeds of Pima S-4 (G. barbadense) and Delta 

Pine 16 (G, hirsutum) were obtained courtesy of Dr, C. V. 

Feaster and Dr. B. B, Taylor, respectively. 

A summary of Gossypium species used in this work is 

presented in Table 2. Included is information regarding 

their ploidy levels and genome classification. 

The following procedures apply to both Gossypium 

and Cucurbita unless specified otherwise. 

Germination Procedures 

Dry seeds were surface sterilized in 0,25% sodium 

hypochlorite solution for 5-10 min. After a 20-^30 min 

rinsing in tap water, seeds were spread out in germination 

trays between two layers of water'-saturated Kim towels 
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Table 2. Gossypium Species 
Number, and Genome 

Used in This Study, Their 
Designations 

Ploidy 

Species Genome Group3 Ploidy 

G. herbaceum L. i—1 < 
C

N
 

2x 

G. thurberi Tod. i—1 Q 
C

M
 

2x 

G. longicalyx Hutch. & Lee 2F 
* 1 2x 

G. hirsutum L, 2(AD)1 4x 

G. barbadense L. 2(AD)2 4x 

G. tomentosum Nutt. ex Seem, 2(AD)3 4x 

Pentaploid (AD^) + (AD) 2 5x 

Hexaploid 2(ADlCl) 6x 

Relationship of genome sizes is C > F > A > D. 

(Kimberly-Clark Corp.). Trays were tightly covered and 

placed in a dark germinator at 24 C. 

Germination tests on Cucurbita seeds were made using 

the above techniques. Viability tests were conducted using 

modified procedures (Delouche et al., 1962; Alves Costa and 

Bemis, 1972), Seeds were considered to have germinated if 

more than 1 mm of the radicle had emerged. Viability was 

assumed if any part of the embryo or cotyledon had become 

stained with the tetrazolium dye. 



Isolation of Nuclei 

Nuclei of plant tissues were isolated using modified 

versions of techniques originally described for isolation of 

rat liver nuclei (Blobel and Potter, 1966). These methods 

utilize a grinding buffer (STKM) containing: 0.25M sucrose, 

0.05M tris-HCL (Sigma Chemical Co.), 0.025M KCL, and 0.005M 

MgCl2 (pH 7,5). To inhibit proteolysis, 0.025M NaHSO^ was 

routinely added to the grinding buffer just prior to its use 

(Spelsberg, 1967; Panyim, Jensen, and Chalkley, 1968). All 

procedures were carried out in ice or in refrigeration at 

0-4 C unless otherwise stipulated. All water used in these 

experiments was distilled and deionized unless otherwise 

indicated, and all solutions were aqueous unless designated 

otherwise. 

To extract nuclei, plant tissues were initially 

diced with a razor and placed in grinding buffer (1:5, w/v). 

The mixture was blended at high speed for 30 sec in a 

Sorvall Omni-mixer. The resultant slurry was filtered 

successively through three layers of cheesecloth, nylon 

2 cloth (4,624 aperatures/cm ), and two layers of Kimwipes 

(Kimberly-Clark, Corp.) into pre-chilled 40 ml centrifuge 

tubes. The residue was resuspended in grinding buffer 

(.1:5, w/v) and recycled through the blending and filtering 

procedures. Homogenates were combined and centrifuged at 

500 x g for 15 min. All centrifugations, unless otherwise 

specified, were conducted in a Sorvall SS-34 rotor. 
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After centrifugation the supernatant liquid was 

discarded, and the pellet was resuspended in enough grinding 

buffer to fill the centrifuge tube. When nuclei were being 

isolated from green tissues, a modified grinding buffer 

containing Triton X-100 (2%, v/v) was used and this mixture 

was allowed to incubate for 3 0 min. The resuspended pellet 

was centrifuged at 12,000 x g for 15 min, Resuspension, 

incubation, and centrifugation steps were repeated until the 

supernatant fluid became clear. 

The isolated nuclear pellet, approximately 1-3 ml 

per tube, was immediately purified using discontinuous 

gradient centrifugation, Gradients were formed by 

resuspending the pellet in 10 ml 0.25M STKM and thoroughly 

mixing it with 20 ml of 2,3M STKM, An additional 10 ml of 

2.3M STKM was used to underlay the suspension. The inter

face of the gradient was gently agitated with a glass rod, 

and the gradient was centrifuged at 40,000 x g for 45 min. 

After centrifugation, the supernatant fluid was discarded 

and sides of the tubes were wiped clean with Kimwipes. 

Isolation of Nucleohistone 

Isolated and purified nuclei were lysed in a 

hypotonic solution of 0.01M tris-HCl buffer, pH 7.5, Dis

ruption of nuclei was facilitated by homogenizing the 

suspension in a glass homogenizing tube with a motor-driven 

teflon pestle. Nucleoprotein was pelleted at 10,000 x g for 
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15 rain. Homogenization and centrifugation steps were 

repeated at least three times and until the supernatant 

liquid was clear of membrane fragments and other debris. 

When seed and cotyledon nuclei were being extracted 

it was necessary to gently scrape nucleohistone from the 

underlying layer of storage proteins and carbohydrates. 

This step was unnecessary when hypocotyls, roots, or leaves 

were the source of chromatin pellets. 

Extraction of Histone 

Combined nucleohistone pellets were suspended in 

cold distilled water and were divided into two equal 

aliquots. One aliquot was used to assay DNA content while 

the other was used for histone extraction, Histones were 

extracted by adding one-fourth volume 1.0N I^SO^ and 

stirring for 30 min. The mixture was centrifuged for 20 min 

at 12,000 x g, and the supernatant liquid was saved. 

Pellets were re-extracted for 30 min with 0.4N and 

after another centrifugation the supernatant fluids were 

combined. Four volumes of ice-cold ethanol were added to 

the combined supernatant fluids and histones were precipi

tated at -18 C for 48 hr, 

Ethanol suspensions were centrifuged at 10,000 x g 

for 15 min; and after several successive washings in 5 ml 

aliquots of absolute ethanol, histones were dried by 

lyphilization or desiccation. 



Disc Electrophoresis Procedures 

Two electrophoretic systems were employed to 

characterize proteins of the plant species studied. For 

basic proteins, the method was a modification of procedures 

described by Ornstein (1964), Fambrough and Bonner (1966), 

and Panyim and Chalkley (1969a). Acidic proteins were 

characterized on a modified system from Davis (1964). 

Modifications of systems were according to McDaniel (n.d.). 

Basic Proteins 

The monomer solution contained acrylamide (30%, w/v) 

and N,N'-methylene bisacrylamide (BIS) cross-linker (0.4%, 

w/v). Catalyst A was 1.54% (v/v) N,N,N1,N-tetramethylene-

diamine (TEMED) in 71% (v/v) acetic acid. Catalyst G 

solution was 1,4% (w/v) ammonium persulphate, and fresh 

solution was prepared daily. All components were adjusted 

to pH 2.9 with 1.0N KOH. Gels were prepared by mixing 

monomer with catalysts A and G in a 4:3:1 ratio. Urea was 

added to 6M. The mixture was stirred and pipetted into 

clean, acid-washed glass tubes set in serum caps. A syringe 

was used to carefully layer 25 yl of water on top of the gel 

solution. Gel tubes for normal protein separation were 6,5 

cm long and 0,5 cm i,dt When high resolution techniques 

were applied, tubes 10 cm long and 0.5 cm i.d, were used 

(Panyim and Chalkley, 1969a, 1969b), 
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After polymerization, the water layer was blotted 

dry with a cotton swab and protein was applied in a sample 

buffer consisting of 0. 8M sucrose, 25mM KC1, 5mM MgC^f 

2.5mM CaCl2, and 50mM tris (pH 7.5). Gels were capped 

with a 1:1 dilution of acrylamide and urea solution. 

Reservoirs were filled with fresh buffer (0.37M glycine, 

0.01N acetic acid, pH 4.0) and 18 drops of 0.005% methylene 

blue were added to the upper reservoir as a marker. A 

constant current of 5 ma/gel was applied until marker dye 

had entered the gel (approximately 1 hr); then the current 

was decreased to 3,5 ma/gel. Basic proteins migrated toward 

the cathode under these conditions. 

Acidic Proteins 

Acidic gels were made with a separating gel, a 

stacking gel, and a cap made from a 1:1 dilution of the 

separating gel. The separating gel was mixed from a monomer 

solution of 28% (w/v) acrylamide and 0.735% (w/v) BIS, and 

catalyst solutions C and G in a 2:1:5 ratio. Catalyst C 

consisted of TEMED (0,23% v/v) in a 3M solution of tris base 

(Sigma Chemical Co.) adjusted to pH 8.9 with the addition of 

1.0N HC1. Catalyst G was a freshly made solution of 1.4% 

(w/v) ammonium persulphate, 

Stacking gel components consisted of a 2:1:1:4 

mixture of monomer, catalysts D and E and sucrose solution 

(28,6%, w/w), The monomer was acrylamide (10%, w/v) and 



36 

BIS (2.5%, w/v). Catalyst D was TEMED (0.46%, v/v) in a 

0.5M solution of tris base which was adjusted to pH 6.7 

with 1.ON HC1. Catalyst E was a solution of riboflavin 

(4 mg/100 ml). 

Gels were formed in tubes 6.5 cm x 0.5 cm i.d. set 

in serum caps. Tubes were filled to a height of 5 cm with 

separating gel and were overlayed with water to provide a 

flat and smooth interface. After polymerization and 

removal of the water, a one centimeter layer of stacking gel 

was pipetted onto the top of the separating gel and water 

was again layered on the gel to smooth the meniscus. Sample 

buffer was composed of urea (2M), ethylene diamine tetra-

acetic acid (5mM), deoxycholate (7.5mM), and tris base 

(20mM, pH 8.9). The reservoir buffer (0.38M glycine, 

0.004M tris base, pH 8.9) was placed in upper and lower 

tanks, Approximately 30 drops of 0,001% bromophenol blue 

tracking dye was added to the upper buffer and proteins were 

separated toward the anode at a constant current of 5 ma/gel. 

Staining and Destaining Techniques 

After electrophoresis, gels were removed from their 

tubes and stained for 30 min in a solution of 1% napthol 

blue black stain in 7% acetic acid (pH 3,2), Destaining was 

accomplished by diffusion in a destainer filled with 7% 

acetic acid and fitted with a charcoal filter (Hoefer 
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Scientific Instruments). This procedure was followed for 

both basic and acidic protein characterizations, 

A special staining technique was used in some cases 

for differentiating arginine-rich histone fractions in 

histone preparations. This method was a modification of 

procedures described by Barrett and Johns (1973). Gels were 

stained by immersion in 0,01% bromophenol blue (pH 3,0) for 

16 hr and were destained in five changes of 40% n-propanol 

at 55 C for a total time of 48 hr, 

Direct Acid Extractions 

In instances where a very small amount of material 

prevented normal nuclei isolation, purification and nucleo-

protein extraction, a modification of a direct acid extrac

tion technique was used to characterize basic proteins on 

electrophoretic gels (McDaniel, 1971), Modifications 

involved an initial grinding of tissues in ice-cold ether 

(1:10, w/v) to extract lipids, and a subsequent grinding in 

basic protein sample buffer (1:1, 2/v pH 7.5). The slurry 

was filtered through nylon to remove debris, and the 

chromatin was pelleted by centrifugation for 2 min in a 

microfuge (Beckman, model 152) . The chromatin pellet was 

resuspended in sample buffer and placed on a polyacrylamide 

gel with one drop of 0.25N f^SO^, Normal capping and 

electrophoretic procedures were followed from there on, 
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Quantitative histone determinations were made by 

three methods: (1) weight of isolated and dried fractions, 

(2) Lowry protein determination, and (3) densitometry 

estimates of the protein-dye complex in polyacrylamide gels. 

Lowry protein determination was conducted by the 

procedures of Chaykin (1966) using calf thymus histone 

(Sigma Chemical Co.) and bovine serum albumin (fraction V, 

Sigma) as standards (Lowry et al., 1951). 

Densitometry estimations were based on the methods 

of Johns (1967) and Dick and Johns (1969), Stained bands 

were scanned at 603 nm with a Densicord recording densi

tometer equipped with an Integraph automatic integrator 

(Photovolt Corporation). Histone determinations were based 

upon readings of calf thymus histone standards which were 

run concurrently with unknowns. Individual histone frac

tions were quantitatively determined by integration and by 

cutting out individual peaks and measuring their area with 

an Automatic Area Meter (Type AAM-5; Hayashi Denko Co., 

LTD, Tokyo). 

Spectrophotometric estimations of histone purity 

were based on the method used by Spelsberg (1967). Readings 

were taken on a Beckman DB-G spectrophotometer equipped with 

a deuterium lamp power supply. 

Quantitative DNA measurements were made using the 

Giles and Myers (1965) modification of Burton's (1956) 

diphenylamine technique. 



39 

Microscopic Examination 

Purified nuclei were examined microscopically to 

estimate yield and relative contamination. Nuclei were 

stained with acetocarmine stain. Chromosome counts of 

tetraploid, pentaploid, and hexaploid Gossypium species were 

made using techniques of Kirk and Jones (1970) and John and 

Jones (197 0). Feulgen staining of root tip nuclei was used 

to confirm genome levels. 



RESULTS AND DISCUSSION 

Fruit and Seed Measurements of Cucurbita 

Previous studies with members of the Cucurbitaceae 

having regularly shaped fruit have shown that increased 

fruit size is dependent upon degree of pollination and seed 

number (Mann, 1953; Alves Costa, 1972), Some C. moschata 

fruit had long necks while others had short necks. Thus, 

irregularity of fruit shape masked any possible correlation 

of fruit weight to seed size or number. By weighing fruits 

at time of harvest and again prior to the removal of seed, 

it was found that up to 12.3% of their original weight was 

lost during the 30-day after-ripening period (Figure 1; 

Table A,1, Appendix A). Most, if not all, of the weight 

loss was probably due to desiccation. Weight loss was 

rapid at first and then gradually slowed toward the end of 

the 3 0-day period, 

In this study, changes which occurred in the seed 

during after-ripening were of more concern than changes in 

the fruit, Seed numbers and weight after drying are given 

in Table A,2 in Appendix A, Number of seed per fruit ranged 

from 16 to 214 with a mean of 112,8, This reflected the 

variability of hand pollination efficiency. Seed weight 

showed a general increase over the 3 0-day after-ripening 
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Loss of Fruit Weight in C. moschata During After-
Ripening — Fruits were harvested 30 days after 
pollination and fresh weight measurements were 
made at the indicated days after-ripening (DAR). 
Each point (+) represents the mean value of three 
to five observations (r = 0.962). 
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period, the most noticeable increase occurring in the first 

eight days (Figure 2) . 

Germination and viability tests showed the most 

dramatic changes (Table 3; Figure 3), Viability increased 

from 20% to nearly 100% from 0 to 16 DAR (days after-

ripening) while germination percentages increased expo

nentially between the 10th and 14th days. Many of the 

seeds from 0 to 10 DAR fruit were viable but not 

germinable, a condition suggestive of dormancy. It has 

been shown that hormones can be used to break dormancy in 

some instances (Jarvis, Frankland, and Cherry, 1968a, 

1968b; Wareing and Saunders, 1971). However, when non-

germinable seeds of C. moschata were treated with 

— 6 gibberellic acid, kinetin, cyclic AMP, and AMP at 10 M 

concentrations, germinability was not significantly 

improved, 

Electrophoretic Protein Studies from Direct 
Extracts of After-Ripened C. moschata Seed 

Acidic protein of excised embryos were analyzed on 

polyacrylamide gels (Figure 4). The most distinctive 

differences were noted between proteins extracted from 

embryos of 10- and 12-day after-ripened seeds Gels from 

0 to 10 DAR were nearly indistinguishable, and only a few 

quantitative changes were seen from 12 to 30 DAR, Blurred 

patterns obtained on gels from 0 to 10 DAR could not be 
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Figure 2, Effect of Days After-Ripening on Seed Weight of 
S.' moschata -— Seeds were removed from the fruit 
at the indicated number of days after-ripening 
(DAR), air dried, and weighed. Each point (+) 
represents the mean of four or five values 
(r = 0.654). 
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Table 3. Effect of After-Ripening on Germination and 
Viability of C, moschata Seeds 

O. 
"O Germination 

DAR % Viability 4-daya 7-daya 

0 22.0 0 0 

2 40.0 0 0 

4 62.0 0 1.3 

6 70.0 0 2.3 

8~ 76.7 0 6.7 

10 90.0 0 15.0 

12 96.7 20.0 36.7 

14 100,0 82.0 93.0 

16 96.7 93.3 93.3 

18 96.7 95.0 98,1 

20 100. 0 100. 0 100.0 

25 100. 0 100.0 100,0 

30 100,0 100, 0 100,0 

Germination percentages as determined from seeds 
analyzed after four days and seven days in darkness. 
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Figure 3, Germination and Viability in After-Ripened Seeds 
of C, moschata 
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Figure 4. Comparison of Acidic Protein Electrophoretic 
Patterns of Excised Embryos from After-Ripened 
C, moschata Seeds — Numbers at the base of each 
gel refer to days after-ripening; arrows show the 
direction of electrophoretic migration. 
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improved with additions of reducing and sulfhydryl agents 

such as NaHSO^ or [3-mercaptoethanol to the extraction buffer. 

All samples were treated similarly and changes in 

protein patterns on polyacrylamide gels were correlated to 

the increase of germination percentage beginning after 

10 DAR. It is possible that smeared patterns reflect the 

true nature of proteins within the embryo, and that one of 

the expressions of premature removal of seed from the fruit 

is the inadequate synthesis of proteins essential for 

germination and continued viability. Investigations with 

barley (Hordeum vulgare, L.) seeds have shown that aging 

caused similar gel electrophoretic patterns (Shannon et al,, 

1973). Such patterns, however, could be improved with 

additions of the sulfhydryl reagents cysteine and 3-

mercaptoethanol. Failure of reducing agents to improve 

gel patterns of Cucurbita embryos indicates that the 

proteins are not being destroyed by endogenous oxidants 

during extraction, Thus it is possible that synthesis of 

proteins necessary for germination is interrupted or slowed 

when the seeds are removed prior to a sufficient after-

ripening period, 

It must be remembered that seeds in 0-10 DAR fruit 

have 95-100% viability and germination potential unless they 

are removed and dried prematurely, According to these data 

some physiological event is occurring during this after-

ripening period which allows the seed to withstand 
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desiccation, to remain alive, and eventually to germinate. 

Previously, other investigators showed that after-ripening 

increases germinability in immature butternut squash seed 

(Young, 1949; Holmes, 1953). Present findings tend to 

support the conclusions of Alves Costa and Bemis (1972) in 

their work with Cucurbita foetidissima HBK. However, with 

m°schata a positive correlation was found between number 

of days after-ripening and increases in seed weight. This 

indicates that a physical development of the seed accompanies 

its physiological development. 

An intensive effort was made to isolate histones 

from C. moschata seed tissues. Histones from ovaries and 

leaves of Cucurbita have been isolated in this laboratory 

(Chery, n.d.). However, attempts to isolate uncon-

taminated histones from seeds have been unsuccessful in 

this laboratory and in others (Wohler, 1973). Principal 

contamination seems to be due to arginine-rich storage 

proteins present in Cucurbita cotyledons, These reserve 

proteins are globulins and have arginine contents as high 

as 16% (Splittstoesser, 1969). These same proteins, present 

in high concentration in seeds, co-migrate with histones and 

mask the appearance of histones on polyacrylamide gels. 

Methods of selective precipitation using altered pH 

and ethanol concentrations failed to remove the con

taminating proteins without affecting one or more of the 

histone fractions. On polyacrylamide gels the storage 



proteins were found to be composed of four fractions (Figure 

5). Wohler (1973), using the same isolation and electro-

phoretic procedure, has reported three fractions of these 

basic storage proteins from pumpkin (Cucurbita pepo L,) 

cotyledons. 

Previous electrophoretic studies have shown only 

one reserve protein fraction from pumpkin and two from 

squash (Cucurbita maxima Duch.) (Anderson, McCalla, and 

McCalla, 1960). However, sedimentation and diffusion 

desalting techniques have indicated the presence of four 

clearly defined storage protein fractions from C, maxima 

(Fuerst, McCalla, and Colvin, 1954; Kretovich et al., 

1956), It appears that the electrophoretic technique used 

in this study is superior in separating reserve storage 

proteins of the cucurbits. In addition, the number of 

fractions found is in close agreement to the number found 

using other methods. 

Because of the small amount of seed available in 

these studies and the impossibility of isolating histone 

fractions free of contamination, the direct acid extraction 

technique was used to find basic protein patterns on 

polyacrylamide gels, Basic protein fractions from afters-

ripened seeds are shown in Figure 6, It can be seen that 

after the second day of after-ripening, patterns appear 

fairly consistent. Evidently, basic proteins are less 

severely affected by premature removal of seed from the 



Figure 5. Densitometer Tracing of Basic Gel Showing Four 
Electrophoretic Fractions of C. moschata Reserve 
Protein -- Relative amounts of the fractions are: 
(1) 64.1%, (2) 12.7%, (3) 5.7%, and (4) 17.5%. 

Direction of Migration 
• 
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Figure 5. Densitometer Tracing of Basic Gel Showing Four 
Electrophoretic Fractions of C. moschata Reserve 
Protein 
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Figure 6. Comparison of Basic Electrophoretic Patterns 
of Excised Embryos from After-Ripened C. moschata 
Seeds — Numbers at the base of the gels indicate 
days after-ripening; first gel is the calf thymus 
histone (CTH) standard. Arrows indicate the 
direction of electrophoretic migration. 



fruit than are the acidic proteins. Conversely, many more 

quantitative differences can be seen in the basic proteins 

than were noted in acidic proteins. The reason for this is 

not clear. The reserve protein fractions are the four 

fastest moving bands. Again, differences noted in embryos 

from the first two days may reflect incomplete development 

of proteins essential for germination or continued 

viability. Additional replicates and treatment with 

reducing agents and protease inhibitors failed to improve 

the appearance of the proteins on gels. 

Byvshikh (1971) reported increases in concentrations 

of individual amino acids in C. pepo and C. maxima seeds . 

taken from fruit during after-ripening. This finding 

supports the hypothesis presented here that necessary seed 

development is completed during the after-ripening period. 

The original idea that histones are involved in protection 

of the seed genome during desiccation cannot be substantiated 

due to difficulties in isolating and identifying the histone 

proteins during this developmental stage, 

Isolation, Purification, and Physiochemical 
Properties of Gossypium Nuclei 

Confirmation of the genome number was made for all 

Gossypium species used in the experiment. Since pentaploid 

plants were included in this study, all chromosome counts 

were made from root tip squashes rather than from flower bud 



53 

anthers. Verifications of chromosome numbers in tetraploid, 

pentaploid, and hexaploid plants are shown in Figure 7. 

During the isolation and purification procedures, 

fractions were checked using a light microscope to assure 

that nuclei were present and intact. Using three- and five-

day root tips no difficulties were experienced using the 

procedures outlined under Materials and Methods. However, 

when cotton leaves were used as a source of material, it 

was found that the nuclei did not consistently sediment 

through the 2.3M heavy sucrose cushion of the discontinuous 

gradients. Consistency of sedimentation and efficiency of 

isolation were dependent upon the material used. For this 

reason continuous sucrose gradients were prepared from 1.3M 

to 2.3M and leaf nuclei samples were centrifuged at 

40,000 x g for 45 min. Densities were determined by 

refractometry of sucrose in the nuclear band, and the 

heavy sucrose cushion was "lightened" accordingly to allow 

the nuclei to pellet (Table 4). Degree of purity of the 

pelleted nuclei was dependent upon keeping the heavy 

sucrose cushion as dense as possible. This fact justifies 

differential treatment of leaves of different ploidy levels, 

If the lightest possible sucrose cushion was utilized, the 

more dense nuclei were extremely contaminated. For these 

reasons, density of the heavy sucrose cushion was altered, 

and microscopic examinations of the nuclei were used to 

monitor purity, 
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Figure 7, Cytological Examination of Nuclei from Gossypium 
Root Tip Metaphases *•- (A) Tetraploid (G. 
barbadense), (B) Pentaploid. 



Figure 7.—Continued — (C) Hexaploid. 
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Table 4, Densities of Cotton Nuclei and Molarities of the 
Heavy Sucrose Cushion Used for Their Isolation 

Species Ploidy 
Nuclear 
Densitya 

Molarity of Sucrose 
Cushion Used for 

Isolation 

G. herbaceum 2 x 1. 236 + 0. 009 1.9 

G. thurberi 2x 1.197 + 0. 009 1.6 

G. longicalyx 2x 1.207 + 0.001 1.7 

G, hirsutum 4 x 1. 201 + 0. 009 1.6 

G, barbadense 4x 1,211 + 0.004 1.7 

G. tormentosum 4x 1. 182 + 0.009 1.5 

Pentaploid 5x 1.208 + 0.009 1.7 

Hexaploid 6x 1.27 4 + 0. 009 2.1 

aValue 
level). 

given as mean (y — to, at 0.05 confidence 

Quantitation of Histones and DNA from 
Gossypium Chromatin 

Following isolation of nuclei, quantitation of 

histones and DNA was carried out to establish their relative 

abundance in chromatin. Quantitation of histone fractions 

was made using three methods: (1) dry weight measures, (2) 

Lowry protein determination, and (3) comparative densitometry 

of the dye*-histone complex, 

In a comparison of the three methods it is found 

that dry weight measurements led to an overestimation of 
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histone content. This may have been due to several reasons. 

Acid extractions have been shown to be contaminated with 

carbohydrates and nucleotides (Greenaway and Murray, 1973). 

Although the extent of this kind of contamination has not 

been specified, there are other sources of contamination 

which can add to it. Both weight and Lowry measurements 

are influenced by the presence of basic nuclear and 

cytoplasmic non-histone proteins and protein fragments. 

Protein fragments may exist in classes too small to be seen 

on gels, nucleotides and carbohydrates will not stain, and 

cytoplasmic proteins may or may not be seen depending upon 

their concentration. Additionally, some basic proteins 

migrate toward the anode instead of the cathode in a pH 2.9 

electrophoretic system. These proteins would be lost in the 

upper reservoir buffer. 

When BSA (bovine serum albumin) and CTH (calf 

thymus histone) standards were used the relationship between 

different methods of protein determination was very close; 

but when quantitations were made with experimental material, 

differences were observed (Table 5). Measurements of 

histones were found to vary as much as 42% depending upon 

the method of protein determination. 

To analyze purity of extracted and isolated histones 

further, spectrophotometric scans were made. Whereas, most 

proteins usually absorb light at 280 nm, histones reportedly 

absorb energy in the 230 nm range (Chattoraj et al,, 1972; 
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Table 5. Comparisons of Protein Quantitation Methods Used 
in This Study 

ci ID ID 
Sample Dry Weight Lowry Densitometry 

Bovine Serum Albumin 
Standard 1. 00 0. 9 8+0. 01 0. 97+0. 01 

Calf Thymus Histone 
Standard 1. 00 0. 99+0, 01 0. 97+0. 01 

G. barbadense Histone 
(3-day root) 1. 00 0. 81+0. 05 0. 63+0. 05 

aAll dry weight measurements adjusted to unity, 

^Values given as mean (y = to, at 0,05 confidence 
level), 

Spelsburg, 1967). Absorption spectra of BSA, CTH, and 

G. barbadense histone isolated from three-day roots are 

shown in Figure 8, Absorption maxima of calf thymus and 

Gossypium histones were found to be at 230 nm. From the 

curves it can be seen that there is a greater amount of 

non-histone contamination in the histone sample isolated 

from G, barbadense, The use of spectrophotometric scans to 

determine purity of histone preparations has not previously 

been reported, The unique lack of a 280 nm peak in pure 

histone preparations makes it possible to rapidly assess 

purity of small quantities of histone, 

Due to the difficulties noted with other methods, 

calculations of histone values were made through 
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Figure 8, Absorption Spectra of Bovine Serum Albumin (BSA), 
G, barbadense Histone (COT), and Calf Thymus 
Histone (CTH) 
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densitometry of the dye-histone complex on polyacrylamide 

gels. This technique was more specific for basic proteins 

than either dry weight or Lowry measurements. Disadvantages 

of this method were that very minor fractions may not have 

absorbed enough dye to be detected. Using a 603 nm filter, 

it was found that, by weight, standard histone fractions 

complexed with napthol blue black stain with the same 

absorbance (Figure 9). Color intensities of the dye-

histone complex were found to obey Beer's Law. Similar 

findings have been reported previously (Hnilica, 1966; 

Fambrough et al., 1968). Quantitation of the densitometry 

patterns were made using integration or through cutting the 

peaks and measuring their areas. Both methods yielded 

comparable results. 

Histone/DNA measurements were calculated for nuclei 

isolated from the leaves of Gossypium species (Table 6). In 

the case of G, barbadense, ratios were determined for threes 

and five-day roots as well. These ratios were 0.98 + 0.05 

and 1,00 + 0,05 respectively and were not significantly 

different from values obtained from leaf tissues. Histone/ 

DNA values near unity have been reported by many investi

gators. Vendreley, Knobloch-Mazen, and Vendreley (1960) 

found ratios from 1,00 to 1.2 were determined by Spelsburg 

and Hnilica (1971); other workers have reported ratios over 

2.0 (Chanda and Dounce, 1971; Chanda, Ickowicz, and Dounce, 

1973), Estimations of histones in tissues of Gossypium are 
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Figure 9. Relationship Between Histone Concentration and 
Absorption of Dye in Polyacrylamide Gels 
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Table 6. Histone/DNA Ratios Obtained from Leaf Nuclei of 
Gossypium Species 

Species Ploidya Histone/DNA 

G. herbaceum 2x 0.98 a 

G. thurberi 2x 0.97 a 

G. longicalyx 2x 0.98 a 

G. hirsutum 4x 1.08 b 

G. barbadense 4x 1.03 b 

G. tomentosum 4x 1.05 b 

Pentaploid 5x 1. 23 c 

Hexaploid 6x 1.10 b 

a . _ x = 13. 

^All values are based on three observations. Ratios 
with different letters are significantly different at the 
0,0 5 confidence level using the LSD test, 
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within the 0.75 to 1.35 range found in pea tissues (Smart 

and Bonner, 1971b). Nuclei isolated from leaves of the 

diploid G, thurberi gave the lowest histone/DNA ratio 

(0.97) and pentaploid leaf nuclei yielded the highest 

(1.23). The hexaploid leaves were intermediate in histone 

content (1.10), Using the LSD test, a significant increase 

in histones was found with increasing ploidy between 

diploid, tetraploid, and pentaploid cotton leaves, 

Hexaploid leaf histone/DNA ratios, however, did not differ 

significantly from those of the tetraploid species. 

Since histones act as genetic repressors, one might 

expect to find decreasing amounts associated with more 

vigorously growing plants. In the Gossypium species studied 

tetraploids are much more vigorous than diploids and yet 

have higher histone to DNA ratios associated with them. 

Furthermore, pentaploid plants were singled out because 

they grew much more rapidly than surrounding hexaploid 

individuals; but again, the more rapidly growing plants 

were found to contain higher amounts of histone per unit 

DNA. Based upon these results, the hypothesis is offered 

that increased ploidy leads to increased histones associated 

with the genome. An explanation of these phenomena would 

rest with the idea that doubling of the genome does not 

result in doubling of the growth. Although increases in 

abundance of some proteins and complementation of others 

would result in more vigorous growth, all proteins would not 
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be necessary in doubled amounts. Non-essential genes might 

be "turned off" by some general mechanism involving the 

histones. As early as 1929, Stadler reported that some of 

the genes of the extra genomes in Avena and Triticum species 

appeared to be nonfunctional until radiation damage occurred 

in the functioning gene. Such a mechanism might be a 

general one in plant species having multiple genome sets, 

and histones may be associated with its regulation. 

An alternate reason for the high histone content of 

the pentaploids would be that it is due to a chromosomal 

imbalance. Experiments with supernumerary B-chromosoraes in 

rye and maize have indicated that histone proteins increase 

as the number of B-chromosomes increase (John and Jones, 

1970; Ayonoadu and Rees, 1971). Such increases were shown 

to be disproportionately high for individuals having an odd 

number of B-chromosomes (Kirk and Jones, 1970). If this is 

the case, the reason for high histone content of pentaploids 

may simply be attributed to some inherent mechanism which 

exists to correct nuclear imbalances, Although such 

imbalances are usually connected with decreased vigor, the 

heterotic effects of the interspecific cross may be counter

acting in this circumstance. Another complication which 

exists is that the tetraploids are agronomic and have been 

selectively cultivated. This makes a relationship between 

vigor and ploidy tenuous in these species, 



Characterization of Histone Subfractions in 
Gossypium Species 

Identification of the histone subfractions is a 

difficult problem unless isolation and amino acid composi

tion studies are conducted. Panyim and his colleagues 

(1971) have reported that fractions f2al and f3 have 

identical electrophoretic mobilities regardless of the 

source. Thus a useful method of identification of these 

fractions is to electrophorese an arginine-rich calf thymus 

standard with the unknown. Furthermore, the f3 fraction 

contains cysteine and is subject to dimer formation. The 

f3 dimer migrates at exactly half the rate of the monomer. 

Addition of 3-mercaptoethanol will convert the dimer to 

monomer form. This information was used to identify 

arginine-rich and slightly arginine-rich histone fractions. 

Additionally, the selective staining techniques of Barrett 

and Johns (1973) was used to support these identification 

procedures, 

The lysine-rich fraction was identified by its slow 

migration rate, its susceptibility to proteolysis, its 

relationship to calf thymus standard (Fraction III), and 

its distinctive greyish color relative to the other histone 

bands. 

Histone fractions f2a2 and f2b were extremely 

difficult to identify. Their migration rates are not 

consistent. In pea they migrate close together at a slower 



rate than the f3 fraction, but when isolated from animals 

they usually migrate faster than the f3 fraction. Fraction 

f2b often overlaps or coincides with either the f3 (calf) or 

f2a2 (pea) fractions. There exists no definite selective 

staining techniques for identification of these fractions. 

In this study, identification was made by elimination of the 

other three fractions and comparisons to standards. 

Figure 10 shows cotton histones isolated from five-

day cotton roots compared to an arginine-rich histone 

fraction of calf thymus standard (Fraction IV). Selective 

staining and treatment with 3-mercaptoethanol indicates that 

the top band is the f3 dimer and the bottom band is the f2al 

fraction. The top band is sometimes observed as one band 

and at other times as two bands. There are indications that 

an fl fraction migrates with the f3 dimer, Electrophoresis 

on long gels separates the two components. On short gels, 

however, the two bands are not always distinguishable from 

one another. The f3 monomer is apparent at the approximate 

middle of the gel and is the darkest stained band. 

The heavy band over the f3 monomer is by inference a 

composite of the f2b and f2a2 bands. Two to three additional 

fractions appear between the composite f2 bands and the f3 

dimer. At least one .of these is fl histone but all may not 

be, and their identification will be discussed later. 

Sequence of histone fractions varies with electro-

phoretic system used and source of the histone. Utilization 



Figure 10. Polyacrylamide Gel Patterns of Calf Thymus 
Histone Standard (IV) Compared with Histones 
of Five Day Roots from G. barbadense -- CTH = 
calf thymus histone; COT = cotton histone. 
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Figure 10. Polyacrylamide Gel Patterns of Calf Thymus 
Histone Standard (IV) Compared with Histones 
of Five Day Roots from G. barbadense 
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of urea in gels may also cause some differential effects 

upon proteins, Panyim and Chalkley (1969a, 1969b) have 

reported the sequence of histones in their system as fl, 

f3, f2b, f2a2, and f2al for calf thymus; whereas, pea tissue 

separated in the sequence of fl, (f2b, f2a2), f3, f2al. 

Mobilities of arginine-rich f3 and f2al fractions were 

constant regardless of the source. Further investigations 

have disclosed that addition of 6M urea to gel constituents 

causes a reversal of migration rates of f2a2 and f2b bands 

in calf thymus histones (Panyim et al,, 1971) . 

This information is of particular importance in 

characterization of f2a2 and f2b bands in plants in that 

their identification is difficult and mobilities are not 

well-defined by previous studies using this gel system. 

Studies with vertebrates have shown that occasional mobility 

changes occur between these two fractions, and there is a 

general trend for f2b to move faster and f2a2 to move 

respectively faster as one progresses from reptiles to 

mammals (Panyim et al., 1971). With cotton it seems that 

mobility characteristics of these two fractions are identi

cal in this gel system. 

Changes in Histone Fractions Associated 
with Development 

In comparison of three-day root histones to those of 

five-day roots, an extra fl band was noted in the former 

that was not present in the latter (Figure 11), 



Figure 11. Comparison of Histones from Three- and Pive-Day 
C. barbadense Roots 
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Figure 11, Comparison of Histones from Three- and Five-Day 
C. barbadense Roots 
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Additionally, changes were observed in the combined f2a2-f2b 

bands. Multiplicity of the fl fraction is frequently 

observed in developing tissues. Panyim and Chalkley 

(1969b) have shown the presence of a slow-moving fl sub-

fraction that is characteristic of tissues having high rates 

of cell division and another fast-migrating subfraction 

characteristic of tissues having low cell division rates. 

Other authors have reported increases in the lysine-rich 

fraction of pea cotyledon associated with maturation 

(Fambrough et al., 1968). 

As previously stated, no known modifications of f2b 

fraction occur. Therefore, the change that is observed in 

the concentration of the combined f2a2-f2b band must be due 

to changes in the f2a2 fraction. Phosphorylation of f2a2 

fractions is known to occur during cellular replication 

(Balhorn, Chalkley, and Granner, 197 2; Gurley et al,, 

1973a). 

During the course of this study no experimental 

data were obtained on possible heterogeneity of histone 

fractions resulting from phosphorylation, acetylation, or 

methylation. Methylation is not likely to cause altered 

electrophoretic mobility, but other modifications are known 

to cause microheterogeneity on gels. Analysis of all 

histone gels showed that a total of twelve different bands 

was detectable (Figure 12), It is likely that all of these 

are histone fractions or subfractions since great care was 



Figure 12. Separation of G. barbadense Histones Showing 
All Twelve Subfractions 
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Figure 12. Separation of G. barbadense Histones Showing 
All Twelve Subfractions 
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taken to inhibit proteolysis and effects of other substances 

used in gel and buffer solutions. 

Quantitative and even qualitative variations of 

histone in tissues have often been reported that may have 

resulted from organ-specific differences in histone 

proteolysis. Enzymes occur in various tissues and organs 

in differing amounts and some are known to act preferen-

tially on histone fractions. Thus relative amounts of 

different histones could be affected to differing degrees 

during isolation procedures. Additions of NaHSO^, main

taining solutions at low temperatures and carrying out all 

isolation steps without intermittent freezing and thawing 

were all measures used to prevent such degradation. 

Other possible causes of heterogeneity include the 

presence of other basic protein contaminants and the oxida

tion of histone fraction f3, 

Thiol groups of f3 histones can be'oxidized to form 

disulfide bands, As mentioned, treatment with 3-

mercaptoethanol prior to electrophoresis reduces disulfide 

bands, and the histone returns to its monomer form, When 

NaHSO^ is used as a proteolytic inhibitor it may also affect 

the f3 histone fraction in an adverse manner. As a reducing 

agent it is capable of breaking disulfide bands in such a 

way that two differently charged protein subunits result 

(Bailey and Cole, 1959; Gutte and Merrifield, 1969), Such 

a charge difference may lead to heterogeneity resulting in 
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up to three electrophoretic fractions: the dimer, and two 

monomers with different charges. 

Ammonium persulfate is used as a catalyst in gel 

components and as a strong oxidant can affect f3 histones 

during electrophoresis. Thus, pre-electrophoresis of the 

gels is necessary when using 3-mercaptoethanol to reduce 

f3 dimers. 

Quantitation of individual histone fractions was 

made by Xeroxing the densitometer tracings of the gels and 

measuring the areas of the cut-out peaks. Another approach 

attempted was to measure the fractions quantitatively by 

eluting them from gels and measuring absorbance of the dye 

at 600 nm. Histone fractions were sliced out of the gel 

with a razor blade and homogenized in 3 ml dimethyl 

sulfoxide. Homogenates were heated at 55 C for 30 min and 

were allowed to set overnight at room temperature, Gel was 

separated from the solution by centrifugation at 1000 x g 

for 10 min, Supernatant fluids were measured at 600 nm 

against prepared standards. 

Both methods gave comparative results of amounts of 

protein in individual histone fractions, Cutting out bands 

and eluting them, however, required more time and effort, 

and was not as accurate quantitatively as densitometry, 

Quantitative measurements of fractions and sub-

fractions for three- and five-day root histones are given 

in Table 7, Bands are grouped into their appropriate 
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Table 7. Quantitative Distribution of Three- and Five-Day 
Root Histone Fractions of G. barbadense 

Band Number Fraction3 3-Day*3 5-Dayb 

1 f 1-f 3 1.8 2.6 

2 fl 0.5 0.5 

3 fl 1.7 0 

4 fl 0 0 

5 fl 0 3.2 

6 f 2a2 0 7,8 

7 f2a2-f2b 30.7 29.9 

8 f 3 39,1 39.2 

9 f 3 0 0 

10 f 2al 16.4 10.0 

11 f 2al 8.1 5.7 

12 f 2al 0.7 1.1 

aFractions determined by criteria described in 
text. 

Relative amounts of fractions expressed as per-^ 
centage of total. Each value represents the mean of two 
densitometry measurements of three different gels, 
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fractions as nearly as can be determined by the afore

mentioned criteria. Major qualitative differences include 

the presence of band 3 (fl) at three days, its absence and 

the appearance of band 5 (fl) at five days. Additionally, 

a decrease of band 7 (f2a2-f2b) with a concomitant increase 

in band 6 (f2a2 occurs between three- and five-day root 

tissues. 

Characterization and Quantitation of Histone Fractions 
Isolated from Gossypium Leaf Tissues 

One of the most noticeable differences in comparing 

histone fractions of leaf tissues was increased amounts of 

f3 dimer in tetraploids (Figure 13). It is possible that 

tetraploids, as agronomic species, have increased concen

trations of oxidants in their leaves leading to a shift in 

the monomer to dimer ratios as compared to those found in 

diploid leaf tissues. However, increases in dimer formation 

did not measurably affect the amounts of extractable monomer, 

leading to the conclusion that more f3 histone was present 

or in extractable form in tetraploid plants. Srivastava 

(1971) reported increases with age in all histone fractions 

in tobacco leaves with respect to the fl fraction. However, 

the fully expanded leaves used in this study showed no signs 

of senescence and leaves of other plants were of the same 

apparent development as the tetraploid plants. Other differ

ences between histones of plants of the same chromosome 

number or different chromosome number were slight, 



Figure 13. Comparisons of Leaf Ilistones from Gossypium 
Species Having Different Ploidy Numbers — 
(2x)--G. thurberi, (4x)--G. hirsutum, (5x)— 
Pentaploid, and (6x)—Hexaploid. 

2x 4x 5x 6x 

««-f3 dimer 

monomer 
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if' 

2x 4x 5x 6x 

Figure 13. Comparisons of Leaf Histones from Gossypium 
Species Having Different Ploidy Numbers 
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Among the diploid plants examined only minor dif

ferences in subfractions occurred (Figure 14), Bands 10 and 

11 in G. thurberi and G. herbaceum are of almost equal 

proportion, while in G. longicalyx band 11 is comparably 

more intense than band 10. Due to the mobilities and 

staining characteristics of bands 10, 11, and 12; it is 

probable that they are all f2al subfractions. Such micro-

heterogeneity can occur due to acetylation of lysyl re 

residues, and in pea cotyleadons it has been found that more 

than one residue is capable of such modification (DeLange, 

Smith, and Bonner, 1970) . It would take acetylation at only 

two residues to make the presence of three bands possible, 

Thus, changes in proportions of the bands would reflect 

differential acetylation of this histone fraction, Diploid 

leaf histones were found to contain proportionately less of 

band 12 (doubly acetylated f2al ?) than the other leaf 

histones. 

Variations between histone subfractions are also 

slight among the tetraploid species examined (Figure 15), 

Only two minor differences were observed. Leaf histones 

from G. barbadense had a much larger proportion of band 6 

(2.1%) than G, hirsutum (0,4%) or G, tomentosum (0.8%). It 

is quite possible that this band represents a phosphorylated 

or acetylated component of f2a2 but its identification is 

less concrete than that of other subfractions, 



Figure 14. Histone Fractions Isolated from Diploid Leaf 
Nuclei of Gossypium — (Gt)--G. thurberi, (Gh)— 
if.* herbaceum, and (Gl) —G. longicalyx. 

Gt Gh Gl 

<8-band 10 
band 11 

«*-band 12 



Gt Gh G1 

Figure 14. Histone Fractions Isolated from Diploid Leaf 
Nuclei of Gossypium 



Figure 15. Ilistone Fractions Isolated from Tetraploid 
Leaf Nuclei of Gossypium — (GT)—G. 
tomentosum, (GB)—G. barbadense, and (GH)--
G~i hirsutum. 

GT GB GH 

J-band 6 

<t- band 10 
• band 11 

* band 12 



* 
{ ,  ,  

» 1 

GT GB GH 

Figure 15, Histone Fractions Isolated from Tetraploid 
Leaf Nuclei of Gossypium 
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Among the tetraploid leaf histones minor variances 

also occur in the f2al subfractions. In G. hirsutum only a 

small portion of f2al occurs in band 12, and the remainder 

of the fraction seems divided between band 10 and 11. With 

the other tetraploid species about half of the f2al fraction 

is present in band 11 with the remainder being divided 

almost equally between bands 10 and 12. These differences 

could not easily be related to any differences in growth 

characteristics in the plants. 

Histone fractions and subtractions from leaves of 

pentaploid and hexaploid plants appeared strikingly similar 

to one another and did not differ in any significant respect 

from either diploids or tetraploids. This was surprising in 

view of the increased histone/DNA ratios observed in these 

species. The only conclusion that can be drawn, if 

histones are acting as repressors in genomes, is that total 

histones are of more consequence than any changes in frac

tions or subfractions. 

Proportions of f3 dimers in pentaploids and 

hexaploids are at levels found in diploids, but f2al sub-

fractions (bands 10, 11, and 12) are in the 1:2:1 propor

tions observed in the tetraploids G. barbadense and G, 

tomentosum (Table 8). 

Without the aid of a curve analyzer, there is great 

difficulty in assessing the values of densitometer peaks 

that are in close proximity to each other, Use of long 
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Table 8, Quantitative Distribution of Leaf Histone 
Fractions in Gossypium 
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1 3 . 0 1.7 1.8 10.1 9.2 8.4 1. 5 1.5 

2 1.5 0.8 1.3 0.5 0.5 1.2 0. 8 1.1 

3 4.1 4.5 5.2 4.3 4.7 3.9 4. 7 4.5 

4 0.7 1.3 1.5 0.7 1.2 0.8 0. 8 0.9 

5 0.4 0.4 0.4 0.4 1.4 2.1 0. 6 0.6 

6 0,4 0.6 0.4 0.4 2.1 0.8 1. 2 1.8 

7 33,5 31. 9 33.8 30.0 27.5 29.3 32. 5 30.5 

8 31,9 33.3 34.0 31.7 30.2 31.7 35. 6 36.1 

9 0.4 0.4 0.4 0.5 2,1 0.9 0. 4 0.9 

10 10.3 12. 5 6.9 10,6 5.3 4.1 5. 3 5,1 

11 13. 6 10.9 12.7 10. 9 10.3 12.7 11. 7 11.0 

12 0.4 1.3 1.1 0.6 4.5 3.8 4. 9 5.0 

Each value represents the mean of at least two 
densitometry measurements of three different gels. 
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gels, combined with slicing out the peaks and eluting them 

as previously described is of some help in making compari

sons. Standard error is still high, however. Comparisons 

of averages of three independent measurements of subfraction 

content are given in Table 8. Differences have already been 

discussed in relation to appearances of individual histone 

patterns. Examples of the densitometer tracings from which 

these measurements are derived are shown in Figure 16. 



thurberi G. barbadense 

F3 F3 

F2a 

-F3-FI F3 

/ 

Hexaploid Pentaploid 

F3- F3— 

F2al F2al 

F3,-FI F3rFI 

Figure 16. Densitometer Tracings of Leaf Histones of 
Gossypium 



SUMMARY 

Of the many possible cell functions which histones 

may have, two have been investigated in this study. Physical 

and physiological development of seeds from after-ripened 

Cucurbita fruit have been examined to determine if histones 

are involved in protection of the genome during seed 

desiccation. Further, histone fractions from Gossypium were 

characterized and quantitated to determine the role of 

histones in species having multiple ploidy numbers. 

Results have shown that an after-ripening period of 

10 to 12 days is needed to assure continued seed viability 

and germinability in C, moschata fruits harvested 30 days 

after pollination. It is apparent that both physical and 

physiological development is occurring in the seed during 

a time in which the fruit is rapidly desiccating. Seed 

development is occurring at some maternal expense. This is 

evidenced by the fact that during the few days of after-

ripening removal of the seed from the fruit causes decreased 

viability, Electrophoretic data indicate that protein 

synthesis is interrupted. The conclusions are that the 

proteins necessary to assure survival and to effect germina

tion are not completely formed and seed development is 

arrested. 

84 
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It is also evident that basic seed proteins are not 

affected as much as acidic proteins by premature removal of 

seed from the fruit. This may mean that the basic proteins 

are synthesized first in the order of development, followed 

by the acidic proteins needed for continued viability, and 

finally, the proteins necessary to effect germination. 

Attempts to isolate uncontaminated histone from Cucurbita 

seeds failed. 

In the characterization of histones from Gossypium 

species, twelve electrophoretic subfractions were found in 

leaf tissues from all species and ploidy levels examined. 

Quantitation of the histones revealed only minor differences 

between subfractions, However, histone/DNA ratios were 

found to increase significantly with increasing ploidy 

number. The highest histone/DNA value was found in the 

pentaploid and this fact was attributed to chromosomal or 

genome imbalance, 

Qualitative differences in lysine-rich histone sub-

fractions were found in developing tissues of three- and 

five-day cotton roots. 

The suggestion was offered that histones function in 

a general gene deactivation mechanism in plant species 

having more than one genome set. Such a mechanism would 

repress transcription of non-essential genes and thereby 

prevent protein imbalance which might upset normal cell 

homeostasis, 



APPENDIX A 

DATA ON CUCURBITA FRUIT 
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Table A.l. Fruit Weight at Harvest and Percentage Weight Loss with After-Ripening 

DAR Aa Bb A B A B A B A B A B A B 

0 2 4 6 8_ 10 12 ) 

1° 271. 6 100 213. 5 98.0 372. 4 96.8 189. 8 97.4 189. 6 94.5 438. 0 94.5 214 .1 93.4 

2 248. 8 100 472. 2 98.1 240. 9 96.1 424. 1 96.0 353. 8 95.2 231. 1 94.1 222 .8 93.8 
3 325. 4 100 301. 6 98.3 279. 8 97.3 359. 1 96.3 379. 1 95.2 342. 2 95.1 384 .9 94.0 
4 391. 7 100 122. 7 97.4 0 0 342. 9 96.5 266. 5 95.3 375. 7 95.1 392 .3 93.9 

5 364. 5 100 0 0 0 0 520. 1 96.6 353. 8 95.2 0 0 435 . 6 93.4 

Ave. 100 97,95 96.70 96,56 95.10 94.70 93.70 

14 16 18 20 25 30 

1 255, 8 92.3 293. 4 91,3 233, 3 91.9 290. 7 91,5 213. 6 89.1 342. 8 88.3 
2 215. 0 92.7 437, 2 91.4 772. 5 90.7 242. 0 91.8 259. 5 89.8 434. 8 90.5 
3 319. 6 91.5 215. 8 91.5 238. 9 90,9 417. 5 91.8 589. 0 90.7 672. 4 89.6 
4 193, 6 92.8 158, 9 91.4 348, 7 91,7 550. 0 89.1 429. 7 91.4 581. 5 90.3 
5 324. 6 93.3 421, 5 91.9 0 0 269. 9 89.8 231. 6 89.7 168. 3 87.7 

Ave. 92.52 91,50 91.30 90.80 90.14 89.28 

a 
Fruit weight at harvest. 

Percentage of weight remaining at end of after-ripening period. 

Q 

Replication number. 



Table A.2, Per Fruit Seed Number and Weight (After Drying) for After-Ripening 
Periods of C. moschata Fruit 

DAR Aa Bb A B A B A B A B A B A B 

0 2 A 6 8 10 1 12 

1C 150 4.20 58 5.00 125 3,84 79 5,12 145 5. 81 118 7.79 127 4.48 
2 180 2,78 149 5.44 38 5,54 65 5.38 48 8. 23 143 5.73 118 5.51 
3 108 5.94 96 6.41 30 3,50 169 5,74 102 7. 25 56 6.25 45 6.00 
4 191 4,24 36 3,89 116 5,00 207 5.75 89 7. 08 105 8.10 53 7.83 
5 66 4,54 0 0 0 0 147 7,07 0 0 0 0 151 6.69 

Ave, 4.34 5.18 4,47 5.81 7. 09 6,97 6.10 

14 16 18 20 25 30 

1 16 5,63 209 5,50 117 8,12 52 8,27 112 7, 32 50 6.70 
2 113 4, 81 105 7,32 108 6.44 80 6,69 180 6, 50 135 7.85 
3 161 6,34 37 5,95 123 9,07 81 7,04 98 8, 67 116 6.47 
4 93 4.73 52 6,69 118 6,94 214 7.01 173 8. 01 211 7.70 
5 115 6,43 209 7,08 143 6,71 89 6.74 118 7. 42 91 7.75 

Ave, 5,59 6,51 7,46 7.15 7. 58 7.29 

Seed number per fruit, 

^Average seed weight per 100 seed. 

Q 
Replication number. 
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