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ABSTRACT 

Lactuca sativa varie ty Grand Rapids lettuce seeds 

were studied to determine the effec t of several plant 

hormones and antimetabolites on hypocotyl elongation of 

the seedlings. Benzyladenine, methionine, ethionine, 

adenosine triphosphate, and 5-tluorodeoxyuridine were used 

in the study. A second aim of this study was to examine 

the effect of various combinations of ethionine, methionine, 

and gibberellic acid upon incorporation of tritiated 

leucine, tritiated uridine, and methionine-methyl-14c into 

the protein and RNA of lettuce seedlings. 

6N-benzyladenine partially reversed the inhibitory 

responses of ethionine. However, 6if-benzyladenine was 

found to inhibit hypocotyl elongation • . Addition of 

benzyladenine to ethionine and adenosine triphosphate 

treated seedlings, resulted in an inhibition similar to 

that found in seedlings treated with benzyladenine and 

ethionine. Ethionine inhibition or hypocotyl growth was 

not reversed by a combination ot ATP and methionine. 

The fluorinated pyrimidine, 5-fluorodeoxyuridine, 

severely inhibited hypocotyl elongation. Thymidine was 

effective in partially reversing the inhibitory effect ot 

fluorodeoxyuridine upon hypocotyl growth. Howeve ~ uracil 

and methionine had no effect upon tluorodeoxyuridine

induced inhibition of hypocotyl elongation. 



In all ethionine treated seedlings 3ii-leucine 

incorporation was severely depressed. Ethionine-induced 

inhibition or incorporation of 3H-leucine into protein 

was also apparent in the presence of gibberellic acid and 

in the presence of gibberell ic acid and methionine. 

Gibberellic acid treated seedlings showed a slight stimu

lation of tritiated leucine incorporation. 

Gibberellic acid markedly stimulated incorporation 

of tritiated uridine into both high molecular weight and 

transfer RNA of lettuce seedlings. In the gibberellic 
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acid and ethionine treated seedlings, there was a 15 fold 

stimulation of 3H-uridine incorporation into high molecular 

weight RNA and only a 170 percent increase into transfer 

RNA. 
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CHAPTER I 

INTRODUCTION 

Ethionine is known t o pr oduce inhibitory responses 

in many biological tissues. Ethionine inhibits growth of 

excised tomato roots (Boll, 1960) and auxin induced cell 

elongation of Avena coleoptile sections (Schrank, 1956). 

Synthesis of invertase in sugar beets (Stone, Whitty, and 

Cherry, 1970) and in yeast {Dodyk and Rothstein, 1964) is 

inhibited by ethionine. Ethionine inhibits growth or 

Grand Rapids lettuce seedlings in the presence and absence 

of gibberellic acid while methionine reverses these 

inhibitory responses (Merrell, 1970). Chandra and 

Duynstee {1971) found that the addition of ethionine to 

gibberellic acid treated aleurone cells resulted in the 

inhibition of RNA methylation, alteration of synthesis of 

RNA, and a decrease in the amount of specific activity ot 

c(amylase. They suggested that the methylation ot nucleic 

acids is important in hormone evoked enzyme synthesis. 

Shugart, Novelli, and Stulberg (1968) found a marked 

dependence on the degree of methylation for aminoacylation 

activity of transfer RNA in Escherichia coli. Frankland 

and Wareing {1960) suggested tha t l timulation of hypocotyl 

elongation of lettuce seedlings be employed for bioassays 

for gibberellina. Lettuce seedlings are one of several 
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bioassays used for gibberellins. Consequently the 

stimulation of hypocotyl elongation by gibberellic acid 

would provide a suitable system to study the interrelation

ship between gibberellic acid stimulation of cell 

elongation and synthesis and methylation of ribonucleic 

acids. 

This study was undertaken to l) determine the 

effects of gibberellic acid and ethionine upon .3a-leucine 

incorpor~tion into protein of Grand Rapids lettuce 

seedlings; 2) to study the effects or gibberellic acid 

and ethionine upon RIA synthesis and methylation as 

determined by assaying incorporation of 3ii-uridine and 

methionine-methy1-14c, respectively into the RNA or 

lettuce seedlings; and 3) to study the effects or various 

plant growth regulators and antimetabolites on elongation 

of lettuce seedling hypocotyls. 



CHAPTER II 

REVIEW OF LITERATURE 

The plant hormone, gibberellic acid, produces 

several physiological responses in plant systems. 

Oibberellic acid is most noted for its enhancement or 
stem length in higher plants and its ability to break 

dormancy in seeds. Enhanced growth due to gibberellic 

acid is restricted to young tissues (Stowe and Yamaki, 

1959). Growth of lettuce seedlings shows a marked 

response to gibberellic acid (Frankland and Wareing, 1960). 

Oibberallic acid will also produce increases in the inter

node lengths of some genetic dwarfs such as Lolium 

perenne (Cooper, 1958) and Pisum sativum (Lockhart, 1956). 

Gibberellic acid treated dwarfs often resemble normal 

plants in appearance. Gibberellic acid is effective in 

breaking dormancy in many seeds. The light requirement 

for germination of lettuce seeds (Khan, Goss, and Smith, 

1957) and the cold requirement for germination of peach 

seeds (Donoho and I alker, 1957) are annulled by gibber

ellic acid. 

Gibberellic acid plays an indirect but essential 

role in the induction of flowering during long-day 

conditions in red clover (Stoddart, 1966). In studies 

utilizing a nonflowering mutant red clover, the changes 



in the rate of protein synthesis and the activities of 

enzymes isolated from plants induced to flower by applica

tions ot gibberellic acid were determined by Jones and 

Stoddart (1970). They suggested that the primary action 

of gibberellic acid in the shoot apex is concerned with 

induction of synthesis of specific proteins. 

Studies on the incorporation!.!!. !!!2, or labeled 

amino acids into proteins of aleurone layers or barley 

suggest a de~ synthesis of oC.amylase in response to 

added gibberellic acid (Varner and Chandra, 1964). 

Isotope incorporation and inhibitor studies indicate that 

gibberellic acid enhances the incorporation or RNA 

precursors into the RNA or aleurone layers (Chandra and 

Varner, 1965). From the nature or distribution of 

labeled precursors into the nucleotides and the effects 

of inhibitors on the incorporation of precursors, it was 

shown by Chandra and Varner (1965) that synthesis or RlfA 

occurs in the aleurone cells in response to gibberellic 

acid and that the observed gibberellic acid dependent RIA 

synthesis ando<.amylase formation in aleurone cells may be 

related phenomena. Crispeels and Varner (1967) obtained 

data consistent with th hypothesis that the expression 

of the gibberellic aci induced effects require the 

synthesis of enzyme specific RNA molecules. 

The development of ..c:amylaae in isolated aleurone 

layers by barley endosperm is completely dependent upon 

added gibberellic acid and is a result of the de~ 

4 
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synthesis of o(amylase and other heat-stable proteins is 

prevented by actinomycin D during the first few hours after 

addition or gibberellic acid (Varner and Chandra, 1964,). 

However, they round that actinomycin D added 7 hours after 

addition or gibberellic acid had little effect. p-Fluoro

phenyalanine, a protein inhibitor, added at this time was 

still an effective inhibitor or oCamylaae production. These 

results are consistent with the postulate that the addition 

of gibberellic acid causes the formation of a specific 

messanger RIA which directs the de~ synthesis of 

o(amylase. Within a few hours atter the addition of 

gibberellic acid, the quantity of messanger RIA is no 

longer rate limiting in o(amylase synthesis (Varner and 

Chandra, 1964). From this time on, the formation of 

o(amylase would not be susceptible to inhibition by 

actinomycin D but would of course still be susceptible to 

protein synthesis inhibitors. It vaa therefore postulated 

by Varner and Chandra (1964) that gibberellic acid 

controlled the synthesis of o(amylase and other heat-stable 

proteins in aleurone cells by causing the production or 
specific measanger RIA's. 

Gibberellic acid brings about an increase in the 

RIA content of expanding internodes ot intact dwarf pea 

plants (Broughton, 1969) and an increase in :he rate at 

which RRA is formed by nuclei isolated from treated pea 

tissue (Johri and Varner, 1968). McComb 1 ;,Comb, 11d Duda 

(1970) performed a series of experiments to d•t~rmine if 
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the increase in RNA levels observed in the internodea 

might be attributed to an increase in the level of RNA 

polymerase associated with chromatin or to an increase in 

the amount of template DIA available for transcription by 

the enzyme. They found that chromatin isolated from 

gibberellic acid treated plants showed a marked increase 

in the level of associated RNA polymerase activit7 when 

compared with controls. The affect of adding increasing 

levels of Escherichia coli polymerase to chromatin isolated 

either from internodes after gibberellic acid treatment 

or from comparable controls were determined. No 

detectable increase in the amount of DIA template 

availability was noted (McComb, et al., 1970). 

Jarvis, Frankland, and Cherry (1968), however, 

have shown that dramatic increases in template availability 

occur in hazel seeds during dormancy breaking by 

gibberellic acid and this increase in template availability 

is followed by increased polymerase activity. 

In lentil epicotyls incubated in the presence of 

gibberellic acid and e.xhibiting increased elongation, RIA 

synthesis was promoted along with DNA synthesis (Bitsan 

and Lang, 1966). The increase in RBA was accounted for by 

an increase in ribosomal RNA. This gibberellic acid 

induced synthesis of RNA was inhibited by 5-fluoroxyuridine 

(FUDr) indicating that it is apparently dependent on DNA 

synthesis (Nitsan and Lang, 1966). They concluded that 

possibly continuous DNA synthesis was needed for cell 



elongation in some plant tissues. These results provided 

direct evidence for the conclusion that elongation in 

certain plant cells is dependent on DNA synthesis (Nitsan 

and Lang, 1966). Broughton (1969), however, found that 

the FUDr at concentrations which completely blocked cell 

division did not prevent cells of pea internodes from 

elongating in the presence of gibberellic acid. 

Gayler and Glasziou (1969) studied enzyme forming 

capacities of sugar cane internodal tissue in which RNA 

synthesis was rate-limiting for invertase or peroxidase 

synthesis. These experiments were performed by blocking 

RNA synthesis with actinomycin Dor 6-methylpurine at a 

time interval when messenger RNA formation was not rate 

limiting. In this way it was possible to determine 

whether gibberellic acid affects steps prior or subsequent 

to synthesis of RNA fractions required for synthesis or 

either enzyme. Gibberellic acid increased the enzyme 

forming capacity for invertase but not for peroxidase. 

The effect of gibberellic acid was interpreted as causing 

stabilization or messenger RNA for invertase (Gayler and 

Glasziou, 1969). 

The pyrimidine analogue, 5-fluorodeoxyuridine 

(FUDr) is known to induce several inhibitory responses in 

plant tissues. Fluorodeoxyuridine inhibits, Helianthus 

tuber expansion (Kamisaka and Masuda, 1970), elongation 

of pea embryos (Paranjothy and Raghavan, 1970), gibberelic 

acid induced stimulation of lentil epicotyls and lettuce 
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seedling hypocotyls (Lang and Nitsan, 1967) and cell 

division in Spirodela oligorrhiza (Rimon, Oressel, and 

Galum, 1969). All of these inhibitory responses are 

reversed by thymidine but not by uridine indicating that 

the inhibitory action is through inhibition or DBA 

synthesis. Fluorodeoxyuridine specifically inhibits the 

action of thymidine synthetase, preventing the methyla

tion of deoxyuridine monophosphate to thymidine monophoa

phate, thus generally resulting in an inhibition of DIA 

synthesis (Heidelberger, 1965). Fluorodeoxyuridine 

inhibited cell division and slightly retarded cell 

enlargement or Spirodela oligorrhiza (Rimon and Galum, 

1967). Rimon and Galum (1967) found that the inhibitory 

effects of F'UDr on Spirodela oligorrhiza were reversed by 

thymidine, but not by uracil or uridine, indicating that 

the inhibitory action was through DNA synthesis. Rimon 

~ al. (1969) found that F'UDr decreased substantially DIA 

synthesis in Spirodela oligorrhiza as determined by 

assaying adenosine-3a incorporation. 

Benzyladenine (BA), a synthetic cytokinin, 

applied to primary leaves of intact bean plants delayed 

senescence of both the leaves and the entire shoot 

(Fletcher, l;o9) and resulted in increased leaf area 

(Jacoby and Dagan, 1970). An active cytokinin, 

benzyladenine released axillary tobacco buds from apical 

suppression and stimulated cell division (Schaeffer and 

Sharpe, 1969). Smolinski, Saniewski, and Peiniazek (1969) 
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reported that although benzyladenine stimulated the growth 

of axillary buds of Pisum sativum, it reduced the growth 

of both roots and shoots. 

Treatment of excised mustard cotyledons with BA 

resulted in the enhancement of blade growth and the sup

pression of root initiation and development (Lovell and 

Moore, 1970). Lovell and Moore (1970) suggested that 

active cell division in the cotyledon petioles takes place 

in the presence of BA, thereby resulting in the formation 

of a sink for photosynthate produced by the blade, but 

that the pattern of cellular differentiation is changed 

in a way which results in inhibition of root formation. 

Fox (1966) suggested that possibly the biological 

activity of the cytokinins is related to their presence in 

RNA. Although the bulk of BA is metabolized in the 

soybean, a small portion of the molecule remains intact 

appearing primarily as a nucleotide of RNA (Fox, 1966 and 

Fox and Chen, 1967). Fox and Chen (1967) supplied BA 

labeled with carbon-14 to soybean and tobacco tissue 

cultures which require cytokicins for growth. Fifteen 

percent of the material was recovered from transfer RIA 

extracted from the tissue, mainly as the nucleotide of BA. 

Further fractionation revealed the labeled material was 

found only ~none subfraction of transfer RNA suggesting 

preferential incorporation of cytokinins into certain 

transfer RNA's (Fox and Chen, 1967). Evidence obtained 

by Fox (1966 ) and Fox and Chen (1967) indicate that the 

9 
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cyt okinin moieties of t ransfer RNA arise by modification of 

prefo:nned polynucleotide chains. Fox and Chen (1967) 

proposed that cytokinins by virtue of their incorporation 

into transfer RNA may provide the biological equivalent of 

RNA methylation in those plant ti ssue s in which genetic 

-information for the synthesi s of RNA-methylating enzymes 

has been switched off. Schaeffer and Sharpe (1970) found 

that tobacco buds stimulated with BA show an increased 

level of actual methylation of RNA. 

Cytokinins may, however, only represent break 

down products of transfer RNA rather than precursors of 

transfer RNA (Galston and Davies, 1969). Although 

cytokinins occur in transfer RNA, it is possible that the 

mechanism of action of these compounds lies elsewhere. 

Brandes and Kende (1968) experimenting with moss 

protonemata have shown that cytokinins, which cause bud 

formation, are only loosely attached to the target cells 

in which they act and can be easily washed out. The 

cytokinin did not act as a trigger but had to be present 

for the entire period of bud development. If it was 

washed out during early stages of development, the bud 

reverted to protonemal filaments. It appears that in this 

system the oytokinin may be binding to a specific site in 

the responding cells, and this aay be the method by which 

they exert their control over development (Brandes and 

Kenda, 1968). 
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Ethionine is f ormed by the replacement of the 

terminal methyl group or the amino acid methionine by an 

ethyl group. In many systems ethionine is an antimetabolite 

in that the inhibitory responses of ethionine are reversed 

by methionine. 

Ethionine inhibits growth of excised tomato roots 

(Boll, 1960), the auxin stimulated cell elongation or Avena 

coleoptile sections (Schrank, 1956), and the elongation of 

Grand Rapids lettuce s~edlings (Merrell, 1970). Ethionine 

is known to induce an inhibition or protein synthesis in 

the rat liver (Farber, 1963). Hatori (1961) suggested 

that the inhibition of protein synthesis in the rat liver 

by ethionine may be the result of ethionine becoming 

incorporated into protein thereby producing abnormal 

protein molecules. 

Cleland (1960) investigated two possible mechanisms 

of ethionine action in inhibition of elongation of Avena 

coleoptiles, that of blocking protein synthesis and 

inhibiting transmethylation. Cleland separated total 

elongation of the coleoptile into reversible and irrever

sible components and found that ethionine caused an 

immediate inhibition or reversible elongation but did not 

inhibit irreversible elongation until three to six hours 

later. He suggested that the inhibition of methylation 

was the cause of inhibition of reversible elongation, and 

that the inhibition of protein synthesis accounted for the 

inhibition of irreversible elongation. 
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Villa-Trevino, Shull, and Farber (1963) found that 

ethionine induces a dramatic decrease in liver ATP 

concentration within a few hours after its administration 

to rats. Ethionine is known to induce an inhibition of 

protein synthesis in the liver of the rat (Farber, 1963). 

Villa-Trevino, et al., (1963) found that the administration 

of ATP to rats counteracts the inhibitory effects or 

ethionine upon amino acid incorporation into liver protein. 

Adenine and adenine precursors were the only compounds 

which prevented the depression of leucine incorporation 

into protein in the rat liver. A decrease in ATP levels 

in the livers of ethionine treated rats occurs at least 

one hour before the beginning of any detectable decrease 

in leucine incorporation into the protein (Villa-Trevino 

et al., 1963). Villa-Trevino et al. (1963) concluded that 

these results were consistent with the hypothesis that the 

change in protein metabolism is secondary to the change 

in ATP concentration. It was also noted that the adminis

tration or methionine to ethionine treated rats will only 

partially reverse the ethionine induced inhibition of 

leucine incorporation. 

Stekol, Mody, and Perry (1960) suggested two 

hypotheses as to the mode of action of ethionine upon 

cellular ATP levels and how a decrease in ATP could effect 

the protein synthesizing system. Ethionine is activated by 

the methionine-activating enzyme to form S-adenosylethionine 

much as S-adenosylmethionine is formed. However, the 
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s-adenosylethionine is used to a much lesser degree than 

the corresponding methionine derivative in transalkylation 

and in other metabolic reactions (Farber, 1963). In 

addition S-adenosylethionine is excreted in the urine. 

Both of these properties have the effect of decreasing the 

availability of adenine compounds, either by excretion or 

by activation to s-adenosylethionine (Stekol, et al., 

1960). This mechanism presupposes that the removal rate 

of ATP or its derivatives from metabolic availability 

following the ethionine administration are considerably 

faster than the rate of synthesis of ATP (Shull et al., 

1960). Methionine counteracts the effects of ethionine 

by preventing competitively the initial S-activation of 

ethionine. Considering the available evidence Villa

Trevino et al. (1963) concluded that the inhibition of 

protein synthesis in the rat liver by ethionine is secon

dary to a decrease in the concentration of ATP. The most 

likely hypothesis, they concluded, is that ethionine 

effects the ATP level by reacting to form S-adenosylethio

nine and thereby acts as an ATP trapping mechanism. 

Transfer RNA is characterized by the presence or 

a variety of methylated positions in the purine and 

pyrimidine nucleotides (Fleissner and Borek, 1962). 

Methylated bases and sugars comprise between 2 and 5 per

cent of the total transfer RNA of some organisms. It seems 

possible that they are part of or near the transfer 

recognition site in the transfer RNA molecule (Brown, 196)). 
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It has been demonstrated that in bacterial RNA the methyl 

groups originate from methionine. The formation of 

methylated bases is the result or specific transfer RBA 

methylase-catalyzed transfer of methyl groups from 

S-adenosylmethionine to the preformed RNA molecules (Borek 

and Srinivasan, 1966). Borek and Srinivasan (1966) sug

gested that the methyl groups must induce alterations or 

the nucleic acid molecules. The rate and extent of 

aminoacylation was found to be altered when the methylation 

of certain transfer RNA's were modified (Shugart, Novelli, 

and Stulberg, 1968). The codon recognition properties are 

also different for undermethylated and normally methylated 

transfer RNA as determined by Peterkofsky (1964). 

Ethionine has been shown by Chandra and Duynstee (1971) to 

inhibit the methylation of RNA's of barley aleurone cells. 

Their results showed that the in vivo methylation of the 

purine residues of transfer and ribosomal RNA were enhanced 

in tissue treated with gibberellic acid. Studies with 

ethionine suggest that the methylation of nucleic acids is 

important for the hormone-evoked enzyme synthesis (Chandra 

and Duynstee, 1971) as well as during invertase development 

in sugar beet (Stone et al., 1971) and in/irradiation 

stimulation of invertase (Stone and Cherry, 1971). 



CHAPTER III 

MATERIALS ABD METHODS 

Seedling Growth 

Lactuca sativa variety Grand Rapids lettuce seeds 

were obtained from Joseph Harris Seed Company, Rochester, 

New York and were used throughout these experiMnts. 

The seeds were in all experiments germinated in 

continuous light for 18 hours at 25°. For germination or 

seeds, approximately 4 milliliters (ml) of distilled 

water were placed in 9 centimeter (cm) petri dishes on 

Type D tilter paper (Matheson Scientific, Inc.). Twenty 

germinated seeds with radicles one millimeter (mm) or 

less in length were transferred to petri dishes which 

contained filter paper and 4 ml or the desired solution. 

The seedlings were grown in continuous light at 25° for 

48 hours at which time the roots and hypocotyls were 

measured to the nearest millimeter. A methylene blue 

solution was employed to facilitate differentiation or the 

roots and hypoootyls during measuring. Unless otherwise 

stated, all the growth experiments were conducted in this 

manner. Replicate dishes were prepared for all experi

ments. Each experiment was pertonned in duplicate. 

All solutions used in the experiments were prepared 

using a 0.01 molar (M) phosphate buffer at a pH of 6.4. 
The chemicals were obtained from the following sources: 
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gibberellic acid from Eastman Organic Chemicals, Rochester, 

New York; 6ii-benzyladenine, thymidine, and adenosine-5-

triphosphate from Calbiocham, Los Angeles, California; 

5-fluorodeoxyuridine from Hoffmann-La Roche, Inc., Nutly, 

New York; methionine and ethionine from Sigma Chemical 

Company, St. Louis, Missouri. 

Incorporation of Radioactive Precursors 

Protein synthesis, RNA synthesis, and RNA methyla

tion studies were carried out by assaying 3il-leucine, 

3ir-uridine, and methionine-methy1-14c incorporation into 

protein and RNA of Grand Rapids lettuce seedlings. The 

labeled precursors were obtained from the following 

sources: L-leucine-4,5-JiI, specific activity 29.8 curies 

(c) per millimole (mM), and uridine-5-3iJ, specific 

activity 21.7 c per mH, from International Chemical and 

Nuclear Corporation, Irvine, California; and L-methionine

methyl-14c, specific activity 33.3 millicuriea (me) per 

mH, from Nev England Nuclear Corporation, Boston, 

Massachusetts. 

The following procedure was employed for the growth 

of seedlings used to determine the incorporation of 

L-leucine-4,5-Ja into proteins. The seeds were rinsed 

three times in sterile, distilled water prior to gemina

tion in sterile petri dishes. At the end of 18 hours, 

forty germinated seeds were transferred to sterile petri 

dishes which contained the experimental solutions. The 

control and all experimental solutions contained O.Ol M 
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phosphate buffer and 10 -4- Meach of penicillin and 

streptomycin. The solutions were sterilized by filtration 

through Millipore HA 0.45Jl 25 mm filters into sterile 

flasks. At the end of a 36 hour growth interval in 

continuous light, 20 microcuries ()le) of tritiated leucine 

were added to each dish resulting in a final concentration 

of 5.Jlc per ml. The seedlings were incubated for 12 hours 

in labeled precursor. The protein was extracted using the 

following modification of the procedure of Key (1964). 

At the end of the twelve hours, the seedlings were rinsed 

four timea with distilled water. 'lhe seedlings were then 

ground in chilled mortars on ice to which 5 ml of 0.01 M 

Tris buffer pH 7.5 containing 0.2 milligrams (mg) per ml 

of L-leucine had been added. The ground mixture was 

filtered through miracloth into centrifuge tubes. A 5 ml 

portion of the Tris buffer with leucine was used to rinse 

the mortar. A second 5 ml portion was used to rinse the 

miracloth. After the filtrate was centrifuged in a 

refrigerated centrifuge at 5,000 x g for 10 minutes, an 

equal volume (15 ml) of cold 10 percent trichloroacetic 

ac i d {TCA) was added to precipitate the protein. The pro

tein was precipitated for 30 minutes at o0 • The TCA 

precipitated protein was collected by centrifugation at 

10,000 x g for 15 minutes. The supernate was decanted. A 

50 microliter aliquot of this supernate was placed on 

Whatman 2.1 cm glass fiber filter paper. The filter was 

dried under a General Electric infrared lamp (250 watts) 
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for at least 30 minutes. The dried filters were placed in 

glass scintillation vials containing approximately 10 ml of 

the scintillation solution (4 grams of 2,5-diphenyloxazole 

and 50 milligrams of l,4-bis-2-(5-phenyloxazolyl) benzene 

per liter of toluene). Each sample was counted for ten 

minutes in a liquid scintillation counter (Nuclear Chicago 

Corporation, Unilux II). The labeled leucine in the TOA 

supernate was used as an estimate of the soluble amino 

acid pool within the tissue. The protein precipitant was 

dissolved in 1 ml of 3 N sodium hydroxide and diluted with 

2 ml of distilled water. A 50 microliter sample was 

placed on a glass fiber filter and dried. The RNA and 

lipids were cleared from the disks using the procedure of 

Mans and Novelli (1960). After clearing of the disks, 

they were allowed to dry at room temperature before being 

assayed tor radioactivity in a liquid scintillation 

counter. The protein was determined using the method of 

Lo we ry et al • ( 19 51 ) • 

Synthesis and methylation or RIA were studied by 

means of incorporation of 3a-uridine and methionine-methyl-

14c, respectively into lettuce seedlings. Seeds for these 

experiments were surface sterilized using the following 

procedure. The seeds were rinsed once with 95 percent 

ethanol. They were then soaked in a 1 percent sodium 

hypochlorite solution for 5 minutes. After being placed 

in a Gooch filter, the seeds were rinsed four times with 

sterile, distilled water. The seeds were germinated in 
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sterile, distilled water containing 10-4 Meach of peni-

cillin, streptomycin, adenosine, and guanosine for 18 hours 

at 25°. After 18 hours, 100 ge:rminated seeds were 

transferred to dishes which contained 4 ml of the 

experimental solutions. All solutions contained peni

cillin, streptomycin, adenosine, and guanosine at a 

concentration of 10-4 M. The seedlings were grown for 48 

hours in darkness at 25°. Tritiated uridine and 

methionine-methyl-14c were added the last 12 hours of the 

48 hour growth period. Twenty )lC of Jii-uridine and 10.0 

JlC of L-methionine-methy1-14c were added to each dish 

resulting in a final concentration of 5 J.lC per ml for 

3ii-uridine and 2.5.Jlc per ml for L-methionine-methy1-14c. 

The RNA was extracted using the following 

modification of Cherry's method (1962). The seedlings 

were rinsed several times with distilled water to remove 

excess labeled precursor. The seedlings were homogenized 

with 18 ml of Tris homogenizing buffer (0.01 M Tris, pH 

7.6, 0.06 M KCl, 0.01 M MgC12 ), 2 ml of 11 percent 

Dupanol (sodium lauryl sulphate), and 3 percent by volWDe 

(0.6 ml) of pyrocarbonate. The mixture was homogenized 

for one minute in a VirTis homogenizer with a speed 

setting of high. A one ml sample of the homogenate was 

removed a."'\d precipitated with cold 10 percent TOA for a 

minimum of one hour. After the 1 ml sample was centri

fuged for 10 minutes at 10,000 x g, a 50 microliter 

aliquot of the supernate was removed. This 50 microliter 
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sample was placed on glass fiber filter paper and dried. 

The filter was placed in a scintillation vial and counted 

in a liquid scintillation counter to determine the soluble 

labeled precursor pool within the tissue. Twenty ml of 

Tris-washed phenol were added to the remaining homogenate. 

The mixture was blended in the VirTis homogenizer for one 

minute with a speed setting of medium. The homogenate was 

stirred for lS minutes on ice and then centrifuged at 

10,000 x g ror 10 minutes to remove the cellular debris. 

The aqueous layer was removed. The phenol layer was re

extracted with lS ml of the Tris-dupanol mixture. The 

aqueous layers were combined, stirred for lS minutes on 

ice and re-extracted with one-half volume or Tris-washed 

phenol. After centrifugation at 10,000 x g for 10 

minutes, the aqueous layer was removed and made 0.2 M with 

respect to potassium acetate. The nucleic acids were 

precipitated with 2.5 volumes of 95 percent ethanol for a 

minimum of 5 hours in the cold room (0°). The RNA was 

collected by centrifugation at 20,000 x g for 15 minutes 

and then washed with 70 percent ethanol. The RNA was re

extracted using the same procedure. The RNA precipitant 

was dissolved in the Tris-dupanol mixture, stirred for 10 

minutes, and reprecipitated. The final RNA precipitant 

was dissolved in 3 ml of 3 E buffer (0.12 M Tris, 0.06 M 

sodium acetate, 0.003 M sodium diamine ethylene tetraacetic 

acid) diluted 1:10. A SO microliter sample of the 

dissolved RNA was diluted with 1.5 ml of the 3 E buffer 
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(1:10). The absorbancy was read at 26o and 280 nanometers 

(run) in a Gilford 240 Spectrophotometer to determine the 

protein to RNA ratio (A26o/280). After the absorbaccy was 

read, the sample was precipitated for a minimum of one hour 

in 2 volumes of cold 10 percent TCA. The precipitated RNA 

was collected on glass fiber filters and assayed for 

radioactivity in a liquid scintillation counter programined 

for counting doubly labeled tritium and carbon-14 samples. 

The extracted RNA was separated using a Sephadex 

G-100 gel filtration column (110 x 1 cm) with a flow rate 

of 10-20 ml per hour. The top of the gel was covered 

with a disk of Wbatman No. 1 filter paper to protect the 

gel bed surface. The elutant, 0.05 M ammonium acetate 

pH 5.1, was allowed to run through the column for 12 hours 

at the rate of 3.0 ml per 12 minutes before the RNA was 

applied. Approximately 4,000 micrograms of RNA were 

applied to the top of the column at room temperature 

(20°). The first 15 ml of the effluent were discarded. 

Thirty 3.0 ml samples were collected at a flow rate of 

0.25 ml per minute. The absorbancy of the samples was 

read at 260 nm in a Gilford 240 Spectrophotometer. 

Carrier RNA and 2.5 volumes of cold 10 percent TCA were 

added to each sample. The RNA was allowed to precipitate 

for a minimum of one hour at o0 • The precipitated fractions 

were collected on GF/A glass fiber filters. The filters 

were dried for at least 30 minutes under an infrared 

lamp. The dried filters were placed in scintillation 



vials with scintillation fluid and read in a liquid 

scintillation counter programmed for counting double 

labeled tritium and carbon-14 suiples. 
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CHAPTER IV 

RESULTS 

Effects of Plant Growth Subs tances and 
Antimetabolites on HyPocotyl 
Elongation 

6N-benzyladenine (BA) reduces the growth of both 

shoots and roots in Pisum sativum (Smolinski, Saniewski, 

and Pieniazek, 1969). Spaulding and Steffens (1969) found 

that BA would promote dark germination of light requiring 

tobacco seeds but produced slight inhibition of growth of 

tobacco seedlings germinated in light. An experiment was 

conducted to detemine the effect of BA upon hypocotyl 

elongation of lettuce seedlings and to determine if BA 

could reverse the ethionine-induced inhibition of hypocotyl 

elongation. The effect or BA alone and in combination with 

ethionine upon hypocotyl growth is shown in Figure I. 

Benzyladenine at the higher concentrations tested inhibited 

the elongation of the hypocotyls. However, in combination 

with ethionine, BA at these concentrations slightly reversed 

the ethionine-induced inhibition but did not restore 

elongation to control level. The level of cytokinin required 

for promotion of growth or reversal of ethionine inhibition 

is of the same order as that required to produce maximum 

activation of axillary buds of tobacco (Schaeffer and 

Sharpe, 1969). That concentration is one part per million. 
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Norris (1964 ) and Vi lla-Trevino, Shull, and Farber 

(1963) obtained data that indicate that adenosine

triphosphate (ATP) will reverse the inhibitory responses 

of ethionine in Avena and rat liver systems. Adenosine

triphosphate at various concentrations will not reverse the 

ethionine-induced inhibition of lettuce hypocotyl 

elongation (Merrell, 1970). The following experiment was 

conducted to determine if BA might be a limiting factor in 

the growth of seedlings treated with ethionine and ATP. 

Hypocotyl growth in various combinations of ATP, ethionine, 

and BA are shown in Table I. Benzyladenine partially 

reversed the inhibitory effects of ethionine. When BA was 

added to ATP and ethionine treated seedlings, the leTel of 

reversal was not significantly increased over the level of 

reversal found in those seedlings treated with BA and 

ethionine. Neither of these treatments, BA or ATP and BA, 

reversed the inhibition of root elongation of ethionine

treated lettuce seedlings. 

Two mechanisms for the inhibitory effects of 

ethionine have been suggested: a competitive inhibition 

of RNA methylation (Moore and Smith, 1969) and an inter

ference with ATP production b1 an adenine trapping 

mechanism (Shull et al., 1966). An experiment was conducted 

to determine the effects of combinations of ATP and 

methionine upon ethionine-induced inhibition of hypocotyl 

elongation. Table II represents data from this experiment. 



TABLE I 

EFFECT OF VARIOUS COMBINATIONS OF ETHIONINE, 
ADEHOSINE-TRIPHOSPHATE, AND BEHZYLADENINE 

UPON HYPOCOTYL ELONGATION OF 
LETTUCE SEEDLINGS 

Treatment Percent of Control 

ATP 89 

Ethionine 45 

ATP+ Ethionine 45 

Ethionine + Benzyladenine 69 

ATP+ Ethionine + Benzyladenine 73 

The data represent averages of two experiments 
with replicates for each solution. The concentration of 
ethionine was 0.005 M. The concentrations of 
benzyladenine and adenosine-triphosphate were 5 ppm and 
0.01 m.M, respectively. 
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TABLE II 

EFFECT OF VARIOUS COMBINATIONS OF ETHIONIHE, 
METHIONINE, AND ADENOSINE-TRIPHOSPHATE 

UPON LETTUCE SEEDLING HYPOCOTYL 
ELONGATIOI 

Treatment Percent of Control 

ATP 92 

Ethionine 38 

ATP + Ethionine 37 

ATP + Methionine (0 .005 M) 70 

ATP + Methionine (0.0025 M) 74 
ATP + Methionine (0.005 M) + Ethionine 37 

ATP + Methionine (0.0025 M) + Ethionine 42 

The data represent averages of two experiments 
with replicates for each solution. The concentration of 
ethionine was 0.005 M. The concentration of Adenosine-5-
triphosphate (ATP) was 10 JlM. 
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Tbe data show that a combination of ATP and methionine do 

not reverse the inhibitory responses of ethionine. 

The fluorinated pyrimidine 5-tluorodeoxyuridine 

(FUDr) is known to inhibit DNA synthesis and to inhibit 

elongation of pea embryos (Paranjothy and Raghavan, 1970). 

The data in Figure 2 show the effect of various concentra

tions of FUDr upon lettuce seedling hypocotyl growth. 

Fluorodeoxyuridine at a concentration of 10-4 M causes a 

SO percent inhibition of growth. 

A study was undertaken to determine if FUDr might 

be effecting purine biosynthesis and if it might be 

effecting methyl group incorporation from methionine 

during thymidine synthesis. The effects of various 

combinations of methionine, uracil, and thymidine upon 

FUDr induced inhibition of hypocotyl elongation were 

studied. The results are shown in Table III. Fluoro

deoxyuridine induced inhibition of hypocotyl elongation 

was partially reversed by thymidine at the concentrations 

tested (Table III). However, uracil and methionine did 

not reverse the inhibition produced by FUDr (Table III). 

Incorporation of Labeled Precursors into 
Protein and RNA of Lettuce Seedli~ 

Gibberellic acid stimulates hypocotyl elongation 

of lettuce seedlings (Frankland and Wareing, 1960). 

Ethionine is known to nullify this gibberellic acid induced 

stimulation (Merrell, 1970). Merrell (1970) also deter

mined that the addition of methionine to ethionine treated 
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TABLE III 

EFFECTS OF URACIL, METHIONINE, AND THYKIDINE 
UPON HYPOCOTYL ELONGATION OF FUDr-TREATED 

LETTUCE SEEDLINGS 

Treatment Percent of Control 

Uracil 10-4 K 36 

Uracil 10-3 M 35 

Methionine 10-4 M 32 

Methionine 10-3 K 37 

Thymidine 10-4 M 56 
Thymidine 10-3 M 88 

The data represent averages of two experiments 
with replicates for each solution. Results represent 
mean hypocotyl lengths compared with a phosphate buffer 
control. FUDr 10-~ M produces a 65 percent inhibition4 All solutions contained FUDr at a concentration of 10- M. 
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seedlings reverses the inhibitory effects of ethionine. 

Methionine restores the gibberellic acid induced stimulation 

of lettuce seedling hypocotyl elongation in the presence of 

ethionine (Merrell, 1970). 

The following experiment was conducted to determine 

the effect of various combinations of gibberellic acid, 

ethionine, and methionine upon protein synthesis in lettuce 

seedlings as assayed by the incorporation of Jii-leucine 

into protein. Table IV shows the results of an experiment 

in which %-leucine incorporation into lettuce seedling 

protein was assayed. The proteins were extracted after the 

seedlings had grown for 48 hours in darkness. For relative 

comparison between various treatments, tritiated leucine 

incorporation was expressed as counts per minute (cpm) per 

microgram (pg) of protein. In ethionine treated seedlings, 

the level of incorporation was greatly reduced from the 

level of incorporation in the control. Gibberellic acid 

treated seedlings show a level of incorporation 15 percent 

above the level of control incorporation. ~en ethionine 

was present in combination with gibberellic acid, tritiated 

leucine incorporation was severely depressed. When 

methionine was added to gibberellic acid and ethionine 

treated seedlings, tritiated leucine incorporation was also 

severely depressed (Table IV). 

An experiment was conducted to determine the effect 

of various combinations of ethionine, methionine, and 

gibberellic acid upon RNA synthesis and methylation in 



TABIE IV 

EFFECTS OF VARIOUS COMBINATIONS OF ETHIONINE, METHIONINE, AND 
GIBBERELLIC ACID UPON TRITIATED LEUCINE INCORPORATION 

IN LETTUCE SEEDLINGS 

Treatment L-Leucine - ~ 1 2-H3 Inco!:Eoration 

Soluble Total cpm/ Percent 
Leucine Protein }lg Protein Soluble 

cpm cpm Leucine 
in Protein 

Control 382,260 394,660 119.20 103 

Ethionine 53,100 33,320 8.65 62 

GA 348,720 431,900 136.81 124 

GA + Ethionine 62,520 37,940 10.27 61 

GA + Ethionine + Methionine 99,960 63,420 18.30 63 

L-Leucine-4,5-H3 was added the last 12 hours of a 48 hour growth 
interval. A total of 40 seeds was used in each treatmpnt. The seedlings were 
grown in darkness at 250. Each solution contained 10-~ Mor both penicillin 
and streptomycin. 
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lettuce seedlings. RNA synthesis was determined by follow-

ing the incorporation of 3il-uridine into RNA of lettuce 

seedlings. RNA methylation was studied by determining the 

level of methionine-methyl-14c incorporation into RNA of 

lettuce seedlings. After extraction, the nucleic acids 

were separated on a Sephade x G-100 gel filtration column. 

Thirty 3 ml fractions were collected from the Sephadex 

G-100 column. These fractions were read in a Spectropho

tometer to determine the optical density (0. D.). The 

first peak of absorbancy (Figure 3) was referred to as 

high molecular weight RNA which included ribosomal RNA and 

its precursors. 'lhe second peak was referred to as trans

fer RNA. '!'he transfer RNA fractions were positioned 

approximately 7 to 9 fractions after the first peak o. D. 

fraction of the high molecular weight RNA. The level of 

incorporation of 3il-uridine into the high molecular weight 

and transfer RNA (Table V) were determined in the following 

manner. An average of the level of incorporation of 

3H-uridioe in the three fractions at the o. D. peaks was 

determined. Table V shows the measurements of RBA 

synthesis as determined by assaying incorporation of 

labeled uridine. Oibberellic acid treated seedlings showed 

a level of 3H-uridine incorporation into high molecular 

weight RNA that was dramatically increased over incorpo

ration found in the control seedlings. The level of 

3H-uridine incorporation into the transfer RNA of gibber

ellic acid treated seedlings was also greatly increased 
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TABLE V 

Jii-URIDINE INCORPORATION INTO RNA 
OF LETTUCE SEEDLINGS 

Treatment Incorporation of 3ii-uridine - DPM/A260 

High Mol. wt. Transfer 
RNA RNA 

Buffer 62,958 70,358 

Gibberellic Acid 860,892 645,407 

Gibberellic Acid 
and Ethionine 964,092 121,700 

The last 12 hours of a 48 hour growth interval 20 
microcuries of 3H-uridine were added to each dish result
ing in a final concentration of 5.0 microcuries per ml. 
A total of 100 seeds was used for each treatment. The 
seedlings were grown in darkness at 25°. 
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over the level of control incorporation. In the seedlings 

treated with gibberellic acid and ethionine, the tritiated 

uridine incorporation into the high molecular weight RNA 

was slightly higher than in those seedlings treated with 

gibberellic acid alone. However, the incorporation into 

transfer RBA was not as high as the incorporation in 

seedlings treated with gibberellic acid alone, but was 

still slightly higher than in the control seedlings. 

Figures 3, 4, and 5 represent Sephadex 0-100 gel 

filtration profiles of RNA extracted from lettuce seedlings. 

The figures show incorporation of labeled methyl groups 

from methionine into RNA. The data in figure 4 indicate 

that gibberellic acid had no dramatic effect upon incorpo

ration of methyl groups into transfer RNA as compared to 

the control (Figure 3). However, in those seedlings 

treated with gibberellic acid and ethionine (Figure 5), 

there is a dramatic inhibition of labeled methyl group 

incorporation into transfer RBA as compared to the control. 

Incorporation of labeled methyl groups from methionine into 

the high molecular weight RBA of the gibberellic acid 

treated seedlings was not appreciably different from the 

level of incorporation of the control. However, in those 

seedlings treated with gibberellic acid and ethionine the 

level of labeled methyl group incorporation into the high 

molecular weight RNA was slightly higher than the level of 

the control incorporation. 
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CHAPTER V 

DISCUSSION OF RESULTS 

Figure 1 shows t he effect of 6N-benzyladenine (BA) 

on hypocotyl elongation of lettuce seedlings in the 

presence and absence of ethionine. Inhibition of growth 

responses induced by BA is well known in other systems. 

Benzyladenine inhibits growth in tobacco seedlings 

(Spaulding and Steffens, 1969), pea seedlings (Smolinski 

et al., 1969), and barley coleoptiles {Khan, 1968). 

When BA was added to ethionine treated seedlings, 

the inhibitory responses of ethionine were reversed but not 

to the level of the control {Figure 1). One suggested mode 

of inhibitory action of ethionine is a competitive inhibi

tion of RNA methylation (Moore and Smith, 1969). Schaeffer 

and Sharpe (1970) obtained data that show that RBA isolated 

from axillary tobacco buds activated with BA had an 

elevated level of RNA methylation. Fox and Chen (1967) 

hypothesized that a cytokinin, by virtue of its incorpora

tion into RNA and its structure, might provide the 

biological equivalent of an RNA methylating enzyme. The 

data illustrated in Figure l may be a growth response 

resulting from an interaction of BA and ethionine as they 

effect methylation. 
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Adenosine triphosphate at various concentrations 

was found by Merrell (1970) to be unable to reverse 

ethionine inhibition of lettuce seedling hypocotyl growth. 

Table I illustrates data that show that BA partially 

nullifies ethionine-induced inhibitory responses of 

lettuce seedlings. When BA was added to ATP and ethionine 

treated seedlings (Table I), the level of reversal was not 

significantly increased over that observed in seedlings 

treated with BA and ethionine. This suggests that failure 

of ATP to reverse ethionine-induced inhibitory responses 

may not be limited by BA. 

Cox and Smith (1969) obtained data that show that 

in rat liver methionine adenosyltransferase is inhibited 

by both s-adenosylmethionine and S-adenosylethionine. 

S-adenosylethionine at a concentration of l.4pM will 

inhibit methionine adenosyltransferase formation by 83 

percent. Stekol et al. (1963) suggested the possibility 

for a binding of S-adenosylethionine to the portion of the 

enzyme, methionine adenosyltransferaae, that is normally 

the site of methionine attachment. s-adenosylmethionine 

and S-adenosylethionine may compete with methionine for 

the active site of the enzyme (Cox and Smith, 1969). The 

data in Table II indicate that although methionine 

reverses the inhibitory responses of ethionine (Merrell, 

1970), a combination of ATP and methionine do not reverse 

the inhibitory effects of ethionine. '!he data suggeSt 

that methionine is not a limiting factor in the reversal 



of ethionine-induced inhibition ot lettuce seedling 

hypocotyl by ATP. Considering this, it is interesting to 

note that exogenous ATP (Table II) has very little effect 

upon lettuce seedling elongation. Adenosine triphosphate 

and methionine produce an approximate 30 percent inhibi

tion while a combination of ATP, methionine, and ethionine, 

produce a level of inhibition near that produced by 

ethionine alone. 

The data in Figure 2 show that a concentration of 

10-4 M of FUDr produces a maximum inhibition of .50 percent 

in lettuce seedling hypocotyl elongation. Paranjothy and 

Raghavan (1970) found maximum inhibition of pea embryos to 

occur at 1.2 x 10-7 M of FUDr. This 50 percent FUDr

induced inhibition of lettuce seedling hypocotyl elongation 

is of the same order as that obtained by Paranjothy and 

Raghavan (1970). '!hey observed an approximate 60 percent 

inhibition of hypocotyl growth in pea embryos. It may be 

that higher concentrations of FUDr are needed to produce 

maximum inhibition in lettuce seedlings although the 

similarity in inhibition produced by 10-3 M does not tend 

to indicate this. Fluorodeoxyuridine is also known to 

inhibit growth of lentil seedling epicotyls (Lang and 

Nitsan, 1967), growth of internodes of Brzophyllum 

tubiflorum (Purohit, Nanda, and Parabha, 1969), and elonga

tion of lettuce hypocotyls (Land and Hitsan, 1967). Lang 

and Bitsan (1967) found that FUDr-induced inhibition of 

lentil and lettuce seedlings equally inhibited in the 
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presence or absence of gibberellic acid. 

Pluorodeoxyuridine primarily inhibits DNA 

synthesis. Pluorodeoxyuridine specifically inhibits the 

activity of the enzyme thymidylate synthetase in many 

systems, thereby preventing the methylation of deoxyuridylic 

acid to thymidylic acid (Heidelberger, 1965). Lang and 

Nitsan (1967) reported that FODr inhibits both cell number 

and cell elongation in lettuce seedlings. However, the 

reduction in cell number accounted for only a relatively 

small fraction of the reduction in length of the entire 

organ. 'lhus, they concluded that PUDr inhibition clearly 

extended also to cell elongation. However, Paranjothy 

and Raghavan (1970) working with pea embryos found that 

the lengths of the cells were not significantly different 

from the lengths of cells in tissue excised from the roots 

of control embryos. It thus appears that inhibition of 

cell elongation is not a major factor in inhibition or 

growth of pea embryos treated with FUDr. The studies 

described by Paranjothy and Raghavan (1970) indicate that 

fluoropyrimidines inhibit growth of excised pea embryos 

by inhibiting cell division with no appreciable effect on 

cell elongation. 'lbese results appear to be consistent 

with the idea that fluoropyrimidines interfere with DNA 

synthesis (Heidelberger, 1965). If FUDr does inhibit only 

cell division, the 50 percent inhibition of lettuce 

hypocotyl elongation may represent the elongation of the 

hypocotyls due to cell division. This is true only if 
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DNA is not required for cell elongation. The views of 

Lang and Nitsan (1967) are not in agreement with this idea 

that DNA is not necessary for cell elongation. They 

conjectured that active DNA synthesis is required for the 

production of ribosomal RNA , and that the latter is needed 

for elongation of growth of certain plant cells. 

The data in Table III were of interest in con

sidering the effect of FUDr on purine biosynthesis and 

methyl group incorporation from methionine during thymidine 

synthesis. Thymidine partially reversed the FUDr-induced 

inhibition of elongation. Methionine and uracil were not 

effective in reversing this inhibition. Lang and Nitsan 

(1967) report full reversal of FUDr inhibition of lettuce 

seedlings by thymidine but not by uridine. Rimon and Galum 

(1967) found that thym.idine and uracil in FUDr treated 

Spirodela oligorrhiza fully reversed the FUDr-induoed 

inhibition responses. They concluded that FUDr exerts its 

inhibitory action on DNA synthesis. It would be of 

interest to determine if the partial reversal of FUDr 

inhibition by thymidine shown in Table III could be 

increased to complete reversal by an increased thymidine 

concentration. 

Rimon et!!.• (1969) found that DNA synthesis is 

inhibited by FUDr. Fluorodeoxyuridine-induced inhibition 

of elongation of lettuce seedlings may be produced by a 

decrease in cell division in the seedlings. If the con

clusion of Lang and Nitsan (1967) that DNA is essential 



for cell elongation is correct, FUDr may also inhibit 

hypocotyl elongation. Paranjothy and Raghavan (1970) 

reported an FUDr-induced decrease in protein of pea embryos. 

Reduction of protein formation may inhibit cell elongation 

(Key, 1964). Fluorodeoxyuri di ne -induced reduction in 

protein synthesis may be the cause of decreased cell 

elongation in lettuce seedlings; however, data presented 

in Table IV indicate that cell elongation may occur when 

.3ir-leucine incorporation is severely depressed. 

The data in Table IV indicate that ethionine 

severely inhibits labeled leucine incorporation into 

proteins of lettuce seedlings. When gibberellic acid and 

methionine are added to ethionine treated seedlings the 

level of tritiated leucine incorporation was severely 

depressed. In the study conducted by Merrell (1970), the 

stimulation of hypocotyl elongation in seedlings treated 

with ethionine, methionine, and gibberellic acid was at all 

concentrations approximately twice that of the control. 

This enhanced rate of hypocotyl elongation (Merrell, 1970) 

and reduced rate of leucine incorporation (Table IV) in 

seedlings treated with ethionine, methionine, and gibber

ellic acid indicate that the mode of action of gibberellic 

acid stimulation may not be through increased protein 

synthesis. This agrees with data obtained by Rai and 

Laloraya (1965). Studying the changes in protein and 

soluble nitrogen accompanying gibberellic acid-induced 

growth in lettuce seedlings, Rai and Laloraya (1965) con

cluded that increased protein synthesis is not correlated 
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directly with the growth effects of gibberellic acid. They 

determined that in seedlings grown in various concentra

tions of gibberellic acid the increased protein synthesis 

in the hypocotyl is or the saJJ'IS order in varying concentra

tions of gibberellic ac i d. The i ncreases in protein 

synthesis in the hypocotyls were all of the same magnitude 

while the growth responses were different. Thus, Rai and 

Laloraya (1965) concluded that increase in protein 

synthesis is not correlated with the growth effects of 

gibberellic acid. Broughton (1969), however, reported a 

stimulation of net protein synthesis in pea internodes 

which was fairly closely related to the gibberellic acid

induced growth responses. 

Cleland has reported (1960) that only a very small 

portion of protein synthesis must occur in order for 

elongation to proceed. He further stated that this would 

preswnably be some enzyme necessary for auxin-action. 

This compares favorably with the data depicted in Table IV. 

Methionine nullifies ethionine inhibition in lettuce 

hypocotyls (Merrell, 1970). There was a slight increase 

in protein synthesis in seedlings treated with methionine 

and ethionine as compared to ethionine-treated seedlings. 

Methionine restores gibberellic acid induced stimulation 

in the presence of ethionine. Here again in the gibber

ellic acid, methionine, ·and ethionine treated seedlings 

there is a very small increase in protein synthesis. This 

small increase may be all that is needed for the gibberellic 
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acid to promote growth. The slight but apparent increase 

in protein synthesis in seedlings treated with gibberellic 

acid over the level of synthesis in the control agrees 

with data obtained by Kaufman et al. (1968) and Rai and 

Laloraya (1965). Kaufman et al. (1968) obtained data that 

support the idea that protein synthesis is necessary for 

gibberellic acid promoted growth. Broughton (1969) also 

concluded from his study of pea internodes that.protein 

synthesis is necessary for gibberellic acid induced cell 

elongation to occur. 

In all treatments containing ethionine, a dramatic 

reduction of .3a-leucine incorporation is noted. Both 

Schrank (1956) and Cleland (1960) reported that the 

inhibitory effects of ethionine on elongation or the oat 

coleoptile might result from interference with protein 

synthesis. Ethionine is known to antagonize the incorpo

ration of methionine into proteins and thus block protein 

synthesis in animal tissue (Simpson et al., 1950). It is 

doubtful that the ethionine-induced inhibition of protein 

synthesis is the sole cause of inhibition of growth of 

lettuce seedlings. There is only a small increase in 

protein synthesis (Table IV) when gibberellic acid and 

methionine are present with ethionine while there is a 

restoration of the gibberellic acid induced stimulation of 

cell elongation (Merrell, 1970). Farber and Magee (l960) 

have shown that following an injection of L-ethionine

ethyl-1-140 into rat's liver RNA becomes labeled to a 
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greater degree than protein, with soluble RNA being the 

most highly labeled fraction. 'lhus ethionine probably has 

a greater effect on methylation of RNA. 

The data in Table V show the effect of gibberellic 

acid and ethionine on the incorporation of 3ii-urid1ne into 

the RNA of lettuce seedlings. Gibberellic acid produces 

an approximate eight fold stimulation of Jii-uridine 

incorporation into the high molecular weight RNA. Io the 

gibberellic acid treated seedlings, %-uridioe incorpora

tion into the transfer RNA was stimulated to nine times 

that or the control. Broughton (1969) found that in 

gibberellic acid treated pea internodes the amount of RNA 

was doubled as compared to the control. Chandra and Duynstee 

(1971) found that on treatment of aleurone cells with 

ethionine in the presence of gibberellic acid, the specific 

activity of .3H-uridine labeled transfer RNA and light 

ribosomal RNA increased over the level of activity in oells 

treated with gibberellic acid alone. As shown in Table 

V, 3a-uridine incorporation into the high molecular weight 

RNA of lettuce seedlings treated with gibberellic acid 

and ethionine was increased over the level of incorpora

tion in seedlings treated with gibberellic acid. 3a-uridine 

incorporation into transfer RNA of lettuce seedlings 

treated with gibberellic acid and ethionine was decreased 

from the level of incorporation found in the gibberellic 

acid treated seedlings, but double the level of incorpo

ration found in the control seedlings. This i ndicates that 
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synthesis or ribosomal RNA and transfer RNA alone is not 

adequate for normal cell elongation in lettuce seedlings. 

A great deal of interest is presently centered upon 

modification of transfer RNA by methylation as a 

prerequisite for a functional transfer RNA ic protein 

synthesis (Shugart et al., 1968 and Burdon, 1971). 

Figures 3, 4, and 5 show the effect of gibberellic 

acid and ethionine on the incorporation of carbon-14 

labeled methyl groups from methionine into the RIA of 

lettuce seedlings. Gibberellic acid had no apparent 

effect upon methyl group incorporation into transfer RBA 

(Figure 4). Gibberellio acid also had no apparent effect 

upon methyl group incorporation into high molecular weight 

RNA (Figure 4). This does not agree with data obtained 

by Chandra and Duynstee (1971) who found that gibberellio 

acid produced a marked increase in the methylation of the 

purine residues of transfer RNA and heavy ribosomal RBA 

of aleurone cells. When ethionine was applied in the 

presence of gibberellic acid (Figure 5), incorporation of 

methyl groups into transfer RNA was dramatically inhibited 

while incorporation into the high molecular weight RNA 

was enhanced. Chandra and Duynstee (1971) found that in 

the presence of ethionine and gibberellic acid, labeled 

methyl group incorporation into all RIA fractions of 

aleurone cells was dramatically reduced. In Figure 5, the 

peak representing labeled methyl group incorporation into 

the high molecular weight RNA was shifted to the right with 
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respe ct to the peak O. D. fraction. In the control and 

gibberellic acid treated seedlings, the peak activity 

fraction coincided with the o. D. peak fraction. This 

would indicate that methylation of one of the lower weight 

ribosomal RNA fractions was stimulated or that processing 

of ribosomal RNA was selectively inhibited. 'Jlle conver

sion of 45 S RNA to 32 S RNA is thought to be activated by 

an enzyme (Liau, Craig, and Perry, 1968). Vaughn et !!• 

(1967) have shown that in the absence of methionine the 

45 S RNA is initially converted to 16 Sand 32 S RBA 

components. However, the 32 S RHA was degraded within the 

nucleus rather than forming the 28 S RNA. Gibberellic 

acid has been known to stimulate enzyme production (Paley, 

1960 and Pollard, 1969). Gibberellic acid may be 

effecting the enzyme which controls the formation of the 

32 S RNA from the 45 S RNA. 

Transfer RNA synthesis was similar to that in 

control tissue in the presence of ethionice, however, 

methylation was severely depressed. In these seedlings in 

which methylation was greatly reduced, the elongation of 

the hypocotyl was depressed. These studies indicate that 

maturation ot transfer RNA involving methylation may be 

essential for transfer RNA to function in elongation of 

lettuce seedling hypocotyl. 



CHAPTER VI 

SUMMARY 

This study was undertaken to 1) detemine the 

effects of gibberellic acid and ethionine upon 3ir-1eucine 

incorporation into protein of Grand Rapids lettuce 

seedlings; 2) to study the effects of gibberellic acid 

and ethionine upon RNA synthesis and methylation as 

determined by assaying incorporation of 3H-uridine and 

methionine-methy1-14c, respectively into the RNA of 

lettuce seedlings; and 3) to study the effects of various 

plant growth regulators and antimetabolites on lettuce 

seedling hypocotyl elongation. 

~-benzyladenine partially reversed the inhibi

tory responses of ethionine. Addition of benzyladenine 

to ethionine and adenosine-triphosphate treated seedlings, 

resulted in an inhibition similar to that found in 

seedlings treated with benz1ladenine and ethionine. 

Ethionine inhibition of hypocotyl growth was not reversed 

by a combination of adenosine triphosphate and methionine. 

This suggests that failure of ATP to reverse ethionine

induced inhibitory responses may not be limited by 

benzyladenine or methionine. 

5-Fluorodeoxyuridine inhibits hypocotyl elongation 

of lettuce seedlings. The reversal of FUDr-induced inhibition 
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by thymi dine but not by uracil or methionine suggests that 

FUDr inhibits DNA synthesis in the seedlings. 

In all ethionine treated seedlings Jii-leucine 

incorporation was severely depressed. The inhibition of 

3ii-1eucine incorporation i n gi bberellic acid stimulated 

seedlings in the presence of ethionine and methionine 

indicate that the mode of action of gibberellic acid 

stimulation may not be through increased protein synthesis. 

The increased 3H-uridine and decreased methionine

methyl-14c incorporation into the transfer RNA of 

gibberellic acid and ethionine treated seedlings suggest 

that transfer RNA must be methylated before it is 

functional in cell elongation of lettuce seedlings. 
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