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ABSTRACT 

A mutant cell line of Daucus carota L. resistant to 

5-methyltryptophan (5mT) was selected by plating normal 

suspension culture cells on a solid medium containing 0.3 mM 

5mT. Analysis of free amino acids revealed that the mutant 

line contained less free typtophan and serine than the wild 

type and accumulated arginine and lysine. Transfer RNA was 

extracted and the acceptor activities of tryptophyl, leucyl, 

prolyl and seryl tRNA of the two cell lines were compared. 

There was no significant difference in the acceptor profiles 

of the wild type and 5mT resistant cells. Inverse correla

tions of free amino acid and relative acceptor activity were 

not significant in either cell line. These data suggest that 

free amino acid concentration is not a factor in the 

regulation of transfer RNA. 

vi 



INTRODUCTION 

Functional adaptation describes a process where 

protein translation is optimized by continuous adjustment of 

cytoplasmic transfer RNA concentrations to the amino acid 

composition of the proteins being synthesized. Evidence 

suggests that functional adaptation may be universal in 

eucaryotic organisms. Whether functional adaptation is a 

major regulatory step in protein synthesis is unknown. The 

exact mechanism by which functional adaptation operates is 

also unknown. 

The purpose of this study is to test a currently 

proposed mechanism of functional adaptation. The model 

suggests that the synthesis or activation of tRNA molecules 

that belong to a given amino acid acceptor family is 

suppressed by a relative excess of the pertinent free amino 

acid. Conversely, the model predicts that if the 

concentration of a given free amino acid drops, then the 

level of the corresponding tRNA family ought to increase. In 

this way, transfer RNA family levels may be regulated in 

conjunction with the amino acids they acylate. 

1 
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A constitutive amino acid mutant will be used to 

test the model. The model predicts that the tRNA family 

which acylates the constitutively produced amino acid should 

be less abundant in the mutant than in the wild type. The 

use of an constitutive mutant is a new approach in the study 

of tRNA regulation in higher organisms. A comparison of free 

amino acid content and acceptor activities of a few key tRNA 

families between wild type and 5mT resistant plant cells 

will be made. 

Plant tissue culture provides a simple means to 

obtain mutant cell lines. Constitutive mutants may be 

selected from normal tissue by plating large numbers of 

individual cells on a medium that contains a toxic analog of 

an amino acid. Cells resistant to the analog are often 

unable to control the synthesis of the corresponding amino 

acid by end feedback inhibition. In this study, cells which 

are resistant to the amino acid analog 5-methyl tryptophan 

(5mT) will be isolated using such a technique. Tissues that 

are resistant to this compound should synthesize high levels 

of tryptophan,and as a result, will be useful to 

investigate the relationship between tRNA and free amino 

acid concentrations. 

The study will involve the isolation of a 5mT 

resistant cell line of carrot (Daucus carrota L.). Mutant 

cells will be compared to wild type tissue with respect to 

the acceptor activities of Leucyi, prolyl, seryl and 
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tryptophyl tRNA'S. The model being tested predicts that the 

acceptor activities of tryptophyl and seryl tRNA will be 

lower in the mutant line, while the activity of leucine and 

proline tRNA's will remain largely unchanged from the wild 

type. The basis of the prediction is that 5mT resistant 

cells characteristically contain elevated levels of free 

tryptophan and, to a lesser degree, serine. Serine is one of 

several precursors of tryptophan and also accumulates when 

there is an excess of tryptophan. The amino acid analysis 

will confirm that the mutant cell line tested is, in fact, 

enriched in tryptophan and serine. Thus the results of this 

study should show if the level of a given transfer RNA 

acceptor family is suppressed by an increase of the free 

amino acid which is acylated by that family. 



LITERATURE REVIEW 

Below is an overview of the pertinent work relating 

to the regulation of transfer RNA in eucaryotes. This review 

will be divided into sections that deal with the molecular 

biology of tRNA, the early work on functional adaptation, 

functional adaptation in plants and some of the recent 

developments on the regulation of tRNA. 

Molecular Biology of Transfer RNA 

Clarkson (1983) recently reviewed the characteristics 

of tRNA genes and noted several freatures that clearly set 

them apart from other gene families. Among the more 

dramatic of these differences is the nearly total absence of 

a common theme in the number or arrangement of tRNA genes, 

the processing of the primary transcripts and the fact that 

the controlling elements lie completely within the 

transcribed portions of the genes. 

The number of transfer RNA genes in eucaryotic 

organisms is extremely variable. The nematode Caenorhabditis 

eleqans only has 300 tRNA genes in the entire genome. In 

contrast, Xenopus has has about 7000 tRNA genes. The number 

of identical tRNA genes for a single isoacceptor species 

ranges from one to over three hundred. Xenopus has about 310 

copies of the gene the codes for tRNAme^ in the genome. 
4 
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Thus, any tRNA gene may be single or reiterated, although 

the majority of tRNA genes are reiterated to some degree. It 

has been speculated that tRNA gene number may relate to the 

frequency of the tRNA's codon counterparts in genes coding 

for messenger RNA. The arrangement of tRNA genes is, like 

their numbers, consistent in its inconsistency. There is no 

rule for the arrangement of tRNA genes. The genes may be 

clustered or dispersed. The genes also need not have the 

same polarity. Gene clusters in Drosophila have adjacent 

tRNA genes of opposite polarity. That is, they are 

transcribed from opposite strands of DNA. 

The processing of the primary transcripts of tRNA 

genes is also unusual. Primary transcripts have both 3' and 

5' flanking sequences that must be trimmed off before the 

tRNA is active. After the 3' end is removed, the tRNA 

molecule is lacking the characteristic distal CCA base 

sequence that is necessary for the acylation process. These 

nucleotides are subsequently added to this stem by a 

nucleotdyl transferase (Venkstern, 1981). Castagnoli (1982) 

found that the 3' and 5' flanking ends can be altered 

without affecting the accuracy of processing, thereby 

indicating that these ends play little, if any role in the 

maturation of tRNA. Transfer RNA primary transcripts may or 

may not have introns. When introns are present, they are 

usually found somewhere in the acceptor stem of the 

molecule. Introns are never found in the D or T stems. 
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Thus, the secondary structure of the unprocessed and 

inactive tRNA molecule is remarkably similar to that of the 

finished product. 

The promotors of tRNA genes are uniquely contrasted 

with those of other systems. These promotors lie completely 

within the sequences that code for the primary transcript. 

Furthermore, the tRNA promotors are separated into at least 

two regions. The two regions so far discovered lie within 

the D and T stems of the molecule (Ciliberto, 1982). The D 

and T stems in turn are largely invariant throughout the 

eucaryotic kingdom. Hofstetter (1981) found that the 

distance between the two promotor regions can be expanded 

without affecting the transcription of the gene, but if the 

distance is decreased below a certain point, transcription 

is either seriously impaired or halted altogether. 

Hofstetter and his group speculate that the middle portion 

of the tRNA1met gene is important as a spacer to maintain a 

critical distance between the promotors. Clarkson (in the 

same article cited earlier, 1983) draws a hypothesis for the 

initiation of tRNA transcription from these data. He 

proposes that the initiation of tRNA transcription is a two 

step event. The first step involves the interaction of the 

two intragenic promotors with one or more transcription 

factors. This interaction requires at least a partial 

loopout of the DNA. The second step is the binding of a 

polymerase III molecule to the complex of transcription 
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factors and the tRNA gene. Initiation of transcription 

immediately then takes place at a purine located several 

bases upstream of the 5' end of what is to be the finished 

molecule. Where the transcription factors originate or how 

the tRNA genes are regulated remains a mystery. 

Early Descriptive Works on Functional Adaptation 

The silk gland of the silkworm, Bombyx mori is the 

first tissue where functional adaptation of a tRNA 

population to the amino acid composition of a protein being 

synthesized was clearly demonstrated and remains the most 

dramatic example of this phenomenon. 

After four thousand years of artificial selection, 

the silkworm has the dubious honor of being one of the few 

organisms in existence that is totally dependent upon 

humankind for its survival. In addition to its utility in 

the textile industry, the silkworm has become a model system 

in the study of eucaryotic gene regulation. The larvae live 

4-5 weeks, during which time they go through five instar 

stages. Toward the end of the fifth instar, the organism 

produces massive amounts of the proteins fibroin and 

sericin, from which the cocoon is formed. The cocoon is spun 

from a single three hundred meter thread of silk. The major 

protein of the silk is fibroin, which makes up 70-80 % of 

the compound. Sericin contributes 20-30 %. Fibroin is made 

up almost entirely of glycine (45%), alanine (29%) and 
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serine. The information above is from a review article by 

Gregory (1983). 

The silkworm system has three characteristics that 

makes it attractive for the study of tRNA regulation. The 

first is that silk synthesis begins abruptly and well into 

the life of the organism. This is convenient for a metabolic 

comparison of one type of tissue for several time periods. 

The second is that the worm's silk gland produces huge 

quantities of silk. The cocoon may eventually be 25% of the 

total weight of the caterpillar (Garel, 1970). The third 

advantage is that the major protein, fibroin, is composed 

mainly of three amino acids. Glycine, alanine and serine 

make up nearly 90% of the fibroin molecule (Chavancy et al., 

1970). 

In a series of studies (Garel et al.,1970, Chavancy 

and Daillie, 1971, and Garel, 1974) it was demonstrated that 

functional adaptation was taking place in the silk gland of 

the silkworm. They compared the amino acid acceptor 

activities of the tRNA families which acylate the major 

amino acids of fibroin (ala, gly and ser) and the amino acid 

composition of fibroin at several time points in the 

maturation of the fifth instar. Up until the point where 

fibroin is made, they discovered no correlation. But when 

fibroin synthesis was underway, the acceptor activities of 

glycyl, alanayl and seryl tRNA's all increased to the point 

where they corresponded closely to the amino acid 
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composition of fibroin. The acceptor activities were 

determined by means of in vitro aminoacylation with 

radioactive amino acids. In order to confirm the data, Garel 

(1977) characterized transfer RNA's from the silk gland 

using two dimensional polyacrylamide electrophoreisis and 

obtained close agreement with the aminoacylation results. 

The silkworm remains as the model system of choice for 

studying functional adaptation in eucaryotes. Recent work on 

this organism will be presented in a later part of this 

review. 

Just after the publication of Chavancy's original 

work in 1970, Elska (1971) released a similar piece of 

research on the lactating and non lactating mammary glands. 

The primary proteins produced by the mammary gland during 

lactation are casein and B-lactoglobin. The study 

demonstrated significant correlation between the amino acid 

composition of the proteins and the acceptor families of the 

tRNA's that acylate those amino acids. 

Significant correlations of amino acid composition 

and tRNA acceptor profiles exist in several other animal 

systems as well as those mentioned above (Garel, 1973). 

Examples include rabbit reticulocyte with regard to 

hemoglobin, mouse hemoglobin, IgF proteins in mouse and the 

crystallin proteins of the bovine calf lens. 

Thus, considerable evidence was collected to suggest 

that functional adaptation is widespread in animal systems. 
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Transfer RNA Studies in Plants 

Norris (1975) first investigated functional adaptation 

in plants by trying to to relate tRNA acceptor activities to 

the composition of storage proteins in wheat endosperm, 

which are rich in proline and glutamate, but low in lysine 

and tryptophan. The results gave no conclusive support to 

the idea that the tRNA's in the endosperm were adapting to 

the amino acid composition of the storage proteins. 

Mettler and Romani (1975) examined tomatoes to 

determine if ethylene induced ripening had any effect on 

tRNA isoacceptor pools. They found that ethylene induced a 

general decline in the activities of nearly all the 

isoacceptor families tested and concluded that tRNA may have 

some sort of controlling function in aging. However, no 

amino acid analysis was included to augment their findings. 

A more likely explanation for their data is that tRNA loses 

activity along with the rest of the translational machinery 

during senescence of tomato tissue. 

The first good evidence for functional adaptation in 

plants came from a study by Viotti and Weil (1978). They 

found a strong correlation between the amino acid 

composition of the storage protein zein and the tRNA 

acceptor profile in maize endosperm. Zein is rich in 

glutamate, leucine and alanine. The acceptor activities of 

glutamyl, leucyl and alanyl were enriched in endosperm 

tissue in response to Zein synthesis. Viotti and Weil, like 
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others, proposed that limitation of tRNA could be a 

regulatory step in protein sysnthesis. All of the available 

evidence, however, suggests that tRNA adaptation serves to 

optimize, not regulate translation. 

The most recent work was done by Kedzierski (1981) 

in which he compared total amino acid composition and 

acceptor profiles of transfer RNA in Lupinus, Triticum and 

Solanum. The results of this study showed significant 

correlations between total amino acid composition and 

acceptor profiles in all three of the species examined. 

Recent Important Findings 

Although many investigators have produced 

descriptive work with both functional adaptation and the 

molecular genetics of transfer RNA, only a few workers 

sought to understand how transfer RNA's might be regulated. 

In 1979, Chavancy went beyond comparing amino acids 

and tRNA acceptor profiles and compared mRNA codon frequency 

of the fibroin message and tRNA anticodon frequency in the 

silk gland of the silkworm. He found a significant 

correlation between the two frequencies and postulated that 

this high coincidence is due to a similarity of numbers of 

codons in messages and the numbers of a gene for a given 

tRNA isoaccepting species. This result is presumably due to 

the selective advantage for individuals with such coincident 

numbers of codons and anticodons. There is not enough 
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sequence data, however, to confirm this hypothesis. 

The first inkling on what might control the 

transcription of a tRNA gene came from Smagowicz et al. 

(1983). This group found that tyrosyl synthetases act much 

like transcription factors in that they greatly stimulate 

the in vitro transcription of tyrosyl tRNA. This work also 

showed that the amino acid tyrosine diminished the 

stimulatory effects of the tyrosyl synthetase on gene 

transcription. 

Clarkson's (1983) ideas on how initiation of tRNA 

genes takes place was supported by Ruet et al. (1984). A 

transcription factor, which has a molecular weight of about 

300,000, forms a complex with the promotor region of the 

tRNA gene. This complex is stable over a wide range of 

temperature and exhibits no polymerase activity. 

From these investigations, several salient 

features emerge. The first is that evolution has selected 

individuals with similar codon and anticodon frequencies. A 

question arises as to whether gene frequencies in eucaryotic 

organisms reflect the overall amino acid composition of the 

proteins in those organisms. If this is the case, then 

constitutive synthesis of all the pertinent tRNA genes would 

be the only regulation needed to insure efficient 

translation of these proteins. The studies on silkworms 

mentioned previously do not support this idea. The second 

point is that transcription factors play a role in the 
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expression of tRNA genes. Are these proteins a major factor 

in the regulation of tRNA genes? If so, then what mechanism 

regulates the expression of the transcription factors 

themselves? How the transcription factors work is not known 

at this time. For that matter, there is no adequate model 

for the mechanism of functional adaptation on any level. The 

only concept demonstrated is that functional adaptation is 

widespread, if not universal throughout the eucaryotic 

realm. 

\ 



MATERIALS AND METHODS 

Growth of Suspension Cultures 

Both the wild type and mutant lines of Daucus carota 

(var. Golden King) were grown in Tisserat and Murashige's 

Carrot Medium (1977). The 5mT line was grown in medium 

supplemented with 0.3 mM 5-methyltryptophan . Each 500ml 

flask contained 160 ml of medium and was transferred every 

two weeks. Cultures were agitated on a rotary shaker at 100 

rpm. and illuminated by incident light (~ 100 lux) for 16 hr 

each day by white fluorescent strip lights. Temperature was 

kept between 22-25°C. 

Isolation of Mutants 

A cell line resistant to 5-methyltryptophan (5mT) 

was selected by plating wild type suspension cells on a 

medium supplemented with 0.3 mM 5mT and subculturing 

resistant colonies. In a sterile centrifuge tube, 5X10^ 

cells were pelleted, washed in Tisserat and Murashige's 

Carrot Medium (T&M) and re-pelleted. After adding 1ml of T&M 

medium without agar and dislodging the cells from the sides 

of the tube, the suspension was brought to a final volume of 

5ml with the same medium containing 0.3 mM 5mT and 0.8% 

agar. The cells and medium were poured onto a plate that 

14 
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held a solid layer of T&M medium (0.3 mM 5mT and 0.8 % 

agar). The plates were wrapped in Parafilm and incubated in 

the dark at 30° until a resistant colony of about 0.5cm 

across developed. A single resistant colony was eventually 

transferred and multiplied on T&M medium with 0.3 mM 5mT and 

0.8 % agar. The mutant line was converted from growth on 

solid to growth in liquid medium by putting a large (~2.5 

cm) clump of callus cells in 40 ml of T&M medium without 

agar and subjecting the culture to the same conditions as 

described for the suspension cultures. After two weeks, the 

cells that had broken off and divided in the liquid medium 

were transferred to fresh liquid medium. The suspension 

cultures were grown as described earlier. 

Enzyme Extraction 

An enzyme preparation was extracted from wheat germ 

(Viotti et. al.f 1978). Five gm. of tissue were ground in a 

chilled mortar for 0.5 hour in 10ml of a buffer containing 

0.1M HEPES (pH 7.55), 0.01M MgCl2/ 0.06M KC1, 0.001M reduced 

glutathione, and 10% glycerol . The homogenate was 

centrifuged for 30 minutes at 12,000xg in an angle rotor 

(all low speed centrifugations were done in an angle rotor) 

The middle phase was then centrifuged for four hours at 

150,000xg in a Beckman Ti 40 angle rotor. The middle phase 

of this centrifugation was diluted with one volume of buffer 

and passed over a chilled Sephadex G-75 column (1.5 X 50 cm, 
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Pharmacia, Inc.) using the same buffer as above. The protein 

eluted with the void volume was purified and concentrated by 

ammonium sulfate precipitation (Kedzierski, 1980). The 

column eluate was brought to 30% of saturation of ammonium 

sulfate with saturated ammonium sulfate solution, pH 7. The 

precipitate formed at this level of saturation was pelleted 

(7000xg, 10min.)and discarded. The supernatant containing 

the synthetase enzymes was brought to 70% of saturation with 

the appropriate amount of ammonium sulfate solution. All 

precipitations were done at room temperature. The 

precipitate formed at this level was pelleted (7000xg, 10 

min.)and resuspended in a minimal amount of buffer. The 

enzyme preparation was dialysed for 48 hr against a buffer 

containing 0.1M Tris pH 7.55, .01M MgCl2» 0.06M KCl, 5mM 

mercaptoethanol, and 10% glycerol by volume. The buffer was 

changed three times during dialysis. The volume of the first 

batch of buffer was 2 liters and the second two had 1 liter 

each.The finished enzyme preparation was stored at -20 to-

80° C in 40% (V:V) of glycerol. The synthetases lost no 

measurable activity after six months of storage. 

Extraction of Transfer RNA 

Total RNA was extracted from two week old suspension 

cultures using a modification of the procedure used by 

Sengupta and Raghavan (1980). Tissue was washed with tap 

water and added to 5-7 volumes of 95% (V:V) ethanol 
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containing .004 % diethyl pyrocarbonate (DEP). The mixture 

was homogenized at high speed for one minute with a Polytron 

(Brinkman Instruments, Inc.) at near 0° C. The cells were 

pelleted at 6000xg and rehomogenized in the same amount of 

ethanol/DEP for two minutes. The tissue was pelleted again 

and resuspended in five volumes of a buffer containing 0.1 M 

TRIS (pH 8.6), 0.1 M NaCl, 0.5 % SDS, 0.5% triisonapthalene 

sulfonate and 1.0% sodium pyrophosphate. The homogenate and 

buffer were stirred together with a magnetic stirrer for 30 

minutes at 25° C.. 

Following centrifugation at 7000xg, the supernatant 

was extracted with one volume of phenol:chloroform:isoamyl 

alcohol (50:50:1,V:V:V) by shaking vigorously on a wrist 

action shaker for 30 min.. After separating the immiscible 

solvents by centrifugation (15,000xg, 5 min.), the aqueous 

phase and the interface layer were re-extracted for ten 

minutes with 0.75 volumes of the organic solvent mixture. 

The aqueous phase was extracted twice more for 10 min. with 

the organic solvent mixture . After the phenol-chloroform 

extractions, the aqueous preparation was extracted once in a 

separatory funnel with 1 vol. of chloroform for 30 min.. 

All organic extractions were done at room temperature. After 

removal of the chloroform, the RNA was precipitated at -20°C 

overnight following the addition of a 10% (V:V) volume of 

20% (V:V) potassium acetate (pH 5.0) and 2.5 volumes cold 

ethanol. 
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Transfer RNA was separated from the other RNA's by 

means of DEAE Cellulose (Cellex D, High Capacity, Bio-Rad 

Inc.) according to the method of Kedzierski et al. (1978). 

The RNA precipitate was harvested by centrifugation and 

resuspended in a buffer containing 0.1 M sodium acetate (pH 

5.5), 0.1 M NaCl, 0.01 M MgCl2, and 0.001M EDTA. After 

pelleting insoluble materials, the sample was applied to a 

DEAE column equilibrated with the same buffer ( 0.5 ml of 

column matrix was used per O.D. unit of nucleic acid). A 

water jacketed column (1.5 X 50 cm, Pharmacia, Inc.) kept 

near 0° by circulating ice cold water through the jacket 

was used for the separation.The column was washed with 3-4 

column volumes of the same buffer, except that the molarity 

of NaCl was increased to 0.25. Transfer RNA was eluted with 

the same buffer as above, but with 1.0 M NaCl. The tRNA was 

precipitated in the same manner as before. 

The transfer RNA was deacylated by disolution in 

1.0 M Tris (pH8.0) at a concentration of about 10 O.D./ml 

and incubation for 20 min. at 37°. Following deacylation, 

the preparation was extracted for 30 min. with two volumes 

of chloroform. Residual chloroform was removed by treating 

the preparation with a small amount of water saturated ether 

and removing the ether and remaining chloroform with a 

stream of Nitrogen or air. This final chloroform extraction 

is essential. All phenol contamination must be removed 

before the tRNA will show any acceptor activity. 
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In Vitro Aminoacylation of Transfer RNA 

The relative acceptor activities of prolyl, 

tryptophyl, leucyl and seryl tRNA's extracted from the 

suspension tissues were determined using in vitro 

aminoacylation with labeled amino acids. In each reaction an 

amount of the total tRNA mixture was used such that tRNA of 

the acceptor family tested was limiting (see appendix). This 

was between 0.03 and 0.30 O.D^gg units. The reactions were 

carried out at 37° C. In a total volume of 0.50 ml, tRNA, 

100 ug of synthetase and 20 ul of tritiated amino acid 

(specific activity of 200-400 mCi/mmol, New England Nuclear, 

diluted to 5.0 uCi/lOOul) were allowed to incubate for 20 

minutes in a buffer containing 0.05M HEPEStpH 7.5), 0.015M 

MgCl2» 2.5mM ATP,0.014M phosphate buffer and 1.5mM EDTA. The 

reactions were terminated by adding 1 ml of ice cold 10% 

trichloroacetic acid (TCA). The mixtures were kept on ice 

for at least ten minutes. The precipitates were collected on 

1.5 cm X 0.5 mm glass filters (Whatman GFA) using a 

Millipore filtration apparatus. The filters were washed once 

at room temperature with 6.0 ml of 5.0% (W:V) TCA, then 5ml 

of 95% (V:V) ethanol, and put into scintillation vials. To 

each vial was added 1.0ml of 0.25 M NaOH. The filters were 

soaked in the NaOH for at least one hour. After treatment in 

NaOH, 9 ml of New England Nuclear scintillation fluor 

(Aquasol) was added to each vial. The vials were agitated 

overnight and counted the next day on a Beckman Model LS 
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8100 scintillation counter. 

Extraction and Analysis of Free Amino Acids 

Free amino acids were extracted from 14 day old 

suspension cultures using a slight modification of the 

technique of Ranch et al. (1983). Ten gm of tissue was 

extracted twice in 70% ETOH (V:V) at room temperature. Each 

extraction used 75 ml of ETOH and was carried out for 1 hr. 

Following ethanol extraction, the tissue and debris were 

pelleted and discarded. The supernatant was then dried 

completely with a vacuum evaporator. The dried residue was 

dissolved in 20 ml of 0.2 M citrate buffer, pH 2.2 and 20 ml 

of water saturated petroleum ether added simultaneously. 

After removal of the ether using a separatory funnel, the 

aqueous phase was extracted again with 20 ml of ether. The 

aqueous phase was then filtered, if necessary, with a 0.22 

micron disposable filter (Milex type, Millipore, Inc.). The 

preparation was then subjected to fluid amino acid analysis 

on a Dionex amino acid analyzer. 



RESULTS 

Isolation of a 5mT Resistant Cell Line 

n 
Plating 5X10' cells in solution on medium containing 

0.3 mM 5mT eventually yielded one viable colony. Suspension 

cultures derived from this colony did not differ in 

appearance or growth rate from the wild type line. 

Acceptor Profiles of Mutant and Wild Type Cell Lines 

The relative acceptor activities of leucyl, 

tryptophyl, prolyl and seryl tRNA's from the 5mT resistant 

and wild type lines are presented in Table 1. Transfer RNA 

from each type of tissue was extracted and analyzed twice. 

All of the preparations differed in overall abilities to 

bind to amino acids. Because of this, the acceptor 

activities of each amino acid are expressed as percentages 

of the total activity for all four amino acids tested. The 

unadjusted activities are given in the appendix. The 

mathematical formula of acceptor activity also is given in 

the appendix. Each acceptor activity is given as the average 

and standard deviation of several activities of assays 

using different, but limiting amounts of tRNA. For a given 

concentration of tRNA there were three replicates. Thus, 

each acceptor activity is the average of at least three and 

at most nine different replicates. 
21 
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The average acceptor activities and standard 

deviations of the four tRNA families from both repetitions 

of each treatment are also given in table 1. There are no 

significant differences in any of the acceptor families 

between the wild type and mutant lines. The activities of 

leucyl and tryptophyl tRNA's were significantly higher in 

both of the cell lines than those of prolyl and seryl 

tRNA's. In reference to acceptor activity, significance is 

defined as a situation when the standard deviations of two 

different means do not overlap. Although this is an 

extremely crude measure of significance, it is a reasonable 

benchmark in this case owing to very small sample sizes and 

generally clear cut deliniations (or lack thereof) between 

means. 
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Table 1. Relative acceptor activities (expressed as a 
percentage of the total activity of all four amino 
acids) of four transfer RNA families of two extracts 
each from wild type and 5mT resistant suspension cultures. 

Wild Type 

rep 1 

rep 2 

Ave. W. T. 

Acceptor Family 

leucine Tryptophan Proline Serine 

43.6 + 1.1 37.4 + 1.2 13.71+1.6 5.4+.48 

36.3+2.6 40.1+.50 8.6+.90 14.1+4.4 

39.5+3.6 38.8+1.5 11.2+2.5 8.9+5.0 

5mT resistant 

rep 1 

rep 2 

Ave. 5mT Res. 

45.0+.80 36.0+1.8 14.6+1.6 4.3+.50 

41.2+2.1 41.4+3.0 7.7+.36 9.7+1.2 

43.1+2.2 38.7+3.3 11.2+3.2 7.0+2.6 
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Free Amino Acid Analysis 

The results of the amino acid analysis are shown in 

Table 2. Free amino acids from each type of tissue were 

extracted twice. One sample from each extract was subjected 

to fluid amino acid analysis. Individual amino acid 

concentrations are given as percentages of the total amino 

acid content of the treatments. No attempt is made to 

quantify the free amino acids in the suspension cells. These 

data are only meaningful on a relative basis. The amino 

acids that were compared to tRNA acceptor activities are 

shown in Table 3. in the way that they relate to the 

concentration of leucine. The percentage of leucine was the 

same in both of the treatments and is, for that reason, used 

as a basis for comparison in reference to the other amino 

acids. 

The level of free tryptophan and serine in the 

mutant was significantly lower than that of the wild type. 

The amount of leucine was nearly the same in both tissues. 

Proline was not present in detectable levels in either type 

of tissue. 
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Table 2. Relative concentrations (expressed as a percentage 
of total free amino acids) of free amino acids in 
wild type and 5mT resistant tissues. 

Amino Acid 

Tryptophan 
Leucine 
serine 
Proline 
Aspartate 
Glutamate 
Glycine 
Alanine 
Valine 
Isoleucine 
Phenylalanine 
Histidine 
Lysine 
Arginine 
Threonine 
Tyrosine 
Methionine 
Glutamine 
Asparagine 
Cysteine 

Wild Type 

11.44 + 0.4 
1.0 0.15 
18.5 1.9 
0.0 0.0 
6.15 3.8 
5.1 2.5 
0.98 0.4 
4.4 3.4 
3.0 0.15 
2.2 0.15 
19.2 1.8 
15.9 0.92 
1.9 0.1 
7.3 1.1 
0.0 0.0 
2.3 2.3 
0.5 0.5 
0.0 0.0 
0.0 0.0 
0.41 0.41 

5mT Resistant 

3.5 + 2.3 
1.1 0.35 
5.6 5.6 
0.0 0.0 
8.5 5.0 
8.5 4.2 
0.71 0.15 
4.1 2.6 
2.6 0.56 
2.1 0.65 
8.1 2.8 
15.0 3.0 
3.6 0.2 
24.2 3.1 
9.4 6.3 
2.55 0.05 
0.22 0.22 
0.0 0.0 
0.0 0.0 
0.41 0.41 

Table 3. Ratios of the concentrations of four amino acids to 
the concentration of leucine in wild type and 5mT 
resistant tissues. 

Ratio 

trp/leu 

ser/leu 

pro/leu 

Wild Type 

12.2 + 1.5 

19.3 + 1.1 

0 . 0  +  0 . 0  

5mT Resistant 

4.36 + 3.8 

7.95 + 7.95 

0 . 0  + 0 . 0  
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Correlations of Free Amino Acid Content and tRNA acceptor 
activity 

Weak inverse correlations between free amino acid 

content and tRNA acceptor activities exist for both wild 

type and mutant cell lines. Neither of the correlations are 

significant. The correlations and their respective levels of 

confidence are given in table 4. 

Table 4. Correlations and levels of confidence between free 
amino acid contents and tRNA acceptor activities for 
wild type and 5mT resistant tissues. 

Wild Type 

5mT Resistant 

Correlation Coef. 

- 0 . 2 6  

-0.24 

Confidence Level 

0.07 

0.06 



DISCUSSION 

Between the wild type and 5mT resistant cells there 

were no significant differences for any of the four acceptor 

families tested. As a whole, leucyl and tryptophyl tRNA's 

were significantly more active than seryl and prolyl tRNA's 

for both the mutant and wild type cell lines. 

The results of the amino acid analysis show that the 

5mT resistant cell line is not an overproducer of 

tryptophan. In fact, there was less free tryptophan and 

serine in the mutant line than in the wild type. This is 

contrary to earlier findings (Ranch et al., 1983, Sung, 

1979) that show that free tryptophan, serine and proline are 

all more abundant in cells resistant to 5mT. There were 

other differences in amino acid composition as well, but 

this discussion will be restricted to the amino acids whose 

tRNA acceptor families were tested. The amino acid data 

suggest that the mutant either has difficulty transporting 

compounds across membranes or in shuttling several amino 

acids, including tryptophan (and 5mT) of the cell. It is 

interesting that arginine and lysine accumulate in the 

mutant. These two amino acids are both aminated and have 

similar structures. Future investigation as to how the 

mutant is operating will be of value. 

27 
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The combination of the amino acid and tRNA acceptor 

data is evidence against the proposed model. There are 

drastic differences in the amino acid compositions of the 

two cell lines, yet there are no significant difference in 

the acceptor activities of any of the acceptor tRNA families 

tested. In addition, the weak inverse correlations between 

acceptor activities and free amino acid contents are not 

significant. The tRNA acceptor profiles are not apparently 

related to free amino acids in this study. 

There were significant differences in acceptor 

activity of single acceptor families within both mutant and 

wild type tissues between nucleic acid extracts 

(replications). There was also considerable variation in the 

overall activities of the total tRNA preparations. The 

differences in the overall activities are likely due to 

nuclease damage, variable contamination by other classes of 

RNA and by DNA during the DEAE column separation. In the 

initial moments of extraction, RNA is extremely susceptible 

to degradation by nucleases. In RNAse rich tissue, the large 

RNA's can be completely broken down within seconds after the 

cells are disturbed (Chirgwin, 1979, Poulson, 1973). From 

initial failures of routine methods for RNA extraction that 

were used in the carrot cell system, it became evident that 

the cells may produce excessive degradative enzymes. 

Transfer RNA preparations isolated without the nuclease 

inhibitors employed later (DEP and sodium pyrophosphate) 
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were either inactive or nearly so. In spite of later 

precautions, all of the preparations tested in this study 

were still contaminated to some degree with ribosomal 

breakdown products and DNA. This was indicated by elevated 

percentages of the total 1.0 Molar fraction eluted from the 

DEAE column. Transfer RNA does not normally account for more 

than twenty percent of the total RNA in a cell (Clarkson, 

1983) The best preparation obtained in this study consisted 

of twenty four percent of the total nucleic acid extracted, 

while the worst preparation contained nearly forty percent 

of the total nucleic acid. 

Whether these preparations showed differential 

breakdown of certain classes of tRNA is uncertain. Though 

there were wide differences in the total activity of the 

extracts (the best was six time more active than the worst), 

the differences in the acceptor activities of the individual 

acceptor families were not nearly so drastic. Serine tRNA 

was about twice as active in the second replicationas in the 

first for both treatments. Both of the second replications 

as a whole were less active than the first two. The second 

replication of the 5mT resistant tissue was the least active 

of all. While there is no significant difference in the 

relative activity of serine for either of the extracts from 

the second replication (wild type and mutant), the total 

activity of rep 2 from the wild type is twice as active as 

the corresponding rep 2 of the mutant tissue. If there is 
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differential breakdown of certain types of tRNA taking place 

in the extraction, it does not appear to be a factor 

accounting for the differences in acceptor activities 

between replicates. More likely, the differences may be 

ascribed to slight changes in the population density of the 

cells at the time of harvest that could account for 

significant environmental changes, small variations in the 

age of the cells, or experimental errors in the way the that 

assays were carried out. Every effort was made to minimize 

such differences, but the possibility of their existence 

cannot be ruled out. 

In conclusion, the purpose of this study was to 

gather evidence to test whether the abundance a given 

acceptor family of transfer RNA is inhibited by the free 

amino acid which is acylated by that family. The data from 

this study do not- support such a model and imply that free 

amino acid concentration has very little, if anything, to do 

with the regulation of transfer RNA. The question of how 

such regulation takes place remains a mystery. Continuing 

work on how tRNA genes are initiated and where the 

transcription factors come from will, undoubtedly, lead to 

an understanding of functional adaptation. 

The mutant cell line produced as a result of this 

study is of interest. A 5mT resistant line of this type has 

not been previously reported. Further examination of this 

line will be of value. 



APPENDIX 

Mean unadjusted acceptor activities (nmol/O.D.) of four 
tRNA extracts from wild type and 5mT resistant tissue. 

Wild Type 

rep 1 

rep 2 

5mT Res. 

rep 1 

rep 2 

leucine 

13.9 + 0.4 

9.4+0.7 

18.4+0.3 

2.88+0. 

tryptophan 

12.0+0.4 

10.6+0.3 

14.7+0.7 

2.9+0.2 

proline 

4.4+0.5 

2.2+0.0 

6.0+0.6 

0.5+0.0 

serine 

1.7+0.2 

3.7+0.3 

1.8+0.7 

0.7+0.1 

Formula for determing activity of tRNA: 

activity (nmol/O.D. ) = (a/b)/(c X 2.22X10-^) X 1X10^ 
d 

where: a=counts incorporated 
b=counting efficiency of scintillation counter 
c=specific activity of label (ci/mmol) 
d=O.D.2gQ use^ in assay 

When assaying the acceptor acivity of a given amino 

acid, several tRNA concentrations were used. In the assays 

where tRNA was limiting, the activity worked out to be the 

same, even though the sounts incorporated may have been 

different. Activity of a given acceptor family was 

calculated from several activities obtained by using 

different, but limiting amount of tRNA in the assay. 

31 
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Stock Solutions For Aminoacylation Assay 

1. 25 mM ATP in 0.5 M HEPES, pH 7.5, 50 mM MgCl2, 5 mM EDTA 

2. tRNA (10 O.D^gg/inl) in 0.1 M phosphate, pH 7.5, 50 mM 

MgCl22, 5mM EDTA. 

3. Tritiated amino acid diluted to 0.05 uCi/ul with 0.1 M 

phosphate buffer, pH 7.5, 50 mM MgCl22, 5.0 mM EDTA. 

4. Enzyme mixture as prepared before 

mix the ingredients in the following way: 

50 ul sol'n 1 
50 ul sol'n 2 (add appropriated amt tRNA, then add phosphate 

buffer to a total volume of 50 ul) 
20 ul sol'n 3 
50 ul sol'n 4 
330 ul water 
500 ul total volume 

Execute the reaction as described in the Materials and 
Methods. 
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