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ABSTRACT

Changes in leucyl tRNA isoacdepting species and nultiple forms of
amino acyl tRNA synthetases were determined in aging soybean cotyledons

(variety Harrosoy $3) and i developing seed pods, Leucine'specific/

Reverse Phase chr matcgraphy on a Plaskon column (RPC 5). The relative

. . A
amounts of two of tha tRNAs (species § and 6) are lower in seed pods

than in cotyledons. Crude leucyl tRNA synthetase.(leucyl: tRNA ligase
. ' .

. (AMP) ; 6.1.1.4) from seed pods is less active than enzyme from cotyle-

leu

dons in the aninoacylating tRNASandG.

acFiVify on hydroxylapalite”(HA) columns. Enzyme peak 1 in seed 'pods
amounts to about 36X lesg than.in the five day old cotyle&on;F; The -
anount of enzyme peaks 2 and 3 are more. (about 10% and 18% respectively)

In seed pods than in cotyledons, - _ \

2 and 3 towards leucyi tRNAlleuq'is identical in both the organs.
Preliminary-expériments cohducted éo study the amino acid acceptor

activity of synthetage in different develvpmental stages of cotyledon

and developing ;eed pods suggested that the dcceptor activity of differ-

kY

. eat amino acidg investigated decreasesg with\genescence.
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INTRODUCTION

This iﬁvestigation was undertaken to determine the multiplicity
of leucyl-tRNA synthetases and leucyl-tRNA isoaccepting species in
Vdifferent stages of cotyledon senescence (5, 10, 15 and 20 day old
cotyledons) and inkdeveloping stages of seed pods.

Alterations of specific tRNAs and appearance or disappearance of /
tRNA isoacceptors have been ifmplicated as important steps in’ differ—‘
enciation and regulation G&l) Differences in the elution profiles
of tRNAs and amincacyl tRNA synthétases have been observed on phage
infection of bacteria (26),. ?n plant development (2), after adminis-
tration of hormones (51) and éuring embryonic differenciagion of echi-
noids (52), amphibians (19) and mammals. - Previous studies of thig
enzyme in soybean r%vealed that the complement of tRNALeu_isoaccepting

-

Protein synthesis in plants has been shown to involve the same

species changes during cotyledon senescence (lg).

-

reactions and general mechanisms ag de;cribed for bacterial and-animal °

4

systems (49). Usually in plant a quiescent or dotmant state ig assoclated

with a low level of polyribosomes and certain enzymes in a represséd

]

state (31, 45). A shift upwards in metabplic activity, such as with

seed gernination, is associated with increase in polyribosomes and

certain enzymes involved in starch hydrolysis (16). e

—

The activation of the protein synthesizing machinery wit;\éermina—
tion may be attributed to one or more of the following components: an
increase in the availability off mRNA, changes in the amount of RNA\gpecies;

aminoacyl tRNA species, aminoacyl-tRNA synthetase and/or various fgﬁtors'-

1 . ' K\_/- N
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(initiation,'termination, etc.). /,—’“‘\\%

’Thie report describes the changes in tRNALe species and amin gcyl
tRNA.Lé synthetases before . (seed pod stage) and after germination
until the cotyledon senescence stage. Differences in enzyme patt ns
‘shown here between seed pod ﬁtage and coeyledon stage, openseég/e\new'
area of investigation, to study differentiation process i eed gernina—'

-

tion through synthesis of specific enzymes and development of new

organelles. . ) " .

n

2
+
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_.(2) The Incorporation of the activated aminoacid o the: Boluble - ' {fh

REVIEW OF LITERATURE

e

Hulti%licity of Transfer RNA

PR

The involvéhent of an "adaptor in the transfer of amincacids te
the site of- protein synthesia was first hypothesized by Crick in
1957 (17) The concurrent work on the genetic code, and its degener—
acy in particular, raised the question of possible degeneracy of the

tRNA populations of a cell. 1In. 1961 Doctor et al-(18) fractionated

' yeast tRNAs specific for leuciné and threonine into two fractions each.

——

/ A

At the same time Berg et al (6) showed the existence of “two valine

specific tRNAs in E. coli. Based essentially on these two types of
" . ) R . Y . .
experimental approach, evidence has accumulated gince then, which

leaves no dqubt-concerning the existence of multiplicity of isoaccept—

ing tRNAs.°

&

Aminoacyl tRNA' Synthetases

The aminoacyl tRNA synthetases were discovered by’ Hoagland and h

his. co-workers (22 23) in .1955. Berg and Ofengand (7), established that

. thrs anzyme, Or more precisely a large family of enzymes with distinct

substrate specificities is responsible for the first two reactionsg

in protein: biosynthesis.“

(1) Thcﬂactivatioﬁ of'the"aminoecid with ATP forming the aminoacyl_

s
-~

adenylate.anhydridea and

aa (aminoacid) + ATP ¥ aa-AMP + Ppy

—v—,
<
[RR i W g

portion of the nucleic acids

3a - AMP + tRNA-¥ na - tRNA + AMP.



It is evident, that in addition to 'the binding of ATP, which is

-common to all synthetases, each enzjyme has to recognize both the

correct amino acid and corréct tRNA in order to produce a proper amino-

acyl - tRNA combination.

Aminodcyl tRNA Synthetase Multiplicity in Bacteria

Growing evidence-for\qhe widespread occurrence of multiple iso-

aécepting tRNAg prémpted a ‘'se or multiple aminoacyl - tRNA
' {

synthetases. In bacteria, only a few instances of synthetase multi-

‘plicity have been reported, Mahler and Jesensky (29) observed two

peaks of activity eluting from DEAE cellulose column, while studying
the proline specific enzyme in E. édli. The leucyl tRNA synthetases
from the same bacterium were fracﬁionated into three peaks of activity
on a hydroxylapatite (53) by Chang-Tao Yu. The third fraction con-
tained the major portion of the total activity (97%). The first two
fractions contained only 3% of the total activity. Enzyme peak I

differed from the other in the degree of stimulation by 5 mM NH,C1 and

~1n the degree of charging of the leucine accepting tRNAs.

Two'synthetaéea specific for methionine (43), phenylalanine and

-aspartic acig and three leucine specific enzymea (42) have been found

in Bacillus brevig by Surguchev and hig co-workers. The methionine
specific enzymes was iaolated by the method of 1soe1ectric focusing.
Form I was foupd to be predominant in the lag phase while form II in
the exponential Phase of growth. The three leucine specific enzymes

were separated from two straing of Bacillus brevis, by gel electro-

phoresis. The relative amounts of thé three forms were different in the

two bacterial strains. With the above exceptions. the majority of the

4
reaults with bacteria favor the idea that only one synthetase exists for

- v
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each aminoacid (32).

‘Aminoacyl — tRNA SyntHetase Hultiplicity in Higher Crganisms

Direct and indirect evidence exists for multiple synthetases in
more or less homogenous cell populations. of fungt, plants and animals,

includlng man. Two lysyl tRNA synthetases in Baker's yeast were found

by chromatography on a Bio-Rex 70 column (15). In rat liver, two

S
Synthetases were found specific for both threonine (1) and leucipe

{46). The leucine specific enzymes were fractionated on a hydroxylapa—

tite column. Thcy differed in their Ko values and heat stabilities.

'Strehler et. al. (38) fractionated the leucyl tRNA synthetase from

rabbit heart muscle into three fractiong by DEAE cellulose chromato-
graphy- | Two of these fractions displayed a complimentary range of
spec1ficity toward two tRhA species a8 judged by MAK column profiles
of the leucyl tRNAs. Some other differences have also been mentioned
in this work between the enzymes specific for leucine, alanine, arginine_
and proline from five tissues of xabbit. 1Ip the only work of this type
on plant tissues, Anderson. and Cherry (2) showed that the product of

tRNA aminoacylation by soybean cotyledon leucyl tRNA,synthetase can be

(RPC-2). The enzyme from soybean hypocotyls failed to aminoacylate two

.

of the gix tRNAs.

tRNAs and Synthetases in Aging and ﬁeveloping Systems

Changes in the wultiple aminoacyl tRNA synthetaaes or their
specificities in the course of development and other related processcs
have been reported.’ Bick and Strehler (12) showed that the ability of
the leucyl tRNA synthetase of sdybean cotyledons to acylate four of the

six tRNALeu species of this tiggue decreaged dispronortionately between

]



the 5th and 21s¢ day of ‘seed germination Ceccarini et. al. (13)
\
studied<ihe specificity of synthetases of gea urchin during development

from unfertilized egg until the stage of pluteus. MAK column chromato-

using the enzyme fronm different stages of development showed drastic

differences between pluteus and unfertilized egg or the early bléstula.
Rennert (35) reported a leucyl —tRNA synthetage unique to the

early embryonic tissue of mouse. (gestational age of S to 8 days).

The enzyme wag more stable at 45°C than was the synonymous enzyﬁe from

liver of adule mouse _h "embryonic" enzyme wasg able to aminoacylate

tRNA with trif 1duroleucine much more efficiently than the "adqlt"

"enzyme.  Gallo and Pestka (21), studying tRNAgs of leukemic human

. lymphoblasts, observed an additional glutamyl-tRNA synthetase activity

T

in normal cell that waa absent from the leukemic cells.

Intracellular Pistribution of tRNAg and Synthetaseg °

r
problem of their multiplicity.

Nuclei and Hitochondria

N

As early as 1959 Hopkins_(ﬁ&) discovered the Presence of aming-

acyl—tRNA synthetases (the'py 5 eniymes') in calf thymus nuclel.
Webster reported (48) that the nuclear and cytoplagmic nlanyl-tRNA

' synthetsages from pig liver could aninoacylate tRNAs only from-the

same respective sourcesg. The ear{:;york of Barnett and hig co—vorkers
(3, 4) on tRNAs and amiﬂoacyl tRNA synthetagesg indicated the Presence \
ﬁPf 4 number of multiple tRNAs and of two synthetases specific for

agpartic acid and phenylalaninpe. Barnett EE.El'(B) also found g compiete



set of amincacyl tRNA synthetases inmitochondria for enzymes specific
for aspartic acid, leucine and phenylalanine.

Chloroplasts

From thﬁ early work of Marcus (30) and Bove and Raacke (8) the
p;esencé of aminoacid‘activatiﬁg enzymes specific for at leasg
thirteen aminoacids in the.chloroplasts frcﬁ spinach leaves was
esta;lished. Aminoacyl-tRNA synthetases and tRNAs were also found in
chloroplasts from pea seedings (36) ‘and tobacco leaves (20) The pea
seedling sxstem was later studied in m?re detail using five different
aminoacids (36). VWilliams and Willlam; (50) reporte; that the
tRNALeu species of bean leaf exhibiting accelerated synthesis during .
chloroplast development were aminodeylated exclusively by one of a few
leuéyl-tRNA synéhetase species from the same source. Clearly, the

presence of specific tRNAs and aminoacyl tRNA synthetases in individual

organelles contributes to the nmultiplicity of these molecules in higher

organisms.

—y

it



! MATERYIALS AND METHODS

Plant Material

Soybean seeds (Glycine max var4Harosoy 63) wére surface sterili-
zed in 10X chlorox and soaked in distilled water overnight and{sown in
ooist vermiculite. Cot;ledons were harvested after 5, 10, 15 and 20
days of germination in the dark at 27 ~ 29°C,

. Samples of different deveioping stages of seed pods were collected
after seven weeks from the day of planting. The harvested seed pods

were frozen in dry ice and used for extraction later.

Transfer RNA

Transfer RNA was prepared. from total RNA of 5, 10, 15, or 20 day
old freshly harvested cotyledons or thosge stored‘iu freezer g;EJ
several days. The total RNA was extracted by the phenol technique-of
. Cherry et al (11) with minor modifications. quogenization bﬁff;r was
prepafed'by ahaking 10 mM Tfis(hydroxymethyl aminomethage) - HCI1 buffer,
-pH 7.6, containing 60 mM KC1 and 10 mM MgCl, (buffer A) with 902
solution of phenol at the ratio of 10:8 (v/v) for several hours and
Separating the phases. Bdtches of 160 gm of chilled tissue were
ground in a Haring blender with a mixture of 100 ml of aqueous phase
(buffer A}, 100 ml of phenolic phase, 40 ml of 11X dupanol (sodiim -
lnuryl aulfate) and ZQ ml of bentonite auspeni}on (10) of 40 mg/ml.
Tge homogenate was atrained through four layers of-cheesecloth and
centvifuged for 10 minutes at 10,000 x 8. The supernatant was shaken

for two hours with an equal volume of the organic (phenolic) phase.

The aqueous extract collected after centrifugation, was phenol extracted



v

four times using equal volumeg of the organic phase containing 1/18
volume of the bentonite suspension. After each extraction, the aqueous
phase was recovered by centrifugation after shaking in the cold for
30 miputes. Total RNA was precipitated with two volumes-of cold 95% -~
ethapol and collected by centrifugation. The pellet was extracted

S¥Veral times with 2.0 M potassium acetate, pH 6.5 (1 m1/100 g tissue)
‘

by suspending with a mortar and pestle follcwed by centrifugation.

~

The crude tRNA was further purified and concentrated by absorption con a
2 m; column of DEAE-cellulose in buffer B (10 = sodium acetate pH

4:5 conlaining 10 oM Mgel;) and elution with 1 M NaCl in the same
buffer. The solution was dialyzed against water, and the concentration

waé\determined based on the A,¢g absorbancy.

Leucyl—tRNA Synthetase

Extraction, purification an@ fractionafién of the enzyme was
performed at 0-4°. Freshly harvested cotyledons, or.frozen seed pods
were chilled on ice and ground for a few minutes with insoluble
polyvinylpyrollidone (Polyclar at: 200 mg/g tissue) ;siﬁg a mortar
and a pestle. The grinding was continued the‘nexé 15 minutes with
Stepwise add@ition of ‘the grindin medium.' The grinding Eediuﬁ (1x
concentration) coneisted of 25 mM pofassium phosphate, pH 7.8, in

solution C (10™2M 2-mercaptoethanol; 10~ M phenylmethyl sulfonyl— ‘ )

flouride; ~-1076M L- leucine) saturated to 30% with respect to amonium

‘sulfape. The homogenate was strained through cheegecloth and’centri;

fuged for 15 minutes at 27,000 x g. The supernatant was collected
through a miracloth filter and the ammonium sulfate concentration
was increased to 60% saturation (195 ng added per ml) and gtirred in

the cold for 30 minutes. The enzyme pellet collected after
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centrifugation at 10,000X g for 10 miuutes was dissolved in 25 mM
Potassium phosphate (pH 7.8) solution,and dialyzed in buffer C for
sevéral hours. The solution was absorbed on a 10—l column of DEAE-
cellulose in 25 o4 potasgium phosphate, pH 7. 8, in solution C. The
column was washed with about 50 ]l of the same solution and the

enzyme eluted with 0.1'NM phosphate, pH 7.8, in selution C. Hﬁterial
from the lagt fraction was diluted 1:1 with water and the pH was ad-
Justed to 6.5 with‘0.05 M KH;PO, . The solution was applied to a .
column (HA column) made of a mixture of 10 g of hydroxylapatite and ope
gn of ce’lulosef;owder (Whatman CF 11) with small pads of cellulose at
the bottom and top of the packing. The column had previously been
equilibriated with 0.05 M potassium phosphate buffer, pH 6.5 1in solution
C. The c?lumn was washed with 50 ml %f the above buffer followed by a
gradient of potasgium phosphate, pH 6.5, from 0.0Sito 0.4 M in solution
C. Fractions of. 7 ml vere assayed for leuc}l—tRNﬁF;ynthetase activity
in a reaction mixture of 0.25 m1, containing 0.05 ml of fractionated
péotein and other components ag described in the aminoncylation assay.

The réaction wag allowed to proceed for 20 minutes at 30°C and then

terminated by precipitation with trichloroacetic'écid:

Transfer RNA Aminoacylation Assay

The reaction vag carried out at 3ge°C. Unless étﬁerqise stated,
1 m} of the reaction mixture contained: -10 U moles Tris (hydroxy—
tethyl aninoethana} ~ HC1, pH 7.8; 5 u moleg MgCl;; 0.5 4 foles ATP;
0.2X soluble poly;inylpyrollidone = 0.2 mg/ml of tRNA, 0.2 mg/mi
of en?yme and 20 ul unneutralized solution of L—(4,5-3H) fleucine

golution (60 Ci/m Mole).
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Reversed-Phase Column Chrcmatograhhyl(RPC-S)
——

A mixture of 8§ ml gf Adogou 464 in 400 mls‘of chlaroforn was
coated on to 200 g of polychlcrotriflouroethylene (Plackon) support,
according to Pearson, Weiss and Kelmersg (34). Finally. the coated plaskon
was suspended in 0.5 M NaCl in buffer B for packing of the columns. |
'For Plaskon column fractionation, tRNA was aminoacyiated asg '
described above in a 2 m] Teaction mixture containing larger quantities
of tRNA and protein. The concentration of other components were the
.same- Leucyl-tRNA was recovered using a small DEAE—ceilulose columm
as described by Anderson and Cherry (2) and applied to a Plaskon
column’ (2.5 x 30 cms) in 0.5 N HaCl in butfec B. Elution was perfotmed
at room temperature using a linear gradient of NaCl in buffer B from
0.5 - 0.9 M. Fractions of 10 ml were collected at a flow rate of
2 ml/min. The entirc‘fraction was made 5% Hith respect to trichloracetic
acid and flltered through glass fibre filters. Radioactivity was dcter-
mined in Mark II Nuclear Chicago 1iquid scintillation counter.

L

. Assay Procedure for Aminoacyl —tRNA ‘Synthetase Activity

The rcaction was carried out at 30°C. The reaction mixture

‘same as used for tRNA—ahinoacylation assay. Reactions were incubated

"+ at. 30°C and 50 pl aliquots were uithdraun in duplicate after 2 and 4

minutes. ‘The aliquots were spotted onto Hhatnan 3m paper discs and
placed immediately into cold 3 TCA (w/v). Filters were washed a

second time with cold 5Z v/v, once with methanol ether (1:1 v/v),
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-

rtic acid, alanine,

. . counter.

*

- glyeine, histidine,glutamic acid, isoleuceine,

The aminoacids studied were arginine, aspa

leucire, phenylalanine,
tyrosine, and valine.

5]
<

-
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FIGURE 1a

Plaskon column chromatography of leucyl-tRNAs
produced by leucyl—tRﬁA_synthetase from soybean
cotyledons (5 day old).

The con&itions for amincacylation were as

follows:

0.2 mg protein from the peak of \activity from a
DEAE-cellulose column, 0.2 og t (5 day old)

and 0.02 ml of 3H~1epcine (60 cifmole) per ml.

.

: S
Other conditions Were as given in Methods.
; .
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| FIGURE 1b
Plaskon column chromatography of ledcyl-tRNAs
(20 day cotyledon) ﬁroquedlby ;eucyl—tRNA
synthetase from soybean cot;ledons.
0:2 mg protein from the peak of .activity from a
DEAE-celluloge column, 0.22 mgjetRNA (20 day
old} and 0.02 ml JH~leucine (60 Ci/mmole) per

ml. Other conditionsg were as gilven in Methods.
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RESULTS

. 'Cnanges inAleucyl—tRNA:specles ana leucyl—tRNA synthetase activities
in aglng soybean cotyledons following germination and 1in developing -
seed pods are described here. Primarily, leucyl tRNA synthetase
act1v1ties were cempared—in aging cotyledons (5, 15 and 20 days old)

T

and in developing seed pods, after the synthetase pPreparations were

fractlonated on HA columns as described upnder Materials and Methods.

Transfer RNAS in Aging Cotyledons a' ~

Leucyl—tRNA from cotyledons fractionate into six discrete peaks
on plaskon columns (RPC -5). Figures la and lb show the elution profiles

of leucyl LBNA species in'5 day.and 20 day old dotyledons acylated with

.'3H—Leucine, using 5 day cotyledon enzyme (crude preparation from DEAE

o -

column) The results Presented here confirm previous data (11) that.

. With aging, rhere is 12% increase in tRNAsiids and a. 7z decrease 1in

tRNAz % in 20 day old cbtyledons.

quever when this 5 day o1d cotyledon en;ymerie used to acylate

tRNA preparations from immature geed pods and mature seed pods (Figures

leu

2a and Zb), the percent acylation f tRNA2 increases by 177 to 18% and )

T
peaks 5 and 6 decredses by IZZ and 13Z respectively. The 1nadequate

or poor charging of tRNAsl g6 and the maximm charging of tRNAl
indicates differenceg that could be based on one of the two rate limiting

factors,_i.g., synthetases or .ERNA. No signifieant change in the
o leu
acylation of tRNA; 3 $ and® ¥&re noticed. This shows that tRNAs ds are
) . . 1

not changing in develgping’system;

r i



FIGURE 2a

Plaskon column chromatography of 3H—le}ljcyl tRNA
1solated from immature seed pods aéylaged with

> day old cotyledon énzyme (0.2 mg/ml), on a

2.5 x 30 cﬁs Plasknn%{RPC—S) column, using a linear
gradient of 0.5 - Q,.gp NaCl in Luffer B. Fractions
of 10 ml weré collected and assayed for radicactivity

as described in the Methods.
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FIGURE 2b

Plaskon column ghrdmacography of 3H—leucyl

tRNA isolated from mature seed pods, acylated

with 5 .day old cotyledon enzyme (0.2 mg/ml), |

on a é.S x 30 cms Plaskon (RPC-5) colunmn,

using a liéga; gradient of 0.5 ~ 0.9y NaCl in
o

buffer B. Fractions of 10 m1l were col%ected

and assayed for radioactivity.

-
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Transfer RNAs in Deveioping Seed Pods

In another Systen, synthetase preparations from mature seed pods

stages); Pod enzyme is cdpable of acylating all six species of
tRNA obtained either from cotyledon system or from the developing
seed pods (Figures 3a and 3b). B

Leucyl tRNA, and tRhAg dq increase by 26X and 5% respectively in
5 day old cotyledons (Figure 3a). But in 20 day old cotyledon tRNAleu
and tRNA31 and“ Bhow greater incredges by 39% and 10 and 15% respectively
(Figure 3b). Acylation of tRNAsi::s aecreases by 33X and 241 respect-
ively. - |

It should be pointed out here that acylation of 20 day cotyledon
tRNA with 5 day cotyledon enzyme (Figure la) show& an increase in

CRNAS;EEG' Whereas, when the pod enzyme 1s used to charge the 7D day

cotyledon tRNA, the acylation of tRNAsindG decreases b§ 33Z and 24%
respecoively. This clearly shows that it is the énzyme that 1s the
limiting factor in seed pods and not transfer RNAs.

It could be argued here that acylation of ‘5 day and 20 day-old
cotyledons tRNAs with 5 day cotyledon enzyme shows a much higher
acylation in tRNAsl nd6 compared to the acylation by the -Pod enzyme.

On the other hand, Pod enzyme 1s more specific in giving:higher activities

for tRNAglguandg compared to cotyledon enzyme, )

In an homologous system, acylation of Pod tRNAg (lmmature and

lou
and®

_ about 16-20% lesg activity (Figures 4a and 4b) than one- can expect with

mature) with a Pod enzyme resultsg in very low activity in tRNAg

4 similar homologous system of cotyledon tRNAs (5 and 20 day) acylatedl



FIGURE 3a

[y

N

Plaskon{column chromatography of leucyl-tRNAg
produced by leucyl-tRNA synthetage from soybean

seed pod (mature). 7

The conditions for aminoacylation were as followsg:
0 2 mg protein from the peak of activity from g
:DEAE—cellulose column, 0.2 g tRNA (5 day cotyledon)
and 0.02 ml of 3H—leucine (60 Ci/role) ber ml.

. Other conditions were as given {n Hethods..

TN

\

" ep—

~“w
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FIGURE 3b ’

Plaskon column chromatography of 3H;1eucy1 — tRNA

isolated from 20 day cotyledons, acylated with.

mature pod enzyme (0.2 mg/ml), on a 2.5 x 30 cm
Plaskon column (RPC-5), ﬁsing a linear gradient of
0.5 - 0.9 M NaCl' in buffer B, Fractions of 10 nl

k]
were collected ahd assayed for radicactivity.
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FIGURE 4a

Plaskon column chromatography of leucyl-tRNAs
) B« |
Produced by leucyl tRNA synthetase from 50y~
bean seed pods.

0.2 mg proteiit from the peak of activity from

»

a DEAE-cellulose column, 0.2 mg tRNA ({mmature

seed pod) and 0.02 mg 3H-leucine (60 Ci/mmole)

per ml,

Other conditions were ag given in Methods,



21

HIENON  NOILOVY S

VNY4 QOd e4njpwiwy

09 ot ey OO
| | | . | ._ _w\YAV_\VIQb :
\) . ol
XL
| S
g0,
Jv -
| - l_..
{ Py
P
—g >
)
o
©
,INr..w\
,d
ZN3 d0d | :
—Jg}



FIGURE 4b

Plaskon column chromatography of 3H—leucyl—tRﬁA ‘
isolated from maturg seed pods, acylated with

mature pod ehzxme (0.2 mg/ml) on a 2.5 x 30 “cm )
Plaskon column,'USing a lineat gradient of 0.5 -
0.9 M,NaCl in buffer B. 10 m] fraétions,éollected

vere assayed for radioactivity.

—
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2 ) -' ~
with as day cotyledon enzyme (Figures la and lb) On a similar basis,

if one compares tRNA% » 1ts activity increases up to 37X in Pod system

c o«
compared to the co;yledon system. Further, acylation of a cotyledon

tRNA with a Pod enzyme (heterologous system) also .brings about this

substantial increase in tRNAleu.\ Similarly the pod enzyme acylation
Fye
o
of either cotyledon tRNAs or Pod tRNAs shows increases in tRNA3i§:u
and decreases in tRNAslegs.

It is very interesting to point out here that pod enzyme is
7

‘capable of maximum or higher acylation activities in tRNA2 3 du,but not .

leu

in CRNAS ds-

- Data summarized in Table I <learly shows the differential activities
of these two synthetase preparations and tRNAs Now the question arises,
are these differences in the enzyme activity primarily due to different o

stages of development of geed pods or the aging of cotyledons’

Fractionation of the  Leucyl—-tRNA Synthetase from Soybean Cotyledona and

Seed Podsﬁ
It was of interest to'determiue, whether or not the variationg in

charging capaeities of these two aynthetase preparations could/be due

M \

to specificitien of the enzyme at the stage of development. To check‘

thig synthetase7 preparations from 5, 15 and 20 day cotyledon enzyme

and pod enzyme were routinely prepared and their mnltiple forms
separated on a HA column

Aiiquots were taken from every segond fraction and. asaayed for
1eucine acceptor activity in 2 0.2 ml reaction mixture ag deacribed in
Haterials and Methods: Figures Sa and 5b show the acrivity profiles )
obtained for 5 day cotyledon enzyme and pod enzyme reepectively. It
is also clear that the activity profiles’ correaponding to each'of

-
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“TABLE 1: Aminoacyl-tRNA Syntﬁetése Activity

of Cotyledons and Seed Pods.

Relative Amcunt of‘Leucyl-tRNA

Source of Source ‘of
: Acylation of Each Péak
Enzyme : (Percent of Total)
T, )
1 2 3 4 5 6

Cotyledon (5 days)  10.96° 23.37 6.11  7.27 25.49 . 19.07
Cotyledon Cotyledon (20 days) 6.29 15.82  2.91 4.59 38.31 26.97
2 days -Seed Pods (Immature). 13.46 41.58 6.66 4.50 13.68  5.58
‘Seed Pods (Mature) 10.39 50%42° 7.23 .6.18 12.98 5.57
Cotyledon (5 days) 7-79 49.97 11.63 11.55 7.90 - 6.45
Seeq\Poda Cotyledon (20 days) 9.80 55.42 13.01 10.24 4.75 -2.26
(Mature) Seed Pods (Immature) 13.19 57.57  7.74 6.02 4.19 3.17
‘ - Seed Pods (Mature) 8.34 59.62 10.30 9.12 4.96 2.14

-~

tRNA was acylated in a 2 ml reaction mixture with 3H-

fractionated on a Plaskon column as described in Methods.

leucine and

Iﬁe amount of

radioaétivity in each peak was sumed and expressed as percent of the

)

- } +
“sum total in the six peaks.

v

"
]



E FIGURE Sa

Hydroxylapatite fractionation of 1euéyl—tRNA syn-—
thetase from § day old soybean cotyledons. Approx-
imately 50 mg Protein was loaded onto a column

(2.5 cm x 10 cm) in 50 ml of 0.05 M potassium‘phos—

‘phate (PH 6..5) and eluted with a lipear gradient of

Potassium phosphate from 0.05 ~ 0.4 M. 7 ml fractiong
collected, were assayed for leucyl-trna synthetase

activity using ‘tRNA from 5 day old cotyledons.



25

NOILOVY
01

ZN3 109
VNY4 10D

09) R
(Wdo 1) YNH-ne7-H



- -FIGURE 5b
{
Hydrgxylapatite fr;ctionation of leucyl-tRNA
synthetase fr;m mature seed pods. Approxi-
mately 50 mg protein was loaded onto a column
(2.5 ce x 10 cm) in 50 ol of 0.05 M pptassium-
phosphate (PH 6.5) and eluted with a linear
gradient of potassium phosphate from Q.5 -
0.4 M. 7-ml fractiong collected, were assayed
for leucyl-tRNA synthetase activity using tRNA

from seed pods.
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TABLE 2: Amincacyl-~tRNA Synthetase Activity of Cotyledons
and Seed Pods - Multiple Forms of Enzyme Separated

on Hydroxylapatite (HA) Column

-tl—rx—,:u“r_vxx—m_r , e R — e~ —
Source of [ Source of : Relative Amount of Leucyl-
N tRNA Acylation of Each Peak
Enzyne ! ERNA (Percent of Total)
E 1 2 3
Seed Pods | Cotyledon (5 days) 17.54  45.81 36,63
(Mature) Seed Pods 15.45 41,83 43.12
Cotyledon Cotyledon (5 days) 41.77  32.52  25.70
(5 days) Seed Pods . 1 39.32 32,91 27.74
Cotyledon " Cotyledon (15 days)| 48,44  28.63 24.p7
; o
(15 days) | Seed Pods 46,96 24.21 23.5
Cotyleden f Cotyﬂ%iif (20 days) 48.67  26.43  24.88
(20 days) |

e

Approximately 50 Mg protein was loaded onto a HA column (2.5 cm
x 10 cm) in 50 ml. of 0.05M potassium phosphate (pH 6. 5) and elutad'vith
a linear gradient of potassium phosphate fr;& 0.05 - 0.4 M. Fractions

were assayed for leucyl-tRNA synthetage activity as described in Methods,
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the three elution peaks are preseant in both cotyledoc and pod enzymes,
although the relative amounts of the three peaks are somevhat different
in the two systems, For clé;ity, the three peaks in these systens

are designated ag cotyledon eﬁzyme 1,2, and 3_and pod enzyme 1, 2, and
3 in order of elution from the colump. Q

Successful isolation and separation of the three multiple forms
of synthetagses eliminatesg the possibility of any deficiencies in the
pod enzyme compliment op a qualitative basis. .

. On a quantitative basis, pod enzyme 1 amounts to about 30% less
than the cotyledon enzyme I, Converseiy, the amount of pod enzyme 2
and 3 found is much higher in quantity (191 and 171 more than the
cotyledon enz}me 2 and 3). Because of the variations in tRhAsle;G in -
Figures la and 1b, it wag necessary to show if there existed any varia-
tions in enzyme systems. Leucyl-tRNA synthetase from three stages of
cotyledon grcwth (5, 15 and 20 day old) were extracted, purified and
aeearated on HA colurns. These were then:charged with tRNAs either
from cotyledons or seed pod.

From the results eummnrized in Table II it isg clear that regardless
the age ofhcotyledons or devélopmental stages, leucyl—tRNA synthetases
have all the three basic peaks. However, there ig a quantitative
change from one .gtage to the next. In aging cotyledons there is an

increage in cotyledon enzyme peak 1 while peaks 2 and 3 do not change to

4 greater extent. Thus the observed differences in the relative amounts

/
e

of three enzyme species in seed pods and different stages of cotyledon

senescence, could possibly explain the differences in the relativa

leu

ncylation patterns of their isoaccepting tRhAz's and 6 ) Gf

.r‘-

N
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Transfer RNA Specificity of Individual Enzyme Fractions

Previous reports {28) have shown that cotyledon enzyme peak 1
was specific in acylating tRNAS dﬁ and peaks 2 and 3 were equally
effectlve in acylating tRhAll_ y- To determine whether or not synthetase
Peak 1, 2 and 3 in the pod enzyme and cotyledon enzyme differ in
their specificities, LRNA samples from 5 day old cotyledons and zature
seed pods were charged and cross charged and fractionated on RPC-5
columns. Whlle the results in Flgure 6b confirm the above observation
(28) for the cotyledon systenm, it is fur%her shown that the same specifi-
city does not reside in ﬁod enzyoe, especially peak 1. Pod énzyme
peak 1 acylates all gix leucyl tRKA regard;ess the source of tRNA (Figure

6a~1 and 6a—b). This is contrary to reported and expected results that

cotyledon enzyme peak 2 (Figure 6b). The range of specificity for pod
enzyme peaks 2 and 3 in acylating tRNAI - g is identical te cotyledon
enzyme 2 and 3. (Figures 7a, 7b and 7c).

Differences in Acylation Activi-ies of Leucyl-tRNA Synthetase from

DEAE Cellulose Column and HA column

For routine enzyme aésays or acylation of tRNAs for fractionation
on RPC-5 (Plaskon columng), a synthetase preparation, partially
purified on DEAE cellulose columns was used. In view of maximum
alterations in tRHA% and tRHAsl and6 in aging cotyledons a comparison of
crude synthetase and synthetase fraction 1 from HA colum was wmade by
acylating tRNAs frdp different sources. Data ﬁfesented in Tahle I1X
‘clearly. shows that crude enzyme from DEAE-—cellulose columy is lessg

active in acylating tRNAsl and® CoTpared to enzyme peak 1 from a HA colum,

»



¥ TABLE 3: Arincacyl-tRyA Eynthetase Activity in Cotyledons’ and
Seed Pods. (Comparison of the enzyme from DEAE~Cellulose

Column and Eﬁzyme Peak 1 From Hydroxylapatite (HA) Colusm)

Source of ‘ Source of Relative Amount of Acylation of
it Enzyme ‘tRNA ) Leucyl-tRNA. (Percent of Total)
Leu Leu
cRNAz tRNA5 and 6
Cotyledon Cotyledon (5 days) 25.34 ° 48.31
(5 days) l
DEAE~Cellulose Seed Pods ' 54.34 19.99
Cotyledon Cotyledon (5 days) 10.05 66.58
(5 days) '
Peak 1 - HA Seed Pods " 11.09 & 65.46
Column
Seed Pods Cotyledon (5 days) 52.43 15.05
DEAE-Cellulose T
Seed Podg 63,10 7.51
Seed Pods Cotyledon (S5 days) 23.35 45,92
Peak 1 ~ HA
Colurm Seed Pods 27.34 45.67

tRNA wasg acylated in a 2 ml reaction mixture with 3H—1eucine and -

eénzyme from DEAE-celluloge column or enzyme peak 1 from HA column and

i

fractionated on a Plaakon column. The amount of radioactivity in peaks

2, 5 and 6 was summed and expressed as percent of total counts.



FIGURE 6a-1
Plaskop column chromatography of léucyl*cRNA
produced by leucyl-tRNA synthetase fraction

1 from soybean seed pods.”

Pod tRNA (v 4 Asgq units/ml) wasg aminoacylated
using enzyme fraction 1 (0.2 mg/ml) obtained

from hydroxylapatite column.
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FIGURE 6a-2 ¢

n

Plaskon column chromatography of leucyl-tRNAs
acylated by'leucyl—tRNA synthetase fractiop 1

from seed pods.

5 day cotyledon tRNA was aninoacylated using
enzyme fraction (0.2 mg/ml) obtained from

hydroxyiqgg;ite column.

- —
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. FIGURE 6b .

Plaskon column chromatography of leucyl-tRNAs
produced by leucyl-tRNA synthetase fraction 1

from soybeén cotyledons,

€otyledon tRNA (4.05 A260 upits/ml) was amino- _

<

r:
acylated using enzyme-fr'acéion 1 (0.2 mg/nt)

Obtained from hydroxylapatite column.
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~ :
TABLE 4: Comparison of Aminoacyl-tRNA Synthetase Activity in

Cotyledon Enzyme Peak I and Seed Pod  Enzyme Peak 1 from

o ' "Hydroxylapatite Columm
Source of Sdurge of —Rélative Amounts of Acylation of
Enzyme tRNA _ Leucyl-tRNA (cpm in peaks)
eRNAMEY  ppualev erNALSY
2 5 6
Cotyledon Cotyledon €5 days) 400 1500 800
“(5 days)
Peak I Seed Pods 200 500, 210
.
Seed Pods > | Cotyledon (5 days)'*:i 2775 2990 1850
Peak T T '
’ Seed Pods T o750 610 250
) ' ~
Y

tRNA was acylated with pegk I enzyme from HA columm and fractionated

on a Plaskon columm. Cpm "in peaks 2, 5 and § are expressed.

1
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which acylates roughly 3-4 times more. This observation ig true for
both 5 day cotyledons enzyme andﬂg9d enzyme fractions 1. Conversely,
the enzymgs (cotyledon or pod) from DEAE column is more active in
Ecylating tRNA%eu as compared to enzyme peak I from HA columm.

Régardlesp the source of enzyme I from HA column; or the
tRNA used forfaminoacylation reaction, the decrease in peak 2 apd
increase  in peaks 5 and 6 1s obvious as is sdmmarized\in Table 1IV.

Preliminary attempts (27) to 1ocate_the organelle containing
synthetage fraction 1 in 5 day old cotyledons Indicates that mito-
chondrial fraction did not contain any measurable synthetase‘activity.
Sypthetase préparations from chloroplast fraction of both 2tiolated and
green cotyledons contained enzyme fraction 1 that acylatedaéRNA5 and®"
No attempt was made to identify the o:ganelle containing synthetase

fraction 1 in geed pods or cotyledons.

Aminoacid Acceptor Activity of Aminoacyl-tRNA Synthetase During

' Develogment

The differences in enzyme patterns‘observed from HA coluﬁn in
aging cotyledons and developing seed pods prompted us to look into the
acceptor activiﬁy of the different synthetase preparation. Aminocacids
were acylated wfth enzymes from aging cotyledons (5, 10 and 20 days)
and pod enzyme with tRNA from 5 day cotyledons, as described in

Materials and Methods. Data. presented in Table V clearly shows that the

acylation of aminoacyl—tRHA synthetase decreases with aging. Though
these results are of a preliminary nature, they do indicate that

synthetase activity in accepting different aminoacids decreasesl;ith

- 8enesence,
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TABLE 5: Variations in Aninoacyl-tBNA Synthetase Activity of

Different Amino Acids in Soybean Seedlings

o

Y S e
PHoles Amincacyl-tRNA Formed/mg Protein/min. . -
ENZYME
AMINO ACID
\ Seed Pods ICotyledoné Cotyledons Cotyledﬁns
(5 days) - (10 days) (20 days)
Alanine 210 . 98 64 60
Arginine 1143 726 377.7 321 'J;"
Asparéi'c Acid 1973 959 981 s
Clutamic Acid 563 - 146 336 205
Glyine _ 299 113 " ) 124 77
Leucine 157 .~ 61 93, 8
Isoleucine 1215 574 337 ' 250
Phenylalanine 649 239 252 317
Tyrosine * 1055. 269 444 232
/\J --Histidine 2503 ©o1125 1043 1175
' ‘Valine | 1421 . 684 650 371
N *



1a:

7b:

7e:

1

FIGURE 7

Plagkeon column profile of leucyl-tRNA

Aacylated with hydroxylapatite—fraction—

" ated pod synthetage.

u‘

Pod tRNA acylated with peak II synthetage,

Pod tRNA acylateq with peak ITI synthetase.

Cotyledon tRNA acylated with peak IIT

synthetasge.

Eldt(egﬁ:as with a linear gradient of (.5 -

0.9 M NacCl in buffer B,
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8b:

FIGURE 8

Plaskon column profile of leucyl-tRNA
acylated with hydroxylapatite-fraction-

ated 5 day old cotyledon synthetase.

-4

5 day cotyledon tRNA acylated with peak

IIT synthetase.

Pod tRNA acylated with peak III synthetase.
AY
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-DISCUSSIONS

EY

The present investigation was undertaken to étudy the differences,

if any, in the multiplé forms of synthetases and isoaccepting tRNAs

. . >

in two different stages of soybean development and germination. ,
Buds and seeds of many species exhibit dormancy. Newly formed
apical bud will not sprout, and f?eshly shed seeds will not germinate,
even when placed under optimal environmental conditions for growth.
pistinctive biochemical‘changes ﬁhich occur during the onset~of dormancy
are reversed when the oréan emerges from dormancy:' The onset éf germ—
ination is accompaﬁied by an increase in respiration'rafe'(37); the
activity of certain enzymes (45), the formation of new organelles
(44), changes in nucleic acid g;tabolism (25), formation of polyribo-
somes (31) in vivo and their associated capacity to support aminoacid
incorporation. P
A study of the biochemicalveveuts associated with protein synthesis
éggli& pravide Qome insight into the phenomena of grow;h and differ-
entiation at the molecular level. Because tRNA serves as'a functioéal
link between the genetic information encoded in the messenger RNA, a
specific change 1n the tRNA popuiﬁtion has obvious impliéatious for the
regulation of cellular eventg (40). The possibility of regulation of
protein synthesis at the level of translation has been suggested by
many workers (38). It is apparent that the rate of mRNA readout, and
hence the rate of synthesis of protein can be regulated by rate limiting
- quantities of tRNAs and/or synthetages. | '
Results presented here clearly show différgnces in the amount of

isoaccepting leucyl tRNAs and multiple_forms of synthetases between

seed pods (a stage in soybean development before germination) and the
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entyledons (a stage after germination)

The results and observations reflect a gradual increase in peak 1 .
enzyme capable of acylating leucyl tRNAg ds with cotyledon.senescence.
Contrary to this, peak l enzyme in seed ppdé is 1imiting, yet if is
capable of acylating all gix leucyl tRNA gpecieg. Some repefte exist
to show that aminoacyl tRNA synthetases are especially 1ocated in the

nuclei’, mitochondria and chloroplasts.#\\%“‘T‘""

“There are two tempting explanations for the differences in<the
enzyme patterns between the seed pods and cotyledons.
(1) Regardless the identity of the orgauelle containing enzyme
fraction 1 preliminary experimentsg (27) on étiolated and greenj
cotyledons point towards _the possibility of chloroplasts of\nronlastids
being involved. Since the‘cptyledons serve as first leaves, until.true
leaves emerge, an increase in enzyme peak 1 could" indicace an incree;e
in the amount of chloroplasts.

(2) However, the difference in enzyme patterns between the coty—‘{ﬂ.

ledons and hypocotyls and their apecificity towards their cognate tRNAs

. (2), draw attention to a group of organelles collectively called micro-

bodies uhich ‘include glyoxysomes and peroxisomes. These particlesg
enclose specific enzymesg involved in the 8-oxidation of fatty acids and

appear in abundance at the onset of germination of . fat containing seeds

(9). These organellea are absent in hypocotyln. The origin of the

mnrker enzymes like iaocitrate lyase and'malate ~ synthetase in'tnef

glyoxysomes and in fact the mechanism of fo;mation of these organelles
themselves 18 not known (47). L

) The assessment of a specific leucylhtRNA synthetase fraction 1

in thege organelles would then provide the most tempting explanation j
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for differences in enzyme patterns between seed pods and cotyledons.

With the .onset of germination, along with other biochemical events,

it can be proposed here that these glyoxysomes keep increasing in quantity

=

in. cotyiedons, providing a Source of energy by their B-oxidation system

until the cotyledons senesce. Whereas the seed pods ready to go Into a

period of dormancy do not require these organelles in large quantity.r
» This difference in the amount of these organelles, with the

assessment of enzyme fraction -1 then would open up..a whole new. area of

1nvestigation with the development of new organelles and enzymes with

»

dlfferentiation and germination. As to the question of difference in:
Speciflcity of enzyme fraction 1 from seed pods and cotyledons towerds
. their cognate tRNAs, the results can be interpreted on the basis of an

ichibitor or a repressor 1ike molecule covering part of the peak 1

enzyme in cotyledons so that it probably loses the capacity to acylate
L on

. all six peaks of leucyl tRNA, but acylates only peaks 5 and 6 more.

s L]

The absence of any such inhibitor forming'a complex with peak 1 enzyme -
of seed pods would explain the eapacity of this enzyme fraction to
acylate all six peaks of leucyl tRNA ﬁoreover the higher acylation
of tRNAS ds seen in a homologous cotyledon system could result in
inhreased translation of certain hydrolytic enzymes. needed to hydrolyze :
the storage c?ﬁﬁonds in the cotyledone. _ |

in the cotyledons, there ig hydrolysie and release from the
compartments of a number. of intracellular-components'(14). These
compounds may act as inhibitors; covering part:of enzyme peak 1.°%
Such a complex effectively would prevent enzyme peak 1 from entering oo

into further rounds of’charging, yet is not formed until at least

some charging has taken place to. produce sufficient amounts of - \\
, , )

Pl
—
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aminoacyl-tRNA (tRNASiEEE) Some implications of such a model have

already been ‘discussed by Bick Strehler and Hirsch (39)

\/. . ',‘. »

ey

¥

45

2



46

- k)
SUMMARY
Leucine specific tRNAs of soybeaq catyledons and seed pods
fractionate into six discrete peaks on a Plaskon columm{RPC-5). The
relative amounts of two of these tRNAg (species 5 and 6) are lower in
seed pods than in cotyledons.. Crude leucyl tRNA synthetase from
seed pods is less active than the enzyme from the cotyledons in
‘ aminoacylating tRNA5 and6*
Leucyl tRNA synthetases from cotyledons in a germinating seedling
and in developing seed pods can be fractionated into three peaks of -
activity on hydroxylapatite colums. Enzyme peak 1 in seed pods
amounts to about 367 less than in the five day old ¢otyledons. The
amount of enzyme peaks 2 and 3 are more (about 107 and 182 Fegpectively)
in seed pods than in cotyledons.
Tranéfer RNA specificity of individual enzryme fractions from geed
pods indicates that peak 1 enzyme of seed pods acylates all six species

-
of leucyl tRNA compared to the cotyledon enzyme fraction 1 which

essentially acylates only tRNA5le:5. The specificity of enzyme

studied decreases with cotyledon senescence.
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