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. ABSTRACT

Changes in 1eucyl-tRNA isoaccepting specles were

- determined 1n garmlnatlng pea seedlings. (Plsum sativum-

van Alaska) and in developing seed podg. Laucine
sp931fic transrbr rlbonuclelc acids of" paa cotyledons can

-t
be Fractlunated into tour 1snaccapt1ng specises by

Reuersed phase chromatography on a Plaskon column (RPC-5).
In’cnptrast to this, orly twéfspac1as of leucyl-tRNAs
‘were obseruaa in the developing aaaq‘pﬁds.

One of the objectives of this @ark‘was to iaﬁesﬁigate
the possible multiplicity of Leucyl-tRNA synthetase o
(leucyl:tRNA l} ase (AMP); Et‘é 1.1.4) in pea-cotyladuns; ‘
The procedure in olued ammanium sulFata prac1p1tatlon and
DEAE celliulose column chromatography. The engyme punaflad
by this method ratalned the full range of spec1F1c1ty
" toward all Fou{ leucyl-tRNA ‘species of pea cotyledons.
' The partlally purlflad cotyladon enzyme could be
further separated on a hydroxylapatlte (HA) column lnto.l
two peaks or leycyl-tRNA synthatasa actluity. Pea coty—
ledon anzyme has two paaks d991gnatad peak l and - peak 2.

Enzyme peak 1 ia_dqminaht in seed pods .while psak 2 1s

pradominant‘in'cotyledons. Enzyme peak 1 and 2 from

Y

ii



"cotyledons were“examlned ror-the amino acld acceptor
act1U1ty-0r twelva dlrrarénﬁ a%ﬁno ac1ds. Both thessg
Fractlons shnwad less thar 3% acceptqm aqFlUlty for eleven
other am1no acids as qempared to lauc1nq -tRNA synthetase
act1u1ty. . o l “

Enzyme peak 2 From cotyledons was Further, character—‘
.ized by isoelectric rocu31ng and_polyacrylamlde gel . , '
.electroph0r951s to datect the preéence ot -any subsp901é;.

Prellmlnary rasults lndlcate that there are at least

three spegies of enzyme peak 2. coe -
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INTRODUCT ION

-
¢ Thls 'study was undertaken to determine the
differences in leucyl transfar RNA 1suaccapt1ng specxes
and leucyl tRNA synthatases in two developmental stages,
namely the germlnatlng cotyladons and the seed pods af

peas (Pisum sativum var, Alaska) : '

It is now well established that there are both
qualit;tive and quantltatlua alterations in chromatn—
graphic selution proflles of certain lsoacceptlng tRNAs
when a cell passes FrOm one physiological state to another.

. Such changes occur in E, coli infected with bacterial
phage Top (22) and in virus infected hamster cells (20).
Similar changes have been observed-at hifferent
developmental stages of various ordanismsi Previous
studies on tRNAs in soybeaﬁ have revealed that the °
complemenf oF‘tRNAl?U ispaccepting specises chaqga huring
cotyledon senescence. (6)

There -is some indigation that aminoacyl-tRNA synthe-
taﬁas anF tRNAs ﬁag 53 involved in developgental and
regulatofy Functions of cellular systems. It haé long

been suggeéted-that_tRNA might play an importént role

in the regulation of protein synthesis at trénslational
. ¥

= L



lsval-(Sa,ﬁ%). -Previohs:mprk.in our iéboratory (33)
éhows that the Fréctionationlnf laucyl-tRNA synﬁhataseg
Prom soybean cotyladons'and saéd pods un‘hydrqulapatite
(HA)iculumn results in three peaks of activity. Bick
and Strehie} (7) demonstréted chaﬁges.in.thesg snzymés
ih réspécf'td the;r ébility-to aéylate'cart in Eranafer
RNAQ in aging soyba;n cotyiedong;- This imp ies ‘that
readout oF.cartain/mesépnger ibenucleic acids is n;t
'only controlled by tﬁe ‘RNA butfalso by the'acylatfng
enzyme. For this reason a study of the changes in
leucyl-tRNA synthetass eétiuity in'tﬁe;sgeq poés and
germinatiﬁg pea sasalingé wa; uvndertaken, | &
The presen£ work is._concerned with partial purifica-=
t@dn and characterizétibn of leq-tRNﬂ_éynthe?ase from
garminating‘pggqcotyledonsraﬁd seed pods as well as

the changes in the relative amounts of lesu—tRNA

isoaccepting species, and: aminoacyl tRNAL®Y synthetases.

/
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. REVIEW OF LITERATURE

Transfer RNA
~ Transfer RNAs (tRNAs) are the "blllngual" adaptor

molecules thif, through. the action of. ‘aminoacyl-tRNA - <
synthetases, accept speclflc-amlno ac1ds and transfer
them to the nascent polypeptiees, as directed by the
'messenger RNA on the ribosomes. %hese intereeting
pelynucleetldes whlch have a molecular welgpk—uf
approximately 25,000,_were flrst discovered in a mammalian
system (19) and subsequently, in a bacterial e;tract (4).
The formation of emlneacyl—tRNAs in plants uwas Flrst
reported by mebstef'(4l). The extraction and purifi-
ca/aon of plant tRNAs has been achieved by methods adapted
from those employed’ in bacterial and mammalian systems.

MULtiple epeciee of tRNA capable of accepting tha'
same amino acid were initia{iy reported by Doctor st al
(13) At the'same time, Berg st al (5) showed the
exlstence of ‘two uallne spec;F1c tRNAs in E. coli. The
existence of multiple lsoacceptlng tRNAs spec1f1c for a
sinqle amipo acid appears not ‘to show a uniform cnr;elation

with the degeneracy of the genetic code. . The six species

of leucyl tRNA from soybean cotyledons end hypocotyls




|
corieépcdds with the nuhber,of leucine codﬁns (2) buﬁ
pea cotyledons and.leades contain only four lethRNAs
(44),

Aminoacgl-tRNA.Svnthatases

Aminoacyl—-tRNA synthetases (E.CT&.l;l._) ugre
dlscouered by Hoagland and" hls cowarkens (17,18) in
1955, Aminoacyl~tRNA synthetases catalyse the initial
étep in protein synthésis by attaching specific amino

acids to-thair'cognata tRNA molecules (Scheme I).

mg +2 ;
Amino acid + ATP + Enzyme;-—“"Aminoacyl—Al’flP-Enz 4+ PPi (l)

Aminoacyl-AMP-Enz + tRNA — F\mlnnacyl-tRNA + Enz + ANMP (2)

Scheme_f: ATTACHMENT OF AMINO ACIDS TO TRANSFER RNAs
Aminoacyl¥tRNA synthetages occdby a keyrrole in pfotein
biosynthesis, ensuring the accurate translation of #pg -
genetic message. These énzymes possess a high degree of
-specfficity For amino acids and can discriminate between

tRNA molecules of very. gimilar structuresz

Synthetase Multiplicity in Bacteria

ot
Increasing evidsence for the wide spread pccurrence

of multiple isoaccepting tRNAs led to a search for
multlple amlnoacyl—tRNA synthetasas. In bacteria, é
few 1nstances oF synthetase multlpllcity haue been reported.

mahler and Jesenski (27) observed two peaks of -activity

for prollna tRNA synthetase in E coli, usiﬁgdggkf'
pellulosa columns. The leucyl tRNA synthetasdgs. from



. - !
E. coli wers Fractionatadlinto three peaks_pfuqctiuity
on a hydroleapatiﬁe column by Chang Tao Yu (46). Tﬁo
" synthetases specific for mathinhiné (39) and three
leucins specific'aynthatéseé_(38) have been found in

Bacillus brevis by Surguchev_and his coworkers. The,

methionine specific enzymes were separat by iso-

electricfocusing. The three . leucine specl Mic gpzymas

in Bacillus brsvis were separated by gel:elactrophureéis
(38). ‘With the above exceptions, the majority of - the |
results with bacteria favour tha idea that only ane
synthetése exists for.each amino acid.

Synthetase Multiplicity in Higher Drganlsms

Evolution of an increased specialization oF cell
function and the complgx propasses related to differ-

entiation in higher organisms seem to involve an aven

—_—

‘more intricate organization of the protein synthesizing
machinery including multipla tRNAs and syhthetaaes,

than that.obserued in bacteria. Df;act and in?irect
evidence exists for muliiple synthetases in more or less.
homogeneous cell populations of fungi, plants and

animals. w

Two lysyl- tRNA synthetases were found by chroma-—
tography on Blp—BBx 70 columns (10). In another study,
--two fractions of phehylalanina-tRNﬁ synthetases were

obtained from housefly larvae (14) by stepuise elution



from DEAE cellulose columns. In-rat iiuar, two
synthetases wers Foundnspecific for both threonine (1)
and lsucine (40). The threanine specific Bnzymes were
separated on ‘a DEAE cellulose column, and the leucine
specific enzymes (40) were fractionated on a hydroxy—
lapatite column. Strehler gt al (35) Fractlunatad the
:leucyl -t RNA synthetase From rabbit heart muscle 1nto ‘
* three Fractlons by DEAE cellulose chromatography. ‘Two
‘of these fractions displayed a camplementary range of -
specificity tawards two tRNF\l “ spec1es as judged by
MAK column profiles of the leucyl tRNAs. Working with
plant tlssues, Kanabus (23) showed the fractionation of
leucyl-tRNA synthetase from soybsan cotyledons on a
lhydroxylaptlta column 1nto threse peaks of activity.
Homeuar only two psaks of activity were found when
soybean hypocotyl leucyl-tRNA synthetase 'was fraction-
ated on. hydrokylapatite column. .

tRNAs and Svnthatases in Aging_and Devel oping Systems

It is now well documented that during the develop-
ment of uarious organisms, both qualitative and quantitative
changes occur in the chromatbgraphic elution proFilés of
1soaccapt1ng tRNAs (12, 30, 42) and aminoacyl-tRNA
synthetases (7, 33, 35) Bick and Strehler (7) showad
“in soybaan'cotyledons that the ability of the leucyl-
tRNA synthetase to acylate four of the six tRNAlBU
spec1es decreased dlsproportlonately between the 5th and

21st day of seaed germination. The alution profiles of



Ilan (21) or the development of "an insect (Tenebrio molltar)
indicated the appearance oF_both new tyrosine accepting
tﬂﬂﬂs and the corrsspondfﬁg synthetaées by the 7th day of
- pupatlun.- Rehnert (32) rsported a.leucyl-tRNH synthetase
unlqua to the garly embryonic tissue of mice (gestatlonal
‘age of 5 to 8B days). The enzyme was more stable at 450C
than was the.synonymous enzyme From liver of adult mlce._:
The,"embryonic" enzyme was able to amino acyléta tRNA
with trifluoroleucine much mnr; ef ficiently than the
"adult" enzyme. Galloyand Postka tlS),_studying tRNAs of
leukahic hﬁman lymphoblasts, observed an additional

glutaminyl tRNA synthetase activity -in normal cells that

was absent  from lesukemic csells. )

.- -




MATERIALS AND METHODS

Plant Material. N

‘. Green peas (Eﬁggm sativum L var. Alaska) were
surface sterlllzed in 10% chlorox, eoaked in distllled
water overnight and .souwn in moist vermlcullya. VCotyledons
were harvested after 5 days bﬁ germination in'the dark at
270 .. 299 C. The harvested cotyledons were pither used
immediately or stored at -209 C for tRNA and gnzyme
extractions. el

Samples of mature seed pods Jg:e harvasfpd from Fi%}g

grown Alaska peas. The harvested seed 'pods vere stored at

-20° C and used for extractioﬁ later.
Transfer RNA ) -

Transfer RNA was'preparéd from total'RNA of 5 day old
‘freshly harvested cgtyledons or thosa stored at -20° C,
The total RNA was extracted by the phenol technique of
Cherry et al (9) with minor modifications. Batches of
100 g of chilled tissue were ground for three minutes in
a Waring blender with 100 ml of buffer A (10mM Tris HCL
pH 7.6, 60 mM KCl and 10 mM MgCl,), 100 ml of buffer
washed phenol, 40 ml of l1i% Dupaﬁol (sodium lauryl'sulfate).
and 20 ml of bentonite suspan51on (40 mg/ml) {(8). Thgl

homoganate was stralned through four layers of chesess

cloth and centrifuged "for 10 minutes at 10,000 x g.



|- ' o
The-suﬁarnatant waé gtirred in coid :or'two hours with an N
aqual volume pf nrganlc (phenolic) phase. Aftér centri- \
Fugatlon at 10,000 x g for 15 minutes, the aquanus phase

was collected. Equal uolume of buffer-washed phenol and

1/18 volume of bantonlte ‘was addad to the agueous phase.

%hls mixture was Ulgorously stirred- for 30 mlnutas in the

cold Followed by centrifugation at 10,000 x g for 15 minutes.

The phenol extraction of the aqueous phasa was repeated two

more times and finally the aqueous phase was collectad and

1 “
the total nucleic ac1ds prec1p1tated by addition of two

toe

Jolumes of cold 95% ethanol and 1eau1ng in the freezer
pvernight. The pr901p1tate was collected by centrlfugation.
aqd the resulting peilet was extracted four times with 2.0 m
potassium écetaﬁe, pH 6.5 by suspending—with a glass mortart,
and pe§fie followed by céntrifugation, The ﬁotassium
acetates fraction was precipitated byladdition.of fwo

yplumes of cold 95% gthanol and leaving in;the freezer
cuarqight. The prgcipitaxe.was'collacted by centrifuga-
tion at 10,000 x g for 15 minutes. This crude tRNA was
further purifiéd aﬁduboncenyrated by adsorption on a 2 -ml
column of DE-23 in buffer B (10 mM sodium acetate pH 4.5
containing 10 mM MgCl2) anaAelution with 1 M NaCl in

buffer B, The tRNA solution was dialysed against

'distilled water in the cold, and the concentration was



determined by U. V. absorbaney at 260 nm.

Lauc!l -t RNA Svnthetase

Extractlon, purlflcatlon and Fractlonatlun nF the
gnzyme was Qarfofmad at 0-4° C. Freshly harvested or .-
~ frozen cotyledOQ§ wera_chiiled on ice énd‘éround for a
- few minutes with iﬁsolubla éolyuinyl pyrrolidonse,
(polyd@ar BT; 200 mg/g tissue) using a mortar and a
pestle, The grinding was continued for the next 15
mi%utes with stepuise addition of the grinding medium.
The grinding medium consistgd of 25 mM potassium phosphatg
pH 7.8, in solution C (10™2m 2-mercéptuetha;61; 10-5m
phenyl meﬁhyl sulfonyl chlaride; 10-6 m L-leqcine)‘
saturated to 30% wlth respect'to ammonium sulfate. The
'homogenata was strained thrnugh\zhease cloth and
centrifuged for 15 minutes at 27 000 x g The supernatant
was filtered through miracloth and the ammonium sulfate
concantratlon was increased to 60% saturation (195 mg
added per ml) and stirred in the cold for. 30 minutes.
The enzyme pellat collected after centrifugation at 10,000
“x g for 10 minufes was dissolved in 5 ml of 25 mm.potassium
phosphate pH 7.8 in'soiution C, and dialysed.against the.
same buﬁfer for sevegral hours in cold.

DEAE Cellulose Chromatography

y
The DEAE cellulose chromatography was performed’

using a stepuwise elution technique. The dialysad'enzyma
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~was adsorbed on a 20 ml column of DE-23, which was
'prau10usly equillbrated in 25 mM potassium phosphate,'.

pH 7.8 in_aolutipn C. The column was washed with 50° ﬁl

of the same buFFér. fhe-anzyme was elhted with 100 mi
potassium phosphate, pH 7.8 in solutlon C. Fiua—ml
'Fractlons were collected and assayed for leucyl —tRNA~
synthetase activity and absurptlon at 280 nm was recorded.

f

Hydroxylapatite EOLHmn.Chromggoqragh!

. material from the ﬁEAE celluloss colqmn chromato-
graphy waé;dulqtéd 1:1 with'cold distilled matér and the
of was adjusted to 6.5 with 0.05 M KH2PO4. The solution
- was applied to a column (HA;column) made upof a &ixturs of

10 g hydroxylapatite and 1 g of cellulose pouder

(Whatman .CF 11) with small pads of cellulose at the bottom

and top of the packing. The column had previously been
equlllbrated with 50 mif pot3551um phosphate buffer pH 6.5
in solution C, contalnlng 10%. (u/u) glycerol. The column
was washed with 50 ml of the aboue buffer and eluted by a
"~ linear gradient of potassium phosphate huffer, pH 6.5 from
50 to 400 mM in solution C, both containing 10% (v/v)
" glycerol. |

- Fractions 0F|6-ml were collected and assayed for
leucyl-tRNA synthetase ac‘Chity in a reaction mixtﬁqa of
0.25 mi containing 0.05 mllof the fractionated protein,

and all the other components as described in the aming

acylation assay. -

-

A
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. '> . | o | . .
Transtir RNA gmxgnacxlatinn Assay | . '

" The reaction was carried dut.at 30°C., Uﬁigﬁg other-" -
;mise stated,’ 8 1 ml reattion mlxture contalned lD/umo;as '
_ Tris (hyd:oxymathyl amlnoathane) -HCI, pH 7.53 5/qmoles

MgCl,; 0.5 mmoles ATP; 0.2% soluble polyu;nyl pyrollidone;
. 0.2 mg tRANA; 0,2-0: 5 mg of enl;ma and-ZD/ul unneutrallzed

3

solution of L-(4, 5- solution (60 c1/mMale)

H) leuci

’ Heactlon was terminated after 20 mlnutes by the addition
dor § ml of ice cold, 5% trichloroacetic acid. The samples
were Filtered througﬁ glass Fibre filters ‘and coﬁnﬁad in a
llqu1d 901ntlllatlon countar. |

Assay Procedure ror Amlﬁoacvl ~LRNA Synthe ase Act1u1ty

 The reaction mas carried out at 30°C, The amino acids
studied were arginine, aspartaic acid, alanine, glycine,
histidine, glutamic 331d? isoleucine, leucinse, methionins,
phenylalanine, tyrosine; and ual%ne. The reaction mixture
consisted of 250 al, which included 4 nmoles tRNA, lﬂﬂ/ug
protein, 200 ﬁmoles of the amino acid under study aqd:;he .
concentration of other components as used for tRNA~-amino-
acylatlon assay. Reactions were incubated at 30°C and
SD/ul aliquots were withdrawns1n dupllcate after 2 and 4
minutes. The aliquots wers spotted onto Uhatman 3 mm
'paper discs and placed immediately into cold 5% TCA.
Filters werse washed a second time with cold 5% TCA, once
with fthanol-ether (1:1 v/v), dried under a heat 1amp,

and put into u1als contalnlng a toluene scintillation

fluid and the radiocactivity determined in‘'a 11qu1d

g ]

ane



\\.-...
sbintillation counter.

Heuarsed Phase Ehramatugraghy (RPC 5) - Pleskon

A mlxture of 4 ml of Adogen 464 in 4UD ml of w
chloroform was coated on to lOD g of polychlarntrl-
fluoroethylene (Plaskun) suppoert, accordlng to Psarson,
Weiss and Kelmers (29). The coatad plaskon was suspended
in 0.5 M NaCl in buf fer B for packing the columnd. For

“

l skon column fractlonatlon tRNA was amlnoacylatad as
e

scrlbed aboue in a 2 ml reaction mixture containing larger

quantities of tRNA and anzyme. The concentration of other
‘components were the same. Reactions were run For 20

minutes at 300C Followed by chromatography on a DE-23

column (1 x 3 cm) as described by Anderson and Cherry {2).

o

Approximately 50, 000, cpm of the acylated tRNA sample were
applled to RPC-5 column and eluted witH a lineaT gradlent
af 0.5—0.9 M NaCl in buffer B. fractions g 10 ml each
wgﬁs.collaéted, made 5% with 'respect to tr;chloraacatlc
acid and filtered through giass‘Fibegwaifers (Whatman
GF/R). The amount of radioactivity on the fTlter was
determined in Mark Il Nuclear Chiéagn iihuid scintilla-
tion counter.. ' . N ‘ -
Ispelectric Focusing

,Iéoélectriclfhzgifgg was performed using the LKB

* 8100 Ampholing Electrdfocusing equipment (LKB @101,

Column Capacity 110 mls). The slectrofocusing was

P
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carried out as descq1bad in LKB. 8100 Rmphollne

Electrofocusing Equ1pmant, Instructlon manual (25).

Briaflyidescribad, an electrofocu31ng experimert was

carried out as follows. The column was mounted in a
vertical position. Cg;rieriamphulytes of pH 3-10 range
wasfgkad The enzyme was dialysed against 1% glycine,
_ln cold For several hours. Tuwo solutions were brepared,
one hqady (Solgﬁlon H) and one light (Snlutxon L), OF the
Followiﬁg compﬁsitlons.
Solution H: Ampholine 1.9 ml
B Sudrose 28.0 gnm
| ater to 60.0 ml
Solution L: Ampholine 0.6 ml
- Dialysed enzyme sample
gapproximaﬁely 5 to 7 mg protein)
Water to 60.0 ml » ) |
The electrode solutions consisted of the following
compositions:
For‘Cathode‘at'bottom of the column, the dense electrode
contained: | ‘
Ethylens diamine 0.4 ml
Distilléd Water 14,0 ml

-~

L Sucrose 12.0 gm - ‘
For anode at the top of the column, the light electrode
solution contained: . . T

Phosphoric Acid 0.1 ml

Distilled Water 10.0 ml ( j '



-~

" The dense electrfode dolution was poured into the
central tube of the column, and then the solution H and
solution L were introduced:into the columo using a density

gradlent mixer and a perlstaltlc pump at a- Flow rate of .

%
4 ml/min. Flnally the light electrode ‘solution was -

' poured into the éiectrofocu31ng compartment The cooling -

Jacket and the central. Dollng tube were connected to a
culd water tap and the aleétrodes were connactad tothe
powsr supply. The experiment was conducted for 72 hours
at a voltage of 500 — 600 volts.

After cogpletion of, the expérimant, thi\column was
emptied by means of a pump, at a flow rate of ml/min,
Two ml Fractia s were collected and.thg pH measured immed-
iately. The Fractions wers assayed for leucyl- tRNA syn-
thetase actlulty in a reaction mixture of 0.25 Ti\contalnlng

0.1 ml of the Fractlonated protein and all the other

components as described in the aminoacylation assay.

Polyacrylamide Disc Gel Electnpphoresis ‘

Polyacrylamlde disc geL—electrophur351s was performed
as descrlbed by Davis (11) and Ornstein (28). A 7 5% gel,
alkallne system with separation. at pH B 3 was used. After

éxtrusion, the gels were ‘stained with 1% Amido Schuwartz

. in 7% acetic acid for several hours and then electro-

phoretically destained.



Analytical Ultrécentrifugatidn.  .

Sedimentation coefficient for the concentrated peak
-~ - .

II synthetase from HA column chromatography (6 mg/ml)
was measured from the schleiran patterné obtained using a
Beckman Model E Analytical Ultracentrifuge equipped with

‘5chleiren-optiQs and olectronic speed control. The sample

was anéiysad at 56,000 rpm and 4-89 C in an An-H rotor,
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RESULTS

Differences in leucyl-tRNA species and lsucyl-
tRNA syntheta&a actiuitiea in two developmental-~stages of
peas, cotyledons of garminating seeadlings and in
deUe;oping seed pods are dlscussed here. Partially
. ;pUriFied laucletRNA synthetase activity was investigated
in these two systems, after the synthetase preparations
+ " uwerse separated'on HA columns. Transfer RNA preparations
from these samples were acylated with anzyme fractions
from HA. column and finally the loucyl-tRNA species ware
- separated an Plaskon (RPC~5) columns. |
T Extrgetion an ificati L ~L RNA
Conditions for gxtraction, purification, storage
and assay-of the leucyl=tRNA synthetase of soybqah coty=-
ledons and ?ead pods, and pea cQtyladons and leaves have
been studied previously by several workers {23, 33, 44).
Inactivation of enzyme by phenolic compounds in‘crude
extracts can be partially prevented by addition of polyclar
AT and a reducing agant to the extraction medium. (26).
Therefore polyclar AT and 2- mercapatoethanol werse
routinely used in this work espsecially 'since their pro-
tective action has sﬁecifically heen established in the

® i



FIGURE 1 -7

DEAE-cellulose column chromatography of leucyl-
___._tRNA synthetase from pea cotyledons (stepuwise

elution technique). Enzyme preparation from

10 g tissue after ammonium sulfate precipitation

and dialysis was applied to a column (20 ml) of

DEAE-cellulose as described in methods. Protein

%434)-; and leucyl-tRNA synthetase activity
were assayed in fractions of the qluata.



o PROTEINS (mg/ml)

14

114

]

43IGINNN NOILOVY4
8

Sk .

o1 6

¥ [ 1 | L

VNY 40D
ZUu3 0D

uwnjod 8son|ie) 3Iv3d

m i

- LEUCINE INCORPORATION -
(104 cpm/ 04 ml Enz/5 min)




19
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case of leucyl-tRNA synthetase from soybean tissue.{(3).
 After extraction, the total leucyl-tRNA synthetase is
purified by threse consecutive ateps: ammon;um sulfate
ﬁracipitation,‘DERE cellulose chromatograﬁhy and hydroxy=
lapatite column chromatography. (Iabla I aummarisea the

puritication procedure ot the leucyl-tRNA synthatasa

'.l

—

from 10 grams ot fFive day old pea cotyledons. A 358 rold
puritication was achieved. At the end ot hydroxylapatite

column chromatography a 379% recovery was obtained.

DEAE Cgllylose Chromatoaraphy - ]
_ The protsin precipitated with ammonium aulfage
(30460% fraction) waé dissolved in 5 ml of butrtrer C,
dialysed to remoue.tha ammonium sultate and chromato-!'
graphed on a OEAE cellulose column. DEAE cellulose
chromatograph& was ;ﬁutinaly.perrormad using a stepuwise
glution technique.ln the cold and the eq?yme recovered
" in a single protein rraction by eluting with g.1 0
phosphate burter (Fiqure l) The enzyme recovery atter
DEAE callulose chromatography was 269% and the spec1tlc
activity increased about 2=3 fold as compared to the
_enzyme rrom the (NHa)zsn fraction (Table I).
H C mn_C
Preliminary stu&ias bn the hydroxylaﬁatite column

chromatography was conducted uslng butters without

glycerol. Thas, resulted in a poor separation and louw
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Fraction

3.5

.Enzyme Volume Protein Speacific Total Purifi- Percent
Fraction ml’ mg/ml Activity Activity cation Recovery
- (units/mg) Fold

Crude

Extract 38.0 32,38 0.06 73.8 1.0 100

.Azm“_bvwmob . )

fraction 13.0 22,47 0.46 134.3 7.6 181

DEAE ,

Cellulose : ‘ ]

"Fraction 30.0 5.58 1.19 199.,2 19.8 269

Hydroxyl- .

apatite : _
3.72 21.50 280.0 358.0- 379




l

: - FIGURE 2

ydroxylapatite column chromatography of leucyl-
tRNA synthetase from 5 day old pea cotyledons.
Approximately 50 mg protein was loaded anto a
column (2.5 cm by 10 cm)} in S0 ml of 0.05 m .
potassium phosphate (pH 6.5) and eluted with a
lihear gradient of potassium phosphate from 0.05-
0.4M, without glycerol, Six ml fractions collected
were assayed for leucyl-tRNA synthetase activity
using tRNA from 5 day old cotyledons.
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FIGURE 3

- Hydroxylapatite column chromatography of leucyl-

tRNA synthetase from 5 day old.pea cotyledons. -
Approximately 50 mg protein was loaded onto a
column (2.5 cm by 10 cm) in S0 ml of 0.05 M
potassium phosphate (pH 6.5) and eluted with a
linear gradient of potassium phosphate from 0,05=
0.4 M, containing 10% (v/v) glycerol. Six ml
fractions were collected and assayed for leucyl-
tRNA synthetase activdty using tRNA from 5 day
old cotyledons, :
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FIGUREL 4

‘Hydrotylapatite column chromatography of leucyl-
tRNA synthetase from mature seed pods. Approxi-
mately 50 mg protein was loaded onto a column
(2.5 cm by 10 cm) in 50 ml of 0.05M potassium
phosphate (pH 6.5) and eluted with a linear ,
gradient of potassium phosphate from 0.05 - 0,4 M
containing 10% (v/v) glycerol. Six ml fractions
were collected and assayed fof leucyl=tRNA
synthetase activity using tRNA from seed pods.
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P
gnzyme act1u1ty, less than 3,000 cpm in peak 2 (Figure 2).
Addition or lU% glycerol to the. burﬁars 1ncreeeed actxuxty
up to 40,000 cpm (Figure 3). Hydroxylapatlte column
chromatography glves an 18 rold enrichment . -or the DEAE
cellulose rractlon. The enzyme recovery atter this etage
or‘purirication was also tound to be hlgh. Leucyl-tRNA
synthetase trom pea cotyledons fractionates into two
discrets peaks of actiulty onIHA column (Figure 2 and 3).
Similarly, letcyl-tRNA synthetase from pea eeed pods ale;
fractlonatee into two peaks or actlulty (Flgur 4)
ﬁgdltlon at 10% glycerol increases the actlulty 3t these
two enzyme peaks. It is of 1nterest to note that pea
éotyledons contain predominantly enzyme peek 2 whereas in_n
pea seed pods enzyme peak 1 is predominant.- | ' - .
- For further purlrlcatlon and characterization, it
wes necessary to have an enzyme preparatlon with lltéle
contamlnatlon. Theretore, the,purgty ot peaks I and 2
from cotyledons follouwing HA column chromatography was
_checked by testlng their amino acid acceptor act1u1ty
for l2—difterent amino a01ds (Table 2). It was of interest
to note that both these peaks are essentially purs for |
lsucyl-tRNA synthetase with less than 3% contamipation:
from other synthetases. Enzyme peak 2 ofcotyledong”uwas ,

pooled after hydroxylapatlte column chromatograp and

concentpated by Diaflo ultrafiltration. This concent ated =
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' JABLE II: Aminomcyl—tRNA Synthetase Activities of

. Peak I and Peak 11 Enzymes of Pea
. Cotyledans After HA Column Chromatography.

. | } o

. Amino acid ~ pmoles aminodcyl-tRNA % Activity of amino-

formed per mg enz/min acyl-tRNA synthetases
‘relative to lsu~tRNA

synthetase
Enzymé,I Enzyme 11 Enzyme I " Epzyme II
f i . ',‘f . .
Alanine | 10 § -\ +0.20 0,04
- Arginine 50 70 1.10 . 0.60
Aspartic Acid 30 160 0.70 1.50
: !
Glutamic Acid 50 40 - ¢ 1.10 . 0.40
. L ‘ S !

Glycine - . 7 <2 0As. - 0.06
Histidine - 90 170 2,00 1.60
Isoleucine 60 60 o 1,30 . 0.60°
Leucine . 4410 10160 100.060 100.00
Methionine - 20 32 0.0 0.30
_ Phenylalanine 10 20 0.20 0. 20
Tyrosine .15 . .. 50 0.34 0.50
Valine | 100 . 7100 2.10 ' 1.00

. v

$ -

t.
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enzyme was ueed ftor isoelactric rocusing, polyacrylamxda
Tgel alectrophoresis and analytical ultracentritugation
studies. |

-

lsg F.
) iaoelactrlc tocusing Of the enzyme peak 2 trom
cdtyledons wag' perrmrmed over the pH range 3 to iU.
Rcbeptor activxty tor leucyl-tRNA synthetase was measured
for each trraction as described under materials and methods.
Three peaks of actlulty wers obsérved on isoelectric
"focusing af anzyme peak 2 from pea cotyledons (Figure 5).
This 1llustrates that anzyme peak 2 possiblyAconsists_o}

three subspecles.

Disc Gel flectrophoresis

Samples of 50-100,m;0f-cancentratad peak 2 Qynthetasq
from ﬁea cotyledons applied to polyacrylamlde disc gel
raesulted lﬂ three protein bands (fFigure 6}. This suggests
that enzyme peak 2 is a heterogeneous mixture of proteins .
and also confirms the findings wlth lSOBlBCtrlC Focu51ng

technique.

Analytlcal Ultracentrlfugatlon - | . )
Results shown in Figure 3 1nd1cate a single peak
when enzyme paak 2 was axamined by sedimentation velocaty
analysis. The 54 obtained by a single gxperiment was
6.63., 1t was not p0351ble to perForm additional experi-

ments thh analytlcal ultracantrlruge due to technical

difficulties.

P —




FIGURE 6

Polyacrylamide disc gel electrophoresis of
leucyl-tRNA synthetase fraction 2 from pea
cotyledons. 50-100 Mg of fraction 2 was
applied on a polyacrylamide disc gel.
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FIGURE 7

Schleiren pattern of concentrated leucyl-tRNA
synthetase fraction 2 from pea cotyledons
obtained 20 minutes after reaching a speed of

56,000 rev/min.
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FIGURE 8 e

Plaskon column chromatography of 3H-leucyl
‘tRNAs isolated from 5 day old cotyledons,
acylated with 5 day old cotyledon enzymae.

0.2 mg tRNA was acylated with 0.25 mg yme
from the DE-23 golumn, keeping other conditigns
as given in Methoda. RPC-5 chromatography was
performed on a 2.5 x 30 cm column, using a
_linear gradient of 0.5-0.9 M NaCl in buffer B.
- Fractions of 10 ml were collected and assayed
for radioactivity. *
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FIGURE 9

Plaskon cgﬁumn chromatography of dH-1leucyl
tRNAs isolated from seed pods, acylated with
seed pods enzyme. 0.2 mg tRNA was acylated
with 0.25 mg enzyma from DE-23 column, keeping
other conditions as given in Methods. RPC-5
chromatography was performed on a 2.5 x 30 cm
column, using a linear gradient of 0.5-0.9 M
NaCl in buffer B. Fractions of 10 ml werse

collected and assayed for radioactiqiE?:7_ : -

_' N
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N 5 de
For routine anzyﬁe assays or acylation ot. tRNAs
for_rractlonatlon'un RPC-5 (Plaskon) qoluhns, a synthetas

: i
preparatign, partially puriried on DEAE cellulose columna

was used. Leucyl-tRNA from cotyledons *{szilonate into \\\

four discrete peaks on RPC-5 (Plaskon) columns. Ffigure 8.
shows the elution protile or leucyl-tRNA species in flJB "
day old cotyledons acyl@ted with 3H--leum.ne, using tive
day old cotyledon enzyme. The relative amounts ot tRNA

'

in peaks 1, 2, 3 and 4 ars 32%, 57%, 5% and 6% respectluely;

Leucyl-tRNA trom seed pods rractionates into two iso-

r
/

accepting species on Plaskon columns (RPC~5). Figure 9
shows ﬁée glution protile ot lBUCYl-tHNAlspBClGS ¥h ssed
pods acylated with 3H-leucxne, uéxng seed pod enzyme. The
rtelative amounts of leucyl-tRNA in peak } and peak 2 are
79.5% and 20.5% respectively. It one comparas.the
relative amounts ot tRNAieu in cotyledons and pods, it is
clear that 1in pods tRNAi Y is 47. i%umore‘than in cotyledons,
- The complete absence of tRNASa dé and the high
amounts of tRNAiEU in seed pods ﬂndlcate ditterences that
could be based on one of the twp rata limiting tactors;
i. a. synthetases or tRNAs, Theretrore, acylatlonlor pod
tRNA with cotyledhn enzyme (heterologous system) and
acylétlon ot cotyledon tRﬁA with pod enzyme was perrorﬁed.
The charged tRNAs wera than separated on RPC—S columns,
Flgura 10 shows the elution prorlle of laucyl—tRNA species

in seed pods charged wath synthetasa trom rive day old

‘cotyledons, It is clear rrom this perllB that only two



FIGURE 10

Plaskon column chromatography of 3H-1eucyl
tRNAs isolated from seed pods, acylated with

5 day old cotyledon enzyme. 0.2 mg tRNA was
acylated with 0.25 mg .enzyme from the DE-23
column, keeping other conditions as given in
Methods. RPC-5 chromatography was performed on

'a 2.5 x 30 cm column, using a linear gradient

of 0.5-0.9 M NaCl in buffer B. Ffractions of .
10, ml were collected and assayed for radioactivity.
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FIGURE 11

Plaskon column chr¥matography. of JH-leucyl
tRNAs isolated from 5 day old cotyledons,
acylated with seed pod enzyme. 0.2 mg tRNA was
acylated with 0.25 mg enzyma from the DE=23
column., Other condftions were as given inm
| Methods. RPC-5 chromatography was performed om
' a2 2.5 x 30 cm column, bsing a linear gradient of
0.5-0.9 M NaCl in buffer B. Fractions of 10 ml
were collected and assayed for radioactivity.
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TABLE IIl: Variation or lebcylffHNA ispaccepting species
: in germinating pea cotyledons and esed pods.

———__—_————_-—————‘—_—_—_—__—_
Relative amount of leucyl-tﬁﬂﬁ

Source ofr Sgurce ot acylation of each peak (Parcent
Enzyme tRNA total) '
1 2 3 4

Cotflédqns Cotyledons ‘
5 days S days 32.0 57.U 5.0 6.0

Seed Pods 87.U 13,0 0.0 0.0

Seed Pods Cotyledans
5 days 3U.0 62,0 3,2 4,8

a

Seed Pods 79,5 20,5 0.0 0.0

tRNA was acylated 1n a 2 ml reaction mixture with
\3H-lauc1ne and enzyme from DEAE-cellulosse column, and
fractionated on a Plaskon column. The amount of radio-
activity in peaks 1, 2, 3 and 4 was summed and exprasséd

as percent of total counts.
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area obtained and the ralatxve amounts

apaciea of tRNAl

ot lau-tRNA 1 and 2 are 87% and 13% raapeptzvely. Thas
" shows that the pode are deticient in lau-tRNA3 and leu-
tRNA4 indlcating tRNAs as the limiting factor., Figure 1l

shows the elution profile of leu-tRNA species in cotyledans

charged with.synthetase from seed pods. The sead pod

enzyme charges all the four tRNA species of five day old
copyledons'and the relative amounta'bf these four tRNA
spscles are 0%, 62%, 3.2% and 4.8% respectively. This

clearly shows that seed paduenzymé is capaﬁIﬁ ot charg-

ing species J arid’ 4 of tRNA from cotyledons.

Data summarized in Table III clearly shows the

difrerence in proportions ot the tour tRNA isoacceptor

species 1n cotyledons and seed pods. Seed pods contain

|

- RN
80% ot tR Al , 0 | B

ot enzyme,-whereas cotyledons contain 32% of tRNAl, 57%

of tRNAZ, and 5% at tRNA3,'and 6% of tRNAa. These

. results suggest that pea pods have only two species at

. tRNA an&%EPre important that there is a higher proportion

ot tRNAl.

Transter RNA Specificity of Individyal Enzyme Fractlon

Previous reports (44) have shown that RPC-2 (Freon)

column chromatography ot tRNAs amino acylated by individ-

ual leucyl-tRNA synthetase from HA column indicates

. lau
that snzyme peak 1 was specitic ftor tHNASanda

and 20% ot tRNA_ regardless ot the source

and peak 2

K;\
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FICURE 12

Plaskon calumn chromatography oflcotyledon 3H-
ljeu—~-tRNAs produced by acylation with leucyl-tRNA
synthetase peak 1 from pea cotyledons., Five day

_old cotyledon tRNA (0.2 mg) was aminoacylated

using enzyme peak 1 obtained Fram hydroxyla-
patite column chromatography, a F fractionated

on a 2.5 by 30 cm plaskon column, using a linear -i
. gradient of 0.4=0.9 M Nall in buff®r B Ten ml

fractions were collected and assayed for radio-
activity.
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'FIGURE 13

Plaskon column chromatography of cotyledon =
lgu~-tRNAs produced by acylation with leucyl—-tRNA
synthetase peak 2 from pea cotyledans. Five day
old cotyledon tRNA (0.2 mg) was aminoacylated
using enzyme peak 2 obtained from hydroxylapatite

~column chromatography, and fractionated on a 2.5

x 30 cm plaskon column using a linear gradient of
0.4-0.9 M NaCl in buffer B. Ten ml fractions
were collected and assayed for radioactivity.
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FIGURE 14

“Plaskon column chromatography of seed pod 3H-
leu~tRNAs produced by acylation with leucyl-tRNA
synthetase peak 1 from seed pods. Seed pod. tRNA .«
(0.2 mg) was aminoacylated using enzyme peak 1
obtained fram hydroxylapatite .column chromato-
graphy and fractionated on a 2,5 x 30 cm plaskon
column, using a linear gradient of 0.4-0.9 M

NaCl in buffer B. Ten ml fractions were collected
and asbayed for radioactivity.
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‘Figurells -

Plaskon column chromatography of seed pod 3H-
leu—~tRNAs produced by acylation with leucyl-tRNA
synthetase peak 2 from seed pods. 3eed pod tRNA
(0.2 mg) was aminoacylated using enzyme peak 2
obtained from hydroxylapatite column chromato-
graphy and fractionated on a 2.5 X 30 cm plaskon
column, using a linear gradient of 0.4-0.9 M

NaCl in buffer B, Ten ml fractions were collected
and assayed for radipactivity.
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laﬁ o o
was BchlTlC tor tRNAl d2' Contrarﬁ‘to the above results
an .

anzyme paak l from cotyladuns acylates all fnur 1snaccept—

-

ing species ot tRNAs trom cotyledons, but there 18 an .

increase 1n acylatlon ot peak 3 and peak 4 tRNAs and a
decrease in acylatlon ot peaks 1 and 2. The % acylation
of tRNAs 1, 25 3 and 4 is 28%, 45%, 15% and 12% (Figure
12). _ ‘
Figure lﬁ shows the elutaon prorile or 3H-lau-tRNA
species of cotyledons charged with synthetase peak 2 ot

o The%

cotyledons. Synthetase peak‘z‘acylates mag nly tRNAs 1
and 2 with minor acylatlcm of tRNAs 3 ari

‘acylation ot tRNAs 1, 2, 3 and 4 is 32.6%, 59%, 3. 5% and

4.9% respectively.
The above results indicate that. there 1s an increasse

’ lsu :
in acylation of tRNA3and4 when cotyledon tRNA is acylated

'mith_synthatase pggk 1 From,cotyledohs as compared to

and4.USlng synthetasehpeak 2.

Mhen\bod enzyme.peaks 1 and 2 from HA column are used tor.

~—— P

acylation ot pod tRNA and subseguent separation on RPC-5

columns, no prefarentlal specitaicity for 'tRNAs 1s \

obserued (Figures, 14 and 15). Both enzyme peaks are

lsu

. .0 titatiyv
capable or acylating only tRNAland2 n a guanti atlvqleu

basis 75-78% act1u1ty'expressgd as cpm is tound in tRNA,
-- . 1 B .
and 22-25% activity in tRNA, - '

‘A
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DISCUSSION

eitTasem gy

The purpose of this inuestigation was to stu

the leFerences, if any, in the multlple forms of

synthetases and 1soaccept1ng tRNAs in ‘two stages of pe
development; i. e. the pod stage and the germlnatlng
stage, A sscond objective was to partially purle and

- further éharacteiize the synthetases for possible presaence
of subspecie;. It is well documented that with the onset
of seed germination, numerous‘biochemical changes occur.

. Some of thesé-changes, like the increase iA activity of
5pec1ﬁlc enzymes, suggest that these changes are directly
related to protELn synthesis. It 1s “also well established
that transfer RNA servesg as a functional llng_between the
ganetlc information encoded in the messenger RNA and protein
synthesis. Therefore, spac1flc changes in tRNA populatlon
have obvious implication for the regulation of cellular
gvents during diFFeqéntiation and deﬁélophant. Many
workers have suggested the possibility of fagulétion of _'
proﬁein,synthgsis at the translatibqal'leuél (34, 35, 37).

. Thus rate-limiting quantitises Df'tRNAsugnd/or synthetases

can be the Factors regulating the rate of messenger RNA
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Results prsaénted here show changes:in amounts of
isoaccepting léhcyl-tRNAs and multiple Formé of synthetaéaa
-Hatwean seed pods, a stage in pea deuelnpment before
germlnatlon and -the cotyledons, a stage after germinatlon.
‘Paa pods contain only two isoaccepting species of lsucyl=-
tRNA, in contrast to pea cotyledons which contain four

lseu

leucyl- tRNA species. In pods, the amount of tRNAy- is
le :
79.5% and tRNA, ®Y is 20.5%. Péa cotyledons, however,

cantain four isoaccepting species of leucyl-tRNAs.: From
this one can conclude that with the onset of germination
two new tRNAs ampear in the cotyledons, Further, if one

ggnsiders the relative amoﬁnts of these four @RNAS, it is -

‘ cleu- T leu
observed that tRNA] ~ decreases to 32%, while tRNA,

. 1 lau
increases up &0 57%; the two nam'species tRNASBu and tRNA4

amount to 5% and 6%. ‘
RPC-5 chromaﬁography of radioactivity labelled

tyrosyl, aspartyl, asparaginyi, and histidyl tRNAs from

developmantal stages of wild type Drosqg;;la melanug ster

has revealed qualltatlue and quantitative changes in thelr
ma jor. isoaccepting forms-(&Z). These autHors attrlbute'
these differanceé to post trahscriptional modification of
the same tRNA gsene pfaducts (43). They propose a term
\$homdgenaic" to describe tRNAs having the same sequence
rand presumably products af the same gene but which are
chromatographically distinct because of d!FFereAgxaegrees

T s
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of post tranacriptional modiFicaQ&on. It is.wall

eatablished that there are tRNA modifying enzymes like
tRNA methylases whlch modify tRNAs after the three

" dimensional structure of tRNA is already formed (16, 43).

Therefore it is tempting to bropose here, that with

germmnatlon there is post transcriptional modifichtion

”Qr tRNAi eu leading to observed changes (decrease or

incrigia) in tRNAii:, sspaqially with the appaarance'gf
tRNA3a 4’ Further, all these isoaccepting tRNAs have the
p0351b111ty of being "homogeneic®. . It should be poirfted
out hfre that in the absence of any copclusiue gvidence

to the above suggastlon, this hypothesis is speculative,

Partlal purlflcatlnn procedures for laucyl—tRNA

syhthetgse enzyme peak 2 from HA column resulted in 358
fold purification in psa cotyledons. 1t should bq-p01nted
out that at each step of purificatidn the percent recovery .
is greater than 100 (Table I). Since c;ude plant extracts
contaln phenolic compounds which can inactivate uarioué
enzymes through blndlng and ox1dat10n, the unusual. hlgh
tecnuery at sach pqrificatlon step could be explalned if
‘it could be accepted that inhibitor{s) are being removed
From the extracts in these steps. Previous work lﬂ this

laborattory shows that 1aucyl tRNA synthgtase from soybean

cotyledons and pods can be fractionated 1nto three peaks‘
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of activity. Furthefmore, differenceé in Specificitieé
of enzyme peak 1 from theae two systems tuwards their
‘cognate tRNAa were observed (33). Laucyl ~t RNA synthetasa
‘From pea system on the other hand fractionates in two '
“peaks of act1u1ty on HA column chromatography, which is
in agreement with the results obtained by WUright st al (45).
In germinating cotyledons, anzyme peak 2 of leuc&l—tRNA
synthetlse is the dominant subspecies, ﬁhsreas in the seed
~ pods, enzyme peak 1 i's .the major subspecies. Similar

sults were obtalnad by Wright et al (44) for .pea cotyledons;
According to them enzyme peak 1 is chloroplastic in origin
whila‘éniyme peak 2 is cytoplasmic in origin. However’
their findings in the pea system and the work so far repor-
ted for the soybean system‘(ZS, 33) is contrary to the
results oﬁféined in this work, particuldrly in the area of
the specificity. of these two enzyme peaks and their
acylating capacities. Enzyme peak 1 and 2 from pea coty«
iedans pods did not show any difference in their quc;F;c1py
toward leucyl-tRNA species. Both enzyme peak l-and 2
from cotyledons acylate all four leucyl—tRNA species. in
Ca homologous system, ‘Samilérly'pod tRNA which has™ only
tRNAi::dz is equallyracylatad'by enzyme peaks 1 and 2 in

a homologous system. It is dif ficult at this stagse to

provide any additional prdof to resoclve this controversy,
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except that it is possible tq'have had some cross con-

tamination in enzyme-peak 1 and 2 even after HA column

purification., Only further work could provide additional .

clarification.

Aminoacylation of peak 1 and peak 2 enzyme fraction

]

from cotyledons with twelve different amino acids reveals

that there is less than. 3% acylation of other aminec acids
with respect to leucine. Therefore enzyme peaks 1 and 2
are enzymatiqally pure fractions, free of the other
gleven synthetases studied. However, this purification
of leucyl-tRNA synthetase, from the Foreéq%ng observation
does not preclude the pdssibility of cross contamination
between gnzyme peaks 1 and 2 from HA column.

In addition to £he aboﬁe,.some preliminary attempts

wera made to characterize these enzymes by isoelectric

focusing, polyécrylamidgfg;gc*gal‘ﬁlﬁpizﬂphﬂpesis~and

-

sedimentation velocity analysis, by analytical ultra-
centrifuge. It should be emphasised that anly enzyme
peak 2, .being the.major enzyme in the cotyledons, was

‘used in these studies, 0On the basis 0? isoelectric

focusing, thrée_subspacies with pl values 6.9, 5.3 and 4.4

were observed for enzyms peak 2., To date no other work
in this area has been reported, in plant synthetases'

part;cglarly.;n pea or soybean system., Therefore, no

‘.
~

-

N
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definite conclusions could be drawn at this time.
~t
Similarly, & preliminary observation on polyaqrylaf

mide dlBC gel alectrophoresls of anzyma peak 2 indicates

- three protaln bands. This obsaruatlon in addition to

the dafa .obtained from ig slectric focusing su ests
>-gata 50 g sugg

that the enzyme peak 2 from pea cqtyledons is heterogennus,'

comprising of three isocenzymes. Again it is dlfflcult to -
draw any compafisons or conclusions from the éuai%abla
literature. - | |
Sedimentation velocity anélysis of enzyme peak 2
resulted in a S value of 6.63, which indicates that
the subspecies obtained by isoelectric focusing or disc
gel glectrophoresis are approximate%y'equal in their
molecular weights. Cadtion is necessary here,-because‘- s'

-

thls result is from a single experlmant only.

Further work involving addltlonal purlflcatlon and

L

- —
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SUMMARY
Leucine specific tRNﬂgij germinating pea Eotylégaﬁs
fractionate into trouf isoacceptfﬁg speciaés on RPC-5
chromatography, whereas those of‘saedlpqu tractionate
inﬁo'two'lsoaccepting species.
The decrease of tRNA species 1, which 1s acc&mpanledi

by the increasa ‘ot species 2 and the appearance of

spscies 3 and 4 during germination may be as a result

of post-transcriptional moditication aof tRNAl

‘IZURtRNA synthetase slutes 1n one peak ot activity rrom

LY

DEAE cellulose chromatography.
Hydroxylapatite column chromatography of leucyl-tRNA
synthetase from germlnéilng cotyladons and pods
results 1in two paaks of act1u1ty.

Pea cotyladons are found to contaln prsdomlnantly

enzymg peak ‘2 whereas pea pods are tound to ‘contain

*

Enzyma peak 1 and peak 2 from cotyledons and pods do
not show much difference in their specmF1c1ty towazi

1soaccept1ng tRNAs,

2

Enzyme peak 1 and peak 2 from cotyledons are enzym-

atically pure with respBFt to eleven other aminoacyl

synthetases. .

"

Isoelec%;:é focusing and polyacrylamide gel slectro-

ﬁhor851s of enzyme peak 2 from cotyledons sugges:y//}
mes.

\
that peak 2 synthetase 1s made up or three isoen
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