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Merthiolate, when incubated  with the enzyme, resulted in losses of enzymatic  act lvl ty  
(Fig 3) The reaction of Merthiolate with the ealzyme reaches equlhbr lum after IO rain 
Thus, it would appear tha t  Merthiolate dissociates the enzyme Into subunl ts ,  and that  
the subumts  are not  active 

i mole of thlosahcylate (RSH) is formed when I mole of Merthiolate ( R - S - H g  
Et) reacts with a protein sul ihydryl  group The reaction follows the course shown in 
Eqn  I 

R-S-Hg-Et + enzyme-SH-+ IRSH -4- (subumt(s)) S Hg-Et (i) 

Reversal of this reaction by  sulfhydryl groups would be predicted To test  this possl- 
blhty,  excess dl thlothrel tol  was added after pre lncubat lon  of the enzyme with Mer- 
thiolate 

The da ta  In Table I and  Fig 4 indicate tha t  the reaction of succlnyl-CoA syn- 
thetase with Merthiolate was reversible The subunl ts  reassoclated to an active form 
(Table I) tha t  was serologlcally similar to the na t ive  enzyme (Fig 4) The fact tha t  
full act ivi ty  was not  restored may  simply indicate tha t  the rate of reaggregatlon was 
very  slow under  the condit ions employed 

The effect of Merthiolate on succlnyl-CoA synthetase  may  be similar to tha t  of 
p-mercur lbenzoate  I t  has been observed tha t  p-mercur lbenzoate  dissociates the 
phosphorylated form of the enzyme into phosphorylated and nonphosphoryla ted  
subumts  5, al though details describing this finding are not  yet  at hand  I t  is impor tan t  
now to estabhsh whether the Merthiolate subunl t  of tool wt 7 ° ooo is un ique  or IS a 
dlmer of subunl t s  of tool wt 35 ooo, and it will be of Interest to determine which of 
these subunl ts  is (are) phosphorylated 
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Preparation of aminoacyl synthetases from higher plants* 

Although the preparat ions of mixed amlnoacyl  synthetases (amino acid t R N A  
hgases (AMP)) from bacter ia  I and  individual  synthetases from yeast and  from animal  

* Technical Paper No 2604 from the Oregon State University Agricultural Experiment 
Station 
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tissues 2 have been well documented, the corresponding enzymes from plants have 
been much less widely studied The literature contains references to the demonstration 
of synthetase activity m tomato seedling roots s, pea eplcotyls *, maize 5 and wheat 
germ tissues 6 Detailed studies of plant synthetases are, however, rare and optimal 
procedures for their isolation have yet to be established 

In our hands, the well-estabhshed procedures for the Isolation of bacterial 
enzymes failed when applied without modification to plant tissue This paper de- 
scribes the modifications necessary to prepare active synthetases from pea roots 
Some properties of the enzymes are described 

Enzyme extractwn Alaska peas (P, sum sat,rum vat Alaska) were sterlhzed and 
germinated at 25 ° and lOO% relative humidity for 48 h The roots were removed 
by a procedure developed in this laboratory (R O MORRIS, personal communication) 
for the bulk isolation of seedling roots and were frozen in hquld nitrogen The frozen 
roots were powdered under hquld nitrogen and were suspended m a slurry of poly- 
vlnylpolypyrrohdone (Polyclar AT, General Anlhne and Film Corp) In a buffer 
containing IO mM Trls chloride (pH 7 4), 5 mM MgC12, I mM reduced glutathione 
and glycerol (IO%, v/v) Optimum conditions for preparation resulted when ratios 
were observed equivalent to I g of tissue suspended In I 5 ml of buffer containing 
o i g polyvlnylpolypyrrohdone, which had been previously equilibrated overnight 
with buffer 

All subsequent operations were carried out at 2 ° IO mm after mixing, the slurry 
was filtered through bolting silk and was clarified by centrifugatlon at 20 ooo × g 
for IO mm The absorbance of the supernatant was measured at 260 nm, and prota- 
mine sulfate (Eli Lilly and Co ) was added to a level of 5 #g /A~  onm unit After IO mm 
the precipitate was removed by centrlfugatlon at 27 ooo × g for IO mIn The solution 
at this point was designated the crude supernatant 

Solid (NH4)2SO 4 was added to 80% satn ,  and the precipitate was resuspended 
in the minimum volume of homogenization buffer from which Mg 2+ had been omitted 
I t  was then dialyzed against an excess of Mg~+-free buffer for 30 rain Solid KC1 was 
added to a concentration of o 15 M 

DEAE-cellulose chromatography The solution was applied to a column of 
DEAE-cellulose (2 5 cm × IO cm) which had been equilibrated with Mg~+-free buffer 
containing o 15 M KC1 Upon elutlon with the same buffer, synthetase activity 
appeared m the void volume together with the bulk of the protein apphed to the 
column Prior to this point synthetase activity was highly variable It  was only after 
eluhon from DEAE-cellulose that stable high levels were seen 

Exclus,on chromatography The column eluate was brought to 80% satn with 
satd (NH4)2SO 4 solutlon (pH 7 o), and the precipitate was dissolved in a small 
volume of extraction buffer It  was then subjected to chromatography on a column 
of polyacrylamide (BIo-Gel P-I5O, 2 5 cm × 35 cm) Synthetase activity eluted m 
the void volume and was concentrated by precipitation with (NH4)~SO 4 to 80% 
satn as before. 

tRNA was prepared from the root tissue by a modification of the procedure of 
VON EHRENSTEIN ? It  was stored frozen at - -7  °° 

Amino acid attachment was measured by an assay containing the following 
components In a final volume of o 2 ml TrIs chloride, pH 7 4 (20 #moles), MgC12 
(2#moles), ATP (o 2/~mole), GSH (o 8/~mole), E14Clammo acid (I o#C, specific 
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act iv i ty  IOO-5OO mC/mmole), t R N A  ( I  A260 nm unit)  and  enzyme (50 #g) The mixture  
was incubated  at 3 °0 for 15 rain, and the reaction was te rmina ted  with an equal 
volume of me-cold trlchloroacetlc acid solution (4o%, w/v) After s tanding at o ° for 
IO rain, the precipitate was collected by  filtration on a Schleicher and  Schuell B6 
membrane  filter, was washed with cold trmhloroacetic acid (5%, w/v) and  then was 
dried at 80 ° Radioact iv i ty  was determined by  the use of a Tr i ton X- ioo - to luene  
system s and  a Packard Trl-Carb scint i l lat ion counter  

Where necessary, protein was measured by  applying the procedure of LOWRY 
et al to protein which had been precipi tated with trlchloroacetlc acid 

T ~-BLE I 

P U R I F I C A T I O N  OF A M I N O A C Y L  S Y N T H E T A S E S  

Determined by measurement of Ieucme acceptor actlvaty, enzyme hmltmg A unit of enzyme 
activity m the assay results in the production of i pmole leucyl-tRNA m 15 mm at 3 °0 All 
hgures were corrected by control assays (m*nus added tRNA) 

Fraction l'ol A 2so nm Total Total Specific 
(ml) protetn act~mty actw~ty 

A26o nm (rag) (umts) (umts/mg) 

Crude homogenate 52 o 6o 81 167o 2o 6 
After protamme 45 o 57 53 lO7O 2o I 
After (NH4)2SO 4 9 5 i o 4 17 6 162o 92 i 
Eluate from DEAE-cellulose 3 i z 7 15 3 18oo 118 
Eluate from P-iSo i i 60 5 i 480 94 3 

The ab lh ty  of various stages of the enzyme preparat ion to at tach leucme to 
pea root tRNA is outl ined in Table I In  the early stages of purification, individual  
preparat ions differed widely an their total  ac t iv i ty  and  in their dependence upon 
added tRNA In  some cases, ac t iv i ty  was mslgmficant prior to DEAE-cellulose 
chromatography Subsequent  to chromatography,  however, there was a marked 
increase an the A2s 0 nm/A260 nm ratio, and  individual  preparat ions showed uniform 
high ac t iv i ty  together with dependence upon added t R N A  

Chromatography on P-I5O gave a further  increase in the A2s 0 nm/A260 nm ratio 
and usual ly In the specific ac t iv i ty  of the preparat ion The malor  consequence of 
P-I5O chromatography was, however, to impar t  dependence upon ATP Prior to thl~ 
pomt,  preparat ions were capable of catalyzing significant amounts  of acylat lon in 
the absence of added ATP  Presumably  endogenous A TP  was being carried through 
the previous stages Trea tment  with P-I5O not  only el iminated the endogenous 
ac t iv i ty  bu t  also mater ial ly  reduced the rlbonuclease ac t iv i ty  present Assuming 
small loss between the original homogenate and the crude superna tant ,  the total  
purification was of the order of 4-fold in terms of specific ac t iv i ty  

The best preparat ions catalyzed the a t t achmen t  of about  9 6 pmole~ of leuclne 
per A260 nm uni t  of t R N A  during I5 -mm incubat ion  at 3 °0 This may  be compared 
with a value of 16o pmole~ for the corresponding Eschemchm coh system 7, 14 pmoles 
for the myeloblast  enzyme (J W CARNEGIE AND G S BEAUDREAU, personal coin- 
mumcatxon) and 4 ° pmoles for the maize enzyme S 

I t  wa~ found tha t  the presence of glycerol and  the use of hqmd ni t rogen during 
the ini t ial  steps of tissue homogenizat ion were both  manda to ry  for success No 
act iv i ty  was observed when glycerol was omit ted  I Disrupt ion of the tissue with a 
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homogemzer at o ° gave only a fraction of the activRy obtained by  the use of liquid 
nitrogen Polyvmylpolypyrrohdone was not essential m the preparation, but it 
improved the A 38o nm/A eeo nm ratio of the final product and gave a slight enhancement 
of activity, presumably by  the adsorption of polyphenols 9 The enzyme was stable 
after elution from P-I5O (but not before) and could be maintained at - -7  °0 for 
3 weeks without appreciable loss of activity 

T A B L E  I I  

SPECIFICITY OF ACYLATION BY THE PEA ROOT ENZYMES 

Assays  were pe r fo rmed  as descr ibed in  the  t e x t  Acy la t lon  is expressed  as pmoles  amino  acid 
a t t a c h e d  to  i nmole  t R N A  in 15 m m  a t  3 °0 

Amzno acid Acylat~on Amzno acid Acylatzon 
(pmoles) (pmoles) 

Alanme  I 96 Lys lne  5 84 
Arglnlne  7 62 Meth lonme  4 31 
Aspartxc acid I o8 P h e n y l a l a n l n e  o 837 
Glu t amlc  acid o 604 Prohne  o o99 
Glyclne  I 85 Serme 2 61 
Hls t ld lne  I o 3 Threomne  i 48 
Isoleuclne  4 51 Tyros lne  I 52 
Leucme 7 92 Vahne  2 o 3 

Chromatography of the deprotelmzed, dialyzed reaction mixtures upon benzoy- 
lated DEAE-cellulose 1° and Freon reverse phase columns n revealed that  at least 
70% of the acld-preclpltable radioactivity was attached to specific tRNA fractions. 
As shown in Table II ,  the preparation was able to at tach all amino acids tested with 
the exception of prohne 

We wish to thank Mrs Judi th Kasperek for her assistance in the preparation 
of the enzyme and the W K Brotherton Seed Co for generously donating peas 
This work was supported m part  by  a grant from the Herman Frasch Foundation 

Department of Agmcultural Chem,stry, 
Oregon State Unwers,ty, Corvalhs, 
Oreg (U.S.A ) 

PETER C. SCOTT 
ROY O MORRIS 

I K H ~{UENCH AND 1:) BERG, In G L CANTONI AND D R DAVIS, Procedures zn Nuclezc Acid 
Research, H a r p e r  and  Row, New York,  1966, p 375 

2 G D NOVELLI, Ann Rev Bwchem, 36 (1967)449 
3 M M ATTWOOD AND E C COCKING, B*ochem J ,  96 (1965) 616 
4 M I H CHIPCHASE AND M L BIRNSTIEL, Proc Natl Acad Sc, U S ,  49 (1963) 692 
5 1R J MANS, C M PURCELL AND G D NOVELLI, J Bwl  Chem, 239 (1964) 1762 
6 B S MOLD AND P S SYPHERD, Proc Natl Acad Scz U S ,  59 (1968) 453 
7 G MON EHRENSTEIN, in  S P COLOWICK AND N O KAPLAN, Methods *n Enzymology, Vol. 12, 

P a r t  A, Academic  Press,  New York,  1967, p 588 
8 M S PATTERSON AND l:{ C GREENE, Anal Chem, 37 (1965) 854 
9 W D LOOMIS AND J BATTAILE, Phytochemzstry, 5 (1966) 423 

1o I GILLAM, S MILLWARD, D BLEW, M MON TIGERSTROM, E WIMMER AND G M TENNER, 
Bzochemzstry, 6 (1967) 3043 

11 J F W E i s s  AND A D KELMERS, B2ochem,stry, 6 (1967) 2507 

Received May 5th, 1969 

B,oeh~m Bzophys Acta, 185 (1969) 474-477 


