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Abstract-Partially purified preparations of Phe- and Tyr-tRNA synthetases were obtained from seed or seed- 
lings of Phaseolus aureus, Delonix regia and Caesalpinia tinctoria, and the ability of a variety of structural analo- 
gues of Phe or Tyr to act as alternative substrates or inhibitors was tested. 3-Hydroxymethylphenylalanine, a 
natural product of C. tinctoriu, formed a particularly effective substrate for the Tyr-tRNA synthetase from 
P. aureus. The structural features commensurate with substrate activity in an analogue molecule are discussed. 

INTRODUCTlON 

Phe- and Tyr-tRNA synthetases have been iso- 
lated from microbial [I-S], animal [9-121 and 
plant sources [13-l 51. The .general properties of 
the plant enzymes, especially their substrate speci- 
ficities, have been studied using preparations from 
P. aureus [ 133. Leucaenu leucocephala [ 131, and 
Aesculus spp. [ 14,151. Phe-tRNA synthetases from 
various plant sources have been found to be less 
exacting in their amino acid substrate require- 
ments than the corresponding Tyr-tRNA syntheta- 
ses [ 13,151; similar reports exist for some micro- 
bial systems [3,5,6]. The most detailed work with 
Phe-tRNA synthetase utilized an enzyme prep- 
aration from A. hippocustunum seed, and the in- 
fluence on substrate activity was determined of (1) 
modifications in the side-chain, (2) substitutions on 
the phenyl ring. (3) replacement of phenyl by 
various heterocyclic ring systems, and (4) replace- 
ment of phenyl by unsaturated aliphatic branched- 
chain residues. Ring substitution by small non- 
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ionizable atoms or groups was possible with reten- 
tion of some substrate activity, and various alter- 
native ring systems including the thienyl, pyridinyl 
and pyrazolyl groups were compatible with acti- 
vity. 2-Amino-4-methylhex-Cenoic acid (R. 
alanine where R = MeCH=C(Mek) also formed 
an excellent substrate. However few alterations of 
the alanine side chain were possible with retention 
of activity: compounds with either CZ or C, side 
chains showed no substrate activity. 

More recently we have had an opportunity to 
assess the possible substrate role of a further range 
of compounds showing structural affinities to 
either phenylalanine or tyrosine. Two of the com- 
pounds, 3-hydroxymethylphenylalanine (1) and 4- 
hydroxy-3-hydroxymethylphenylalanine (2), are 
natural products isolated from seed of Carsulpiniu 
tinctoriu [16], and the comparison of enzymes 
from different plant sources has been extended to 
include preparations of Phe- and Tyr-tRNA syn- 
thetases from this legume species. 

RESULTS AND DISCUSSION 

The compounds now tested as possible sub- 
strates for the two types of enzyme are illustrated. 
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CH,CH(NH,)C02H CH,CH(NH.NH$O,H CH,CH(ONH,)CO$i 

CH20H 
(l)R=H (3) (4) 

(2) R=OH 

1 and 2 arc ring-substituted phenylalanines, in 
which the larger hydroxymethyl group replaces a 
proton on the ring C-3 atom. Compounds 3 and 
4 (x-hydrwino- and r-aminoxy-[&phenylpropionic 
acids. respectively) have larger basic groups replac- 
ing the normal y-amino group of phenylalanino. 
whilst in compound 5 a negatively charged tctra- 
zolc residue replaces the carboxyl group. The in- 
danes. 6 and 7. contain the essential features of 
phenylalaninc and tyrosine respectively. but the 
functional amino and carboxyl groups are con- 
strained in position by the additional mcthylene 
group bridging the normal x-carbon atom to the 
phcnyl ring. 

The activation of compounds 1 and 2 was tested 
in systems containing preparations of Phe-tNA 
sqnthetase from c’. rincto~icr and P. uu~w~.s 
(obtained by method A, see Experimental) and also 
with Tyr-rRNA synthetase from the same specks 

(again from P. ~I~~w~L~ by method A). The results 
are shown in Table 1 : substrate activities, mea- 
sured by the .4TP~ “‘PPi cxchangc method, are 

rcportcd for the two analogues as percentages of 
the rates of activation determined for the normal 
substrates. phcnylalaninc and tyrosine. The data 

(6) R=H 
(7) R=OH 

present certain unusual features, cspccially the 
conclusion that Phe-tRNA sgnthetase from C’. 
~ir~ctwiu accepts both 1 and 2 as substrates more 
readily than the comparable ew>mc from P. 
UUI’~IIS: this finding contrasts with the more usual 

observation that synthctases generally either do 
not activate. or acti\att’ rclativelq incfficientl~. 
analoguc amino acids that arc constituents of the 
species yielding the enzyme preparation. The slight 
activation of tyrosine b> Phc-tRNA synthctase 
frorn C’wsrr//~ir~iu might represen( some residual 
contaminalion b? Tyr-[RNA s!nthetase (although 
the latter enryme was unstable during the pro- 
longed dialysis included in the fractionation 
schcmc), but the activations of 1 and 2 cannot be 
ascribed to similar contnmination. The parGall\ 
purified Tyr-(RNA s~lltlletase preparations 
showed no aflinitl, for 2. but I was nctivatcd 1~4 
enzyme froill both ~hsrd~r.s and ~‘rw,srr~[~ir~ic~ 

especially efficiently by, the Ibrmer. Molccuinr 
models show that the hydroxql-proton of the 3- 
hydroxymethyl group of I can attain a position. 
relative to the remainder of the molecule. almost 
identical to that of the phenoiic-H of tyrosinc. Pre- 
sumably, the proton of tyrosine becomes invol\cd 
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in transient ligand bonding at the active site of 
Tyr-tRNA synthetase during activation, and the 
stereochemical disposition of the 3-hydroxymethyl 
may permit similar bonding through its hydroxyl- 
H atom, although in other circumstances the beha- 
viour of alipha4ic and aromatic hydroxyls appear 
very different. 

Compounds 3-6 were tested as possible sub- 
strates or inhibitors of Phe-tRNA synthetase from 
P. aureus (obtained by method B). cc-Hydrazino-fi- 
phenylpropionic acid (3) alone among this group, 
exhibited some substrate activity, being activated 
(at enzyme-saturating concentrations) at 15% of 
the rate measured with phenylalanine. K, values 
for the normal substrate and the analogue were 
calculatedat 16 x 10-j M and -7 x 10e4M, re- 
spectively. Slight competition between the two 
compounds for binding at the enzyme’s active site 

was suggested by rate measurements: the rates of 
ATP-32PPi exchange in the presence of a mixture 

of the analogue (40 mM) and phenylalanine 
(0.125 mM) was only 98% of that determined with 
phenylalanine alone. Although the tetrazole deri- 
vative of phenylalanine (5) did not behave as a sub- 
strate, it showed inhibitory activity and exhibited 
a Ki value of 3 x lop3 M for the Phe-synthetase 
from P. UUI’PUS. A similar value (2.3 x 10e3 M) was 
measured for an enzyme preparation from D. 
reyiu [16], which had K,(phe) 6.1 x 10e6 M. The 
tetrazole derivative of phenylalanine also acted as 
a weak inhibitor of a Tyr-tRNA synthetase prep- 
aration from P. uureus, having a Ki value of 5 x 
lop2 M [K,(tyr) = 8 x lop5 M]. 

. The observation that an x-hydrazino group can 
replace the r-amino group of phenylalanine with 
retention of some substrate potential indicates that 
its slightly increased size and basicity still permit 

the adjacent carboxyl group to attain an 
orientation in which activation is possible by bind- 
ing to the a-phosphate group of ATP. By contrast, 
substitution by an even larger, but less basic Z- 
aminoxy group leads to a compound (4) showing 
no affinity for the Phe-tRNA synthetase. The 
reduced basicity may be the more important factor 
in preventing the cdrboxyl group attaining the 
required conformation for binding. The con- 
straints imposed upon both the amino and car- 
boxy1 groups by the bridging methylene in the in- 
dane derivative (6) also lead, not unexpectedly, to 
complete loss of affinity for the enzyme. 

2-Amino-2-carboxy-6-hydroxyindane (7) was 
tested as a possible substrate for the Tyr-tRNA 
synthetase prepared from P. UUWAS (see above): the 
hydroxy groups in 7 and in tyrosine exhibit a simi- 
lar stereochemical relationship to the remainder of 
their respective molecules. The Tyr-synthetase has 
a K,(tyr) of approx. 8 x lo- ’ M; 7 exhibited some 
substrate activity, with Vmaxequal to 15% of that 
determined for tyrosine and K, _ 10m3 M. 
Obviously, the constraints imposed on the posi- 
tioning of the carboxyl group are less restrictive for 

the binding of indane derivatives to the Tyr- 
enzyme than to the Phe-synthetase. Certain other 
evidence suggests that carboxyl group orientation 
may not be a critical factor for the formation of 
tyr-adenylate: for instance, the bacterial enzyme 
can activate D-tyr as well as the L-isomer [ 171. 

The studies with these additional analogues 
have extended the range of possible substitutions 
within the phenylalanine or tyrosine molecule 
known to be still compatible with the retention of 
some affinity for the corresponding aminoacyl- 
tRNA synthetases. The results then provide further 
support for the idea that the specificity of these two 
enzymes, for at least the amino acid substrate, is 
less rigorous than that of most other synthetases. 

EXPERIMENTAL 

Plant materials. Seeds of P. awru.s were purchased from the 
Bombay Emporium, London. D. rrgiu seed was the gift of Prof. 
L. B. Thrower (Hong Kong) and C. tinctoricr was kindly pro- 
vided by Dr. E. Bornemisza (Lima. Peru). 

Amino ucid analouur.s. 3-Hvdroxvmethvlphenvlalanine (I) 
and 4-hydroxy-3-hydroxymethylphenylalanine (2) are natural 
oroducts isolated from seed of C. tinctoria flS1. n-Hvdrazino-8- 
phenylpyruvic acid (3), r-aminoxy-p-pheny?py>uvic acid (4) and 
the tetraz’ole analogue of phenylalanine (5) were gifts of Dr. J. 
S. Morley (ICI Pharmaceutical Division, Macclesfield, Ches- 
hire). The two aminoindane carboxylic acids (6 and 7) were gifts 
of Dr. R. M. Pinder (Porton Down, Salisbury, Wilts.). Com- 
pounds 1 and 2 were L-isomers, whilst 37 were oL-racemates. 

Radiosotopir chcvnicrrls. 3LP-Pyrophosphate was prepared as 
previously described 1193 to give a product of sp. act. 0.3-0.5 
iuCi!umol. 

D&rnrination ofprotein. During enzyme fractionations. pro- 
tein was determined bv the Lowrv method f20] or from extinc- 
tion values measured at 260 and 28Onm [21] with bovine 
serum albumin as a standard. 

Fractiomtion of arnimacyl-tR,VA syntkefasrs. (i) Enzymes 
from P. auwus. Seed meal was used as a source of enzymes. In 
method A, the meal (20~) was extracted by grinding with 
200 ml of extractant buffer (containing 0.2 M Tris-HCI. pH 8.0. 
I5”/;, (w/v) glycerol, 20 mM MgCI, and 25 mM mercaptoeth- 
anol). The clarified extract was subjected to (NH&SO, frac- 
tionation; the 65-754, saturation cut was retained for further 
purification of the Phe- and Tyr-synthetases. Phe-synthetase 
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was obtained by applying the redissolved (NH&SO, ppt. (now 
in 0.05 M Tris-HCI buffer) after dialysis to a DEAE-cellulose 
column, equilibrated in 0.02 M buffer. The column was eluted 
with 0.02 M buffer containing an increasing gradient of KC1 
concns. The .3 fractions having high Phe-tRNA synthetase acti- 
vity were pooled and used in the activation experiments. Tyr- 
synthetasc wab unstable during fractionation on the DEAE- 
cellutosz column, but could be obtained by acetone fractinna- 
tion of the rcdissolvcd (NH,),SO, fraction: the cn7yme was 
cone in the 33 50”,, (v;v) acetone fraction. In method B. a more 
highly purified Phe-rRNA synthctase was obtained by intro- 
ducing additional steps into the purification procedure after the 
initial precipitation by (NH&SO,. The redissolved ppt. was 
subJected to a heat treatment (64 . I5 min. in presence of Z mM 
.ATP and 0.4 mM phe) [23]. which partially inactivated conta- 
minating aminoacyl-tRNA synthetases. Acetone fractionation 
(IX 2-l”,, cut) and DEAE-cellulose treatment followed giving an 
enzyme showing a 7%fold increase in sp. act. in comparison 
with the original extract. The Tyr-synthetase was prepared bq 
method B again involving a heat denaturation at 57 for 15 min 
in the presence of ATP (7 mM) and tyr (2 mM). Acetone and 
(NH,),SO, fractionations formed other steps in the procedure 
leading to a I4-fold purification. (ii) Enzymes from C. ri/lctorirr. 
Seeds. from which tcsta material had been removed. ucrc used 
as a source of Phc-enlyme. The powdered material (4.2 g) was 
extracted with 100 ml extractant (containing buffer and addi- 
ti\,es its above. plus 03”,, polyvin;vlpyrrolidonc. MM/ 44000). 
From the cutract. clal-lfied by ccntrlfuging, a 60 75”,, saturated 
(NH,),SO, fraction was obtained. This contained Phe-[RNA 
sqnthctase. and some Tyr-synthetase: the latter enzyme was 
largely lost during prolonged dialysis of the redissolved 
(NH&SO, fraction against 047 M buffer. and the dialqsatc 
was used as the Phc-rRNA synthetase preparation m the actl- 
vatton experiments. Tyr-tRNA synthetasc was prepared from 7- 
day-old seedlings. Proteins present in the seedling extract were 
completely precipitated by saturating with (NH&SO,. The 
redissolved proteins then were subjected to (NHJ~SO, firac- 
tionation to give a 55%75”,, saturation cut. This contained Tlr- 
synthetase. and some Phe-sqnthetase activity, but if the prep- 
aration was stored for 4 days at -70 in the presence of tyr 
(0.4 mM). ATP (1 mM) and glycerol (30’!$ all Phe-synthetase 
activity was lost. The remaining soln was used as the Tyr-tRNA 
sqnthetasc in the activation experiments. (iii) Phe-rRNA synthc- 
tase from II. ~(‘(,ILI. The enzyme was purified from a seed meal 

extract by steps similar to those used with P. UUI‘L’II,~ (method 
B). The extraction buffer contained lo”,, glycerol and 40 mM 
mcrcaptoethanol and the additives were present during all later 
stages of the fractionation procedure. The sequential purltic:]- 

tion steps applied to the extract were (NH,)?SO, fractionation, 
heat treatment (64 for 15 min in prcscnce of ? mM ATP and 
0.4 mM phe). acetone fractionation and DEAE-ccllulorc chro- 
matography. A 7h-fold cnhanccment of sp. act. was cfl’cctcd. 

.-I TP ‘” PPi c~c+trllyc, iis.s~l v /)rc~cut/urt,. Incu ha tlon mixture 
normally contamcd: Tris Hi.1 buffer pH X.0 YXO 100 blmol). 

MgCl, (10 itmol). ATP (?. /!mol). “‘PPi (1 pmol). amino acid (IO 
pmol of L-form: higher concns were employed in some cxpcr- 
iments studying I<,,, or h, values which r&r to I.-forms) and 
enzyme preparation: total vol. 1 ml. Reaction was performed at 
37 usually for I5 min and tcrminatcd by addltlon of 5”,, (w v) 
TCA. Labelled ATP was separated from unchanged “PPi 11) 
absorbing the nucleotisc trlphosphatc on to charcoal [??I. antI 
other conditions were as pre\ iou4) dtwxihed [2-C] 
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