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PRELIMINARY REPORT

ABSENCE OF A1\11NO ACID HYDROXAT\{ATE FORA. IATION IN

AMINOACYL TRANSFER RNA FORT\TATION STIMULATED

BY SPERlv/11NE

YOSHIFUA/11 TAKEDA and 1<AZUEI IGARASHl

Department of Bacteriology and Serology, Researclt Institute for A, Iicrobial Diseases. OSal<a
University, Yamada-kami, Suita, Osaka

(Recei\. ed A*, gust 20,1970)

it has been reported that the aminoacyl-
tRNA synthetase catalyzes the following two
reactions.

Amino acid+ATP+enzyme -
aminoacyl-AMP-enzyme+PPI (a)

Aminoacyl-AMP-enzyme+tRNA -
"minoncyl-tRNA+AMP +, naym. (by

Hydroxylamine has frequently been used for
assay of reaction (a), since Hoagland (1955)
reported that it trapped the carboxyl-activated
amino acid as amino acid Ilydroxamate.

Previously, we reported that polyamines,
such as spermine, spermidine and puterescine,
stimulate aminoacyl-tRNA formation (Takeda
and Igarashi, 1969). \\;e have found also that
there \\, as no FFi-ATP eXchange in the pre-
sence of polyamines (Igarashi and Takeda,
manuscript in preparation). In further
studies on the mechanism of aminoacyl-tRNA
formatioi\ stimtilated by polyamines,
measured amino acid hydroxamate formation
in this reaction and found that none was

formed in the presence of sufficient spermine
to stimulate aminoacyl-tRi. ;A formation

Aminoacyl-tRNA synthetase \\, as prepared
from E. coll' B as described previously (Takeda
and Igarashi, 1969). Salt-free hydroxylamine
was prepared as described by Belnert et al.
(1953). Hydroxylamine was measured colo-
rimetrically (Frear and Burre11, 1955)
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Amino acid hydroxamate formation
quires magnesium ions (Hoagland, 1955), but
the optimal concentration of magnesium Ions

with different enzyme preparationsvaries

(Van De Ven et a1. , 1958; George and
Me siter, 1967). The effect of magnesium ions
up o1t amino acid I^, droxamate formatioiT \\, Ith
the aminoacyl-tRNA synthctase preparation
used in this study is SI}own in Fig. I. Under
the experimental conditions used, the amount
of amino acid hydroxamate formed Increased
with Increase in the magnesium ion concent-
ratioiT in the reaction mixture. Fig. 2 shows
the effect of spermine upon amino acid hydro-
xamate formation. Both in the absence (curve
I) and presence of I mitt (curve 2) or 2 inM
(curve 3) magnesium Ions, spermine ITad ITo
effect upon amino acid ITydroxamate formation.
\\11th the enzyme preparation used in this ex-
perlment, spernTine stinTulated several amino-
acyl-tRNA formation, such as ISOleucyl-, \, alyl-
and Ieucyl-tR:*!A formation. Even \\, ith 5 inM
spermine, no stimulatioiT of amino acid ITydro-
xamate formation \\, as observed. A10reover,
no stimulation of amino acid hydroxamate
formation \\, as detected in the presence of 2inM
spermine and various amounts of ATP a inM
to 15 inM).

This suggests that the aminoacyl-A1\{P-
enzyme complex is not formed in the presence

re-

we

395



0.6

05

:,.
E

o
<-
10

04

.-.
"

at
U
C
co
D
L_

o
co 0.2
..
<

03

2 '

0.1 I
,2

I

I
I

2 4 86

Magnesium acetate (inM)

FIGURE I. Effect of I"@gnatiu, " ions oil @111i, ,o acid
hydro:cainate 101, nation. The Ie@cti'o11 ,"ixti, , e for
assay of drill',!o nerd hydroxa, ""te 1011/1"tini, coiltoii, ed
the folio"ing coilsti'tile, Its In 0.5 fill 0.08 M Tn's.

HCl, pH 7.8, 0.05 M NH, 01, 0.006 M 2-,, rel cap-
toethu, 101, 0.01 M ATP, 0.0005 M encl, of the 20
us"al all, illo acids, I M hydroxyl@,",,, e @11d 5141
(0.04 Ing) of e, ,sy, ,, e $011, tio, !. Mog, Iesii, ," acetate tons
@dded at the concentrations illdrcoted. The I eoctio, I

1111'xti, , e reus flier!bated at 37 C for' 60 I"innies @11d their
1,511il of soh, tioi, collt@inn!g 5% t, 'ichio, oncet, 'c oct'd,
0.67 N fryd, 'Deft/OJT'c acid, nild 10%Ier, ic chlor!'ofe tons
added. Tile precipitate cons Ie", Dued by ceiltijfigati'o11.
The @111iiio acid hydro;tai"@Ie 101 med atlas ofetei"!illed

I^0111 the @630i ballce at 540 1,114. U, Ider these collditioi, s
the absoibn, !ce of I Nilo!e of DL-phenyl@/onine 11ydi. 0-
x",,!ate (Signi" Che, ,, real Co. ) at 540 1111, tcn$ 0.09
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FIGURE 2. 1:1ffect of coeii, ,, ille o11 a"Ihio laydi oxn"!ate
101'1, ration In the absence ajid presence of ,"rigJ!err'14",

The reactio, , Inittm'e alld ass@j, PIOcedin'e reefe
as desc, 'ibed 101 F1:g'. I. Spei'null, e tetr"/Iydroch!o1ide
(Srig',,!" Che, ,, ic@! Co. ) tons added at the colice, !t, 'ations
111drcated, (1) 1110ui, esirr, " acetate O ,,, M, (2) Inng-
lies, 1,111 acetate I illM, (3) Mingiiesii, ,,! acetate 2111M
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of spermine. There are several explanations
for this finding. It is possible that the amino-
acyl-AMP-enzyme complex is not sufficiently
stable in the presence of spermine to form
amino acid hydroxamate, \\, hile the complex is
stable in the presence of magnesium ions. it
this Is a case, however, 2 inM spermine should
stimulate amino acid hydroxamate formation
on addition of I inM or 2 initi magnesium
acetate (cf. Fig. 2). Another possibility is that
reaction (b) proceeds much more rapidly than
reaction (a), so that the formation of a small
amount of the aminoacyl-AMP-enzyme coin-

lolls

X

X

(2)

poex, \\, hich is insufficient to cause formation of
amino acid hydroxamate, is sufficient to cause
formation of aminoacyl-tRNA in the presence
of spermine. Another possibility is that, in the
presence of spermine, the amount of the amino-
acyl-AMP-enzyme complex formed is not
enough to allow formation of amino acid hydro-
xamate. in this case, the stimulation of amino-
acyl-tRNA formation may be explained as fol-
lows. \\Ihen tRNA exists in the reaction mix-

ture, spermine causes a conformational changes
of tRNA (Igar, ^hi and Tat, d", 1970), mating it
easily estermed. Under these conditions, reac-
tion (b) proceeds with a small amount of amino-
acyl-ANIP-enzyme complex. In the presence of
hydroxylamine, however, there is no interaction
of spermine with hydroxylamine and no for-
mation of amino acid hydroxyamate is observed.
Further, the mechanism of aminoacyl-tRNA
formation stimulated by spermine may differ
from that stimulated by magnesium Ions.
Recently, we found that no aminoacyl-Alv!IP-
enzyme complex is formed in the presence of
polyamines (Igarashi and Takeda, unpublished
observation). A detailed study on the mecha-
nism of aminoacyl-tRNA formation stimulated
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by polyamines is ITo\^ in progress and will be
published elsewhere.
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