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INCORPORATION OF THE AMINO ACID MOIETIES 
OF AMINO ACID-ADENYLIC ACID ANHYDRIDES 

INTO PROTEINS' 

Sir: 
Recent studies have led to the suggestion that 

AA-AMP2 anhydrides are intermediates in incor
poration of AA into proteins in cell-free systems.M 

In an effort to elucidate the nature of such incor
poration, we have prepared a number of AA-AMP 
anhydrides by treating N-carbobenzoxy-amino 
acids with AMP in the presence of N,N'-dicyclo-
hexylcarbodiimide; the blocking group was re
moved from the purified carbobenzoxy-AA-AMP 
anhydride by catalytic hydrogenation.5 The prod
ucts exhibited consistent ionophoretic mobility,6 

gave the corresponding AA-hydroxamates, yielded 
equivalent quantities of AA and AMP on hydrol
ysis, and formed ATP enzymatically.6 

When C14-AA-AMP anhydrides were incubated 
with enzyme preparations, the protein subse
quently isolated contained significant radioactivity 
(Table I). No incorporation occurred when the 
anhydride was hydrolyzed prior to study. When 
the enzyme preparations were heat-denatured, in
corporation was greater than with unheated en
zyme. The C14-AA of the proteins (heated and 
unheated) were released over a period of 16 hours 
by hydrolysis with 6 N HCl at 105°; treatment of 
these proteins with l-fluoro-2,4-dinitrobenzene, 
and then acid'hydrolysis7 gave DNP-amino acid 
preparations containing 70 to 80% of the C u 

originally incorporated. 

TABLE I : TRANSFER OF C14 FROM C I 4 -AMINO A C I D - A M P 

ANHYDRIDES TO PROTEINS 
Incorporation into protein 

(c.p.m./mg.) 
Reaction mixtures0 Glycine Tryptophan 

E + AA-AMP 30 16 

E + AA + AMP 0.3 0 

E (heated; 100°; 10 min.) 286 166 

+ AA-AMP 

E (heated; 100°; 10 min.) 0 .3 0 

+ AA + AMP 

" Contained enzyme preparation (E; 2 ml. of super
natant solution (containing microsomes) obtained by cen-
trifuging a 2 5 % rat liver homogenate at 12,000 X g9), 
gly-l-C14-AMP (2.5 umoles; 3.6 X 105 e.p.m.) or DL-try-
3-C14-AMP (1 ,.mole; 1.9 X 10s c.p.m.) in a volume of 2.5 
ml.; incubated at 38° for 30 minutes. E catalyzed incor
poration of gly-C14 and try-C14 in the presence of an ATP-
generating system, as described by Zamecnik and Keller.9 

Transfer of C14-AA from C14-AA-AMP to heated 
proteins may be regarded as non-enzymatic acyla-
tion of protein amino groups, perhaps mainly those 
of lysine residues. That heated proteins incor-
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porated more C u than did unheated proteins sug
gests that denaturation exposes more reactive 
groups. To what extent labelling of unheated 
proteins is enzymatic remains to be determined. 
Non-enzymatic acylation of proteins may also oc
cur when C14-AA are incubated with enzyme and 
ATP-generating systems; thus, the high reac
tivity8 of AA-AMP anhydrides may explain some 
of the incorporation previously reported.9^10-11 

However, it is not excluded that under pltysiolog-
ical conditions, selective mechanisms (e.g., binding 
to enzymes) may direct transfer of the AA-moieties 
of AA-AMP anhydrides to specific acceptors and 
ultimately to specific positions in the peptide chains 
of proteins.12 
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with C - A A - A M P ; after incubating such C"-RNA with heated and 
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subsequently isolated. The nature of this incorporation is being 
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ENZYMATIC SYNTHESIS AND REACTIONS OF 
TRYPTOPHAN-ADENYLIC ACID ANHYDRIDE1 

Sir: 
Several enzyme preparations catalyze AA2 acti

vation reactions which yield AA-hydroxamate 
when enzyme is incubated with AA, ATP, Mg++, 
and hydroxylamine.8'4'5'6 Although available evi
dence7'8'9 is consistent with intermediate formation 
of AA-AMP anhydrides similar to those postulated 
in acetate10 and fatty acid11'12 activation and in 
phenylacetylglutamine and hippurate synthesis,13 
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