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Enzymic formation of adenylserine and an
unknown carboxyl-activated compound
The first step in protein synthesis is thought to be a carboxyl activation of amino

acids. This reaction!, which is analogous to that for activation of fatty acids, is as
follows:

Enzyme 4 ATP + amino acid \—Mm enzyme (adenyl amino acid) 4 pyrophosphate

This communication deals with the identification of adenylserine and the observation
of an unknown carboxyl-activated compound as products of a reaction mixture
containing large amounts of a purified serine-activating enzyme?2.

20-50 mg enzyme, 0.2 umole of DL-[3-14C]serine containing 120,000 counts/min,
1-2 pmoles ATP, MgCl,, Tris(hydroxymethyl)aminomethane buffer (pH 7.4), and
crystalline pyrophosphatase were incubated in 2.7 ml at 37° for 5 min. After the
enzyme was precipitated by cold trichloroacetic acid, the supernatant was adjusted
to pH 3.0 and chromatographed at 4° on Dowex-1.

Two radioactive compounds were separated from serine (Fig. 1). Compound I
(Peak I) chromatographed identically with synthetic adenylserine and contained
990—1200 counts/min. When incubated in neutral NH,OH, it formed another com-
pound which chromatographed on Dowex-50 identically with synthetic serine
hydroxamate. Furthermore, Compound I incorporated label simultaneously from
[8-1CJATP and [3-'*C]serine and the stoichiometry of this incorporation was 1:1.
Radioactivity from either pL-[1-14C]serine or [a-3*P]JATP was also incorporated into
Compound I. When Compound I, derived from [a-32P]ATP, was subjected to paper
electrophoresis in 0.05 M citrate buffer, pH 3.9, the radioactivity migrated toward
the cathode and coincided with the ultraviolet absorption of synthetic adenylserine.
The foregoing evidence strongly suggests that Compound I was adenylserine. This
represents the second instance in which an amino acid acyl adenylate has been isolated
from an enzymic reaction mixture and identified3.4,

Abbreviations: ATP, adenosine triphosphate; RNA, ribonucleic acid.
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Compound II (Peak II, Fig. 1) contained 4,800 to 12,000 counts/min when either
DL-[1-14C]serine or DL-[3-1*C]serine were used as substrates. It was stable to ribo-
nuclease and to incubation in 0.1 N alkali or 1.0 M neutral NH,OH (38°, 15 min).
It separated chromatographically from O-phosphoserine and was converted to serine
by acid hydrolysis. When either [8-4C]ATP, [a-32P]ATP, or [B,y-32P,]ATP were
used as substrates, radicactivity was not incorporated into this compound. Paper
electrophoresis at pH 3.9 indicated a strong negative charge. The compound derived
from [3-14C]serine did not form HMCHO with periodate indicating that the amino
or hydroxyl group of serine was blocked.

Compound II, which is not carboxyl activated, is apparently derived from a
carboxyl-activated compound in the trichloroacetic acid supernatant. For example,
Compound II disappeared when NH,OH was incubated with the supernatant prior
to chromatography. Under these conditions the supernatant yielded approximately
the same amount of 1C in serine hydroxamate as was isolated in Compounds I and II.
The unknown carboxyl-activated compound probably is not RNA serine because
preincubation of the enzyme with ribonuclease to digest contaminating RNA did
not prevent appearance of Compound II. Neither is it a small nucleotide complex
(e.g., a derivative of adenylserine) because the appearance of Compound II was un-
affected by charcoal treatment of the TCA supernatant. Attempts to isolate and
characterize this carboxyl-activated compound and to establish its biological role are
in progress.
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