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In a study of the lysine amino acid activation reaction in
protein synthesis, we have employed optical rotatory dispersion (ORD)
to look for physicil evidence of a possible change in conformation of
1-1ysine:sRNA ligase (AMP), (EC 6.1.1.6). When lysine activation was
carried out in a thermostated cell in the Cary 60 spectropolarimeter,
a Cotton effect developed during a 30 minute incubation at 37°C. The
appearance of this effect was dependent on the presence of the lysyl-sRNA
synthetase, lysine, ATP, and Mg++, and the effect was increased by rais-
ing the ATP concentration and by addition of pyrophosphatase. Pressure
dialysis of the reaction mixture following incubation revealed that a
dialyzable material was responsible for this ORD effect (Fig. 1).

When the dialyzable material was lyophilized, taken up in
water, and subjected to thin-layer chromatography (TLC) on poly(ethyl-
eneimine )-cellulose (PEI-cellulose) (Randerath and Randerath, 1965,
1966), an unidentified new compound, quenching short-wave ultraviolet
light, was observed. It appeared that ATP was being converted into
this compound during the enzymatic reaction. A few pmoles of the new
nucleotide were isolated by preparative TLC for subsequent analysis.

14
The compound has been identified d4s P ,P -di(adenosine-5')tetraphos-
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Fig. 1. ORD curves obtained after incubation of lysyl-
sRNA synthetase with ATP and lysine. The incubation was car-
ried out in a total volume of 2 ml at 37°C for 2 hours. The
reaction mixture contained 0.05 M Tris-HCl at pH 7.4, 0,01 M
MgCl,, 0.0015 M ATP, 0.0015 M L~1lysine, 10 pg of pyrophospha-
tase (Worthington)/ml, and 220 pg purified lysyl-sRNA synthe-
tase/ml. The lysyl-sRNA synthetase was prepared by the method
of Stern and Mehler (1965) and 1 pg was able to esterify about
1.5 mpmoles of lysine to sRNA in 10 min at 25°C. Following
incubation the solution was chilled and 0.02 M EDTA was added,
since the Cotton effect has the greatest amplitude at 5°C and
in the presence of EDTA. The incubation mixture was subjected
to pressure dialysis to separate the protein from smaller mole-
cules, and the concentrated protein inside the bag was diluted
to the original volume with 0.05 M Tris, 0.01 M MgCl,. ORD
curves were obtained at 5°C on the dialysate, the non-dialyz-
able fraction, and the original incubation mixture minus the
protein. The figure indicates that the dialyzable material
exhibits a large Cotton effect.

phate (APPPPA or AP,A) (cf. Randerath et al., following paper). This

compound possesses the ORD properties - i.e., the Cotton effect -

previously observed. A smaller amount of Pl,Ps—di(adenosine—S')tri—
phosphate (APPPA or AP, A) has also been found.

The compound AP,A is formed in small amounts from ATP in the
presence of a purified (but not homogeneous) preparation of E. coli
lysyl-sRNA synthetase (Stern and Mehler, 1965) even without the addi-

tion of exogenous 1-lysine (cf. Table 1). It is formed maximally when
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a comparatively small amount of E. coli sRNA (unfractionated) is added
to an incubation mixture containing in addition 1-lysine, Tris buffer,
pH 7.8, MgCl,, and ATP. Under such conditions, no spot indicative of
AP,A is seen in the absence of lysine. Thus, in the presence of sRNA,
the formation of AP,A is strictly dependent on addition of 1l-lysine to
the incubation mixture.

14

When AP,A-C , previously formed enzymatically and isolated by
preparative TLG, is incubated with lysine and lysyl-sRNA synthetase
without added ATP, ATP—C14 is formed in small amount. Thus the enzyma-
tic reaction leading to synthesis of AP,A is reversible, although the
equilibrium position is far toward formation of AP,A under these cir-
cumstances (Table 2). The ATP formed in the reaction is promptly used,
being converted via the activation reaction largely to AMP.

When AP,A is used in place of ATP in a system containing lysyl-
sRNA synthetase, 014—1ysine, and sRNA, it is able to serve as an energy
source for the activation-esterification reactions resulting in lysyl-
SRNA (unpublished data). It appears to do so by the mechanism shown in
the following paper (Randerath et al., Fig. 4).

As suggested by the kinetic studies of Loftfield and Eigner

(1965), the addition of SRNA to the activating enzyme system stimulates

both the forward and reverse reactions (cf. Tables 1 and 2).

The reaction in which AP4A is formed appears to be similar to
the reversal of the first step in amino acid activation, in which pyro-
phosphate reacts with the enzyme-bound aminoacyl-AMP moiety, with the
re-formation of ATP and free amino acid. The synthesis of AP,A is
pictured schematically in Fig. 2. A more detailed proposed mechanism
for formation of AP,A and AP,A is depicted in Fig. 3. Derivatives ter-
minating in a pyrophosphate moiety react with the enzyme-bound amino-
acyl AMP, with the formation of nucleotides containing both the AMP
and the original pyrophosphate derivative, and with elimination of

lysine.
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The small amount of AP A which is synthesized appears after
traces of ADP have been formed during the incubation by a mechanism as
yet unclear, possibly due to a phosphatase contaminant.

Whether the formation of AP,A and related compounds is a property
of the lysyl-sRNA synthetase alone, or is shared by other aminoacyl-
SRNA synthetases is at the present moment unknown. It can be mentioned
that we have not observed synthesis of AP,A in a similar system contain-
ing semi-purified arginyl-sRNA synthetase.

The possibility remains that a contaminating enzyme entirely
separate from lysyl-sRNA synthetase may be responsible for formation of
AP,A and related compounds. It is nevertheless tempting to consider
that these compounds (cf. Randerath et al., following communication for
a description of other compounds of similar structure, such as AP,dG,
which may be formed in this reaction) may serve as energy storage mech-

anisms, located at the gateway to protein synthesis, insuring that the
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energy of amino acid activation may not be lost when the later steps

in protein synthesis slow down for other reasons. In a more specific
sense, they may be regarded as stable forms of energy primers, con-
vertible to the nucleoside triphosphates by way of the first reaction
in protein synthesis. ATP and other ribonucleoside or deoxyribonucleo-
side triphosphates, having been formed in this way, now become avail-
able to set in motion other synthetic processes, such as DNA and RNA

synthesis, in the metabolic reawakening of dormant cells.

TABIE 2

14
Nucleotides Formed During an Incubation of AP4A-C

with Lysyl-sRNA Synthetase

Time APPPPA ATP ADP AMP APPPA
I. Gontrol (APPPPA, 7 min 1622 2 11 [¢] 1
enzyme, buffer) 2.0 hr 1757 ¢] 23 2 0
4.5 hr 1169 1 18 3 0
II. I + lysine 7 min 1678 2 2 0 0
2.0 hr 1683 2 34 17 2
4.5 br 1630 2 21 73 3
III. I + sRNA 7 min 1803 3 5 C 2
2.0 br 1672 3 12 7 0
4.5 hr 1775 8 7 13 1
IV. I + lysine + sRNA 7 min 1706 28 7 24 2
2.0 br 1344 43 11 85 1
4.5 hr 1257 51 19 312 91
V. IV + 0.00015 M 7 min 1676 17 2 0 0]
ATP 2,0 hr 1701 65 6 9 0
4.5 hr 1608 43 20 12¢9 70
VI. IV + 0.0015 M 7 min 1754 14 9 0 0
ATP 2.0 hr 1620 52 32 0 5
4.5 hr 1625 73 26 13 12

14

Preparative amounts of C -labeled AP4,A were prepared by
incubation of a total volume of 1.0 ml for 4 hours at 37°C. The
tube contained 0.04 M Tris-HC1, pH 7.8, 0.008 M MgCl,, 0.0015 M
1-1ysine, 0.003 M ATP-8~C'4 (Schwarz), and 2 mg E. coli sRNA,
stripped and unfractionated. The mixture was appliZE—zo one 20
cm square PEI-cellulose sheet. This was soaked in methanol for
10 minutes, air dried and the chromatogram was run in 1 M LiCl.
The compound was eluted with 3 N ammonia for 10 minutes at 0°C,
lyophilized and taken up in a small volume of water (see Ran-
derath ¢t al., following paper). This compound was free of ATP.
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The experiment was carried out as described in Table 1
except that the synthetase concentration was 200 ug protein/ml,
and 0.000142 M AP,A-C'* at 1200 cpm/mpmole was added. 0.0015
M 1-lysine and E. coli sRNA at 2 mg/ml were added where indi-
cated. There was no ATP added except where shown in the table.
The PEI-cellulose containing the compounds was scraped from the
plastic sheet, wet with 2 M LiCl, and suspended in 10 ml of
scintillation fluid (Bucher, N. L. R., and Swaffield, M. N.,
personal communication). The samples were counted in a Nuclear-
Chicago liquid scintillation counter having a background of 40.
Each value represents the total cpm found in the nucleotide from
10 pl of the 50 pl incubation mixture, and includes the variabil-
ity of the total procedure (Ope1 = ¥ 4%).
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