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Diadenosine-5’, '-P‘,P‘-teuaphosphate (Ap4A) is one of a growing nnmber of
unusual dinucleotides of biochemical interest. Recent reports indicate that Ap4A
levels parallel the proliferative activity of mammalian cells and may represent a
positive pleiotypic mediator®4. Further, it has been reported that certain bacterial
amxnoacyl-tRNA synthetases catalyze the formation of Ap4A from ATP and the
cognate amino acid’2. Previously reported methods of measuring Ap4A require the
use of radicactive precursors and tedious multiple separations by column and thin-
layer chromatography. In this report we describe one high-performance liquid chro-
matographic (HPLC) system which separates Ap4A from other adenine-containing
nucleotides, and a second system which separates Ap4A from all UV-absorbing
acid-soluble intracellular components. Ap4A may be rapidly and directly quantitated
by UV absorbance at levels of 30 pmol applied, and the use of radioisotopes would
enhance this sensitivity.

EXPERIMENTAL

Materials

Nucleotides 5'-AMP, ADP, and ATP were obtained from Sigma (St. Louis,
Mo., US.A.); Ap4A was obtained from P-L Biochemicals (Milwaukee, Wisc.,
U.S.A.). Standard solutions of nucleotides were prepared in 10 mM K,HPO,, pH 7.0.
All other reagents were the highest grades available. Double-distilled deionized water
was used ir all solvents, which were filtered through 0.45 yum pore-size cellulose
filters. Alkaline phosphatase, pyrophosphatase (Worthington Biochemical, Freehold,
NJ., US.A.) and snake venom phosphodiesterase (Boehringer, Mannheim, G.F.R.)
were stored at 4°. Homogenous E. coli isoleucyl-tRNA synthetase was kindly
provided by Dr. P. Schimmel.

BPLC

Chromatography was performed on a Hewlett-Packard 1084A liquid chro-
matograph equipped with a fixed wavelength (254 nm) UV detector. Peaks were
identified by retention time, and quantitated by comparison with standard solutions
of ecither peak arcas (accurate for amounts greater than 100 pmol) or peak heights
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(accurate as low as. 30 pmol)®. Reversed-phase chromatography was performed on a
25 cm X 4.6 mm column containing a C,s bonded-phase (LiChrosorb Cyg, Altex) at
30°,.and a flow-rate of 3.0 ml/min. Buffer A contained 100 mM KH,PO~SmM
tetrabutylammoniom hydroxide, pH 5.0, with a linear gradient in acetonitrile from
5% at 0 min-to 159 at 12 min. Anion-¢xchange chromatography was performed on
a 25 cm X 4.6 mm Partisil (PXS).10/25 SAX column (Whatman) at 50°, flow-rate =
1.5 ml/min. Buffer B was an isocratic buffer of 0.32 M NHH,PO,, pH 3.28.

Preparation of cell extracts
Acid-soluble cell extracts were obtained using 0.6 M trichloroacetic acid by

the method of Khym'.

Enzymatic reactions

E. coliisoleucyl-tRNA synthetase catalyzed formation of Ap4A was performed
under conditions similar to those described by Zamecnik et al.l. Incubations were
performed at 37° for 21 h, in 0.25-ml aliquots containing 50 mAM Tris HCI (pH 7.4),
8 mM MpgCl,, 2 mM ATP, S mAf 2-mercaptoethanol, 3 mM L-isoleucine, pyro-
phosphatase 10 ug/ml, and isoleucyl-tRNA synthetase 150 ug/ml. After 21 b, 40-zl
aliquots were removed and diluted 1:6 with 50 mAf Tris, pH 7.4, and either loaded
directly on the reversed-phase column, or treated with either alkaline phosphatase
(final concentration 0.8 units/ml) or phosphodiesterase (final concentration 0.01 units/
ml) for 30 min at 37°.

RESULTS .AND DISCUSSION

Fig. 1 illustrates retention times of AMP, ADP, ATP, and Ap4A on the
reversed-phase column as a function of percent acetonitrile in the eluting buffer,
which also contained 100 mM KH,PO, and 5 mM tetrabutylammonium hydroxide,
at pH 5.0. As shown, decreasing concentration of acetonitrile results in increasing
reteation times and efficiency of separation. Buffer A, a 5-15% lincar gradient of
15 ' apen
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gcetonitrile in-the ion-paired buffer, was designed for optimal and rapid separation
of .these 4 adenine-containing nucleotides (Fig. 2A). Reproducibility - of- retention
times on twelf consecutive runs was excellent, with standard deviations of retention
timés being less than 0.05 min. With this system, integrated peak-areas were pro-
pormlmthemtofnudeondeapplndmthecohmnbetwmlmmmm
pmol'mgpeakhugms,aslowasmpm!eouldbeqmumd. .
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Fig. 2. Separation of AMP, ADP, ATP, and Ap4A on LiChrosorb C,, column, buffer A. (A): Mix-
ture of nucleotide standard solutions. Peaks, with mean retention times 4+ S.D.: AMP (1400 pmol),
retention time 3.76 + 0.03 min; ADP (1140 pmol), 5.83 - 0.03 min; ATP (1025 pmol), 8.96 -+ 0.05
min; Ap4A (165 pmol), 13.85 -+ 0.05 min. (B) Mixture of nucizotides after incubation of ATP with
£ synthetase. Peaks: AMP (1100 pmol); ADP (2420 pmol); ATP (7150 pmol); Ap4A

(540 pmol).

One application of this system is illustrated in Fig. 2B, which shows the mixture
of nucleotides formed when ATP and isoleucine are incubated with isoleucyMRNA
synthetase. As shown, after 21 h ATP is converted to AMP (9.8%), ADP (21.6%),
and Ap4A (4.8%); no Ap4A was formed in the absence of the synthetase. The
identity of Ap4A was verified by retention time, its resistance to alkaline phosphatase
(100 recovery with destruction of 80%, of ATP), and degradation by sanake venom
phosphodiesterase (97% converted to AMP). Previously reported assays for the
lysyl-tRNA synthetase catalyzed formation of Ap4A required the use of radioisotopes,
separation by thin-layer chromatography, and subsequeat quantitation'~¢. The
HPLCasaydsen'bedhae,whmhreqmrslasﬂnnlSmm,!msobwousadmhﬁ
in terms of time, cost, and effort.

BecameofmmtmtaesthﬁAasapo@lereguhtorofmmmhmeell
growth, a simple and direct method for its quantitation in cell extracts was desirable.
Themethodsprcwouslydwcﬁbequuuepmhbdmgofeeﬂsmthmdmachvepm-
cursors, two chromatographic steps for sepa.rahon of nucleotides, and comparison
of activity in Ap4A and ATP fractions®*.

Whﬂethesystemusngbuﬂ‘erAdesm‘bedabovesumsformﬂymoprM
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in relatively simple systems, it does not have sufficient resolving power for detection
of Ap4A in the presence of the numerous UV absorbing components present in acid-
sofuble éell extracts. However, buffer B and anion-exchange chromatography ailiow
separafion of Ap4A from all UV-absorbing comporients of ceil extracts.

With this system there is a “window™ between ATP (reteation time 18.38 min)
and GTP (31.13 min) which has no significant UV absorbance in cell extracts (Fig.3A).
When S-49 tissue culture cell extracts are spiked with Ap4A (retention time 26.29 min),
as little as 120 pmol may bé detected with baseline scparation from the peaks due to
laige excesses of ATP and GTP (Fig. 3B). In a preliminary experiment employing the
acid-soluble cell extract from regenerating rat liver, a peak with the same retention
time as Ap4A was detected (Fig. 3C). This peak was resistant to alkaline phosphatase
(> 62% recovery), while > 969, ATP was destroyed.
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Fig. 3. Anion-exchange chromatography of acid-soluble cell extracts. Buffer B, flow-rate 1.5 mi/min,
temperature 50°. (A) Extract of S-49 cells, revealing CTP (13.11 min), UTP (16.55 min), ATP (18.38
min, =s1580 pmol), and GTP (31.13 min, =s210 pmol). 0.008 a.u.f.s. (B) Extract of S-49 cells spiked
with Ap4A (26.29 min, =120 pmol) in presence of ATP (18.62 min, 6650 pmol) and GTP (31.93
min, ~ 1230 pmol). CTP, UTP also present. (C) Extract of regenerating rat liver after digestion by
alkaline phosphatase. ATP (10.25 min, ~5450 pmol), Ap4A (26.63 min, ~76 pmul). 0.008 a.uf.s.
(13.0-17.5 min), 0.064 (17.5-24.0 min), 0.002 (24.0-33.0 min), 0.016 (33.0-38.0 min).

In summary, two HPLC systems are described which permit rapid, single-step
detection and separation of Ap4A. Reversed-phase ion-pair chromatography is ideal
for separation of Ap4A from other adenine-containing nucleotides and is currently
being used to study enzymology of Ap4A. Anion-exchange chromatography separates
Ap4A from all other UV-absorbing components of cell extracts and is being used to
study the role of Ap4A in rapidly proliferating cells. Using a UV absorbance detector,

-as little as 30 pmol Ap4A may be quantitated, and the sensitivity could be greatly
enhanced (if necessary) by the use of radioisotopes. The HPLC methods described
here have obvious advantages over previously described methods of detection and
quantitation of Ap4A.
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