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The successful synthesis of Coenzyme A (CoA) by Moffatt and
Khorana {1961) and by Michelson (1964) has provided a route for the
synthesis of CoA analogs. The oxygen analog, "oxy-coenzyme A" (oxy-
CoA), where the -SH group is replaced by an -OH, would be of immediate
interest since the oxygen analog of pantetheine, "oxypantetheine”
{Sstewart, Cheldelin and King, 1955) has been shown to be a competitive

growth inhibitor of Lactobacillus helviticus 80.

P 0 D
0-Clfg—C — -G~ CHaCHo-C- Vi -CHaCHa-OH
o=p-op CHo OH NHo

N

i AW
Q=P—0—CHz N 1\/
; 0
oH

o om

0=P-(OH)2

Oxy-coenzyme A
v This report describes the preparation of the 2', 3'-phosphate
isomeric mixture of Oxy-CoA from oxypantetheine-L® phosphate and
adenosine-2', 3'-cyclic phosphate 5'-phosphoromorpholidate. The
results of inhibition studies with the phosphotransacetylase reaction

are also presented.

433



Vol. 20, No. 4, 1965 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

EXPERIMENTAL

Materials and Methods.- Venom phosphodiesterase was purchased from

Worthington Biochemical Corporation. Phosphotransacetylase, Lot No.
06155109, was purchased from Boehringer Mannheim Corporation. DEAE-
cellulose, Selectacel Standard Type, and ECTEOLA-cellulose, Selecta-
cel Type 40, were purchased from Carl Schleicher and Schuell Company.
Paper chromatography was carried out by the descending technique
on Whatman No. 1 paper. The solvent systems used were: Solvent A,
n-butyl alcohol-acetic acid-water (5:2:3 v/v); Solvent B, n-propyl
alcohol-concentrated ammonia-water (55:10:35 v/v); Solvent C, ethyl
alcohol-1 M ammonium acetate, pH 7.5, (7:3 v/v). Adenine containing
compounds were located by their characteristic ability to absorb ultra-
violet light. Phosphate containing compounds were located by the
Phosphate spray reagent (Bandurski and Axelrod, 1951). The R.'s of

£

various compounds are given in Table I.

TABLE I

Rf Values
Compound Solvent A Solvent B Solvent C
Adenosine-5' phosphate 0.24 0.35 0.15
Oxypantetheine-4'
phosphate 0.45 0.53 0.53
Adenosine-2'(3'),5'
diphosphate 0.15 0.25 0.04
Oxy-CoA 0.16 0.37 0.16
Venom digest of
Oxy-CoA 0.15, 0.45 0.25, 0.52 0.04%, 0.53

Degradations by wvenom phosphodiesterase were accomplished by

incubating 1.4 mg Oxy-CoA mixed isomers, 100 pmoles tris-HCl buffer
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(pH 9.0), and 0.2 mg of enzyme in a total volume of 0.4 ml for 90 min
at 38° C. Aliquots were spotted directly on sheets of chromatography
paper and developed with the various solvent systems.

Phosphotransacetylase assays were performed by the method of
Bergmeyer et al. (1963). The components of the system were:

235 ymoles Tris - HCL buffer, pH 7.4; 1.5 mg glutathione; 8 mg
acetylphosphate (lithium salt); 30 pmoles ammonium sulfate; 0.33 ug
phosphotransacetylase; 0.134% to 0.670 ymoles CoA: 3.0 ml total volume.

Bis-(4-morpholine N,N'-dicyclohexylcarboxamidinium)-adenosine-2',
3'-cyclic phosphate 5'-phosphoromorpholidate was prepared by the
method of Moffatt and Khorana (1961).

Oxy-coenzyme A.- The procedure of Moffatt and Khorana was
modified as follows. D-Oxypantetheine-U4' phosphate, dilithium sa.lt:(-
223 mg (0.48 mmoles), was converted to the pyridinium salt by passage
through & 1 X 5 cm Dowex 50W X 8 (pyridinium form) column and evapo-
rating the effluent to dryness in vacuo. Final traces of water were
removed by several repeated additions and evaporations in vacuo of
anhydrous pyridine. The oxypantetheine-li' phosphate in 10 ml
anhydrous pyridine was added to a 3 ml anhydrous pyridine solution
containing 222 mg (0.2 mmoles) of bis-(4-morpholine N,N'-dicyclo-
hexylca.rboxamidiniuni)-adenosine-Q', 3'-cyclic phosphate 5'-phosphoro-
morpholidate and the mixture evaporated to a viscous oil in vacuo.
After an additional eveporation with anhydrous pyridine, the mixture
was dissolved in 10 ml of anhydrous pyridine and permitted to react
overnight at room temperature in a tightly stoppered flask. Pyridine
was subsequently removed by severdl evaporations in vacuo with water;
the unreacted morpholidate decomposed and the 2', 3'-cyclic phosphate

opened by treatment with 10 ml of 0.1 N HC1 for 1 hr at room tempera-

* Manuscript in preparation
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ture. Several evaporations in vacuo with methyl alcohol were used to
remove the HCl. The residue was dissolved in 25 ml of water, the pH
adjusted to 6.0 with dilute NH40H, and the solution applied to a 2.2 X
30 cm DEAE-cellulose (chloride form) column. The column was washed
with water until the effluent was essentially free of UV absorbing
material. Then the adsorbed compounds were eluted by application of
an acidic lithium chloride linear gradient. The reservoir contained
2.0 liters of 0.15 M LiCl in 0.003 N HCl and the mixing vessel contain-
ed 2.0 liters of 0.005 N HCl. Fifteen ml fractions were collected.
The oxy-CoA was found in tubes 106-129. This peak was pooled and
found to contain 2132 OD units at 259 mu (72% of the total applied

OD units). After adjusting the pH to 4.5 with 1 N LiOH, the peak

was evaporated to dryness in vacuo. Lithium chloride was removed from
the solid white residue by repeated extraction with 4O ml fractions of
methyl alcohol-acetone (1:15). After drying over P20s in vacuo at
room temperature overnight a yield of 89 mg (59%) of the mixed isomers
of oxy-CoA was obtained.

In an attempt to separate the 2', 3'-phosphate isomers of oxy-CoA,
an analytically pure sample of the mixed isomers was prepared. Oxy-
CoA, 1940 OD units, was loaded on & 2.2 X 30 cm ECTEOLA-cellulose
(chloride form) column and eluted by an acidic lithium chloride linear
gredient. The reservoir contained 2 liters of 0.10 M LiCl in 0.003 N
HCl and the mixing vessel contained 2 liters of 0.03 M LiCl in 0.003 N
HCl. Tubes 47 - 58 containeéd the major peak, 1540 OD units, (97%
of the total recovered OD units). A white powder was obtained by
working up this peak in the manner previously described for the DEAE-
cellulose column effluent peak. After drying for 3 hrs at 100° C over
P05 in vacuo, the mixed oxy-CoA isomers were obteined as the
trilithium salt trihydrate in a yield of 78 mg.

The UV absorption spectra, at pH 7.0, was determined on a Cary
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Model 1l Spectrophotometer: )‘max.= 259 my, lmin.= 230 mu; absorbency
ratios, 280/260 = 0.15, 250/260 = 0.81; the extinction coefficient,
{calculated from the spectrum of the trilithium salt trihydrate, mol.

wt. 823), was €259 m = 1L.8 x 1073,

Adenosine:P. Calcd. for 021H33N7017P5L13 *3 H20: P, 11.3;

A:P = 1:3, Found: P, 11.6; A:P = 1: 3.09.

* 0,,P,Li, ° 0: C, 30.64; H, 4.78;
Anal. Calcd. for 021H33N7 17 3Ll3 3 Hy0: C, 30.645 H, %.70;

N, 11.91. Found: C, 30.24, 30.51; H, k.93, 5.1k; N, 12.ko.
RESULTS AND DISCUSSION

The 2', 3'-phosphate isomers of oxy-CoA were isolated as a single
peak from the reaction mixture by DEAE-cellulose chromatography at a
1iCl gradient concentration range of 0.06 - 0.07 M. Under the same
conditions, Moffatt and Khorana report the isolation of the mixed CoA
isomers as a single peak at a gradient concentration of approximately
0.075 M LiCl. However, the oxy-CoA isomers do not separate on an
ECTEOLA-cellulose column under the conditions that Moffatt and Khorana
used for the separation of their CoA isomers.

The ability of venom phosphodiesterase to hydrolyze the oxy-ColA
preparations, cf. Table I, demonstrates that the oxypantetheine-4'
phosphate is linked by a pyrophosphate bond to the adenosine moiety at
‘the 5'-position.

Figure 1, shows the effect of isomeric oxy-CoA on the phospho-
transacetylase reaction. It is a competitive inhibitor of CaA, with
a KI = 6.0X l()"7 M. The Vma.x. of the system, under the experimental
conditions used in this investigation, is 0.0138 OD/sec. The Ky
of CoA with this commercial preparation is 5.6 X 10°% M, which is
identical to the KM reported by Bergmeyer et al. for their

crystalline material.

* C. F. Geiger, Ontario, California
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Figure 1. Double reciprocal plot showing competitive inhibition of
the phosphotransacetylase reaction by oxy-CoA. The ordinate is secs
required to observe an OD change of 0.1, after addition of enzyme.

® --- no added oxy-CoA.

A---81%x107"n oxy-Col present in reaction.
0 --- 2,03 X 10"6 M oxy-CoA present in reaction.

From these results one can conclude that oxy-CoA is potentially
a very useful compound, uniquely suited for the study of CoA dependent

reactions. It appears to be the only known antimetabolite specific

for CoA.

Acknowledgments. The authors wish to thank Dr. Grant R. Bartlett,
Laboratory for Comparative Biochemistry, San Diego, California, for
independent checks of the phosphorous analyses.

This investigation was supported by Public Health Service Research
Grant GM-07977, from the National Institute of General Medical

Sciences.

REFERENCES

Bandurski, R. S., and Axelrod, B., J. Biol. Chem., 193, 405(1951).
Bergmeyer, H. U., Holz, G., Klotzsch, H., and Lang, G., Biochem. Z.,
338, 114(1963).

Michelson, A. M., Biochim. Biophys. Acta, 93, T1(1964).

Moffatt, J. G., and Knorana, H. G., J. Am. Chem. Soc., 83, 663(1961).
Stewart, C. J., Cheldelin, V. H., and King, T. ., 3 J. Biol. Chem.,

215, 319(1955)-

438



