
March 20, 1953 COMMUNICATIONS TO THE EDITOR 1515 

oxidelO.ll I11 yielded A6J~22-ergostatrien-3P,14- 
diol-11-one 3-acetate (IV), m.p. 188.8-192.4’ ; 
[.ID $34’ (CHCla); A,,,, 308 niu (log E = 3-84) 
(ether); found: C, 76.72; H, 9.65. Acid-cata- 
lyzed dehydration, followed by reacetylation led to 
A6~8~14~22-erg~~tatetraen-3P-ol-11-one acetate (V), 

mu (log E = 3.95), Amax. 233 mu (log E = 4.18) 
(ether); found: C, 79.72; H, 9.54. The posi- 
tion of the carbonyl group a t  C-11 in V was estab- 
lished by hydrogenation over palladium-charcoal 
or W-7 Raney nickelL2 to form A8-ergosten-3B-ol- 
11-one acetate (VII), m.p. 137.8-138.6’; [ a ] ~  

(ether); found: C, 78.91; H, 10.74; melting 
point undepressed on admixture with an authentic 
sample prepared by hydrogenation of VI obtained 
by an independent r o ~ t e . ~ ~ , ~  

Intermediates retaining the unsaturated side 
chain and suitable for conversion to cortisone were 
prepared by selective hydrogenation of V over W-2 
nickel13 to form A8~14~22-erg~~tatrien-3P-ol-11-one 
acetate, m.p. 127.0-128.2’; [ a ] ~  +20° (CHClr); 
Xmax, 291 mu (log E = 4.06) (ether); found: C, 
79.51; H, 9.92; or over W-7 nickel to form the 
known cortisone intermediate, A8Xz2-ergostadien- 
3P-01-11-one acetate (VI), m.p. 131.4-131.8’; 

(ether) ; melting point undepressed on admixture 
with an authentic ~ample .~b~4 

Details of this work and alternate conversions of 
I11 and IV will be the subject of later communica- 
tions from this Laboratory. 

m.p. 145.0-148.8’; [ a ] D  -82’ (CHC13); Xmax. 326 

+ 1 2 5 O  (CHCls); Xmax. 248 mu (log E = 3.90) 

[.ID +110” (CHCla); Amax, 248 mu (log e = 3.95) 
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THE ENZYMATIC OXIDATION OF d- AND I-8-HY- 
DROXYBUTYRATEI 

Sirs: 
Although the 1-isomer of @-hydroxybutyric acid 

is often regarded as the “naturally occurring” iso- 
mer2 the d-isomer is also known to undergo biologi- 
cal oxidation.3v4s5 

We have found that the mechanisms of enzyma- 
tic oxidation of the two pure isomers6 in clear, dia- 
lyzed extracts of acetone-dried rat liver mitochon- 
dria are quite different. Such extracts contain the 
already known2 diphosphopyridine nucleotide 
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Foundation, Inc., the U. S. Public Health Service, and the John Simon 
Guggenheim Foundation. 
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Kenric,a 

(DPN)-linked, I-specific P-hydroxybu tyric dehy- 
drogenase catalyzing the following reaction 
1-8-Hydroxybutyrate + DPN 

This reaction requires no components beyond ex- 
tract, DPN and 1-P-hydroxybutyrate. Under 
these circumstances d-P-hydroxybutyrate is not 
oxidized. 

However such extracts will cause the reduction of 
DPN by the d-isomer if they are supplemented 
with adenosine triphosphate (ATP), Coenzyme A, 
and Mg++. Such additions have no stimulatory 
effect on the reduction of DPN by I-p-hydroxybu- 
tyrate. Furthermore, the 1-specific p-hydroxybu- 
tyric dehydrogenase is not involved in the oxidation 
of the d-isomer in the presence of these additional 
cofactors, since fractionation of the extracts yielded 
preparations with high activity toward d-@-hy- 
droxybutyrate and little or none toward the l-iso- 
mer (Table I). These findings therefore suggested 

TABLE I 

The test system contained 0.10 ml. of dialyzed fraction 
of acetone-dried rat  liver mitochondria, 10 pM. cysteine, 
2.5 pM. ATP, 5 pM. MgClt, 50 pM. tris-(hydroxymethy1)- 
aminomethane buffer PH 8.0, 0.5 pM. CoA, 100 pM. KC1, 
1.0 pM. DPS,  25 pM. d- or I-B-hydroxybutyrate and Hz0 
to make 1.00 ml.; temp. 20’; time, 20 min. Appearance 

of D P S H  measured spectrophotometrically a t  340 mp. 
4 log 

Complete None 0.015 
Complete &Isomer ,670 
ATP omitted &Isomer .005 
CoA omitted d-Isomer ,062 
Mg++ omitted d-Isomer .149 
Complete l-Isomer ,040 
ATP + CoA + Mg++ omitted I-Isomer 052 

that the reduction of DPN by the d-isomer pro- 
ceeds as follows 

acetoacetate + DPNH (1) 

ENZYMATIC OXIDATION O F  d-P-HYDROXYBUTYRATE 

System Substrate I O / l  

ATP 
d-8-Hydroxybutyrate + CoA __f 

d-P-hydroxybutyryl-CoA (2) 

acetoacetyl-CoA + D P S H  (3) 
d-8-Hydroxybutyryl-CoA + D P S  

Further evidence for this formulation follows: In  
the absence of DPN but with hydroxylamine pres- 
ent as a “trapping” agent the d-isomer forms a hy- 
droxamic acid derivative, detected by colorimetry 
and paper chromatography.I This reaction re- 
quires the presence of ATP, Mg+f and CoA. The 
formation of acetoacetyl-CoA as the end-product of 
the over-all reaction was established by the finding 
that citrate was formed as product of oxidation of 
d-P-hydroxybutyrate when oxalacetate, excess CoA, 
and “condensing enzyme” were present, via the 
following known reactions8 

Acetoacetyl-CoA + CoA J_ 2 acetyl-coA (4) 
Acetyl-coA + oxalacetate citrate + CoA ( 5 )  

Free acetoacetate formed no citrate under these 
conditions, 

(7) E. R. Stadtman and H. A. Barker, J. B i d .  Chem., 184, 769 
(1950). 
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Since 1-&hydroxybutyrate also forms a hydrox- 
amic acid in the presence of ATP, CoA, Mg++ and 
hydroxylamine (cf. equation (2)) but causes little if 
any reduction of DPN (Table I) i t  would appear 
that reaction (3) is responsible for the optical speci- 
ficity of the over-all scheme. 

The dehydrogenase catalyzing reaction (3), 
which has been found to be reversible, may be iden- 
tical with that recently described by Lynen, et aL9 
In view of the present work i t  would appear prob- 
able that the /3-hydroxybutyryl-CoA participating 
in this reaction contains the d-isomer. Since reac- 
tions (3) and (4) are reversible, d-/3-hydroxybutyr- 
ate may be regarded as a "naturally occurring" 
metabolite in the form of its CoA derivative and 
may possibly be an intermediate in the enzymatic 
oxidation and synthesis of butyric acid. 

(9) F. Lynen, L. Wessely, 0. Wieland and L. Rueff, Angew. Chcm., 
64, 687 (1952). 
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THE ROLE OF N'5 GLYCINE, GLUTAMINE, ASPAR- 
TATE AND GLUTAMATE IN HYPOXANTHINE SYNTHE- 

SIS' 
Sir: 

Previous investigations i n  V ~ V O ~ * ~ * *  have shown 
that carbon dioxide, formate and glycine are pre- 
cursors of the carbon atoms of the purine ring, and 
that glycine also supplies one of the four nitrogen 
atoms of the ring, nitrogen atom 7. It has also 
been shown that in an extract of pigeon liver where 
many of the side reactions complicating quantita- 
tive work in vivo are negligible, carbon dioxide, 
formate and glycine combine in the definite molec- 
ular proportion of 1 : 2 : 1 in the synthesis of hypox- 
anthine.5 With the use of this technique of com- 
paring the number of molecules of two different 
substrates utilized in the synthesis of hypoxanthine 
by pigeon liver extract, a search has been made for 
the nitrogen precursors of the three nitrogen atoms 
of the purine ring not supplied by glycine.6*6 The 
W6-labeled substrates were individually incubated 
with pigeon liver extract synthesizing hypoxan- 
thine from glycine-l-C14. At  the termination of the 
incubation the hypoxanthine formed was con- 
verted to uric acid by the, action of xanthine oxi- 
dase. After the addition of carrier, the uric acid was 
isolated, purified and analyzed for C14 and N16 con- 
tent. The C14 of the radioactive glycine and the 
NI5 of the other labeled substrates were determined 
and found, to have remained sufficiently constant 

(1) Supported by grants from National Cancer Institute, National 
Institutes of Health, United States Pulic Health Service and the 
Damon Runyon Memorial Fund for Cancer Research, Inc. One in- 
vestigator (1. C. s.) was a fellow of the Jane Coffin Childs Memorial 
Fund for Medical Research 1950-1952. 
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during the 30-minute incubation. From these ana- 
lytical values i t  was possible to calculate the num- 
ber of atoms of N16 which each of the nitrogenous 
compounds tested contributed to the synthesis of 
each molecule of hypoxanthine formed de novo 
from radioactive glycine. These ratios are reported 
in the accompanying table. It may be seen that, 
although ammonia is readily incorporated into pur- 
ines in vivo, its low incorporation here indicates 

TABLE I 
LOCATION OF hP IN THE PURINE RING 

Moles 

utilized 
for hypox- 

anthine 
synthesis 
per mole 

of C" molecule 
labeled N1' labeled 

of. "6 

N16 in various N atomsa of purine 

(atom per cent. excess S l S )  
9 Expt. substrate glycine 1 + 3 7 -I- 9 7 

1 NHdCl 0.27 . . . . . .  . . .  . .  
2 Aspartic 1.20 0.091 0.009 I . . . .  
3 Glutamic 1.20 ,183 ,025 . . . . . .  
4 Glutamine 1.90 ,186 .176 ,018 0.334' 

(amide 
W) 

5 Glycine 1.00 ,058 ,378 .750 ,058 
a The distribution of N15 in the purine ring in individual 

experiments was determined after further dilution of the 
original sample with varying amounts of uric acid. There- 
fore, only the NI6 values of the nitrogen fraction of uric acid 
within each experiment are comparable. * Estimated from 
the N15 determination of nitrogen atom 7 and nitrogen frac- 
tion 7 + 9. 

that i t  is not an immediate precursor of any one of 
the hypoxanthine nitrogen atoms. The other ni- 
trogenous substrates, however, contributed signifi- 
cantly to hypoxanthine synthesis. The amide 
group of glutamine supplied approximately two 
atoms of nitrogen, and the a-amino group of the 
other substrates, "6 labeled glycine, aspartic and 
glutamic acids supplied one atom each. These in- 
teger ratios suggested that these substrates were 
contributing to specific nitrogen atoms of the pur- 
ine ring. Degradation of the uric acid samples 
was carried out into fractions containing nitrogen 
atoms 1 and 3 combined, 7 and 9 combined and 7 
alone. The analyses from the several experiments 
revealed considerable variation in the pattern of 
distribution of the N16 in the purine molecule and 
supported the belief that the substrates were specific 
donors. In  the glycine N16 experiment the isotope 
was primarily in position 7; in the glutamine exper- 
iment the NI5 donated by the amide group was 
found to be about half in the 9 atom and half in the 
1 + 3 fraction. In the aspartic and glutamic acid 
experiments, almost all of the N16 was found in the 
1 + 3 fraction, with a small amount in the 7 + 9 
fraction. In the 7 + 9 fraction, therefore, the 7 
atom is supplied by the known precursor glycine, 
and the 9 atom by the amide group of one of the 
two molecules of glutamine used in hypoxanthine 
synthesis. The 1 + 3 fraction has not been further 
separated, but the biological similarity of the trans- 
aminating dicarboxylic acids favors the probability 
that their a-amino groups both supply the same 
one atom of this pair, and that the other nitrogen 
atom of the pair is donated by the amide group of 


