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Although the final identification must await further progress, available evidence
indicates that this intermediate compound is clearly distinguishable from either
7- or 8-monohydroxy-KA and is probably identical with or at the same oxidation
level as 7,8-dihydrodiol of KA. The mechanism of the conversion of this compound
to DHKA, therefore, appears to be analogous to the enzymic formation of catechol
from 3,5-cyclohexadiene-1,2-diol catalyzed by a TPN-linked dehydrogenase from
rabbit livers.
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Enzymic formation of acetyl-CoA and CO: from glutaryl-CoA

Glutaric acid has been shown to be an intermediate metabolite of lysine degradation?,
and recently to be a product of tryptophan metabolism in the rat? Although several
investigators have described the conversion i vive of glutaric acid to acetic acid?3,
the exact pathway of glutaric acid metabolism is yet to be elucidated. In this com-
munication, we wish to report that 1 mole of glutaric acid is converted to 2 moles
of acetate and 1 mole of CO, by a partially purified enzyme preparation from Pseudo-
monas, and glutaryl-CoA is proposed to be an intermediate in this process.

Pseudomonas fluorescens (ATCC 11299) was grown as described previously?,
except that 0.1 %, glutarate and 0.5 9%, (NH,),SO, were used as major carbon and
nitrogen sources, respectively. Cell-free extracts were prepared by extracting 5g
of acetone-dried cells with 50 ml 0.02 M potassium phosphate buffer, pH 6.8, for
20 min at 0°, followed by centrifugation at 20,000 x g for 30 min. The supernatant
fraction thus obtained was treated with protamine sulfate.
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The reaction mixture (r.0ml) containing 100 pmoles potassium glutarate,
10 pmoles ATP, 0.5 umole CoA, 10 umoles of reduced glutathione, 5 pmoles of MgCl,,
1,000 umoles of salt-free NH,OH, 100 pumoles phosphate buffer, pH 6.3, and 30 mg
of the enzyme preparation which had been treated with both Dowex 1 and charcoal,
was incubated at 35° for 60 min. 6.5 umoles of a hydroxamate derivative were pro-
duced®, which was tentatively identified as glutaromonohydroxamate by paper
chromatography using four different solvent systems* and high-voltage paper
electrophoresis**. In the absence of ATP or CoA, practically no glutaromonohydrox-
amate was produced.

When GP was incubated with the enzyme preparation under aerobic conditions,
approximately 2 moles acetate and 1 mole CO, were produced for each mole of
GP utilized (Table I). When [1,5-14C]GP was employed as a substrate, total radio-

TABLE I
STOICHIOMETRY OF THE OVERALL REACTION

The reaction mixture contained 15 ymoles [1,5-1*C]GP (5,800 counts/min/umole) or [3-14C]GP
(5,790 counts/min/umole), 50 umoles of phosphate buffer, pH 6.8, and 10 mg of the enzyme
preparation in a final volume of 1.0 ml. After incubation was carried out for 60 min at 35°, the
reaction was stopped by the addition of 0.2 ml of 2 N KOH, and the mixture was heated for
1 min in a boiling-water bath in order to hydrolyze the thiol esters. Then the mixture was acidified
by the addition of 0.5 ml 2 N H,80,, and CO, evolved was trapped in alkali, An aliquot of the
remaining solution was chromatographed on a silicic acid column (20 X 1 cm) and was eluted
with a chloroform-=-butanol mixture. 2-ml fractions were collected, and titrated with o.002 N
KOH. Radioactivity was measured with an aliquot of each fraction.

A Glutarate 4C0, A Acetate
Specific
Substrate Gasphase  Toal  Tiation  Tetal ar Total  Titration  activity
(counts/min)  (umoles)  (ccumisfmin)  (umoles)  (counis/min)  (pmoles) (countsimin/
umole)
[1,5-14C]Glutaryl- air —12,400 -—2.0 + 5,660 +1.9 + 5520 +43.5 1,620
pantheteine N, —400 —0.2 + 20 — + 20 0.2 —
[3-14C]Glutaryl- air -—11,100 —2.0 + 70 — + 10,210  +3.6 2,740
pantheteine N, —500 -—0.2 o — + 30 0.2 —

* Calculated from radioactivity.

activity of CO, was almost equal to that of acetate and the specific activity of acetate
was approximately one fourth of that of the original substrate. With [3-%C]GP***,
however, CO, evolved contained essentially no radioactivity but the specific activity
of acetate was diluted approximately 2-fold. When neutral NH,OH was added
after the incubation at a final concentration of 0.5 M, a new hydroxamate was
formed which was identified as acetohydroxamate by paper chromatography and

Abbreviations: CoA, coenzyme A ; GP, glutarylpantetheine; ATP, adenosine triphosphate.

* Paper chromatography was carried out on Whatman No. 1 paper. Spots were visualized by
spraying with an acidic FeCl, solution. R values of hydroxamates of glutarate and acetate with
xylol-phenol-formic acid (5:5:2) were 0.46 and 0.6z, isobutyric acid-n-butanol-water (2:2:1),
0.40 and 0.50; with zn-propanol-ammonia (3:2), 0.12 and 0.33; with ethanol-ammonia--water
(20:1:4), 0.40 and o0.54, respectively.

** High-voltage paper electrophoresis was carried out on Whatman No. 3 paper (15 X 55 cm;
pyridine-acetic acid buffer, pH 6.5°%; coolant, n-hexane; 2,000 V; 40 min). Mobilities of glutaro-
mono- and acetohydroxamate were 8.0 cm to the anode and 1.2 cm to the cathode, respectively.

*** The authors are indebted to Dr. R. E. KoEPPE for a generous sample of [3-4Clglutaric acid.
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high-voltage paper electrophoresis. Acetohydroxamate thus obtained from either
[1,5-14C]GP or [3-1C]GP contained radioactivity. However, when free [14CJacetate
was incubated together with cold GP under the same conditions, no radioactivity was
incorporated into the acetohydroxamate isolated. The radioactive acetate formed
from either [1,5-4C]GP or [3-1C]GP contained almost all radioactivity in the
carboxyl carbon’. These results indicate that free carboxyl carbon (C-5) of GP was
converted to CO,, and both C-3,4 and C-1,2 of GP were converted to C-1,2 of acety!-
pantheteine respectively. Under anaerobic conditions, essentially no acetate or CO,
was produced, but oxygen could be replaced by pyocyanine and 2,3,5-triphenyl-
tetrazolium chloride. Radioactive acetate enzymically formed was identified by
paper chromatography using three different solvent systems*, and by partition
chromatography on a silicic acid column®. Further evidence for the identity was
provided by the constant specific activity upon recrystallization of its p-bromo-
phenacyl ester'®.

Similar results were obtained with glutaryl-CoA, and acetyl-CoA enzymically
formed was identified with p-nitroaniline-acetylating enzyme from pigeon liver!®.
Further studies are currently in progress in order to elucidate the intermediates
from glutaryl-CoA to acetyl-CoA™”.

This investigation was supported in part by research grants from the National
Institutes of Health (C-4222), the Rockefeller Foundation and the Jane Coffin Childs
Memorial Fund for Medical Research.

Department of Medical Chemistry, YasutoMi NISHIZUKA
Kyoto University Faculty of Medicine, SiGErRU Kuno
Kyoto (Japan) OsaMmu HavaisHi

1 M. RoTHSTEIN AND L. L. MILLER, J. Biol. Chem., 206 (1954) 243.

2 R. K. GHoLsoN, D. C. SANDERs aND L. M. HENDERSON, Biochem. Biophys. Research Communs.
1 (1959) 98.

3 D. C. Hoess anND R. E. KogPprE, J. Biol. Chem., 230 (1958) 655.

1 O. Havarsui, M. KATAGIRI AND S. ROTHBERG, J. Biol. Chem., 299 (1957) 905.

5 F. LipMANN AND L. C. TuTTLE, J. Biol. Chem., 159 (1945) 21.

8 A. P. RYLE, F. SANGER, L. F. Smite AND R. Kiral, Biockem. J., 60 (1955) 541.

? E. F. PHARES, Avch. Biochem. Biophys., 33 (1951) 173.

8 A. G. Long, J. R. QuavLE aND R. J. STEDMAN, . Chem. Soc., 225 (1951) 2197.

? J. E. VARNER, 4nal. Ghem., 24 (1952) 185.

10 W. L. JupeFIND AND E. E. REID, J. Am. Chem. Soc., 42 (1920) 1043.

11 H. TaBor, A. H. MEHLER AND E. R. STADTMAN, [. Biol. Chem., 204 (1953) 127.

12 J, R. StERN, D. L. FRIEDMAN AND G. K. MENSON, Biockim. Biophys. Acta, 36 (1959) 299.

13 C. S. HEGRE, D. R. HALENZ AND M. D. LANE, J. Am. Chem. Soc., 81 (1959) 6526.

Received July 28th, 1960

* Paper chromatography was carried out on Whatman No. 1 paper. Spots were visualized
by spraying with reduced ninhydrin®. Rp value of acetate with ethanol-ammonia-water (20:1 :4)
was 0.52; with xn-propanol-ammonia (3:2), 0.66 and with tetrahydrofuran-ammonia—water
(15:2:3), 0.62.

** Recently it was reported that glutaryl-CoA was isomerized to ethylmalonyl-CoA, followed
by decarboxylation to butyryl-CoA in animal tissues!?:13, but this isomerization of glutaryl-CoA
was not observed in our bacterial system. Neither butyryl-CoA nor succinyl-CoA was converted
to acetyl-CoA under the above conditions.
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