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1. Inérotuction

Oeiopine dehydropgenase extracted [rom muscles
of Perten maximis catalyzes the oxidation of D-octo-
pine 1 1o L-arginine 2 and pyrevate 3 11, 2.

This enzyme of a moleenlar weight of 38 Q0D Jal-
tons is 2 monomeric one [3]. Aa eariier spectrophoto-
petric study }4] has shown that the difference spec-
trom of the binding of the reduced coenzyme 1o orio-

pine dehydrogenase exhibits a red shift of the re-
duced nicotinamide absorbance. Accerding 10 the ob-
servations of Fisher et al. 5] this is characterisiic of
most B-siereospecific dehydrogenases. 11 seemed
therefore interesting to confirm directly that ooto-
pine dehwdrogenase transfers hyydropen from B side
of the nicotinamide ring, using either the NADH or
one of Its active analogues labeled on C-2 in the pyri-
dine ring. We chose 3-ryano PyADH [6] possessing on
C-3 a pronp whose geomelry is guite different from
that of an amide.

2. Experimental

NAD"Y (98% purity), D-octopine and yeast zlcohol
dehydrogenase were supplied by Signya Chemieal
Company. Glutamate dehydrogenase firom pig liver
was a gift of Dr. D. Panialoni. Octopine dehydrogen-
+ Laberatory associzted 10 the {entre National dv 1a Re-

cherche Scientifiune.
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ase was prepared accordirg to the method previously
described 12]. [3—>H1Bthanol, 0.54 mCifmg, was a
product of New England Nuclear. L | 2 H] glutamic
acid, 10 mCifmg, was supyplisd by CEA France, 3-Cy-
ano Py ADY was prepared according tc a previcusly
elaboraled procedure [& 7).

Protein concentrations were getermined spectro-
photometncally using the value of A?li%@ =1i.4 for
ocropine dehydrogenase [4].

Deiopine concentration was measured colorinetri-
edly by the method of Dumezert and Poggi [8].

The racioactivily was derermined with a quid
seintillation Inter Technique SL 30 spectrophotometer,

DEAE-cellnlose from Serva was repealedly washed
with 2.5 N NaOH, water, 10% potassiumn bicarbonate
and finally with water to nentrality. Colomns 50 X 2
rm were used for 1 g of nucleotides.

Dowex 1 X 2 from Fluka was washed with 3 N HCl
until eliminanon of impurities absorbing at 266 nm.
After washing with water the resin was converiet 1o
the formpate form by treatment with 2 M sodium for-
mate followed by washing with water nm il newtrality.
Cohlomns 40 X 2 cm were nsed for 1 g of nugleotides.

2.1. Preparation of < R-J4—"H]NADH

To 50 mi of 0.1 M glycine-NaOH buffer pH 0.8
comiaining 350 mg of NAD* and 2.8 ml of {1-2H]-
Adbrevintions:
3-cyano PyAD™: 3-cyanspyridinipm adenine dinueleotide;
3-¢yano PyADH: iits reduced form; ADPR: ADF ribose.
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cthanol (4.6 X 107 cpmfmmole® were added 3 mg of
veast alcohol dehydrogenase, Afier 1.5 hr the equilib-
mnm was established. The sclotion was heaied for 5
min at 60° and iis volume raduced to 15 ml. This prep-
zration was then chromatographed on DEAE-ceflulose,
nsing for elntion an armymonium bicarbonate gradient
from 0 to 0.3 M. The fractions containing NADH were
pooled. In order (o diminish the radiclysis, 4 R-14—
SHINALH was kept in solution. Yield = 200 mg {(ac-
ivity: 1.82 % 107 cpm/mmoie).

2.2. Preparotivs of 4 8- 4--TH]NALH

To 300 mi of 0.01 M phosphate buifer pH 7.6 con-
talg 860 mg of NAD® and 40 mg of 1-{12-H]gh-
tamic acid {1.67 X 107 cpm/mmole) there was added
& mg of ghwamate dehiydrogenase, After 5 hr the
equilibrinm was estabiished. 4 5-{4—H]NADH was
isolated in the same manner as 4 R-[4--3H|MADIL
Yield = 120 mg {activiiy 1.27 X 10% - ym/mmole).

2.3. Prepavation of 4 R-j 4—3H] 3-cvane PyADH

The same method as for the preparaiion of 4 R-
[4— HINADH was used except ihst the incubation
vras performed at pH 8.5 in presence of [1-313-
gthanol, 6 X 107 cpmfmmele. The purity of the re-
sulting 4 R-[4—3H] 3-cyano Py ADH was estimated by
the 1atio AgggfAgas. Actually due o the fact that the
remaming 3-cyano PyAD? is degraded 10 ADFR dur-
ing the chromatography on DEAE-gelluloss, the 3-
cyano PyADH obiained was contaminated with
ADPR. The ratio of the absorptions at 260 na and
323 nm was 3 for S-cyano PyADH and 2.5 for the
elntion product. Consequenidy the Iatter contains
only 85% of 4 R-[4—1]3-cyano PyADH (yield 75%;
activity 1.15 X 107 cpm/mmole}.

2.4, Oxidativn of 4 R- and 4 5-{4—FH] NADH by octo-
pine dehydrogenase
To 25 wi of a solution adiusted to pH 6.0 with
0.1 M KH,PO, and containing 40.3 pmoles of 4 R-,

[4—3HINADH, 33.4 gmoles of L-argimms and 33.4
prnoles of sodium pyruvate were added 30 pg of
octopine dehvdrogenase (in five incremenis). Afiter
32 min the reaction stopped. The pH was brought
10 4.5 by addition of 2 N acetic acid and the
mixiure was chromatographed on Dowex 1 X 2
formute form. Octopine ~as eluted by water and
MAD™ by (.2 formic acid. The absence of arginine in
isclated octopine was verified by thinlay er chromato-
graphy on ¢sllulese using as selt ent: pyridine—iscamy!
zlcohol—water: 80--40— 7). The Rf were: octopineg
0.29, 1 -arginine 0.08.

The same procedure was used for the oxidation of
4 5[4 THINADH.

2.5. Oxidation of 4 R-{ 4—"H] 3-cyano PvADH

This experiment was perfonme?d in the same way
as for the oxidation of 4 R-[4—3HINADH except
that a 40-fold excess of L-arginine and sodivm pyre-
vate over the coenzyme and 2 6-fold guantily of en-
zyme were emploved. Doly 32% of 3-cyino PyADH
were oxidized. The large excess of L-argitine made
difficcin the estimation of the specific radioactivity
of ocicpine.

3. Resulis and discussicn

The results of the smdies of the stereospeaificity
of hydrogen transfer eatalyzed by octopine dehyd:o-
genase are Crmmarized in the table. As can be seen
there is . .ramsfer of tritiom from < R-]4—2HINADH
to omopine and essentially aly the racioactivity (06%)
remains in NAD7 .

Un the couirary, in the preseic: of 4 S-[4--H]-
NADH only 3.5% of the ini:ial rid.cactivity is Je-
tecied m IAD™ and 99% is tran fesred to oo opine.

It 13 therefore obvious that octopine dehvdrogenase
t ansfers the hydrogen from the side of NADH to the
subst-ate without exchange with protons of the me-
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Table 1
Sierpospecificity of hydrogen transfer from coenzyme (o ooiopine.
HNadipacitivity
1 nF -

epm per miole)
Borsree off label lepm i) %)

Reduced Oxidized Driopine No: Transferred

COSNZY e COENZYME transferred
4 R-[4-"HINADH 1823 107 1.75 % 107 0.16 % 107 95 8
4 814 >H)NADH 1.24 x 108 0.04 x 10° 1.22 % 10® 35 99
4 R-[4-°Hlcyumo PyADH 1.15 % 107 1.05 % 107 91

& .
Estimaled error + 4%.

dinm and thas belongs to the B &lass of dehydrogen-
ASES.

4 R-{4-*H]3-cyano PyADH doss net transfer its
iritium atom to oclopine since 21% of ~divactivity
remains in 3-cyano PyAD?. The stereochemical be-
havivur of this anaiogue is the same as that of NAD®
towards octopine dehydrogenase as well as towards
some oiher dehydrogenases [9].

Octopine ¢ehydrogenase can be compared toa
ceriain extsnt to glutamate dehydrogenase The de-
hydrogenation performed by both enzymes occurs
al 8 —C—N— system while in most other debydro-
genases a —C—D— system is mvolved [10].

Earlier spectrophotometric 4, 5, 11, 12] and
spectropolarimetric [13, 14] studies have led us to
an assumption that some analogies maght exist he-
tween these two enzymss at their coenzyme binding
sites. The B stereospecificity of octopine dehydro-
genase gives Row an additions] argument in favour of
:hiz hypothesis.
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