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1. Introduction

From extracts of the nitrogen-fixing Dacterza Azo-
" tobacter vinelandii a revessible NAD -dependent
NADPH-ipoate reductase and a reversible NAD™-
dependent NADHlipoate reduciase can be separated

§11. The NADPH-Yipoate reduciase is a comnplex, which

consists of the NADH-sperific ipoamide dehydrogen
ase identical with the one isolated scparatzly and a
transhydrogenase. In order to get more informeztion
on the 1ole of this tranthydrogenase in the repulation
of the NADH and NADPH metabolism in Azclobac-
ter, kinetic studies were perforined with this enzyvme.

2. Materials and methods

NAD?, NADPY, NADPH, lipoic acid asd bovine
sezim albumin were obtained from the Sigma Chem-
ical Co.; NADH, yeast aleohol dehydrogenase and
ghscose-6-phosphate dehydrogenase from: Boshringer.
Al chemicals used were of analytical grade.

Azotobacter vinelordii (ATLLC 478) wzs grown on
a nitrogen-free medium according 10 Pandit-Hoven-
kamp [2]. The cells were harvested at the end of the
exponzntial growth phase and stored 2t —15°C. Lipo-

- amide dehydrogenase fTom pig heari was prepared by
the method of Massey et al. {3], from Azozobacter

* in 2 similar way. The aclivily of the ;.-g hieari enzyme

“in the reaction with oxidized Yipois zcid was deter-

minéd according to Massey and Veeger [4];inthe - '

Tipoxte réductase acrivity. determination of the Azoto-
. bacter enzyme, the citraie-buffer pH 5.65 was1e-
.. placed by c:trate—phosphate buﬂ'er pH 6_35. The prep=
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aration of the NADPH-specific lipo: te reductase and
the transhydrogenase from Azetobecier will be pud-
lished <lsewhese [3].

The transhydrepznase acuvities were estimated by
modifications of previous methods |6, 7]. In studies
of the NADP reduction by NADH the medium con-
sisied of Tris-HC] buffer pH 8.6, 0., M; Dovine serum
albwmin, 0.04%; 2lcencel, G.15 M; semicart zide, 4
miM; excess yeast aleahoe! dehydrog:ause; NADI,
NADP?, NADPH and MgCl, as indicated. The NAD™-
reduction by NADPI was carried ont in Tris-HCI buoi- .
fer pH 8.0, 0.1 ¥; bovine seynm alt imin, 0.04%:;
glucose-S-phosphaie, 3—6 wibl; exc:ss glucose-6-
phosphate dehydrogenass; NADPH and NADY as in-
dicated. The seactions were started by the addition of
Tae enzyme and the increase in optical depsity at 340
nm was measured at 25°C.

3. Resnits and diceassion

When senezzted, botl: the NADI 1 specific lipo-
amids dehydrogenase and the transhydrogenase do
not show any NADPR-Yipoate actihvity, but on 1e-
combination the original specificihv towards NADPH
is recovered. The activity with an causl coneentration
o NADPH is unéei the same cond ticns higher than
that with NAD?, bat is dependent on the ratio trans-
hydmgenase Yipoarnide dehydrogenase. Upon the
addition of the baclerial transhydragenase to pig _
heast lipoamide ﬂeh}rﬁmgenase the raie of the hpaaie

reduction by NADPH was, in the gresence of NADT,

about twice that with NADH umia- the same condi- |

5oms; withowt NADY, or with NADP™ instzad of NAD?Y,



Voinma 1, number S

FEBS LETTERS

Octobei 1968

ABADL

09

5 20 — M

. Fig. . Time conrse of the change1 in upt:cal density at 340 nm as a yesolt of the 1edvction of NADPY by NADH in the presenne ’
or absenice of MgClp, NADPH and ATP. Reaction mixtuze ac described under materials and methods. [NADPT] = 50 gM; {NADH]

= 50 yM_ Full and dotted lines are withont and with MgCl, {2 M) respectively.

o—o = no NADPH; o = 60 uM NADPH;

4 = 60 uM NADPH, 15 aM ATP; 4 = 60;.u-:| NADPH 800 uM ATP. :

this reaction does not proceed. By mcreasing ths 1aizo

transhydrogenase Yinoaride dehydrogenase 2 satura-

tion curve for the NADPH-lipoate activity is obtained,

whereas the NADH Jipoate activily remained at a con-

siant level.

. 'The isolated transhydrogenase, which ahDWS a weak
polzrized flavin fluorescence, is able to reduce 2,6-di-

chlorophrnol-indophenol, K-Fe(CN)S and thionicotin- -

amide-NADT with NADH and NADPH; the activities
- with NADPH, as measured under identical conditions,
-are abont twice that with NADH. 3-Acetylpyridine-
NAL? is not reduced. Furthermore both the reduc-
tion of NADP? by NADH and that of NAD? by
NADPH are catalyzed. The rate of redaction of NADP?
by NADH depends on the presence of either MgCl, or
CaCl,: MpSO, and KCl are much less active. Forther-
- more NADPH formed during the reaction or added at
the. begmmng has a strongly stimulaiing effect (fig. 1).
NADP* -reduction does not occur in the absence of
both MgCl; and NADPH, unless at very high concen-
trations of the hanshydmgemse By raising the )
NADPH/NADP*-ratio the lag period shoriens and -
nally disappears at a ratio of 0.5—1, depending on 1he
-[NAT:]. In the presence of 2—4mM Mglly the ]ag
:penud is much shorter, the nte of ﬂle reachon is !

]]Jgher and a smailer arnount of NADPH is needed to
~overcome the lag period. The length of e 1ag penoﬂ

302"

alsc: depends on the concentration of NATH; the
higher the [NADH] the higher the {NADFH] needed.
A plot of the reaction velocity at variable {NADH] - .
and [NADPH] and constani [NADP*¥] (sig. 2) shows
that NADPH has stimulatory and inhibitory effecis,
depending on the |[NADH]. At increasing [INADH]

-the activity-NADFPH-curve is Sshaped, and shows

product inhibition. A similar picture is obtained upon
varying JNADP?} and INADPH] a1 a constant
[NADH] ; the S-shaped curves are even more pro-
nounced. The reduction of NAD"' by NADPHis
under the present conditions less complex than the

- zeaction in the reverse direction. The NAD reduc-

tion pmceeds very quickly. Under identical COIl_dl-

" tions of donor and acceptor concentrations the rate

of NAD reducsion is about five 1o Ien times larger

'than ihat of the reducticn of NADPY.

- The tate of NAD™ reducnon depends on the con- ‘
cenirations of both pyn&nenuc]eondes. At increas-

ing NADPH] the activity-NAD?-curve changes from
a normal saturation curve into an S-shaped corve. it

.is clear from the 1esults presexted that higher con- -

céntrations of NAD? decrease the affinity of the en- -
“zyme for NADPH. NADH has an mhibltmg effecton
;jlus reacnon, MgCL- has very httle mﬂuence. e

~Inthe ;uesence ora concentrauon of NADPH mgh

enough to overcome the lag penod ai‘ the reduction of
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Fig. 2. Effect of NADH and NADPH concentrat:ons on the valocity of the reduction of HADF? by NADH in the prasence of

MgCi,. Reaction mixtute as described. {[NAD Tl |

50 pM. The velocity is express2d as the change in optical dessity at 340 am
for the first three minutes, A [INADPH]: .—i = none; 0—o0 =

13pM; o1 = 25pM: -8 = 30 uM; o—0= l&ﬁﬂ!ﬂ

B. [NADH}: o0—0o = 10 uM; «—e =25 pM: 56— =55 r-l.g, &—a=110uh.
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Fig. 3. Effect of NADPH ard NAD? concentrations on the velocity of the rednction of NADT hy NADPH. Reacticy mixture as
described. The initial velocity isexpressed as & Afminal 336 nm. A. [NADPH]: o—o0=301;0—= = 60 paM; :»—a = 145 pM;

oD = 230uM. B.INAD¥]: o0 = 45 pM; »—»

NADP? by NADH, additior of AT? induces the lag
period again (fig. 1). The ATP-concentration nducing
this effert is dependent on the MgCl; concentration in
the medinm; in jts absence ATP-concentrations as low
as 1040 uM are effective. Furthermore the ATP-
inhibition is counieracteﬂ byi mcreasmg NAD?H—con—
centmtmns

The effect of ATPor 1}1& NAD™ reductmn by -

NADPH depends on the cm’:centratmn, of NADV ang . _
NADPH. The higher the [NAD?] the larger the inhibi-

= 92 abl; 0—o =220 pM; r—o =430 pii.

tion by ATP. Also hese Mg(l; counterac:s the ATP-
inhibition. GTP kas 2 similar effect on brth reacions.
Under the same ¢onditicas ne clea1 effect was snown
with ADP, GDP, 2'AMYP, 5'A3iP and 3°,5° AMP. The _
catalytic pictire shown here with its S-shaped satura-
tion curves indicalss a possible allosteric sepulation 8]
of pyridine nuclectide mgt’abt-lism by N£.DPL. 13-
coefficients for NADY of 1.5:md 2—4 for NADPH are -
obiained, s.tp.,orimg the assumnpiion of a Iegu!ainry
fasncnon of NADPH.
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, The experiments show the existence of ﬁéo HADPH
binding sites; one catalylic the otherregulaiory. The
regulatory site is negatively affected by ATP and NADH -

and probably MADY while it is positively affected by
MgCi, and CaCl,. The cbservation that this transhy-

drogenase is complexed with . hpoam.de ‘dehydropen- .

ase makes a direct role of this enzyme in the regula-
tion of transfer of reducing equivalents from oyru-
‘vate to either N; or O, very Jikely {9].
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