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Brain NADH-tetraazolium reductase activity,

lipcamide dehydrogenase and activating lipids

During the past several yecars a number of enzvmes catalyzing the oxidation aof
nicotinamide nucleotides have heen identified in brain! °. In the course =f these
investigations tetraazolium salts and Janus Green B were tested as electron accep-
tors. These compounds have been widely used, especially by cytochemists, to deter-
mine the intracellular location of nicotinamide nucleotide-linked oxidative enzymes.
In using these dyes it was assumed that they were reduced by components of the
clectron-transfer chain in mitochondria or microsomes<®-8

With brain homogenates, active acceptors for NADH ¢nd NADPH oxidation
were found to include tetraazolium violet, tetraazolium blue, neotetraazolium
chloride, triphenyltetraazolium chloride, 2-p-iodophenyl-3-p-nitrophenyi-3-phenyl-
tetraazolium chloride and Janus Green B. NADH was oxilized more rapidly than
NADPH. In atterapting to solubilize the enzyme or enzymes catalyzing these
reactions, extracts of acetone-dricd bruin were made which reduced INT and Janus
Green 3 with NADH and much more slowly with NADPH. The o*her tetraazolium
compounds showed little or no activity with this soluble extract. Experiments
aimed at finding optimal conditions for retention of enzymic activity during storage
revealed considerable stimulation of NAIDDH--INT reductase activity by Mephyton,
a commercial suspension of Vitamin K, and lecithin (Table I, Line 1). Part of this

TABLE 1

EFFECL OF LECITHIN AND OF MEPHYTION ON NADI-INT REDUCTASE ACTIVITY

NADH-INT reductase activity was muasurcd spectrophotometrically at soo mu at 28-30°, in a

total volume ol 3.0 ml, containing ©.05 M potassium phosphate buffer (pi{ 8.2), 3.0-i0-*M

NADH and o.53 mg/ml of INT; lecithin, 0.33 mgjml; Mephyton equivzlent to 0.4 mg Vitamin K,
and .08 mg of lecithin.

NADH oxidized (pmolesi.niniml;

Preparaium e .
No addition -+ ecithin -+ mephvion
Acctone-pawder extract 0,010 0.a90 0.667
Brain NAIXP)H oxidorcductase 0.090 ¢.483 25.8
DEAE-cellulose eluate o.012 0.035 0.03%

stimulation was found to be due to the reduction of Vitamin K,, catalyzed by the
dicumarol-sensitive NAL(IYH oxidoreductases” (ref. 2-5) present in the extract,
followed by the non-enzymic reduction of INT by the reduced naphthoquinone.
This was verified by experiments with purified brain enzyme?* (specific activity =
188 gmoles NADH/minfmyg protein) and vitamin K,;. Neverthele.s, stimulation with
both the acetone-powder extract and with purified enzyme was also obtained with
lecithin alone in the absence of a quinone carrier {Table I, Line 2.

Abbreviation: INT, z-p-iodophenyl-3-p-nitrophenyl-5-phenyltetraazolium chloride.

" These enzymes have been referred to as diaphorases in previous publications in order to
maintain historical continuity with the original observations of ADLER ¢ al.*. They are listed as
menadione reductase (EC 1.6.5.2) by the Enzyme Commission,
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To obtain an NADIH - INT redactase activity ftree of the brain NAD{PIH
oxidoreductases, the acetone-powder extract wai. fractionated with ammonium
sulfate and then chromatographed on a DEAL-cellulose column. An cluate devoid
of the latler activity as determined with menadione as acceptor, wae still stimualated
by lecithin but did not show anv additional efiect of Mephyton (Table I, Line 31,

In addition to lecithin, stimulation of this partially purfed enzyniic activity
was obtained with lipid fractions (rom ox brain prepared by treatment with chloro-
form--methanol!’® followed by passage through a silicic acid column!l. Active frac-
tions included the total Jipid extract, as well as one cantaining chiefly neutral lipids
and lecithin, and one containing chiefly cerebrosides. Stimulation was also obtained

_with detergents such as Triton X-100 and Tween 2o and Bo.

With this fraction. other active acceptors included z.6-dichlorophenolindo-
phenol, K Fe(CN),, methylene blue, Janus Green B and lipoamide. Inactive accep-
tors included oxvgon, benzoguinones, naphthoguinones, evtochrome ¢ and coenzyme
Qye- Stimulation with Triton X-100 was only obtained with INT (Table I1).

TABLE I

NADE DEHYOREOGENASE ACTIVITY OF THE NDNEAE CceLLULOSE ELUANTE
WITH VARIOUS ACCEPTOKS

Conditions as described in Table 1, and in previous paprst * for INT, z,6-dichlorophenvlindo-

phenol and methvicne bluce. Activity with Janus Green BB and lipoamide was measarad spoctro-

photametrically at 330 myr. The concentratinns of Janus Greein 13 and pu-hpoamide were 3- 107> M

and B-1o * M, respectively. oo ml of a 110 dilution of Triton X-1co was uscd per 3 mi tetal
volume:.

1PN oodiznt (umolelmingmi)

Agceptor PSTL UL witk
Lrvtan X sno Friton X o

INT 030 300
2,6-Dicklorcphenohadophenoi w2y [N
Potassium fermcyanmde 0.54 0.6y
Janus Green I3 120 V.20
Mcethyliene Blue [T 0.za
Lipoaidde RINT D) r Ra

* Concentrated by attratittration.

Because of the high activity of the acetone-powder exiract with lipoamide, the
solution was treated by the same procedure as that used by Massey for the lipo-
amide dehydrogenase (EC 1.0.4.3) of heart!®, i.e. precipitation by 0% ammonium
sulfate followed by passage through a calcium phosphate gel—<ellulose column. Two
active fractions were obtained. Fraction A was not adsorbed by the column and
was not active with lipoamide but did cataivze the reduction of INT by NADH.
Fraction C, like heart lipoamide dehyvdrogenase. was adsorbed by the gel and eluted
with 49, ammonium sulfate and was active with lipoami-le. As shown in Tablc 11}
the activity of both fractions with INT as acceptor was stimulated by Triton X-100.
Fraction C was inhibited by EDTA *viiicit also inhibits heart lipoamide dehyvdrogenase.
To confirm the reactivity of INT und detergents with lipoamide dehydrogenase, a
sample of pure heart lipoamide dehvdrogenase was tested and found to behave like
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TABLE 1LL
COMPARISON OF CALCIUM PHOSPHATE-GEL FRACTIONS WITH LIPOAMIDE DEHYDROGENASE

Conditions werc as in previous tables. 1 mM EDTA.

DPNH ozidized (pawolesfrmint}ml)

Camponent, T - o
Frastion A Fraction C “‘i‘ '\?;:.’;’:.ud:a;

TNT alone G La8 0.064 a.1s2

INT - Triton v.380 2. 510 0.563

INF -= Trton 4+ EDTA o.380 0.325 0.120

Lipazimide 0.005 2.950 1.030

Fraction C {Table 111), and catalvzed the reduction of both INT and Janus Green I3,

These results dunonstrate that a large part of the NADH-INT reductasc
activity 1o vasily soluble jorm in bram is due to lipoamide dehydrogenase. The
shight activity of brain NAD(P}H oxidoreductase with INT as acceptor is enhanced
by hpids and detergents. The basis of the major activity with INT which remains in
the residual brain suspension as well as the zctivity in Fraction A remains to be
explored.

This work was supported by Grants No. KRG gyog4 from the U.S. Public Health
Service and No. 235 from: the National Multiple Sclerosis Saciety. We wish to thank
Dr. V. Massey for a sample of heart lipoamide dehydrogenase.
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