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Distribution of glucose and lactate in the brain parts
we investigated is simmilar to that of glycogen (Table 1I).
These findings suggest that there is more intensive
glycolysis in medulla oblongata, compared with the other
parts of brain.

12D, L. Puricu and H. J. Fromm, J. biol. Chem. 248, 461 (1973).

13 We wish to thank Dr. H. REuxAMPER from Boehringer Mannheim
GmbH, who kindly supplied us with all the enzymes, substrates
and cofactors.
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Résumé. Le cervelet contient des quantités plus grandes
d’ATP, ’ADP et de nucléotides totaux que le lobe
frontal du cerveau ou la moelle cervicale. Ces différences
ne sont pas trouvées avec I’AMP. Le contenu en glycogene,
en glucose et en lactate est plus grand dans la moelle
cervicale que dans le cervelet et dans le lobe frontal.

R. V. Zrvkovié, B. B. MrSuLya and
B. M. Dyuriti¢18

Institute of Biochewmistry, Faculty of Medicine,
Visegradska 26, Yu—11000 Beogvad (Yugoslavia),
8 November 1974.

Methyl Mercury Effect on Rat Liver Mitochondrial Deshydrogenases

Much attention has been paid to mercury and its
organic derivates as they accumulate in the food chain?.
Although there are many observations on biochemical
alterations induced by organomercury compounds?
the way methyl mercury exerts its toxicity on target
organs is still subject to controversial interpretation:
methyl-mercury reacts with sulthydryl groups present at
the active sites of several enzymes as other mercurials
do® % According to Secarr and Woob?, it can also
catalyze the hydrolysis of a group ot phospholipids.

Liver tissue has been selected because it accumulates
methyl mercury and participates in the entero-hepatic
reabsorption of the compound. Furthermore, recent
ultrastructural foetal liver electron microscopy has
shown mitochondrial swelling after low exposures which
did not produce maternal neurological symptomsS.
Therefore, besides its already recognized detoxification
role, liver has a degenerative response to methyl mercury.

We have investigated the effect of methyl mercury on
isolated inner membranes of rat liver mitochondria and
its inhibitory action on several enzymes of the oxydative
chain. Work has been focused on 3 hydroxybutyrate
deshydrogenase, which requires lecithin as a cofactor?
and has thiol residues in the active site®. A protective
effect was obtained after a pre-incubation with the
phospholipid and a sulphydryl reagent.

Material and methods. Male Wistar rats (180-200 g)
were sacrificed. Livers were removed and mitochondria
were extracted in 0.25 M sucrose. Inner membrane matrix
preparation was obtained by digitonin treatment and
disrupted by sonication according to the method of
LEVY et al.?. Respiration rate and enzymatic activities:
succinate deshydrogenase, 3-hydroxybutyrate deshydro-
genase, cytochrome oxydase were assayed according to
several methods detailed in a previous publication?®. The
protein content of the enzymatic preparation was
determined by the method of Lowry!.
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Liposomes of egg lecithin were prepared according to
the method of SiNGLETON et al.12: 2 mercaptoethanol was
diluted to 0.5 M in phosphate buffer 0.2 M pH 7.4. Methyl
mercuric chloride solutions in aq. 5% (v/v) ethanol were
prepared just before use. The amount of ethanol added
with the inhibitor has no significant effect on the activities
assayed. Inner membranes were incubated for 5 min with
the inhibitor before measuring the enzymatic activity.

Results and discussion. Some results of the inhibitory
effect of methyl mercury on oxidase and deshydrogenase
activities are shown in the Figure. A decrease in oxygen
consumption is observed on both substrates. However,
methyl mercury concentrations should not be considered
as absolute values, since manometric operations require
an incubation temperature (30°C) at which methyl
mercury vaporization is significant. Enzymatic assays
show that 509, inhibition of 3 hydroxybutyrate activity is

1 B. L. Varree and D. D. ULmER, A. Rev. Biochem. 47, 91 (1972).

2 J. D. TRASHER, in Drugs and the Cell Cycle (Eds A. M. ZIMMERMAN,
G. M. Papirra and T. L. CameEronN; Academic Press, New-York
1973), p. 25.

3 P. SALVATERRA, B. Lown, J. MarcanTtI and E, Massaro, Acta
pharmac. toxic. 33, 177 (1973).

4 D. R. Storm and R. P. Gunsarus, Nature, Lond, 250, 778 (1974).

3 H. J. Secary and J. M. Woop, Nature, Lond. 248, 456 (1974).

§ R. WaRE, L. W. Cranc and A. BURKHOLDER, Nature, Lond. 257,
236 (1974).

7 G. 8. GOTTERER, Biochemistry 6, 2147 (1967).

8 N. LatrurrE and Y. GAUDEMER, Biochimie 54, 435 (1974).

9 M. LEvy, R. Toury and J. ANDRE, Biochim. biophys. Acta 735,
599 (1967).

10 M. Levy and R. Toury, Biochim. biophys. Acta 276, 318 {1970).

I 0. H. Lowry, N. J. RosEBROUGH, A. L. Farr and R. J. RaNDALL,
J. biol. Chem. 793, 265 (1951).

12 W. S. SingLETON, M. S. GrAY, M. L. BRowN and J. L. WaiTE,
J. Am. Oil Chem. Soc. 42, 53 (1965).
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Methyl mercury effect on oxydase and deshydroge-
nase activities. O— O, succinate oxydation; A— A,
hydroxybutyrate oxydation; @ — @, succinate deshy-
drogenase activity (% inhibition); A— A, D-3-hydro-
xybutyrate deshydrogenase activity (9, inhibition).
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Effect of pretreatment of the inner membrane with lecithin and mercaptoethanol on methyl mercury inhibition

Enzyme preparation CH,HgCl nM/mg protein

D-3-hydroxybutyrate activity nM substrat/min/mg protein

Inner membrane —

Inner membrane 10
Inner membrane + lecithin 10
Inner membrane -+ 2 mercaptoethanol 10

Inner membrane + lecithin
-+ 2 mercaptoethanol 10

460
240
300
420

460

obtained for methyl mercury concentration of 10 nM/mg
protein. The enzyme is more sensitive than succinate
deshydrogenase (20 nM /mg protein). Cytochrome oxydase
is not inhibited in this range of concentrations, (179%,
inhibition for 4 mM/mg protein). The subsequent addition
of pure lecithin and 2 mercaptoethanol (0.67 mM/mg
protein) in the medium could not reverse the activity of
3 hydroxybutyrate deshydrogenase incubated with
10 nM/mg protein inhibitor. The effect of a pretreatment
of the inner mitochondrial matrix with pure lecithin
(0.67 mg/mg protein) and 2 mercaptoethanol (0.22 mM/mg
protein) on the inhibitory action of methyl mercury on
3 hydroxybutyrate deshydrogenase is reproduced in the
Table. The enzymatic activity of the control is not
significantly stimulated by the addition of the reagents.

D-3-hydroxybutyrate deshydrogenase activity is par-
tially protected by pretreatment with lecithin, however
higher concentrations of the phospholipid do not produce
a better action. Addition of an-SH reagent associated with
the phospholipid prevents an inhibitory action of methyl
mercury. The inhibition of methyl mercury on D-3-hydro-
xybutyrate deshydrogenase seems to imply both phospho-

lipids and thiol groups as possible sites of action. Further
studies are under way to elucidate the possible interaction
of methyl mercury with lecithin and the relative stability
of the binding to sulthydryl groups of the enzyme?3.

Résumé. 1.’ inhibition par le méthyl mercure de certains
enzymes de la membrane interne de mitochondries de
foie de rat, montre que la D-3-hydroxybutyrate deshydro-
genase est trés sensible. L’enzyme pré-incubée avec de la
lecithine et du 2 mercaptoethanol est protégé.

R. Magnavar, R. Batri and J. THIESSARD

Association Euratom, CEA Département de Protection,
Bofte postale 6, F-92260 Fontenay-aux-Roses (France),
and Labovatoive des membranes biologiques, Université de
Payis VII, F-75005 Paris (France), 16 December 1974.

18 Work partly supported by Euratom CEA (No. BIAF 100-72-1)
and C.N.R.S. Contribution No. 1145 of the Biology Division.

Demonstration of Methanol Dehydrogenase in Methanol Assimilating Yeasts

Methanol oxidation in bacteria has been investigated by
several workers!-3, and no evidence of a pyridine nucleo-
tide-linked methanol dehydrogenase has been reported.
OcATa et al.4 described a methanol oxidation in yeast via
an oxidase, but they did not detect a pyridine nucleotide-
linked dehydrogenase. Their data suggests that a flavine
nucleotide cofactor was involved in the oxidation. The
present note describes the oxidation of methanol by
cellular extracts of Pickia pinus and Kloeckera sp. 2201
utilizing pyridine nucleotide (NAD) or dichlorophenol
indophenol (DCPIP) as electron acceptors.

Matevials and wmethods. A 5-day-old slant culture of
Pichia pinus NRRL YB-4025 and Kiceckera sp. 22014
was inoculated into respective flasks containing a sterile
mineral salts medium composed of 1% NH,NO,, 0.1%
K,HPO,, 0.19, KH,PO,, 0.05% MgSO,-7H,0, vitamin
mixturet and 2%, methanol. Cultures were propagated for
4 days on a rotary shaker at 25C (250 RPM with 2" throw).
Cells were centrifuged and washed twice with 0.01 M
potassinm phosphate buffer, pH 7.0. Washed cells were
resuspended in buffer and sonicated at 4 °C in ice-bath for
5 min (ten 30 sec intervals) with Branson Ultra Sonified
(Branson Instruments, Conn. USA). Cell debris was
removed by centrifugation at 20,000 xg for 10 min. The
clear supernatant was used for enzyme assay.

Methanol dehydrogenase activity was assayed spectro-
photometrically using a Zeiss Gilford instrument with an

automatic chart recorder. The assay system (NAD-
linked) contained potassium phosphate or T7is-HCl buffer,
PH 7.0 and 8.5, 70 umoles, NAD-1 umole, enzyme (1 mg
protein), and substrate, 20 pmoles. NAD reduction was
measured at 340 nm. Specific activity was expressed as
nanomoles of NAD or DCPIP? reduced per min per mg
protein.

Results and discussion. Cell-free extracts of both yeast
cultures grown on a methanol containing medium oxidized
methanol via NAD-linked methanol dehydrogenase. The
Table shows the activity of methanol dehydrogenase
at pH 7.0 and at pH 8.5. In the case of Pichia pinus, the
methanol oxidation rate utilizing NAD or DCPIP at
pH 8.5 was greater than that at pH 7.0, whereas, in
Kloeckeva sp. 2201, NAD-linked activity was found to be
greater at pH 7.0. Ocara et al.? described methanol
oxidation via methanol oxidase inKloeckera sp. 2201, but
no dehydrogenase activity using NAD, NADP, or
DCPIP was reported. Lack of NAD or DCPIP-linked
activity in the Kloeckera sp. 2201 cell-extract of OGaTa

* C. ANTHONY and L. ZATMAN, Biochem. J. 94, 614 (1964).
2 P. Jonnson and J. QuavLE, Biochem. ]. 93, 281 (1964).
# R. MEHTA, Anotonie Van Leeuwenhoek 39, 303 (1973).

4 Ocara, Agric. Biol. Chem. 36, 68 (1972).



