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The authors have found that intramitochondrial pyridine
nucleotide levels markedly decreased by adding ammonla to the
isolated rat liver mitochondria. This does not mean the oxi-
dation of the reduced pyridine nucleotides to thelr oxidized
forms, but means destruction of them in their reduced forms,
since no oxidized forms increased and elevation of nicotinamide
was observed.

The respiratory inhibition by ammonia which has been re-
ported from our laboratory is thought to be related to the
change of the pyridine nucleotide levels. In the preceding paper
(Katunuma and Okada, 1963), it has been reported that inhibition
of the mitochondrial respiration by ammonia is not due to the
glutamate formation by glutamate dehydrogenase, but due to the
depression of a-ketoglutarate production through the TCA cycle.
We have found that ammonia was most inhibitory for the respi-
ration of citrate or isocitrate. Furthermore, accumulation of
isocitrate and inhibition of citrate or pyruvate utilization
were observed when citrate or pyruvate in the presence of am-
monia was used as a substrate of the TCA cycle(Katunuma et al.,
1963).

METHODS

Rat liver mitochondria were prepared by the method of

Schneider. Incubation was carried out in a Warburg bath and
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oxygen uptake was measured manometrically. The incubatlon mix-
ture was the same as described before(Katunuma and Okada, 1962),
but nicotinamide was usually added unless otherwise stated to
inhibit pyridine nucleotidase.

Extraction of pyridine nucleotides from the mltochondria
was followed by the method of Bassham et al(1959) except that
the neutral extraction was used for the oxidized forms and then
the extract was acildified to destroy the reduced forms. Pyridine
nucleotides were determined by the alkaline fluorimetric method.
Bloassay using Lact., arabinosus was carried out for the esti-
mation of total pyridine compounds, nicotinamide, or pyridine
nucleotides on a microscale. Nicotinamide and pyridine nucleo-
tides were separated by ascending paper chromatography. The
solvent system used was 80 # n-propanol. The chromatogram was
cut into 10 pleces and each of them was analyzed by Lact, ara-
binosus.

RESULTS AND DISCUSSION

Mitochondrla were incubated in the presence and absence
of ammonium sulfate and thelr intramitochondrial pyridine nucleo~
tlides were determined. As shown in Fig. 1 the presence of
ammonium sulfate resulted in a marked decrease of reduced
pyridine nucleotides in 5 minutes while no oxidized forms inc-
reased. It will be suggested that disappearance of the reduced
forms does not mean the oxidation of pyridine nucleotides by
the dehydrogenases., When citrate was added to the mitochondrial
system, the decrease of both the reduced and oxidized forms
were followed by the resplratory inhibition in the presence of
ammonia. It is considered that use of a generating system of
reduced pyridine nucleotides by adding citrate also caused the

decrease of oxidized forms.
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Fig. 1. Behavior of Pyridine Nucleotides during the Incubation
Periods of Mitochondria with and without adding Ammonia.

PN? Pyridine nucleotides in oxidized form, PNH; Pyridine nuc-
leotides in reduced form.

Mitochondrial suspension in 10 % sucrose was incubated in a
test tube at 37°C. Each system contained 50 pmoles of nicotin-
amide and 10 umoles of ammonium sulfate if added in the final
volume of 2 ml. The reaction was terminated by boiling in alkalli
or neutral buffer solution.

The disappearance of pyridine nucleotides 1s probably the
result of a reaction of the reduced forms. Amytal which 1s known
to be an inhibitor of oxidation of the reduced pyridine nucleo-
tides, was added to the above mitochondrial system. Reduced
forms of pyridine nucleotides were increased at certaln concent~
rations of amytal, but too high levels of amytal also inhibited
reduction of pyrldine nucleotide by isocitric dehydrogenase. Two
to three micromoles amytal per 2.5 ml of reaction mixture was
found to be optimal for maintaining the reduced forms of pyridine
nucleotide at high level, when 20 to 30 mg protein of mitochondria
was used in 2.5 ml of the reaction mixture. At this level of
amytal, the reduced pyridine nucleotide disappearing reactlon
will be able to work most effectively. In Fig. 2, 2.5 umoles of
amytal were used in the mltochondrial system, citrate was added

as the substrate. As this amytal level caused about 70 % of
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the respiratory inhibition, further ammonium effect on the res-
piration was not observed, but the reduced pyridine nucleotides
were remarkably decreased by adding ammonia. High levels of
ammonia(above 2 umoles/2.5 ml.), however, had no more effect to
decrease pyridine nucleotlides content, but caused glutamate for=-
mation by probably glutamate dehydrogenase under the conditions
used, because the Km value of glutamate dehydrogenase for ammonia

is rather high.
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Fig. 2. Decrease of Pyridine Nucleotides corresponding to
Ammonia added in the Presence of Amytal.

PN; Pyridine nucleotides(total of oxidized and reduced forms)

The system contained 5 umoles citrate, 2.5 umoles amytal and
50 umoles nicotinamide in the final volume of 2.5 ml. Incu-
bation was carried out for 15 minutes in a Warburg bath at 37°C.

The product of this disappearing reaction of pyridine nuec~
leotides was analyzed without adding nicotlinamide as shown in
Table I. Although a decrease in pyridine nucleotide correspond-
ing to the respiratory inhibition was observed, there was no dif-
ference of pyridine ring contents between the systems with and

without adding ammonia. Results obtailned by paper chromato-
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graphy showed that the reaction product which increases by ad-

ding ammonla, 1s probably nicotinamide or its analogue.

Systen pLepate fns0s(1)  msos(10)
02 uptake, ul 95.2 18.7 13.6
PN mumoles * 50 10 8
PNH mpmoles™ 41 1 0
total PN mumoles 91 11 8
Pyridine Ring mumole*: 61 68 78
PN(Rf 0-0.3) ™ 150 53 53
NA(Rf 0.8-1.0)™ 320 162 LL5

Table I. The Reduced Pyridine Nucleotides Disappearing
Reaction and Its Product.

NA; nicotinamide. * determined by fluorimetric method,
#¢ determined by bioassay{measured 0.D.sso mu).

The system contalned 5 umoles of clitrate in the final volume
of 2.5 ml. and incubation was carried out for 15 minutes at 37°C.
The neutral extract was used for bioassay.

The first step of the ammonium inhibition of the TCA cycle
1s considered to be the splitting of reduced pyridine nucleotides.
This results in a decrease of pyridine nucleotlides contents and
the resplration is necessarily inhibited. Pyridine nucleotides
linked dehydrogenases in the TCA cycle will be all inhibited
and thelr substrates will be accumulated, because of the shortage
of theilr coenzymes. But it is considered that the isocitrate
dehydrogenase is the most sensitive to ammonium inhibition from
the following reasons. According to the report by Ochoa et al.
(1948), isocitrate 1nhibits the decarboxylation of oxalosuccinate
and we have observed an accuwmulation of isocitrate which is

considered to be enough to inhibit the decarboxylation, in the
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presence of ammonia. The other is that the reduced level of NADP
which 1s the coenzyme of isocitrate dehydrogenase, 1s much higher
than that of HAD in mitochondria. The inhibitory mechanism will
be understood as shown in Scheme I.

On the nucleotide disappearing reaction some details are
under inverstigation using solubilized enzyme systems and will

be discussed in another paper.
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Scheme I. Inhibitory Mechanism of TCA Cycle by Ammonia,
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