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Introduction

The studies related to nicotinamide methyltrans-
ferase in rats and mice bearing ascites tumor
that Ehrlich was transplanted intraperitoneally
were carried on and published obtaining vari-

I)NH). This experiment which could

ous results
no avoid to detect the metabolic bio-conversion
in the liver of tumor host was thought as so
much important basal one with regard to the
above described with regard to the above-
described study.

The activities of N1-methylnicotinamide(MNA)
oxidizing enzymes which have catalyzed the
conversion of MNA to NIl-methyl-2-pyridone-5-
carboxamide(2-PY) and Nl-methyl-4-pyridone-
5-carboxamide(4-PY ), have been found exclusively
in the livers of mammals12)~17).

The fractions included MNA oxidizing activities
(MNAOASs) were revealed in the livers of male

Wistar strain rats using DEAE-cellulose column

chromatographyw)' 19). Fraction I was respon- .

sible for the conversion of MNA to 2-PY, and
identified as a xanthine oxidase(X0) because of
the inhibition of the activity by allopurinol.
Fraction II catalyzed the simultaneous conver-
sion of MNA to the two pyridones, 2-PY and 4-
PY, with preference for 4-PY to 2-PY. Fraction
I catalyzed the conversion to 4-PY only. Frac-

tion I and Il were considered as MNA oxidase
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I (MNAOI) and MNA oxidase I(MNAOI) re-
spectively. For the assay of aldehyde oxidase
(AO), MNA was used as the substrate like
other aldehydes, acetaldehyde and benzaldehyde,
to detect the broad spectrum of the substrate
specificity of the enzyme.

The livers of many animals contained MNA
oxidizing activitiestMNAOQAs) with a variety of
ratios of the formation of 2-PY and 4-PY'.
The variation in the level of MNAOAs of these
livers from three strains of rats and the exis-
tence of MNAOII in connection with aldehyde-
oxidizing activities were determined as one of
the objects of this experiment.

This experiment was performed at Chiba Uni-
versity School of Medicine and Osaka University

School of Medicine parially.
Experimental and results

Chemicals: 1-[Me-*C] methylnicotinamide (M
-“C MNA, Cl form, 5.74 mCi/n mol), MNA ClI,
and 2-hydroxypyrimidine HCl were purchased
from New England Nuclear, Tokyo Kasei
Kogyo Co., and Nakarai Chemicals Co. respec-
tively. Propion aldehyde purchased from Wako
Pure Chemicals Co. was redistilled, and its 1 M
solution was stored at -20°C until use. 2-PY was
synthesized from MNA by alkaline ferricyanide
oxidation. 4-PY was isolated from urine of male
CD strain rats by the modified methodm)' 22) of
Chang et al.

Animals: Male Wistar rats (18-23 week-old),
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male Donryu strain rats(8 week-old), and male
CD(Spraque-Dawley) strain rats(30 week-old)
were obtained from Nihon Rat Co. and Charles
River Japan Inc. Inbred male A/J strain mice
(19 week-old) and male ICR strain mice (23
week-old) wee purchased from Shizuoka Ag.
Coop. Asso. and CLEA Japan Inc.

Enzyme preparations: Animals wee sacrificed
(at 9:30, each case) under ether-anesthesia. The
livers were removed, weighed and homogenized
in 3 volumes of either 50 mM Tris-HCI buffer(pH
8.0) or 3 mM sodium pyrophosphate-HCl buffer
(pH 8.0), containing 1 mM PMSF, 0.1 mM
EDTA, and 1% isopropanol with a teflon-glass
homogenizer. After the homogenates were cen-
trifuged at 10500G for 60 min at 4°C, the super-
natants were used as the enzyme preparation.
10
ml of the enzyme preparation was applied to a
column(30 x 1 ¢m) of DEAE-cellulose(Brown,
0.9 meq/g) which had been equilibrated in ad-

DEAE-cellulose column chromatography:

vance with either of the buffers used in enzyme
preparation. After washing with a sufficient
amount of the buffer, namely 10 volumes of the
bed-volume of the column, the elution was per-
formed with a concave gradient of NaCl concen-
tration from 0 to 0.3 M in 400 ml of the buffer,
with fractionation of each 5 ml of the eluate
every 12 min.

Determination of MNA oxidizing activity
(MNAOA): The assay mixture, according to the
slight modified method described beforem)’ con-
tained 1.4 mM M-“C MNA(0.4 ¢ Ci), 0.001%
EDTA, 1.25 mg/ml BSA, and 75.4 mM potas-
sium phosphate buffer(pH 7.8), and was added
to the enzyme preparation in a final volume of
50 #1. After incubation at 25°C for an appropri-
ate time, the mixture was boiled for 2 min and
centrifuged. 20 #£1 of the mixture was applied to
Whatman No.1 filter paper, developed in H:0
saturated n-butanol and again 1 N HCI] satu-

rated n-butanol for 24 h. The radioactivities of

(2)

the areas on the paper corresponding to 2-PY
and 4-PY were determined in toluene based
scintillater cocktail with a liquid scintillation
counter.

Determination of aldehyde oxidizing activity
(AOA): The assay mixture was prepared with
the slight modified method™® of Krenitsaky et
al., containing 1 mM potassium ferricyanide as
an electron acceptor, 0.13 mM EDTA, one of
various substances such as benzaldehyde,
propionaldehyde and 2-hydroxypyrimidine as
the substrate at concentration of 20 mM, the en-
zyme fraction and 25 mM sodium pyrophosphate-
HCI buffer(pH 8.0) in a total volume of 1 ml.
After incubation at 37°C for 30 min, 0.1 ml of 1
N HCl was added to the mixture. The absorbance
of the supernatant was determined at 420 nm.
Activity was represented as m mol of reduced
ferricyanide/h/ml of the enzyme fraction.

Determination of xanthine oxidase activity
(X0A): XOA was determined by uric acid for-
mation at 25°C for 25 min from 60 #M xanthine
in 0.1 M Tris-HC1 buffer(pH 8.1) in a total vol-
ume of 1 ml, with determing the absorbance at
292 nm by the methodza) of Stripe et al. Protein
concentrations were determined by the method?”

of Lowry et al.

MNAOASs in the hepatocytosol homogenate;
D

shown in Table 1, all three strain rats showed

Wistar, Donryu and CD strain rats: as

the lower pyridone forming activities with ra-
tios between 0.3-1.1 of 2-PY and 4-PY at fixed
ages. Wistar and Donryu strain rats showed the
larger variation in the level of both pyridone
forming activities(S.D.: 50% of average in each
activity) than CD strain rats(S. D. 5%). About
Wistar strain rats, both pyridone forming ac-
tivities which were at low frequently showed
one reasonable correction. Among the three

enzyme fractions of hepatocytosol included

MNAOA, allopurinol at the concentration of
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0.5mM inhibited completely XOA, but a little the
MNAOTI and not at all the MNAOII. MNAO I
catalyzed 2-PY/4-PY formation at a ratio of
(71.0+2.3)/(29.0+3.4) in almost all of the rats,
but MNAOAs were different. Thus, the activities
of XO(represented by 2-PY formation), MNAO
I (represented by 2-PY formation) and MNAO
I (represented by 4-PY formation) were calcu-
lated by both pyridone forming activities deter-
mined with or without allopurinol in 16 cases
of rats. XOA and MNAO IA were calculated
against MNAOITA about each rat. Although M
NAOI As showed 0-3.56 nmol/h/mg protein,
XOAs were almost constant(0.40-0.05 nmol/h/
mg protein). The correlation between 2-PY and
4-PY forming activities in Donryu strain rats
showed the almost same range of the activities
seen in Wistar strain rats. In CD rats of 8
weeks, the lower activities were shown than in
Wistar strain rats.

2) Mice: as shown in Table 1, A/J strain mice
were higher (20 times) than Wistar strain rats
about both pyridone forming activities without
the large variations seen in Wistar strain rats.
Both activities of ICR strain mice were about 3
times higher than those of A/J strain mice with
the prominent variations. The ratio of 2-PY to
4-PY formation in both strain rats was as low

as that of Wistar strain rats.

Table 1. Nl-methylnicotinamide oxidizing
activities in the hepatocytosol of

rats and mice

Species  strain nur:fber oxidizing activitie-s 2-PY
animals (nmole/h/mg protein)  4-PY
2—PY 4—PY
Rat Wistar 30 1.1+0.5¢ 1.0+0.4 1.1
Donryu 5 1.9+1.0 5.5+4.4 0.4
CD 5 0.4+0.02 1.2+0.06 0.6
Mouse A/J 4 24.3+1.7 18,7+1.4 1.4
ICR 4 68.3+16.1 49.2+12,1 1.4

#: means = S.D.

MNAOAs in DEAE-cellulose column chroma-
tography of the hepatocytosol;
1) CD strain rats: as shown in Fig. 1, three
MNA oxidizing enzyme fractions contained XO,
MNAOI, and MNAOI were eluted from DEAE-
cellulose column by 50mM Tris-HCl buffer(pH
8.0) at the concentration of NaCl of 0.03, 0.075,
and 0.15M respectivelyw), as the previous re-
ported case of Wistar strain rats. XOA was de-

fined by using xanthine.

Fig. 1: MNA oxidizing activities of DEAE-cel-
lulose column chromatography of the hepatocyto-
sol from a male CD strain rat. 10ml of enzyme
solution prepared in 50 ml Tris-HCl buffer(pH
8.0) was applied to the column. 2-PY(0-0), 4-
PY(®-@) forming activities were determined.

absorbance at 280

—.—— -

NaCl concen., ---:

nm

2) Mice: MNAOAs of A/J strain mice in DEAE-
cellulose chromatography performed by 3 mM
sodium pyrophosphate-HCl buffer(pH 8.0) was

shown in Fig. 2.

Fig.2: MNA oxidizing activities of DEAE-cel-
lulose column chromatography of the hepatocyto-
sol from a male A/J strain mouse. 12ml of
enzyme solution prepared in 3 mM sodium
pyrophosphate-HC1 buffer(pH 8.0) was precipi-
tated by adding ammonium sulfate up to 50%
saturation level, desalted by filtration through
Sephadex G-25 gel, and applied to the column.
2-PY(0-0) and 4-PY(e®-@) forming, and
aldehyde(benzaldehyde and propionaldehyde)
oxidizing activities were determined. Among
aldehyde, propionaldehyde(A-A) oxidizing ac-
tivities were determined. —+—+—: NaCl concn.,

---: absorbance at 280 nm

In contrast to the case of rats, XO which cata-
lyzed only 2-PY formation was confirmed by

XO assay.
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Fig.1. N,-methylnicotinsmide Oxidizing activity

of CD strain rat

The second MNAOA was shown in the frac-
tion eluted by 0.1 M NaCl under the condition
that the formation ratio of 2-PY to 4-PY was
about 1.3to 1. And this fraction showed aldehyde
oxidase activity(AOA) for oxidizing propion-
aldehyde and benzaldehyde, but no XOA. Then,
the enzyme of the second fraction was defined
as MNAOI. On the other hand, XO fraction
catalyzed the oxidation of these aldehydes.

Also, the third MNAOA which corresponded
to MNAOI of the hepatocytosol was not found
at all, although the ratio of both pyridones for-
mation by the hepatocytosol was as low as
Wistar strain rats(Table 1). In this column
chromatography, sodium pyrophosphate-HCl
buffer was used for elution in order to detect
the AOA instead of the aldehyde trapping Tris-
HCl buffer™
eluted with the two buffers were the same pro-
file.

The ICR strain mice showed a similar profile
of MNAOAs in DEAE-cellulose column chroma-
tography to A/J strain mice, and also did not

show the third MNAOA.

. However, the enzyme activities

Discussion

It was revealed in this study that the rat livers
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Fig.2. Ni-methylnicotinsmide-aldehyde oxidizing
of male A/J strain mouse

showed three fractions catalyzing

the oxidation of Nl-methylnicotinamide(MNA);

xanthine oxidase(X0), MNA oxidase I (MNAO

1), and MNA oxidaselI (MNAOTI). Among the

rats of three strains examined, Wistar and

enzyme

Donryu strains showed the large variation be-
tween the levels of MNAOI and MNAOI ac-
tivities, while the level of XO activity(X0A)
was rather homogenous. It was reported that
the activities of 2-PY and 4-PY formation from
MNA in the livers of inbred mice were homoge-
2.2y

genetical polymorphism in rat liver has been

nous and genetically controlled
suggested%). Wistar and Donryu strain rats ex-
amined in the present study were maintained in
a closed colony, and were able o assume the
demonstration of genetical polymorphism in
their activities. Also, CD strain rat was kept in
a closed colony but showed a restrained activ-
ity, suggesting its genetic homogeneity. The re-
sult that the levels of activities of MNAO I and
MNAOQOTI varied in the compared experiment
might point the genes of these two enzymes be-
longed to the same gene family. After these
alkylating agents such as methymethane sulfonate
or methylnitrosourea were administered, the in-

creased excretion of 2-PY in urine was observed

(4)

(m mole/h/ml of fraction)
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in rats.

This increase might reflect the increase of
MNA oxidizing activity of the liver, since the
oxidizing activities were found exclusively in the
liver. So, for the investigation of changes of the
activities, CD strain rats were more suitable
than Wistar strain rats in spite of the fact that
their activities were relatively low. In mice,
these activities seemed to increase the matura-
tion, and could be partially explained by the ef-
fect of androgenic hormone. In fact, female or
castrated mice showed lower activities than
male mice. In CD strain rats, the activities were
observed to increase steadily after birth. In
Wistar strain rats, the activities were not detect-
able just before and after birth. Thus, it could
be considered in Wistar strain rats that the
variation of activities might be less.

The ratio of 2-PY to 4-PY formation by the
hepatocytosol was observed in mice(C57BL/ 6
and DBA/2 strains) at 1.5 and 2.2'®

tively. This result was quite compatible with

respec-

the data in Table 1. Mice having low ratio of
pyridone formation were expected to contain the
MNAOT fraction which catalyzed the formation
of 4-PY only.

In order to detect aldehyde oxidase activity
(AOA) in the fractions obtained using DEAE-
cellulose column chromatography, sodium
pyrophosphate-HCl butter was used rather than
Tris-HC1 buffer owing o its effective aldehyde
bonding property. AOA was detected in XO and
MNAO fractions but not other fractions in
DEAE-cellulose column chromatography of the
hepatocytosol from mouse. Among the various
substances so far examined, the slight oxidation
of benzaldehyde catalyzed by MNAOI of the
CD strain rats was detected using ferricyanide
as an electron acceptor. The detection of oxida-
tion of aldehyde might depend on the affinity of
the enzyme for electron acceptors. In polyacryl-

amide disc gel electrophoresis, MNAOI A as

(5)

well as MNAOTI A were detected by incubation
of the gel with MNA and nitro blue tetrazoliumw).
MNAOI might be equal molecular weight but
be immunologically different from MNAOI'®.
Moreover, 4-PY formating activity(mostly de-
rived from MNAOII) was more strongly inhib-
ited by the alkylating agent, N-methyl-N’-nitro-
N-nitrosoguanidine, than 2-PY forming activity
in the liver of Wistar strain rat. During the di-
etary administration of hepatocarcinogen 2-
acetylaminofluorene, the compensating stimula-
tion of MNAOTI A with the decrease of MNAO
DA was revealedlg). It is thus of particular in-
terest to study on the characteristic substrate of
MNAOTI.

It is proving to investigate the human liver for
the possible existence of MNAOI A having a

great interest.
Summary

This study was performed for the basal ex-
periment with regard to nicotinamide methylation
in the livers of Ehrlich ascites tumor hosts,
rats and mice, under administration of nicotin-
amide at the first step.

Male Donryu and CD(Spraque-Dawley) strain
rats showed three enzyme fractions catalyzing
the oxidation of N1-methylnicotinamide(MNA);
xanthine oxidase(X0), MNA oxidase I (MNAO
1) and MNAOTI, as Wistar strain rats in DEAE-
celiulose chromatography of the hepatocytosol.
The aldehyde oxidase activity determined by the
usage of benzaldehyde, propionaldehyde or 2-
hydroxypyrimidine as the substrate was de-
tected in XO and MNAO fractions only, but its
activity could not be detected in any other frac-
tions. Wistar and Donryu strain rats showed
larger variations than CD strain rats in the lev-
els of MNAOTI and MNAOT activities.

The ratios of 2-PY to 4-PY formation in mice
was low(1.4) like rats(0.3-1.1).
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By the limitation of page, the descriptions of
Experimental and others should be cut or ab-
breviated. But this publication could not be cut

by the obligation of scientific funds.
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