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Part 3
Specific Enzyme Activity and
Cellular Characteristic in Tumer Host:
The Special Properties Related to
Nicotinamide Methyltransferase and
Cell Death
by
Keisuke HORITSU

Introduction

Various studies related to each itself of cell, tissue
and organ in the living organism that tumor expresses
are published on a lot of academic journals. But there
are some rare papers' =7 related to the study of tumor
host. Then, the characteristic of this paper is the
experimental results that the important starting point
of this study is put on the tumor host.

As the one of several enzymes related to physiological
phenomenon of tumer, this nicotinamide
methyltransferase is studied. This enzyme activity is
completely reverse to typical catalase activity that is one
marker of tumor development. This reverse property
is specific important property that increases with the
tumer development. So, it is thought that the
nicotinamide methyltransferase is expected as one
marker for tumor.

Also it is considered that such a biological specific
property is promoted with one kind of factor or not.

And under the consideration of the first target, this
study was carrying on corresponding to the activity of
enzymic reaction which was published on the previous
paper. Moreover, this study is carrying on
corresponding to one purified fraction which includes
this special enzymic activity. Next, about the second
target, this study shoots the cell death®='? as one
characteristic of cell. This pathological results show
the specific and important point of an apoptosis-
like phenomenon which is depended upon this bio-
chemical reaction. The analysis of this apoptosis-like

phenomenon is trying further to recognize the result

which is caused by apoptosis itself. This paper shows
comparatively one partial description related to apopto-
sis (-like) phenomenon. However, the pathological
observation with microscope and those pictures left
out on this paper as this paper is too long. They may
be shown in coming chance. This experiment was
carried on mainly at Department of Medicine,
Chiba University.

Experimental and results

Animal and Tumor: Male dd/Y strain mice, 5 week
old, were provided by Funabashi Farm, to maintain
Ehrlich ascites tumors and solid Sato carcinoma which
has been raised spontaneously from murine mammary
glands, and which were injected intraperitoneally and
subcutaneously respectively.

Protein Determination: Protein concentration was
determined by the method of Lowry with bovine serum
albumin as a standard, and that of the finally purified
enzyme preparation was determined with a Bio-Rad
Chemicals (Bio-Rad, Richmond, Calf., USA).

Procedures of Enzyme Purification;

Extraction: Seven days after the transplanatation of
Ehrlich ascites tumor into mice, the excised livers were
homogenized in 4 volumes of 10 mM Tris-HC1 buffer
(pH 7.8) containing 10 mM 2-mercaptoethanol and 1
mM phenylmethane sulfonyl fluoride (Buffer A). The
cytosol fraction was then obtained.

Ammonium Sulfate Fractionation: To the obtained
supernatant, solid (NHs), SO4 was added to make a
33% saturated solution. After centrifugation, the
precipitate was discarded, and solid (NHa4); SO4 was
again added to the remaining supernatant up to 60%.
The resulting precipitate was dissolved in Buffer A.

Sephadex G-150 Gel Filtration: The dissolved
solution was applied to a Sephadex G-150 column
(4.7/82 cm) which had been equilibrated with Buffer
A, and was eluted with the same buffer.

Phenyl-Sepharose CL-4B Column Chromatography:
The enzyme preparation was applied to a Phenyl-
Sepharose CL-4B column (1.5 x 6 cm) which had been
equilibrated with Buffer A containing 0.75 M NaCl.
After washing a sufficient amount of the equibrated
buffer, the column was washed with Buffer A without
NaCl.
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Chromatofocusing Column Chromatography: The
enzyme preparation concentrated through an Amicon
PM-10 membrane was loaded onto a column of
polybuffer exchanger 94 gel (0.7 x 11 cm) which had
been equilibrated with 25 mM histidine- HCI buffer (pH
6.0) containing 2 mM dithiothreitol. After sufficient
washing with the equibrated buffer, the column was
washed with polybuffer 74 (pH 5.0) containing 2 mM
dithiothreitol to obtain an eluate having a pH gradient
from 6 to S.

SAM-Sepharose CL-4B Affinity Column
Chromatography: The preparation of the S-
adenosylmethionine (SAM)-Sepharose CL-4B affinity
column was in principle based on the method of Izzo
for preparing S-adenosylhomocysteine (SAH)-
Sepharose CL-4B. The concentrated enzyme
preparation was loaded onto this affinity column (bed
volume 1.2 ml), followed by washing with a sufficient
amount of Buffer A, and eluted with Buffer A
containing 400 M SAM. The activity of each fraction
eluted with 400 uM SAM in Buffer A was estimated
by correction using the ratio of the activity values of
two divided parts (10 xl each) of the same enzyme
preparation as loaded onto this column, one of which
had 400 uM SAM added while the other did not.

Biochemical Analysis with Antibody Reaction: This
is photometric enzyme immunoassay for the qualitative
and quantitative in vitro determination of cytoplasmic
histone associated DNA fragments (mono- and
oligonucleosomes) after induced cell death.

These regents were purchased from Boehringer
Mannheim GmbH, German. 1 Anti-histone (clone H
11-4) lyophilisate, 2 Anti-DNA-POD (peroxidase), clone
MCA-33 lyophilisate, 3 Coating buffer, 4 Washing
buffer, 5 Incubation buffer, 6 Substrate buffer, 7 ABTS
(2,2’ -azino-di-[3-ethylbenzthiazoline sulfonate) sub-
strate, 8 Micro plate modeles (MTP) including a frame,
9 Adhesive cover foils for microtiter plates.

Sample Preparation: Cytoplasmic fractions (lysates)
of cell lines or cells ex vivo. Diluted the cells with culture
medium to obtain a cell concentration. The number per
test had to be determined and optimized. 50 mg of each
liver were sampled. As one test case of model system
for cell death, camptothecin (CAM) was used as the
apoptosis-including drug.

1. Induction of cell death (cellular assay); Diluted

exponentially growing HL 60 with culture medium to
obtain a cell concentration of 10° cells/ml and
transfered into Eppendrof tube [500 ul/tube = 5 x
10* cells/tube]. Thereafter added 500 1 culture medium
with different concentrations of CAM (0 pg CAM/ml
to 4 ug CAM/ml). Used value 0 ug/ml as a negative
control for the cellular assay. Closed tubes loosely allow
further exchange of gas and incubated at +37°Cina
CO; —incubator for 4 hrs. So took out each sample
50 mg which was suitable to determine from each
objective liver tissue.
2. Sample processing; After incubation, centrifuged the
cells in an Eppendrof centrifuge at 1500 rpm (= 200G)
for 5 min. Discarded the supernatant and resuspended
the cell pellet in 1 ml culture medium. After an other
centrifugation step (1500 rpm, 5 min.), resuspended the
cell pellet with 500 p1 incubation buffer per tube (=1
x 10° cells/ml) mixed throughly and incubated the
sample for 30 min. 4°C (=lysis). Centrifuged the lysate
at 15000rpm (=2 x 10*G) for 10 min. and removed
400 1 of the supernatant (=cytoplasmic fraction)
carefully. Did not shake the pellet (=cell nuclei
containing high molecular weight, unfragmentated
DNA). ‘
Prediluted the resulting supernatant 1:10 with the
incubation buffer (=1 x 10* cell equivalents/ml) and
detected the nucleosomes in the sample by
immunoassay.
3. Immunoassay; Assay procedure: Elapsed time (5 to
6 hr.), Temperature (+18°C to +25°C, room
temperature).
1) Coating of the MTPmodulates with anti-histone —
Pipetted 100 u1 coating solution into each well of the
MTPmodules. Covered MTPmodules tightly with
adhesieve cover foil and incubated for 1 hr. at room
temperature (or overnight at +4°C). Either 1 hr. or
overnight was selected with the progressing of
determination. 2) Recoating — Removed coating
solution thoroughly by tapping. Pipetted 200 ul
incubation buffer into each well of the MTPmodules.
Covered MTPmodules tightly with the adhesive cover
foil and incubated for 30 min. at room temperature.
3) Washing — Removed solution thoroughly by
tapping. Rinsed wells three times with 250 to 300 ul
washing solution per well and removed washing solution

carefully. 4) Incubation with sample solution —
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Pipetted 100 u1 of sample solution into each well of
the MTPmodules. For determination of the back
- ground of the immunoassay, pipetted 100 p1 per well
of incubation buffer in two wells. Covered
MTPmodules tightly with the adhesieve cover foil and
incubated for 90 min. at room temperature.
5) Incubation with anti-peroxidase — Pipetted 100 1
of conjugate solution into each well of the MPTmodules
except the blank position. Covered MTPmodules tightly
with the adhesive cover foil and incubated for 90 min.
at room temperature. 6) Substrate reaction — Pipetted
100 p1 of substrate solution into each well of the
TMPmodules and incubated on a plate shaker at 250
rpm until the color development was sufficient for a
photometric analysis after 10 to 20 min.
7) Determination = Homogenized the content of the
wells by careful tapping at the MTPmodule edges and
determined at 405 nm against substrate solution as
blank. 8) Interpretation — Averaged the values from
the double absorbance determinations of the samples.
Subtracted the background value of the immunoassay
from each of these averages. Calculated the specific
enrichment of mono- and oligonucleosomes released
into the cytoplasm from these values using the following
formula:

[absorbance (1/10%) of the sample (drying/dead

cells)]/ [absorbance (1/10% of the corresponding

control (viable cells)] = enrichment factor

Discussion

This phenomenon of apoptosis-like based on the cell
of this tumor host has never been published. Like the
description of “‘Introduction’’, the study on tumor host
is prior and rare. Moreover, espeically this feeding
method which nicotinamide solution can be drunk at
any time in the cage is a characteristic of this
experiment.

The enzyme immunoassay with photometric
procedure is based on the quantitative sandwich-
enzyme-immunoassay principle using mouse
monoclonal anti-body directed against DNA and
histones respectively. This allows the specific
determination of mono- and oligonucleosomes in the
cytoplasmic fraction of cell lysates. The principle

(sandwich ELISA) is pointing as follows; in the first

incubation step, anti-histone antibody is fixed
adsorptively on the wall of the microtiter plate module.
Subsequently, non-specific binding sites on the wall are
saturated by treatment with incubation buffer. During
the second incubation step, the nucleosomes contained
in the sample bind via their histone component to the
immobilized anti-histone antibody. In the third
incubation step, anti-DNA-peroxidase (POD) reacts
with the DNA-part of the nucleosome. After removal
of unbound peroxidase conjugate by a washing step,
the amount of peroxidase retained in the
immunocomplex is determined photometrically with
ABTS (2,2’ -azino-di-[3-ethylthiazoline sulfonate), as
a substrate.

The following subjects are noteable for this
experiment.
1) Background of the immunoassay: Depending on the
individual assay conditions, the background value of
immunoassay may vary. Under ordinary (normal)
conditions, the background is below 100 x 1073
absorbance after 15 min. substrate reaction.
2) Negative control for cell death induction (cellular
assay): Depending on cell culture conditions, each
exponentially growing permanent cell culture contains
a certain amount of death cells. Generally, it is
approximately 3% to 8%. In the immunoassay, those
inherent dead cells in the untreated sample (without cell-
death-inducing-agent) will cause a certain absorbance
value. Depending on the amount of death cells, this
value may exceed the absorbance value of the
immunoassay babkground.
3) Positive control: The negative control of the cellular
assay will cause a certain absorbance value in the
immunoassay like the above description. Therefore, a
positive control for the immunoassay as an additional
component is not necessary. However, if an extra
positive control for the immunoassay is desired, it can
be prepared this following this simple procedure:
Centrifugated an aliquot of untreated cells (5 x 10*
cells/tube in 500 1) at 1500 rpm for 5 min. Discarded
the supernatant, resuspeded the cell pellet in 500 pl1
hypertonic buffer (Tris 10 mmol/1, pH 7.4, NaCl 400
mmol/l, CaCl, 5 mmol/1, MgCl; 10 mmol/l) and
incubated at + 37°C for at least 2 hr. Thereafter, spun
down the cell fragments at 15000 rpm, removed the

supernatant carefully, diluted the supernatant 1:5 with



Fund. Stud. Suc. Old Age Hu. Soc. 3

incubation buffer. This sample was able to be used as
a positive control for the immunoassay.

4) Detection limit: The exact detection limit of
dying/dead cells in a particular sample strongly
depended on the kinetics of cell death, the cytotoxic

agent used and the amount of the affected cells in the

Fig. 1.
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total cell population. Using HL/CAM as a cellular
model system for cell death, the immuoassay allowed
the specific detection of mono- and oligonucleosomes
in the cytoplasmic fraction of 5 x 107 cells/ml (=50

cell equipments/well).

Procedures of enzyme purification
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The total amount of enzyme is described in Table 1
as total protein. O = absorbance at 280 nm; ® =
nicotinamide (Nmd) methyltransferase activity. a: The
ammonium sulfate fraction (17 ml) was applied to the
Sephadex G-150 column and chromatography

performed by elution with buffer A. 15 ml fractions
were eluded over 10 min. period. The elution positions
of ferritin (440 kD), bovine serum albumin (67 kD)
chymotrypsininogen A (25 kD) and RNase (13.7 kD)

used as marker proteins are indicated by arrows. b:
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After the enzyme preparation (7 ml) had been applied
to the phenyl-Sepharose CL-4B column, fractionation
of the elute was performed with 5 ml eluates per 30 min.
¢: After the enzyme preparation (3 ml) had been loaded

onto the chromatofocusing column, fractionation of

the eluate was performed with 2 ml eluates per 20 min.
d: After the enzyme preparation (2 ml) had been loaded
the SAM-Sepharose affinity column,

fractionalization of the eluate was performed with 2

onto

ml eluates per 10 min.

Table 1. Purification of nicotinamide methyltransferase from the tumor host liver
Total protein Total activity Specific activity Yield Purification
mg nmol/15min nmol/15min/ % factor
mg protein
Supernatant 2506 157.3 0.06 100 1
(105000G)
Ammonium sulfate 1205 105.9 0.09 67 —
(33-60%) .
Sephadex G-150 178 83.2 0.47 52 8
Phenyl-Sepharose 4B 5.65 33.3 5.88 21 98
Chromatofocusing 0.24 18.2 75.30 11 1255
SAM-Sepharose 0.005 6.1 1308.68 4 21811

The starting material was 35 g (wet weight) of liver.

Fig. 2 Cell Death Detection of Several Samples
at 405 nm/490 nm using ELISA method
(Dilution Ration x 10°%)
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1: Control, 2: Normal feeding, 3: Ehrlich

transplantation one week, 4: Ehrlich transplantation
two weeks, 5: Ehrlich transplantation nicotinamide
addition feeding one week, 6: Ehrlich transplantation

nicotinamide addition feeding two weeks

The biochemical results were obtained with
photometric enzyme immunoassay (ELISA method) are
according to the above description. These absorbances
of representative samples (not so many number, but
total number was 18) are shown in Fig. 2.

There is one tendency that microscopic pattern was
supported with biochemical reaction between the
pathological results and the biological determinations.

This absorbance values were too large in the case of
100 fold dilution sample. So, after the sample solution
was diluted to 1000fold sample solution, each
absorbance was determined with HITACHI 228A UV
spectrophotometer. However, the absorbance of each
100fold dilution sample was determined like 1000fold
dilution solution for future reference. Also, the
determination time was limited of 15 sec. after color-
producing reagent was added in. But a plate reader of
new type could determine quickly, so its limitation is
unnecessary. The absorbance at 490 nm was small value,
but the value was subtracted from the absorbance at
405 nm.

The purification of nicotinamide methyltransferase
at each procedure was shown graphically in Fig. 1 and
numerically in Table 1 respectively. Also, the cell death
detection (apoptosis-like phenomenon) with ELISA

method is shown in Fig. 2.
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Summary

The nicotinamide methyltranferase activity in the
tumor host liver increased specially with the tumor
development reverse to the catalase activity which was
one typical marker of tumor development. So, the
nicotinamide methyltransferase is expected as one
marker.

Then, the nicotinamide methyltransferase in the
tumor host was purified in the procedures that were
Extraction [10 mM Tris-HCI buffer, pH 7.8, containing
10 mM
phenylmethanesulfonyl fluoride (buffer A)],

2-mercaptoethanol and 1 mM

Ammonium Sulfate Fractionation (33% saturated
solution and 60% saturated solution, buffer A),
Sephadex G-150 Gel Filtration (buffer A), Phenyl-
Sepharose CL-4B Column Chromatography (0.75 M
NaCl, buffer A, without 0.75 M NaCl),
Chromatofocusing Column Chromatography [Amicon
PM-10 membrane, polybuffer exchanger 94 gel, 25 mM
histidine-HC1 buffer, pH 6.0, 2 mM dithiothreitol
(DTT), polybuffer 74 pH 5.0, 2 mM DTT], S-
adenosylmethionine (SAM)-Sepharose CL-4B Affinity
Column Chromatography (400 uM SAM, buffer A)
increased from 1 to 21811.

Next, the pathological results showed apoptosis-like

phenomena in cell-death. The photometric enzyme
immunoassay for quantitative in vivo determination of
cytoplasmic histone-associated DNA fragments (mono-
and oligonucleosomes) was used to analyze this specific
apoptosis-like phenomenon. Namely, this biochemical

reaction was applied to the pathological results.
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