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INTRODUCTION

Through anabolic reactions, not only gua-
nine(Lukens & Herrington, 1957), but also
the xanthine (Moat & Friendman, 1960),
which is formed by the action of guanine de-
aminase, as well as hypoxanthine (Lukens &
Herrington, 1957),

xanthine by the reversible action of xanthine

which is formed from

dehydrogenase, are known to be incorporated
into nucieotides and nucleic acids. In addition,
there is a salvage pathway of the free purine
base to be utilized for incorporation into
nucleic acids {Mandel et al, 1957).

These guanine involved reactions, therefore,
are well known for their competance with
guanine deaminase (guanine aminohydrolase,
EC 3.5.4.3) for the utilization of intracel-
lular guanine; and thus it enables the state-
ment that the deamination reaction may be
expected to be subject to intracellular regula-
tion, occupying a pivotal position in the
metabolism of guanine. According to the
earlier reports from this department, dealing
with guanine deaminase revealed that it is
localized abundantly and preferentially in the
liver and brain tissues of rats and rabbits
(Kimm et al, 1967; Lee, 1969; Talwar et al,
1961; Kumar et al, 1965). It was also sugge-

sted "that the enzyme is characterized by
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separable two fractions (Kumar et al 1967;
Kumar and Krishnan, 1970; Kumar et al:
1972) or several fractions (Kimm et al, 1967;
Kumar et al, 1972; Panzica, 1968) when pre-
pared from the above tissues and its signifi-
cances as a diagnostic tool were reported as
well (Mcleod, 1967, Prodanov and Astrug,
1971). Available informations on the enzyme,
however, are at present very much obscure,
although its importance has been stressed so.
much so far since Kalckar (Kalckar, 1947).

With regards to the isozymic and subunit
nature, however, informations are so limited
that an attempt in the author’s laboratory is.
under progress with the use of phenazine
methosulfate and INT to visualize the enzyme.
band on the electrophoretic gel bed based on:
the formation of formazan color. As a col-
lateral study, a possibility of a new colorime-
tric assay method of guanine deaminase was.
studied adopting this system of staining the
enzyme separated electrophoretically on the
gel.

Before being more specific on the study to
purify and characterize the enzyme, the
present paper is planned to evaluate a new
colorimetric assay system to apply it to.
succeeding studies in order to clear out
some obscurity with regard to its properties,
The colorimetric principle adopted in the
present study is to utilize the red discoloration
of INT (2-(p-icdophenyl)-3-(p-nitrophenyl)
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5-phenyl tetrazolium chloride) when reduced
in the following reaction system, utilizing
phenazine methosulfate (PMS) as an electron
.carrier. (Nachlas et al, 1960)

GDA xanthine oxidase
Guanine——Xanthine——Uric acid

VY
PMS,\/PMSH

Y
Formazan INT

MATERIALS AND METHODS

The special reagents used in the studies,
-guanine, xanthine oxidase, phenazine metho-
:sulfate, and INT {2-(p-iodophenyl)-3-(p-nitro-
phenyl)-5 phenyl tetrazolium chloride) were
procured from Sigma Chemical Co. (St. Louis,
Mo.); and gelatin purchased from Difco
“(Detroit, Mich.), Tris-(hydroxymethyl) amino
methane from Merck (Darmstadt, Germany).

The enzyme, guanine deaminase, utilized in
this investigation was purchased from Mann
Research Lab. The activity of guanine deami-
nase was 0. 087 U/mg. protein of rabbit liver,
and of xanthine oxidase 0.75U/mg. protein
-of cow milk.

The assay system of guanine deaminase was
principally consisted of coupling it with xan-
thine oxidase in order to convert guanine to
-uric acid via xanthine, during which phenazine
methosulfate would be reduced and, in turnm,
the formazan discoloration could be detected
-colorimetrically at 492 nm,

The assay was carried out by incubating the
0, 01 m! of guanine deaminase, with 1% gela-
tine, xanthine oxidase, INT, and phenazine
methosulfate successively in 0. 1 M Tris buffer,
pH 8.0, starting the reaction by adding excess
amount of the substrate, guanine, which was
-dissolved in hydrochloric acid to 3. 0mM as a
working solution.

The standard and reference assay mixture

per cuvette was consisied of 1.5 2 mole guan-
ine, 5 0mg. gelatine, Q.3 units xanthine oxi-
dase, 1,2mg, INT, 0.05mg. PMS and known
activity of guanine deaminase, dissolved in 0. 3
mM Tris buffer, pH 8.0, in a total amount
of 3.0ml.; and the incubation was carried out
at 30°C for various intervals of time, observ-
ing the changes in the optical densities at 492
nm at 5 minutes intervals,

The reference assay of the enzyme activity
for control to compare with the present colo-
rimetrical method coupled with xanthine oxid-
ase was performed after the spectrophotometric
estimation of Roush and Norris (Roush and
Norris, 1950), measuring the decrease in the
extinction of guanine during the incubation,

The activity of guanine deaminase was cal-
culated, therefore, according to the following
formula, where E stands for the extinction
coefficient of INT at 492 nm and V for the
total volume of assay system (3.0 ml)

50.D.

*-E—XVXIOO:’ unit/ml. guanine deaminase
402

RESULTS

1. Effeect of the amounts of enzymes:

Since the reaction was GDA catalyzed reac-
tion coupled with XO reaction producing uric
acid from guanine, it is reasonable to use excess
amount of X0, the indicator system catalyzer,
as compared to the amount of GDA, the mea-
suring system catalyzer. It was neceassary for
this reason to establish an adequate amount of
the former to be coupled with a given amount
of the latter. With a given activity of GDA,
1. 45 unit/ml., the effect of XO was observed
as in Table 1.

As is apparent from the Table, all the figu-
res were under the activity of the GDA added
at the beginning of the incubation: that is, at

the maximum the original activity of 1.45u/
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Table 1. The Effects of the amount of XO on GDA activity. The GDA activity in the assay system was
1.45ut/ml. The incubation were carried out at 30°C. and pH of the buffer was 8. 0.

{(Unit/mD
~._Incubation time |
X0 amount e ° r 10 l 18 20 ‘! % 30 min
0. 0I5 unit 0. 025 0. 055 0. 085 0. 101 0. 131 0.1561
0. 030 unit 0. 096 0. 148 0. 193 0, 225 0. 257 0.271
0. 150 unit 0.224 0. 227 0. 260 0. 280 0. 287 0. 313
0. 300 unit 0. 328 0.322 0,321 0.322 0. 320 0. 325

calculated on the base of O.D, observed during

GDI_\zacﬁoiiy successive 5 minutes (Table 2, Fig. 2) it is
xgg\r o also only with the system in which XO was
I min
! /W added in excess, 20 folds of GDA, that showed

- /‘///‘BV{ not only the maximum activity but also linear
} /’“'“ activity profile against incubation period.

shlf To 0.30 units of XO in the system various
/’ . amounts of GDA were added to observe the
ol / ) effect if they were correctly reproducible. The
_4'/[ . 1 results indicate as in Fig. 3 that the activities.
12 10 )ngold N of GDA added were proportionately reproduc-
S
Fig. 1. See the legend of table 1. Figures denote N
mean values of several triple determination. o5t
. 0.150 U
ml. fell as low as 0. 325 u/ml. From the Figure o4l

1, it is quite evident that the indicator enzyme,
XO, should preferably as much as 20 fold 03
activity against the measuring enzyme, GDA,

C.o30u

/s
// QO1BY of XOD

because of the fact that GDA activity could be 02t P
estimated maximum under the present condition P .
S . ol .
of assay regardless the variations in the period /
5 10 5 20

of incubation.

I

When the activities of GDA were depicted 25

min
as a function of time intervals of incubation, Fig. 2. See the legerd of Table 2,

Table 2. The Effects of the amount of XO on O.D. increase. See the legend of table 1.

WW time i | ’ 7
] 5 10 15 20 J 25 a0 i
XO amount T : 30 min
0.015 unit 0.008 0,032 0. 080 0,130 ‘ 0.199 0.282
0. 030 unit 0. 030 0.092 0. 180 fe.279 "7 0.305 | 0.505
0.150 unit 0. 075 0.141 0. 242 0. 349 i 0. 446 0. 582
0. 300 unit 0.102 0. 200 0. 299 0.400 | 0.498 0. 504
(0.D.)
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ible when the ratio of X0 to GDA ranges
within 10 to 40 fold, provided that the incuba-

tion was carried out for 30 minutes at 30°C.

2. Effect of temperature and plH:
Keeping the ratio of XO to GDA 20 to 1,

and ircubating for 0 minutes, changes of
GDA activity was followed Lkelow physiological

temperature of 37°C (Fig. 4), which shows

~

Unit/mi
0.6 //®
03 /@/
L 1 i EE—
000725 ©0I45 00290
GDA activity
Fi . 71le jiciaatieral rerrccucekility of the
various amount of GDA. The activity of
XO was 0.30 Unit, and incubation was
carried out at 30°C for 30 min. pH of the
system was 8, 0.
Unit/m!
06 R
e
034 7
i P
-
‘—"""—f ,—,,, & P ——
25 30 3T

C
Fig. 4. Effects of temperature on GDA activity.
The activity of GDA in assay system was
1.45Unit/ml and of XO was 0.30 Unit.
Incubation was carried out for 30 min. and
pH of the system was 8,0,

clearly that the activity of the enzyme could
be maximally expected to appear at 37°C.

The influence of pH of the assay mixture
was observed by the use of 0. 1M Trisand 0.1
M phosphate buifers (Fig. 5) which displayed
an activity rrofile characterized by the inactive

feffect’;on the acid side and the active effect on
. thefalkaline side of pH, showing maximum

activity, of the enzyme zt H & 0.

Unit/rnl

Pred
03 e
027 s
|
o o
Ol 0/
i
i . , , )
8.0 65 7.0 73 8P
pH
Fig. 5. Effects of pH on GDA activity. The activity

of GDA was 1.45Unit/ml, and of XO was
0.30 Unit. The incubation was carried at
30°C for 30 min.

3. Effects of PMS and INT:

Since XO contains flavin adenine dinucleotide
i it, it can be reduced to FADH, which, in
turn, can reduce INT to produce the formazan
color. But as observed in the present study
(Fig. 6) the formazan reaction is much more
evident and stronger when small amount of
PMS was added to the assay mixture as an
electron carrier; 0. 05mg. of PMS per reaction
mixture brought almost 25% more of the color
intensity as compared to that of PMS depleted
system, But the amount of PMS over 0. 05g.
per present assay mixture caused, on the con-
trary, decrease in the color intensity to the
extent comparable to that of PMS depleted

system,
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Fig. 6. Effects of the amounts of PMS on GDA
activity., The activity of GDA was 1.45
Unit/ml, and XO was 0. 30 Unit. The incu-
bation was carried out at 30°C for 30min.
and pH was 8.0,

005 01 02
mgPMS  reac tion mixtur

Unit mi
3
ozl -
0704 12 24

mg INT reation mixture

Fig. 7. Effects of the amont of INT on GDA acti-
vtiy. Incubation conditions and assay system
were same as Fig. 6.

INT showed, by contrast to PMS, no appre-
ciable variations in the final color preduction
when added with the concentration below 2.4
mg. per reaction mixture(Fig. 7).

DISCUSSION

There are several reported methods for the
estimation of GDA activity, notably Roush and
Norris, Kalckar, Hue and Free (Hue and Free.

1965) and Knight (Knights et al, 1963) and
radioactive assay method utilizing guanine-8-
C1* (Aikhalidi et al, 1970). However, none of
them has proved to be suitable in principle for
application to visualize the GDA enzymogram
on the electrophoretic gel bed, though they are
very sensitive and reproducible with regard
to the activity assay itself.

The present method is only dually purpose-
ful; for one thing the basic principle involved
can be applicable to the staining of GDA after
electrophoretic separation and for another,
applicable in estimation of its activity.

Although there was noticed that somewhat
lowered activity of the enzyme was detected
through this method, of which reason seems
obscure presently and awaits further investiga-
tien, coupling of the GDA with XO with the
use of PMS and INT in the present study was
satisfactory to the demand of the author’s
laboratory. Firstly, adding small amount of
PMS as electron carrier the magnitude of the
reduction of INT was enhanced, unless other-
wise FAD, contained in the molecule as a
prosthetic group, alone could not be expected.
Secondly, INT was preferred to NBT because
of its high extinction coefficient, (Méllering
et al, 1974) and the insoluble formazan pro-
duced were well dispersed by gelatin. Lastly,
the data obtained by the present method sho-
wed much lowered values when compared to
the results obtained by Roush and Norris
method. It is, therefore, suggested to multiply
with the factor shown below when one wants
to convert the present data to Roush and

Norris unit of activity.

d 0O.D. .
E_4‘92—><V><100XF(4 5):un1t/ml GDA
The activity of GDA by the present method

was not suitable actually at the pH aboe 8.0,
because the PMS is known to be highly unst-
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avle at extreme alkaline pH (Nachlas et zl,
1960). And it is well in accord with published
report (Nachlas et al, 1960) that amount of
INT has no serious effect in the formazan
discoloration. But the system requires excess
amount of indicator enzyme, X0, as compared
to measuring enzyme, GDA, to the ratio of 20
to 1. It is surely because of the fact that Km
of the indicator enzyme should exceed far above
the concentration of intermediate substrate in
a coupled system (Bergmeyer, 1974), xanthine
in the present system, in order to aquire steady

state between the two enzymes.

CONCLUSION

A new colorimetric assay method for guan-
ine deaminase was reported, coupling the en-
zyme with =xanthine oxidase and formazan
reaction system adding phenazine methosulfate
and INT (2-(p-iodophenyl)-3-(p-nitrophemyl)
-5-phenyl tetrazolium chloride). The method
was proved to be applicable both for the assay
of GDA activity and for visualization of the
enzymogram after electrophoresis.

The assay system consisted of GDA, XO as
much as 20 fold of GDA, 0.18umole of PMS,
and 1.5 ¢ mole of INT in a final volume of
3.0ml. Tris buffer, pH 8.0. The reaction was
started by the addition of 1.5 x mole guanine,
followed by 30 minutes incubation at 30°C.

The present data was inconsistent with the
reported data, but could be converted by a
factor for the purpose of comparison. It app-
ears to be a good merit to apply the present
method in estimating the GDA activity after
staining electrophorogram with the formazan
reaction introduced in the present study direc-

tly utilizing extract of visual enzyme band.
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