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Glutamate dehydrogenase (GDH) (EC 1. 4.1. 3) was obtained from a marine green 
alga， Bryopsis maxima as an ammonium sulfate-salting out preparation， and the MICHAELlS 
constants for substrates and co・enzymewere determined. E仔ectof some chemicals on 
its activity was also investigated， and it was found that the GDH activity was inhibited 
by PCMB as in higher plants， but was not affected in contrast to the NAD (H) -dependent 
GDH of some higher plants. 

Kazutosi Nisizawa， Hiroshi Anzai and Yuji Okugawa， Department 01 Fisheries， 
College 01 Agriculture and Veterinary Medicine， Nihon University， Shimouma， Seta-
gaya-ku， Tokyo， 154 Japan. 

In contrast to a current view that the 

assimilation of ammonia in higher plants is 

brought about by glutamate synthetase (EC 

6.3.1.2) (O'NEIL and JOY， 1973) coupled with 
another Chloroplast-enzyme， glutamate syn-
thase (EC 2.6.1.53) (LEA and MIFLIN， L974: 
ARIMR and KUMAZAWA， 1977)， it has gen-
erally been berieved so far that ammonia 

is incorporated first into keto-acid maninly 

into α-ketoglutarate， being catalyzed by 
glutamate dehydrogenase (GDH) (EC 1.4.1.3)， 
to form glutamate. The GDH， therefore， 
has received many investigations in higher 

plants (e. g. BULEN， 1956; JOY， 1969， 1971; 

PAHLICH and JOY， 1971; LEA and THURMAN， 
1972; MIFLIN， 1974; BARASH et al. 1973， 
1974). In unicelluar algae also， some interes・
ting results have been obtained (e. g. SMITH 

et al.， 1961; BASSHAM et al.， 1964; KRETO・

VICH et al.， 1970; DHARMA W ARDENE et al.， 

1973; HA YSTEAD et al.， 1973)， while there 
are only few reports in multicellular algae 

such as in Ulva lactuca (JACOBI， 1957) and 
Porthyra yezoensis (SATO et al.， 1975). In 
addition， both the NAD and NADP served 
as the electron acceptor with the Ulva GDH 
(JACOBI， 1957) while that of Porphyra uti-
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lized NADP only (SATO et al.， 1975). 

For this reason， we investigated the enzy-
matic properties of GDH of another green 

alga， Bryopsis maxima， to compare the 
results with those from the former marine 

algae. The reason for choosing Bryopsis 

maxima based mainly on the fact that we 

have recently used this alga as the experi-

mental material for the investigation of 

nitrite reductase* and ribulose 1.5・diphos-

phate carboxylase (Y AMADA et al.， 1978). 

Materials and Methods 

Algal material.' Bryoρsis maxima was col-
lected at the coast of Inubo Cape， Choshi， 
Chiba Prefecture， in March， July and Sep-
tember， 1977. Fresh fronds were quickly 
brought back to laboratory in an ice box 

and cleaned for a short time by removing 

from macroscopic contaminants in running 

tap water. They were used for extraction 

of enzyme either immediately after collection 
or af民rhaving been stored at -40・C.
Chemicals:・NADP(H)and NAD(H)可ethe 
products of the Sigma Chemical Company. 

All other chemicals were purchesed from 

Wako Pure Chemical Industries， Ltd. 
E'xtraction 0/ enzyme.' Fresh or defrosted 

* Umpublished observation. 
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algal fronds (60 g) were pestled by hands 
in an ice-cooled mortar for 10 min using 
0.05 M Tris-HCl buffer， pH 7.5 (30 ml)， as 
extraction medium. The minced frond mass 
was squeezed by hands through four layers 
of gauze. The residue was treated again 
in the same way as above and the extracts 
were combined. 
Ammonium sulf ate fractionation:・Tothe 
extract obtained above， was added solid 
ammonium sulfate to a 25% saturation， and 
the precipitate formed was removed by 
centrifugation at 10000xg for 30 min. Solid 
ammonium sulfate was further added to a 
75% saturation. The precipitate formed 
was collected by centrifugation at 10000xg 
for 50 min and dissolved in 10 ml of 0.2 M 
Tris-HCl buffer， pH 8.0， to dialyze against 
two changes of nearly hundred-fold volume 
of the same buffer for 24 hr each. The 
dialyzed solution was then diluted to 20 ml 
and used as GDH solution for experiments. 
When frozen fronds were used as the star-
ting materials， a greenish viscous substance 
often deposited after the dialysis and it was 
removed by centrifugation before dilution. 
Enzyme assay: Two kinds of standard 
reaction mixtures were prepared. The one 
(a) is for the reaction of glutamate syn-
thesis， and it consisted of 0.2 ml of 0.2 M 
α-ketoglutarate， 0.2 ml of 0.4 M ammonium 
sulfate， 0.5 ml of 1.13 X 10-3 M NADPH (or 
l.4x 10-3 M NADH)， 2.0 ml of 0.25 M Tris-
HCl bu仔er，pH 7.65， and 0.1 ml of enzyme 
solution. Another (b) is for the reverse 
reaction， and it consisted of 0.2 ml of 0.4 M 
L-glutamate， 0.5 ml of 1.13 X 10→M NADP 
(or 1.4 X 10-3 M NAD)， 2.0 ml of 0.25 M Tris-
HCl buffer， pH 8.43， and 0.1 ml of enzyme 
solution. These standard mixtures were 
used through this work if not otherwise 
stated. 
The reaction mixture was placed in a 
cuvette of 1 cm path in a Shimadzu Model 
UV -200S double-beam spectrophotometer 
and changes in absorbance at 340 nm were 
measured at room temperature within the 
first 10 min of incubation. 
For some incubation mixtures， protein 

contents were determined by the methods 
of LOWRY et al. (1951) to obtain the specific 
activities (SA) of GDH， using crystalline 
bovine serum albumin as standard. SA was 
expressed by the formula， Absorbance X 1ft 
X l/p X D， where t is incubation time (min-
utes)， p is mg protein per ml of incubation 
mixture， and D is the dilution rate of am-
monium sulfate-fractioned enzyme solution. 

Results 

Co-enzyme specificity: Two kinds of stan-
dard mixtures containing NAD or NADH 
were incubated at 310C for 10 min， but non 
of the absorbance changes were observed 
in contrast to the NADP or NADPH・contain-
ing standard mixtures， even when the reac-
tion time was prolonged twice. Therefore， 
the enzyme extract seemed to contain practi-
cally no NAD(H)-dependent GDH activity. 
Ottimum pH: The optimum pH of GDH 
was estimated in both (a) and (b) reactions 
at 31.5・:t0.50C，respectively. Incubation 
periods were 5 min and 10 min for (a) and 
(b) reactions， respectively. As shown in 
Fig. 1， the pH optimum of the GDH for 
glutamate formation is lower by approxi-
mately 1 than that for its reverse reaction. 
Time course of the reaction: The time 
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Fig. 1. pH-Activity-Curves of (a) (一・-)
and (b) (ーO一) reactions. Reaction time of 
(a): 5 min and (b): 10 min. Reaction temp.: 
31.5・:1:0.5・C.
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Fig. 2. Time course of (a) (一e-)and (b) 
(-0一) reactions. pH of (a) reaction: 7.61 
and (b) reaction: 8.39. Reaction temp.: 31.40土
0.4・c.

course of both (a) and (b) reactions was 
observed at 31.4・:tO.4OC，and the results 
are shown in Fig. 2. Under these condi-
tions， the (a) reaction proceeded almost 
linear1y for the first 3 minutes but followed 
by a rapid slowing down thereafter whi1e 
the (b) reaction proceeded almost linearly 

for at least 6 minutes. 
Thermostability: A GDH solution was first 
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Fig. 3. Thermostability of (a) reaction. En. 
zyme soIutions were heated for 10 min at tem. 
peratures indicated. pH 7.65:t0.02 and reaction 
temp.: 25.5・:t0.50C.
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heated at various temperatures for 10 min， 
then incubated at 25.50 :t0.5・C under the 
standard conditions and the activities of in-
dividual reaction mixtures in the (a) reaction 

were measured. The results are shown in Fig. 

3. The GDH was almost completely inactivat-
ed by heating at 50・Cfor 10 min， and the 
enzyme seemed fair1y sensitive for tempera-
ture. The simi1ar fact was also found during 
ehe storage of fresh fronds in a deep freezer 

(-40・C). The specific activity， 10.13， for 
the fresh fronds harvested on ]uly. 19 has 

decreased to 4.5 after an about one and half 
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Fig. 4. LI="，E¥¥"EAVER-BlJRK plots of a-
ketoglutarate in (a) reaction. 
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Fig. 5. LI="，EWEAVER-BuRK plots of ammonia 
in (a) reaction. 
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Fig. 6. LI:"E¥¥'EAVER-BuRK plots of NADPH 
in (a) reaction. 
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Fig. 7. LI:'¥E¥¥"EAVER-BuRK plots of NADP in 
(b) reaction. 

month-storage. 

Michaelis constants /01' substrates and co・
enzymes: The initial reaction velocities for 
substrate and co-enzyme each in (a) and (b) 

reactions were determined， and their LrNE-
WEA VER-BuRK plots were obtained. The 

results are shown in Figs. 4 to 8 for α-

ketoglutarate， ammonia， NADPH， NADP， and 
glutamate， respectively. The MICHAELIS 

80 

60 

n
u
 'u
『

レん吋

20 

-2おー150 -75 0 75 150 225 300 

九 (11M) 

Fig. 8. LI:'¥E¥¥"EA VER-BuRK plots of L-gluta-
mate in (b) reaction. 

Table 1. Km and Vmax values 
of each substrate. 

(a)Reaction，pH 7.65 

Substrate 伽 Vmax

(x10・3M)(Absorbance) 

~-Ketog1 utarate I 1.3750 0.260 
Ammonia I 23.810 O.辺5

NADPH I 0.1423 0.034 

(b)Reaction，pH 8.43 
Substrate Km Vmax 

(X1o-3M)(Absorbance) 

L-G1utamate I 5.1981 0.033 

NADP 0.0396 0.034 

constants calculated from the plots are 

shown in Table 1 together with their Vmax 

values. 

It is c1ear in the Table 1， MrcHAELIS 
constants for co-enzymes (NADPH and 

NADP) are similarly small and the value 

for NADP is smallest of the two， while the 
value for ammonia is very large and it is 

approximately 600 times as large as that 

for NADP. 

Effect 0/ some chemicals・ Theactivity of 
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GDH was remarkably inhibited by p-chloro-

mercuribenzoate (PCMB) and its 3.23 X 10-7 

M concentration suppressed nearly 94% of 

(a) reaction in the standard mixture upon 

incubation at 33・C for 5 min. In contrast， 
EDT A at 10-6 to 10-2 M concentrations 

showed no inhibition in the standard mixture 

upon incubation at 250C for 5min. Similarly， 
some metal ions such as Ca2+， Mg2-1・ and
Zn2+ did not effect this enzyme activity 

under the same conditions at a concentra-

tion of at least 10-3 M upon incubation at 
26・Cfor 5 min. 

Discussion 

As expected， the MICHAELIS constant of 
Bryopsis GDH for ammonia was also found 

to be largest among the reactants in the 

reactions catalyzed by this enzyme as with 

the GDH's of other sources. Although the 

Km value of this green alga for ammonia 

was about twice higher than that of Por・

ρhyra GDH (SATO et al.， 1975)， these Km 
values of the algal GDH's were far smaller 

than those of higher plants already having 

been reported (BULEN， 1956; PAHLICH and 
JOY， 1971). However， Bryopsis GDH was 
found to be inhibited with PCMB at a low 

concentration as with those of mitochondria 

as well as chloroplasts of bean hypocotyls 

suggesting its being a SH-enzyme. 

The affinity of Bryopsis GDH for NADP 

was much higher than that for NADPH 

while that for glutamate was much lower 

than that for α-ketoglutarate. This was the 

similar trend for the Porphyra GDH. 

It was found that not only most GDH's of 

higher plants (]OY， 1969; GIVAN et al.， 1970; 
PAHLICH and JOY， 1971; LEA and THURMAN， 
1972; W ALLANCE， 1973) but the GDH of 
Ulva lactuca (]ACOBI， 1957) can utilize both 
NAD(H) and NADP(H) as co・enzyme. In 

contrast， the GDH of corn leaves (BULEN， 
1956) did not utilize NADP(H) as co-enzyme 

while Porphyra GDH (SATO et al.， 1975) and 
the present GDH extracted from Bryopsis 

maxima utilized only NADP(H) as co-

enzyme. These results may suggest that 

NAD(H)- and NADP(H)-dependent GDH 

activities are caused by different enzymes. 

According to the study of KRETOVICH et 

al. (1970)， NADP(H)-dependent GDH activity 
of Chlorella pyrnoidosa was enhanced by 

growing on ammonia medium while the 

activity decreased on nitrate medium， but 
NAD(H)-dependent GDH activity in the same 

source received no effect upon this change 

of N-source. This might also support the 

above assumption. 
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酉還一俊・安斎 寛・奥川雄治: オオハネモ (Bryopsismaxima)のゲルタミン酸脱水素酵素の研究

最近までは植物におけるアンモユア同化の主役をなすと考えられていたグルタミン酸脱水素酵素 (GDH) に関

する研究は， 高等植物や微細藻では詳しく行われているが， 多細胞または多核藻における知見は少い。 そこで私

共が従来 N-代謝や c-固定の研究に使っているオオハネモにおける GDHにつき，若干の酵素化学的研究を行っ
た。すなわちその抽出液の硫安分画標品を用い，至適酸度や熱安定性，補酵素特異性，二・三の金属の影響，

Michaelis定数などを観察測定し，既に報告されている結果と比較した。 (154東京都世田谷区下a罵 3-34-1，日本

大学農獣医学部水産学科)

。書籍頒布について 会員および，その他ご希望の方に頒布致しますので代金を添えて学会事務局までお申し

込み下さい。
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