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Enzymatic micro-assay methods were studied those were capable of determining ammonia down to 10-°M
(0.01 2 mole/ml) in the presence of other nitrogenous compounds such as protein and amino acid. Microquantities of
ammonia (0.01-0.1 zmole) could be determined indirectly by measuring phosphorous, one of the products of the en-
zymatic reaction catalyzed by glutamine synthetase. In this reaction, L-glutamate, ATP and ammonium chloride were
used as substrates, and phosphorous was formed in propotion to the concentration of ammonium chloride in the reac-
tion mixture. Another procedure was examined in which glutamine synthetase reaction coupled with pyruvate kinase
and lactate dehydrogenase reactions was used. One mililiter of the assay mixture contained; phosphoenol pyruvate, 3
mM; L-glutamate, 10 mM; ATP, 1 mM; MgSOq, 20 mM; KCl, 75 mM; NADH, 0.2 mM; Tris-HCl buffer (pH 7.0), 100 mM;
pyruvate kinase, 10 U; lactate dehydrogenase, 12 U and glutamine synthetase, 4 U. After preincubation for 20 min at
30°C, NH,C! was added and the rates of NADH oxidation were followed at 340 nm. The effective range of this method
was proved to be from 0.01 to 0.05 . mole/ml. Glutamine synthetase reaction coupled with glutamate synthase reaction
could also be eftectively used for determining microquantities of ammonia. The one mililiter assay mixture contained;
ATP, 5 mM; L-glutamate, 5 mM; L-ketoglutarate, 5 mM; MgCh, 15 mM; NADPH, 0.15 mM; Tris-HCI buffer (pH 7.0), 100
mM; glutamine synthetase, 1 U and glutamate synthase, 0.5 U. After preincubation for 20 min at 30°C NH;Cl was add-
ed and the rates of NADPH oxidation were fullowed at 340 nm. The effective range of this procedure was appeared to
be from 0.01 to 0.05 4 mole/ml.

R G EAvh s VPR o R 9l 4o #AaAdoln o BREosle Fx 2 Easi
st g Sl s S A A AR EA el EBrlsdteh okmuole] a4 R4

kvl e Rikkor o] el del s a9 Al-g-Elo] @ FE A4+ glutamate dehydrogenase
tp-n g 4o ;ng{;;§[¢o]eL EaRael s AR 2 il ol] whet ok xujotell ¥k Km kol 77t
ele] HAITE S 24 Michaelis & # (Km) 2] el & o]t} I*Bf glutamate dehydrogenase® 7% 5.7
_L*F’d o & veEl o 2lv) whel] & A4 el 4 X 10" 2M o| 51.'¥  Escherichia coli®} Salmollela
b i?-_‘._d FIFIIN f-a A Ak Aol ok typhimurium 5 W% 2] A7 glutamate dehydro-
Key words: Enzymatic analysis of ammonia



496

genase 2l Km gk 1mM oj4kl Aoz B
elch e, olebzte vizlel it vlmA g
oiz Qlal) B Aol olgk skE]obe) HaF W9

0. lumole/ml & A&ks| i lebo  uheh] Bk,

r
fo
A
oo

‘0 ook ke

S, et ol ROl e qobe) Hekg %M
=oobmobel el ok 22 A E e E4

du 7|

ol &3k Hakdeo] a7t
Sy mohe Badge
se (GS, L-glutamate; ammonia ligase, EC 6, 3, 1,
Yol ola cheat 2e gl deiA 3

TERSER S

Z 4 ¥& glutamine syntheta-~

713 E

GS
L-glutamate+NH; +ATP I\T—;L—glutamine
n

+ADP+Pi (1)

Glutamine synthetase+= MEM % B Hia ol
Qe FAshe] gtgvolel oigk Kmat-> E. coli o
4 2.5X10 4% o| . Lupinus angustifolias 2| 73 %
4.0x10"*M* 2 glutamate dehydrogenase 2| L7
ol wlal &3] o} Ml e pw o
gkoll o] &7k5 %

et
e Zx=lt} Glutamine syn-
%w Dol 4 gheujobare whg
(=]

S Hepglo a4 ZAEY 4 Q)

thetase 2| %9y
o

o] Glutamine synthetase"ﬂ'%("—! 1)l pyruvate
kinase (4] 2 ) ) o] =k
% 75417 NADH®l Alstol o/g Fatel ul

Phosphoenolypyruvate+

2} lactate dehydrogenase {4 3

vruvate kinase
AppEYIRETE TS

Pyruvic acid+NADH

lactate dehydrogenase

ATP+pyruvic acid (2)

Lactic acid+NAD (3)
315 340nmell A HA vl A shA dakd 4 gl
o}, g3 Klebsiella aerogenes 3 vl %3 T2

ol KEEE o R ol E
glutamate synthase (GOGAT, NADPH oxidizing, L-

glutamine; 2-oxoglutarate aminotransferase, EC 2,

glutamine synthetase 2}

6.,1.53) o % Rol 9!6}1 Fosle Ao R oA
ettt o] FoAubBol ol glutamate syn -
thase & &3 22 ‘i%% Fofgkeh wheb A gl

L-glutamine+ a -Ketoglutarate+NADPH

GOGAT
— 2-L-glutamate+NADP 4)

tamine synthetase-glutamate synthase 5 °34}-2-7)|
off 2l3lal qt2jele) g2 NADPH ¢ 413l o
3t 340nm ol A o] FHx o] g A ako] 7b5s)ch,

Glutamate synthaset E.coli 23 € WMyl o|%
ZHE AT H A EAZol A A7 slo] SEEER s el

omf it 22 ofu e Aba ALE

a) Brevibacterium

flavum (ATCC 14067) 258 ohakel

nthetase 2} glutamate synthase 2] H-2] & |4l o)

glutamine sy-

Kor.J. Appl. MicrobiolBioeng.

B s} B. flavum 2] glutamine synthetase
2] gk jeto] el Km ke 2.2X107*M " o]
glutamate synthase @ L-glutamineol %} Km3}-&
2.4%X10"*M 2 M msjar ey,

& WFFEol 4+ B. flavum 2] glutamine synthetase
! glutamate synthase & AL-8 i otw ole] E%
Y A S YA Rabe A S AxS
Ak

S ER

2 30T oA st or end-point BIE

Glutamine synthetase I Wool folk 2} Stadtman
el ZECY S Al gkl ol o] HAWFZ A=
42 50mM L-glutamate, 25mM NH,Cl, 7.5mM
ATP, 30mM MgCl,, 100M Tris-HC! buffer (pH7.0)
o Mubuke) BEEMN S shedet a2 137

4;
o} 1 umole @) glutamine & 4 sh= E_/‘%k—é‘ 15
2 skl 8] 34 (specific activity) 2 & A chad

mg el unit 2 Z4135¢

Glutamate synthase: F 44t 24] NADPHS Ak
5h4% % 5 340nmoll 4] URCEE o @b 2 Hsholopre
ol FAubgAle] =42 3.5mM  L-glutamine,
3.5mM a-ketoglutarate, 0. 15mM NADPH, 100mM
Tris-HCI buffer (pH 7. 0) 2} = =dake] # 4 glaflo|od
Za8Ade 1HME 157 1 umoled NADPH
2 Aspalg) 2o » 2 A sl o)

CHuiEl o] 2k

Egg albumin& fE#E ] 28 31 Lowryik!' %ol
whel g Etdch A4 A zbg 2o el ek 280nm
oMol FHzz ZHAdgon HAg T4 by
Ak 280nmol A 9] FF=E& A F cfgo
A2 55 Fhaksied e,

E!Z sonm =8. 19 (Glutamine synthetase)

23 magko

=12. 88 (Glutamate synthase)
B0 M)
£ A glol]l A5 glutamine synthetase2} gluta -
mate synthase+= Brewvibacterium flavum 2] FEHiE
g S AF8ske] UM 5ol whel uhel A Al

o
AR

& 4mbS el 0, 5mlel 3N-H,SO, 3m/,2.5% am-
monium molybdate 0.5ml-% 7}&k ¥, 10F7 42

ol 4 =gk &, ANS 8% 0.2ml/-& 7}sled 158



Vol 14, No. 6,

7 A g4 w7l & 610nmell4d FHFEE &
A stm KH,PO, %ﬁ‘«‘qﬁ;%’ﬂi shol A7 FRUEMR
oz HeE e e

ﬁ7|9§%

Disc gel 1 714 % David$'" 2] ol ule} pH
8.90l4 3 sladrt,

Alef

Pyruvate kinase (7375 8.42) 2} lactate dehy -
drogenase ("L &.42) ¥ Sigma Chemical Co. 2}
AEE Ab&obaly sl Aeke AIEFES 4}

43t

m mlm

Zont o o

BELEES A

B. flavum °] BMAuihtg -3 A &5ko]  # vl A€
AAAHE A gtz uobsl lRA S A 22 gluta -
mine synthetase ¢} glutamate synthase & Z+7z+ Hi
#4585l od ok, Glutamine synthetase ™= 2F 10 % ©]
A 2 49015 A Al 5]edcl (Table 1).  Glutamate

Table 1. Purification of glutamine synthetase
of B. flavum.
e Total Total Sp(?C}flc
Purification . . activity
rocedure protein activity (umt/mg
p (mg) (units) .
protein)

Céll-free extract 68, 600 776, 600 8.1
30,240 616,896 20.4

6,420 526,000 82

Ammonium phosphate
1st DEAE-cellulose

2nd DEAE-cellulose 386 349,000 904

(NH,),. SO, (40— 45%) 91 303,000 3,333
Sepharose 6B 29 116,000 3,990
Hydroxylapatite 20 79,600 3,980

Table 2. Purification of glutamate synthase of
B. flavum. '

Specific
Purification Total' Tot‘a! activity
protein activity .
procedure (me) (units) (unit/mg
2 ’ protein)
Cell-free extract 68, 600 28, 800 0.42
Ammonium phosphate 30,240 18, 144 0. 60
DEAE-cellulose 1, 780 6, 894 4. 10
Sepharose 6B 270 6, 120 22.70
Hydroxylapatite 12 1,728 135.0
Sephadex G-200 11.5 1, 670 145.0
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Fig.1l. Polyacrylamide gel electrophoresis of
glutamine synthetase(A) and glutamate synth -
ase(B).

50ug of protein was subjected respectively, on
7.5% polyacrylamide gel and the current was ad-
justed to an output of 2mA per gel tube.
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Fig. 2. Formation of phosphorous during the
gilutamine synthetase reaction.

The reaction mixture contained:mono sodium glu-
tamat 10mM; ATF,7.5mM; MgCl,, 30mM; Tris-
HCI buffer (pH 7. 0), 100mM; NH,Cl, 0.3mM and
glutamine synthetase, 0.2 unit/m/.
Symbols; — O-—, complete mixture

— @ —, complete-NH,Cl

—&A—, complete-Glutamine synthetase
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Fig.3. Determination of ammonia by glutamine
synthetase.

The complete reaction mixture contained: mono-
sodium glutamate, 10mM; ATP, 7.5mM; MgCl,, 30
mM ; Tris-HC1 buffer (pH 7.0), 100mM ; glutamine
synthetase 0.2unit/m/ ;and NH,Cl as indicated.
The enzyme reaction was carried out at 30C for
30 min.
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Fig. 4. Determination of ammonia by the gluta-
mine synthetase- pyruvate kinase- lactate dehy-
drogenase system.

The reaction mixture contained:phosphoenolpyruv-
ate, 3mM ; mono sodium glutamate, 10mM; ATP, 1

mM; MgSO,, 20mM; KCl,75mM; NADH, 0. 2mM;
Tris-HCI1 buffer (pH 7.0), 100mM ; pyruvate kinase,
10unit/ml ; lactate dehydrogenase, 12unit/m! and
glutamine synthetase, 4unit/ml. After the preincu-
bation at 30C for 20min, ammonium chloride was
added. The enzyme reaction was carried out at 30
T for 30min.
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Fig.5. Determination of ammonia by the gluta-
mine synthetase- glutamate synthase system.

The reaction mixture contained: ATP, 5mM; mono
sodium glutamate, 5mM; e-ketogiutarate, 5mM;
MgCl,, 15mM; NADPH, 0. 15mM ; Tris-HCI buffer
(pH 7.0), 100mM; glutamine synthetase, 1.0Ounit /
ml/ and glutamate synthase, 0.5unit/ml/. After the
preincubation at 30°C for 20min, ammonium chlo -
ride was added. The enzyme reaction was carried

out at 30C for 30min.
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