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Acetate Kinase of Escherichia coli
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Abstract

The conversion of glutamate by glutamine synthetase is the endergonic reaction that demands ATP as

its energy source. In order to supply efficiently ATP that is demanded in the conversion of glutamate to

glutamine, the ATP- generating system by acetate kinase partially purified from Escherichia coli K-12 was

coupled with glutamine synthetase partially purified E. coli K-12 Pgin6. The optinum conditions of the

coupled reaction were investigated. As the result, the highest conversion of glutamate to glutamine was

shown in the reaction mixture containing 100mM glutamate, 100mM NH,Cl, 50mM acety! phosphate,
5mM ADP, 40mM MgCl,, 300mM potassium phosphate buffer(pH 7.5), 5mM MnCl.. Under this
condition, the most effective concentrations of enzyme were 70unit /m € glutamine synthetase and

99unit /m £ acetate kinase, Under the optinum conditions, 98% of 100mM glutamate was converted

to glutamine within 6 hours.

Key words : glutamine synthetase, acetate kinase, glutamine production, E. coli.
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(EC 6.3.1.2)
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Acetate ™ / Acetyl phosphate
(EC 2.7.2.1) ceryiphosp
Fig. 1. Principle of the conversion of

glutamate to glutamine with ATP generating
system.

(EC 6.3.1.2) =Glutamine synthetase

(EC 2.7.2.1)=Acetate kinase
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Glutamine synthetase®] &40 & #5324 &
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(Table 1).
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Table 1. Composition of glutamine synthetase
production medium

Ingredients Contents(g / € )

K-S0, 10.0
K-HPO; 13.5
KH,PO; 4.7
NaCl 2.5
MgSO,-7H,O 0.1
Glucose 5.0
L-glutamate 0.6
L&A EH
i kel & HFAHZ HE glutamine synthetase2)
¥ GAl& Streicher” 2} Woolfolk? @] w-& <k}
FAste] s T A YL 4ol AAET,

Al 1 DA (cell-free extract) : A3 FAZ 10
mM imidazole-HCl(pH7.4), ImM MgCl,2] &%&
Hol] Herst & 20 KeollA] 1023} sonicationdh th,
AEe e & 2 JANE & 45 g 167413
F B

A 2 @A (streptomycin - F &) : 1¢kAle] AbA
100m e F 1g2] streptoymcin sulfate® 7}ate] <+
A 3] 5ol &, 1M acetic acidE #28] 7}abe] pHE
5.852 XAkt Aol 1587 o] Mol & 9
AEE sty A A g2 SFEdew 16/\]7J
A8k

A 3 A (zinc ionoll 2)&F HA) : 2gkA o] A A
o 2M MgCL¢ 150mM ZnSOE A}-8-ste] Mg2te}
Zn“"] HE et 242 50mMT} 1.5mMe] € Hlﬂ
g 5852 P} o] EFAE 4¢olM 3
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Faolom A w9l 1 /40 Fal EENL
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gelol A 16417 -Er

ZEARNL —20Td B

4. Glutamine synthetase2| &4 &X
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ate, 0.003M MnCl,, 0.06M hydroxylamine(pH 7.
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7.08.82 A5} dh-g- &5t 10
%2} o| &k ¥ glutamine synthetase® 20.0 7}3}
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chloroacetic acid, 6N HCI, 10% FeCl;-6H,08 X
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, 3% pHe
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EReE Z2AsMdc)t, lunite] Heolx= 37coNAd 18
E9 1 01694 '}’—glutamylhydroxamate—— & A5k
= Ao s 39t} 1 umoleg] )’glutamylhydro

xamatelz 540nm°ﬂ 4 0.369] 425 YehAS

k2. E3N(0.5me )& 250mM TEA €& ‘19‘3
(pH8.3), 250mM disodium succinate, 25mM
MgCl,, 2.5mM hydroxylamine(pH7.0), 50mM
ATP, 50mM sodium acetate® 3t 1o,
ol o] ukg- ENE 30l 1083 Ads &, &
L& 20«0 7¥8taL, Al 30TCoNA 1084 wh3-A
%, 5% (w /v) trichloroacetic acid2} 0.7N HCI
1 3% 10% FeCly-7H,0 &2 wo] Wb Ao
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Table 2. Reaction mixture for glutamine pro-

duction

Content Concentration
Glutamate 50~ 300mM
NH ,Cl 50 ~ 300mM
Acetyl phosphate 10~ 60mM
ADP 2.5~ 10mM
Potassium phosphate buffer 100 ~ 400mM
(pH 7.5)
MgCl, 20~ 50mM
MnCl, 5mM
Glutamine synthetase 35~ 140 unit
Acetate kinase 24.75~99 unit

glutamine % %*Oﬂ P%‘ii

6. Glutamine % glutamic acid2| &4

Glutamine glutamic acid®] 34 2 Fok &4
2 1973\ Tochikuras'e] wylol uwle} paper
chromatography®l-& AMHE-s1iL},

Al& 30 & oA (Whatman No.2)oll H A3 %
phenol:water(4:1) &g 77} &= 3l 15cm
7] =4 7H*V3E}. thE 50° el A 1A1RE Bt o]
Z38k & (.5% ninhydring $H38k+= acetone:etha-
nol(7:3) &S BHsHATE 1A 50Tl A 3043t
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2. ATPSE Hi310f| 2 glutamine A4t
Ag-atar of

F5 A% glutamine synthetase®

HrPogs 848 ATPE ARS-EH glutamme

Aastct, 50mM 2]

ATP?] 55& smMollA 40mM7H#] H3IAAH 2
v} 10413F 9Es-Foll ATP]
o 13mM ] glutamineo] A4 om 71 o]t &

Foj M= glutamine A4to] A3 74351

glutamate&-

HE b

O
=
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= = Toee 2).
37 19 - =0/ o] = 310 sl g -
ol ¥ 0.0057%2] CuSOrg ¥#sh 75% etha 7] A2}= glutamine synthetase7} ATP9] &
= =] = = =) - = 2= o O
nol & s5mee] sl FZH59G0. FEHS T 15mM o] Aol A= HalE ADPo) o3 Haje w
Table 3. Purification of glutamine synthetase from E. coli K-12 Pgin6
Purification step Volume Total protein Specific Total
(m¢@) (mg) activity* activity
Cell-free extract 14.4 488.06 16.41 8,009.06
Streptomycin sulfate 12.0 264.77 22.81 6,039.56
precipitation
Zinc precipitation 8.24 98.99 43.56 4,312.00

* Specific activity : wmole /min /mg protein
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3. Glutamine synthetase®} acetate kinase SiHt
202 FX =M™

Lo

1) Glutamate S= % ammonium chloride T2

Hek

Glutamine AJ4tell w]Al&=  glutamate®}t am-
monium chloride®} Q&g A7) 9gte] W3 &
groll o] glutamate®} ammonium chloride % &
HaAZ ok, Glutamate®} ammonium  chloride
5 50mM, 100mM, 200mM % 300mMe} 2ol 3}
AlA T,

¥ d¥e] A= Fig.3o vrERRITh Glutamate
2} ammonium chloride”} zHz} 50mM ¢} 100mM €]
FEOINE w 6A17F Ay F H HEg 73%E HL

ehliglon, F%5 200mM % 300mME =77
W= #Ha AEgo] 24zt 18.75%9 8.6%°]310). °]
¢t o] glutamate® ammomium chloride7}
15}
s
E
© 10}
E
©
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(@] 5|
0 10 20 30 30
ATP(mM)

Fig. 2. Glutamine production at different con-
centrations of ATP.

Reaction mixture contained glutamate 50mM,
NH,Cl 50mM, potassium phosphate buffer(pH7.5)
200mM, MgCl: 200mM, MnCl; 5mM and
70units /m@ partially purified glutamine synthetase
after reaction 10 hours.

Glutamine (mM)

E. coli®} Glutamine Synthetase®} Acetate Kinaseoll ¢]% Glutamine A4+ 173

100}

50F

0 2 1 6 8 10
Incubation time(hr)
Fig. 3. Glutamine production at different co-
ncentrations of glutamate and NH,Cl
—A— :50mM, -@ ~ : 100mM,
—A—:200mM, —H— : 300mM
Reaction mixture contained acetyl phosphate
50mM,  potassium  phosphace  buffer(pH?7.5)
200mM, MgCl, 30mM, MnCl, 5mM, ADP 5mM,
glutamine synthetase 70units /mg, acetate kinase
49.5unit /mg@ 50~300mM each of glutamate and
NH,CI.

200mM o] A= A& W =2 VA Fel s} As
Gaek, Tl olsel Aol
glutamate®} ammonium chloridesx %2 100mM =

gsisach.

e zlog A

2) Acetyl phosphate2} =T 2| &t
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o] d3g xAEt7] $iEte Rhg T U acetyl
phosphate?] F=& (0mM, 10mM, 30mM, 50mM,
60mM o & H3}A| Zi T}

Fig.4ol4l ®3o] acetyl phosphate®] Fw7}t
60mMY 3= < 714 Fxd 9

3 Asfs e Aor R

acetyl phosphate 55

acetate kinase”’} &
AElict. Acetyl phos-
phate®] Fx=7} 50mMY wio] Aeag-& vl 73%=
LERA

3) ADP ST 2| sk
Glutamine A4kl w2 ADP X
A}at7] kel ¥hg- B3l W AD
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Fig. 4. Glutamine production at different
concentrations of acetyl phosphate.
—O—:0mM, —B— :10mM, —A&~—:
30mM, —@ — : 50mM, — 2 — : 60mM.
Reaction mixture contained glutamate 100mM,
NH,CI 100mM, potassium phosphate buffer (pH7.5)

200mM, MgCl., 30mM, MnCl, 5mM, glutamine
synthetase 70units /m¢, acetate kinase 49.
Sunit /m@, ADP 5mM and acetyl phosphate
10 ~60mM.

1004
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0 2 1 3 g T0

Incubation time(hr)

Fig. 5. Glutamine production at different
concentrations of ADP.
—:0mM, —&o~:25mM, - @—:
5mM, —Aa— :75mM, —H— : 10mM.
Reaction mixture contained glutamate 100mM,
NH,Cl 100mM, potassium phosphate buffer(pH7.5)
200mM, acetyl phosphate 50mM, MgCl, 30mM,
MnCl, 5mM, glutamine synthetase 70nnits /m¢g,
acetate kinase 49.5units/m¢ and ADP 25~
10mM,

o) )22} 2 od oF 5} 5] %]

2mM, 4mM, 6mM, 8mM, 10mM =& H3}lA1 7}

7] A4 A3E Fig.59 vERfSdch ADPO] &

%7t 0mMY wi= glutaminee] 712] Ag4bg)A) bt
=4 o] ¥k& *=7]9] acetyl phosphateg] ¢14H7]&
Wolz =837} §l7] dEQ Aoz FAET, wat
ADP9] F=7F 6mMY ® 2 73%9] WEE-E o
Rl en, 7.5mMet 10mMell M= 2k AeiEs W
= AeR el oj4te FAE vjRol & o
ADP2] glutamine A2kl = A 9GS 1) 3]
A ko, @ olsff Hoixl
elxt7)7 ADPg} ZAdlshd
ZA =}

fooh mal sy
o ASTT

acetate kinase®l|
acetyl phosphate?]
ATP=Z A §L§]‘— oA3LS = Aoz &
4) Potassium phosphate buffer S| A&k
ATP9} ADP7F A5 AEE= WS
EEwlsle] uhE glutamine A4l vl x|
AbsH7] f1ste] w2 &3kl
buffer?] F=&
2 ¥ A A
Aol Ad AaE Fig.eol vehligloh. Potass-
ium phosphate buffer?] s=7} 300mM< w )
84%9 AL VERIR e, 400mMY ulE 41%
2 52 d3g-S VeI

=3
SERHDE

O
e x

1] potassium phosphate
100mM, 200mM, 300mM, 400mM

5) Mg?r S£°| det
E. coli glutamine synthetase®] 4ol mj 2]+ 2
7t 24 ole] e tialA B A7 28s
o] o, Mn?*& adenylated subunit
9] specific activatoro]il, Mgt} Co*t=

53]
una-
denylated subunit$] activatoro|t},

B Ao A= Mg?t7h glutamine Aol vl

A% 2A) SISl B BT W MeCho
22 0mMol A 50mM7HA) i skA 7,
18] A Ane

g 7o) ERNGITE Mgt
=7} 401’1’11\/10191% o Hrjle] A gke-Ql 89% 2 LJERY
ZollME el H78] Hast

SAch.
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Glutamine (mM)

0 2 1 6 8 10
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Fig. 6. Glutamine production at different
concentrations of potassium phosphate buffer.
—ll— : 100mM, —a — : 200mM,

—@ — :300mM, —2 — : 400mM,

Reaction mixture contained glutamate 100mM,

NH,Cl 100mM, acetyl phosphate 50mM, ADP
5mM, MgCl, 5mM, MgCl, 40mM, glutamine
synthetase 70units /m@, acetate kinase 49,

5units /m ¢ and postassium phosphate buffer(pH
7.5) 100~ 400mM.

100 r

Glutamine (mM)

0 ¥ 1 6 e i

Incubation time (hr)

Fig. 7. Glutamine production at different con
centrations of Mg?",
:0mM, —&o— : 20mM, —a— :

30mM, —@ — : 40mM, — M — : 50mM

Reaction mixture contained glutamate 100mM,
NH,CI 100mM, potassium phosphate buffer(pH7.5)
300mM, acetyl phosphate 5mM, ADP 5mM, MnCl,
5mM, 70units /mg, glutamine synthe tase, 49.
Sunits /m € acetate kinase and 20~ 50mM MgCls.

-0 —

E. coli2) Glutamine Synthetase®} Acetate Kinaseol] ©]3+ Glutamine 4§4F 175

6) Glutamine synthetase2| = 30| 2 glu-
tamine 2444

ghool o] A = e AFgE el
gt Asla, G40 kel wsle] wE glutamine
Aol mAE FES 2AMEHT 8ke] glutamine

synthetase?] ¥5%% 35units /m¢, 70units /me,
140units /m € 2 H3}A| A},

Fig.8oll vehdt whel o] 70units /m € o4 Hh
o] Aghg& VERAT, &4 %7 140units /m e
Juf FFe AFE-g VEPHA] ZF

7) Acetate kinase2| =&
ALt

H71e] A9
3

H351o|| T2 glutamine

Aol W g
£ 70units /m ¢ 2 P31, acetate kinase?| &
T8 24.75units /m€, 49.5units /mg, 99units/
me s HshalZIT)

Fig.9ell dfelt nie} o] acetate kinased] %
7} 99units /m @ 2 W} FHuhe] A1 97%5 e}

lutamine synthetase?]

1

10()#

S50k

Glutamine(mM)

i

0 2 4 6 8 10

Incubation time(hr)

Fig. 8. Glutamine production at different
concentrations of glutamine synthetase.

— A — : 35units/ml. — @ — : 7T0units/mg¢.
—Hl — : 140units/mg.

Reaction mixture contained glutamate 100mM,
NH,Cl 100mM, potassium phosphate buffer(pH7.
5) 300mM, acetyl phosphate 50mM, ADP 5mM,
‘MgCl, 40mM, MgCl, 5mM, 49.5units /m £ acetate
35~ 140units /m £

kinase and glutamine

synthetase.
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Wit} o]+ 49.5units /m @ €] Fxof ]6H At
Z7F 5wl AE vt ge Frhe ofyAnt
ATP®] &+Fo] 49.5units /m € 2] acetate kinase &
ol wlsl 1 flghs] o]FolA|7] Wil seg A
Hr}

4. 8tg z® ZTHel0llM AlZHETto] ME gluta-
mine2| A&t

olAtel Arg Evg v EFN el VA FEE
o] AgES Vel T Ystdch 1 23

HAETE= 100mM glutamate, 100mM NH,CI,
50mM acetyl phosphate, 5mM ADP, 40mM

MgCl,, 300mM potassium phosphate buffer(pH
7.5), 5mM MnCl, |t} &A= 70units /me

glutamine synthetase®} 99units /m@ acetate

kinaseb A5 =olgleh, 44719 Mz astelAl 36

AlZE wkg-A1Z1 Aat Fig 1090 LPF/]r‘ﬂl vkl 7ro] 6A]
al Aohe] WEES JeRARIs, A1l 7l
e} WA 4 or— Aske wlch of Al Ae
2.0 98%0]9 o.M, AlAtEe- 14.3g/00) 9.

100k
=
£
T
= 30\_
g
=
)

0 2 1 6 8 10

Incubation time(hr)

Fig. 9. Glutamine production at different
concentrations of acetate kinase.
—H— : 24.75units/m 2, —a— : 49 .50
units/m ¢, — @ — : 99.00units/m ¢ .
Reaction mixture contained glutamate 100mM,
NH,Cl 100mM, potassium phosphate buffer(pH?7.5)
300mM, acetyl phosphate 50mM, ADP 5mM,
MgCl, 40mM, MnCl, 5mM, 70units /m € glutamine
synthetase and 24.5~99units /m ¢ acetate kinase.

peinbs  AHE-3ISle

100t

Glutamine (mM)

n 2 N A N

12 18 24

Incubation time(hr)

Fig. 10. Time course of glutamine production at
optimal condition.

Reaction mixture contained 100mM glutamate,
100mM NH,Cl, 50mM acetyl phosphate, 5mM
ADP, 40mM MgCl,, 5mM MnCl,, 300mM potass-
ium phosphate buffer(pH7.5),
mine synthetase and 99units /m ¢ acetate kinase,

70units /m € gluta-

2 ¢

Glutamate 2 %€ glutamine®. 2 3eb= 4
glutamine synthetasei= cofactoriz~ ATP& 8.7

3} endergonic reaction®| 2 &, glutamine # &gt

Soll 2 ¢EE ATPO 8352 &3S f18hA] acet-
ate kinaseo 23t ATP AAAE = 6‘}‘313}. Glu
tamine synthetase?] &40z ALgH v|HES
glutamine synthetase2] &/do] Q§]' coli K-12

acetate kinasew E. coli

K-122 #E 32 Frste] ARagint. Acetate
kinaseol] @3k ATP MAAE =93 glutamine 7
Fgrgo] HAZNL 100mM glutamate, 100mM
NH,Cl, 50mM acetyl phosphate, 5mM ADP,
40mM  MgCl,, 300mM potassium phosphate

buffer(pH7.5), 5mM MnCl,,
tamine synthetase, 99units /m ¢ acetate inase©]
A&z s A 6A17HA 98%2] o
Ao oju] A abakE 14.3g / € 01

70units /m£ glu-

o] _9_[!1 }\1-7] o]

a9 LERAY
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