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#E A H DEAE-Sepharose Jt Sephacryl $-300 £ 43 2l 4k T ifif #4045 82 14 408 Sulf olobus acidocaldarius 4% %l W i
KM E 6.3.1.2, SacGS). SDS- HE P4 ik Ik 11¢ v pRORSE I 231 T 6 Ok 53 ku f 80— ZRafr. I B0 N S 2 i
J¥31 5 PGLPKNEHEALEFLKSNNIKWVDLQ, 5 J At by 41 081 45 %0 19 e 5 1o (1) Gl BE 1 S AT L, R
LEE ATP S5 5F ¥ 5] TEMPKP (I/L/F)  (F/PIY)  (GIR). SFF B KL 5 JF 2k Be ik b — 3 i 9k 514, 1A
Sulf olobus acidocaldarius W3ERZL DNA N BURUEAT PCR 418, 3573 780bp 1 DNA 1B, 8 s By o i o b
B S B O R B TR 1 B, CAMb R S BRAC i% W BENBEER, 4 Sulf olobus acidocaldarins HKI A1 DNA A [] 1 B
i1k P B O EAT SRR AL 5 DD, AR S AEAT DNA ENEESr M, dEHN T 2.4 kb 1) BamH 1 / Hind AR Y) v
Bt bR pBluescript KS™ FUREch, ik B ¥4 J5UA7 A28 284 BHAE ve 6, 2E4T DNA A S0 52 G, 43 3158 2 11
1.5 kb (945 200 e £ i A JERUF 1, P4 L0 B 3 pET 3c $RAR D, 78 ) FF BL21 P AT i 5 ik 5l AT M1

JOF P % k0 s, LR O Il I O 90 CL TAREAE WL BT L (1 W P 70 20 a5 ) ke 5T AR 4.

RERIA) W AAME R AN, ARG O N, SRR SRR,

FRAES Q78
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LRV EIERR A HE DRI A, AR AR
AR RS, Kk, B LR E )z W
gyl ol

TEABER, RS T2 [CEIPE B W1 Escherichia,
Salmonella VA F Klebsiella 1] GS [ 2 1+ 43 5 2%,
oW R M R B2 BRI TY ML L 1
(adenylylation/ deadenylylation) [ i 1517, 45 K £ %
KV T 35 2% FC B B0 Bacillus 2510 GS WA SZ W R
R EFERAL I LA 06 T 1 i ®)

H iR 3% GS S AL/ 7 41 1t ) Y5 v Do 3L 40 Ay
SRS, BIGST, GSUMGSIL GS1 FUAFLE
FIEEAY R, GS I 3240 A T FLA% A= A b
A, GS MY AT R ZE R, NAED R
GNTR R ORI, AR — S TR 2 LR A ) AH
U, Xk 6ST1 #E—L XI5k GST -a FIGS T -B
(2R AR T B I ME ) PR AL,

FH AT ML 03 GS &1 5 R Y R
AR R HEAT Sulf olobus acidocaldarius GS
(Sac GS) JERM Tl 77 510w LA K AE K FF 1
T SR SRR E, b B A0 GS R
PLEIBEFCHT R T R i i Ak Al

Vi ek, e

1 #MR5R%

L1 i

Sephacryl S 300 F1 DEAE- Sepharose 24 Pharmacia
AT ek, Mo o bRl G A & 8 Boehringer
Mannheim 2377, AW A 2072 Sigma 22
s,

1.2 MEESR
Sulf olobus  acidocaldarius ( DSM639 ) #%

Hettmann J7 £ 76 b 78 45 20 mmol/ L % %5 b,
1.5 mmol/ L. (NHy4)2804, #FR£L (Minimal salt)
BRI, 18 CAMFAEK
1.3 SacGS BN B4

¥4 10 g Sulf olobus acidocaldarius T B IF T
20 ml ZZ P A (20 mmol/L Tris HCI pH 7.5,
0.2 mol/L NaCl, 1.5 mmol/L MgCly) 1, 758k
5, 48 000 g 5.0 30 min, HU L3 i ik 22 ph i A
TP 7 () DEAE-Sepharose £ (2.5 em x 10 e¢m):
HIS0 ml 22 ph il A Yedk, 1 90 ml Z2 o il B

"R A K S (2001SWXXGOBII4) Bk,
IR
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(20 mmol/ L. TrisHCI pH 7.5, 0.5 mol/L NaCl,
1.5 mmol/ L MgCly) HEATHEM, K GS Bk K T
10 U/ mgMPe WAL/ AT IR 4F. 4 m] WRAEIR T L AE
4 Sephacryl S300 ££ (1.5 em x 70 em) I, H2%
MHA LA 15 ml/ min PENK.
1.4 FEMENE

GS W 2% & B W 4 B P O 2 R 48 /R
NH4* FUATP &5 a4 2B i R 780
PUBE K AT, 2 Bender 5. g1 T8
N R AL v A, P DA RO R 40~
100°C, RIS 15 min 8L D, BLA N1 R
N AE R A A I - B W (- glutamy]
transferase) T PEM G E7E 40~ 100 C R Wil T,
%[ Shapiro 1 Stadtman J7 &7
L5 BEERAIZRIR

(gluatmate) .

R 5 AL DHSa Y 2 A 7 7 50 mg/ L
AREHERNEIE PR L, 37 cHiFRd @z R ¥
A V& PR AE 4 C A& AT FICE 1 h, e 2

‘rﬁuu I min, !I;"|'1|4Hfl\"ll;.; ‘{éfﬂé"wﬁﬂ'jﬁ, IJ:Z:{I-IE{)}’
1B G5 AR PR (0.5 mol/ L NaOH,
1.5 mol/L NaCl, 0. 1% SDS) A 17 mm JE4%
L5 min, RIEHAZN P FERE (1 mol/L Tris,
1.5 mol/ L. NaCl, pH 7.5) HF 17 mm (3848 I
5 min, B 5 B 2 2 x GUAK BN AT B R AR
(SSC) 15 min. FFBEAEZE KT8 25 min Ja i
APEANAZIE (0.3 J/em?®), FEFFILESN T 68 CIH
3xSSC, 0.1% SDS ¥l 3 h, 7 B 2 1 ) 15
MG, 16 68 CHITIAASH (5% SSC, 0. 1%
W2 /2 (sarcosin), 0.02% SDS, 1% £ ##)
1 h, TR 248 ((1 Jfr'“ri}z PN b i
F-ARL i GS #REL), VR ShiHh A
(A A e 1 1R I ) B}ifﬁ 2 h, P SEIMA
CSPD (Boehringer M annheim) JE&4) J WV 4 (A,
1.6 ZES5FRE

ik PCR J7 #2244 Sac GS 35_1[33]""[5»’”5 pET3c %
isE A, ¥4k BL21 (DE3) AT RIE, BAK

BB TRy i
2 & R

2.1 S. acidocaldarius & RELRES AEBRI S B AL
#4S. acidocaldarius 40 L 22 8 75 W I 25 0,
HY I35 i if DEAE-sepharose /¢ Sephacryl $-300 #F
e aite, EEAN LB P R -glutamyl
PEE AT O R R W e, A &

transferase ¥

EMFESE MR ER
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S. acidocaldariusGS #2EAL T 25 fif (% 1), SDS

RNMGBERER YK (SDS-PAGE) 2% B Gsi s
gt AiEIEF 95% L (E1).

Table 1 The purification of glutamine synthetase from

S. acidocaldarius

. . o Specific .
Purification Protein  Activity tivit Recovery Purification
activity
sleps / mg /U I_ ‘: 1 ! % factor
/U=mg
Crude extract 384 406 1.1 100 1
DEAF- sepharose 19 218 11.5 54 11
Sephacryl 5 300 5 134 26. 8 33 25.3
1 2 3 4 5
ku —

92.5 w—
66.2 - .
J——

45.0
31. 4
1.0 - I‘

'..
21.5 w

Fig. 1 SDS PAGE of the purified GS
1 molecular mass marker; 2: 60. 8 Bg cytosolic protein from
cells grown on glutamine; 3: 64 Hg eytosolic protein from cells
on glutamate; 4: 58. 4 Bg cytosolic protein from cells grown on

sucrose and ( NH4) 2504 5: 8. 8 Hg purified GS protein.

2.2 SacGS &R R /) PCR REIRFSIELE
FRHE 4> 2 464k 11 Sac GS 1 N % 741 ( Edman
degradation J7iZIE) AR T Al 48 GS T/
SEHATP 45500 RUEa Bt — 0 & 514, 51491
H: 5 CCWAARAAYGARCAYGARGCNYTN GA-
RTTT 3 5 T B il 73 16 24 3L 82 ¥ 41l ( PKNEHE-
ALEF); 514 2 H: 5 CCRWAWADWGGYTT-
NGGCATRAANGT 3 J§ T % J& & ¥ 41| [ TFMPKP
(I/L/F)(F/PIY)(G/R)]. LA25 ng S. acidocaldarius
IFPE 41 DNA D Biti, #E4T PCR OV, 3Rk73 T
780 bp ) DNA Jr BE, #5iZ F BL v BE # pBluescript
KS* JGiEAT DNA JEHIMIE. PCR =201y o v]
RS R A Y. K L B o s S R
FP8) 5 AL CE 0 GS JEAT LR, A A 1) 1 £
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PRI, R 5 S, solf ataricus 18 GS [P IE 73% (19 GS 73 He 8 A BL.

(& 2), Pknlfiihiz DNA JFHI4 S, acidocaldarius
/ PKNEHEALEFLKSNNIKWYDLQFTDLLGKLQHITIPSNEFDESSFKVGFG-———-— KLDGSSIKGF
2 MPSTAEDVLKPLKENNIKWVDLQFTDVPGRLHHITIPADEFDLESLXTGFG——~--—KLDGSSIRGF
2 MTSLEMALEYIKINNVKFLRFQFVDIHGEPXNIAYPVKLGTADGEEELMGYLENGLFFDGSSIEGF
4 MNISVSMNKFDSKIKFVQLVFVDINGMPKGMEIPASRLEE-———-~—AVTDGISFDGSSVPGF
5  MSAEHVLTMLNEHEVKFVDLRFTDTKGKEQHVTIPAHQVNAEFFEEGK—————MFDGSSIGGW

* * %k Kk * defekok

Fig.2 Comparison of GS protein N- terminal sequences

1: 5. acidocaldarius ( derived from the PCR product):; 2: §. solfataricus ; 3: Methanococeus voltae; 4:

Pyrococeus furiosus; 5: E. coli . The underlined residues are identical to those determined by N-terminal protein

sequencing. *  represent identical amino acides.
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2.3 SacGS £EFH M EFNN F

4 ug 1S, acidocaldarius FER41 DNA 43 5
HBREEAN VIR BamH 1, Hind I, EcoR V &I
A BamH 1/Hind 1, BamH 1/EcoR V
Hind IV EcoR VAT LA VIH], £ 5 h B L
vk, FEWESUETT DNA B, #8424 EiR PCR ™4
ZgEbrIc iR, AR 3, EJRIERT
2.4 kb ZEA471 BamH 1 / Hind V) E| i BUIAT 111G
alifh, SNJER AL P RE S EL 2 1l FRIRZEAT DNA
B, #EdLEAT @R DNA v BUG, K Il m b
£ pBluescript KS* JFURiA, AL G R TR T
JEAE %A, ARG BH M 5 B BV G AT DNA M.
ZIE R O AFAE EMBL LR FER, %5 h
AJ224678.

kb
19.33

~J
~J
iy

-1 Lh

tad
4= b2

] { -
2.69 Fragment used

> +— for cloning and
.98 w sequencing
1.49 e

Fig. 3 Genomic Southern blot of the GS gene locus

For each lane 4 Bg of genomic DNA were digested with restriction

enzymes as indicated and were separated on a 0. 8% agarose gel, blotted
onto a nylon membrane, hybridized with the Digoxigenin- labeled probe.
I: XSty
genomic DNA digested with Hind lll: 4: genomic DNA digested with
EcoR V; 5: genomic DNA digested with BamH 1 /Hind 1II; 6:
genomic DNA  digested with BamH 1/ EcoRV; 7:
digested with Hind IV EcoR V.

marker; 2: genomic DNA digested with BamH 1 ; 3:

genomic DNA

2.4 SacGSERMIFSRIEREMENE

¥ Sac GS JER 3T BE 2 pET 3¢ ik, 76K
FFEA BL21 (DE3) #4715 3 KL, SDS-PAGE
BN GRS TR S3 ku i (Bl 4), 5
HUOSEARTY, MR E R, AL

1 2 3 4 5 6 7 8 9101 12131415
ku ku
92
66 "=

t_.‘
45 .
31 g

Fig. 4 The induction of §. acidocaldarius glutamine
synthetase in E. coli
I': molecular mass marker; 2: BL-21 (no plasmid) with 0. 5 mmol/ L
IPTG 4 h; 3: BL-21 (no plasmid) with 0. Smmol/ L IPTG 1 h; 4:
control without IPTG: 5. 6: with 0. 5 mmol/ L IPTG 1 h; 7: control
without IPTG; 8., 9: with 0.5 mmol/L IPTG 2 h; [10: control
without IPTG ; [7. 12: with 0. 5 mmol/ L. IPTG 4 h: 13: control
without IPTG; 14, I5: with 0.5 mmol/ L. IPTG 6 h.

350F )
11.2 7
m»

ET? 250t {1.0 E

b 4
2 ) 0.8 g
S, 150F 10.6 3
Eié 100k Jo.z: ;
ER N 102 £
of {0.0 5‘
L =

L 1 1 1 L L
40 50 6 70 8 9% 100
t/C
Fig. 5 Biosynthetic and v- glutamyl transferase specific
activities at different temperatures
'] m:  the v-glutamyl transferase specific activities at different
temperatures; ® —: the hiosynthetic specific activities at different

temperalures,
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WY AP E, RIWARIALELE, s LT
BTG PRI e L, I v-glutamyl transferase FI{E4L
RN YA ) e & ¥ 7E 90 C (H 5),
LEH B K AT B GS I BOE I (40~ 50°C)
HIRZ.

3 W g

HARXVF 2 WA S I & il Ao JEIE R &
BEAT T 72 S, JF SOk LRI 3 KK, |
GST, GSTIATGSIIL AEX; 40 P 75 2 g 15 1 i
S SCHEDII T ARAR D, e JUAE 40 oA 11 3% 1 1 1
BAREIER AL, JUICR 1% B 17 10 o ol R N 17 19k
WM BB A e 8, Zid S 3L/ ¥ 51 10 b4 Kk
W, S. acidocaldarius 73 %8 WE W 5 H I (1) BE A 75

ANENTH, PN IER Z5 & L FRE, Sac
GS MIFEH N AZ)m T GS T KAy GS 1-B (52
FRNR TP AL I B ) PR, R 3 o 7 R I T
AEANME 1 Pk 2 R AN 2 PRI ) S B R P 971 L 3
B, SacGS 5 GS 1 -B FE %A o5 B T 45 a2 e 51 22
ﬁﬁé)k i HoG 12 5 e 25 W AR A (8 T

TR R AL 100 JBE 0 R MR P 1) A S IS R
AEZigm) (4R 0RK), HEBR T S. acidocaldarius
PR Ny P 52 R M T IS4 AT FH S i 1 v ek,
FI AN 2 1 2 78 30 At oty 40 7 2 15 B AT [FIARE 1)
M%.

Woh, BATERFRFIE R, B SacGS K
PTG, JLECSEEE R 90°C, {HIE 0
R AR E PSR, Ma™ R Mg™ X 3LER
EREREE: WA MA Mn® 5% Mg™ , &1
37 CHI 72 CHPRGE KT 1024 1 mmol/ L Mn™ £
{EmF, SacGS fE 37°CH 72°C 10 h Ji7 15 ik 4 4%
95% LA s 1, UL IRATIN 0 Mn® FI Mg™ %5

AR T AL YRR S A A, HL
)WL.S acidocaldarius A H BE AR AL 45 1 4 2L 11
VERT, R aZ ol ity 40 B 70 15 R R v 7 e R ) e
RZ— (4R HCKkEK).

EMFESE MR ER

IFrebE T %A,
ik, A Ja ik
R ICE R 5y BT 855 T RAF I A,
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A4 T S, acidocaldarius 224 B i 5 1
HAE KM T 75 %
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The Cloning, Induction and Activity Assay of Glutamine Synthetase Gene
From Thermoacidophilic Archaebacterium Sulf olobus acidocaldarius”

n**

YIN ZhiMin""™ , YAN ShuZhen", DAI Gu”?, WU Yi#Fan", ZHANG Shuang-Quan"

(VL ife Science Academy, Nanjing Normal University., Nanjing 210097, China;

¥ Department of Biology Jiangsu Education College, Nanjing 210013, China)

Abstract Glutamine synthetase (E 6. 3. 1. 2) from thermoacidophilic archaebacterium Sulf olobus acidocaldarius was
purified to 25 fold by DEAE- Sepharose and Sephacryl S 300 column. T he N-terminal amino acids were determined as
PGLPKNEHEALEFLKSNNIKWVDLQ, also one consensus sequence of a conserved region TFMPKP ( I/ L/ F)
(F/P/Y)(G/R)was found by using alignment of other glutamine synthetase sequences from archaebacteria, a
pair of primers were determined according to the above two sequences. The PCR was processed by using
S. acidocaldarius genomic DNA as template and a DNA fragment about 780bp PCR product was achieved.
After cloning and sequencing of this fragment, the DNA sequence could be translated into a continuous protein
sequence which showed high identity to the S. solf ataricus GS sequence. After Southern blot of genomic DNA
digested by different combination of restriction enzymes using above DNA fragment as probe, a 2.4 kb fragment
digested by BamH [ / Hind Il was cloned into pBluescript KS™ plasmid, after colony hybridization, the positive
was chosen and a 1.5 kb complete glutamine synthetase gene was sequenced, the gene was then cloned into
PET3C plasmide and was induced, the activity of GS was determined. The thermostability of this enzyme

showed that it is indeed from thermophilic protein.

Key words archaebacteria, glutamine synthetase, gene cloning, induction and expression, activity assay
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