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B E ARBAN HGIR & pRT8MA (M) REALEH ZLAKBA BTG LihsE, BE&GTAHEH -4
REABY AT BFRYE AN AHR AR s TAA, RETASOREZ NI REBOEHILE,
#H GCluled o GBS A A A TFRAFAZTELAAAMAEHRE S L A NRE - ENHERFEO RS ANHERLH
BRHAGEREEREABEAAMEL, ARAEA LA AL E LAY S AL AR L EE LTS5 E 5 5 4e Gluld, Glu3lg,
Pro316. Pro356 . Pro344 #o Arg325 E # 4 Gln.,Ala.Gly.Ala.Phe #= Leu, F] B3R 2t Pro316 # Pro356 b 47 7 R K 3k, X X sksabskit
FHERE B CDASAFTTHFASPFETEGEALE, Ed X EMOMIEPEFRASF, 45 LYW Glultd =
Clu3d8 9 P2 B T4 FHELAEA FEAAN T LM TnghI33B8A T4 A RA VB EB LN £ o HE NGB 1L
# Pro316 #= Pro356 AR AT OB AMAE TR A32s B AN E R B A TG AL A AR AL,

ERE P, BHsu, BBTH, REEE
hESES Q814  XEFIRE A 3E RS2 1000-3061 (2005 )01-0084-08

Abstract B-Glycosidase (Tngly} from the thermophilic eubacterium Thermus nonproteolyticus HG102, which is a thermostable
monomeric protein and adopts the (/a)g barrel fold, is an excellent model system to be investigated for the thermostable mecha-
nism, aclivity and substrate specificity. Here, based on the analysis of structural basis for thermostability of Tngly (Wang et al ,
2003) and comparisen of other proteins structure of homofamily, Glul64 and Glu338 may act as proton doner and nucleophile in
the hydrolysis reaction respectively; proline located at NI of a-helix and arginine which can form jon link may contribute to the
thermostability. We aim to further identify the critical sites and the amine acid residue(s) responsible for the activity, the ther-
mal stability and the substrate specificity. Mutations had been constructed by site-directed mutagenesis. They are Glul64Gln,
Glu338Ala, Pro316Gly, Arg325Leu, Pro344Phe, Pro356Ala and Pro316Gly/Pro356Ala. All mutant proteins were purified to
SDS-PAGE purity . Changes in the conformations were examined by means of CD. The Glu338Ala mutant showed no detectable

hydrolysis activity, but can synthesize- oligosaccharides, as expected for the residue acting as the nucleophile of the reaction. The
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Glul64 acts as the general acid/base catalyst in the hvdrolysis reaction. Changes in stabilities of mutants compared with wild-type

were determined by means of heat inactivity experiment. These results indicate that the amino acid residue of proline that is lo-

cated at N1 positions of a-helix, and Arg325 that form salt bridge between a-helices § and a-helices 6, are the critical sites to

protein thermostabilization .
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FHEE®(E.C. 3.2 204 Yk iZ, /L
KEEM 3B KETR AA MKL AR .
FEHN B Thermus nonproteolyticus HG102 1 3-¥5 F &g
Tngly X HC Wb . KEHHITTHFIERGT
. Tngly B FHHBRE | AHAAHETG
AEEHE SRR TMTHSETSIESE . E5RT
B A, B A RS K B R IR T pH
fH 4500 90°CH 5.6, 7E S0CH  BERYLE T R 2.5
h. Tngly & iR S5 g MEAT W, 188 O (Ria) IR &5
¥, 20 U0 T 55 00 3-sheet FI5-E B-sheet L HY Glul6d
1 Glu338., T HE Ay 7K #F R Iof B B4) JB 135 {4C 0 2 e 4
Ci R

FHEEMOHESRER " HRNEEAN
HITPFHEFESKEAFELEK. Mackenzie F AH
Agrobacterium sp. F-HIEHBHMHN EEZEH AR
FREETREER. FORTHA RGESRETR,
AE B A K EE, AT EE T 7 AR F
90% 7 . 3-WETF B Tngly 7] LLTE 65°C F K g 7L 65 ek
R TR M NEERO S A
HRLLL AT kG R, BRI A - R R
HARGHEREARFRY CHSEHPNEARK
Y110% H (3la) AR S5 1, B0 TIM 2540, Wk
Tngly 1E 7 18 8 B35 (3/a), WK 25 4 B 2 2 P E
BHEE L. LHEMRIE, 7F o-helix N I8 — i fif & 78
B D1 45 #6013 5 O R R R TR B 1 T e
R R MEENEE —ER R

ALIETE Tngly SRS ER E AERE
SR M Tngy )& BB R E Glules I

Glu338 K % 5E B-¥E B Tngly 7K B8 5L B A9 B 5 it
KRR A A ;& B Pro316 . Arg325 . Pro344 FlI Pro356
I B Y i A 5> ZE

1 AR

1.1 #%
L1.1 AR S HA: KBHATE (E. coli) AS1.1739
LK12r™ A (laclPOZY) x 74 | FE 9 B B ¥ B U Y 07
AT K, B 4H Wbl pHY (7€ pUCIS K HindI %
BUSSHEETHMANER) ARATREHE.
BMH71-18 # B Promega 2 7 -
1.1.2 EFREREFFE: IBEFENXKBITE
TEERE, ERERENA 1520 ERR. &
HE R MAZ T EFEE(100 pg/ml), FEFREBE
AITC;H A IEBEFREIMA 19 (W/ V)R, &
(KB SR IR 4 pL IPTG (200 mg/mL)40 pL X-gal(20
mg/mL.) .
1.1.3 BRAEEA: EaRERLFNE GeneEdi-
tor’™ in vitro Site-Directed Mutagenesis System Kit ) H
Promega 2+ 7] ; T4 Polynucleotide Kinase 14 B Promega
%> Al TR B I J 4 3£ 2 A 5 CMP-3-Fluoro-neuraminic
Acid B B Calbiochem-Novabiochem 2% 7] ; BE 1L & B Bk
(TRYPTONE ) H1 8% £]: $2 B 4 (YEAST EXTRACT) ¥ B
OXOID 4 &) ; IPTG . X-gal ,ONPG HIZLH 1 H Sigma 2
A ERE TEEEAEEARL RS
R EL il
FFRBTERTRALBETILARAGH, R
x1.

Rl BEREEMOSRACEORELHMTNAENAENEERE TR IR
Table 1 Oligonucleotides and mutagenic position in protein

Mutation Position in protein Mutagentic oligonucleotides

Glul64Gln No.4, 3-sheet 5'-ACCCTGAACCAGCCCTGGTGE-3
Glu338Ala Na.7, 3-sheet 5'-TACATCACGGCAAACGGGGCC-3
Pro316Gly No.6, a-helix N1 53"-GGGAGGTCTACGGCGAGGGGCTT-3'
Arg325Leu lon link 3"-CTCTTGAAGCTCCTCGGCCGG-3”
Pro344Phe No.7, 3-sheet 5"-GGCCCCCCTACTTCCACCTCTGGAC 37
Pro356Ala No.7, a-helix N1 5-GTGGAGGACGCCGAGCGGGTG-3'
Pro316GHs/ No.6, a-helix N1/ 3-GGLAGGTCTACGGCGAGGGGCTT-3
Pro356Ala No.7, o-helix NI 5'-GTGGAGGACGCCGAGCGGGTG-3'

Bold and undetlined nucleotides are the mutations sites.
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1.2 A&
1.2.1 XEFARD. DEMHFRK pHY $45 DNA
HER EETHEBRHRENS T HERRELNE
FE AL Al A HEAT SR AR L . 0k A R AR IR BT
$77% 3¢ TaKaRa Biotechnology (Dakian)ill] ¥ % ¢ X 4%
HE.
1.2.2 REREMNRZIMEORAL: HEEY
BHRREABDKBFTFEE. coli) AS1.1739, M i
BHHRH Amp-LB FM L BkECR A%, M B 5 mL
1% LB{ Amp 100 pg/mL)i%?-vf‘ 12 h, 1% HEREER
F) 100 mL Amp-LB B {XFFEPEF 12 h;BLI 1%
MEMEEAP 4L Amp-LB AR (S L 5B
BO)TEE . MANCRFLEFE S, 37T, 300 /min
WA, BXET S S 28 he
WERKBEYHN 4 L £BER (4T, 6000g, 15
min) B0, B & A B8 2 W (50 mmol/L, pH6.6) &
o K A B R, O R BR A R AR 80°C KA
{8 # N34 15 min, B 0+(4°C,10 000g, 15 min) B L -
o} b PRSI A SRR, L5 30% -~ 60%
WHENRE, BTHEZE ME P (50 mmol/L,
pH6.6) , FIF Fh & rhik A i d 7 . BRELAVHL AR R T
48 f5, 70 AKTA FPLC R (O B 4ifk R 48 b I DEAE
P T AL, il A AR A (50
mmol/L,pH6.6) 22w B A 1 mol/L NaCl ¥ T B R
22 W (50 mmol/L, pH6.6) , VERL & {4k R 5 T RE(K
A B E R - A B 30% , 1) B8 & AT SDS-PAGE
BN EMEOME WESIFBERRE HETIERT
W HEEKEARETHEES ERRENHE
(50 mmol/L,pH6.6) & #7 , H A Superdex G-75 7+ T
T A 2 67 41k, ot R R O B R 2R P L (50 mmol/LL,
pH6.6) . LA LB EF R T #IT.
1.2.3 EEEHME: 0.1 mL 4 mmol/l. ONPG,0.1 ml
pHS 8 B R ZE vhil ,0.7 mL H, O IRJGE T 85C K
B S min, 1A 0.1 mL B, XM 10 min, JTA 4
mlL Na, CO, i #% £ \F K2 L7, 420 nm M E MR H.
FUHTHESH ™4 | pmol WA KB MR N —
ISR
1.24 EHRSENE. UTmMEAEREE NIRE,
Lowry # il 5 -
1.2.5 CDREFWAEEER. ~FKRENZ M
B 50 B AT 2 65 o, 48 BRI A BB X
{JASCO J-715) 7, FH 200 ~ 250nm R TH . H
BHES FEMEEEKBENAITEREMEE
[ J& & 1 7E http://www. expasy. org/swissmod/

SWISS-MODEL . html P36 1 58 55" .
1.2.6 FEH R TR TnglyE338A HIZFEY
7E 65°C,pH6.8 TREL 2 h, HESUT RN .
1.2.7 HEBRI(TLC):BHAMAETR 28 K
=12 BERARRE: R M =55 186
TLE R 10 pg) -

EHERE o G E T 3 e 3 KU B
B REREESH LA

2 R

2,1 BAESARTHMBERTRHERE

g EA e AR, i T EE R A®
BERETMNMSERTEMNMAERTREN", BETRE
PSE A B R /MR, MFEREREERA
pHYE164Q %if5 164 i 1 #) Clu BEF D+ CAC E
A Gln 89 F B F CAG; 77 ikl pHYE338A %3
338 LA Clu EFBT CAARTH Ala HER
F GCA; B A pHYP3166G 44 316 {2 b i Pro B
HEFEBT CCCRERN Gy MERT GGC, RAEFRAL
pHYP356A 459 356 1 £/ Pro M EE T CCC &
T Ala BYE T GCC; EAFR pHYP344F H 15
344 7 11 Pro B E % AL F CCC AN Phe HEHER
T CTT; AE KL pHYP316G/P356A H S 316 i Al
356 {i L&) Pro BB F IS CCC S HIRTE R Gly M
T GCC T Ala WHEWE T GCC; BT K
pHYR325L4 84 325 fi b #) Arg BT F CGC R
A Leu BT CTC.
2.2 REBEAMFREMETEHNEL

EERETHBENRNTHIELBNBFE
ASLIT39 W ZFHNAES KB KBS, AN HE
PECEPNG " E 3o W0 F Sr¥uar b g [E=Y) 1F 2 Y g =Y.
B4y R ITLEE . DEAE I Superdex G75 43 1 1 )2 # &
1.8 3 B Uk Al AR B 5k 909 DL B (B 1) BR
TnglyE164QF0 TnglyE338A 5f, Hl X W B £ 7 85C
BT EETEE S EF A BEAH 2 (K 2) .
2.3 REBMEFEMAENILE

FAMRTAME CD LENEERAKBIN
2l (mdeg) , 370 UL 28 310 5 A0 F 29 58 B W6 B 7 (mean
residue ellipticity) . FRE TR TS HEBEH
ML ME 2(/ A Ch s E &, B A Bw
M ETHAEAEEN CDRiEE). HHARNH
ERBAEMNELRRANTEORNTE. REER
HRW RS BRAG SRS S BB AR (A
3), X5 D HIEER B
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#2 EEAMOLE
Table 2 The specific activity of purified Tnglys

) ) Wild- Tngly Tngly Tagly Tngly Tngly Tngly Tngly
Purified proteins
type E338A E164Q P316G P356A P34F  P316G/P356A R325L
Specific activity/{ u/mg) 17.6 0 0.98 20.0 21.0 17.9 24.0 24.0
10000
5000 4 —— WT Tngly
R ‘S TnglyR325L
3 = = — TnglyP316G/p356A
£ 0
E
-
31 L= g 5000
z
2
20— M & -10000 1
. @
14— .
-15000 4
B 1 SDS-PAGE 4 7% 4: B§ Tngly 1 ZE BEAYSE4L 5
200 210 220 230 240 250

Fig. 1 SDS-PAGE pattern of purifed Tnglys
1:Tngly E164Q; 2:Tngly P344F; 3:Tngly P316C;
4:Tngly P356A; 5:Tngly R325L; 6:Tngly P316G/P356A;
7 :wild-type; M:standard marker proteins.

2.4 BRFHESFEREHANRE

AR ToghE164Q W HERBFEBMEEN
5.5%, HILFEAZ R MK pH HNZ W (LK 4); %
T K§ TnglyE338A #& M A B 7K & 15§ ¥, &£ CMP-3-F-
NeuSAc MIE BB N R PYHEA T RALEREY
BE( & 5), FB A BL I B T BE Tngly 1 o-2-(3,6)-
NANase [ #B & GBI R B =YK . MU EER
A Glul64 K7k i R ES B B F B, fr B KB
i, Glu338 oK KNI MR BB, KR

I
< 4

A/nm
B2 REBFEESR CDXEE
Fig. 2 Circular dichroic spectra of wild-type Tngly
and two mutant TnglyR325L, TnglyP316G/P356A in the
far-ultraviolet region
The spectra were measured on a JASCO J-715 spectrolarimeter at 25T .
The protein concentration of wild-type Tngly was 0.1166mg/mL, the Tng-
1yR325L was 0.053mg/mL, the TnglyP316G/P356A was 0.079mg/mL at
pH6.6, 50 mmol/mol phosphoric acid buffer.

MEMERENESY  RUERENXBIR,
RATKE TnglyE338A R EKBUIBEM R ARBEHE D
BB, ENBHFARBATERNE .

3 REHMEHAFEBHEE R
Fig. 3 Stereo drawings showing the mutant structure in the vicinity of the mutant sites
Wild-type and mutants structures are superimposed. A:Arg325L; B:P344F; C:P316G; D:P356A
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0.6 0.8 -
——— Wl:g-w;)c Tngly
o — .~ TnglyP344F
0.51 sesadiesss TnglyR325L
-a— TnglyE164Q) 06 1 — 2= TnalyP316G/PI56A 4
041 : —=&—— TnglyP316G :
. ——— TnglyP356A
<S03 §
¥ S 041
02 )
01 ,/_/”"/H“’—' 0.2 -
00 )
2 3 4 5 6 7 8 9
pH 0.0
50 60 70 80 90 100
Bl 4 ZEIERE TnglyF164Q F1%F A R A0 % #£ % KA e pH 1 Temperature/
{9 % m M6 %% R RS RN iR

Fig. 4 Comparison of the pH dependence on the ONPG substrate
wild-type Tngly and TnglyE164Q at the same condition of reaction

—Highlight
under
ultraviolet

= radiation
B 5 ZAR TnglyE338A MIFE ST K1 TLC B 3%
Fig. 5 Transglycosylation activity of mutant
TnglyE338A at 65C ,pH6.8

1: mannose; 2:sialic acid; 3:CMP-3-F-NeuSAc; 4:mannose and CMP-3-
F-Neu5Ac reacted with mutant TnglyE338A; 5:mannose and CMP-3-F-
Neu5Ac with no enzyme; 6: production of reaction of laned reacted with
wild-type Tngly; 7: production of reaction of laned reacted with o-2-(3,
6)-NANase [l {reaction of condition rely on the enzyme of optimum con-

dition) .

25 ABREMHEIHNRESEYHERSH

2.5.1 HGERA: 76 50 ~ 95°C Ay iR A 75 B O i E
HEBMMETHORERNEE, RAELWH
TnglyP344F @) B i& I L iR fE 5 BF A B8 4 90C, K
EETHEERMBEBRAER FE(WHA 6),
TnglyP316G 1 TnglyP356A B i& & K iR B K &4 N
87°C , Tngly-P316G/P356A 1 TnglyR325L £ i 5 i
BERZA 85C, BiRERW LT HE ahelix B N i
B0 K P316. L F &t o-helix B N 355 — A1 9
P356 F{ T 5575 a-helix ) R325 B MK TRHE
H ARt 554 , B 4E Loop X 9 P344 X K i) 25 #4 Wi
E3-AE

Fig. 6 Effects of temperature on site-directed
mutagenesis Tngly hydrolysis activities
The hydrolysis activity was determined as described
in Materials and Methods at different temperatures
from 50C 10 95°C .

07
*
0.6 S seve@ross TpglyP344F
: —8— TnglyR325L
—a—— TnglyP356A
05 . —-&— TnglyP316G
= —o— Tngly316G/P356A
0.4 %
g
< 03
0.2
0.1 4
0.0 : °
4 5 6 7 8 9 i0
pH

B7 RARHRE R pH
Fig. 7 Effects of pH on site-directed mutagenesis
Tngly hydrolysis activities
The hydrolysis activily was determined as described
in Materials and Methods at different pH from 4.5 10 9.0.

2.5.2 BiE pHA: WA 7 iR,6 T REMHRE
pH E#ZRR A%y pHS.8, S¥FF A BH L. Ko BHK
AEMATWEESE P LN RE WERHERN S
TEE H AR AR O RIS

253 MEEH: REMAFAMESTRELS
FRE R, ARG EABIE, SHAMERERN
50% i}, & Fh BB LE F7 WO HT 8] (1, ) 43 5 2 BF 4 B Togly
63 min, 2 4% B TngyP344F 57 min, TnglyP316G 43 min,
TnglyP356A 45 min, TnglyR325L 33 min 8 TnglyP316G/
P356A 15 min( A& 8), X HEEAFMERER
6 15min ¥ EMH R REE, SHHECLHER, Tm
{HR MR A& 50% & 710 v pr iy IR B g/ 9, 48 1
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1107 —e Wild-tvpe

100 § - Pro316Gly Pro336Ala

90 —— Prod5oAla
KR —a— Pro316Gly
EY 4 —h— Arg323iLeu
2 707 \\ —w— Pro344Phe
¥ 60 \
=0
£ 30 ¥
E 40 1 b
£ \
& 3 \\

20 1 N

10 1 \Q

~
0 ‘ . . . ‘ A
0.0 00 200 300 400 500 600 700

£ min
MR B TENBREESST
Fig. 8 Kinetics of inactivitivation of wild-type Tngly
and its mutants at 85°C Values whose error ranges were

within 5% were averaged

- e Wild-type
10 L—e-Prodtecly %y
Pro3seAlat

Remaining aclivity/a

30 I —m- Pro316Gh y
2y L—4- Pro3soAla [ x
o -k Arg32SLeu \\ \
—¥ Pro34iPhe L
N R \
750 80.0 83.0 90.0 950 100.0

Incubation temperatare 'C
o A mEAEFRNIEENE
Fig. 9 Effect of temperature on the stability of
wild-tvpe Tngly and its mutanis
Each purified enzvme was treated al different 1emperatures for 15 minutes.
The remaining activities were expressed us percentages ol the original ac-

tivities. Values whose error ranges were within 5 were averaged.

o BF 4 BE T 58 T ¥ TnglyP3MF. Tngly-P316G.
TnglvP356A , TnglyR325L , TaglyP316G/P356A &9 T, {8
SPRI R 94,93 .91.91 .89 F1 86°C . I L& REM ML
FH 7 ahelix B N 55 — {7 f P316 F AL T 5L
a-helixf) N 358 — {18 P356 MTELEH KL TH N
a-helix #I R325 T BB & F XA EH OB EE
M —FH TUEL. T E Loop X1 P344 X & M I
BEETWmE )

2.5.4 REMKEEHR(K,)) B, BN
E: A KRR T LK ONPGle. ONPGal .
ONP-GFuc . PNPGlc . PNPGal , PNPFuc 1 PNPMan % %
FhEH) 1% B L BE3E ONPGle 1E 9 T 477 3k il i B 1) 30

HEEE R, KR ED 2 mmol/L B 40 mmol/L. R
BREB ¥ EREAHRBRE , KARTHE
1 0 AR AN B e W A S AR

) FEBREHARTRABEHNEEDINEEER
Table 3 Thermodynamic and kinetic Parameters for
wild-type Tngly and its mutants

2" Tmb AT K." (koK)
Protein - .
fmuin 1C I f{mmol/L) /TL/Cmmol-s)_
Wild-type 63+0.5 94.020.5 1.3 7.9
Pro316Gly 43+0.5 91.0+0.5 -3.0+0.5 1.2 77.1
Pro356Ala 4520.5 91.5x0.5 -2.5+0.5 1.2 7.2
Pro3d44Phe 57+0.5 93.020.5 —-1.0+0.5 1.3 8.1
Arg325Leu 33<0.5 89.0x0.5 -5.00.5 1.4 TR.6
Pro316Gh/
15+0.5 86.5:0.5 -7.50.5 1.4 78.2
Pro356Ala

a: Determined by kineties of irreversible heat inactivity at 83°C.
b: Melting temperature from Fig. 9.

¢: Obtained by caralviic reaction of euzyine at optimum femperature .

3 i

PR RN MR AGTYN EERAER
L ERMN ISR EER N ERENRRE S, —
EFLRRE PR, - REE L RN
FEER FUSHFEMNERE TR FHRRE
L HERENY BN ESTSE FERn—1
B ETFRRXENENE B R ARS8,
[ P R , Y AL R AT R e e, g e
AR, R ZNE- - THOBE R, HFEX
LIS K 2 A oK R, X4 SR AR A LR A
BB, MR EEET RN . B
TE Y R B R A L B T R LTRSS - Rk
AT EE SN FKNEE" . RREAEE R
B Sy m i CRE .

Agrobacterium faecalis -7 % ¥ 1T B§ A9 BE T 1K
i Sulfolobus solfatariens B-Y 1 B A 1% 5 7 B9 4F
HEMEEHCHE T HAWL TEREMEK LT
BT IR A R AR R R M
PEQr S ER R E M, 5 B TE 5 VY B-sheet TS L f-
sheet I XA AHEMHA S BERBREARE 1 TR
By SEEAKENHE TIHVLI/M)NE(P/L/L) R
C# B (UV)TENG ™ . 7E Tngly &8 21 E164 BT ££
-TLNEP-IZ 18 F1 E338 Fif 7 -1TENG- X 3, , 4+ 9 67 T %
DY B-sheet FIE -t 3-sheet b, W HEM E164 F1 E338 Hf
fE ok B-BE TR Togly 0P 4~ 15 05 07 440, 78 /K FOAE
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hETEE N IR T, EEERFRER. Gl
H Glu33s SR BEHN Gln § Ala HETFRBEEE LS
R — 2

BHB KB UMET B KB LEEE
¥, BERETRN, SRMBRUESHY, THEE
R B U RER 1314 R 16 %7 . AR
A5 8§ TnglyE338A 7E 65C IR T ] fELIK ¥ CMP-3-
F-NewSAC M1 H B84 M, & WA e MM
B515 8§ Tngly F @-2-(3,6)-NANase [l K, R =9
T RERTRERE THE. IR ENESRE
B % 15 19 5 8% (mixed-linkage) & AT REVE N BB £ AU
397 P THE K R AR A R RS

BORMMBER LSS FRIEMR . S#F
B AKER. &R, —FE . 238N, Proline 7
it BENREERNEERARSHETEA
JTIE RO MK BN SRRE, -1 EA
TR T EEMERNER.

Proline 5 « EERAR . B TFH NET
B FWMEH E EE— T EERSEERKRESR
(C* - N)RBE B e, 7 Sh ot rg 3R 30 B A B K 1F
Fi . Proline 4 T Hy3X 85 &5, 760 BUKBE BT B B0 E
I Reg- 9.1 R E L N VW ] “ 3ii%: A S0
Mt Ea . BEEEOTEHEMTUES ERE
MR ASEITSRRAEA PR AR
sEMEZ TUARESEARMREEK T A
MEMTEARE REWPHERRXREER
FBHRA—F. B FEURBIEHBEERN T o
helixf N 5% iR AN FEORMBELE" .
gritig R T RE E R 7 i T a-helix A N Py
—frH 3um W Y XATBEERTERRKN
BE . 1 3-8 HBS Tngly 436 TEERBRESEY.F
ISHEBERE, HdHE 5 ML T ahelix N Wi —
fr , ETHT 3-um M5 60 Loop K. ML EH
AT HEM A7 T a-helix N 5535 — i ) [ & AR o] BEXT 3-
BEIER Tnghy B EHFRAMTR. KITHHC
1T a-helix D achelix N %i 3 — i By
P316 1 P356 Fi K Cly F Ala, B EHTT TN
AR R, 45 B B TnghyP316G . TnglyP356A F13X
57 TnglyP316G/P356A BEfU BB EH B 7, AT
B 3°CE] 7°C; AT F loop ER O HE -V 18
EHEEF B AR . XMW R A IR T A
HEMERRMMEEMEARMNBERTERAR. X
AEE A B A S KRB T B {H (crystalle-
graphic thermal factor B values) fl— 2. P356 .P316 #0

© PERFRHEDHARMATIHSHED http

P344 [ B4 9K 25.27.28.51 71 29.97. B{HM
BTHBREMESRX,. D ESDMRFEHEEMEL.

BEEHME Tngly BB EHREAHEZAME
BHER EEARE—RFHNETEH 9.6% 0
HRELTE 3D MY PRI ERARA L TED
9B L TE a-helix Z AR RLES FRM S . XHFKE
FRAEMMAEARPHBEHAEENRERN
Foems R Perutz A LLE T B — P &G AR
Sfe {5 A4 it A, 8 VR RS A 45 F R B, i B Y G
FEBFRILE R LT . 752G AT 885
o E AR e R R A
EI-BE - E R f DNA B 4M %, KT
i 6-a-helix ] Arg325 HI S-a-helix ] Asp235 Z (8]
M FEEITH, M RIS MR EESH T,
EFHRAHSC, XABARSMENE rRUEE
B Tngly 2 EPE L H ST#K .

HANETRMYS LA T A E, W SDS-
PAGEHWKGE RGNS REBM G4 BAEH
4 SR %245 B TnglyP316G . TnglyP356A , TnglyP316G/
P356A A1 TnglyR325L B9 tbi& S ¥F A 840 L A B b
FOATRERE R TE SSCR R LR 5 B 1
R TR F TSI, AR TR
[i. % 25 & TnglvP316G. TnglyP356A . TnglyP316G/
P356A . TnglyP344F il TnglyR325L S1 1 ¥ B 5 ¥ 4
BEANE, AR B RN A ERBEE S BNEE
Kk, B R E A MR N B L
SR TR .
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