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L-glutamate to y-aminobutyrate. However, glutamate decarboxylase from different sources has the common problem of poor
thermostability that affects its application in industry. In this study, proline was introduced at 13 different positions in glutamate
decarboxylase by using the design strategy of homologous sequence alignment between Thermococcus kodakarensis and
Lactobacillus brevis CGMCC No0.1306. A mutant enzyme G364P with higher thermostability was obtained. Compared to the
wild type, thermostability of the mutant G364P was significantly improved, the half-life time (ty,) at 55 °C and the
semi-inactivation temperature (Ts'®) of the mutant G364P increased 19.4 min and 5.3 °C, respectively, while keu/Kn of the
mutant enzyme remained nearly unchanged. Further analysis of their thermostability by molecular dynamics simulations were
performed. The root mean square deviation of G364P and root mean square fluctuation in the loop region including G364 were
lower than the wild type at 313 K for 10 ns, and G364P increased one hydrophobic interaction in the loop region. It proves that
mutation of flexible 364-Gly to rigid proline endows glutamate decarboxylase with enhanced thermostability.

Keywords: glutamate decarboxylase, proline, y-aminobutyric acid, Lactobacillus brevis, thermostability, molecular dynamics
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FE A HRTE L. brevis GAD X1 B 28 KLz
gl Pro, Jfa i b6 g bR O v HL A o 34
FUEPEM GAD ZANK, DIMIHEELRACK, 1L
Ah, 4y BRI YASARA Fl PyMOL #4147 4> T
Bl 7 2E AR R T AL, R AR R
PERMBLEL, B RADFE GAD KGN
ESE TR BRI
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L. brevis CGMCC 1306. E. coli BL21 (DE3)
S E. coli DH50a A A S0 2 R, 9l R Mk 1% 1
(Pyrodoxal-5'-phosphate, PLP). #i R 38 5% &
(Kan). FHi#:4a (DNS-Cl). # % Bradford &
e B R I H A T AR TR (RTE) IR
AR 2wl ; Dpn 1 e H Thermo Scientific A Fl ;
PrimeSTAR Max DNA R4y H TakaRa /Al ;
Ni-NTA Z#Ha At X8 MBEARA AR
INE] s IR 4R (Bromocresol purple, BCP) 1) H
g =2 EEGAA R A ] s PCR 514t A=)
ARG (LR ARA RGN
1.2 GABA K L-Glu ZEE8INE

$ 100 pL fFMFE S . 900 pL 0.2 mol/L
NaHCO3 /&7 (pH 9.8) & 500 pL 4 g/L DNS-CI
R BOIRA YA BT 40 C T #EfiA 1 h,
SR R AT HPLC JE I A 4l 1 ) GABA K& L-Glu
o, BiEsEom®,
1.3 RELENEREE

LA JETF T. kodakarensis GAD 11 2 LR 7 571
JZ B, i DNAMAN U ET T3 41 Ho 3R
HARE AT 5] A Pro B LRI IEAN ., IFik
THAINE R4S PCR 5[4, L pET28a(+)-GAD
Fki iR, SRR 1514, PCR &I
H bR 2 A2 R BTRLEL A 5 ] Dpn 1 X§ PCR S i ;™
YA AL FE (37 °C, 2h), DLIHBR AR ;
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R PG B A o s e = % A E. coli DH5a J8%
ZARMM . RN LBV RG (L)
AR A AW Y R E S i — £ E E coli
BL21(DE3) ez A4, RHCHprE 4wk
14 AREHRERSRERMVITHIZRERE

Sy PR 8 R R R E R GAD %R
AR, ST T H TR GAD S8 AR AT BE IR
T AR T 96 TRALAR Y, LA 1 mL
£ 50 pg/mL Kan 1 LB 8555 5:, 37 °C . 200 r/min
FEIREEFR 12 hF, B100 pL B3R bk
AH [F) 55 F5 4K 2 vf 5 37 °C . 200 r/min F- 1 55 ODgoo
% 0.6-0.8J5, A IPTG Z& Mk A 0.5 mmol/L;
25 C. 150 r/min 5% 8-12 h J& &0 WA T AR 20
ffL, FEHCZE-80 CHEEAILI VKA ; VAl A 150 uL
1) PBS R (WEMREAZE MR, pH 7.5) KA E
B, IMAZLH R 0.5 mg/mL FIE IR, F 37 C
FE 1 h DARERRAN ;B0 BVER, - 55 Tk
HHIALEE 15 min, Bl 5 37 BFF oK HOCE 5 ming B
AL PHE ABERR 20 L T 96 fcR LA, LA 200 pL
&4 20 mmol/L L-Glu ) 20 mmol/L i 2 44 2% mhii
(50 pmol/L BCP, 0.01 mmol/L PLP, pH 4.8),48 C .
200 r/min $3% 2 h J5 MEL B ARk .

15 FAEMMRTEIRIESHK

PR F 20 FRIB BRI L P IR 2 5 mL
% 50 pg/mL Kan % LB K573k H1, 37 °C . 200 r/min
SRR WIS, LA 2% (VIV) B3Rl e
% 200 mL MR IR, AREEHEFR 2 ODeco [HH
0.6-0.8 i, A IPTG ZLHE K 0.5 mmol/L, Ff
F 25 °C 150 r/min 24 F 55 8 h 5 & DI A

IR B A 20 0 25 20 mmol/L PBS (pH 7.5)
BOUEG 2 WEEET 20 mL B %% wik
(20 mmol/L PBS, 300 mmol/L & 4k4H, 20 mmol/L
WK, pH 7.5), FE UK 2518 Tl A S R R AR (R
I K 300W, TAE 3s, [AlEk 65, #A 15 min).
AP SE R fE , AR RV T 8 000 r/min, 4 °C
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*1 ERRTIYRERFT
Tablel Primersused for site-directed mutagenesis.

Primer name

Primer sequence (5'-3')

GAD-M70P-F
GAD-M70P-R
GAD-K89P-F
GAD-K89P-R
GAD-S162P-F
GAD-S162P-R
GAD-A224P-F
GAD-A224P-R
GAD-Y 242P-F
GAD-Y 242P-R
GAD-L261P-F
GAD-L261P-R
GAD-G277P-F
GAD-G277P-R
GAD-Y 284P-F
GAD-Y 284P-R
GAD-V306P-F
GAD-V306P-R
GAD-G364P-F
GAD-G364P-R
GAD-S323P-F
GAD-S323P-R
GAD-G372P-F
GAD-G372P-R
GAD-A427P-F
GAD-A427P-R

TTCTGTCAGACTTACCCGGAACCGGAAGCGGTTG
AACCGCTTCCGGTTCCGGGTAAGTCTGACAGAAC
AAAAACGCCATCGATCCGTCCGAGTATCCTCGG
CGAGGATACTCGGACGGATCGATGGCGTTTTTC
TCAACCTAATATTGTCATCCCGGCCGGTTATCAAGTTTGTTG
ACAAACTTGATAACCGGCCGGGATGACAATATTAGGTTGATG
GACAATACGACGATTTACCGCGATTAGATGCCGTTGTAG
TACAACGGCATCTAATCGCGGTAAATCGTCGTATTGTCC
ACTAAGTTCCCGGTACCGATCCATGTCGATGCC
GCATCGACATGGATCGGTACCGGGAACTTAGTC
CGTTTATTGAACCCGAGCCGAAGTGGGACTTCCGTTTAAAC
TTAAACGGAAGTCCCACTTCGGCTCGGGTTCAATAAACGGC
CCATCAATGCCTCCCCGCACAAATATGGCTTG
CAAGCCATATTTGTGCGGGGAGGCATTGATGG
CAAATATGGCTTGGTTCCTCCCGGAGTCGGCTG
CAGCCGACTCCGGGAGGAACCAAGCCATATTTG
AGCTGGTCTTTAAGCCGAGCTACTTGGGTGGTG
ACCACCCAAGTAGCTCGGCTTAAAGACCAGCTC
ATCGCTCACTAAATTACCGGGCTTTTCCCTCATTAATG
TAATGAGGGAAAAGCCCGGTAATTTAGTGAGCGATTTC
CATCAACTTCTCCCACCCGGCCTCCCAATTAATCGG
CGATTAATTGGGAGGCCGGGTGGGAGAAGTTGATGG
CGCTCACTAAATTACCGGGCTTTTCCCTCATTAATG
ATGAGGGAAAAGCCCGGTAATTTAGTGAGCGATTTC
GGATCGTGGTTCGGCCGGACTTTGGTATGAG
TCATACCAAAGTCCGGCCGAACCACGATCCG

Underlined letters are mutation sites.

TELG 30min, AR BIEW, BITSEA GAD HHLE
W MBRAZE 045 pum JERELIEE R Ni-NTA 2%
MIZTARBHbREAE N, 0 0R A SDSPAGE
1 Bradford 210 & 24k 5 0 &8 1 405 ORI
16 BEgEANE

GAD MG 19l E S % Ueno 29Tk Jy
Pi: 400 pL P  (0.2 mol/L i FR AN 2% il
0.01 mmol/L PLP, 100 mmol/L L-Glu, pH 4.8) 5
20 pL 4ififfE 37 ‘C2544 F . 15 min, R 5
900 pL 0.2 mol/L NaHCOz & (pH 9.8) Zt1k )%
N, >R A HPLC 2l 5 S i AR i GABA i o
17 BHEBNRTHEFSERAREENE

O3 SR Sl S 0 B AR AN 28 A8 BT 0-70 "CUK
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WHHIEE 15 min, BEE 45 S R B AEvK B A
5 min, SR LR 1.6 )l G 11, ARSI
AT FRAS ARG 718 100%, A4 Zead R AL
PRALFR 5 TIN5 ) TS 4T R AR TR A Bl T
I AR BE R AR A, DR PR 5 b PR S 110
F A AR 1 &, RA Origin 8.0 B {17
Boltzmann S B pREHULG, FETTHEARXT A BT 1
Wl 5OY6IT TNt 7 AL EE , BT IR IR (Too™)o

W BF A W AR AL W AE 55 CAPE R B E
10-70 min, 95 75 45 U5t B AEVK_ESED 5 min,
R B 1.6 7 I G2 G 7o DAR ] A R AR AR
DL 22 3 A [v) s 7] 3 Ao P 5 4 PRI A TS 7 790 EE
N ABFRVER, il Origing.0 {4l &Ik
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P y = exp(—Kat), —FrEREE (k) ZIEL
PR E , TSR X T A BE TR 50%
ERF T XoF bz ) A B I, BRI () o

K H 0.2 mol/L BEBRENZE iR (7 0.01 mmol/L
PLP, pH 4.8) FLHilA[RI#EE (1-100 mmol/L) K
Y (L-Glu) W, FIA B3R 1.6 75300 i i
J1 o LAIE W e B2 [S R S i R VI AR &, it
Origin 8.0 A AFAELMAL G T HEEAR R 1Y Ko 1 Vinax
fE, MR Kea=Vimax/[Eo] ([Eo] WEEHIURHIE, HifL
mmol/L) TH5RAFH ke FIHEALRE Keat/Kino

1.8 FAMMNRTES F31 1 FEH

R i — 2 R G AR S N R A R R S )
T T AR il K S AR Wl Y 43 30 ) S AU
iR 2% (Root mean square deviation, RMSD)
A7 M3k  (Root mean square fluctuation,
RMSF), & A By AR il X 28 2 i #EA> R HBE Y
KV A% LN B 11 28540 Jmy 3 DXl RTE A o ASBIFSE
Ll L. brevis CGMCC 1306 [ GAD fhfAk%i#y (PDB
ID: 5GP4) Atiti, FIH FoldX #f44a H 58 A8 i
B =4egE 0y, R YASARA {4y Amberl4
15555 B %5 B AR il AN 98 B AE 313 K T AT
10 ns 31 ERA . B ARy . DL PDB A%
3B A It R 5 AR A — 4 25 R A R 4 - Bh 2
AW AR A5, 20 S A 3L/ e A 25 4 Tl
F 10Ax10 Ax10A B r FiR& T+, L 0.98 gL
()55 BESE FE /K 70, FF I A ZR v s NG 3 o g
T (Na'/CIT), (RS2t YA T A1
AR ERRKIE Y 7.86 A, R Particle
Mesh Ewald J5 ik TR R s AR BLVE T o A UAS
TBE 1Y AT ALY B o3 B R A PyMOL #1443 #r o

2 HER54W

21 KL XEHIME
SR T HEESHGE A T kodakarensis & —
FANAE T i IR R IE 1 P IR R, HA S

http://journals.im.ac.cn/cjbcn

i Rd AR KR (95 °C). Tomita 45 27Hf 1 Sk 5
F T. kodakarensis GAD [ ficid S v i & &y 85 °C,
1 80 CHI 90 CHYyf 3 143712 10 h #1 5.5 h,
L. brevis i) GAD Z 22751 5 T. kodakarensis 1)
GAD Z LR 75 A 44.74%IA I, Ry ]
JH RS, 2533k [ T. kodakarensis GAD H Pro
FEX LAY L. brevis GAD 2 JE R {7 i AF S R AE N7
Al e AR A E AR FE L. brevis CGMCC 1306
1) GAD H5I A Pro N 405128 M70, K89,
S162, A224, Y242, L261. G277, Y284, V306,
S323. G364, G372, A427 (A 1), RARNSTE
L. brevis GAD (PDB ID: 5GP4) =445 17 &
WE 2 B
22 PREMRSRTHRNNTHEREE
PR IR AT B PR E YR GAD RAE
A, ARWFFER A H @ x AT b B S ) GAD
BE J AT 512, BCP R —Fh kiR IS R A,
TEART pH 5.0 4T R B 64, & T pH 6.8 1Y
PRI, FE pH 5.0-6.8 IR} iR 48 (A i g
. MM L-Glu 7 GAD fE{bE Bl GABA Myl #irr,
T T B I AE R ME Y BT GABA 1™ A=, i
TES R MR R Y pH Bl SN & A AE Ak
W, AT SE A [ G2 PR S I — o Wk BE ) BCP AR R
FEORFIVHT RN AR R GAD &M SR & 4y
Bro RA EREST %, R 96 AL
13 DRASRIATVIIE L . TERT B LERIR R,
5 96 ffLAR T 11 S e B/ GAD-WT At
(B 3), 45 RIHBIRALE N, TR
RS G364P, Ji4h, BRI LB
i) BCP AW OGS IR 4A . PIANE 22 al (1) %
N Bk 22 % A& A AE 590 nm, i iE— 4 Y
ODsgo Ab W IS {EL .36 UE T 23 €6 X 1] T {8 i) GAD
EEAE AL (] 4B). 5 GAD-WT #MltL, G364P 1E
ODsgo 4b W WM B 2. 5 T GAD-WT. Mitb, it
5 G364P i 17k — L IFE AT
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5716007 * 340 * 360 * 380 i 400 340
i . TfTeT LEVRAMIKH VVKERME, 1 1 R ED-----VINIVEFEER--JIEHIE :
§i|2953880 : :lnrsn SQLIGQYYNFIRH mzkmniizfimvgrguz:t.nrcmm&jnsmjyis : 396

GFDGY E AR A LK G LI ] L L
15716007 : 420 * 440 * 460 MY
i . KEJIKA SEH--------[3C yIESRE MOk VK REH LEEf§ L FIBURE 1B Rl - - - ———— -~~~ ——————— :
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L GW V R RIVV F DL L

B 1 L.brevisCGMCC 1306 ¥ GAD fEE;F %5 T. kodakarensis @ GAD S EE 51 % bt 45 R &

Fig. 1 Sequence alignment of glutamate decarboxylase from L. brevis and T. kodakarensis. The amino acid sequences
of GADs from L. brevis and T. kodakarensis were aligned with the DNAMAN program using default parameters. The
proline residues which are in the amino acid sequences of T. kodakarensis are indicated with red square.

Bl 2 L.brevisCGMCC 1306 GAD =4 & R R
i &

Fig. 2 Mutation sitesin L. brevis CGMCC 1306 GAD.
Loop, helix and sheet are colored in green, red and
yellow, respectively. Mutation sites include: Met70,
Lys89, Serl62, Ala224, Tyr 242, Leu261, Gly277, Tyr
284, Val306, Gly364, Gly372, Ala427 and Ser323. The
coenzyme PLP is covalently attached to the catalytic
Lys279.

&: 010-64807509

NC NC 9 10 11 12 13 14

B3 BEARSHIEEMN GAD REKB YT ik
Fig. 3 Colour changes of reaction system. Reaction
mixtures contained 0.01 mmol/L PLP, 50 umol/L BCP,
20 mmol/L L-Glu and 20 pL crude extract in 20 mmol/L
acetate buffer (pH 4.8). Cell extracts from the same
plasmid construct without insertion served as a negative
control. 1: V306P; 2: Y284P; 3. A427P; 4. G364P; 5:
G277P; 6: S323P; 7: G372P; 8: A261P; 9: K89P; 10:
A242P; 11: GAD-WT; 12: A224P; 13: S162P; 14: M70P;
NC: negative control.
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A
1.8 —pH6.8 Deprotonated BCP
1.6 | —pH 6.0
| —pH5.5
1.4 ——pH 4.8
1.2+
§ Protonated BCP
= 1.0r
=
2 08}
K=l
< 0.6
0.4+
02+
0.0 — - - - . -
350 400 450 500 550 600 650
Wavelength (nm)
B e,
[ =——G364P 590 nm
1.4 - —— Wild type
1.2 | =—— Protonated

Absorbance

-0

'4350 400 450 500 550 600 650
Wavelength (nm)
B 4 AFEBRFHARZSHYR BB & R ig
Fig. 4 Absorption spectra of protonated and deprotonated
forms of BCP. BCP concentration is 50 umol/L. (A)
Absorption spectra (350-650 nm) of protonated and
deprotonated forms of BCP at different pH. (B) Increased
absorbance at 590 nm is due to the deprotonation of
indicator BCP via the glutamate decarboxylation reaction,
and the mutants G364P exhibited higher absorbance than
the GAD-WT at 590 nm.

23 BHEMAMRTHAORREEN

28 Ni-NTA SERZHralifba i 8 A ji K 728
i) SDS-PAGE il 5 R anf&l 5 fow o 4fifb sy
A5l G364P & GAD-WT HLyk 25 1 i H.88—
BTk 56 kDa, SHLSH T A —5. b
5, 1.6 By e ARG G364P 5
GAD-WT 1 ty Fl Tso™. 1l 6A 8] I, GAD-WT
1E 55 'C F Y tyo M 23.6 min, 28722 G364P |
IKF) T 43.0 min, & GAD-WT # 1.82 1§ ; 7£ 55 C
ZF AL BE 60 min J5 , GAD-WT 5% A3 BiE 1110
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5 HAEMRETEN SDS-PAGE #il4 R E
Fig. 5 SDS-PAGE analysis of GAD-WT and G364P. 1:
protein marker; 2: GAD-WT; 3: G364P.

Residual activity (%)

m G364P
e WT

30 40 50 60 70 80
Time (min)

0 10 20

m G364P
20 | e WT

Residual activity (%)

0 10 20 30 40 50 60 70 80
Temperature (°C)

El 6 IFFAEBFIKLE G364P HIRIREM

Fig. 6 Stability analysis of GAD-WT and G364P. (A)
Thermal inactivation half-life (ty,) of G364P and GAD-WT
at 40 °C. (B) Stability analysis of GAD-WT and G364P.
Thermal inactivation of G364P and GAD-WT at different
temperatures over 10 min (Ts'™). The error bars show
standard deviation calculated for three replicated experiments.
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N 24.5%, MK G364P M5k ARG 1A
45.2%. X FHH 364 i 5 Kk A 1 Pro Brfdiom T 2K
IR ARE M, XFHRIER TSR bTE, WS
THGHIIIER A, K 6B AL, GAD-WT [y
Tso'™ N 56.2 °C, MiZRALH G364P M4EmF| T
61.5C, It GAD-WT #5553 °C; 7E 60 C&AMF T
AEFR 15 min J5 , GAD-WT [RIFRASEE F1 /4N 25.3%,
11 52 A5 i G364P 1131 F 65.9%f1) 5% A S 71 -

24 FHEMIRTEHHMNNESH

PLL-Glu H k¥, 1€ pH 4.8, 37 CHILKMT,
S E GAD-WT KRR G364P (1)K [K3) /)
SEHR, R FH Hyperbola BRGHEA TAEZEVERL A 15 51
ISR, SRR 2 iR R 2 /M, RAE
fif G364P MKW E Kl (45.718 mmol/L) b
GAD-WT f#] Ky fH. (41.283 mmol/L) & 4.435 mmol/L,
AR Tt G364P XA (1 55 A 7 s B e o i 28 A
fiti G364P 1] keat B (31.904 s) 5 GAD-WT i kea
fi (30.461 s &ML, iR G364P 1

%2 ZRITHEE G364P 1 GAD-WT # HE S H L
Table2 Kinetic analysisof G364P and GAD-WT

AL % S GAD-WT M A2 AN K. sk, 5848
fiti G364P 1) Kea/Kim 4 GAD-WT Y 0.86 15, HI{4#
BT 4R GAD fiEfLIE R 86%. HIILFEM, %
ATl G364P #fa e MEAS B L M R, JF R B
R ARt P AL 2%

25 HFEMMRTE S F31HFE

AWFFER YASARA BRI 14318l F1 2445
M, W4 RMSD {H (& 7A) 5 RMSF {H (A
7B), 4rHrHI A Pro 248 {7 skt GAD AR
M oTEk . MR 7TA AT, BEE BN MR
GAD-WT 1575 if G364P f) RMSD fH ¥4 1
W1 EFHR BB, 285 G364P 1) RMSD 7E 1 ns
Ib K ) RGOV, A Y RMSD 7E 4 ns 4b A
KRB R GV S B AE R RMSD Sk
(5.81+0.41) nm, ZAFff G364P ) RMSD -4k
(3.80£0.69) nm. RM SD % | 43 #4) S i 52
FH LA B, 28 AR il G364P Y HE 11 R F A B /N,
fify & I ZE AT TR

Vm (U/mg) Km (mmol/L) Keat (57 keat/ K (L/(mmol -s))
GAD-WT 0.597+0.015 41.283+2.279 31.904+0.015 0.773
G364P 0.570+0.021 45.718+3.602 30.461+0.021 0.666
B
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Fig. 7 MD simulation analysis of G364P and GAD-WT for 10 nsat 313 K using YASARA.
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X} GAD-WT FI2€ 45 il G364P i 171} 10 ns
53+ S5, 5 GAD-WT i % 72 i
G364P £ M4 HE R A RMSF (., A Jiz A 401
oS SE R 1) KV AR AR BL . GAD-WT i1 58 A% [ify
G364P i) RMSF i £k 4nl&l 7B B o H 14l 7B AT,
S 71 it G364P Fl T A= 22 M d5e K 1y X I 1 25
JEG N 3, A5 G364P 7EME )R N S b J 58
A7 Y Loop X, RMSF (/N THFA RS, &l 2
AT, G364 {3 T GAD 1) Loop X3 H it & I 1
Huly, % Loop XISFERGE SIER T 2 TS,
FEr e A AR E N E . TEZ KIS A Pro 5,
REHG IZ X A NITE , FEAREE F B L & n B4 .
3 Wit

ABIF 5 5 T b ok AT Rk 1 28 Pk 3 AT
HA TG0 GAD 275, AT 7EAR X %5 1 Bt [A]
A B PE BT 3t (R A5, 1T BRI RLAS, XF 4R
TSRV A B o 52 e il i PR E R R R
RZ, W IEE N TERLR 3 S5 A B
PERP . BOKARE AR Y i
FEFIA AR SRR A, HTRA
PRI AR RS e B = AL, AR RS iR
% 7% (http://pic.mbu.iisc.ernet.in/) #F— 5 X #F A=
ili Sz 2325 il G364P 1) 364 o7 & KR iR I/ W AT
153 (AR B FH A ASAEL 53 BT o 398 BUs AR B A
(R 5 A) ISR, HARS T kS IS
HCHR[33], BEAULE RN 8 iR . GAD HFA:fif
i) 364 i 2 3 Gly, M O i+ 5 Phe366 fill%
N IR s R 2.9 A f &l A
G364P 1) 364 fi 24 5L R /2 Pro, H: O J5i ¥ 5 Phe366
MEER N JEFRFEE RS RIBEE A 29 A R
i, AT G364P S HF AL A L, 364 v 2 FLFR 1)
SRR B KA, BOIIRT TR AR G364P #A
foEtEry e, SHTTERA K. MEI 8 C. D HifF
I, WA 364 {7 51 Gly A HARAB A & Ik
R 5% P g KA JAE ], (BAEIZAL S5 Pro
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8 RIEE G364P 5 GAD-WT A9 364 {iL = ik &
F I8 8 B AR HL

Fig. 8 Molecular interaction simulation between the
mutant enzyme G364P and GAD-WT near the 364 site.
(A) In the GAD-WT, Glu 364 was involved in hydrogen
bond with the neighbouring Phe366. (B) In the G364P,
Pro 364 was involved in hydrogen bond with the
neighbouring Phe366. (C) Leu 363 of wild type was
involved in hydrophobic interaction with the neighbouring
hydrophobic amino acids Leu360, Phe366, 11e438
Leud4l and lle445. (D) Leu 363 of mutant G364P was
involved in hydrophobic interaction with the neighbouring
hydrophobic amino acids Leu360, Phe366, [1e438,
Leu441 and Pro 364.

J& , 27§ G364P 1 364 13 511 Pro 5 363 i 5 11
Leu Z JEIRBTAAH AR . Pace P58 T i
KA EAE AT 22 AR5 KN &
PR (SRR IEA T 36-534 2 [0]) Fa e Ik 15
W, 5K AH FAE R % 22 A48 1 R e 1
TUHR A 60%+4%, XS IX 22 N85 1 T i AR e M
X BTHR R 40%+4%. I, 7E 364 fi s 5| A Pro
J& . SRAERE G364P BN T A F R % I 2 [a] i B K
FHEAER, SE 28 A5 [ G364P 1) #1152
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