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Bid 5% PCRIES
HEg', BETY, MBI, AF
FE B A F N2 iy S = =
BE. [ HK ) @5 PCRIE AL H RAG %D

N
ST TS

4 TR AR A TP 6 G ) 48 2R AR
HPLCA B2 (1 H sh 1B 80 [ 4587 ]

AT JEE W L/D-22 2 TR WA AL ROR s AT $12
YIL/D-N 2 18 8% L/D- 22 5 R 1Y Ko
105.51., 97.36. 4.63F110.731% .

M RAILERES, HEEEE A& A,

1] R TRT P 2 R V1 Il 1 A T

B PCREL AL 7 P 22 R 1 Te g 35 R s 1) 52 7B AR ST, SR TR BF4 TR R UT 5028 i 48 58 74
3 3 O A Ao R R BT VR A BT R AR SR R AR, IR
2835 5 B PCR I E S AR F AR e 145 T 3 AL 16 AT o
PER M RARA3Y | Y343HFAZVY343H, M= Rtk st A, 554 B I StAIchT [, R 7%
B kead K fEL 50 512 StAILf92.01 513,681
Fecas T becae/ K 1L Y51 A6 58 KR BE A BR AR, o hecad Ko 1L 50 1) J2: SEAT )
BERG ISR ZT A R o, RAEKAIVAER S
Hon ZRUCRET BRI R [ 45

Research Article

RAAZEIDTRE R R EEsE IS
, B, WER
Wb AFKE 050024

H

o [ FE ]l MAS
SRIEER, PAD-

SAKY343H

3 T 228 R A3V I T JFE

E*&f&ﬂﬁfi%ﬂ'ﬂ&"%ﬁi
it ] WA

I TRE Tt A FR) 265 307 s J2 52 MR HCARE AL T35 1k AR A IR S A SC BV

KA MO

N 2 B2 114 i€ i} (alanine racemase, Alr, EC
5.1.1.1)J& L) Pyridoxal 5'-phosphate (PLP)Jy#ifif
b L-INZBRFN D-IN 2 R e ek iy —2
N, AR TEBER 2 A TR A jﬂ
2 T 200 R T SRR 2 S e it D-N R . N
P22 T TR T e PR AN [] T AR P R BB A ], e
55 ZF 70 FF B (Bacillus  pseudofirmus) 1 5 % 1 B

EEWME: WK RFE
SHINE—MH

PIIERTE, NEARRINIERE, S5 PCR, lRAk, LG TE

(Shigella) S R &A1 AR, WE KB E
(Escherichia coli)FIAt B ZEHUAT I (Bacillus subtilis)
FRHfEAE 2 AP BRSE R, R R — E bk
R PR TN 22 TR T e T LA AH ) A i AR B L {H —
& or Al & T IE A AR B (Al A R A6 AR A
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PRI RSN, Bk R Y G N D-2 R IR 1 < B
Wiz —. Galkin %58 $2 A H BRI S . L-T4
23 PR A | N 22 TR T TR A D23 FE R B 2 i 2
SEEAE F A 7 D-2 IR 0 7 iR I vk U R
Jid 2 5 B NADH JE 3R A, AR T A7 AR
ik, AR Wy AL TS PRS2 5
T TSR, 07 R REHE— 2D MR
I, TS BN SRAGHEAL TS R . RRUE TR O T
AR AE R AR D-2 LR 1Y B2 HT 4

2 TR 1 A SR A PR,
1B P e W I E B AP L ga [P
FPAVFIZEAAE L, JE R TSI H AR 582 14,
T S5 B e A s Tl 1 1 E U AN 2
AT PAT A8 2k B TR T Y T ) i 1 AR A
TS AR, SR, ZE A A 5
P R RS N R A0, PR BT HOR
() 32 B — s B EE A BRAE ™ lA AR R R
N HR A2 m] kA (directed evolution), 145 s %
A% By PCR F DNA B4 SRR, FRGE L KE
PR SR BEE AR EE . R X EITER
FEARFOARFXT AR, AH i T HARAE R, oW
TRREA RS R Eib, i 2R R I RE R
B E R A R AL Tang 453 i 22 Yk 28 s il
55 PCR., DNA B FIE R R BHA, (R
B A 510 A TR TR 7 TR ¥ A R B S A Ty T AT S
7RISR Bk, AR Y
SE [0 FEARAT AR o5 A7 T AL

AWEFEE 5 H PCR B, LLRAFEDTTIG
B (Salmonella typhimurium) B VS 2R TH i il 5 5
(alrs) g HAYIEIR, AR SRRSO , 84 P 56 T
e B ARG T WG R A T R R R o K
A3V/Y343H, Fil i 5 5 R AT A E T 50
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S REALTE PR SCBRAE AT ,  TN ZATR T T I )
— 2 Bl M R A S A

1 ARfe 7k

L1 TR, BORFIEH

KW #F B MB2795 (alr::frt, dadX::fit) N
D- N 2 R H R el R T AR Y, T bR UTS028
(serB.fit) 2 AR E S BB R BRE, KIGFF A
(E. coliy DH12S H FHEH vib% , E. coli BL21(DE3)
T HE AR M9 LAl R 5 5 F T bl B k1Y
R okl pET-22b(+) Fl pTre99A I FE KA,
B N R BR T BEE 3 K] (alrs) O UKL pTrc99A-StAlr
HT R RS R i P A G, BRI alrs, P3G
53 590 5 A e — R BR ) A DT Hind TR Xba 1R
GUEDA L

Tag DNA polymerase, T4 DNA Ligase. FR il
PEN UL S5 B ORGE 5S4 W) 2\, Ni-NTA
agarose I H QIAGEN /A F] , Low molecular weight
standards W4 B 4= T A9 TRE( )0y A PR 2
F], 4-Aminoantipyrine, N-ethyl-N-(2-hydroxy-3-
sulfopropyl)-3-methylaniline sodium salt (TOOS).
Peroxidase #l D-amino acid oxidase I H Sigma 2y
a5 HAlE R 2 2 dral
1.2 5% PCR MR AE SO

LAFRIR A pTre99A-StAlr IR E1 T 5 4
PCR, 5% Rv-M (5'-GAGCGGATAACAATTTC
ACACAGG-3)#1 Trc-B (5-TCTGTTTTATCAGA
CCGCTTC-3"), PCR JZ W #EJ¥ K : 85°C 5 min;
95°C 45s, 54 °C 1 min, 72 °C 2 min, 50 M§¥F;
72 °C 2 min,

5y PCR W) 45 0.8 % J IR W B8 v vk 3 15
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alifk, VABRSIPENYIEE Hind 1L # Xba 1 XUY)
AbFR 55 2 A [ i) A B JORE pTre99A 3% 4% ;
AL R T W e N2 A A
DHI2S, JilA 1 mL SOC ¥3%# T 37 °C fHiRE;
%1 h, BAESA Amp {9 LB [BAE; 3 I,
37 °C igeid i ; WUER T A TETE , $RIUSTR. DNA
RAEY, R CBTE D4 ik DNA,

DUSE — 0 0 e I A i FE S AR (R il , A
BRI, AT A 54 PCR,

1.3 RARSCER %

K FH ML AL 0 e 45 BURE DNA 5 Az 285
Y UT5028 H1, 4 SOC H R ARG I )5, 439
URARTE S Amp Fll D-22 % % (5.0 mmol/L)fJ M9
MG B, 37 °C T 855 40 h; Hrfy silE+
SRR SR T Amp 1Y LB ARG SR, 37 °C
WG IR R B O AR, SO TR DNA; B
J& 18 1Ak 2EFE AL K R, DNA BRI FE A UT5028
W, 237 °C ol G FRIE , PR TR B 5
T Amp Y M9 Ji 3% |, 4k 225 37 LIS pRH
A1 B 28 AR 1

W 7 2 R A 198 AR A JBA S P A= R pTre99A-
StAlr #4500 3.0 uL, il i fb2F56 fb i 5 N 540
il MB2795 H, YAl T Amp ) LB [E{AH; 573
b, T 37 cC R PRI — e TR T
LB+Amp i FWHIRZGH 7%, WKHBBOERY)
100 uL ¥ A 5 mL &4 Amp F1 IPTG (0.1 mmol/L)
) LB 5538 P9 7h, BOWCER.

WA TR T 0.5 mL &4 10 pmol/L 5'-#E 2
It M ¥ (5'-phosphopyridoxal, PLP)F1 0.01% 2-%i
3 £, ¢ (2-mercaptoethanol, 2-ME) 19 B iR 2 2% nh
(50 mmol/L, pH 7.4), @1 8 75 al e vk 24
4L, 4 °C F 15000 r/min #Z.0> 10 min Bk 401

% F, K Protein Assay Reagent (Bio-Rad)fs{ill
BRI IR o
1.4 B GRTK

IR, L alrg, 861-866 AbFIZS Ak
pTrc99A (1) 11501155 &b 53 5712 FR il N DI Sca 1
FIME—R BN 15 (AGTACT) . A T 43 BA—{o7 5 R
AR (A3V)RGEE B2, SRR SN DI Sca 1
BT ) Kb R AR pTrc99A-StAlr F1 pTrc99A-
A3VY343H, 1t 0.8%35 e B e I i Uk 43 25 4K 15
A RAENLEL Y343H r BeR/NZ) 2N 1 kb 1) DNA
FBL, USRS A3V, FBERNYH
42 kb i) DNA H B, ¥ —# IR 4@t T4 DNA #
WG AH R, MBS A L R A A
pTrc99A-A3V,
1.5 WEREBE

PLFHRE pTrc99A-StAlr Al v $R A5 il 28 A8 {4
it ki DNA i B A , 1E 17 5] ¥ & StalrA2
(5'-CATATGCAAGCGGCAACAGTCGTC-3") &k
Ep3Al (5'-CATATGCAAGTGGCAACAGTC-3',
SUHTHIE pET-A3V), 514 StalrB2 (5'-
CTCGAGATCAATATACTTCATCGCCAC-3"), T
K128 430 Ry BR il P9 VDTt Nde T F11 Xho TR B4 54
It PCR 1Y N 2 BRI BERGIE A, S A
85°C 5min;95°C455s,54 °C 1 min, 72 °C 2 min,
25 ME¥R; 72 °C 2 min, PCR ¥4 0.8%5ii g
WHEES HL UK 53 85 240 J5 2R T Nde 1 F Xho 1 XL
DI, WY RS &M A DDA PR 3R K
pET-22b(+) i #% , # i K ik 8K pET-StAlr .
pET-A3V . pET-Y343H #l pET-A3VY343H.

1.6 FEAMLL
B ik 4 Ak B AR )5 A BL21(DE3)/
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A, T LB 53R (Amp ) 7R 2 ODeoo
0.6, IIAGESH] IPTG (& HE 1.0 mmol/L),
30°Ci5 Shim, BORERK,

T 20 it 2447 ¢ (50 mmol/L NaH,PO, pH 8.0,
300 mmol/L NaCl, 10 mmol/L Imidazole)i % i
T, DUR AR 2 AR, 4 °C. 10000 r/min
B0 10 min, R Ni-NTA S HZE ik aifb 851,
PLBHTEBR 22K NaCl, f#4£T-80 °C. LI
12.5% SDS-PAGE il £ [ ik & K 4l i, I
BCA Protein Assay Reagent Kit (Pierce, USA) %
HOHeE
1.7 BEBFE S

Fie BESCHR BT 3R 5 3 MU HE A T P9 24 R V1 Tié S
I D2 SR AL R Y R N AR FR A R
W 20 pL BSOS G, BRI S Ok R
50 mmol/L, pH K 7.4, KNIREN 37 °C, RH
it p7{ (BioTek, USA)I 2 %Ak 52 i 7~ #I i) ODsso
{8, WRIEbREM Lt BB D-N BRI
i, PR AR EFE T IS 1. 1 min A%
fEAE R 1 pmol D-P 2 R Fir it A 4 B kg — 1 il
15 715057 (unit) »
1.8 E§3h 1S HE

K H1 HPLC M7 1N 24 R T e Wi 1 2 ) 2% 2
U RBR R A 40 mmol/L B FR B 2% vh i
(pH 7.4), 10 pumol/L PLP DL M A[Rl¥k i) D-55;
L-NZRR, IMAMEET 30 °C T 10 min,
DABE TR 22 m A R BT I RO k), L
FE AT AT A2 2 4 B S W, R 2O A W A
(RF-20A, Shimadzu, Japan)#ill 523 % # D-5§
L-N &R I & &, sl R L A vk T g
EARBIFZE
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L9 FHREREWREI T

B 1.3 Frifil o ) AP V0 (P9 2 BRI e i 57
A 54mU. 1.4 U A1 12 U), PAEERGIBZ BTk sy
BEM, JZMHEA HiLoad 16/60 Superdex 200 prep
grade (1.6x60 cm, Amersham Biosciences), A
NEA 150 mmol/L NaCl, 0.5 mmol/L EDTA .
20 umol/L PLP F1 0.01% (¥/V) 2-mercaptoethanol [}
B 2 B0 2% v (20 mmol/L, pH 7.2), Wik N
1 mL/min, WHEARBN 1 mL/Ay, & IR
ity PRI AFOS TR, 8 P TR T e il ) e T A AR

AR UE S N Cytochrome C (12.4 kDa),
Carbonic anhydrase (29 kDa), Bovine serum albumin
(66 kDa), Alcohol dehydrogenase (150 kDa) (Sigma,
USA), M HE AR Z AL Th P B AR i br
23 T35 DN R T N StAlr S R ARR I 4> F
1.10 [P35 Hr R AU

RLIR Y 51) v <6 ME A AR RO R R (IR )
ME, KM Genetyx B AF#EAT e 51 40 Hr A0 ELXT S
N R T eI N alrs, BIAZ 1T BR)JT 41 1) GenBank
HS5 WP_001147297.1, R Swiss-Model 7
LR AR AP T AR AR 1 StAlr FIZEAR R A3V 1 =4k

4516 (https://swissmodel.expasy.org/interactive)'®!,

2 HERAPAT

2.1 ARG
SR, 4 M9 AT D-Z Rk
J&E>5 mmol/L Bf, 5 5k pTrc99A-StAlr 1Y &k [ B
Pk UT5028 REREAIA4, MY D-Z 2R <
5 mmol/L B}, WHEAREIER ALK, Eit, D&
5 mmol/LD-ZZ & FR 1) M9 Ki 3 Ak B 15 5 3
14 255 PCR W) 5 34K pTre99A iE H2 J5 % A
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B ME UTS5028, Zad#3R A& 5 mmol/L
D-ZZ R I M9 B5 573k FfAT 47 A vibE o 4R
kL DNA J , i b2 5 A8 — % NIz 24520
ffl UT5028 H1, il G FRI5 . PRIBCE s Rl 2 s 97
F& 5 mmol/L D-ZZ%{RIW M9 KiFfdk I, w24k
5 7 NREMS VRN R R UT5028 Bk SHRERI SR A

W R 7 A FORE— 5 ABE TR & MB2795
o, BRI I E T RETE AN & D-IN &R LB
BERREFRIE IR AR, 0B EE 4 T RE A TR R sk
BT PR B2 B S AE . DNA T R BR, FTA ok
H BB % BRIP4 o8 4 — 80, 5 EF AR
alrse AHEG, BT R A2 5 R )3 91 [ U5 14 43 31 o
99.1%7H1 99.7%, H 343 {37 557, FH ik 2 R 28 28 hy 41 4
MR (Y343H, TAC—CAC), HixJ &MUk fiv 44
A pTrc99A-Y343H,

W BORL pTre99A-Y343H VE it , #4755 —

StAlr JAMOINATVVINRRALRHNLOQRLRELAPASK)#

2RJH lMQiATVVINRRALRHNLQRLRELAPASK
Mutant JAMONYATVVINRRALRHNLOQRLRELAPASKA

T

5% PCR, PCR W45 . FAbSZ A4
MK 53805, AT 5 mmol/L D-2Z & R M9 £
FRHE BT 18 D rikE T, $REUW TR DNA J5 4
PR UT5028 J M9 K55 iy 5 0 i , e 243k
5 12 DREBSTR KM UT5028 2k hBE R 2875k .

JE AR & B, 12 ASBURLRT & Y H L
sEa—3, HS5BAER alrg BIITRR K E LR
7 40 [ U5 20 1k 99.8% Fl 99.4% , HIER T
Y343H b, 55 3 A0 N R 58 2 Ry A TR
(A3V, GCG—GTG) (1), %M 5 =AM A 4
A pTrc99A-A3VY343H,

N T WA AR U 98 A A & SR AR Y
FRMER, SRARGI N VIR Sca 1 5 5i4b P A&
pTrc99A-StAlr Fl pTrc99A-A3VY343H, H i H Bk
It T4 DNA 3% 42 il % F A0 AR A A S8 AR T
K pTrc99A-A3V,

VAVVKANAYGHGLLETARTLPDADAFGVARL

*
KIVAVVKANAYGHGLLETARTLPDADAFGVARL
VAVVKANAYGHGLLETARTLPDADAFGVARL

A BNINEEALRLRAGGITIAPRLLLEGFFDARDLP TISAQESYHTAVHNIMEQ LAALEMARLPEPVTVW
NI EEALRLRAGGI T PMLLLEGFFDAIDLP TISAQMHTAVHNSEQLAALEINGMLINEPVTVW
VI EEALRLRAGGITPMLLLEGFFDAIDLP TISAQMHTAVHNMEQLAALENNMLINEPVTVW
)3 SEVANM K 1.D TGMHRLGVRPE[MAEAF YRIRLT[WCKNVROPVNIVSHFARADEPIMC GATERIQLET F Nk
N\ PIMMK I.D TGMHRLGVRPEIAEAFYMRLTEICKNVROPVNIVSHFARADEP|{CGATERIO LI F NE
Yz PAMMK I.D TGMHRLGVRPEMAEAF Y[MRLTEICKNVROPVNIVSHFARADEP|JCGATERIQ LI F NE
P13 EINF CllGKPGORSIAASGGILLWPQSHFDWYRPGIILYGVSP LEWRLRMGED FGOPVMSLTS S
NNl CGKPGORSIAASGGILLWPQSHFDWIRPGIILYGVSPLEKINAUGIIDFGIFOPVMSLTS S
Y LIl CHGKPGORSIAASGGILLWPOSHFDWIRPGIILYGVSP LERIWAUGIIDFGIFJOPVMSLTS S

*

N/ S L. IAVRHKAGEPVGYGGTWVSERDTRLGVVAMGYGDGYPRAAPSGTPVLVNGREVPIVGR

2RJH 241 LIAVRiHKAGEPVGYGGTWVSERDTRLGVVAMGYGDGYPRAAPSGTPVLVNGREVPIVGR
D)

Mutant 241 PR3

HKAGEPVGYGGTWVSERDTRLGVVAMGYGDGYPRAAPSGTPVLVNGREVPIVGR|

A IV AMDMICVD LGPPAQDIMAGDPVHLWGEGLPVERIAEMTKVSAMELITRLTSRVAMKY|YD
N7V I VAMDMICVD LGPIJAQDINAGDP VY LWGEGLPVERIAEMTKVSAMELITRLTSRVAMKYMD
WYL= ARV AMDMICVD LGPRNAQDNWAGDPVIYLWGEGLPVERIAEMTKVSABELITRLTSRVAMKYD

1

1. AREHEM SR ERF 5 X E

Figure 1.

Amino acid sequence comparison of alanine racemase. Deduced amino acid sequence of mutant was

compared to alanine racemase from S. fyphimurium (StAlr) and E. coli K12 (2RIH)!'"). Two missense mutations
are shown by arrow (7). Catalytic residues K34 and Y255 are marked with the star (% ).
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2.2 FEE BN E

B R pTre99A-StAlr, pTrc99A-Y343H .,
pTrc99A-A3V il pTrc99A-A3VY343H 435Il A
JEZ A MB2795 Y, filiFS . BB . B
O ARG AR G, AR B I S i
B S ) R RO R R LS T .
1A, UL L-WARNIRY, RAEKER
Y343, A3VY343H Fl A3V Y HLIE 20 5 29 o B
AU 1.48 . 33.00 1 34.80 155 UL L-Z &R N
BV, 275K Y343H. A3VY343H Fll A3V (¥
FU TG 1 4 3 249 R B AR ALY 1.33 0 31.24 1 28.54
T, DL R R AT DIUE WSS 3 sl N 2R (A)

G AR Ry A R (V) A2 3 3B 2 11 F TS ) R R 4
THIR G HE
2.3 WERHEIEE T RS R AL
PR R AR pET-StAlr, pET-A3V .
pET-Y343H FI pET-A3VY343H & — & N2 5
Ml BL21(DE3)H, &l fidssE . S . WKL
£ OB S B0 B AR A B, R
BUORMENE AR, JFREMRE S, 4R
HHREE StAlr, A3V, Y343H il A3VY343H.
% SDS-PAGE (12.5%)k:ill, 4 A& ¥ 78
40 kDa Ml A — 4515 M09 45000 (K 2), SRR 4
T 39.9 kDa FeA—35,

#1. HEARREAKRESRILLEN

Table 1. Racemization of L-alanine and L-serine by wild type and mutants
Substrate StAlr Y343H A3VY343H A3V
L-alanine/(units/mg) 1.59+0.06 2.34+0.05 52.3842.12 55.394+2.51
Ratio 1.00 1.48+0.02 33.00£1.92 34.80+0.93
L-serine/(units/mg) 0.10+0.00 0.13+0.01 3.11£0.02 2.84+0.02
Ratio 1.00 1.33+£0.06 31.24+0.48 28.54+0.49
kD M 1 2 3 4 - \ 3
: 2.4 BAEBEO
97.2—
» PAIA R EE R L/D-IN BRI L/D-22 218 1 ik
| Wy, i3 HPLC A4 25 11 i A SR el e 44 1
44.3 = [=]) N P — 1Y
it MITTHE StAlr ISR 118 1245
e <40 kDa . L
- W3 2). W2 AT, T LR, S
K Y343H HIZEFBES) Ko POV H RN ko (E 1 HEET
20.1 —==

2. AREHEERERTAREGL SDS-PAGE 2
W E

Figure 2. SDS-PAGE identification for purification
of alanine racemases and mutants. Lane 1:
A3VY343H; lane 2: A3V, lane 3: StAlr; lane 4:

Y343H; M: molecular mass standards.
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AAD StAIr #5529 10 £, SEOUEECE kadKn
EAH StAlr (9 1.10 £, WiXFIKY D-NER, %
AR Y343H # ke/Ke (E Y StAlr FEASHH 4
0.97 f%); HXFIEY L-ZZABM D-2Z R,

Y343H Y kea K [H 535172 StAlr (1 2.01 1 3.68 £i%,
XL 74U T 5 AR Bk pTre99A-Y343H
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£ UT5028 REASAE MO FEfih 1 R BN AE KAl I A

FLAS R AR Y343H, A3VY343H il A3V [
NSRRI, 56 3 AL RN AR (A) R
Ry B TR (V) 2 7 B 2 1 A A0 5 P DR e B2 T 1Y
K, MU L-NEAR NIRRT, RAK A3V 1)
Ko kea P koo K fH 3 512 StAlr 19 0.10, 10.54
1 105.51 55 DL D-NEBR ARV, A3V B
FZHOTHIIE StAlr (9 0.14, 13.38 F1 97.36 £i%;
DL L-22 5B NI, A3V 1 Ko kea A1 kot Kon
H 55/ StAlr 19 0.35, 1.62 fil 4.63 fi5; LA D-#
RN RIS, HAHRSE ) StAlr 19 0.25,
2.65 F1 10.73 £ XS PR RS A3V XK
Y L/ID-NZRRE L/D-22 2RI FEEST . SN H
B EERCREAA BB LT, BRSO
T = A A TS PR E AR AR .
2.5 FERARESHEEHEL 5T

T 53T 5 AR AN SN il AR 1A R A Y 5
M, BB AN ) i i Y 2Rk 0, R e D

OB . WEES I, AN 18 o v il £
FI AT, i 3 BR XY P9 R T e 1t 17
TR BRI (2 54 mU), # 1 StAlr #1 A3VY343H
AN HE 2 3 B ACIR ZS (monomer, M)ANA — AN P
W, MiZEARR A3V LESEE 2RI (dimer, D)4bif
A7 — R RS T MENSEN 1.4 U R,
T StAlr il A3VY343H 55R HAG — AN i ik,

{EAEXT T StAlr i, 28748 A3VY343H HTEPEIEZ
AR ) —RRENT, T A3V FESAURIRIT AT
WAE ) 2 T AR A A, A SR AR BT ) 7% e 0 D) 2 R
TSR MR ARSI, StAlr (12 U),

A3VY343H (15 U)Hl A3V (12 U)Hy 5 3 80—
R 2, Hirh StAlr Al A3VY343H (95 PRI 5 1
] — SRR AR S Im B O A5 34, T A3V I TG PR I
VU Sy T T RS (I 3). Ju SEFTE R,

TR 2 PR T T T A BRI SRR 2 IR A B S
i, FARER G- o B0 Wl 25 11 AL T 1 =2 1)
FEAE—E IR, ROk 3 T AR 9 i 2 1

T2 SAIr MREBEFBHNFESH

Table 2. Kinetic parameters of proteins StAlr, Y343H, A3VY343H and A3V

Protein Substrate K, (mmol/L) kea 571 kea! Kin Keq (Lp)

StAlr L-Ala 9.28+0.86 7.56+0.90 0.82+0.17 1.16+0.05
D-Ala 6.13+0.55 4.30+0.35 0.70+£0.12
L-Ser 59.07+3.53 3.48+0.23 0.06+0.01 2.74+0.26
D-Ser 5.62+0.43 0.12+0.02 0.02+0.00

Y343H L-Ala 98.14+5.42 87.92+6.54 0.90+0.12 1.31+£0.08
D-Ala 28.60+2.89 19.48+0.62 0.68+0.05
L-Ser 266.90+16.74 31.57+1.81 0.12+0.00 1.50+£0.04
D-Ser 129.10+8.24 10.23+0.90 0.08+0.00

A3VY343H L-Ala 99.90+4.69 407.25+24.07 4.08+0.43 1.30+0.05
D-Ala 32.23+£2.16 101.41+7.73 3.15+£0.45
L-Ser 156.40+8.66 99.284+5.13 0.63+0.07 1.72+0.05
D-Ser 87.45+4.81 32.45+2.55 0.37+0.05

A3V L-Ala 0.93+0.08 79.7245.40 85.81£1.58 1.25+0.01
D-Ala 0.84+0.06 57.594+3.07 68.33+1.59
L-Ser 20.70+1.47 5.64+0.38 0.27+0.00 1.18+0.00
D-Ser 1.39+0.09 0.32+0.02 0.23+0.00
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(A)

Figure 4.

Elution volume/mL

[ 3.

Elution volume/mL

MR R AR RIS IE &L E

Elution volume/mL

Gel filtration chromatography analysis of cell lysates. A: E. coli MB2795 containing pTrc99A-StAlr;
B: E. coli MB2795 containing prc99A-A3VY343H; C: E. coli MB2795 containing prc99A-A3V. Letters D and
M indicated the fractions corresponding to dimeric or monomeric form of protein.

(B)

& 4.

O

R RBRIHTERS StAlr FIRT(R A3V Z4EEHIEHLIE

Molecular structure modeling of StAlr and mutant A3V based on E. coli K12 EcAlr (PDB ID:
2RJH)[17]. A: Overall structure of wild type StAlr in dimer formation. B: Stereo-view of StAlr structure (partial).
C: Stereo-view of A3V structure (partial). Dimer of StAlr and A3V were colored in green and cyan in one
asymmetric unit. The residue in different color indicates from different subunit.
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Improving catalytic activity of alanine racemase from
Salmonella typhimurium by error-prone PCR

# # .. . *
Doudou Zheng", Suya Luo”, Muhua Du, Guangzheng He, Shujing Xu, Jiansong Ju
College of Life Sciences, Hebei Normal University, Shijiazhuang 050024, Hebei Province, China

Abstract: [Objective] To enhance the catalytic activity of alanine racemase from Salmonella typhimurium by
error-prone PCR. [Methods] A mutant library of alanine racemase from S. fyphimurium was constructed by
error-prone PCR using plasmid pTrc99A-StAlr or pTrc99A-Y343H as template, and DNA recombination with
improved catalytic activity were screened by serine auxotroph strain UT5028. Racemase activities for converting
both L-alanine to D-alanine and L-serine to D-serine were calculated based on the absorbance at 550 nm using
Epoch Microplate Spectrophotometer. The cell lysate was separated by gel filtration chromatography, and each
fraction was detected for the alanine racemase activity to analyze the oligomerization states. Kinetic parameters of
StAlr and mutants were determined by measuring the total amount of L/D-alanine or L/D-serine by high
performance liquid chromatography with a spectrofluorometer. [Results] Three mutants Y343H, A3VY343H and
A3V with improved catalytic activities were obtained by two rounds of error-prone PCR and site-directed
mutagenesis, separately. Based on the kinetic parameters, the mutant Y343H only displayed a 2.01 and 3.68-fold
improvement in catalytic efficiency (kc./Kn) towards L/D-serine compared to the wild type StAlr, while the mutant
A3V showed a distinct reduction in K, value and dramatic increase in k., and k../K, values towards L/D-alanine
and L/D-serine. For substrate L-alanine and D-alanine, the k../K, values of A3V were 105.51 and 97.36-fold of that
of wild type StAlr, whereas for L-serine and D-serine, the k.,/Ky, values of A3V were 4.63 and 10.73-fold of that of
wild type StAlr. Gel filtration chromatography revealed that only the mutant A3V eluted as two distinct peaks at a
very low amount of protein, which may correspond to the dimeric and monomeric form, respectively. As the
amount of protein increased, the oligomerization states of all proteins were gradually shifted from monomeric to
dimeric form. These indicated that the monomer-dimer transition of mutant A3V might be much faster than that of
protein StAlr and A3VY343H. [Conclusion] The residue A3 located at N-terminus of StAlr might be a key residue

for its catalytic activity and oligomerization state.

Keywords: Salmonella typhimurium, alanine racemase, error-prone PCR, oligomerization, catalytic activity
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