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TtDadX: S171. H359)7 Riimrsy &k I, K
TtAlr th Q360 st AL NIRRT IR (Y )5, R
1K Q360Y A " U (Kea! Kin, 4.91 s™/(mmol/L))
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1 Mgk
1.1 BEBR. FORANRH]

K% ¥F 1 (Escherichia coli) DH10B A F3&[H
W, E. coli BL21 (DE3)JHI T4 131k, ks
PET-TtAIr S HAE 360 {3755 4~ 545 14 pET-Q360Y
il PET-Q360H Hy A 9250 2 ) 191,

Pyrobest DNA polymerase, QuickCut enzyme #ll
DNA marker 1 B 3% 5 £ )24 A, Plasmid extraction
kit 4 H Omega /2 r], Ni-NTA agarose Il H Qiagen 2
7], Low molecular weight standards 5 5 4= T.24E 4
T AR () Ry A BR A F, 4-Aminoantipyrine .
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3-methylaniline
sodium salt (TOOS). Peroxidase #I D-amino acid

oxidase 5 [ Sigma 2\ w] 5 HoAth w5 H1RG 32 Ry 43 #r ki
12 ERREFATIY

FR A R T el TtAIr FEoRAEN 5 K Rl
Fea {5 B, FIH] Primer Premier 5 /it 7485
Yy, % 1 IREE SR FEE R 58 AL TR o
Sy NI A A
1.3 AR

iz 14 Site-directed mutagenesis kit % R fE,
PABKL pET-TtAIr K AHR 278 ki M itk , PCR
PIEFEF M. 94 °C 4 min; 94°C45s, 55°C 30,
72 °C 7 min, 16 MME¥F; 72 °C 10 min,

x1. AHRFAY
Table 1. The primers used in this study
Primers

Sequences (5'—3) Description
Al172S-FO1 CATTTTGCTGCCTCATCCGAAGA GCA—TCA
Al172S-R01 TCTTCGGATGAGGCAGCAAAATG TGC—HTGA
S173D-F01 TGCTGCCGCAGACGAAGATGAT TCC—GAC
S173D-R01 ATCATCTTCGTCTGCGGCAGCA GGA—GTC

The mutated sites are grey backgroud.
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PCR ¥ FHBR i 14 N VI Dpn 1 37 °C % & il
VIG5 Ho% A E. coli DH10B 257
AU, BT LB EHARUEREF 5 (Kana') I
BEPLPE IR VR, i T PCR AT BH I v f
FEIR AP I5UE o
1.4 BEEAMRIEFLL

W kL pET-TtAIr 3% 7 2848 S PR sk 46 A
BL21(DE3)/&Z &4 fii ', F LB WAIKR; 53
(Kana")H 4" #%5 2 ODgoo M 0.5 247, ALK EE N
1 mmol/L B IPTG, T 30 °C iS85 h, Bl
WA A

W AT A R T A4 i 2 i 22 v (50 mmol/L
NaH,PO,, 300 mmol/L NaCl, 10 mmol/L Imidazole)
SR FHER 7S R AR R AL, 4 °C 8000 r/min
B0 10 min, A BiEELE Ni-NTA SERZ 5>
B AiAEEE Y, I AT 2 A e v SR A K e
M NaCl J& 5% - 47 F-80 °C. KA 12.5%MH
SDS-PAGE #iill#E 1A Maifb ol KA BCA
protein assay kit (TaKaRa) il & & [k JiF .

15 EEZERAES T

VA2 T T TV Tt 1) 35 o B SR FH 3 e R 4R Ak
(D-ZIERR) W A SN A ) 2 15,

THWESLI : £ 200 Pl S AA R HoIm AL B
50 mmol/L L-A%fZ. 10 umol/L PLP, 50 mmol/L
Phosphate buffer (pH 7.4)LA & 20uL g, T 37 °C
S 10 min, HIA 25 pL 2 mol/L HCI Hr ik J2 vy, B
BPLA 25 pL 2 mol/L NaOH FRFIZ 4312 , 14000 r/min
4 °C B0 10 min J5, BRI REH . DI R
(2% B A A A TR BN/ Ry s X R

ARV . FE 200 UL S A4 28 i A 2o Hk
4 200 mmol/L Tris-HCI (pH 8.0). 0.1 mg/mL
4-Aminoantipyrine . 0.1 mg/mL TOOS . 2 units

Peroxidase .0.1 unit D-amino acid oxidase A 2 100 pL
THBES Y L3, T 37 °CHFE 20 min, RARLIL
Moy 6t (BioTek, USA)IE ODssoo — 1 il
T 1B (unit)E SR 1 min R4 1 pmol
D- N 242 i 75 (A i ik

151 RASFEEMAEXITEME: i 2RI e
WEMEAHTE, DA L-IN R R X T 2 R T e
it} TAIr LLR 2375 g2 1 HEA T HEAR TS 23 B o 8 5
R 5T e Bl 2 T VR B, 43 S AE O AR 2 i
UNGIE 54 0NE) % S P RE X A rA AN 2l A
AR P ST R THAIr 55 2878 T4 e Bl 1 A
HEALTE ) o R BHAE TR 1 TtAIr BAEXIE 18
100%, LbacHAt JLFh 928 T el i fi Ak is 1, DA
P T T A A s R B

152 RAEFHMTENE: KNEARIEER TtAIr
R AR 143 %) & T Britton-Robinson 28 AT
(pH 10.38)r1, 65 °C fiEE AlmIm[H], FEfsb Rz,
A, T HAE BT ERE T, A LD R (AR
50 mmol/L)Fl PLP (& 10 umol/L)iR A T 4f
THTHE SN o 38 2o I 7 AN () A A $HLBsF [ ) PR 2P 01
JHE P 1) 15 2, A A 45 AR 1 7E pH 10.38 (BR buffer)
65 °C 45 F M ESE PENE 0 o 25 (4L DAAS R Ak
T T 28 1 B HEARYS 2R 100%.

2 HERFAH

21 [RIRFHIHXS R RAEAL B E

Coufago %53 i @Mk B Bacillus anthracis
(Ames) Y TN ZU R TH e Alrga — 4EZEF IR, 1T
A EE P EJZEFINJZE 8 A BE IR T B 2 2k
Rk LA 0 FIF ClustalX FIfELk #4514 ESPript
(http://espript.ibcp.fr/ESPript/cgi-bin/ESPript.cgi) X
J#& h g AR 40T (T, tengcongensis MB4) T 2 iR

http://journals.im.ac.cn/actamicrocn
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TH el (TtAlr . TtDadX) . Bacillus anthracis (Ames) RS (AL72, Y268, Y287, R293, R313, 1358),
i) BaxAlr. Pseudomonas aeruginosa [ PaoDadX  f£7E 2 D HERSF I Z LB A 5 (S173 1 Q360)M,
F1 Bacillus pseudofirmus OF4 (/) OF4DadX #17[R  TtDadX [FIFEAF7ESE 2 NHELRSFEIEIRIEFL(S171
VB ¥ G0 HERS T A LI 338 2 SRR O RS R HB59)M, Ak 6 M A(D172. Y267, Y286,
PERBL, TAIr (RY)EIENA 6 MEIERRIREE™  R292, R312, I357)/ 4% {7 (/& 1).

Bl ol B2
———>00000000000000 T.T —> 000000 00000000000 — Q2
1 10 20 30 4
TtAlr .MKFDGV[IPTRVEVYDAITHNFREIKKIVGK.NVKIMAWI
TtDadX ..MFDEI|PTRVEVNIDSIVHNFREIKRVVGD.RVKVMGHV|

BaxAlr MEEAPFYDTWVEVDMDAIYNWVTHIKEFIPS.DVEIFAWYV
OF4DadX -MKTSSFEINTYAQISIMQALKENAASFKASLQSPACRLMAMV
PaoDadX ------ M:PARALIDMQALRH)YRLAREATGA . . . RALAWYT

ad B4 nl  as 55

20000000 —_—
70 oGy T fuuuww‘“f’”“ 130

TtAlr efaLEPREKErk TRI@IFG. YTPPTQLRQIVKHDLTQTVYDIKYAKELEKESLKQNKRAKVHIKIDI[ELG
TtDadX EALEMIsY[EITANVIdILG. YTPLSQAGEAVEKDVTFTAFDLKYVKELGEIASRKGKKAKIHVKIDT[EMG
BaxAlr  DPALVISIRAEITANIVLG . PSPPRDINVAAENDVALTVFQKEWVDEAIKLWDGSS . TMKYHINFDS[EMG
OF4DadX pP{AIESIDAEVEAIIVLG. YTSPHALREAISRNITLTVFSTDVRDALLEVASEAESPIKVHIKTET(MG
PaoDadX EPRGLEMIEAEIRQIIIMLLEGFFEASELELIVAHDFWCVVHECAWQLEAIER. . ASLARPLNVWLKMD S[EMH
B7 a8 B8
,Q_Q_Q_Q_Q_SLQ_Q_Q_Q_Q_Q TT———> 02000000000000000000
14Q 150 16Q 17Q 18Q 190 20Q
TtAlr HIEYIDFDLAQKEILEMANMRGLILEGIYS[EIJAARSEDDRDYCKEFFDKEMNLISSLEKKRLKIPLKHIA

TtDadX JEI[§YTDFDLAEREIEEMSKLEGIELEGIFS|IAT|SDEKDKDYARE[FERJADMLKRLEKRGVNITLKHIA
BaxAlr I IRERKELKGFLKSLEGAPFLELEGVYTLSIATADEVETSYFDKEYNT)|JLEQLSWLKEFGVDPKFVHTA
OF4DadX v VQTKEELLDVMTPLYHHNNIEVEGIF T):03AEADNLQSTYTDE[MFARMLSFIEAIEKDDMHVPIKHCC
PaoDadX EWV[EFFP.EDFRAAHERLRASGKVAKIVMMS)ESYSRADELDCPRTEE[LAA|YSAASQGLEG. « - . . . EISLR

9 n2 B9 M3 B10 B11 B12 R p13
000000 0000 —> 0QQ0Q T —> TT —>
210 220 230 240 250 260 576
TEA“ AAAILNLNYSHLDM)Q:P ILF[EAYIASKRVERKV. .EffRETLRFTTRVVHLKDVPAGFFIG){GKSFVTK
TtDadX SGAITDLNYAYLDMRIP TLYESYIISNDVNKIL. .DJISARPAMNFKTKIVYIKEVPENTSISP{GRTFITK
BaxAk SAATLRFQGITENANRII AMYELS|IASVEIRPFLPFKIMEPALSLHTKVAHIKQVIKGDGISPNVTYRTK

OF4DadX BISAGTLFHKDKHLDM)V SLYELRIIDVSLEFPI. .EfTQAMRLFSSIVSLRKLPEGSSISPGRTHKLS
PaoDadX SPAVLGWPKVP SDWIP LLYEAT|IYFERAHPLAD . RIARPVMTLESKVISVRDLPAGEPVG){GARYSTE

Bl14 15 16 Bl5 B16 B17 B8 B19
- 200 —> TT———> —> TT TT T ———> =
280 58 300 310 320 330 340

TtAlr RKSVIATIPV[EPEVIELDIIRLSNNYKLLLKEKYVP IVEERUCIUIQCMIDVIDVEGVEIEDENVIIGTQNNET

TtDadX RPSKIATLP I[ep¢:SlelLN|AL. LSNNHEVLVREKYVP IVELAYCIUBIQOTMIDVTEVEGVEV[EDENYVIFGEQEGKR
BaxAlr TEEWIATVAIEPFSNEWLIMRLOG.FEVLVN[EKRVP IVERQUTIUBIQFMIHLP . . CEVPLETKWTLIGRQGDEY
OF4DadX SEKVVATMP I[ep¢-Nslell S|AT.SNKGFVTLH[E|QKAP I L{ef:AUCIUBQTMIDVTDIPDAAL(EDH\YEFP . . . . . . .
PaoDadX RRQRIGVVAM[Ep§:SlelY PIHAADGTLVF ID[EKPGRL VY S|UMLTVDLTDHP QAGL[ESR\YELWGPN . . . .

TtAlr VSVESMEDKIET,
TtDadX 1TADDIFKKLRT
BaxAlr ISATEVEEYSGT
OF4DadX ..IDEMI\ELTGT
PaoDadX vPVGALE\AQFGS

1. ETRRBRIHENEME RGN RERF 5 bt
Figure 1. Structural-based amino acid sequences alignment of alanine racemases. Amino acid sequences of
alanine racemase from Bacillus anthracis (Ames) (BaxAlr), Pseudomonas aeruginosa (PaoDadX), and Bacillus
pseudofirmus OF4 (OF4DadX) are aligned with TtAlr and TtDadX from T. tengcongensis MB4. Amino acids are
numbered and secondary structures are labeled, the eight strictly conserved amino acids are marked with an arrow
(#). Two key catalytic residues Lys40 and Tyr268 are respectively marked with a star (%) and an arrow (#).

actamicro@im.ac.cn
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BRI, B TtAIr H Q360 {7 1 575 ik
RIR(Y, PASFREIEIR) S ERH, Bl TtDadX
HEECRSFALE H359) 5 28 AR IR H Ak TG A5 2 T
KiEde T, Wixk TtDadX HkH [F] 23 8] 47 B 1
H359 #ATHFSE KB, AL HARRSFAL A S171
RS S5k E A S PLP g AT, W
S171 {5 AEZS (B & B 5 TtAlr Y 8 P RSF
(9 ALT2 LS AR, TtDadX H & 34 R FH Y
S171 Fl H359 AR M AR PR 2 L2 , 1 TtAlr i A172
MRS RIERRIRIE, W R AL72 75 T Y
S173 firi MARCRSFZERR, D TtAlr H AL72
1 8173 o7 i AT REHR -5 Q360 AL mi A 1EAH EAF ] o
R T RAE FiRHES, B TtAIr 5 S171 25 [A) i
BRI AR ST S ALT2 TR I A AR ST 6
S173 i mifE AN G, FIHE MR BHEA, #
iR AL72 Fil S173 57 s 5 B R AR R 22 PR (S,
L S171 () FIR T A ZR(D, RSFEIEIR), 18
i TtAIr f AL72 FI1 S173 Bi{7 5.5 Q360 v i AH L

55kDa —

&, K AR R EALTEE, BR5T AL72. S173
K Q360 —H ZMIMAHEAEFHEN, LIAhHE TtAIr
Y@ IE N AL72 Fi1 S173 4o 5 IV FHALRE .

WIS RAE PCR, K WAL, XU K
FPBIINE AF S, RN T 8 AL R
PET-A172S . pET-A172S Q360Y . pET-A172S

Q360H . pET-A172S S173D Q360Y. pET-A172S
$173D Q360H. pET-S173D. pET-S173D Q360Y .
pET-S173D Q360H.,
2.2 WNEARERENIESRIEMEALL

¥ pET-TtAIr, pET-Q360Y . pET-Q360H LA %
iR 8 AR FRLEE A E. coli BL21 (DE3)i#Az 4%
Gfrh, 4P 8. IPTG AT . Wik . BAK
BEREJE B0 W, it Ni-NTA SERUZ 4L
b iR, 345 T TtAlr, Q360Y . Q360H J% S173D
24k 11 M. £ 12.5%F9 SDS-PAGE #&:lll
FIFA T 55 111916 45.0-66.2 kDa 22 i) B— H. I M
(R 255 , #4155 kDa ([ 2), 5HE THEIEA 5L,

8 M kba M 9 10 11

—98.0—
—66.2—

<55 kDa
—45.0—

—31.0—

—20.0—

2. AEERHEEERE{LE SDS-PAGE #&i

Figure 2.

lane 3: Al172S&Q360H; lane 4: S173D;

SDS-PAGE identification for purification of alanine racemases. Lane 1: A172S; lane 2: A172S&Q360Y;
lane 5: S173D&Q360Y;

lane 6: S173D&Q360H; lane 7:

A172S&S173D&Q360Y; lane 8: A172S&S173D&Q360H; lane 9: Q360Y; lane 10: Q360H; lane 11: TtAlr; M: Low

molecular weight standards.

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



1402

Guangzheng He et al. | Acta Microbiologica Sinica, 2018, 58(8)

2.3 WEERRHE T

231 BERMIBEAM pH: 7EA pH (7.0-12.0)
o R [RITELE (50-90 °C)Z A Tl TtAlr flZE7As A
BRI, i 3 P, BPA R TAIr
Ml 5 ARAFKE1(Q360Y . Q360H ., AL72S .
A172S&Q360Y Fil A172S&Q360H)7EA [ ik 5% pH
TEAAXHE M AIEA 3, Bl Y pH R
¥ 10.38 A1 65 °C; MiHA 5 A S173D,
A172S&S173D&Q360Y . A172S&S173D&Q360H .
S173D&Q360Y Fil S173D&Q360H Y fidi 2 i pH
KR EE U A 11.20 F1 80 °C (& 3-A, B). &l 3 4%
7R AT SL73 0 15 53748 1) i 2, 11 pc i S o it i 3
FLEF A= TtAlr 4255 15 °C, BEHIZ A5 T RE &5
O 8 1 e i S5 ek B8 ) AN

2.3.2 RAVHIEEFRAEXE M : 2 BCA X5 &
EAEIRES, DUEFARY TtAlr b, B
IS A S, ZRNE 4 R, B
I TtAlr FAEXTEE S 100.00%, B A5 S AR (A
Q360Y FIFH N P %4 55 (210.58%) , Hik /2 Q360H
(164.74%)F1 AL172S (154.72%), T84 S173D 1)

(A) 120

=¥ TtAlr
-+ A172S
-+ Q360Y
- Q360H
NE NN - SY

g - SH

¥ —-S173D
- DY
- DH

¥ = SDY
- SDH

100

80

60

Relative activity/%

40

20
6

[ 3.

Figure 3.

FEXPIEPERAR, [CHEFAE R 24.44%; 4 172 43 14
HI PN 222 (A) 2828 22 28 R (S) J B B IR A 11 1)
X S A Fr i m . I AL72S (154.72%) .
A172S&Q360Y (218.76%)F1 A172S&Q360H (179.65%);
HHF 173 (R 2R (S)RAZL N KA AR (D)n
D 53 350 5 A0 A il 2 1 R AR O T P 38 R IR R R, A
S173D (24.44%) . S173D&Q360Y (169.85%) .
S173D&Q360H (123.79%) . S173D&A172S&Q360Y
(172.19%) F1 S173D&A172S&Q360H (131.49%)
(K 4), xeezERYLE, 172, 173 DL 360 i Y
AR IR 5 M it 2 AL TR P Y OGBS A
24 EARHTREENTRETE

WL EAE 65 °C T ARFEAS [F] R[] 5 452K 1
(AR T 338 T A R 1T P R, BBV E
5 AT LU H B A A TEAlr 2523008 2.5 h,
A Q360Y M3 WK 3 h, Q360H Y ~f: 32 i
315 h, DL A172S KR 30 min; 1%
AR A172S&Q360H 192 3 HA{L ol 4.5 min, Hk
J& A172S&S173D&Q360H, H2FFEWIN 9 min;
7B I A172S&Q360Y il A172S&S173D&Q360Y

(B) 120
100
80

60

Relative activity/%

R HEM R F 1%
Enzymatic properties of mutated proteins. A: Optimal pH; B: Optimal temperature. SY: A172S&Q360Y;

SH: A172S&Q360H; DY: S173D&Q360Y; DH: S173D&Q360H; SDY: A172S&S173D&Q360Y; SDH:
Al725&S173D&Q360H. The data were presented as the mean + SD, and the experiments were performed in
triplicates with similar results using three independent purified proteins.

actamicro@im.ac.cn
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Relative activity/%

T ]
[AERNNERNA RN AN AN AR NN AR RN
SARRMARRRINRRRRE AN

Alanine racemase

B 4. EIHAEEGRYHE R E T

Figure 4. Relative activity of mutated alanine
racemases. SY: A172S&Q360Y; SH: A172S&Q360H;
DY: S173D&Q360Y; DH: S173D&Q360H; SDY:

Al1725&S173D&Q360Y; SDH: A1725&S173D&Q360H.

The data were presented as the mean £ SD, and the
experiments were performed in triplicates with similar
results using three independent purified proteins.

213 LA B i, 4359 2 45 min #1 67 min,
MR BT DIE 1, 2 172 A7 s N TR (A)
GE7E N 22 58 TR (S) I it £ 11 1 21 S 0 20 R B
I A172S&Q360H HI A172S&Q360Y 2 151
¥tk Q360H I Q360Y (T 1 i & 4 s M
M 173 v 2R (S) A N R IT T4 R (D)
Ja, RABAKE A WA P ER,
A172S&S173D&Q360H -3 A1725&Q360H
B 1 4%, A172S&S173D&Q360Y HY-F FE 11 ) 1
A172S&Q360Y fYF3E MK T i 20 min, TR 4%
& S173D. S173D&Q360Y. S173D&Q360H X 3
ANBEE BN FRE, FE 65°C NACEE 7 h, HEEE
FIG AT PR R 83.6% . 76.1%F1 78.1%, HA
TEME S AR TtAlr, Q360Y . Q360H K HoAh 2 Ar
AR A3 T B 2 m (R R R

(A) 125
-= TtAlr
e 100 - (360Y
=, —& Q360H
z 75
2
£ 50
=
= 25 *
0 1 2 3 4 5
ith
By 125
— SH
2 1004 - SDH
z 75
2
2 50
k5
& 25
0 3 6 9 12 15 18 21
t/min
(Cy 125
-+ 5Y
s 1004 — SDY
97; —— A1729
= 75
E
2 50
=
~ 25

0 15 30 45 60 75 90 105
t/min

E 5 RREHERERRTHRNIZENE

Figure 5. The stability of mutanted alanine racemases.
SH: Al172S&Q360H; SDH: A172S&S173D&Q360H;
SY: Al72S&Q360Y; SDY: Al72S&S173D&Q360Y.
The data of every spots were presented as the mean *
SD, and the experiments were performed in triplicates
with similar results using three independent purified
proteins.

3 Tt

N TR el ] 70 2 . HEW)G U (Ar)
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oA (DadX/B), i 2 5 4L RE KR E 2
D-Ala (&, &S5 L-Ala 5. iz
S5 DR 290 A 20 P e B BIT A R R IR 22—
1o S5 AR R I A R BTN AR T R, LT L
W DAY 2 P T TG A o i T 24 40 7 s 1 S A

ASZIS W I g HAR 42 (T. tengeongensis
MB4) b & A7 53 A BUA 5 A W I Tié it (TtDad X
TtAIr), i 1o [F) P56 51 HT & Bk 6 1 TN R T e
Bt O S N A A 2 AN ARSI SRR
A (TtDadX: S171. H359; TtAlr: S173. Q360)™,
Patrick Z:fiff 3¢ Geobacillus stearothermophilus H114
FAIR M THE T IS T8 N A FEIR A A Y354 I, & B
Z Y354 {55 HIHBRYAESE; sun
TtAlr i Q360 Z2 748 A~ IS Z PR (Y) 5 , 27481
Q360Y 1 WL —J% 5 H L WF AR T4 5 T 18 %19,
Ul B2 T B2 52 M 2 1 A T 42 %) O
B o Xue S5 1 E R B HARIRIY T TtDadX Jik
Py 38 38 2P R R ST R 2 B R A 05 (S171
H359)Z A (A ELAE T, K& 2 A S A E R 2
SlaElmEN SHmrgaM, wu ST
E. coli "N ZBRIH ERF(ECAIr)IE 438 & i H] 2 2
SR 5 D164 BIVEFIALEL, & BUZAL 55 K438
TEANZR) E165 LK 2 AN IE B A & LR A5
R280 il R300 — /e ¥ i Hpite % 54 F P,
X eI Z 1 VS ) 3 1 ) )2 R0 N 2 A R R
SO TR E AV E LR AT A, A4y
A BB NAE T

ARSI E AR TAIr Hiy 173 fa5
B TR(S) R R RITLAMRD)E, RERAEK
S173D MARXHEPESUCH EFA T 24.44% , (HI% 5878
AR {1 1 R S oy I L M AR AR 15 °C, HLEF
F AT S SR AR 1 A172S&S173D&Q360H
CEZEN 9 min)Fl A172S&S173D&Q360Y (L7
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i 67 min) G EPES AR b HE A172S&Q360H (3
TN 4.5 min) &% A172S&Q360Y (L EEHK 45 min)
AR [RRE, A S173D RAS R 11 S173D .
S173D&Q360Y ., S173D&Q360H 5 TtAlr, Q360Y .
Q360H AHLL, WS 1 TR, HEMFEMER
REETH(65 °CAbHE 7 h & , FHXT BEHE {554 i 1:F 80%),
XA REEE Ry S173 i 28748 D J , 37 s i il
iSRS, B T — ANz
PR, BSR4 4y T A EAE T
P TR A MRCE . Im @Ak A
Streptococcus pneumoniae [P & FR I i€ SpAlr
) =4Eshty, K TZEAP Y TAIr () S173 41
Xof 7 A EBR 7 5, D70 a5 R 1 K 4y
)% Y263, Y282'. R288', R307'. Y352 H:[FffE
FATE I — 7S T8 QAR M 25 25, 1EF N A%
SRR AN REE . IR S s T A
5, SRR AR P s P
XA KIS H TtAlr h S173 5878y D J5 85748
R EE 11 R PRI A 335 P 2 B 1) 285 SR AH
WiGro 4K TAIr B 172 437 i B I 2R (A)
AR 22 R (S) e, SRABRER [ A G S A r 4
1o, (AT i 2R Je S BOH P R AR N [ (1#1 5)
AR I S5 A Oy 22 B R 0 D A T e R B
FS R K Ay F R AR A E AR, 256 0K F
TE e il TR R 3 BUE 1 BRI o 1456 10 )R
WEE AR NS EEANEAA RS, &
TtAIr B AP, 1 AL72 {753 5 1078 (S172),
SO E TS iR, RRREERIE T
W5 1M S173 fi # 2 HIRAR(DL73), H2m 2 ALl
T I dpc i S I B AR e v, BRI LA A
PE; BZ, WRRIHIEN TAlr IEY)EIE N A172
I S173 PRz s A 2 5 Wi il 28, 11 P A T35 P AR
P ST A o
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Function of amino acid sites in the substrate entryway of
alanine racemase TtAlr from Thermoanaerobacter tengcongensis

Guangzheng He', Qingging Han*, Shujing Xu'?, Baohua Zhao", Jiansong Ju*"

! College of Life Sciences, Hebei Normal University, Shijiazhuang 050024, Hebei Province, China
2 College of Tourism, Hebei Normal University, Shijiazhuang 050024, Hebei Province, China

Abstract: [Objective] In order to study the function of amino acid sites A172 and S173 in the substrate entryway of
alanine racemase TtAlr from Thermoanaerobacter tengcongensis MB4. [Methods] The mutant vectors were
constructed by site-directed mutagenesis PCR using plasmid pET-TtAlr as the template and expressed in E. coli
BL21(DE3). The enzymes were purified by affinity chromatography. D-amino acid oxidase coupling method was
used to detect enzyme activity and stability of each mutant and wild type TtAlr proteins. [Results] Both TtAlr and
mutant proteins were expressed and purified successfully. Results of enzymatic properties show that A172 site
mutation could improve the catalytic activity of TtAlr, but the stability of enzyme proteins decreased significantly.
Likewise, S173 site mutation could increase the optimal temperature of TtAlr, prolonged the half-life of the enzyme
and improved its stability, but the catalytic activity of the enzyme decreased significantly. [Conclusion] A172 and
S173 amino acids residues in the substrate entryway of alanine racemase TtAlr were the key sites that played a
major role in the catalytic activity and stability of the enzyme protein.

Keywords: alanine racemase, substrate entryway, conservative amino acid sites, site-directed mutagenesis,
enzymatic properties
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