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Cloning, bioinformatics analysis and improving
thermostability of a-amino acid ester hydrolase
from Xanthomonas rubrillineans

WANG Lu*? YE Li-Juan’> CAOYi"

(1. College of Bioscience, Sichuan University, Chengdu, Sichuan 610064, China)
(2. China National Pharmaceutical Group Sichuan Industrial Institute of Antibiotics,
Chengdu, Sichuan 610052, China)

Abstract: [Objective] The study aimed to clone a-amino acid ester hydrolase gene from
Xanthomonas rubrillineans, to perform bioinformatics analysis and increase the thermostabil-
ity of the enzyme. [Methods] The full length of aeh was cloned by polymerase chain reaction
(PCR). The gene sequence obtained and the putative amino acid sequence were analyzed by
bioinformatics software, and the three-dimensional structure of X. rubrillineans AEH was pre-
dicted by homology modeling. In order to improve thermostability, sites displaying high de-
gree of flexibility were replaced through site-directed mutagenesis. [Results] Aeh was ob-
tained by PCR from X. rubrillineans (GenBank accession: JF744990). The nucleotide se-
quence is 1 917 bp length, encoding a polypeptide of 638 amino acids and shares 91% and
83% identity to peptidase from X. albilineans str. GPE PC73 and GL-7-ACA acylase from X.
axonopodis pv. citri str. 306 respectively. Based on the predicted model, sites displaying high
degree of flexibility were replaced through saturated mutagenesis and 3 variants with 5 °C
higher Tso than wild type were distinguished from 282 variants by screening. [Conclusion]
The sequence analysis of X. rubrillineans AEH was benefit for exploration of evolution his-
tory. The strategy of replacing highly flexible residues by saturated mutagenesis can be used
for enhancing thermostability.

Keywords: Alpha-amino acid ester hydrolase, Xanthomonas rubrillineans, Sequence analysis,
Thermostability, Site-directed saturated mutagenesis
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IR K 5 A TR ) 7 R 2R 194K I (Penicillin
Acylase, fiiFx PA, EC 3.5.1.11) 1 5L HH Tk
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(a-Amino acid ester hydrolase, fij#% AEH, EC
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il; Xt DR H &R P EEA ek, Tk LT
DI E M SR A, A7, H
il O pH H PAIR, A s i 44 28 Hh () S A
PR R, UHGE A TS T o- 2 3R
B-M BB AR, SN IER A RIS PA
B,

FR 1972 4F Takahashi 285k & BRIf43 B 5
AEH, {HE | 10 4ER1A H A ¢ AEH WY
B T O A S = A RS R T
AEH il H o IRIRS PURIK, BEASMH AL 34
o- BRI HIK i, B-INBEEHTAE R B B-I
R TAE R IK AR (B 1), AEH BN IEHEA —A
B[ RS A R ol A N S B B < (75
Asp-Ser-His ¥ i) = e AR, HETE F =445
) AEH 5 2 A, 435Ik H R AR 2 B A

Xanthomonas citri FITR M EEFTT# Acetobacter tur-
bidans, 7RI R AT T 1E

A 5% M £1 8 8 5l 1 (Xanthomonas  ru-
brillineans CPCC 140817) L] AEH 5L,
XPHHEAT T 80 X RIS AT, A T 4%
Tif %ot 2% 7% %) 413, 25 1k (Robustness to mutations)™,
N Ji 68 5 i) it Ak B A — A e AR B AR T,
FE RLGRAR T IR P A i s BE R A . AR
FANA BT ESMEH, Emidtit AEH L
T8 WA TT K, RIS AR i B R B- A Tt
Fehi bk RO T %A

1 MRS5Sk
1.1 &k
Xanthomonas rubrillineans CPCC 140817 H

7-ACCA Cefaclor

) ﬁg @*f“;@

\

D-PGM

COOH COOH
Synthesw HO
\ Enzyme
Enzyme
Intermediate Hydrolysis
NH,
H,0 HO
COOH + Enzyme

1 AEH R LB &S MR B R R BEK #7 /R 52
Fig. 1 Cefaclor synthesis and D-PGM hydrolysis reactions performed by AEH
E: D-PGM: A H AR, 7-ACCA: 3-5{-7-Z k25 LBt AL L AL 2.
Note: D-PGM: D-phenylglycine methyl ester; 7-ACCA: 7-Amino-3-chloro-desacetoxycephalosporanic acid.
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rh [ R 25 B A DU BT R Tk A5 {8 E. coli
BL21(DE3)/&z A4y A At RARA AL A H]
1.2 3l4FRitF

AT e B R AN LA T A TRAF
PfusRA i, & 548K TOYOBO i KOD plus
FE R ARG, WYIEE Dpn 1 & T4 DNA 4%
fifg W H Fermentas 7~ ®], JRL /)& 42 BOCR A
Bio-Tek A Al OMEGA X5 &, Heiksl bk
H ek /7 dr i, 51 E RSy B i
Invitrogen 23 7 5E i .
1.3 KWHE
1.3.1 PCR %##8 AEH E[E: PCR Wik Z:
L [F41 DNA 25 100 ng, 514 10 pmol/L, dNTPs
200 pmol/L, 1xPCR buffer, Taq i 1.5 U, ddH,0 %}
SRR ZE 25 ub, 5IWFHI AR 1 H CF K
CR., i PCR J W A2 74N : 94 °C 3 min; 98 °C
30's, 50 °C—58 °C 1 min, 72 °C 1.5 min, 3t 204>
PEFAR; 72 °C 10 min, PCR F=#¥ljie i, 7apss)
PGEM-T #kfArr, IF LIk
1.3.2 AEH BIRERFYI5 R =455

¥ Br 3R 45 1 3L X 7 %1 28 BLAST  (http://blast.
nchi.nlm.nih.gov/BLAST.cgi)5 GenBank Hi%dE
I A & EBCHE P AT [RUR PR L X . R
Swiss-Model # /N AEH (1 =245, R
PyMOL Mt He = 2 g by st A 10t — 440

133 AEH SEBFISMEESIBARIE:
iE4T B-FITTERMV AT 1.3.2 Hhi8 3| 1Y = 254 11
PDB #5334, B flfem i 10 PN IEmRGE AL K
XA E UL 2, 15 51k GIndl0, Gly435,
Phed59 =M sl i 1T UL AN SR | i RS8R
JH KOD #4752 16 PCR, %/ pET28-aeh fifi
KOABMR, B 1, BRI ES WAL
S UL [ PCR 1324t Boki i T4 DNA
HERGHE G, 23 E. coli BL21(DE3),
AT AEH ZEARR I

1.34 FHARREDT AEH RIRIELIIER: (1) B
AR AEH, B0 7 5IE ) pGEM-T-aeh A1 pET28
FHARI> 9% EcoR [ F1 Xho 1 BV [Ek, 1 T4
DNA i 42l % 3 91 AL 32 & E. coli BL21
(DE3), ik MEEWAFRIZE AR A,

F1 AT AEH ZEMESETHIGI4

Table 1 Primers used for cloning and site-directed mutagenesis in this work

i i le
Name of primers Sequence (5'—3') Mutation sites

CF CGGAATTCATGCGCCGCATCGCTCCCTGCCTGC EcoR I
CR CCGCTCGAGTCAATGTACCGGCAGACTGATGAAAC Xho [

410F GNNKGGCTGCCCGGCGCAGAGCAAGCC

410R GCGCAGCTCAGCGGCCAGCGCTGCAG e

435F CNNKCAGGGCGAGTACACCGAGTACGT

435R GCCTTGGGCGCCTCGAACGAGACG 4%

459F GNNKGGCGACCGCGACATGTGGACCAC

459R ACCACCGGGCGCGGCACGAACGG F4%9

TE: A NIRRT N IR, R REAL (A

Note: The underlined sequences are the restriction sites, and the mutation sites are in bold.
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2 ANEBHE AEH B BESSH
10 MEEBRTLE

Table 2 The 10 amino acids of X. rubrillineans AEH
with the highest B-value

e B fE HE#
Residue B-value Rank
GIn436 50.33 1
Gly435 46.4 2
Ala434 44.9 g
Phe459 41.78 4
Alad60 41.59 5

Lys34 40.86 6
GIn410 40.24 7
Arg462 39.57 8
GIn627 38.36 9
Lys433 37.75 10

(2) 278 AEH, IS 2 HRICr- L E %Ak is
7%, NS 500 pL Bi AR 2 mL 96 LIS
W, REFRIEA AR 0.1%FLKE, 1% F I, 0.5%0%
FHEH), 1% NaCl, 30 mg/L EIRE R, ALk
# 30 °C.200 r/min 375 24 h J5 YR AR .5 000xg
B0 15 min, 7AW . ©7% Sambrook 177
HE0OE 96 FLAR I JCAN BRI TR TTTE
A 400 pb S 27 whil, S0 28 vh g 21 A
50 mmol/L Tris-HCI (pH 7.5), 1 mmol/L EDTA,
0.5% Triton X-100, 50 mmol/L NaCl %% 1 g/L %
B, 37 °C T4 30 min, Zfogte, 96 fLik
5000xg #.0> 20 min, B2 96 FLAKHE
HEEAR, 4 °C RAFLAAS I B
1.35 HIBEMRMTIFIE: (1) P, BT
T OGN M R ECY) 96 L PCR 4R, 7E PCR
7 50 °C £ 30 min, 4 °C 241 10 min IF7EE
TRSEA7 15 min J5 4

(2) BEEIIAE o 2 R UNT A543 S0 D0 2 it 1Y)
TG 2 45 HU) PR R S TS . SO
30 mmol/L 7-ADCA . 15 mmol/L D-PGM T

50 mmol/L pH 6.2 FIBERRENZE 1, RN A
50 pL JC4RMEHE B AE mL B IR A4, 30 °C /K
%30 min, [EIEARG . LR FET, 1 min AR
1 pmol SkAIZ R B B L 1 N6 T
f7(1 U)o HPLC 5 S Az ik fl 2 R it o

HPLC 43 #r Bk i 4 #rkE: FEZ T Cu,
4.6 mmx250 mm, 5 um; FSIAH: A: HEE, B: pH
2.1 BEMRERSE M, A:B=30:70; Wiik: 1 mL/min;
FEVRAR: 35 °C; Kl K 254 nm; Sk g F R
[FIE]: 6.24 min, TR ARAIALE JRT 5 15
P HAE

1.36 PHMRTHEETENERRIBEESH
Tso BITTE: [AHHH L A0 R WA~ SR 2 A8 A ot
ARSI AL TR OFIXTEF A= BRI ER 80%H 7 1
@A PR I BT LU = T 50%.

(1) PAMEZRA R4k, SR 1.3.4 WU H AR
FREFRIE, 7€ 250 mL $EH 30 °C. 200 r/min k%
7% 24 ho >RH 1.3.5 TN ARG 532 il 28 e 4 it
FEEC, 1 Hi-Trap (GE 2] BEy7 &R)2lifk Jo 2 i
LU Y (PET28-aeh by ELHE HAW A N-ig
6xHis #r%), & 20 mmol/L BKME) pH 6.2,
20 mmol/L #§ER4H, 50 mmol/L NaCl 2% g i
HAE M., HIEE.04 (MWCO 50000, Millipore)
Wi & BB ViR, /5 SDS-R N
P i B M HL UK (LOY PR A T M ) o T VAV ) 2 B

(2) Ml L35 0 5E o I8 1.3.5 TR 7 ki
SRR MY IEYE . Pierce BCA 2 H & & i H
EIEE A SR, BARRES IR &34,
R Al A S TR LIS

() HAEPFENESEL Teoo ZMCHR[L713T
B Tsoo WIRLLEHAWLE T 96 FL PCR i, PCR
{03 E 35 °C-65 °C MR, F5N—ANi
JERBEE, WRIRFHE . AR RERE WY 3 1
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TTRERCESE 347 AN EERR B R PRI 30 min,
P BT PCR MU T 4 °C ¥ ) 10 min JR7E
F T 15 min J5, 435100 5k B W L R ak R
it % oI FE AR I, 5% BA TS SRR 4G TS 50% Y IR
FER Tsoo

137 PAMRTHRRTREBRBIBE: T 25
5 °C D 5 AR Ff OMEGA (Bio-Tek) /)Nt it
KSR U e g TR, IR

2 GiR

2.1 aeh £FFIHIELR S H

A RIE 5015815149, PCR 141551 5 15
WK N—BU 47 o 2 BN P 43T, B8 M-
AR/, $258 GenBank 31555k 5
JF744990,

¥ aeh JPFI7E NCBI Fidi 132 A T4 R AN
BRI R IR b . G550 AEAR TR
KL, HSHSGE M Xanthomonas albiline-

GPE PC73 X Hf i 3¢ # 5 Jfg 1
Xanthomonas campestris pv. campestris str. ATCC
33913 JENA P —BoRl R, 200 88%
I 86%, WALk A FEE LM T, A I
REiA; TEEILMR/KT- I, 55 X. albilineans GPE
PC73 (1) kil N th X 75 18 PRI AT X. axonopodis pv.
citri str. 306 F& % k- 722 L Sk A ke PR Ik Ak B (7]
PRIETE-7-ACA TEALHE) Y 2 B2 e 51 AH DL P i
i, Srlik 91%7F1 83%. S =4ESS I E AN
AEH B FERR[FIEIE 50 82%F1 62%, £L4L
HRME AEH 5L 1 4 AR (50 4G
RULIE 2, n] DWLATS0sE B AEH BT PEH O
BERRARHIRST o

5 H B H B o g R & 3 s,
AEH 5 X. albilineans GPE PC73 HJikfiti %% %

ans str.

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

2.2 AEH BY=ZREEHIFRN

W F Swiss-Model /4% X. rubrillineans
AEH 1 =425 Fg AT RIIE A . R X, citri
f) AEH fiAZEH(PDB ID: IMPX_A) WlR, £
)R EE X543 87, AR T X. rubrillineans fi) AEH
1) = HEZE R (B 4A),

23 KLU SHWIAERRTHRENZEL

B-FITTER 43#t X. rubrillineans AEH 1) =4k
SERIRERS KR, E AL AP TELT
5 MXd: 433-436, 459-462, 34, 410 J% 627 (£ 1),
34 {57 Fl 627 (v 5% 553 i A A N-Bii Al C-Yig,
AE IV P 2 TR 5 72 %o e AR, 11 R P 7 A 5 T
PR, T 462 AL F IR E AT 114510
WIEA (4B, 2Lk ARt AT A S
MU IE), & T — 4w R K R S H bR
A7, WO e % i 433-436, 459-460 & 410 =
XK. E e T 410, 435 Fl 459 =AM
RAR, = HELZER TR AR WLIE 4B,

M TR AN SEAE, RYE 95%E s RNt
SR AN G AR S PRI 94 LT, 3
282 k.

24 BHHERREDT AEH IR EMER LR S

ZHILRE, 282 MRAR A 47 BRRARIA
TREE T HIXTEY A A 80% MY TE . Hidh, A 9 #h%E
AR R FRA P B LU T 50%. 9 BRISAE(R
SrEaifbls, SRk E M50, IR 1.3.6
JIF IR DN LU 3 T AR B -1 B T Tsoo
Too BEPA RIS 5 °C LU AR I, HE LR
AR T A TR LR ) 3 3. AT LA,
S5EFAERAM L, GA35L AL A kAR IR
TG SIREAK 27%, 73 SNPIRE 8 AR AR LU I8 A
%o Hor FA5ON e M, H 5P A AU ES
SEPER EL A LA 5.,
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X. rubrillineans 51
YP 003376365.1 51
NP_642657.1 50
IMPX_A 50
2B4K A 90
ruler
X rubrillineans 130
YP _003376365.1 130
NP _642657.1 129
IMPX_A 129
2B4K A 160
ruler
X. rubrillineans 210
YP 003376365.1 210
NP_642657.1 200
TIMPX_A 200
2B4K_A 240
ruler
X rubrillineans 290
YP_003376365.1 290
NP_642657.1 289
IMPX A 289
2B4K”A 320
ruler
X. rubrillineans 370
YP_003376365.1 370
NP_642657.1 369
IMPX_A 369
2B4K”A 399
ruler
X rubrillineans 450
YP_003376365.1 450
NP_642657.1 449
IMPX_A 449
2B4K_A 477
ruler
X. rubrillineans 530
YP 003376365.1 530
NP_642657.1 529
TIMPX_A 529
2B4K_A 557
ruler
X rubrillineans 610
YP 003376365.1 610
NP_642657.1 609
IMPX_A 609
2B4K A 637
ruler
X. rubrillineans 638
YP 003376365.1 638
NP_642657.1 637
“IMPX_A 637
2B4K A 667
ruler

2 AEH S EBEF 5 LLXS 54
Fig. 2 Alignment and analysis of amino acid sequences of AEH
FE: YP_003376365: JKMH(IS0H# I #); NP_642657: GL-7-ACA b (HuEE 5 #5 i), IMPX: AEH(HH 7% B B #);
2BAK: AEH (IRMEHT ). B SRR, HER RGO,

Notes: YP_003376365: Peptidase, s15 family protein (Xanthomonas albilineans str. GPE PC73); NP_642657: GL-7-ACA acylase
(Xanthomonas axonopodis pv. citri str. 306); IMPX: Alpha-amino acid ester hydrolase (Xanthomonas citri); 2B4K: Alpha-amino
acid ester hydrolase (Acetobacter turbidans). Asterisks indicate conserved amino acids. Red boxes indicate active center.
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——  Xanthomonas rubrillineans

—— Xanthomonas gardneri ATCC 19865 (NZ_AEQX01000103.1)

—— Xanthomonas vesicatoria ATCC 35937 (NZ_AEQV01000232.1)

L———  Xanthomonas albilineans GPE PC73 (CBA16374.1)

Stenotrophomonas sp. SKA14 (DS999412.1)

Stenotrophomonas maltophilia R551 3 (NC_011071.1)

Pseudoxanthomonas spadix BD-a59 (NC _016147.2)

Acetobacter turbidans (AF439262.1)

Xanthomonas campestris pv. raphani 756C (CP002789.1)

Xanthomonas campestris pv. campestris str. B100 (NC_010688.1)

Xanthomonas campestris pv. campestris str. ATCC 33913 NC_003902.1

0.1

E 3 #FMA ClustalX #iEH AEH 5RIRE R ARG (LR
Fig. 3 Phylogenetic tree of AEH based on the homology proteins by ClustalX

T 5587 GenBank Bt B KA 1000751 25 5.

Note: Numbers in parentheses are GenBank accession numbers. Bar: 10% sequence divergence.

4 X rubrillineans AEH = 4t 25 #[E
Fig. 4 The three-dimensional structure of X. ru-
brillineans AEH

A ETFHIGE N E AEH (PDB ID: IMPX_A) [4T4L
P AEH AR SIAZEE; B 3 ALY
(OACWS /RN

Notes: A: The predicted three-dimensional structure of X. ru-
brillineans AEH based on X. citri AEH (PDB ID: 1IMPX_A);

B: The location of three highly flexible residues and the sub-
strate tunnel of X. rubrillineans AEH.

http://journals.im.ac.cn/wswxtbcn
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Table 3 Thermal stability and specific
activity of variants

PUbHRT EL G > .
@ i
RASRA R Specific activity be- s T .
Name of variants fore heat treatment ¢ E?)
(U/mg)

WT 576x17 43+0.5
G435L 418+9 49+0.8
F459N 602+11 54+0.7
F459C 583+23 53+0.7

T > RPIGHE ) BB RGN 3 A A TR 14 (.
Note: *: The specific activity and Ts, values are averages of
three parallel samples.

3 ik

TER WK [, SLrars i AEH A
UM e i %) X. albilineans GPE PC73 Wik, J&
T Pfam £dFE A XA S15 F R X AhEE 1
KGR RHE R & ap-/K G BT S 45/, AEH
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120

100
—e— Wild type

80 —A— F459N

60

40

Residual activity (%)

20

0

35 40 45 50 55 60 65 70
Temperature (°C)

5 X. rubrillineans AEH B4 B % 58 254K F459N 4§
HRRRIEE 2R E

Fig. 5 Thermostability curve of purified wild-type and
variant F459N of X. rubrillineans AEH

A 43I E BERA RN TAEE T (35 °C-65 °C)AbEE 30 min
Ja Bk R A . AR R R AR AR F459N 35 °C i
HeIG FBUERR AL 2 100%.

Notes: Activity in the synthesis of cephalexin was measured
after the enzyme solutions were treated at various temperatures
(35 °C —65 °C) for 0.5 h. The specific activities of wide-type
and variant F459N at 35 °C were normalized to 100%.

i HLA AR A S5 Fa e, LR 2 i B A 0 PR T
X. axonopodis pv. citri str. 306 /i - fE-7-ACA Pt
1R, % —-7-ACA K Fy 7-ACA [ -
% BE-7-ACA BEALEERIIKY S AEH [RPIE
A —E AN, S5ThRe AU —2,
G FE A E A (] 3)Hhn] LI H, AEH 78 3 Ll
B AR 2, 5 AEH SR LRIk
Bt ok [ B PR TR, ASHEBRPIFR R R S [m] A AH
SeE BT RENE,

TR R IR FEE AEH 1Y H R GELN T
TolbfeA: = p-INmEREht A 3 . Hrp AR e X —
B AR ICISRT T8 1 T AR (e T v RS T LA
i 5% AR Al B R AR OE T JC TR s AR
PO IR R B2 Tl Ak A 7 rp g Y 3R R E
PEPIRR A AR X, HIRKE R AEH
FEPEVE RS S — 20l S BT
G > B R B e i v il R M 1 A 3k

FUER MR A B, BT LAASIF 53 7 B2 i 41 808 B 1
AEH B2 e PRI Bk T2 BRI RIS, 645
P A J5. R A7 100 el 2 i 2 184 M 3R A% FBH
e IR

T 3k ) T S X R S AR e T B O
B, ARSGHEAT = TR R ORI PR
TR, PR, (e AL B B A ER T, @™
R s 1 400 o R I 40 R B 9 U A ) —
RINGAE, @IS H B Fe Ll fb 5 TR H
577, HEBR T BB PN 28 A8 5| S 1 22 K 1 2 51 il
FETEPER AR b . B 3RAT 3 Bk Too SHTA AR &
5°C Ao AR A, Uk IH 2% PR i BE D ik i ml
itk

PFREPEMHE = A BE LM S A . A
DUAE W) 0 A R T WA bR 3 MR R e
PEo 34K Too BMFAETUER R 5 °C LU Ay AR AR,
G435L A A BT ER B LEIE IR 27%,
AR B8 GA35L 1& R/ N T 20%, 1iHITC
208 it 5 L I 2R 4l it X D0 e 3 P
— B2, I DL SEORE Y Al R S LTS R
Y, 3545 FASON Kz FAS9C FY Too BCHF A 43l
10 °C f19 °C, FLHIG A RK, aTLER
AEH & [al Ak I LR B
Bosh: oo RiEE L -5 L AN R AT
7% BT Manfred T Reetz k4% 1% B-FITTER %K1,

2 % X uk
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