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U 4K [ P AMITE 5T IS [ f B A o O v B
P — e CMEPA JK i lig 2 K. Weiliang Shen 45
W &7 M Paracoccus sp. M- H 5 [% %) CMEPA
K fift B PamH, % {4 7 & K /b 2k 50 kDa, i 3% 71
pH6. 0 9.0 2 [ Fa 52, I 3t J I i & 24 45 ¢ M
Jun Zhang % )\ Paracoccus sp. FLN=7 w1 5 [ 51— 4~
BT CMEPA 7K fi# 5 AmpA, i% 54> 1 & 49. 6 kDa,
o3 [ NAELEE 40 °C, i N pHT.5 - 8.0 L A
SR 7 5 43 AT 2 WX 26 0S8 T E A B (EC
3.4.11.2.) , B A M 70 (¥ 19 i g 08 <7 )7 510 GGSS i
HE AL 3 P 0 Lys-Ser-Sers

ENTSTEENTE DN AN ¥ SR R eh A
53 25 E|— Bk CMEPA & 20K fi# B ¥k Delftia sp. T3 -
6™, I B T e B A b % K % I B e K A4 i
DamH" . DamH 4} 7 & K/ Jy 32 kDa, 5 i& &4
Jy CMEPA, 5 K Hl k{8 4> % % 0. 197 mmol /L #1
2804.32 s ™' JRIE G N pH 6.5, B 3 Al S N ik
k35 C. Bon 5 CHGE R CMEPA K fif i A
I P9 DA R v T e A 5 LA VB AE 1 N
i« BILRRIT 550 MR W] DamH A7 L5 1 i 25400 11
LR 5E FEH GXSXG M HGG® , th 47 76 55 1 i %
L LI S IR Ak S149, E244 Fl H274, JiK W) 1%
S AE S DamH A3 FAT M A6 X0 A 55 5 s A0 =156 H b
K

AR RIS AR — R PTRIE T
B AHE LR B 4T S . 00 Mk B R A
61 AR R L LR R ST P R I ik
R 5oy TAHBILRIL, SINTTE M 7 T AR Bl
R M AR SR AT R R IR R ) 58 AR
B AT A A R K T o i
IR IR R L AT 5 AR AR, B AL
AVATEFR LM RS 2 — " o AT g P R
XF DamH HEAT 5 35 3 A B, B A 35 35 P A7 212
FW 548 (D165G, N192Q) i 40 filg v] ¥ Mt % 38 Fn
TR — o e (B R R IE) o ABIE SR ST
AE 90 T bt 2 S5 R 47 4 (S149, E244 F1 H274) it
AT 58 1 AR R 3R L T v o0 0 3 TR R SR A R X
D165 Fl N192 P A2 3 MR A s MEAT 8 RUSRAZ, W 5T
A P v B I TR o T A S M A T R AT
AL

| O R S AR

1.1 EH

TN DamH X & W 8k E. coli BL21 (DE3) -
pET29a~damH , Fi 1k 3 » 5 T 19 50 A K27 ARk
PR BE A ) I B DR S e BE K E.
coli DH5 o, KA WMk E. coli BL21 (DE3) , A5 %
PRI o
1.2 A3

AWEG T 5190 o b e S R A R R
/3 7] (Invitrogen Co. , Ltd. ) & HL 51 T4 W E 1.

% 1. damH E 7 R%E PCR YIRS

Table 1. Oligonucleotides used for site-directed mutagenesis

DamH gene . X
allele Mutagenic primer sets
Dam-¥ CATATGGGCACGTCGCCGCAGTCTGAT
Dam-R GTCGACTCAGTGGTGGTGGTGGTGGTGGGCGCCCTT
GAACCACTGGG
SI49A-F GCCCGCCGCGTCGCLCGCTGGTG
SI49AR CACCAGCGGCGACGCGGCGGGE
E244AF GCAGGGTCGCGGCACTGCCG
E244A-R CGGCAGTGCCGCGACCCTGC
H274A-F GAAGACGGCCTGCATGCCGT
H274AR ACGGCATGCAGGCCGTCTTC
D165K ¥ CTGCGCCAGAAAGGCGTGGCGCT
DI65K R AGCGCCACGCCTTTCTGGCGCAG
D165L ¥ CTGCGCCAGTTAGGCGTGGCGCT
D165L R AGCGCCACGCCTAACTGGCGCAG
D165E ¥ CTGCGCCAGGAAGGCGTGGCGCT
D165E R AGCGCCACGCCTTCCTGGCGCAG
D165pP ¥ CTGCGCCAGCCTGGCGTGGCGLT
D165P R AGCGCCACGCCAGGCTGGCGCAG
D165Y ¥ CTGCGCCAGTATGGCGTGGCGCT
D165Y R AGCGCCACGCCATACTGGCGCAG
D165Q + CTGCGCCAGCAAGGCGTGGCGCT
D165Q R AGCGCCACGCCTTGCTGGCGCAG
N192Q ¥ ACGCTGCAGACCCAAGCGGCCAC
N192Q R GTGGCCGCTTGGGTCTGCAGCGT
N192K + ACGCTGCAGACCAAAGCGGCCAC
N192K R GTGGCCGCTTTGGTCTGCAGCGT
N192L ¥ ACGCTGCAGACCTTAGCGGCCAC
N192L R GTGGCCGCTAAGGTCTGCAGCGT
N192E ¥ ACGCTGCAGACCGAAGCGGCCAC
N192E R GTGGCCGCTTCGGTCTGCAGCGT
N192P F ACGCTGCAGACCCCTGCGGCCAC
N192P R GTGGCCGCAGGGGTCTGCAGCGT
N192Y ¥ ACGCTGCAGACCTATGCGGCCAC
N192Y R GTGGCCGCATAGGTCTGCAGCGT

Nucleotide codons in boldface type encode the mutated amino acids.
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1.3 BERES5KKF

LB 177 5 (g/L) [ RE¥Y 5.0, JB 85 (1 10. 0,
NaCl 10.0,pH7.0 -7.2.

LA-Taq &, Taq &, PrimeSTAR HS DNA (¥ &
%, TADNA Ligase, pMD19-T Vector ¥l F K i%E % 4
Y/ 7] (TaKaRa) , IPTG, X—gal 4 % 75 %5 2 (Amp) ,
T E (Km) W F g4 T, H &R 58
Ky M4l

158 1 IRl R 3 5 ok S BGRR | B A st
R WH AR E R A 7 (BioTeke Corporation) , #% [
Iy 2246w 504 07 3 A= ) BB AT IR ] (Genscript
BioTechnologies Co. , Ltd. ) »
1.4 E=EZEMH PCR &S XL DamH

K HE B G AR 5 vk, DR AR B4R TR pET-
29a( +) damH JyBRR, Wk @ fUFAL 514 %5 #E W
{9 DamH 3 /> g 35 1 b0 A7 4 S149 . E244 . H274
DL K D165 Fl N192 P A 5% Wi 5 21 il 4 325 A1 3% 7 1
SRR AT RUFEAT 2 R

& AN PCRFL A HE 7575 W2 25 Sk 19 -
201, LA IE 34K T kE pET29a ( + ) ~damH Jy B,
J6 53 M LA A K514 Dam—F (IE 1) 54, & Nde 1 i 1)
P 850 FNSEAR AT 2R ) 1 36 W R A R S
a3 BL A K 51 4) DamR () [ 514, % Sal 1§ D) 47
A0 RGBT SUIE [ 51 39 R )R 4. PCR FE
Wy FEL UK > DNA 38 Ji ik 771 & [0 e Js » DA 58 9 3
[ bR PCR =4 A B, LL A K 51 4) (Dam—+F Fil
Dam-R) 4 4~ K. PCR F£/3 1 98 C 10 5,55 C
10 5,72 °C 1 min,30 MG ;72 C 10 min.

PCR 7= 4 % it Ha Wk DNA 8 52328 701 £ 11 0 s
A JZ,T/A FE/E % pMDI19-T 50 [ 244, Nde 1/Sal 1 X1
V)G 5 pET-29a ( +) b 548 5L R 0k 3k A Y
Y RIS E. coli BL21 (DE3) J& 52 25 41 Jfd
M A R R
1.5 RLEREERFSRIERRK
i 7E

FEAR R IE PR L 4 GE PR R I # £2 0.2
mmol /L IPTG 5 3 5% 7% J& 1) 5% A& 3 18 W bk 55 7% W
6000 r/min, 10 min & .0y, LUK B ) MSM ¥} 44 15 7%
FEHEEPEE 1 %, 6000 r/min. 10 min 5.0, LK B
) MSM i 44 15 7% 5& i 22 0D, 2 1.0, #E 8 T HL
0.1 mLB E W ZE 2 mL 4 2 mmol/L CMEPA [#] 20
mmol /L Tris-HCI %EYEIJ{&(pHﬁ 5) #,35 C &2 h,

S

TEHEMBMEN

D
1.6 REFMAMAN

Ni* " NTA 5% F1J2 BT RE T3 58 LA 35 R 44 R 20
mmol /L. Tris-HCl (pH7.0) ¥ i, ¥ & 4 | 41 i
DamH [f) 8 #F 3 25 0 B3 B FE S Ni*" NTA 35 fi )2
FrAt,4 CHEHE 1 h, LLS A AR 20 mmol /L Tris—
HCI(pH7. 0,50 mmol /L 1Bk M) ¥k £ 22 A, 2R J5 LA
20 mmol/L Tris-HCI (pH7. 5, 300 mmol/L) ¥t lii,
SDSPAGE vk ™ 456 40 1 » g 4 4 IF 40 3 4 1 1)
Ve, 4 C, LB 7> 1 & 10 kDa {13 Hr 48 7E 20
mmol /L Tris—HCl(pH7. 0) 22 M 3% B ik 7 2= B Bk
e o
1.7 EgEMNETZE

WOl & a0 1 R B4 M i 2 3 mL 2
mmol/L CMEPA ] 20 mmol/L Tris-HCI (pH7. 0) tf,
T30 C /¥ 10 min Jis JIA 0. 1 mol /L 458 Jk 22 %
AR A 0. 2 mol /L Bk FAL B % 30 WL, LA SEAR (1) 1
411 (WT) g ) B W B 10 45 5 W € 0D » A4 A
Wi 2 MEA & 6T

Wi 2 Xk 30 °C R A Bl A AL 7 B T mol
MEA Jit 5 It 8 11 & (mg) o
1.8 EEZEMNE

% Bradford J7vEREAT» LLAS MLV d A AE 4 b 4
A BB AR W22 0k 24

2 HRMIr

2.1 EEEEMPCR E S XL DamH

LA L AR FURL pET29a ( + ) damH g B
& 4L PCR § 1% S149.E244 .H274.D165 F1 N192
RAZFEK, 85 R WK 1.
2.2 EMHROEERZERTREAKGHSHEAE
i A )

XJ R RE (03 PR 0 s BE R AT R R KB A
BT () AR S T Wl AR E 1, SR AR JE B AR A T AR
A P U R S R IR ) DamH K ARG . LRSS
5 B AL TE PR S 400 HE AT e 1 0 e A R A
20 B0 RN AKHE MEA 768k S AL B HEAL T 5 4-
R 2 R PR B B R i S

55 1 s VAR & 12000 r/min B0 1 min,
EVEWCT 535 nm KR W E WO AR, R % TR K 1) 1
WEEAT LR 5 B A A LG, R R E244A F
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Figure 1. Agarose gel electrophoresis of site-directed mutagenesis
damH by overlapping PCR. M: DL5000 marker; lane 1: damH
(WT) ; lane 2: SI49A; lane 3: E149A; lane 4: HI49A; lane
5: DI65K; lane 6: D165L; lane 7: DI165E; lane 8: DI6SP;
lane 9: D165Y; lane 10: N192K; lane 11: NI92L; lane 12:
NI92E; lane 13: N192P; lane 14: N192Y.

WT  SI149A E244A H274A CK

-
2. REERERARE

Figure 2. CMEPA hydrolysis activity detection of mutant

strains.

H274 A W) J 3 » SEAL kK S149A Bk B 7% 7 0 B A= Y
DamH ] 5% (& 2) . YL 3k, & o A e,
12000 r/min &0 10 min, B 5 pL i W (49 20 pg
HE) > ULIE LU VR Tris—H 200 2% iR i > I 2 L
Fedh (29 4 pg 8 1) # 4T SDSPAGE Hijk. SDS-
PAGE HIK&5 R W /R RAETHEAHMA € EHER
i, H274A T 8 2 (A 44, S5 41 B 3 oK & A7 A
JTutvEt (& 3) .
2.3 DamH ZE#33EN

¥ DamH B IL R 7 51 5¢ A8 42 NCBI 2 [ 4 14 £¢
5 B2 (PDB) 47 LL X} » DamH 5 1 fiff 3FAK A 5L 1
1% 30% . L 3FAK 2 M, f & 1R 7 41 4 A8 &2
http : / /swissmodel. expasy. org /3 1T 45 F4 4 # o OFf A5
AG 2 pdb SCAFLL pymol 1.4.2 $R R 22 18, 3145
DamH 7 (15017 45 0 R 3R 10 B 25 45 0 o & 1 (]
4) o 5 3FAK — 2, DamH W] f () 35 ¥k b0 3 A&
SRR TR AL S149, E244 I H274 K B 1) = 1 A4 45 4 47

B 3. REFAEKMEE K SDSPAGE Bk [E i
Figure 3. Analysis of the expression of the mutant enzymes on

SDS-PAGE. lane 1: total protein of E. coli BL21 (DE3)

harboring pET29a( +) ; lane 2: low molecular protein marker;
lane 3 : total protein of E. coli BL21 (DE3) harboring pET29a
(+) -damH (WT) ; lane 4: precipitate protein of E. coli BL21
(DE3) harboring pET29a ( + ) -damH (WT) ; lane 5: total
protein of E. coli BL21 (DE3) harboring pET29a ( +) - damH
(S149A) ; lane 6: precipitate protein of E. coli BL21 (DE3)
harboring pET29a ( +) -damH (S149A) ; lane 7: total protein of
E. coli B121 (DE3) harboring pET-29a ( + ) <damH (E244A) ;
lane 8: precipitate protein of E. coli BI21 (DE3) harboring
pET29a( +) -damH (E244A) ; lane 9: total protein of E. coli
BL21 (DE3) harboring pET29a ( + ) -damH (H274A) ; lane
10: precipitate protein of E. coli BL21 (DE3) harboring pET-
29a( +) <damH (H274A) .

Tih o WRBERN B AR ) 1 AS P N S IR
IR o BERERT T OAS N D Ao X 45 1iE 5
TR o/ B 7K fift T 5% I AH A5

3FAK o 5y MR AH DG s SR ik 2k (18] 5-A) o, o
WL Serl57 il % 7 & i Trpl74 % 52, Serl57,
Glu251 F1 His281 F4 Ji H A 1 4k 9, % e ) 2R AT LA
A DL S R ik AL o 55 2 S8 4BL, DamH 1T fig (¥ 3% 1F
0y Serl49-His274-Glu244 7 i)t 47 76 210l 1) &5 ¥4
(F5B), H5 2l i S B AHE 2 LRk b 5
3FAK AL .
2.4 D165 f1 N192 =T F 4 fk,

¥ D165 Rl N192 P A 50 JE IR 7 2 RSB
41 DamH LA Ni*° NTA 5% R M7 REEAT 448
P EE I S wL (29 20 pg B2 ) » Pl 2 pl
R EAT SDS-PAGE LYK &S W 2 0K 15 B0, &5 R
6.

SDS-PAGE Hivk 45 & W78 DamH [f) 2 /N2 HE R
P A5 AR Ny il & R e » TE 4 I 3R 0K 32 B B K R R,
N192P JLF AL, 2 Ni* " -NTA 36 A2 7 (106 i i
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4. 3FAK #1 DamH Rk EHMFH R EE MR E T EE LR

Figure 4. Compared with monomer and surface structure of 3FAK and DamH. A: monomer structure of 3FAK; B:

monomer structure of DamH; C: surface structure of 3FAK; D:

(A)
q ILE
- | SE
-." . 5w @ ..-TR
KV y

=L

(B)

surface structure of DamH.

E 5. DamH 71 3FAK FHiE X S EBKE B LK
Figure 5. Reaction related residues of DamH and 3FAK. A: 3FAK; B: DamH structure. H-bond

interactions are outlined by the dashed lines.

D65Y DI65P  NI92Y NI192K  DI65E
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& 6. KT FLABF4 L SDSPAGE Hjk

Figure 6. Analysis of the purification of the mutant enzymes on
SDS-PAGE (1) . p: purified recombinant DamH; t: total protein of
E. coli BL21 (DE3) harboring pET29a ( + ) <damH; CK: total
protein of E. coli BL21 (DE3) harboring pET29a( +) control.

R B 4% D165 P S BRI v b H bs 2 1
D, 2 NiTTNTA S5 R JZ T (0 26 b A7 o —
Zotr AR G EY AR A R L RAR AR L, RIS & B
A o
2.5 D165 FA N192 fiI SR T3t HHEEE 7 AU 210
0T 2 AL I SRR EALRE I\ W AR R
I 5E CMEPA 7K A% 1 7% 1 - I?JEH“WUEEEI/‘*EH#
LGRS, LUEF AR T (WT) b6 B, 45 50 W% 2.
2w, JEE P S R A7 A8 AU XS DamH EI
W VERIB AR, AT N192P Fil D165P 1] %

PR B Rk &= 4y i ok B AR R SRR B 20.8%
28.2% , 584 F N192Q.N192K.D165Y.DI165E 1] %
PEEOREE SN AT RILENR 65.6%,
64.8% ,72.2% F1 79.5% ; 548 - N192P.D165P [k
Wit & 23 il 4 B AR LG W Y ) 55.5% F1 49.7% ,
N192Y F1 D165Q Lt [ % 73 5l hy B A 74 (1) 85. 5% Fil
82. 5% » I A4 I8 AR HRRT LU g 35 TG Wk 2 5

3 it

s g (EC3. 1. 1. 1) & — 2 44 1k 15 8 K iR Al TE
JSC IR T 2 Fic IRV R 1R 1 1 R K 43 s SRR T AR )
m%%ﬂﬁﬁ8¢%%mc%mvumm%ﬂc
W) BN I i I 5 A AR v ) AR AL S B AT R
1 GlyX-SerX-Gly {# 57 J5* 7] . SerXX-Lys ¥ 7%
SR B REE N o/ KEMIT SR A, B
— A Ser-Glu (Asp) His [ =B o0y, IF Hig
Pt Ser 7 T GlyX-SerX-Gly Ji 41 71 2% . /K i
BAMKD TR 2% % E O MR RS R
LI Ser-His-Asp 4 = B4R, ZE AL ALH B 5
i Al 25401 27
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Table 2. Comparison of the specific activity and yield of DamH (WT) with DamH (MT)
Mutation Total protein /mg Total activity /U Specific activity / (U/mg) Purification fold Yield /%
N192Q 66. 28 233306 3520 3.05 85.6
N192L 98.78 338519 3427 3.56 86.9
N192K 65. 47 218408 3336 3.01 86.3
N192Y 97.70 288117 2949 3.02 84.3
N192pP 21.01 40234 1915 3.12 82.5
NI192E 99.93 376436 3767 3.19 88.2
D165Q 98.92 281526 2846 3.14 87.4
D165L 106. 96 368477 3445 3.15 87.8
D165K 98. 07 326965 3334 3.20 84.1
D165Y 72.95 252407 3460 3.04 86.9
D165P 28.49 48860 1715 3.15 83.1
DI165E 80. 32 282325 3515 3.06 85.3
WT 101. 04 348588 3450 3.13 87.7
KU T Rhodococeus sp. NT1 (g W M W 3 P KR o0 I (A0 356 46 1k 5 5 Ok 1 52 56 0 4%

RhAmidase (¥ i 4k .0t S195-8171K96 #g i ™,
TE AR g B W R SR YR T Paracoccus sp. M [ it
[l PamH H A7 5 2 &AL 35 P o0 20 IR Bk O
(K84, 8159, S183) " . i if & % % ¥ 71 H &,
DamH Jf ANAFAE 5 PamH AL = K AR 45 F o X
DamH W] e ) 3 A3 Pk o0 2 5 R 1 47 08 AR
J& o ARAF I STA9A 1) 75 K& W i Wty vi% 7 A7 B A 1
5% , 1M 98 A2 B E244A Fl H274A (1) 3% P W) 56 4> &
& KWK 3 AR 5 AR % DI G . Nam,
Palm . Zhu %538 i X—ay 749 50 5l it B 7 Wa g EstES
PestEEstE7 « HerE [ & 125 45 #4) , J&& 4 31 &5 4 3k 36 &5
SRR W IX B TG I 1 9 1 0 #8 H Ser-Glu (Asp) His
SRR AL R T o A ST R SR Y 4 R
75 DamH {35 1 0 B Ser-Glu-His 14 B 55 188 i
K. HAmEAE CHiER CMEPA K fi# i
PamH.AmpA } RhAmidase 584> AN [A] o

v Tl T A s ) AR E

TNy S I AT B I @ T i - = IO I 3
i I T AR 1 TV R A R A
2R 7K R B B R s A R RUAR o RAZ XS DamH W]
VA M A 1 5 e R DA S () U A R AR R A
fi# e . DamH [) D165 Bk J F1 N192 bk I ¥ {7 T
DamH BRR & (1R T (B 7-A) , HAL T A o IR
TVE 1) 10 Ak s 3X— A B G TR ik B 1) AR T R
MY R EEAMEH . 5 D165 Ml B /E &
LWk Lys161 Al Leul62 (& 7-C) , 5 N192 /£ H
M2 K /% & Thr188, Thr195, Aspl96 J Ser242 (
TB) o AW GE R W A MM B R D165
N192 GEAE Ay AE A 1t 2 HE IR Pro, LL A3 192 47 ANy
HLI Asp R0 B PE 2 JE 1R Lys Ji5 » T 20 iy v] v 1
FAK B2 B 5w b K. W] RE S B Ol I R 1 07 A A
] 3 Tl D) P 5 A ) o BB E A 9T B B HE RE R B
RS E M AR — E S, AT 3 SR BT

=
o

=
n

P 2 0k R EE B IS 1 E 5T o
©)
ASFEPS5
LE -
LYSWE 1 !

[E 7. N192 #1 D165 7£ DamH R4 B BB G E B

Figure 7. The N192 reaction related residues and location on the DamH.
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Effect of site-directed mutagenesis on soluble expression
and specific activity of amide hydrolase DamH
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Abstract: [Objective] DamH is a bifunctional hydrolase that hydrolyzes the amide and ester bonds. Previous studies
demonstrated that mutagenesis of non-catalytic residues shows a negative impact on the soluble expression and specific
activity of DamH. Therefore, we studied the catalytic triad of DamH and the effect of non-catalytic mutagenesis on the
soluble expression and specific activity of DamH. [Methods] We performed site-directed mutation experiment of the 3
possible catalytic sites: S149, E244 and H274 and the non-active sites by using overlapping PCR. In the whole cell
catalytic experiments, 2’ -methyl-6 ~ -ethyl-2-chloroacetanilide ( CMEPA) hydrolase activities of the three mutants
(S149A, F244A and H274A) were assayed. Mutants of D165 and N192 were purified by affinity chromatography of Ni** -
NTA. At the same time the hydrolase activities of mutants were compared with that of the wild-type strain. [Results]
S149-X244-H274 was the catalytic triad of DamH. Kinetics shows that the CMEPA hydrolase activity of mutant S149A
declined to 5% of the wild-type strain and none of E244A and H274A mutants showed any CMEPA hydrolase activity.
Mutations of D165 and N192 would affect the soluble expression of recombinant enzyme. The soluble expression levels of
D165P and N192P were 28.2% and 20. 8% of the wild4ype strain, respectively. Furthermore, hydrolase activities of
N192P and D165P were only 55.5% and 49. 7% of the wild-type enzyme, respectively. [Conclusion] DamH uses the
same active site to hydrolyze esters and amides.

Keywords: DamH, site-directed mutagenesis, catalytic triad, soluble expression, specific activity
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