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1.1 ##
L 1.1 EHR: AiA B KA w5 D DR Wk

W T B (Escherichia coli) BL21 (DE3) -pET29a-aiid
sy g B
L1L.2 FERKF AN rTag B ANTPs 1l H
TaKaRa /A 7 ; KOD plus R4 W) B TOYOBO A A ;
FR %M N V) B Xho 1. Kpn 1. Dpn 1 1 DNA ladder
Marker 31 [ Promega 24 7] ; 2L 42 38 51 34 24 [ 7= 4y
Bréfo i FHAY 4% : WatersACQUITY ™ UPLC #8 & 20
FH G 3% 1 , Amersham Biosciences ABI 2720 PCR ¥ .
1.2 AiiA ER=# & HE

ALA AW SR 7 5 5 PDB 4 14 v k2
Fi42 5 1 AN lE E (PDB ID: 3DHA) () — 2k N
96. 4% 7, FH #5 £ 4 45 My BB RL T Swiss-model
(http: / Iswissmodel. expasy. org/) 2 AiA & A
= HYES5H, AF Rasmol v2. 7 B4 147 1 1 ot 4% 1]
gE R AT AL 2
1.3 aiA ERESRT

K IR AL aild B K 34T 8 SR, K
I i ARSI R TTES N O T
BE) B o SE SRS WF 1, 1] KOD Plus 3K 451

R1. BRETIY

Table 1. Primers for the site-directed mutagenesis

primer sequence (5°—3")

57U atgccagaaagt C CAGTTAATAATG
57L actttctggeat ACCTGTATCTAC

62U ttaataatgaag C GCTTTTTAACGG
62L cttcattattaaCTGCACTTTCTG

65U agggctttttaa A GGTACATTTGTTG
65L ttaaaaagccct TCATTATTAACTG
195U atgcategtaca G GAAAGAGAATTTT
195L tgtacgatgecatCAATTGTTAATAAAAC
206U gaagatgaagtgeegttcg A AGGATTTGATCCAG
206L cgaacggcacttcatcttc ANAATTCTCTTT

* .
Lower case letters represent complementary sequence of the primers and

shadow letters represent mutated sites of aiiA.

AT PCR 714 . PCR N AP 4 :94°C 2 min;94C
15 5,59°C 30 s,68°C 6 min,25 MEH;68°C 10 mins
PCR 7“4 IMA 1 wL Dpn T B AL 25 BRBEAR . Kf Dpn
I Jiig 4b B85 () PCR =4 ¥4k E. coli B121 (DE3) ,
e B Pk AL T, BTk PCR & B 1) % 5, 1% Bk
TR TR B2 =] T
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¥ K TV AT BT 4 T RE T — B D 4 1 %o B2
HEMTARNEEAORKBESERE G s RE,
10g A M, 5 g ®M#,®w T 1 LK, pH
7.0), T 37°C 230 r/min ¥ 95 & 0D, J 0.5, [
Hn A IPTG & 4% % % 0.6 mmol/L,20°C 180
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1.5 ZEREK
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#7700 x g5 min WA TE A, 3 mL & 4l 7K 5 R B AR
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KA Bradford 3 K W 2 14 5k B 2
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1F pH 6.5, AHL 24 2. 0 mmol /L ] 1 mL J W &
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1 Y9 FE 5 A I 2 H0CK - Bl AH TR EE: K =70% :30%
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RO K 254 nmo AR4E AHL ik /b 5t oF 5 E ),
M35 0 A (U) a2 U % KON 45 4F R 1 min P fi#
1 wmol AHL Jit & 1) B & & 1 /N Bg 3% J5 9 47
(}Lmol/min) o
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SERZR T, 43 I AE 20,2837 .45°C [ 4444, Wl I
W1 BT AA B I S5 08 AE L
1.7.2 pH 3 AiiA ZE B EGE 78800 - 76 5 E J)
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T 1R 5 o
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B AE B I R R R e ATA BRI R R
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(F 1) o @/ W E (B 2-A) e Beid pH 20 #r
(K 2-B) & B, AiA P fi AHL 1) 3508 F F IR B b

kDa M 1
97 .2 — =

66.4 —
44 3 — .
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29.0 — ——
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B 1. AiiA ERMBRETRMENANL
Figure 1. AiiA protein purified with Ni** NTA affinity
chromatography. M, protein marker; lane 1, purified AiiA

protein.
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2. AlA ZEAKREBEEREE (A) R&i& pH(B)
Figure 2. The optimal temperature (A) , optimal pH (B) for AHL-

degrading activity.
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(A) 1207 RFARVEXS AA A AT € MR, YRS T 5
g looe FRAZ #i 0 ASTP (Ala57—Pro57) , G62A (Gly62—
£ Ala62) , N65K (Asn65—Lys65) , TIOSR (Thrl95—»
g o0 i
2 0 Argl95) , L f A206E (Ala206—Glu206) -
e 20 .e
. . A1lA
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e
(B) 120+
© 100 4 Asn6sS
E 80 A
Z
ERNUE
“é 404
e 20 4
0 T T T T il
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B 3. AilA ZERAEEN (A) R 4CHiEFREME (B)
Figure 3. Thermostability (A) and the stability of AiiA at 4°C

storage (B) .
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Bl 4. AlA QMM AHL BB /7 R 3] 3 ih 4%
Figure 4. The Lineweaver-Burk double reciprocal plot of AiiA during

AHL degradation. V: reaction velocity, S: substrate concentration.

2.2 BT AIA BEBFHR
2.2.1 AiA BEESRDT E SRR AL K ik
AL TG 275 L DF 90 H I 2K (A 450 55 D fig 6 & i
BT B AT 50 W, a2 5 AR/ R AR
ST BINEI BRI A B R TE BN i Ak
il B A Ak 51N Pro 3800 AT RIPE Y, LU Ala B
e Gly, [ A% DX 35 2 5 1 7 4 249 2 8 i 4 11 Bt
PRI SEE o e A, T I R SR oA T o
A 52 I8 T 8 4 5 T I B, T B TE o
JiE b 38w WS ) R AR

KPR ATA R [ R 2% 8 45 K RV 2 o o i
(B 5) HEAT 4007 » 4 & b ik e s o As S, 3R

5. AlA ER T EZ%EWH
Figure 5. The 3-D structures of AiiA. The active center is shown by
white rectangular box. The amino acids signed with rubric are amino

acids which close to each other.
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BIARE T ASTP [ 3 & A5 4, G62A . N65K. TI95R
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HUTIOSR ¥ 55 3 1 FH R B e A R A2 e, ¥ oh
28°C . fH & A206F ) B i il B2 42 = 21 37°C, L B/
BT 9C. AiA EARGEE F4iGEA, K
W Rt (His104 . His106+ Asp108 .« His109 His169
Aspl91.Tyr194 FI His235) 5 Zn’" 45 & J5 KI5 KW
G5 IRE 1 o A I M R 5 B F) Aa206 58
A5 R SR ) Glu, T REAE AGA R (5 Zn’ " 1 4
b, AT ALA R R A e
D1, BR T AR R & 0L 5IRWE & .

2.2.3 T AiA EHEEHRIEEMNE & A B H
FasE vk (& 8) 7 #r & W1, 37°C I i 30 min J5 5 Bk
AR R R B 3 B I 65% , IR Y AR R AGIA 2R
EA T RS 45C fR IR 30 min 5, AR B A BR
T OASTP Ab, H 4 4 BRR A E H G62A, N65K,
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Figure 6. AiiA mutants purified with Ni** NTA affinity
chromatography. M, protein marker; lane 1 to 5, purified AiiA
mutants (1: AS7P; 2: G62A; 3: N65K; 4: TI95R; 5:

A206E) .
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Figure 7. Optimal temperatures for the AiiA mutants.
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8. REEZAKRREN

Figure 8. Thermostability of the AiiA mutants.
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Figure 9. The stabilities at 4°C of the AiiA mutants.
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MOAGA E @ T 37°C E A 30 min J5 0 VE R R
80.6% ,45°CYER 30 min J5 3 KW M. o, B4
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Enhancement of enzyme activity and thermostability of N—
acylhomoserine lactonase by site-directed mutagenesis

Mei Yang , Panpan Xie, Simei Jian, Liyu Lin, Caiyun Yang

College of Life Sciences, Fujian Normal University, Fuzhou 350108, Fujian Province, China

Abstract: [Objective] To enhance enzymatic activity and thermostability of N-acylhomoserine lactonase ( AiiA) .
[Methods] We performed site-directed mutagenesis based on AiiA homologous 3-D protein structure, and analyzed
enzymatic activity and thermostability of both wild type and mutated AiiA. [Results] The wild type AiiA lost its N—
acylhomoserine lactone (AHL) degrading activity after being incubated at 45°C for 30 min or after being stored at 4°C for
5 days. By comparison, the AHL-degrading activities of three types of mutated AiiA (N65K, T195R, and A206E) were
enhanced, and their storage periods at 4°C were extended to 7 days. In addition, the N65K mutant acquired higher
temperature tolerance with remain of more than 45% of its enzymatic activity after being incubated at 45°C and 5.0%
enzymatic activity after being incubated at 55°C as compared to the wild type. [Conclusion] Molecular modulation by
site-directed mutagenesis could significantly improve enzymatic activity and thermostability of AiiA.

Keywords: N-acylhomoserine lactone, N-acylhomoserine lactonase, enzymatic characterization, site-directed mutagenesis
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