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[NENEH -(3)- CEEEREE I (IRIAEURVITEE

I R BERY EKR SIMA 8§
FHE L BAEM BHEF

(i HBE 7 e, ' T4 BE 22 A% 2 T RSN, 2 L 5 20 T BT S0P, * LA AT, N 325035)

WE A PCRY B RRAEF -(3)- LELEBEE laac(3)-IMARMET A XK GFH
AACQ)-Il 9 ELA TARH, FIRIRE L AAC3)-11. 4 pET28a i ¥t TAEE &N aac(3)-11 LB # B
st B AN R A O RARIPE R E BTV, T H A A A M EFH R AL 06 AACR)-TT #H4T
SDS-PAGE #= Western FP it @7k 552 . RAKIT B KA BASEN aac(3)-11 3L 69 TA2H tb REEAE)
I A2 %K K % # (gentamicin, GEN)#932 & T 256 4%, 2% & % (tobramycin, TOB) & fL A% K £
(netilmicin, NTL)42 & T 16 4%, ®ik 5 & & A b LRI G & F40 AACQR)-II, AR o F R EL A
32 kDa, #/& X F 95%, 4405 49 10 pg AAC3)-II, » %4 10 s N 1% 80 ug GEN. 30 s A% 80 pg
TOB #= NTL Bt kX LI EAEA . AR A BREEF LA ZTHIBGTF LA H 3T T sk,

KiE AT MR, BARIIRIREL; difk; BB R E

A AR AR R IB 1B (aminoglycoside  Z4FIC, {HIX G T7 U7 2K K R Bk U i 1, B

modifying enzymes, AMEs) /& X} & FEbE RBP4 &R
(aminoglycosides, AGs)/ = A Mif 24 (1) E B KX &K, 1%K1E
il 1L AGs Z LB HE I LA B, &1 1
AGs 512844 308 WAL G800, il 5 B0 v =4
M 2 7020 R MR A 0 B A R AT 18 1 ) A0 A 3
B = 2K SRR 7 B (aminoglycoside phos-
photransferases, APH). 2505 H £ Bt F4 #% B (amino-
glycoside acetyltransferases, AAC)FI & FLWEFHF I A% F
%M (aminoglycoside nucleotidyltransferases,
ANT),

TE LAl A FIAFAE R, AAC 1 AGs 1) 2- i
AR E R R E OB HETC A AACH DY H:
AAC(6'). AAC(2'). AAC(3)HI AAC(1). FHH AAC
(3)-1I1 52 B i W) Z B HH B MR, TR K EE %
RANEEFE 3 SR EE OB, Wi ixbiA Rk
L IR L LS 77 4 AGs B, AMUHEFRX
WA AGs 1/, i HHAmSE T, A8 BEHEE.
FrRKES E, — 8o A& AR B2
ARV WEA . BIIE S W S AR, PR R AR
HANLFRITTMIE. O, BFESMA S PER
WBE, RKA b, M 25 R AR, AR
PR SR U PR P BRSPS (U D IR A B R

BEXTIX— IR, 38 T R AEPUAE R IAIT
RIS, A FH 38 i A2 B I, B A i o AR KR

TEMTE FRERRR G A 2. AT I, ARREMN
) Y7 G F, BRI E I AGsIRTT AUR K
AAC FFR A —Fh AGs U Z AR EH AGs 5
YEIT IR, BRFH L AAC b 3 B8 00 1R 28 R e 3, i
Iy IR A AR AGs 76 R K I EH BT R 224
2, AT BIE LR AP 18 B A AE

AT HASEEG H, BRATIIHIE T 5 AGsii 24 (1) KRR K
B, Phikth —HRRE . 2P E Rk,
B L 25 B R, 2207 %58 M aac(3)-11 B A 7E4
SR, SPZAE R TRIE, o KA r=h
AACQ3)-IL, X =g TRERBEAT V1L TG4, M
h 33k — 20 W A2 P A T SKAT R SR A

1 MRI5RE%
1.1 BB

aac(3)-11 FE KRR IR IR 53 258K E.coli WZ30,
pET28a KiL#H /K. E.coli BL21(DE3). br#EJfi#% E.
coli ATCC25922 HHWIL4 B 215t 4% 1 TS0 00 3 18
it
1.2 FZEiRFH

PR %74 N VIR Ncol. Xhol. pMD 18-T vector.

Wk H #: 2006-06-20 #5211 2006-10-19

WL BH T # 00 H (No.2004C23018)

* HiRFE#H . Tel: 0577-86689805, Fax: 0577-86689776, E-mail:
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82

SWER -

T4 E# M. Tag DNA E&H. RFEWCAFG i
R BOAF G H 7= A TR A 7)) His- TagR
A R ) 85, His-Tag 558 BE ST [ 26 [F Novagen
ANF, CHCEPUR 1gG- BRI SULEg, B g
Marker, ECLAL ¥ AR G FIEE I B BRI VT = AR 2
A]. JN K% #(gentamicin, GEN). B>k 5L(amikacin,
AMK). Z# K45 (netilmicin, NTL)MIZA0 5 &
(tobramycin, TOB) & 5L HIZH R A A KK
A2 (etimicin, ETM)IW H HUMN 52 K25 TR A )5 <R
7 #(kanamycin, KAN)W 5 _F#% KA ARG R A
w); KM% % (spectinomycin, SPM)IW [ 3% 5 55 M il
AR AT LHEHEE A E Sigma A A,
1.3 pET28-aac(3)-11 EAFKMHE LT

PCR ¥ i1l K 73 34K E.coli P 1) aac(3)-11 £ [H
7 b% 4% pMD 18-T % &, pMD18T-aac(3)-11 Fl pET28a
JFRLH Neol. Xhol U], 48 UNIQ-10 #130 DNA i
[AIGR T Fr 24k aac(3)-T1H& K R pET28a JiokL K H B,
H T4 3EHE/M(E 16 CERSHG, #IBIRZSE.
coli BL21(DE3), 456 th B i Al T 9K 430 pg/
ml KAN () LB -4 L, 37 CH 3Rt i, PR #7% 3
REEFE, $EBUTORL, B HLVK S E . A Th I 5
B B EAT B AR P VK B (MILC) SE 56 o
1.4 %

R B R B T 100 ml LB B35, 37
‘C. 150 r/min #i&FHEEFELERG, 1EIFTFHIZ 2%
PEBUIMA 1 L LBEFFR A9 FE30 pg/ml KAN), 414
RAEKE Ay 1 0.6 I, IINIESHIIPTG £ LK E
4 1.0 mmol/L, 6 h Jii KfE& 1L,
1.5 =B AAC3)-II BYFEFL{L

KRBT 8 000 r/min, 4 °C. 20 min &L, W4
UUVE, 7170 ml PBS WOR R AR, UK AT HE A5 IR
B BRI, 20 000 r/min, 4 °C, 5.0 30 min, i
hy il R B

HY 10 ml Ni*-NTA BEREREAE, H 458 %Ml
P SRAFHIEE R LIE LS 0.45 um JEIEL SIS, 2%
1814, F 100 ml f145 & 2 ieAE, 7 60 ml i)
Ve 22 (0.5 mol/L NaCl, 60 mmol/L5[#4, 20 mmol/
L Tris-HCI, pH 7.9)3tA¥, 55 FH 100 ml JEi2&
(1 mol/L M|#: 0.5 mol/L NaCl, 20 mmol/L Tris-HCl,
pH 7.9)5E M H # H F, BCSEMR SILEE 75 LiEwomA
SRR 2xSDS I FEE MR, 15%SDS Hik.
1.6 Western ENiFEEFHERK

AN AAC(3)-11 fli & 6xHis-Tag, [ ] H
His-Tag .5 B HT A1 0 A0 AlAY B 115 ) S ) Y

PE. SDS-PAGE HUIK ERn, RLALHS S F BN
£f 4 F P, $E1T Western ENZEJ4AC . $4% ECL %% %
I R R U R, B R X R A &
IR 10 min(Fi), X 2R H R e
1.7 EHTEE MIC NE

ARSI R FH BRI A AR BV i MIC W, 454 Rl
&5 JEH 5 T R4 L1 PR S 56 b i 25 51 23 (NCCLS)
2002 FHUERAT . SPUE RN ZIRIERIIILN 025,
0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128.0, 256.0
pg/ml, KA B AP L, B2 104~10° CFU/
ml, H T 35 CHFFMIRE 16~18 h i HliLgs R,
1.8 ELAEGIER AGs IR E L8

GEN. TOB &I NTL ¥ T 1# AWK, ik
40 pg/ml B TAEM . BXU5 3RS 7371 0 2 ml ) GEN
TOB JH: NTL TAE#, Filn 10 pg 2liftit) AAC(3)-11
40 ng LFHIEE A, 7637 CARBHMEO0 s, 10
s+ 20 s+ 30 s, 40 s fi, &JAMA 1 ml 1 mol/L
HCl #1114 5N o BXZ b ARG R AR 2 mil Nl 45
C/AKHHEIR Y 18 ml LB 1} 555, #1010 pl Agye A
0.6 f] E.coli(ATCC25922). &%), {Wif3| 1L, Xt EbAS
IFi) P 1L ) BT 7% 4o

2 FR
2.1 SEHERAMHERNLEE

PET28-aac(3)-11 B TR AL 144 ] 1 07 23k
17, BT RARUE T AL aac(3)-11 3L K11 pET 28a Jit
KL T7 BN F3EH T, U 6xHis @& E . 3
HE BB I H bk LT 2, £2 Neol Al Xhol MUY J 49 31|
863 bp 15 235 bp M 5% T Bt (JKIE 1), 28 Xhol H.Eg1]
JE#33) 6 099 bp [ F B, STRBHARTE, alifk kL% &
A=W T, BRAE aac(3)-11 BYBER O R o) v b .
2.2 AACQ3)-1I Y4k R E Bk 47

HY pET28-aac(3)-11 7% L3 (K 3 vkiE )#EfT
FEREHT, 4 AAC3)-11 f 6xHis J2, AEtiE 48
Ni SRR R4 &, M AR A G PR 20
J& FBE AR B A 45 6 7E g L1 8 1 AT e,
REHREAE 3 IKIE 2), AR LER A
b BB 15U BIEX 10 ul, 15%SDS Hijk. #E7s Li
TR HAEAL B B 9 BRAE 32 kDa A 5 W B E A
gt y, i R M)A, 8 LI HINAT 32 kDa
WA AR TR (B 4T, AT ) AL AAC(3)-1T
I FEYE, W12 KR AACQ3)-1T.

MR 1T 280 nm I8 458 SN i b 1] R LA
TEMTHE 2, BRIEVEBAAFY 40~60 ml B A — MK
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Xhol

- Neol
Yii (,,,—‘%W Pro

pET28a

amp" lacZ

pMDI18T-aac(3)-11
3.5kb

v kan®
faac(3)-Ii Jacl

5.3kb
JIPAAC FRIAAC R
¥ Wiaac(3)-11
—
I Neol+Xhol Neol+Xhol
T4 DNALHE R

‘\"lm!

l

pET28-aac(3)-11

\ 6.1 kb :

. lacl /’l
s, 01 R

Sy
E1 FiAH K pET28-aac(3)-11 HItiEE

2%

bp

—15 000

—10 000
—7 500

—5 000

—2 500

—1 000

—250

E2 ZELHFEH pET28-aac(3)-1 5]
1: Ncol Kl Xhol i) pET28-aac(3)-11; 2: Xhol H Y] pET28-
aac(3)-11; 3: DL15000 marker.

i, JoELA B SR (1 4), 20 TH 5, ROBCIEAY
RKAVEA Y B EAYOLREER 95% Ll L.
2.3 Western EJii & FE

Western E[JiZF 45 W 5o i — B (B 4% 7ir, R BA2lifL
(3R F1F& 49 His B A5 His TUAH B I 10 % 5% i MY
P, alifb B Uy T BT 32.0 kDa 5N E
4 AAC(3)-I1 43 T AMFF, BRiEaifb RO iy EA
AAC3)-1I( 5).
2.4 HNESEIE

pET28a/BL21, BL21(DE3) ) H:ATCC25922% %+

kDa
97.4

66.2

43

28

20.1

14.4

E 3 pET28-aac(3)-11 41k &% SDS-PAGE 53 i
1: EAEM A LW (pET28-aac(3)-1/BL21); 2: #ifkiJEH AAC
(3)-1I; 3: marker.

25

A:xu (mAU)

20 40 60 100

R REA
B4 $RFEHERER AACQS)-ILFERIE

80

kDa

—105
—76
—57

—46.5

—37.5

— 28

—20

5 Western ENiTE4&1 AAC3)-II By Gy I 2%
1: EARBAE LW ([pET28-aac(3)-1/BL21]; 2: 4i{LRIEL AAC
(3)-11; 3: marker.
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F1 TRREMPAENRBREXNRELEE AGs B #) MIC (mg/ml)

K Rm
E.coli strain IPTG* GEN AMK TOB ETM SPM NTL
/)
BL21(DE3)/pET28a + <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
BL21(DE3) + <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
ATCC25922 + <0.25 <0.25 <0.25 <0.25 <0.25 <0.25
BL21(DE3)/pET28-aac(3)-11 - 2 <0.25 1 <0.25 <0.25 1
BL21(DE3)/pET28-aac(3)-11 + 64 <0.25 4 <0.25 <0.25 4
WZ30%* + 256 128 16 128 32 16
*IPTG AFESH, WX T HE AR SAETT R S EH . 2 WZ30 I PR I 08 (1053 5 Feb 2 B8 TF X348 % 10 1L A7 5 w8 if 2450k 1

F2 EAMMEMRAFEREE AGs FHRYDE KK

0s 10 s 20 s 30 s 40 s
GEN - +++ +++ +++ +++
TOB - + ++ +++ +++
NTL - + ++ +++ +++

= A 0 NF 100 DNETE, ++: 100~1000 DNEE; ++4+: 38
B

M E % GEN. AMK. TOB. ETM. SPM. NTL
% AGs /i, pET28-aac(3)-1/BL21(DE3)¥] MIC: 7
[ 44 723 bR N 1 pmol/ml ) IPTG B, %t GEN.
TOB. NTL #f5 fiz =i ) MIC; ANds i IPTG B, X
GEN. TOB. NTL fHHRALMIM 251, %45 RKH
B3 EALVORL DD FRAE A TS PR 249, 13 AL 1)
ik 24P 3 i, Hoxt GEN i MIC #2875 T 256 fi%, % TOB
FINTL f) MIC $& /5 T 16 £, {HAH b2 PRR YR R AR
FRYIE4E /N, MIC AH BT FER(E 1)
2.5 FHLEGERE AGs FYIRYINE LI

80 ug GEN ¥ B7E 41 AAC FIl Z L5 B A fO1E
R, 10 s N GEN 3 # 564 LML 2R A0 AE .,
80 pg TOB M NTL 7£ 41 AAC Al LB 4iE A FI7EH
T, 30 s #5844 BT R BB AEH (R 2).

3 g
3.1 AACHIR A

AR AT ESBL i 24 B (1) FF & 2Lk N 5 WA
T, HHEIF RN B- WEERLETUAE R B [FIFE, &
WU Th R IE AL AAC(3)-T1, A FT K AGs 1847
S 2T

B34 AAC N, BATA N A2 5
FIRIT T AW AN ANE. W, b E
YIEFE ) 600~1 000 J7, 254+ LL GEN A 10K M
AGs BEFH A H W, Li 25008 2 K DI M b X f) 2
R E AT 2 B L BIR T 48% . AR S I

L= Ui, AAC 7 E I KA AGs Bl il #: 24, %%
YLIAA: AGs HE AN IR FIHTHE B4 & BUS, et
LA b BERERE LB R B R S S TR B,
B AN BT B 7 AR R MR B U, SR KT g
PR sbT, A FHUEHAEHE. Mk, Rk,
SliAb BOFP 6 AGs AR A R 36 LB AE F HITR
& AAC, VESHZBEE ] AGs BURAT 5, 4 Al REFRAK
AGs X Hi5 £ 40 fa ) 3 A .
3.2 AAC &M

AAC GRS — @ &M, FEff AGs E XK
PRI, WA AAC WEME ) 78 A AR R
Hevkis T R IRS A GGTR . TR  E TRk
T AR P BRI XS B, AEANIE A ik BE SRR B
T K F MIC VA I AAC (35 P I IR 1S vu R ),
HAE Ay U 2 ok 4 R %o LA 2R D 24k .l et bl
BN 1R AR X AGs FIMICAH, B 172 5 %5 GEN
IR TS & T 256 £%, X TOB A H: NTL #&¢ & T
16 5. TR AGs FIFNBESLHUEH, AAC X}
GEN 1£H 10 s B AT 3L F% %, i1 TOB I NTL 7£ 20 s
R . X AT RESE T GEN &5 a4 My faj o, 363
P F A 5 % B AAC I1EH, 111 TOB I NTL %]
SRR, 5 AACHERBIAL A S T 12 B Ik,
R, 7= 42 7 Bsf fa] L (e i L
33 EHMEMMITRERS

AT 45 R L 5 4 ik pET28-aac(3)-11
MM, 2 IPTG #7411 3 /5% GEN. TOB.
STM Tiif 25 M B KR &, (H I 5 R DR R Y ) R 8%
HAHEE, MIC B, Y46/, T aeR: ©
FE DR KR K R SR B AT BE R A7- 4 5500 AGs i 25 ML,
I FL 41 pET28-aac(3)-TII/BL21 B Y A 41 B 7 A il A b, g
PR KRR AGs M 25 1 HL A 2 Ak
ity SO SRR L A AN I B M .
FEAIMIENLEIE B @ H LRI K SR B I VT AR 45 4
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Ay, SEEAMIGES - 20 N,
BEXFIX P AT R L, AT I8 L A4 M e 1 A
AR(HH PCR. DNA SO 53 i BEE A HoA4h he iy
MR i o X YRR O AT O N sE e,
Zaccolo "SR i 2 A EAL B ARKG TEM-1 B- 4 ki

MR B E S LRI, AAC 1F 4 FB AL
AGs tHa AT ¥ - 15 BE S
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Expression and Purification of AAC(3)-11, a Aminoglycoside
Acetyltransferase, and Its Activity

Zhen Wang'?, Yun-Bo Chen'?, Chang-Sen Zha'?, Li-Lin Zou'?, Ying Peng'?,
Jing-Zhang Ji'?, Xiu-Shu Chen?, Jian-Xin Li"**
('Zhejiang Provincal Key Laboratory of Medical Genetics, *Institute of Cellular and Molecular Medicine,
nstitute of Microecology, Wenzhou Medical College, Wenzhou 325035, China)

Abstract
recombinant plasmid was transformed into E.coli BL21(DE3), lastly AAC(3)-1I was purified from the recombinant

The aac(3)-11 was amplied by PCR and cloned into pET28a expression plasmid, then the

bacteria. The activity of AAC(3)-II was analyzed by comparing minimum inhibitory concentration (MIC) between
the recombinant bacteria owning aac(3)-1I and not. Bacteria were disrupted by ultrasonic treatment. Bacteria debris
was removed by centrifugation, and the supernatant and AAC(3)-1I purified from the supernatant were analyzed by
SDS-PAGE and Western Blot electrophoresis. Results demonstrated that the bacteria owning aac(3)-1I were 256-
fold higher in gentamicin (GEN) MIC, 16-fold higher in tobramycin (TOB) and netilmicin (NTL) MIC than the
bacteria not owing aac(3)-1I. SDS-PAGE and Western blot electrophoresis proved purified protein was AAC(3)-II
that its molecular weight was 32.0 kDa, purity of that was more than 95 percentage. The purified 10 uyg AAC(3)-11
transfered acetyl to GEN in 10 s, to TOB and NTL in 30 s, so the antibiotics were invalidated. The research provided
fundamental conditions for exploiting the drug eliminating aminoglycosides.

Key words AAC; minimum inhibitory concentration; purification; aminoglycoside
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