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(2. B o=k mPlFRoRERE W B g 453000)
(3. BRRFEMLZESERMRLE T & "I 510632)

OE. [F5])] 4 508 &7 455 2 F 4L A% (Benzalkonium chloride, BC)fE & & Tk ¥ #
J7IZ R R 95K A% 3G A 2 7 4% ) (Listeria monocytogenes, Lm)xt BC 49 &8t T &, sh 3k
ZANMNF Lmaf BCH 2oy 204, [B 8] #8F MdrL 4~ 8ER £ Lm 2F BC &% F 6946 A
[5:%) AAR R ELEBEARME mdrL L E 2 K bR, IR FP 4 4k EGD-e = % T A& AmdrL /2 %F
BC &9 %4 . LB ILKE BC (2 pg/mL)ria T 69 £ K H sLA ZEILIRE BC (16 pg/mL) T 69 4
EFREFmeER. [£R] ME mdrl A E 8L 4 AmdrL A=) 2 £ H A4k CAmdrL. mdrL 494k
KA AT BCHR DR RE., A RBEAMNETLERI T, S5FHAMMIL, REKREERK
FLIRE BCHER FeAKRimEERK., FHRRAERKREFFYHRKAFEMAYEIK. 4 BCK
A ApgimL B, HEARBENHARFPEEREFH ENARIAEARG LR, 5HAEK
A, RERAEHSCRE BCHER T GEREAK 24 log i, EHBCEGURLERET, Io
NBCE, REARG@IRAZEmK, sbol, FFAEMA R LR T4 (Ethidium bromide,
EB) R EFsPHEA R £ 7. [ MdrL 4R AF Lm st BC #9&%, 1225 Lm*+ EB
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Role of efflux pump MdrL in tolerance to benzalkonium
chloridein Listeria monocytogenes
XU Ya-Meng' JANG Xiao-Bing" YU Tac® WANG Hai-Lei*® SHI Lei®

(1. College of Life Sciences, Henan Normal University, Xinxiang, Henan 453007, China)
(2. College of Life Sciences and Technology, Xinxiang University, Xinxiang, Henan 453000, China)
(3. Institute of Food Safety and Nutrition, Jinan University, Guangzhou, Guangdong 510632, China)

Abstract: [Background] Quaternary ammonium compounds, especially benzalkonium chloride
(BC), are widely used in food industry, leading to decreased sensitivity to BC in Listeria
monocytogene. Efflux pumps are recognized as an important mechanism for BC tolerance.
[Objective] To investigate the role of efflux pump MdrL in tolerance to BC in Listeria
monocytogenes. [Methods] The mutant strain AmdrL was constructed from the wild-type strain
EGD-e by homologous recombination. The differences in BC tolerance, growth in sub-lethal
concentration of BC (2 pg/mL), and survival in lethal concentration of BC (16 pg/mL) between the
mutant strain AmdrL and the wild-type strain EGD-e were investigated. [Results] The mutant strain
AmdrL and its complemented strain were constructed in this study. The mutant and wild-type strains
showed the same minimum inhibitory concentrations to BC. The results show that compared with the
wild-type strain EGD-e, the lag-phase duration of the mutant strain AmdrL was prolonged and the
mean maximum growth rate and the mean maximum optical density were decrease in the presence of
sub-lethal concentration of BC. Significantly difference was observed in the serial diluted culture
between the mutant strain AmdrL and the wild-type strain EGD-e on the plates in the presence of BC
(4 ng/mL). Compared with the wild-type strain EGD-e, two log decrease were observed in the mutant
strain AmdrL in the presence of the lethal concentration of BC. The results of electron microscopy
showed that the mutant strain AmdrL became longer when exposed to BC. Besides, no differences
were observed in the accumulation and efflux to ethidium bromide (EB) between the mutant strain
AmdrL and the wild-type strain EGD-e. [Conclusion] Efflux pump MdrL plays an important role in
tolerance to BC in Listeria monocytogenes, however, this efflux pump is not associated with efflux of EB.

Keywords: Listeria monocytogenes, Benzalkonium chloride, Efflux pump, Ethidium bromide
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Z g% b 2% 1k & ¥ (Quaternary ammonium
compounds, QACS) il B 7] , %7 Il J& 78 4L & #%
(Benzalkonium chloride, BC)#k ) 72 i F & i Toll.
SR, QACSs J—Z S TR IETH M, AWK
FRUERTTE RS E, F-548 AR50
JZ, AN, RN INg, it
T FEGEYIET . T QACs /K5 i,
PSS BRI TE G — AN T T 1 n=z
QACs MFFffH RS, PR S HZE IR Y
SRER, TGN QACS T 32 bk th B AT g k23,

FAAZ AN M3 4= 2 R TR (Li steria monocytogenes,
Lm)e—MEE RSN Lm BE7EIGR .. &
A KA TR LR S 2R RIS S5 T AEAE

A, SFECESENI T ARG 5 2 Hos
e I BT g B B T 5 R 2R W R
(Listeriosig) ik g &mid . T Lm RE7ER
N TIPSO 9 22 A, QACs TEE
i TV E T Z T RE et Lm M 32 B H
Bl P2 R S HGE T B B b A eI
SYESH L TR BC Ry R,
SNHERTEM B )2, R TG e &
R, —SeHN R T LB S 30 . PR &
LB SRR YIHE B ARSI, (o AR N 25 B U
DA, DT B T 7 A T 2429
Har, wFoeE S sMESR 25 Lm XF BC 7~
AT 2 1 ML, Tamburro Z21 95T % 30,
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FE BCHIBLT , mdrL &R A FaA w0 BTt HED
MdrL SMIEZE ATRE S Lm X BC BYTH 324 5.

ABSELA Lm ARUERbE EGD-e HHFIET4, FIH
T 5 EE A AR marL FEDBAE SRk, A
HYAEARRNZE AR R BC e T AAE3A TR A4 i
AT, P MdrL SMIEETE Lm X} BC iz iofE
FH, AT Lm X BC B2 L 55E FRe A
1 MEETE
11 BEHRFARRL

Lm AR ifETE Ak EGD-e Fl Sk pERL 3 Hi A& H IfijiE
KT P KIHFFH DH5a, DH10B I H
A6 E A I R R AR AT BR A F 5 ZEH Bk pMAD
1.2 FEXFIFLE

WAL, RERTRL T AR LR A BR
w5 ASFARAL 2.5 (Ethidium bromide, EB), 3%
Sigma-Aldrich 23] ; 4HFE 3R 2H DNA $2H0A7]
SRR NI G, A RARAE LR A B
Al B EDGRF & . PCR P9 4tifbidinl & . T4 DNA
ERERE . PR YIRS, Thermo Fisher Scientific 23
Al; Tag DNA A ANTPs, A TRE(KIE)
AT FIYH B IERES A TR PR A A

HLEE IR 55 5740, AL RHE AR AR A PR A
Al RUWHIBR G, S Ko ; RN
PG, AC AR A DR A PR ] KA,
I AR5 B0, BRI

%1 PCR&FTASIY
Tablel Primersused for PCR amplification

BERUG T R GE . WX, SE[E Bio-Rad A H];
SEHTPEE  PCRAY, %t Roche 25 fEH4
H a2 HrL, 7522 Oy Growth Curves Ab
Ltd.; BEFHEE, HA HITACHI 2H],

13 EFE

ki L IR R 75 3 (Brain heart infusion, BHI), b
HEISF A EARG R AR LB KigRdk(glL): Mk
F1¥k 10.0, BERHEEW 5.0, NaCl 10.0,

14 7%
141 mdrL EEREXEHRMNEERTHRIGES
DFEE

Pl EGD-e J:[H 4l DNA MHit, 435
mdrL-A/mdrL-B il mdrL-C/mdrL-D FiX} 5|44 1
mdrL BRI b RUREIERES, SIF S AR 10 A
FE S PCR (Splicing by overlap extension,
SOE-PCR)#: RMa4 | i[RI, Bha H B4
P EIK S 15 SR FoR: pMADY 24355 BRI P
DI BamH | Al EcoR | [R12: MUY, BEIF=H22aiift,
JE A TR OV, Kb i ) B 4 BTk pMAD-AmdrL
AL = RIBATTE DHSa H, o FHPERE A bRik 2=t 5
LA AE R B AR PR BTN .

RAEBHEE G ikhl% EGD-e Bz A4,
B4 b 0P 1 A 9 B 28 ok pMAD-AmdrL 55 40 pL
JEZ AR ST . iy, SZZIMA 500 pL BHI 13
FRHET 30 °C. 150 r/min #5535 3 h, K EW IS %
fi A48 £ (G ug/ml), IPTG Al X-Gal Yy BHI

519 il FEY &Y 3 KR
Primers Seguences (5—3') Annealing temperature (°C) Sizes (bp)

mdrL-A CGGGATCCGTCCCTTGGTTCTGGCAT 48 500
mdrL-B AATACAACTACACTTCCCTTTCCGGAAAGGGAAGTGTAGTTGTATT 48
mdrL-C GGAAAGGGAAGTGTAGTTGTATTCCAGCACATTTTACCTTACAAC 48 735
mdrL-D CGGAATTCTCCAATCATAAAGTTTCGTCAG 48
mdrLJC1 TGTAAAGCAGCAGGAGTG 50 2617/1 471
mdrLJC2 AAACGACGCTAATAACCAT 50
MP7-2 CCCTCGAGTATCATACAATAGCACCTCTG 50 1389
MP8-2 CCGTCGACCCAGGTTACTCAGTCTCTTG 50

T RHAHR I PSR ORI s JIZ o0 e 91 2R VI

Note: Italicized nucleotides are protective bases; Nucleotides underlined are restriction recognition sites.
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M I, 30 °C}55F 48 h, PRI AR TE T 5218
2 (5 pg/mL)Y BHI A5, 39 °C. 150 r/min
B AR 24 h, BRI B A G 1 B A B U Al T
ELIEEE (5 pg/mL) . IPTG Fil X-Gal 1Y BHI -4 I,
39 °C. 150 r/min }53% 48 h, #kHUH (L BA 74T BHI
WARKEFRHL, 30 °C. 150 r/min 1535 24 h, KHiE TS
FERFELR BHI, 39 °CH55%. MillRAn, 39 °CHisk
48 h, PRI AT IS 14 mdrLICY/mdrLJC2 i1 7
PCR P Sl 257, ek AmdrL 2878k .

PCR 36 B 8h T IX % mdrL J£[X, PCR
FUSAZR (50 pL): 5xPS buffer 10 pL, 2.5 mmol/L
dNTPs4 L, 10 pmol/L F, FiiF5 1914 3L, Prime
STAR HS DNA polymerase 0.5 uL, DNA 1.5 uL, B4
JKAME 50 pL. PCR i 45f4: 95°C5min; 95°C
405s,48°C15s,72°C 90 s, 30 MiE#H; 72 °C 7 min,
PCR " #/=#)% Sal | #1 Xho | W5 5 ok
PERL3 #Hz, #Ab 2 KWAFFI DH10B 1, 75
ZI85 4 (300 pg/mL)Ay LB AR B35, i il
PCR il Jii A X V1) 56 UF 0 & 1 35 A3 21 41 o ks
PERL3-mdrL f4 FHETERE, K BHPERL b k% b
T TR DB A PR BIEA TN o R0 IEAf Y =
20 JFokr pERL3-mdrL B 4% 2 AmdrL &2 25 4iiE R, i
JEASF 142 275k CAmOrL., [A]BshKs ok pERL3 HL
2 AmdrL A% B PR(Amdr L-pERL3) .,
142 HYERMIRIE

Fiz B8 5% [ I IR 52 56 =5 4 fE B3 2> (Clinical  and
laboratory standardsingtitute, CLS)#E¢#REIERRRZ:
DE R BC 1Y/ M EE(Minimum inhibitory
concentration, MIC)™ | FMRES S 3K,
143 HKHZ%ENE

A GA: Y4 B 3l AR 4 o B A0 e 7 A=
Pk EGD-e FIZEA5fk AmdrL 76 [FIHIE T 14K i
2R o RERTA S BIPRE 5 AP e BEREFD 2 BHI R IAR:
Fedkrh, 37 °C. 150 rimin $5 3R 0. ISR
1:100 43 BRI 2 76t i) BHI . BHI+BC (2 pg/mL).
BHI+FI 11 F-(20 pg/mLE) A1 BHI+BC (2 pg/mL)+F] il
(20 pg/mL)H, ARJSHL 300 ul BRERS 2 100 £L

PR R, 37 °C 153% 48 h, HEfF 15 min il 4
YY) ODeoo fE . FI| I DMFit 2R A4F (3% FE 2 S 58 B if
RA AR 2™ I a0 A K R (Lag
phase duration, LPD). “FJ#x K4 K % (Mean
maximum growth rate, MMGR) L & F-34) 5 he 285
{# (Mean maximum optical density, MMOD).
144 FHGERNESKX BC BT =Z1%

PRECEF A= ¥k EGD-e FfIZRASHE AmdrL 50T
BHI #iiAE553E, 37 °C. 150 r/min 335 % ODgoo
2970 0.6, IR 10 5B EERR RS, HOCIEILAIE
FRRERE T RRVE T, SRJG PRI 6 S
BRI (10 -107"), A HRREE B BRTIR R 1 L
SRR S AR BC (0.2.4 pg/mL)i BHI
SEM b, 37°CHi3% 24h,
145 EILZNzE

HP4: bk EGD-e FIZRAEMK AmdrL 7E 37 °C.
150 r/min 3% 3% & ODggo 21~ 0.6, 43 HIHL 3 mL
& 4 000xg #5.0> 5min 3 3 EFEMA 3mL &4
16 ng/mL BC ) BHI AR 20k, HERK, 4
SILEIA BCJ5 0,10, 20 A1 30 min i, B 100 pL
PR OB FE R R, UG8 IR B BEVR AT T BHI
M, 37 °CH53% 24 ho X BHI S EF T B VE T
AT R B ER 31K,
146 EBREFIMHERIE

BB bk EGD-e FIZEAEE AmdrL $:FP % 3 mL
BHI Wi iA$E 5, 37 °C. 150 r/min 35 3% 2 414k
Hl, B0 (4 000xg, 5min)AEIN; PBS PE%
2 K ; PBSE R4 E ODgo 20 0.3, X&)
ST EB BLEAIMERK

EB LR : MEZETIMA EB (ZWEH
8 ug/mL), B FELEZDOLE R PCR AL, HHEMA
I 533nm, K5I 572 nm, 37 °C f§HF 60 Ik,
BRI 51-60 s RAEF Y. EB MSME: i
R HIA EB (8 pg/mL), M5 60 min, &5.04E
i, PBSETFZE ODexo 2N 0.3, B M4,
— AT A A0, 5 —2H AR A 1.8 mg/mL
AR RS 3K, EB AMIER IR i,
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LA EE R N FoR, RIS 2
{85 Fm KPS UE R A
1.4.7 {HEERSIER

W Ak T X MR B B A AR 58 A B R R
(10%) A7 [, EWAE 2 h; B0, A
TCRKBER 200 A 1 mL CHE/K T4, B
5pul FRE THM I, BFE 2min; SRS 5 uL
WYt 15s, BRI TS LB EEEmER .
148 KBS

FIFH Origin 8.5 B A:XF T4 i S B A 7R

2 HR5HH
2.1 SMHEDFIF R M FE X EGD-e & KAY$2 0

TESAANISE (9 BHI B 3756, EGD-e {36k
K(K 1A). 7654 BC Y BHI Fifrfkh, EGD-e Y
LPD A8 5 AR AEA_EIn AR M-S, EGD-e 1)
AR SEZ R (D 1B)., Z5REM, SMERELE
Lm X§ BC ifif 32 Hid 2 e H i .
22 mdrl ERREKWES D FETE

Wik SOE-PCR 5% 1 235 bp ) . T
BEA A B, HEUbgE R —E(E 2A), F4LTR
PMAD-AmMdrL 2B DI RAIE IE 5 L F% 2= EGD-e
JEZ A (] 2B), e 521 14 B B AR R A S | 4
HAREY 1 1471 bp 19 7 BL(B] 2C). )74 38
CLER mdrL JEFRAS AmdrL 2845 HK
23 mdrL ZEEEERTHRINHES D TFETE

FIE 141 A g N 5 2k, B PCR
YRR GRS TR mdrl JEN, STALE R —2%
(% 3A). IR PCR FlER S50 IE e 7
A ATk pERL3-mdrL (1 BH I FeRE(&l 3B); WP 4
iR, FAvEERER TS SEAE EGD-e M4 —
3, B E A TR pERL3-mdrL 5% ZE AmdrL J8ez 2541
o, A 20 S R AR AR CAmdrL. [ B kL
PERL3 HLFEZ AmdrL /F R BE B Rk (Amdr L-pERL 3) .
24 e IR

B 15 bk EGD-e FI%872 4k AmdrL % BC () MIC

g
0
Lo
I

-~ EGD-e .
EGD-e+Reserpine

0 5 10 15 20 25
t (h)

1.2+ BHI+BC (2 pg/mL)

1.0} P —
08 - EGD-¢

Or EGD-e+Reserpine
S +
I
!

0 5 10 15 20 25 30 35
1 (h)

1 ¥4k EGD-e &R MTF/EA TRYE K H 2
Figure 1 Growth curves of wild-type strain EGD-e in the
presence of reserpine

EH¥H 6 pg/mL, mdrL AYEKR I AT E YT BC
) MIC{H, X 5&MTTINMZERARF, fTREEH T
BEREM RS RUEEAR, AL DS B AR R R 5828
PRAERTY ERIZES .
25 HK#MEOH

By L bk EGD-e FIZRAEE AmdrL 7E BHI 35775
H AR A DL AT B B 22 5 (R 4A). SRTTINA BC
J&, AmdrL /9 LPD B A5 K, iy EGD-e 1 1.56 1% ;
1fii AmdrL i) MMGR F1 MMOD I 435Il 445 4 EGD-e
i) 629%6F1 80% (&l 4B, £ 2). DL 455200 mdrL
FEHE Lm 7E BC Wl F A KA 44 mdrL 3L
WM, WHRTE BC AAAE T AR KRS R B A bR
JK(F 4B); XFHARERE AmdrL-pERL3 ()4 K £k
B RASRARL (A 4), X204k SRR I8 R AE BC i
SRR K BEE RS mdrl SRR RRR A OE, HERR
AR B8N ) 5o
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Abp M1 2 3 45 6 M B bp bp
10 000
7000
4000
2000 2 000
1 000 1 000
750
100
C bp
2 000
1 000
750
500
250
100

B2 mdrL EREREKRIGE

Figure2 Construction of the deletion mutant strain AmdrL

FE: A: M: DL2000 marker; 1, 2: SOE-PCR #"3#7=#y; 3. mdrL Fif[JEE; 5. mdrL BRI ; 4. 6. BIMEXTIE. B: M1.
DL2000 marker; M2: DL10000 marker; 1: Fii&HB; 2. pMAD SEFIH; 3: pMAD Foki; 4: pMAD-AmdrL XU, C.
M: DL2000 marker; 1. 2: BHPESEME; 3: AmdrL PHYEXTAR; 4. mdrL PEPEXTEE; 5. BAPEXTER.

Note: A: M: DL2000 marker; 1, 2: Amplification of SOE-PCR; 3: Homologous arms down-stream of mdrL; 5: Homologous arms up-stream
of mdrL; 4, 6: Negative control. B: M1: DL 2000 marker; M2: DL10000 marker; 1. Amplification of SOE-PCR; 2: Double digested pMAD; 3:

pMAD plasmid 4: Double digested pMAD-AmdrL. C: M: DL2000 marker; 1, 2: Positive clone; 3: Positive control of AmdrL; 4: Positive
control of mdrL; 5: Negative control.

App ML 1 2 3 4 5 M2 bp Bp MI 1 2 3 4 5 6 7 M2 bp
10 000

500880 7000

4000 4000

2000 2 000 — 2000

1000 1000 — 1 000
750 —|

500 500 — 500

250 250 —| 250
100 —

3 mdrL EE[E S RTHKREEE

Figure3 Construction of the complemented strain CAmdrL

7. M1. DL2000 marker; M2: DL10000 marker; A: 1. FHPEXTEE; 2. 3. mdrL(&f35h7); 4. pERL3JFkL; 5: pERL3 ALY
M B: 1 FAMEXTHE; 2. BEMENHR; 3-5. PHYESCRE; 6: pERL3-mdrL BUEFEI=4).

Note: M1: DL2000 marker; M2: DL10000 marker; A: 1: Negative control; 2, 3: mdrL (containing promoter mdrL gene); 4: pERL3 plasmid;
5: Double digested pERL 3; B: 1: Negative control; 2: Positive control; 3-5: Positive clone; 6: Double digested pERL3-mdrL.
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A B 1.2
L2 pmn [ BHI+BC (2 pg/mL)
e | ——EGD-e
LOF 1.0 —— AmdrL Iy
—— AmdrL-pERL3 J}
0.8 0.8F ——CAmdrL i
%06 L 06
s s
04} f ——EGD-¢ 04Ff
3 —— AmgrL
—— AmdrL-pERL3
02 —— CAmdrlL 0.2
0.0 i L 1 N i 0.0 i
5 10 15 20 25 5 10 15 20 25 30 35 40 45
t (h) ¢ (h)
El 4 PF4 %k EGD-e FIZRZIHK AmdrL 7€ BC {EF TR B2k
Figure4 Growth curvesfor wild-type strain EGD-e and mutant strain AmdrL in the presence of BC
Fz2 HEKMZELW
Table2 Analysisof growth curves
. IR EHRRA KSR B AOG EEE
‘i‘ﬁ LPD (h) MMGR (Units’h) MMOD (Units)
Strain BHI BC BC BHI BC
EGD-e 3.240+0.096 18.740+0.063 0.342+0.015 0.259+0.007 1.150+0.010 0.990+0.018
AmdrL 3.410+0.131 29.300+0.042" 0.242+0.011 0.161+0.004" 1.040+0.016 0.790+0.024™""
W T 5B EGD-e Mt ZE S B EM(: P<0.05; 7. P<0.01; 7. P<0.0001).

Note: Significantly varied values compared to the corresponding value of the wild-type strain EGD-e are indicated by asterisks (*: P<0.05;

P<0.01; """ P<0.0001).

26 FHUEENLER

2K, BF A bk EGD-e FIZEZ5 ¥k AmdrL fY
) 3 T A ) T 7 B0 Bl 2,41 10 CFU/mL il
1.94x10" CFU/mL, PiEREAT. & 5],
£ BHI Pl b, BFAE MR RIS AR RE IE # 2E 4K ; BC
(MR EE Ry 2 pg/mb B, BPA AR RIS AR I AR K A
FKIHEER; BC WIRERAZE 4 ng/mL i,
B A R RN 28 A8 Ak A A K S B T 8 1 25 S (R R 5
HORT 10% i A IR G HE B 2 R AR A )
27 BUtEZ S

HHCHE BC (16 pg/mL)YEF T, B4 #k EGD-e
IR AmdrL 7S 3R I B 12 22 5% (141 6).
BC/EH]I 30 min 5, HF ARG AS R I V- XA 5 %
43514 1.96%711 0.006 5%. SEFAEREAHL, 2848k
£ BC FIIEL T A5 e T S 25 B

EGD-e Amdrl. EGD-e Amdrl. EGD-e  AmdrL

10-fold serial dilutions

BHI+ BHI+

2 ug/mL BC 4 ng/mL BC

Bl 5 FHREMNEFE Mk EGD-e FAR T #k AmdrL Xf BC
kR Ak

Figure 5 Determination of BC susceptibility of wild-type
strain  EGD-e and mutant strain AmdrL using the
plate-based assay
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100 ——EGD-¢
——AmdrL
10}
S
=
2
2 01}
I
0.01F
I
0.001 . . . . . .
0 5 10 15 20 25 30

¢ (min)

E 6 FF4 Kk EGD-e #1582 Hk AmdrL 7£ BC (16 pg/mL)
ER T 8B dh £k

Figure 6 Kill curves of wild-type strain EGD-e and
mutant strain AmdrL exposed to 16 pg/mL of BC

2.8 EB RYFRREINIME

H74: ik EGD-e fIZ€ZE Kk AmdrL Xt EB 1AL 2R TE
i 22 (8 7A) . AInsZipies, BFERk EGD-e
AR AmdrL Xf EB AMIEASEH &5 #4585 in
A$em TR EB AMERE ), IF BB A bk
EGD-e MIZ&7E#k AmdrL X} EB [94MIERE J1 JL-T-—2K
(& 7B)., 45%H%H], MdrL 4ME% 5 EGD-e %f EB
AR AISMETC K .
29 YA SINER

i &l 8 AT A1, JC BC il , BA:vk EGD-e 5%
ARk AmdrL TEASTCRR 222 5(E 8A . B). JilA BC
J& . ¥tk EGD-e MUANMDESTCH] B8 1k (K 8C);
M7 Hk AmdrL B2 AEAA 2 24 (/%] 8D).
3 WikE4®

SN & TR s B, (e P 2 AT .
bR TS 5400 E E Y s s, SMHIER LR
i R BR AN A0 MR A A E 0T, S Bh A0 B AK
HANRA LIREE 500 . DF5T R, —sehhHER T
DMEPTAER L HEER . AR SR A HE A
HMEANTE AT GRS J R, DRE R I A
HEEEAS Lm 4 BC i3z i 0L . %3
HRARIE , in A S MHESD 0] i R i — A B
Rk 0 R TG (/N o3F LR 0, % o 22 FOBR M B A 41

A ) —— EGD-¢
038 —— AmdrL
—~ 0.7r
S 0.6 eereees
g
£ 05f
=
& 041
8
5 03F
2
g 0.2
=
= 0.1
00 1 1 1 1 1 1
0 10 20 30 40 50 60
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Tamburro 251955 % B8, 7& BC Hl# F mdrL
A FRE R B, KW MdrL SMEETEES
Lm X BC [T 324 5. 1 mdrL 35 R 4 i %) 22 2R i
24HMIERE MdrL J& TANESMER S WA 2
LT ZK % (Major facilitator superfamily, MFS), &
— P E R AL 2N E Y. T B MdrL
HMIERETE Lm X BC 52t fER, AWE5EH I [H]
JEE AR H EGD-e BY mdrl 5E[H Bl 2k g bk
Amdrl. ZHRCEE oK, mdrl JE R BRI kR
EGD-e X} BC ) MIC %A 22 fk. . AT X 7] B
S i T B IE AR BRI 04 2 MURE N I LA TS LB A R R
RAMKAERA LRy 2E 5. G, At Gl HE
AR T-BeAG B 4= #k EGD-e M1z 48 bk AmdrL 7 BC
IR A KRS DL AR K 2R s nT A, 7R3
W BC 2 ng/mL)VERN, SHFAEMMHEL, 248
PRAY LPD B8 K, MMGR Hl MMOD &1,
ZW] marL J£04 5 Lm 78 BC kA R A4 K A7 % [
K RAFVRTE BC A7 T A KWK 287 4 fk K
-, R PR AN AR R A, R
RAFKRLE BC FA4E F AR BFERE T mdrL JE[A
B TS, SRR TC K . SFARTE 25 SR B
BC UMl 4 ng/ml B, HPA-#k EGD-e FIZE ALKk
AmdrL AR B IR 25 . ESUENE BC
YERR, SHPAERRAEL, ZRAERRIAETE R IEAR 2 4
log . AN, AFFEAF) FE I HL BT IR BC HIF4
HIEHFAE bR EGD-e FIZE8 Pk AmdrL (WZHHIEA
A BC J&, 2875k AmdrL O AR 404, LA
X segE LR MdrL AMEREAS: Lm Xt BC (i
%o (HARERME, Rk mdrl J5, Lm E¥RAE BC
FIBT AR TR A a2, xR T
MdrL ZMHESE, ATREIA A HALAMER 5 BC M52
Ak,

Mata 2129 Fi [7] 5 3 21 5 R A9 5 LO28 (14
mdrL LRI ARG 28748 E, 48 LOMTL, &5
HPAEfR LO28 AL, Z87Ekk LOMTL Xt EB BYFHE
N, [FEEXT EB AYSMERE T A REAL, R EB
J& MdrL ZMEZE YR, mdrL 3 DR G Bl S S M BT vk

Xt EB RUAMERE ST . MIAHIE ISR BN, BPAfk
EGD-e fIZ& s #k AmdrL X} EB fF B A METCH B
25, KW MdriL 5 EB MISMEICE, X 5ERTH
WAlPIRA AR AHFIES Mata ZPY BT A7 7R
P () BB R . Mata 21291 Lo28
TR S, AP ] EGD-e; (2) t#E%E
ASRE) )5 AN . Mata 252U T mdrL SE R
AGAE G, TABH ST W58 2 52k mdrL BE K o
— B P SR AL i R R S AR A, SIS AE PN R BR
(In-frame deletion). 3% 5 A] GEJE T ECAWISE ST
NG G SRR A

AMFFELL Lm FRUEE R EGD-e M54, il
PR mdrL i DR R R 98 A8 R R (] 5 5748 Ak A
MdrL ZMHEEAE Lm % BC TR 32 R AVE T AR Kl 2k
SRV . BOEMIZ L) SGE ST B AE SRR, MdrL
HMNHEZEA T Lm X BC 1T 3% . EB FH RS HEA L
GEREW], MdrL 5 Lm xf EB iAMIE X
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