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Screening and analysis of tigecycline resistance genes from
Yunnan soil metagenomic library
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College of Food Science and Technology, Nanjing Agricultural University, Nanjing, Jiangsu 210095, China

Abstract: [Background] With the wide application and abuse of antibiotics, the “super bacteria” resistant
to almost all antibiotics emerged. And clinically, bacteria resistant to tigecycline, the current last line of
defense to treat “super bacteria” infections, had emerged too. [Objective] To screen tigecycline resistance
genes from the soil and study the resistant mechanism, providing the reference for clinical antibiotic
treatment. [Methods] Functional metagenomics technology was used to obtain tigecycline resistance
clone, and subcloning and sequencing were used to identify the tigecycline resistance gene. The
characteristics of physicochemical properties, protein secondary structure, transmembrane domain, and
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system evolution analysis of the resistant gene were analyzed by bioinformatics methods. Besides, the
determination of minimum inhibitory concentration was performed. [Results] A gene encoding
tetracycline resistance MFS efflux pump was identified and the E. coli harboring this gene showed
resistance to tigecycline and tetracycline with the MIC values of 16 pg/mL and 32 pg/mL, respectively.
The efflux activity of the protein was inhibited by 4 pug/mL of MFS efflux pump inhibitor CCCP. The
predictive protein encodes 483 amino acids and belongs to hydrophobins and stable proteins. And it
contained 14 transmembrane regions which formed a typical 14-times transmembrane spiral MFS efflux
pump conserved domain. Phylogenetic tree analysis showed that the protein was located on different
branches and showed low homology with other protein encoded by tigecycline resistance genes.
[Conclusion] A tigecycline resistance MFS efflux pump gene was obtained using functional metagenomics
technology. The protein encoded by the gene belonged to 14-times transmembrane spiral MFS efflux pump
family, and this study provided reference on future study of the mechanism of tigecycline resistance.

Keywords: soil, functional metagenomics, tigecycline resistance gene, major facilitator superfamily efflux
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(https://npsa-prabi.ibcp.fr/cgi-bin/npsa_automat.pl?p
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Figure 1 Predicted secondary structure of 314-6-11 protein
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TMHMM posterior probabilities for WEBSEQUENCE
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Figure 2 Predicted transmembrane regions of 314-6-11 protein
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Note: Red section: transmembrane region; Blue section: intracellular area; Pink section: located on the cell membrane surface; Horizontal
axis value: number of amino acids; Vertical axis value: probability
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1 MITTAPAPSR TYPSLRAAWI PLAALCLAFF VEMVENELLS ISMEBTIGRDL
51 GGGTTALQWV TGAYSLT LLTAfSMAD RRRVLLI GLAVFGLLSL
101  CVVAVSTAGE IMI—_A.AMAPITN SLVFRLFDDQ ALRMRAMTLM
151 TvveMsfEve @I UERTALA HVREENLLVV NAPEALIAAI GVWEGVAADR

201 PEDLTKDRLD LPGAALSVVT IGLACYSLTS GVEHGWLSAI TLASVLGAVA
251 AGFAFVRHER RSAAPMLDLS LFSNGIVRGA AIAQVGTSIA MASVMFGLIL
301 HFQYAYGWSP VRAGLANLPI IVIMIAATPL SEWLAKRFGH RVACLVGAAC
351 LAGSLAGLAW GVDHGYAAIA ISMVVMIIGL RTVMTICAIA LVDAMPGNRT
401 SIGTALNDTA QEVGSSVGTA VVGTMIAALV TTRLPAGIWT NDLVASFFHG
451 ERVIYAVLAV IVGLIAAGGA LTLTDSHSTE EPH

B3 314-6-11 ERRTHEMHREILFT

Figure 3 Amino acid sequence of conserved structure from 314-6-11 protein

TE: B—ATIRE ORI R RIZ X BL: motif D1; 45 “ATLL @AM T RIKIX B : motif A; 55 =ATE @AM T RILKIX B : motif
B; SHINATHEERT T RIZX Bt : motif C; W EAIINT VLXK EL: motif H; 25 AT AT RIZKXE: motif E; {84
W ATEHGEH S INTFRIL X B : motif F

Note: The lavender part of the first line: motif D1; The red part of the second line: motif A; The green part of the third line: motif B; The

pink part of the fourth line: motif C; The blue part: motif H; The yellow part of the fifth line: motif E; The grass green part of the
penultimate line: motif F

SAM K PE H L IR om FE A% R H DI R H AR IR Tet (X3) (MK134375.1). Tet (X4)

(AOR52433.1) 2B MR 75 s VU R PUMAZ AR
PR Tet (M) (WP_060470565.1)H 24 54741 ;

rpsJ FER g% AR S10 2 F1(NP_417780.1)
(LR T 5 5 A 2R Bl ALl Tet (X) (M37699.1)

(MK 134376.1)F1 Tet (X5) (CP040912.1) ) 2 LR 7
Y%,

I F NCBLEH X 314-6-11 E EENE=R 87352
15 FIRPr v B = LR P 4 61T BLASTp HEX
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314-6-11 (ASU06811.1)

92— Actinocorallia herbida, MFS Transporter (WP_123666671.1)
99 Streptomyces lasaliensis, MFS Transporter (WP_137309886.1)

Nocardioides lianchengensis, MFS Transporter (WP_090858796.1)
1007 Streptomyces sp. HB202, MFS Transporter (WP_128861903.1)

Streptomyces, Tetracycline Resistance MFS Efflux Pump (WP_044369073.1)

Nocardioides sp. CF479, MFS Transporter (WP_121143593.1)

’.l( Klebsiella pneumoniae, Tetracycline Efflux MFS Transporter Tet (A) (ARX72820.1)
t 100 Enterobacter cloacae, Transcriptionai Reguiator (ADA62491.1)

100

Escherichia coli, DNA-Binding Transcriptional Dual Regulator SoxS (NP_418486.1)
Escherichia coli, Tet (X4) (MK134376.1)

Acinetobacter pittii, Tet (X5) (CP040912.1)

Acinetobacter, Efflux System DNA-Binding Response Regulator AdeR (WP_033917517.1)
Acinetobacter baumannii, Trm (AORS52433.1)

100 [—Bacteroides fragilis, Tet (X) (M37699.1)

L Acinetobacter baumannii, Tet (X3) (MK134375.1)

L N IR Wbt A s By Trangnartar Trangorinticona 1 Danraganr Ao~eD (0 A \
Literooacter igcede, AVlulllul Ug CinuXx 1 lauapul wor 1 lalm\.llpuuunl NCPICSSOI ACTR (Wi i1

Acinetobacter, Two-Component Sensor Histidine Kinase AdeS (WP_043041662.1)
'I Escherichia coli, 30S Ribosomal Subunit Protein S10 (NP_417780.1)
Enterococcus cecorum, Tetracycline Resistance Ribosomal Protection Protein Tet (M) (WP_060470565.1)

—
0.1

El 4 314-6-11 EEREMBEMAEMAZONRERF IR REELH

Figure 4 A phylogenetic tree of the amino acid sequences of 314-6-11 protein and the reported tigecycline resistance
protein

W A BUEZRR Bootstrap {H; 55 W E/REILER T FI17E GenBank H [ S5 AR FIRIELIEES

Note: Numbers at branch nodes represent bootstrap value; The GenBank accession number of amino acid sequences are shown in the

brackets; Bar (0.01) represents sequence divergence

JG &P, 314-6-11 TS Actinocorallia herbida 5.
() MFS Bz AR R, 353 91.44%, 5
Streptomyces lasaliensis . Nocardioides lianchengensis .
Streptomyces sp. HB202 H1 Nocardioides sp. CF479
KVEH MFS ¥z & A RIS E , 200
90.4% . 88.54% ., 84.66%Fl1 83.05%, 5 Streptomyces
KR B DY R HU b MFS Ah HE ZE 8 AH L A
84.66%, Sifilige vE AR TRAIRL retd kDX G Y&
FARRIES 55.56%. {HIE, 314-6-11 HEHS5E 4
JI 7% AR o0 B 2R i 24 ik LR G ) 2 1 ) 2 B TR
H B xF g5 R Sy < R kB E RO L (No
Significant Similarity Found)”, 145 AcrAB #MEZ
1L FARA Y ramA BE N G bt 85 19 FH 42 Ry R
1 SoxS M IR 45%, Tet (X)5 Tet (X3)MHH
PIMEH 85.57%, Tet (X3). Tet (X4). Tet (X5)=Z[a]
AIFIIPE N 89.62%—91.78%. AcrAB AMIEFE it

Feik o M AT A G0 - PR 28 7 A i 241
Tet (X) S HAR S AU 25 5 B HR O - 3R 27 4R
iy 2tk , I B2 AR FLHIG] A0, (A 314-6-11
A X BE A [R] 5| RN ER ZR 1 24 0 2 AR AR
PERAR, H R RBE AR 255K 4 REik
A3 HT , 314-6-11 FH Y5 Actinocorallia herbida
Streptomyces lasaliensis . Nocardioides lianchengensis
SRR MFS #38 E HIRA Streptomyces K5 1Y
R MFS S AL T W] — 43 3 HARUTE L
=, UM 314-6-11 HE 5K MFS SMIER i
AL IE B 4530 ; 5 Acinetobacter baumannii Fe 5 1) Tet
(X3). trm GhaE 1 DL K IGFF R Tet (X4)
S ASESENUE=Y)1BZ Y TELE SHE I T J S PO
[] B 3 3, AR BE B AR, T ELR 2 B KA B .
M HELE MFS AN R T 75— R0 S ER K 1
ZEM.
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2.3 RARHNE R E 89 E FA 5N HER H$1 7 89 #)
il K36

B AN B TR B A2 45 SR N 1 BT, WA
EUCAST ) H& 45 R, WX & m*AH R m
MIC>0.5 pg/mL H| & HXF I & r= A i 251,
314-6-11 BHEXTE IR 1Y MIC =ik 16 pg/mL,
DD T e 22 77 A ik 245 1 o AR 90 56 [ Ik R R 52 6
% Fr #E P 25 (Clinical and Laboratory Standards
Institude, CLST)SCEECOHNELE T, kX PUER
F I MIC>16 pg/mL )& Houk PO PR 2R 7 A i 241
314-6-11 BEAEXTPUFRZE Y MIC Ky 32 ug/mL, HoXd
PUPRZ AL 250 BT LAHENI XS DU R bR R
B e 2Pk o DR IS AR IR ——Kif
R 5 ZVHRRAERER LY #EAT MIC B9IE
A CLSI U FIE SR, Wk KR IEA R 2
PEEIRZE A MIC>16 ng/mL, FIE HXP KT R £
PEERE P A Mt 251, 314-6-11 RN KGR EFIZ
PR K MIC Jy 8 pg/mL (<16 pg/mL), {HJE 5%}
HEBEMEXR I IR R MZ TR RN MIC HE, At
>4 s LA b, WHIE 314-6-11 FREREKIEFRE M
ZVURE M2 BRIz, 314-6-11 FEREXT
WA, ZAEER., PSPk, JRRER . 2R

F1 REMERENNE

R MIC WE S5 R N, 314-6-11 FEREXTX 5 F
PUERBUS . FIHENEH XA PO R HiPE MFS
AMHEZE I R B TR AR U DU R R I hi AR R 24 .

BritbZ A, AT T ARG CCCP 4
FANHIE AR | 2R | OKIEHR R AU R
Sy, g CCCP ARG Witk MIC B84k 1E
B, BT 2 WEE S, SEIRAS RN 1 PR
24 CCCP ¥ JEH 4 pg/mL I, 314-6-11 FHRERHE 0
WER . KGR ZIUHEN MIC EHFES] 1/4, XF
PUFRZE () MIC (PR 1/4 LLF; 24 CCCP kN
5 pg/mL B}, 314-6-11 AT IR | KIEHE |
ZPHHRRMPUFRE ) MIC (R 1/4 LIF, %
B 4 pg/mL & LA _E ¥R FE Y CCCP Al LMl SMHEZRE
XILRTAE R MR
3 WitE4R

H OTE I R b & B in 35 2 it 24 14 DLk
Bh ATV W s T 6T FLT 25 HLE g, BF
RRKEZEPHEELRALER S, Z0T62 A48
ST & (Acinetobacter baumannii) Fl g1 Fl
(Enterobacteriaceae) T . {HJZ4HRXS B M K 1Y
[ TR R = S SR 121 W W O 0 el DY 1

Table 1 Minimum inhibitory concentrations (MICs) of antimicrobial agents (ng/mL)

Ttem ATCC 25922 E. coli EPI100 PpWEB-TNC vector 314-6-11
TGC 0.03-0.25 <0.25 <0.25 16.0
TGC+CCCP 5 (ug/mL) <0.25 <0.25 <0.25 <0.25
TGC+CCCP 4 (ug/mL) <0.25 <0.25 <0.25 4.0
TET 0.5-2.0 2.0 1.0 32.0
TET+CCCP 5 (ug/mL) 1.0 <1.0 1.0 <1.0
TET+CCCP 4 (ug/mL) 1.0 1.0 1.0 1.0
DOX 0.5-2.0 1.0 2.0 8.0
DOX+CCCP 5 (ug/mL) 1.0 <1.0 1.0 1.0
DOX+CCCP 4 (ug/mL) 1.0 <1.0 <1.0 2.0
MIN 0.25-1.0 0.5 2.0 8.0
MIN+CCCP 5 (pg/mL) 0.5 <0.5 <0.5 <0.5
MIN+CCCP 4 (ug/mL) 1.0 0.5 2.0 2.0

¥ : TGC: Tigecycline; TET: Tetracycline; DOX: Doxycycline; MIN: Minocycline
Note: TGC: Tigecycline; TET: Tetracycline; DOX: Doxycycline; MIN: Minocycline

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TR 2P R R DR SO R IR 2R T 24 5 DR A B e 5 0B 2097

WY, AP SCER, RBLFEALIT 3 K25l
il s (1) AMER R RIE I Z 1 & AcrAB
SR AdeABC SMIERE o AcrAB SMHERR 2 A7
TETHHEBAE D, H2Z4 Ry EA
MarA-SoxS-Rob RS RBIE T & AcrR Y1
P12 5T S BRI R AT LA S 50N 6 v TR A
(Klebsiella pneumoniae)[13’33] KW (Escherichia
coli)®Y Lk Ko b Fgp A T Bk 240 T 4 BH 38 B KT
(Enterobacter cloacae). 7”3 Wit # (Enterobacter
aerogenes) S IR INIF K 24 . AdeABC SMIESE
FEAEE TS A BhFFIE (Acinetobacter baumannii)
H, IS R GE AdeRS TP, RS LR,
T adeS JLHHTIEAFH 1Ss B4 2 adeR 1 adeS
BEN Y AR PR IR R 2, 235200 adeB 5
H adeJ HHMRIE, #H—PFH adeABC Wyt R
i, I & R B R (Acinetobacter baumannii)
KPR 2, (2) G 13- = ek
BRI SR WY plsC SERPT | G S-JRFT HI AT 4L
TR (SAM)M I F SEHE RS 1Y) trm SEDICY | Zfi 4%
FiA S10 AR rpsg P AR £ i 254
K, T H TR B I 2 o A AR
M, HR S R EERBLEE R S, g [ E
BOIMIRZRTZY 5 J5 P 1 578 25 A 20 TR 0 T B
RBUENE . 3) LR KRBT YRR B Ak i
Tet (X)) HiAs F 8 Tet (X3)1*), Tet (X4)®), Tet
(X)) SRR R 1O HTE
ARSI 5 SRR AT 1) - 9 BE 2 SR Y
KA SIS R AR LI, I 2 100 m, SRAEAE
WA TR O, TEX TG LT i 15 2
— XA R Z5(MIC {H 16 pg/mL)f 7 5@
314-6-11, TESE T IIRER FEN A A HORTEIZ b A
RAFEER AT T, WAE+IVERE R TR
KPR 25 B DR IR T 3 PUR I S TG
TR M e A T R A 2R 245 9 AH S 4R 1 I AN 2
RZ, I HAEBAHUE R L L0y Rz e &
TR 253 R AT /D, SR I RE L BE A 20 2

T AT Bl T2 4 3 OB 10 A R T 24 5 PR A
BURT AT 25 AL, A BT e 24 5 DR A% 328 316 R T
HANATE

Xt 314-6-11 FEF 1T BLASTx Hotf 28, H
iR R T UM R it MFS AhHEZE, HEN
314-6-11 BRI EA PUFR R HME, X A TR
TV B S0 R B ]I, FLAT DU R | KRR L 274
IR AP RO RS X HAR R 2 Hr A4 R Ieht
Pk, HENA L YRR U MFS MHESE X U =
RKUUERAEM: Bl BT EE 500
Mr, ESMEXE5RE 314-6-11 FHASH 14 N
X, J&T 14 WS EIRE MFS SMIER ; Rl
3 B 2 WG A A S 2 I A 2R 1 24 2 A ) 2
HERG R RBIL, 8T — RN PR 2
AIEE L, PRI ER R 2 ML A B S SR A 4
f8 ] MFS SMHEZE A58 CCCP #i SRS A 32 3%
ik, BRI CCCP KN 4 pg/mL W REAE FEAR AN T4
X PUPRZE R HTA A MIC fH, S0 A0 R R 25

MFS J& FH K EgMER G b i — RS,
OARTTIZ, GEANE L AR R A A g R
FAAE, T T IR S AR 2 =
BEk, WMER— " EsnymiE, HF b s
H A YITEN & T = e RS EN — K
A — A B R A — A N I i Joa 4 [ E 7R
AL, MFS 26 1 2 B 400-450 >4 JE R 7% 3
AN, & 124080 14 DB o- 12 TEL5H
5 S DX AT R kAR ST I R BEIR 471, X S 7 4]
T 25 K 2 45 R T B 2% 4% bl LR WYL AR
X 314-6-11 # A ORSF S5 s A R B & A
BRI 14 S BEARTE MFS SR HERE R AT 45 1 5
A (GxLaDrxGrkxx(x)1) . B (1xxxRxxqGxgaa). C
(gxxxGPxxGGx1), D1 (1DxTvxnvAIP), E (DxxGxxL).
F (1gxxxGxavxgxl), H (WxwxF1INvPig), ff5H
PR R IRSF AT A, RS F RN 2 B
1E 70%UA O PSR AR, /NG BRI
JEBUE 40% 7247 EXS PSR, /NG FB)
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X FONMEREILIR, (OFR IR H LA L
Hor, fRSTFEEMII A RLTER 2 BERRLE RIS 3 15
L2 0], &4 B-turn Z544, T AE 5 iz 8 8 1)
TE I A G A T 0 (4 T 0 R G2 AR A0 AT G PR T Rk
B T4 4 BSIELEH, TTRESRFHBAE L. It
Gb, TEZ E T 257538 5 (1 DL R IR 00 25 SR HER
H8 R B R ST S5 M3k C Ab eSS 5 BE R A,
FIREHLE T 25938 5 1 Jy s ARSFESFIR F 0 F
C i, SAMETEEAER C EEFS, L)
REATRE SORSFASHIL C US40 s fay gl
PSR A AA R 257 HL for 25 I S5 5 3B B DA ST 1%
Bl ok THERAFAL . BARTHE HER L T A% 314-6-11
B H D REML T5 B TE5 A A =4, B
TR 2 8 A TR B2 SR, i A LR 4
PRRBR G, BHFZRATHIRA T A5 MFS 2 (A%
B SR LE R BT i L4 K 2 B R B AR
BARRA T 55 8 ML RN T RE T 224K A5 2 PR o
T EER B RCN T A ME SRR
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