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Research progress in transmission of multidrug resistance
mediated by genomic islands in Proteus mirabilis
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Abstract: Proteus mirabilis is an important opportunistic pathogen causing nosocomial infection, and is
widely distributed in the natural environment and intestines of humans and animals. Genomic islands (Gls)
are 10—200 kb discrete DNA segments located on the chromosome of bacteria, which promote their host
bacteria adapting to the complex and varied environment and are closely related with the adaptive
evolution of bacteria. In recent years, several Gls associated with multidrug resistance (MDR) have been
found in the genome of P. mirabilis, including Salmonella genomic island 1 and its related Gls, SXT/R391
integrative and conjugative elements and PmGRI1, indicating that Gls play important roles in the MDR
formation and transmission in P. mirabilis. In this paper we review the research progress in the genetic
characteristics, transmission mechanisms and prevalence of those Gls, which provides reference for further
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study of the Gls associated with MDR in P. mirabilis.

Keywords: Proteus mirabilis, genomic island, multidrug resistance, Salmonella genomic island 1,

integrative and conjugative elements

A AAT S8 TEMR KPS
SR PR B L e DR AR R i B ) A
LT RS 2 AT R, Adeolu 250 i 4 3 (]
21 R Gt AL AT I ORI B EEAR (G R 7
ST W IARE A R 2T, 2k 220k
&, [EB R AMEEIEE), TEEFRBE PR GRIEHk
FER 0.5%—3.0%) A, PR AT AR
KME ., A BB RS TN AEE0RE, T2
O3AE T HARIREE R AT ipiE . HElr, 75
A TEFF B A Bt B 1) R IR R 2 — , 5 R
PR I P, TR R R, 7
SASTEAF R 25 PE R A H 252 Bl teah, 55
TEFFRRAT IR RS | R R AT 25, LA
i 245 4RI 2 — 25 IR T I IRIR YT 25 528 JE AT s
BB 25 e 8% MRS .

A 7% st AL o 3 09 I T 22 L 2598 A
ARG LR T EWNAMEE T Z T, SR
Tt 245 1 %5 VDA G 1 AT % Sl st A% Je A 4G Bk . 4%
BT WA BT, RSN HHE
EAME YA 25 10-200 kb 2l 7 f) DNA FEL,
WA TE t(RNA B tmRNA SER 19 37K 3, IEIE
16-20 bp A4 WIEMELFH]; FEE G 5 Y6k
L ZHA H HAT S Y GC & . R IR G 7]
PEFEERS A HISE, NAREAA RGN | 5 e &
P 5 S PR I RS AR S O SR R BL oh, DR
5 A S B = i A RS DM AR DG Y R, B
ZRAEYEOIRE, AN AN R EOR Y L SR R
Vst . BRI 29T 2 | B TR S o s R A s B
HIRe s A a8y L T2 5y | AR A, XS L
By REAEHE 15 32 4 PR N 52 2 278 B PR, TR 20 TR
7 P A 2 2 A R,

AR AT AR AT R R A R T 24

5 Z M 275 VIO BE R & , F 2 ARV ek
A5 1 (Salmonella Genomic Island 1, SGI1) &% HAH
KIEH S . SXT/R391 #4424 o (Integrative
and Conjugative Elements, ICEs), PmGRI1 %, %
TR IR B A A S AT R 2 E T 24 AL 3
() AR, AR SOREO a7 S B TR AT B b S5 24 6 O
(R TR B B Z5 A RAIE | AR RE AL | WA I O S A T

1 SGI1 RHEMREHNS

SGI1 2—~ 42.4 kb M ZEMF 2GR A 5, Tk
RIT RAGFEVI T8 DT104 saperhll, % apetk
W 7E et S NIz AT, o F AR
AREMARBE RN, AER. HER. M
s, PUBRZE, B ACSSUT it 25 %), SGI1 BRAF
TR, BHAtt e AR A B | 2 R
HB . W2 B il . KGR AT . iR e o
B b gl ke 1A
1.1 SGI1 By HM4F1E

SGI1 H 27.4 kb HIEZLIX I 15 kb ) 2 iif
XA, HEZEM 25 X E—AE 220 In104 &
BEF, U 5 AR aadA2 (R R AL
W EE M 25) | blapse (BN PHAIRZY) | tet(G) (MU
WERMmZ). floR (F%5 R FMFE A JEH ) Hl sull
(BT 2) . SGIL B4R DAL 28 ATk [ 3 4E
(Open Reading Frames, ORFs) (S001-S027, S044),
TGS SGIL #G | L mdr s tEEA | ET
B CR I I S001/5002 Sy int/xis H& 4 BT Bl it
FE, FEHE SGIL AL SR B . 52 Emt
245 X F AR Y S027 (res)BE PR [R) K 4 i — M
e PR B NG, B TR A, AR
SGI1 B AN Jufih— L S GAOCHE T, ndE
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AFaEREM(S01L, S012). fiRfiEN(S023). ATP [iff
(S026)%: ™31 shifi, SGIL B A4 £4~ ORF 1)
REMANTESE, TE— M. SGI1 fF7Ek®
FINERY, =B A A | e A DL R R AR DX LR S i ok
S s I | B TR T 2 R R A 4
FA5 ak [ U5 E 20 R S8 SGIL BT B A iy i 8
AL B, Wang 2% B A ¥ 1S26 7E%
HM 25 X EHE A T EEAEH
1.2 SGI1 HtEHEHL I

SGI1 R B ANMEERH S, R MYk F1)
BT SRIFIE Y R SN SR LS54, 8 IncAIC Ji
BB AR R E s EE P seIl e
Jetafh F ARG LS T gt tRNA AL A
trmE (W FR>M thdF) i 3" A bt 18 ML AL , FR W attB
75 FMERY SGIL A ZEAR R SRR L A7 251
Frh attP 07 55 Yeaik B attB {7 2 nT 53Rk
SGI1 1 attP o7 s & A s e etk E g, Al
SGI1 ¥ & F etk E. BB, SGIL i
A BN int FIIBRERIE R xis 205 SGIL 1y 4%
4 UIBR, IncAIC BTk R GRS 11 AcaCD
BEMEAE MR 5 0455 2 SGIL YIFREFIEA xis 1Y
JHEh T, TS SGIL MY ik VIR Tk,
TR0 SGIL FRIET IV BIAMIK RS
(T4SS) 3 AFE[H (traN | traH ., traG)sZ #1158
1 AcaCD 9¥#EM, fiHE SGIL K F-AE4% .
13 5SGILEXMERS

AR, —265 SGIL AR Z E i 25 5L 8 15
A Ak 7E 2 R0 R R R B, e AT
trmE [ 3K %t 18 bp 4k, FHEHF T SRS AL A it 2
KL, Siebor 58T 2014 4ETE A ASTEATH . 1
VTP AT 811 kb BYSLN S, & A7
FEATRI N & 1 (Proteus Genomic Island 1, PGI1);
PGIL HHEIX 5 SGIL A — & [, 2 H it 24
DX AL 8 Al 24 JE R LA K Rt (1 e 5 A AT 41
4 W5 Girlich 2% 2015 4E £ BT PGIL il &l

PGI1-PmPEL , #5747 T ik ¥ %5 M 25 Tf 24 5 ]
blanom1 FIHE T 1% B- P4 Mk e 25 filf (ESBLs) 3
blaves.s. Hamidian Z:2%F 2015 4F (£ S A B FF 1
R T RS A S 1 (Acinetobacter
Genomic Island 1, AGI1), ZK:H S#E T 7
RN, AdE AR R T 255 blaper. Lei
4P 2018 AR AEDF SAS AT Th R BL T AS AT I
FH B 2 (PGI2), Hi#A T 14 DAF R 25 5 A
Siebor Z5EPZE I R JEAT AR TAT B P L B T
R 25 5L 5 GIPmIL, 7 7 N2 5EH,
AT

SGI1, SGI2, PGI1, PGI2, AGI1 ¥JJ& THiA]
R DR 5 SRR, 0 200 T e R A4 LA A ) 3 A7
FLU(trmE /9 37K 18 bp 4t), B ZRIX AT —E 1Y)
P, AN A A R AR, AL i R
TR T AN 4332 o Bl A 200 A 5 R A D 135
AT RE 22 R B FSIL R 5 B 2 0L, A B T8
/R SGIL Je FHLAHSCHL A 5 i i Ak
1.4 FHFETHEAEF SCIL REEXEASH
MAITHER

H 2007 4 Ahmed 251 vk 76 25 AR TEAT B
K SGIL Lk, HETE7ES SRR &I
T SGIL B, Wang 25045 25 S AT FF 1 v
R SGIL #E4T T IHG EZs, 245 0EPE. %
E I Y AN HES Nl i A E P S PNGS b LB )
()75 AR TEAF B R AE 19 SGIL AU AT 30 k15
AN, R T 24 PGIL, PGI2 WAL, #7725
FERR ) SGIL B AH S SE R 2 3 5 7 — Lo fif F4F
PR 1 — AR A 2 P it 25 2K D], {HL S AR R Y
SGI1 K AHICHER &5 e A4y — LI K I B ST
LT 2GR, AR TR AL blanowa™
ESBLs %(blaVEBﬁ\ blacTx-m-15+ bIaCTX-M—3)[23_25]\
SRME VT2 25 35 H (qnrAL . qnrB2)2328L K AR
K 245 5 [ (fosA3) P I A P AL IR 1k, W
SGI1 JeAH KL i R 8 76 2F Al A% b il 8T e i
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2 L DR LGS N BT AR

Boyd Z:7E 2008 4F TR EFREE . £ 5 Ko
NZEREARURIG 30 MRAT SEASTEAT I HP A 5 kdE Ay
SGI1, 735k SGI1-A. SGI1-1 #1 SGI1-0, X2&F
A A FATATE  SGIL W MFSEiRkiE . Bi
S CONFR I 23 WA SFASTE AT 1 (L7 R EE Bk I A
6 B T A SO IE)AS 8 Fk(34.8%) 1 SGIL-U,
X 8k B H A SEREAH S . Siebor ZE2T M 122 5 Dijon
EEBEMY 66 HRET SEAS AR T 7 B4 SGIL,
fr %k 10.6%. Schultz 2By [ 08 4k 27 525
TEAT TR (52 A4 = B A YR A 46 BRI UR) G HY 12 R 45T
SGIL (5 FREEBESEIEA 7 BRIIVE). Sung 2Bk g
24 MRAGIEZT S ARTEAT B A 4 MRl SGIL,
Bie 22 FR [ ARG B 7K IR 1Y 57 BRI 2577 5
ASTEAT B ARG Y 5 BRI SGI1. Xiao &P
288 PRIfIR . B SORIEASTEAT IR AN 14 bR
H SGIL 8¢ PGI2, #ri#K 4.9%. Wang 2
132 #R Bt SR IR K A7 S AR TEAT TR P i H 5 kA
H SGIL, KN 3.8%. XLEHfsr £, SGI1
T HAR S JE R I8 A R S0k I8 i 25 S A TE AT
HfA T, HAHRA T 3.8%-34.8%2 1] ., {HSE:,
IR X SR A AL AR SGIL H R4 A B bk
Bl , SGIL AHSCHEE B (An e 3 H E R R 2L
PGI2)i i 71 A FE ik — 2 B
2 SXT/R391 ICEs

ICEs J&—Fi i FANp Yo fk I HRBE: A%
MR B shistf ootk , #m A A B RS, MR
R — A E AT A R, LA 0 D 5 4
ICEs ik -2 —2 ks, fnmok: Incd®. {H ICEs
5ok R, ICEs TER & EFHIE A T Al
A B 20 TR R A P R VS T R AR ]
PRIEF AR (] 3 G e 8%, REAETE e i .
# = HAr, ICEs %1l My 4 W ¥4 ICEberg
(http://db-mml.sjtu.edu.cn/ICEberg/) 3t i ¢ 7 & /b
28 MF T 1000 4> ICES™), Hidr SXT/R391

ICEs & H HI#F 78 i 2 1Y ICEs F i, it ¥ > FR B
P T v 5T 21 2% DDA DG Y ICESs K% o
2.1 SXT/R391 ICEs By 45 #4351

SXT/R391 ICEs 4=k 100 kb, 44 A4
XORSFW —RKELGH ., EEAMOIMEAT
SXT/R391 ICEs W Ff 5 14 4 4 21 41 1 J (K] 41 1)
pric JERPY. ardEk, CEINEE . 2 4E s
WE. CIEHEESS L T 100 4
SXT/R391 ICEs, Burrus 2R isc % HA 25 B[R] 5
AT ICEs 448 SXT/R391 ICEs., Wozniak
4Bt 13 4~ SXT/R391 ICEs 14K ¥ 51 HEAT T 4%
M, KB SXT/R391 ICEs Kty T 52 A~ JLF—
RO HED . Bioteau 2B & BIX 52 MZ L
BER A 43 SRR PR, kS0 HE R B
5% ICEs MBS /VIBR . Be BB L 4. It
A FSEIR LB T 5 N X I (Hot Spots, HS1-5)
F1 5 a4 XI5 (Variable Region, VRI-V), ixit
DX 3, PN B R 985 T 24 35 DR s A BB 4R o501 23 R
PERThRESEH , i ICEs HoAa ZRERIE Y= IfE
WA SRR M E SR 2650 P 1w
S8 B R IR R | R s D 5 e A O
SXT/R391 ICEs My FEtEnIbF &, EEHh 5
5D T AR XA A A B R L R Bl 2 A
¥ B,
2.2 SXT/R391 ICEs BY{&1&# %I

ICEs ML #idt Fel w40 ay i (3R 1k) . &
WL A, A, B4, ICEs BATEANF YL ik
R E AL (attB), e AT IS attl i attR J¥ 41
ViR GE, attl fil attR 75 45 1ICEs WYL ihk
FBTEITORIE B — ARk v a4 5 PR AR Hh 1A
SHE R EE DNA, il 5 5B B Z KR
7E DNA RA TR T A B AMETE NS . 2R
FER B 1ICES AR FPEAL A attP 5Lk
(1 attB {7 iR AEELL, (i ICEs B4 31m F e
& 0 poulin-Laprade 25 ESE SetCD 45 F7E
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SXT/R391 ICEs ¥z hile & i EAEH, Hiele
HE int Fl tra #R\ - K 1) 235 5 T SetR /& SXT/R391
ICEs ¥ A5 [Pl 7=, i SetC. SetD ik,
WFSERY], ICEs AYfLHE 32 B PREE R K 11
P, B SME 4 DNA Fi4515 5 5 ) (SOS
Response) i 22 48 % C oM S BT 25 RE fiff
SXT MAKF-EERACRE S B A 1 SOS i fg
PTG RecA S 2R (Y SetR A 24f#, 21 int
A tra B F IR AR, IIfifEdE SXT 19
KOEEAEA D gi4h, Poulin-Laprade Z“SHiE sz 7E
SOS J )i CroS il F7EHE ICEs FE RS I +
SetCD Htl & #4:45 T EAFE . XS R, fg

x1 FETHEATEPAIA SXT/R39L ICES
Table 1 SXT/R391 ICEs found in P. mirabilis

PERAHTE SOS S BYHT TR 2459 i K fiff FH Al g
#ET SXTIR391 ZXJi% ICEs 1) {Z 4 H#L.
2.3 SXT/R391 ICEs EFFEHATE P AITIT
=P

HETC R AEE . B, HA, WA,
|k P8l B SO AT R R R BT
20 43~ SXT/R391 ICEs, K44 47 if 25 3 K]
(3 1). 2016 4 Lei Z1O0E 125 MG IHZ S8 TF
FRE#G 8 BRIEHF SXT/R391 ICEs, KRN
6.4%, P 7 BREENT T ICEPMIJpnl, 1 BRHEH T
— AN ICE 44 ICEPmIChn1, Xt 23k [ &
SATEATE P RS —1 SXT/R391 ICE. Li

SXT/R391 ICE  Size (bp) Source Country Year of Antimicrobial resistance gene(s) GenBank References
isolation accession No.
R997 85368 — India 1977 blaymsa KY433363 [44]
ICEPmiUsal 79 733  Patient United 1986 = AM942759  [44]
States

ICEPmiSpnl = Hospital Spain 2005-2006 blacmy-2 = [44]

ICEPmiJpnl 91091 Patient Japan 2006 blacmy-2 KT894734 [44]

ICEPmMICHN1586 99355  Patient China 2008 floR, strA, strB, sul2 KX243404 [45]

ICEPMICHN2407 97 078  Patient China 2009 tet(A) KX243405  [45]

ICEPmMiCHN2410 93537  Patient China 2009 = KX243406 [45]

ICEPmMiCHN24I6 92556  Patient China 2009 = KX243407 [45]

ICEPmiFral 104 247 Patient France 2012 floR, sul2, strA, strB, dfrA32, ereAl, MF490434 [22]

aadA2, aphA1la, tet(C)

ICEPmiChnl 92751 Layer China 2013 floR, tet(G), strA, strB, sul2 KT962845 [46]
chicken

ICEPmiChn2 104371 Broiler China 2013 floR, sul2 KY437726 [47]
chicken

ICEPmiChn3 55195 Broiler China 2013 floR, sul2, hph, dfrA32, ereA, aac(3)-1V, KY437727 [47]
chicken aadA2

ICEPmiChn4 90566  Broiler China 2013 floR, sul2, strA, strB KY437728 [47]
chicken

ICEPMiCHN1809 76 218  Patient China 2013 = KX243413 [45]

ICEPMiCHN3237 87 215  Patient China 2013 = KX243414 [45]

ICEPmMICHN3277 104 175 Patient China 2013 = = [45]

ICEPmMICHN3300 108 335 Patient China 2013 floR, strA, strB, sul2 KX243415 [45]

ICEPMICHN3335 89996  Patient China 2013 floR, strA, strB, sul2, tet(A) KX243416 [45]

ICEPMiCHN901 89493  Patient China 2014 floR, strA, strB, sul2 KX243408 [45]

ICEPMiCHN902 89096  Patient China 2014 floR, strA, strB, sul2 KX243409 [45]

ICEPmMICHN903 89644  Patient China 2014 floR, strA, strB, sul2 KX243410 [45]

ICEPmICHN904 94942  Patient China 2014 floR, strA, strB, sul2, tet(A) KX243411 [45]

ICEPMiCHN905 94956  Patient China 2014 floR, strA, strB, sul2, tet(A) KX243412 [45]

ICEPmMIChnBCP11139 487 Swine China 2016 floR, strA, strB, sul2, tet(C), cfr, blactx-m-es, MG773277  [48]

aphAl, aac(6')-1b-cr, blaoxa-1, catB3, arr3,
sull, fosA3, hph, aacC4, dfrA32, ereA, aadA2

Note: —: Not found
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a4 OL o B YR A Y R N T F FF 1
SXT/R391 ICEs #1553 4.2%F1 17.3%.
2017 4 Bie Z5M77E 77 B A BT AT B P AR Y 6 Bk
#Ea5A SXT/R391 ICEs, KBLT 3 -8 ICEs,
4352 ICEPmMiChn2 . ICEPmiChn3 #1 ICEPmiChn4,
HuTH AR, & 5 ABAFR# H SXT/R391 ICEs
KIVRAT RN T 4.2%—17.3%Z 8], HAS 1042,
2018 4F Lei S5 T o [ I A AR TEAT B o
FEAE—/NH Y ICE ICEPMIChnBCP11, ##4F T {u %
rRNA FELEL RS ofr (4 S e L R 2 it 24)
ESBLs [ blacrx-m-es. BE%E: R M 253 A fosA3,
TR 2 25 55 ) aac(6”)-1b-cr 7EN Y 20 AR
[F] FA) TR 245 B BT, 32 H i B9 SXT/R391 ICEs
FIGErh A 25 3L i 2 1) ICE, RP] SXT/R391
ICEs AR R —AH LML EF- 5 R B T 2
FEH X SRR, A AR AT R Y SXT/R391
ICEs HATEEMZHN:, RSN T HEAT
B SXT/R391 ICE Ry Ak S AEAIE 1 i 338 0 PR
H AP E AR R A

Bk SGI1 KAHSCHEH S . SXT/R391 ICEs X
KIEH AL, Lei ZEPHE 2 Bk RIN 45354 PGI2 3 E
Al ICEPmIiJpnl (47 SR TEAT IR R B T Wi Al 2
fit 25 3 4 &% PmGRI1 (GenBank % % 5 W
MK861851). # AL AT 1A C55 #57 i PMGRIL £
J# 4 50.46 kb, #ir44 PmGRI1-C55, %3 % &E
£ F PMI3004 F1 PMI3005 H:[H i), 4 1E
tRNA-Sec R, HAA i f£7E 20 bp 1Y 1F [\ B4
J¥%]; PmGRI1-C55 17 62 4~ ORF, flifi—/ i
ARV EARGAEAHE, 5N Glsul2 (GenBank
HSRT R KXT709966) % A AR 32.08%, #E
MEATHEN T PMGRIL #£43] tRNA-Sec 1) 3K
Yi; PMGRI1-C55 )2 M 24 X j&— Ml FL 351
IS1 ) Tn2670 MIRTAY), 1% T 5+ Tn21 il
6 it 245 L K (catAl . blarem.n . aphAla, sul2,
StrA strB) LA K — AN 4 B SR 254\ 712 s g
BLAST 7E£E X} & B PMGRIL AMUAFHE T4 5778

TEATHH, M HISAE T RIgRAm RS, HAER
[vi) TR Pk P S8 A7 AN TR R B A A 55 BB PRL R
/NMT 26-151 kb Z[A], #5472 FEIN 2,
A T B AR S A T 2 3 [N S (AR
J&, PMGRIL-AOUC-001 [mlRs#EHF T b i i 25
253 blakec, VA K 16S rRNA T 3L Ak il 5L A
armA, EH| PmGRIL W ERikIG K EEPLEZ5Y)
it 25 3 X ) F B A ) Rkl B o 2 0F 5 1 B
PMGRIL FEE & ZEAN [ a8 4 1 b (a8 4 Ak S A%
&ML
3 NgE5RE

g5 LTk, SRR S R A SRR AT A 2 E i 24
W SR h R R R HEAE R, ol /E N E W
AR, FEis L IF Ak il B v Al AT e i 24 5
R DL o fetE R BE . HAn 2 e A A TEAT I &
MirZ SGI1 KA . SXT/R391 ICEs,
PMGRIL (#7748 S4Bl 55 DK 20 00 s B AR g 3
Ko, AoR]HEIR 2 & B £ 5 24 A OG Y 3 [
By o ST A FARTEAF U v 55 T 245 4 6 Y 2k (R 5 475
AP Z R EAARARR R, AL 5 i i
. FLAEHLE] . EYFIh RS, BTN 3 AT
T TP JRESE . (1) AkekTF e A k IR 7 £ & it
2y LR SRR, 45 R X S L ] B AR AN R AR A
DA AR TEAT W Ak i R s (2) MR 74
Y2 BOR s B DR B AL R AL, U HOR anfey 5
Folr ) A543 LA S WP SE JE R & 5 5 5 (3) JFJRSEA
S WWAERKIERE. T, EMREIE R . B
TE N SE I AH SCHERI Y o I REBIF SR A Bl i B
N & AR 24 D Re, e m SE 1R 5 7R i 45 S A8 T
FE B IE N AR VR R
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