S ol (owlidiorg e 50 b o3 4 it

nfvm.uoz.ac.ir :ol55g
BeoF-YEVE 1 Suig Sl LLs FFAN-YFFD : sl Ll — aoliliad g0

AT -AT Olbo Y €Y uuwau 9)1{,3 ) o)LMG A's 0,93

(Colistin) yuiowsd o5 t&»}»sui 2ly 30 Cwglio i eptd Slopd a5l (ow)
Escherichia coli g <SG 4o

Y P . Vi kS &
G&“%“":’J‘ ?uélxw ‘)'.‘.“"“’ ‘a‘_gﬁ.w TN )
Ul)‘l ‘J,:..u))‘ ‘k;l.:m)‘ d.a:u oKy ng....‘o caL..a 9 Aﬁj)ij‘S PRCSA K ‘L;»L..CLI 05; -\
OVl eily el 50 (Sl ald CpannnidS eyl a5 oLzl ¢ Sl pals 00SLils  Sijaald oges (5,55 aisgal yiils Y
Ol bl e bl oBims sy «65,5laS caSimgh « bl Ml g el 09,5 Y

VEY 3TN0 il iy AFY STV S50 A FY U110 salie il s

4. 10.22034/nfvm.2024.424139.1210

US>

Olseds gloanlis jebds (pnSin Ly Cawl (POIyMYXIN) (pnSin s STgm 81 S (B oS sb) o sS
AL ()5 lad raddsS 05 oo ool gl 4y pglie shtep S slas S pleyd Sl Seg sl Joly ]
A s wpdoe oo Sy el ol o 9 WS e e | b slid (SHilSe g wS e piSes )
Snl b lag iS5l (B p a5 wllior (shinp S Slas S ST ()5 lad Sopm Yl (ol cj2 6w L lsd
a5 Gl cau 31 (EptA) ) ol 5 e gililgand A o) Bsd co it 55 4 Canglin (Ll o ] HlS Lo jo Ol s
S et 4 Caaglie ;0 2550 slagy) Wl B (o) p jelateds Bb e B Coli 5551 )3 A e el Jorns
slid Jlsle ;0 550 lannd jiiw @lo e ol s (s5denl o LT ad sileil o Y51 USaze loee
Ot o 1y oazlad ohaisi VL o dgiesd Siises 5 SIS Figey doay Slugesd Simger Joid 5| Sl
30 09290 1 ple b e bLS )1 YV L pagP 5 ols lis aSis (s5¢0gne5 jIT .05,ls aSlids 10 9940 slalys
S8 o o, ;0 bLsIYE L slaS 0 phoP g basS arnT eptB slayy aslsl )0 0g Llo |y bl slass oy sYL oSl
5 Betweenness Centrality )i (0 3Y0 (1) 5 (0.03527178) polie L i jds pagP sloyys ized iibld
Betweenness Centrality 5 Closeness Centrality gadlge ,laie 3l eptB 5 ‘yizmon 0o Lis |, Closeness Centrality
ASeh 3 Sgzee slbryy samaies il e aE Gl s 60lS 55 wess (0.03332764) 5 (0.96428571) jolie b
a3 oo LS il 09l oo cdalie atws 90 ;0 Lid pagP 5 g aiws Ay eptB 5 i pleie 09,5 0o3lgs 5l ol ol
B, cpiand oS Caglae Wl o guldS raieptd o5 LS o eptB 5 aS

A ¢ aSiea b o S T ok ) Bl L g s sbllS 5 6Tjg

yasub.shiri@uma.ac.ir :as Jyus coins g Seig Sl oy ™



https://nfvm.uoz.ac.ir/

\4

e gliuls )4/l olads/V ala  SSlsjuals uslicdiesqi€as s ldojls agns H‘

Iy cute Jb b unSn by (Dab) ol S 509000l
P! sl asl, pals wSen s ol (F) a2o oo LialS
& bt ol S e xSl i
(A ‘V) &6‘50-;

Olsieds loanlid jsbay aSiady &5 ol
slasSh gl ly Ssmsl J> ol o5l
eilie 09 g0 odlital g)lo 4 pylie (aiep S
a5 o Sl e Sl ity S S (iosli
sl 5y 2 L oS Sl G S0 ()
Klebsiella ) aigogy MurdS izg g9 >,
S99l S ey K 3l oslisul b (preumoniae
B ol Gl (uidsS Prre 0 S
sl o) slad (S x5l s
a (V) ash plas ) olid glols g G gay
b oeeSin sy slopaSon y (polais! ne coals Jds
6L®J9L» S Lgl.&é 4 SBlie S0 &) dalic
sl (5515 S @0 e 85 Wighioe Jate 215
ST oossl sl @bl (alpby wsiee
ol 095w Ban b oy slasSUge 4 laplasns]
(\ \) Sl 00 fL?u‘ MLSL' )‘ ‘5..)[4 @LM.C

‘5@.}3] (eptd) ;lawily e¥eillgansd A o]
Gl eptd ol ladd o ools lid Slalllas
ash Gl plp Ve ) G sS4 L
Sl Glpoads b Sl sleanld oy o cl
g bawgs Ssie 3L Sl Cules g i sS

VY wigds oola! ‘S;Ail

Ol SR g (5w Crginy

doddo
Sosmstl S B peeSan ) s
S 6,250 lawgs a5 el (polymyxin) ynSo b
Sy ogyls ol (V) 098 oo g5 Bacillus polymyxa
ol Sladig 5l (B ege g ol slacigis Gleys
oolgls slaaisS i alex I aiep 5 slags xS
el a0l (Entero bacteriaceae) al, :S\ls il
lipopolysaccharides - ) ooy ,Sls Lgod A and (V)
ST slad Som Y 5l Lol i S (LPS
Sy Olpreds oS was oo JSS ) Ghiep S slacs SL
sheze slam il 5 b Sism Tl plp 50 Ll o
aS Sl oads oSS s3> dw 3 LPS (V) md Jos
SG g Lol ats S A s 5 o el
A S b GrdsS () JS8) ailli o0 O 55T 09,5
OSeny hiep S sl Sk (2B slad s,
Cois 1) LPS a5 1) m5uie g ol sl )y 9 05 (o0
) Slad s Ldlate S o Lonly S oo
L s slas (SolSe 5 0 oo ndidsdi | 6550
(F) 09l 0 Joho S po el Colos j0 g 0iS 0 Jie
sbal glamyl (hiee)S sleossl 5l S
b Sy 5 plie lsle Dol glp a5 wiles,s
Jos Sl amt 0y WS Jes 355 olendon
SIS e 555l clid @ sadiolia slSIsn
LPS/LOS Lzls 0 A o Ceond ol Jle S
(L-Ara4N) }MI)T—L—@.Ssio—f—wi—f pleal ol
Sl A o (5 4 PEIN) (el Jsiblsansd
2o Gladin @ e S Slag S Conles alS
©) 35500 oiendsS s (CAMP) GsslS 5 Sn
LA o) olaws sleog,S 4 pEIN 5 L-AradN o34l

Lol ol Sollgps)l piSeny (b b



(Colistin) Mf &Sﬁﬁ'”éj ).ﬁ,)a 9 c’.’«ws&o O eptA ‘!lywb A&w (oW )y T

......................... |
i
|
[
(O]
oo
E |
: O |
: I
: i
' 0! 3
Sl 2
v £ 3
Outer member S §, a_
o; T
idogl & 1
Peptidoglycan o1 g
_________________ ! 3
Inner member A
3
\ﬁm/ : ;
S
> z
Cadop )5 sla s L 25T oy GLad (9w Y w5 g (JSUg0 jlis b Y S50 3
-
3.
)
a 3
H § 3 Jd

&
: ’k/ o
1 0
O=P=0r H o0-P-0-B-0r
OH o H]N/‘--..,/ & 6 o
NH o *+ NH
o o HOr o HO" Le]
5 ] o o
o
o +
Ho o S . o wlo ok

(x2)
Los Phosphatidylethanolamine (PE) LOS + pEtN

S 322557 4 (8 55Ty Canglio s (€PIA) 31yl e 36 g A g o 5T gy A i) ol (sl 5 43 PEAN (309331 ¥ S

02,5 50 (sl o5
polie ladigw j5eb &l izl Jlas b s 4y 5 lg 5l 5l (2L gaz slacdgie sl gyl
3 jeba boyels 51 Sy j0 .l s (6L a3 (carbapenemase) el S coiSades
23,5 oo oolaiwl plo slas o Gloys jo indsS AT eeedsS A dles g dlid dgusme  Sloyo
polie Sladgw joeb S pm RIB cge ol (e sloasl iyl Sk GRl@El () wuS o

(B) Sl 00 3okl ol a4 e Slenl IS sasSades



e gliuls )4/l olads/V ala  SSlsjuals uslicdiesqi€as s ldojls agns H‘

Text mining Co-Expression

byl
plo beptd 5 Slo Ko e Experiments 4
gz (V0) ai asie STRING-db oL o lays
2 4d Gigdng gl o Sluee ad ilusl
Closeness ¢ Betweenness Centrality  sladalso ol
s (V%) Cytoscape l3éls,i ;51 o4y Centrality
aalie i oolazul (VV) NetworkAnalyzer .5
Cu3S e ol 5l cwl & Le Betweenness Centrality
bolas oloxy wlwl 5 g odusry 4l G jo node S
Closeness  Llio ;0 .08 ,5 0 aowlxonode o bLs)
node G 5l alold o SolisS 51 cuwl & Le Centrality
b e gools o,le a4 lenode  ple
!y Closeness Centrality 5 Betweenness Centrality
aSls jo node o1 oYL Cowal saims ylis node G
2 9350 sy 659en] o BT (YY-VA) asb o
Al plxil DAVID g e l58le 5 51 oolawl b oS
Benjamine P-value ;)5 & S gl oo (YY)
AYO) s dcwle
Uniprot oSGl ;o 09290 Sledol g Yo gy b
eptB a5 b oYL Sien eptd 5 0is asice
a4 05 A ol oo, S o)le b ooyl phoQ 4 phoP
» adsl Slope 4 STRING-db ools oL
3 Co-expression Co-occurrence bl )l sl
aSlal 45,0 90 b aslsl jo .ol (g3le;b Experiments
STRING-db ools oSl ouls sleaion oy oo,
ool Covsay node YA 51 Saie Sloes oSl Bulys
(VS

Ol SR g (5w Crginy

ol &S cul War gwgps wo Jlse danugs
ol ol 51 (S aiS oo Hlee |y eptd lavgs A aold
Sgmss! 4 abySlh Cuwglie jeeb b ablis iy
e eptd o a5 o lsael ail oo uiandsS
by cighe LSl 5l WS Dbk | GeeSeal
G Cwglie S5 WS Sole> (Sl e
a2 oo las Olllas wiloyy Plos a1y S L
ol dxwg lp Je Gun S cul Sew eptd oS
32 bl S Sl sl b e
oas plosl Neisseria o 31 sl 5 o i a5 Jl>
siop S s S ple gl syt Olided ool
62970 eailSee e S50 el 55 090 15 sbee
5 Jd Jme b lane <o des 5l eptd
Shosdgn Sledbl walize ooyl 5,3l slcdl>
w28 o loslh g ey 4 SIS lp 1 st
(Y) &S e

4 Cwglie SlopuailSe jo eptd Cownl 4y ledl b
Shaslr S50 )ls anug glp O demily 5 GendsS
soor b oadlas cpl o weptd (oo Sles sloace
gy s 2bsSL pes SOl slaell
Slpp 85 gilil sz (Sl jsdile sl
) aawlgs Caglie Sl 0l o 5 slagys
S b edS Ojge ol ea¥ollsand A ud
20,5 &)l il 1l gaudS slagys sl P ER R
59 g olgo

Uniprot osls oL 5l eolatwl b asdllas ol o
@lST 05 Oy eptd o) egat )3 glr Sl
& Escherichia coli ;5L Cwglin ald 0 550



(Colistin) Cowunn) 65 AS,Q”‘;IJ s 90 Coglio ()5 ePtA Glupd dSud ow )y ee—

phoP
eptA
arnT
eptB
yhijJ arnA
pagP
ybjG
basR

phoQ

IpxM
IpxD
IpxT
IpxA
arnC
arnB
arnE IpxB
IpxL
arnF il pXx
arnD IpxP
pmrD mgrB pmrR

O bl yymode o315 . i 95 S gus 55T ol 30 E. Coli (5555 (gomoundly Ceoglito Juols eptd (45 Slupd aSuls — ¥ S
.abl o0 YU Closeness Centrality ,S5ly ol 1555035 30,8 4 4z node Gy g (oS polio gl p o5 o3luil) Betweenness Centrality

ol o o p0lio g1y S3U g 2T 6 0L pwolio g pussd g 30,3 5| Edge Betweenness Lo p bl bohs cuwlis 9 K

3 Sae o Ceal (Sl il J S5 G az e
OS5 i 2 VL pagP (5 3 90 55 il e A0S
Sae 5leptB (5 peizmen ol plas ], Sy (g
Betweenness g Closeness Centrality  gaalq0
(0.03332764) 4 (0.96428571) polie L Centrality
() Jgur adlioe a0t cal )0 63elS 0F (g
Sl oles (sl 4K (g5eles8 LT oS el

ol 0851 1) 4l )0 39240

YV L opagP o5 ol plas el sislng 5l

Yl Al ) d9zge slags ule b et LS|
arnT «ptB slacyy aslol jo g Lls 1) LLs,l slaws
S8 sam sy jo bLs)l Y8 L plaS e phoP g basS
Betweenness yal,b Ll 51 pagP o5 cwiomes axiils
St S59lre5 7IUT )3 o ;95518 SG aS” Centrality
Ol oYl by ple 4 cews wilbie
Closeness

el sl oles 1) (0.03527178)

g Wilgo jiie S U jao atels jo a5 Centrality

E. coli (5551 33 ¢yt 5 Sefigar 5T ol 50 (shroandly Cungliio sl 50 55 50 oy ASud S599a197 3ILT i ) Jgor

Gene Name Edge Count Betweenness Centrality Closeness Centrality

pagP 27 0.03527178 1

eptB 26 0.03332764 0.96428571
arnT 26 0.01884253 0.96428571
basS 26 0.01884253 0.96428571
phoP 26 0.01884253 0.96428571
phoQ 26 0.01884253 0.96428571
basR 25 0.01467781 0.93103448
eptAd 25 0.01467781 0.93103448
IpxM 24 0.01296992 0.9
arnB 24 0.01202343 0.9

oD
.

Gl palidiesgias s o agptas

e glhasli q Iya/l gllads/V ala




e gliuls )4/l olads/V ala  SSlsjuals uslicdiesqi€as s ldojls agns H‘
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matching proteins in network (labels)

term descrip- observed false discov-
Term ID .
tion gene count ery rate
KW-0472 Membrane 24 0.0021
Cell inner mem-
KW-0997 22 0.00067
brane
KW-0812 Transmembrane 22 0.00073
KW-0808 Transferase 21 9.98E-07
Transmembrane
KW-1133 . 21 0.0012
helix
KW-0443 Lipid metabolism 17 8.41E-17
KW-0441  Lipid Abiosyn- 15 3.65E-21
thesis
KW-044g  LApopolysaccha- 15 1.51E-14
ride biosynthesis
KW-004 ~ /ntibiotic re- 10 1.14E-07
sistance
KW-0597 Phosphoprotein 8 0.0022
KW-0902 |Wo-component 7 0.00029
regulatory system
KW-0012 Acyltransferase 6 0.0018
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IpxT, arnC, arnT, arnF, IpxP, gseC, bacA, eptB, waaA, pldA,
basS, eptA, arnE, pmrR

IpxH, opgE, ybjG, IpxL, phoQ, pgpB, mgrB, IpxM, wcaJ, IpxT,
arnC, arnT, arnF, IpxP, gseC, bacA, eptB, waaA, basS, eptA,
arnE, pmrR

opgE, ybjG, IpxL, phoQ, pgpB, mgrB, IpxM, weaJ, IpxT, arnC,
arnT, arnF, IpxP, gseC, bacA, eptB, waaA, pldA, basS, eptA,
arnE, pmrR
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eptA
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arnT, arnF, IpxP, gseC, bacA, eptB, waa, bassS, eptA, arnE,
pmrR

IpxC, IpxD, IpxA, IpxB, IpxH, IpxK, pgpB, arnB, arnC, arn4,
arnD, arnT, arnF, eptB, pldA, eptA, arnE
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arnT, arnF; eptB, eptA, arnE
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phoQ, phoP, gseB, gseC, cpxR, basS, basR
IpxD, IpxA, pagP, IpxL, IpxM, IpxP

O 6 5SL Canlus eptd o dled ladd jo el lis
(YY) Cool @Bl zol38l ol Voo 5l o e §S
SleSh 3 A ad boadyl aSeen L
s ge Gl 1y 09 (2l Sk ws colad (hiep S
Jolss a5 A e ol Bk Sl enSen b 4 Cnglie
Spso o 3l BrmeSo b b adsl Sy mSUI
€55 5l siiep S Gl ySh )0 A ] g e ol
aS Conl (ol eptd 5 el s 95 1 o0l s L
Ll E. coli 555G 0 pEIN L A acd 2ol Joio
E. 575l Cunglio sl oy ssbiinss asllas cul o
S0l Slaed &b (rdsS Sl 4 coli

b 5ileil eptd (5 Sojeme b anlp cal jo pS 50

S50, slaslyi 5 el Jblsind 03,5 55

$,105 50, 9 (eptC g eptB eptAd 3iils) pgigeg,S b oo
sl 5SL yo (mer-2 g mer-1 aiile) duensdly b onlds
Skl 5 g dmlie Wload 3135 shiap S
02ls lid (tap S (8L aisS Ve o el Joibilgind
5 epIB eptd lapgigeg,S Gle yd Cald line oS
Oyt eptAd oS > o cusl oS E. coli ys eptC
Az ye e e plas mer-2 g mer-1 L 1) calls
ol Jole mer-1 gacadly 5 eptd (093909, o3
gy A eptd Slops Al wies Cwglie Wl
4 Caglio sl wulys (o eptB 5 YL cuwnl Sl

Slallas iz 2 00 |y E coli 6 2Sb yo ]S



(Colistin) (ytudsS” Sgm (T p2l 2 43 Conglio (35 EPIA (St aSd (o 2

alwd 90 0 s pagP o5 9 cws A o eptB (o ol
el eptB 5 aS wad e slis cpl sd oo cdmlin

Coglie Wl jo pagP o 4 Cand il

Syl i d oS

References

1- Bialvaei AZ, Samadi Kafil H. Colistin,
mechanisms and prevalence of resistance. Curr
Med Res Opin. 2015; 31(4):707-21.

2- Binsker U, Kisbohrer A, Hammerl JA.
Global colistin use: a review of the emergence of
resistant Enterobacterales and the impact on their
genetic basis. FEMS Microbiol Rev. 2022; 46(1).

3- Maldonado RF, Sa-Correia I, Valvano
MA. Lipopolysaccharide modification in Gram-
negative bacteria during chronic infection. FEMS
Microbiol Rev. 2016; 40(4): 480-93.

4- Loho T, Dharmayanti A. Colistin: an
antibiotic and its role in multiresistant Gram-
negative infections. Acta Med Indones. 2015;
47(2): 157-68.

5- Baijal K, Abramchuk I, Herrera CM,
Stephen Trent M, Lavallée-Adam M, Downey
M. Proteomics analysis reveals a role for E. coli
polyphosphate kinase in membrane structure and
polymyxin resistance during starvation. bioRxiv.
2023.

6- Rogga V, Kosalec 1. Untying the anchor for
the lipopolysaccharide: lipid A  structural
modification systems offer diagnostic and
therapeutic options to tackle polymyxin resistance.
Arh Hig Rada Toksikol. 2023; 74(3): 145-66.

7- Tula MY, Filgona J, Kyauta SE, Elisha R.
Screening for some virulent factors among bacterial
isolates from surfaces of hospital fomites and hands
of healthcare workers. CMBR. 2023; 3(1): 9-16.

8- Tula MY, Filgona J, Pukuma MS. A
Systematic review on the status of diarrheagenic
Escherichia coli (DEC) pathotypes in Nigeria; the
year 2000 — 2022. CMBR. 2022; 2(4): 213-29.

9- Shiri Y, Solouki M, Ebrahimie E,
Emamjomeh A, Zahiri J. Gibberellin causes wide
transcriptional modifications in the early stage of
grape cluster development. Genomics. 2020,
112(1): 820-30. [In Persian]

10- Narimisa N ,Goodarzi F, Bavari S.
Prevalence of colistin resistance of Klebsiella
pneumoniae isolates in Iran: a systematic review

G pagP o5 o olas aSeh siglns sl
sl o w8l Lgod Lsle s 0 alds

(G dlwd .A.:SGA L Lsmf)f sl =St k_¢‘_>)l_">
plaie 09,5 005lan 3l ols lid aSl [0 d9>se slagy)

and meta-analysis. Ann clin microbiol antimicrob.
2022; 21(1): 29. [In Persian]

11- Chang K, Wang H, Zhao J, Yang X, Wu
B, Sun W, et al. Risk factors for polymyxin B-
associated acute kidney injury. International journal
of infectious diseases : 1JID : official publication of
the International Society for Infectious Diseases.
2022; 117: 37-44.

12- Gogry FA, Siddiqui MT, Sultan I, Haq
QMR. Current Update on Intrinsic and Acquired
Colistin Resistance Mechanisms in Bacteria.
Frontiers in medicine. 2021; 8: 677720.

13- Legese MH, Asrat D, Mihret A, Hasan B,
Mekasha A, Aseffa A, et al
Epidemiology of Carbapenemase-Producing and
Colistin-Resistant ~ Enterobacteriaceac ~ among
Sepsis Patients in Ethiopia: a Whole-Genome
Analysis. AAC. 2022; 66(8): e0053422-¢.

14- Apweiler R, Bairoch A, Wu CH, Barker
WC, Boeckmann B, Ferro S, et al. UniProt: the
Universal Protein knowledgebase. Nucleic Acids
Res. 2004; 32(Database issue): D115-D9.

15- Szklarczyk D, Morris JH, Cook H, Kuhn
M, Wyder S, Simonovic M, et al. The STRING
database in 2017: quality-controlled protein—

Genomic

protein association networks, made broadly
accessible. Nucleic Acids Res. 2017; 45(Database
issue): D362-D8.

16- Shannon P, Markiel A, Ozier O, Baliga
NS, Wang JT, Ramage D, et al. Cytoscape: a
software environment for integrated models of
biomolecular interaction networks. Genome res.
2003; 13(11): 2498-504.

17- Assenov Y, Ramirez F, Schelhorn SE,
Lengauer T, Albrecht M. Computing topological
parameters of biological networks. Bioinformatics.
2008; 24(2): 282-4.

18- Shiri Y, Solouki M, Ebrahimi E,
Emamjomeh A, Zahiri J. Gibberellin causes wide
transcriptional modifications in the early stage of
grape cluster development. Genomics. 2019. [In
Persian]

D
-

rSpals il sqan b 186 ayds

e glhasli q Iya/l gllads/V ala



e gliuls )4/l olads/V ala  SSlsjuals uslicdiesqi€as s ldojls agns H‘

19- Shiri Y, Solouki M, Ebrahimi E,
Emamjomeh A, Zahiri J. Unraveling the
Transcriptional Complexity of Compactness in
Sistan Grape Cluster. Plant Science. 2018. [In
Persian]

20- Shiri Y, Karimiyan Ma. Reconstitution of
Gene Network on Penicillin Resistance in E.coli
Using Databases Information. NFVM. 2020; 2(2):
1-9. [In Persian]

21- Shiri Y, Mohkami Z, Bidarnamani F.
Reconstruction of co-expression network of ampC
gene as the main factor of Pseudomonas aeruginosa
resistance to the new antibiotic
Ceftolozane/Tazobactam. NFVM. 2022; 5(1): 96-
107. [In Persian]

22- Shiri Y, fazeli nasab B. Evaluation of gene
network on tetracycline antibiotic resistance
controlled by tetA and tetB genes using databases
information. NFVM. 2019; 2(1): 88-96. [In Persian]

23- Shiri Y, Khodavirdipour A, Kalkali N.
Re-construction of Co-expression Network of
Genes Involved in Bacterial Cell Wall Synthesis
and Their Role in Penicillin Resistance. AJCMI.
2020; 7(3): 65-71. [In Persian]

24- Jiao X, Sherman BT, Huang DW,
Stephens R, Baseler MW, Lane HC, ef al.
DAVID-WS: a stateful web service to facilitate
gene/protein list analysis. Bioinformatics (Oxford,
England). 2012; 28(13): 1805-6.

25- Benjamini Y, Hochberg Y. Controlling the
False Discovery Rate: A Practical and Powerful
Approach to Multiple Testing. J R Sta. Soc Ser B
Methodol. 1995; 57(1): 289-300.

26- Takahashi H, Carlson RW, Muszynski A,
Choudhury B, Kim KS, Stephens DS, et al.
Modification  of  lipooligosaccharide  with
phosphoethanolamine by LptA in Neisseria
meningitidis enhances meningococcal adhesion to
human endothelial and epithelial cells .Infect

Immun. 2008; 76(12): 5777-89.

27- Ly NS, Yang J, Bulitta JB, Tsuji BT.
Impact of two-component regulatory systems
PhoP-PhoQ and PmrA-PmrB on colistin
pharmacodynamics in Pseudomonas aeruginosa.
Antimicrob Agents Chemother. 2012; 56(6): 3453-
6.

28- Guo H, Zhao T, Huang C, Chen J. The
Role of the Two-Component System PhoP/PhoQ in
Intrinsic Resistance of Yersinia enterocolitica to
Polymyxin. Front Microbiol. 2022; 13: 758571.

29- Bishop RE, Gibbons HS, Guina T, Trent
MS, Miller SI, Raetz CR. Transfer of palmitate
from phospholipids to lipid A in outer membranes
of gram-negative bacteria. EMBO. 2000; 19(19):
5071-80.

30- Rubin EJ, Herrera CM, Crofts AA, Trent
MS. PmrD is required for modifications to
escherichia  coli  endotoxin that promote
antimicrobial resistance. A4C. 2015; 59(4): 2051-
61.

31- Kawahara K. Variation, Modification and
Engineering of Lipid A in Endotoxin of Gram-
Negative Bacteria. Int J Mol Sci. 2021; 22(5).

32- Bishop RE. The lipid A
palmitoyltransferase PagP: molecular mechanisms
and role in bacterial pathogenesis. Molecular
microbiology. 2005; 57(4): 900-12.

33- Elizabeth R, Baishya S, Kalita B,
Wangkheimayum J, Choudhury MD, Chanda
DD, et al. Colistin exposure enhances expression of
eptB in colistin-resistant Escherichia coli co-
harboring mcr-1. Scientific reports. 2022; 12(1):
1348.

34- Protonotariou E, Meletis G, Malousi A,
Kotzamanidis C, Tychala A, Mantzana P, et al.
First detection of mecr-1-producing Escherichia coli
in Greece. J Glob Antimicrob Resist. 2022; 31: 252-
5.



New Findings in Veterinary Medicine

Homepage: nfvm.uoz.ac.ir
Semiannual - Print ISSN: 2645-4491 Online ISSN: 2676-5004

Volume 7, Issue 1, Spring & Summer 2024, pages: 86-96

Investigation of co-expression network of epzA4 colistin resistance gene in
Escherichia coli

Yasoub Shiri"', Samira Saadatjouz, Zaynab Mohkami’

1- Horticulture Department, Faculty of Agriculture and Natural Resources, Mohaghegh Ardabili University, Ardabil,
Iran.

2- Doctor of General Veterinary Medicine, Faculty of Veterinary Medicine, University of Tehran, Veterinary Clinician
in Zabol, Zabol, Iran.

3- Agronomy and Plant Breeding Department, Agriculture Research Center, Zabol Research Institute, Zabol, Iran.

Receive: November 6, 2023; Revise: December 5, 2023; Accept: December 6, 2023

4. 10.22034/nfvm.2024.424139.1210

Summary

Colistin (polymyxin E) is a polymyxin antibiotic. Polymyxin is increasingly used as a last resort antibiotic
for the treatment of drug-resistant Gram-negative bacteria. Colistin makes the outer membrane of the bacteria
permeable and disturbs the integrity of the inner membrane and finally causes cell death. Lipid A lipopolysac-
charide is a main component of the outer membrane of most Gram-negative bacteria, and some bacteria induce
resistance to colistin by making changes in its structure. Lipid A phosphorethanolamine transferase (epz4) is an
enzyme responsible for modifying lipid A in E. Coli. In order to investigate the process of genes involved in
resistance to colistin, a co-expression network consisting of 29 genes was reconstructed. Gene ontology analysis
showed that lipid synthesis pathways involved in bacterial membrane structure such as liposaccharide biosyn-
thesis, glycolipid biosynthesis and phospholipid biosynthesis have the highest number of representatives in the
network. Network topology analysis showed that pagP had the highest number of connections with 27 direct
connections. Next, eptB, arnT, basS and phoP genes were in the next row with 26 connections each. Also, pagP
showed the highest betweenness centrality and closeness centrality with (0.03527178) and (1) respectively. Al-
so, eptB is the second key gene in this network from the perspective of Closeness Centrality and Betweenness
Centrality with (0.96428571) and (0.03332764). The classification of the genes in the network showed that out
of the twelve differentiated groups, eptB was found in 8 groups and pagP was observed in only two groups. This
shows that eptB, along with eptA, plays a key role in the induction of colistin resistance.
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