FALU YA Olxtuso e (Y oyloli— 2 0,99) 2188 asluo 30 (699,15 (659) 99 S0 aoliliad I

0y b (97T ybalenas” 30 Cpmlog yis 5l 4 Coglin & g 30 MU J oo SO bl
Siloygdilgw ol Bl 31 (S

" it b * PG ol O g | 1 W 4

U‘jj.“d‘jé-; L;JAQ‘J.GJ .«\:—‘)@W‘)UTo&J‘: L\Jiaa'ﬁ 6&6)}%}(}190@‘36@“%} a);‘
Q\J.ﬂc;)bgjLd'z)u\ﬁ(;.;vja@\:c&ﬂr}&ombcﬁﬂwt‘i&f{l{o}f"

VEX/eUNY s gy Foosl VEV/o8/) e 1cdb s sl

[ Downloaded from amfi.ir on 2025-07-29 ]

S

ol ln 53 Coslae slowl s g (ST L alaST Sl (B (Slals she Olays gl a5 STl eSS 5o T

03 ot (5 o5 4 S il L gy (JiSdg0 Sk Ul 5 oy (ol 3 L aleeS 53 eSS 5 ST S 4
ol mmalos 251 b Oloys 4 (S ST Caglin sloml b BLiol )3 55250 JI gl 035 (61 ol s
Al e 618 S 595 L(ERY) aslos 251 b Oloys 4 NCTCIVWAPA (a0 g g 15,550 sloeS™ 6 20 S 5
Ol op i b 05 s 5JBT Rl 5 5 GEO2R T Gl b s gl Al (glalid saTwsa glaesls
b sbads ly s e s e 605 Ol ¢ s slulis LOGFC [>Y] 5 p<0.05 (sla el ) oslizal L 31 )
bolis bt oy CytosCape Ll jble 5 b 5 b ad 8 i 55 5 1 458 STRING o5l oSl w5 ¢ Sy 151
flaA, flaB, flgB, CmeC, sdhA, (sladj 3l (slas samme Li jadeins Hlalins Olo Sl 3L 5 2als L Calides slaly
Bl ails B sl 2 ) S5 5 ST L Ol ys 4 S in fF 5 b plenS” S s 5T Canslia 3 Sl 5 e 50NB
w35 &1l S glin Hlgn (gl omlin (gla ISl caisS ool (63, Shes LT 5 (6,108 1 el s o b andllan ol s

613 S sl g 5l 60 10 L s8¢ (S5 s ST ol 1SS DS

A0 R0

* nas.asgharimoghaddam@iauctb.ac.ir

YA I @luo 0 (69 9,5 ($59dgwg S aolilad


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Colal 515 oo Oliadils cCunglie Lo aie) (S5 (sl
6, Ky Sl Lo T sladleys sl 1) slosall
IS ST sl 4 g ey paS ) Kan aS CaiS
S g T 4 sl slo s 28 6,85 ol sl
SL Nl )58 e kuT bl et s
ST os Al rmer ahds Sk
de e Rl cbol)s Lo oS
2585 3V (S sl 1y ST o s (oS S TshaS”
Conslin slo) (S5 Ko ol 23 clad s ST uaglie
255 () 2 WSS g BT Sl s ) &y L 55T 58T
Gldshe 3 s, ez oS lee &K Olgsw
by STl LS5 5T o 5 cpmles 2l e gl ST
S sl OT JGt 515 Ljls Jo 5 ol el olomilr
.[/\A] A...fu.o

2 b pl 4 Ceslie (S0 edlSe
do b 5 sl o andllas 03 28 H5b o g if Sl slaS”
95320 S s @3S TRNA O 55 g 4 oL
C}k..« Sabowly 4 LYY 3 LY sla 9 55 igm duy
Lo b MIC AGVPHI/ DERY & canslin oy
i S 3l e Bl (MICA# 6 I/ vTA)
ERY 41, 55 Cuslie Y pelaw L 23S IRNA 0 s
Vo] sl olen (MIC> I/ vo9)
Sk Vb 55 )5 &S 4 e blaul e
0553 S Sl 6y s S oS3 g ST 5 e
ui.@.‘g- C};j ol OLis Jﬁ‘ Lﬁ‘ .\.&L' )L:’ Sy 23SrRNA
Saier g5 5l i ASThska s 63 Sl L
51CMeABC * .Sl Jlad oy [VY] ol 23S IRNA
Sl oS oS ol 6 K03 p 5 ol i (S b
"}‘;LS“ j{LM BL La.,l.}j;b» j"f’ BE &:«A}L;.ﬂ
oy ledlad e b a7 sl ol S Slalas [VFOF]

¢ Erythromycine (ERY)
7 Tylosin (TYL)

& Tilmicosin (TIL)

9 Efflux pump

ohe 9 (£l ‘

b it 05 6L S kS ST sleS

S ST 5 Jlel ol Jele 5 o5 e (IS
s VY] Gl Ol pal w55 Ol s 1 51 AL
3T § 1o 5 pan 3l o i) S LalaS” Gludl sl is
PN L5l o (U LT 4 035 s b 03T T Sl
(U Gt gl 5115 o0 T S S sk AL
Al e G gl 5 flpinal (oS (K85 03,
C)MQJQMQJAGSA\:QL&QML&“W
L o S gie 1 s 4l & 0l 504 T(GBS) L kS
355 i S lskesS s)lge S s 4 BV Y]
S ST Oleys ol S Lol (sl 0k 5 3 gukme
car STIF] AL (65,2 ¢ 5 Solom b ks 35l 5o 51
3ealimal Tad ) 5875556 Slays (i3 51 alS Js o
el sl e Olsiea) Cudy Sl GlaeS 5 ST
Oll s 5 hsleaS slalssie Oboys <l C[ERY]
s Cpl o Caoglie Sl 3 Lol ciles S Iy (6 i Coanl
copl posdhe [0F] ol mal il b s eSS 5o T
okl e 1y Sb eSS T S S
Wy s dopisSals s ERY) oy 2ol (TYL)
35 Sl 8 p el 50l gl 5 Sl oldE Mg
355 6K Olgea ShaleS [V] Lsd e el
el s S e e 3l cpls 5 Ol o &S e
Jie Sa5 5 (Sajels 5o buds STl eslizal 51 &b
03 (IS S shernS” S5 s 5T gl ) 23 55 o0
S 53 4 oSS Ll Sl godae f Vs 4 lgr el
Calien bl )3 Cunglin sla S Glalis 5 S Ol oo
s Lokl 4 DI pl .l gy ool J Y3 1SS
Iy ghiadia lag 5l mnl B das s o3l Cudlw Oladoes
Sk ¢l o5 ins ann i I 285 (6, K0y 51
S ST aslin 528 gl 53 fse Jalse Sl
oS andllan b S o 55 | (a i) S TskaS 5o

L Campylobacter jejuni

2 Campylobacteriosis

3 Guillain-Barré syndrome (GBS)
4 Fluoroquinolones

5> Macrolide

Applied Microbiology In Food Industries ¥q


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Siloy9iilgms 5l 31 (6 S0 08 b (957 piTlgloras

g3 pslae FAEY 45 Ol 53 ) (s 5 B Ol kS
63 sl S Jl= 55 sy ol el o A Sl
53 palie FAESF iy 53 1) g5 bB Sl W05 ]
Sla s 3 0k 0o (Gla0 S . Lisl> 0L Yy sle CEM
S oy 088 e a6y Sl 0 53 plie
S 53 S op e 5 1y ezt 1 aidl 5 T 5 55
O AN JEsl s ol edbois sbal) 1 oS
> Sae Saisn 5 GOl O sh s (s 0
3L uds 4 das oo 0L laadl ol Wyl i as sl
Ol e 53 s ST pslie o T STh phaS T4 g 5
S S35 5 PSS g A Sl R Ol 3,1 3
ke 53 s Sl 4y Conslie slol s Sty
NG C- )
19 50 SodIS 4 121 9 (S33T xe2
GEO oKl 15 mrscear L abje ol o
ST cwlis (5515 S (www.ncbi.nlm.nih.gov/geo)
© o S lehaS (SO T Caslie ol
@8 53 Jas e Slllas 0357y 6l el 20
Slallas (gl ,SKn Sladllas Ols 310315 S ol (gl s
O 5 o b Slalllae o 5 s Ol Sl pm 6
5 g1l 5 Uil GSEL7881 s s IS
Pl Slaosls agh I Ly S el T Jobows 5 LajJUT
Jola) adsl 315 5 S om) 2 3550 SOV5 Sm 4 b gy e
JB e s a3l Cod> 5 (5ledle i il 5 ksl
35 GEO2R 55T (gla 5l 5l oslizal b byl 5 (s
Limma (ggplot2 4l s C_Q eSS L R,Isle
(g Sm 031> & Loy pn o s IS 45 L S ol
oy 9 A Lde gleld b sy () slaws
23 Gol3 g o - BRI e plil Laesls
23 LS Al (G5 S b O seas 5 (p<0.05) Ol
Up- slos obesl ¢, LOgFC> Y )l asls
Down-slads ol gl LogFC< -V 5 Regualted

. eslazw! Regulated

.2 O Log 30 51 4y Cuoglilo 8 iy )0 Wu> yigo sbbyS (ot Lwlls

(i) S shn pslin slass yor 5> CMEABC .53
sboSsn 03 s b gl sbe CMeABC
LYY (WA LAS Caxbgn 3 =5) 5 LF (GVFD) o5 5m)
Casglie sl sl YFS IRNA (AYVA G) 05 45 b
Ok o ioi) ASlaleaS 53 AS o Jos sty STl
Sssp a S 355 s J S CmeR Lu g CMeABC
Ly Sl ay 09, Ol 5 358 o JesCMEABC
gy k3 Dladlae CMEABC 5 o dle kS o ooy
e S Wl oy 5 (laeilSe 4 S o 5lgiy
Cosp Ll il by e pleg sl Caglie Lol
IALATAN] NPT IR o R gl C

);g);u@,uﬁéuﬁ&j\,—ﬁs)nﬁjp
b J5Sse bl 5o Slgar o 53 oS ST skens”
Tl 3 L wlal Caglie W 5w e o0L 5 U
o5l ssba (JsS s laslsy cpl ST ik e YL
AL plaS tabin ST 5 eSS 5 T 51 (I oslinu!
P OlF e s AS o s b M5 STl 4 pslie oS
U185 35 5 ngoe oDl 51 Bl gy W g
35 sl 0T 51 b STL g cplbej)le
&Q’Bg) 9 0'9.0

Sle) 53l g T (Sla bg, 4 soms 51 03 5 0,00 b
Olo b by oL Gln il S sloadls )
Caslie 5 6L FiL s LMEEE 5 Ol
IS A bslsST g ddae S e (S ST
o€ 3,5 5L AT Lyl o s s STboa pslie
P a3 NCTCVWVPA (s g iafF 5L skenS 08
Ad bt (e Ble SIEIL Sk realeg )
S L on Sl pslie Gl e I Slas sazes
ST JUSE e i) Slaeia ids sl ) S
ks awslin gl DNA (g 15 SKn (6 o) 53 s
FAESF) Wy Sl & polin sl 05 Ol la
oslizal NCTCYNFA 4 o 5 £ 55 b (PAENSFEA

S 55 Glalid 1y 05 1 (oS sl JialesT ol

! Microarray

£ I @luo 0 (69 9,5 ($59dgwg S aolilad


http://www.ncbi.nlm.nih.gov/geo
http://amfi.ir/article-1-56-fa.html

Cjoso4

JI S Josk N peai

P93y ¢ J93b ¥ o

SO 5dos S 039 o5k ) Jeu

Slasl YJeik Y Joibe
\ flgB Cjo604
¥ flaB nrfA
v Cj1026¢ Cj0358
¥ flgG sdhB
o pseB sdhA
2 Cj1650
v flgD
A flgE2
! flgG2

3 Betweenness

ohe 9 (£l [

SIblis wyy

— 59 OOl e 1 S Sl el gl
33 5 L3 o3l String (slosls slaol&S L 51 (PPI) 55
Soeslial b B sse o3 Sdes sladgile Sulg
Cytohubba 3, i .aaT s, Cytoscape il
Sy s s eslizal a5 3 HUD (slads 4 0wy (sl
b Gt e 5 oSl 0351y 5 T
SO Sl ekmals |y blie BT o pt oS (SS5 s
5 a3 byl 95 L HUD glag} .Aé eslizl MCODE
s iy S p el el
o'

Ol Sals 5 aslssl glhls o) ilulde 1
s S T 5l e gy p 2y0 Calidee S5 ladiws oy
s S B0S ple b iKen p 4K ) 5 S8
b iSes o ol S @1as 5 A eslinal Calises gl
alas 3)50 L0551 K p K pl 53 S s
105 ple Sl S L RuK L 2Ss 00
LSl bl
5l MCODE ¢SS Ly, ladsile olbsal g,
a8 eSS 5 sle el

Degree Cutoff =2

Node Score Cutoff = 0.2
K-Core =2

Max. Depth = 100
S L IS (05 el 4 63 Shos Jg5le 55 0

= )\u\fj':" ?<"—-}3'5U5:5T C_A.oju.a 93 ol o.g_L.»LJl d\:a
Y o) ﬂjaé])dd)béj&bé&ﬁ@jd\))jwl{

NQISPRES

! Protein-Protein intraction(PPI)
2 Degree

[ Downloaded from amfi.ir on 2025-07-29 ]

Applied Microbiology In Food Industries £\



http://amfi.ir/article-1-56-fa.html

Siloy9iilgms 5l 31 (6 S0 08 b (957 piTlgloras

.
Sz e ool )l (68 b 0L )
Gla S AP Jlo s edouze VLI s e 31y
Al U 5 Tl lass 8 s 4 T lonS”
JLis @ [IA] s esls Ui Ol s 61\.1.'9 055k
NS slisis j5, falS b e 5 Sl gl SN
(2l slge Sl daze Aol l3sslen Jolse I golun
23 548l anw g Gbla 53 Olopan L sleas” ol sie
Lgyl ol OVYLI dhax 1 Olgr ol o drw g Jl>
Amea 050 b s wleysbi s LaT i 5T (Ul el
Caslie Gb0S ooy SLebas (il oo
SapnsB ol S o (GBI Jlist B b o5 S
o3 4 il Yol & ol poen 5 ole
(IRl 25 e )15 di 4 pslie SlaeasE 15 S
S hsheaS 0k T gladle s w8 s OLE Olidisws
St Sl (pe SO 6l i Ol sed Olopas
Gl i 5805, G il Jab g Lile dal
daz Sl G LpleaS” Slalisie S 5 dtlhe
b ok sla 5 S 55 53 5,6 slad) plulis
&y andlas cpl 55 VAT ] ol S ol ] 5 (s s
Coglas 53 Joms Ld o0) gleld 5 ow)p
Sl okl 03 5 0 0 <SSl 58 50 3,55 5 31 ¢S 5 5T
o) ) oo Wil Dldllas Sl anus ol ey oo a4 4

g mly dade
U5 bl el O 53 Old i gl b ST plaS”
lad e mhw otiliy (owsS s 4Y J5s 4 oS >
plosil ok S bwg O o opl AL ails |y e,
WS o 35 035 4y 2yl S LT 555
34 Gl oy oy ots o hS Sl shnS GlaSS L
S5l T3 Al Sl g e ToE e
A0 e o gl « flaB ;5 flaA lad) buw s
sl LAUCOSE o33 94 c(slos sy pamgo DS 5 kgt oo

Gl San 5 e ST S g S ThaS

3 Shigella
4 Flagellin

] 39 Ot Log 30 51 4y Caoglilo S puldi )0 Wu> yigo sbS (o Lwll

Degree ywlyl wlslpHub s O3 bliyl .V peai

. Qs
eperse

Betweenness yiol5ly _pwlol g Hub S 05 b3l £ » g
Ol 1) GSE e a0 byl Ol bajlsges o
slre S sluw o F ¢S (Degree) ax s sl . Aias o
fr g Ll 13 s Slean 5368 0T L o Col
ssbier e oS OT Comnl il piy o S & ar )
Yy 523)

Lo S &K oSals o)lal Sl sl 4| gl bl
S il GWsg s b sy b S
S A8 o dlous jlre ol (i 53 3yl 15 8l
bs ool i e D151 (55 4500 slan g 5l sl a
F5o5 sl ar Al L g nl ¢ aST el
GESF il 0K 5 555 pl & Sl lirs ol 4 cddL
(F ) ol b 851 5

G053l ol ml 5 odd plouil sl LT & 5 L
flaA, flaB, flgB, CmeC, slael L O Lo 3l 5 g2 g0
5 adls colast| O spa 9 Lus Iu> sdhA, sdhB
IIRV-J

! Betweenness
2 Salmonella

[ Downloaded from amfi.ir on 2025-07-29 ]

Al @I @abuo 53 (69 7)1 SGgdgmg e aolidiad



http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

SIS ol b g 53 05 ol Ol kS 537 e
o bclag g p 039 polin a5 L 5 555 0 0dali
LPYOY] s Lol jon S5l andllas 53 cwy 3550 (S
Jts 5103 L sTlaA flaB fIgB a0 S sbe
(S i oo b S e STSB 0 5a (S s 3
Objee (sl Glagealy 51513 s ST S8, s
ST Caglie 5 0Ll ok 4 (3OS
S S8 oS Sl shaS”
e T 345 Cel b 5 5l 5 ABC > CmeABC
SleST s G135 Caglie 4 a5 LB eSS 5l ST o
gin SWESS s ST ol p 53 Sl S hskeaS 6 S
oo T L daddy Sl 5 o STy sk dler
CmeABC 4> 4w mgl,.f ayls i 0T s lagyls
slee L CmeB CmeC L JUS )b glie ol
GLE s gl i 5 gls skins JUml el
bl pesdle Ails CMEA L (555 5 Seadly
Cuslie 53 oge o8 CMEABC « S su 5T Cuoglie
b eslossy 055 &S5 Ol o 315 O ol 5 IS7 5 1o
A bskeaS 355 55 Sl e Sadesl s 4
by Dbl 035y o&aws 53 6,85l S5 AL s i
[FPOD] Al asls
gl 5> CmeC JUK™ (g 53 o5 ol 0l o0l> Ol
g SNy sl Glgsl 55 35 s ol slad
33 JUST (pl oS 28 8w Ol o prdm nl ) o
C)B)zf.u;@‘):ﬁ.&:;I}a,)ﬁ))}..&dlﬁbbﬁ)z
ooy gt (5L25 5 S s 5T s Calibs 3150 03 5
oy e LemeC 05« IS bay [YF] dig) e O 4
23 o B (23 STy 15 pesdle s S gla
35 (S 8T 3150 035 b 5 95, See ks Cunslie
Sl 52 05 o) §55 525 S o0 5L b 4 0l

ATheoS” U5 45 Sl 0 S (55U (slas S

4 Pseudomonas aeruginosa
3 Clostridium difficile

ohe 9 (£l ‘

Ll oo OT obolen 3 el ool )b 4 oS >
LIFE] ol 5 0SS 05 <SS flaB O3 Y (YY)
FlaA 77 ShaleaS 535 sla g, oS J= s
Lo g flaA 05 (Lsd o o 59y Olojen Hsba FlaB
5 IYONF] ssh e ki o Lug flaB o) 5 0™
Sl g5 &5 S L S oylal (YY) O, Ks
3B s o g IIEUS A O Loy S 6™ W6 iy j5
FIGB (359 52551 3 JStan o5 3, o5 IS5
V’M Sog 45 313 Ol J (s andllas (gams [YV] ol
2 O @S b o i) 8halaS™ 53 &S50 a0 Ol
Ll Lld S 15 adllas 3,00 fhy 45 Glagten
33856 05 ol Oyl Sline TISC o M gl
Lo 5 (5 515 ol 53 8756 05 0l ¢ T iF STl sheraS”
sy cGM‘SuJB 3358 o ST Lol sdiS V':L‘; S
el 2l [YVAOYA] ol 5L 5550 &S50 (lals) ez OLo
A S Lol (S a6 ST 55 e 05 S dflaB 0
Aa g o SL G alise 5 S 5o ol
Sl Jamea b axl 50 (5l r (6 ST Dilbgad ool 51y o
SL0j i Ol b oS ol 68L L1 S T

e rl’;ﬁ\ i cslva by
5 6L oS oas ST3L bl s> FIGB 05
B NG B P P S W
Sy das e S5 1 eSSl sdas i glal
S5 otk & S35 1 oS ol o S5 il (g5l
b ool 5 s slae 55 lol e Lo o
g 5 JSK5 53 05 cpl ST 28 [YA] e o iy
D1 s ol oz S s STl 53 &S50
o»;&ffaﬁb;:ﬁojd\‘w ] sl o
S S50 05 pla b Salen jub 4yl el 2
Al Sl S Sy i 5 e 5 355 0
2> M) s g Of 5i5L ©lp & Cawl Jaif

i indS” 5 Tl g AT elisessse Sl S

' Hee Jung Lee
2 Salmonella enterica
3 Bacillus cereus

Applied Microbiology In Food Industries fY


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Siloy9iilgms 5l 31 (6 S0 08 b (957 piTlgloras

(s " sl e 555 slslie] g\aghd 5o > «(sUhABC)
(o 5T o SeaS ol i 2 andllas (gl kg e Coe
«(SdhABC)sla0 Cods 31 (sdh) asl ig> (sla su
i) 93y g g dlan 5o Bl g g gl atle
2 Ady Sallas st s Gl Ll Co
o LS Sl TCA a5 o olad Jsas 5lsn Lol 25
o 313 DU s 3 ol yas il doly Sl s
bt Lowe 3wl by Gladshe Joiga e
LFY] 013 QL 1) d i 28 o iy 5

Soy Gladlas b (Y YNOLSes ST
O3 03y om S b S Tl S
OsemlidanST 31,8 sl ods L sdA2 5 sdhAl
Liy s i opl s 65,Shes Sspln ade 5 SlinS s
BB sbar (oS 0oy Clab Al s s el g
i e SANA2 5SANAL (55,0 S 5 od b g 8
58 &S e S mhe 5l ey b > A, 3l
Q}:..«:‘..L._Mf| QML}TJV-‘ L odalive ‘&i‘ B o)yff
oyl g3 0,8 oa (caeS 5o 5T Il SlinS 5
ool .;)\J\fde J._.SU s S5 e diS Hlgs 5 J gl
5 S5 pedsle 3550 53 (colul la iy (on b Laesls
Bl o A7 o A LSO 53 (25 Sn A ol
[fY]s5s

S S lp Y Gl T el e S Tlas
A1y el 4514ST (TCA) eShS 5 S 65 !
= g PV g g g P P R I H W VPR g
SRS S e O gy T Slacead & T i s
ol (635 p 0 S e )3 T 5 ol S L
B R P IPTRCH LU, SV PO K VO R Y-S
a2 S 50 .ol 55IALS T TCA a5 > 5 gldS

wls ol Ses aif S Likes 55TCA

3 Tricarboxylic acid

¢ Friedrich Gotz
"Staphylococcus aureus

8 Cara Adolph
 Mycobacterium tuberculosis

.2 O Log 30 51 4y Cuoglilo 8 iy )0 Wu> yigo sbbyS (ot Lwlls

Jolss sl 5 eSS o0 3T 4 55 Cwslie sbwl o
S p S s S
OlenS g 9 99N Uly 5 el L SdhA 55,
eb L SANB .3 45 o lgn " leal I ET Lo 5 56555400
—oal dly 5 glls (a8 SUiades Sl s
Dl e g Sl fds 53 3 ol el T 58
S5 dewl 4 b oS Gl e 53 g iyls e
35 Y g S o 53k 2B (TCA) SSAS 5
3 Sk sladles ¢ sLd sl j3sdhB g sdhA O
Sl sl A 5 5 5 53,5 suenST| Cdlad Ale S S 5o
oS oSS 05 cpl N i 1y 855 5 e i
sdhB 5 SANA (gla0s i 555550 SlinS s o 5T
ol ol dols 5l b g 5T oSaST 65 1 i
S E-oaT K oS K dadsls
Sl 3 ST K 55, &K 5 b-00F 58 5w
Ll 5 e b oty 5 ol s o LSKES (6l 5
S lasdllan 53 [FVOAXA] s Lis S5 SAhE L
A LalaS™ A4S plonil (Y2 A) 0L 5 g sl Lo s
s (gdenl Ll s Cod NCTCAVYPA (g4 &’jjj
90/0 plpPH 53 Wiy i esls Wiy cen gy Ll o 4 ans
25 ol i e (sl ST 55 5 e p3 3 8 5
[F+ ] (SAhAB) U550y SlunS s (sladsty
2 65 o 5 (TCA) w2 L PSS 5 S5 5 !
clada! dadd Wb (gdke 3lse S (6ol o400 r“;ﬁtn
o5 ple TCA dbaulya dilg o o sbadewl 5 aial
at o Clad L pd 4t pl Syl 090 pkim 5 g Nigd
di osle Wy 5 Su o Sbe ol S5 TCA
oo PIANL S Ly S i 5 (ol b s
ladlae 53 (Y1 )OLKa 5758 [FY] Cl o5
(TCA) SUaS 5 S 55 danl (545 2 5 L5 S S|
S50y OlwS s GLOS o il O]
I Succinate Dehydrogenase Complex Flavoprotein
Subunit A(sdhA)
2 Oxaloacetate
3 Succinate Dehydrogenase Complex Iron Sulfur Subunit

B (sdhB)
4 Alain Stintzi

ff I @luo 0 (69 9,5 ($59dgwg S aolilad


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Ll 03 ol 5SS I 1 Olge e )
(IS sba il e (5 5 et 5 AT Slalas
Josisa 2 55 1) Sl shilen Sy addlas oyl
FSse O, S s ey (S5slsm laesls
Sl Jolse & ol SL lagealy 53 At LIS
o &S 55 e opl 53 jries Oladss das o 0L Jaes
g g g 3 o Il [y eSS STl slesS” 5551 )
2 GRS ol BE el Gl e SRS Sl

LS oSS DLl S

&b
1. Jorgensen F, Ellis-lversen J, Rushton S, Bull SA,
Harris SA, Bryan SJ, Gonzalez A, Humphrey TJ:
Influence of season and geography on
Campylobacter jejuni and C. coli subtypes in housed
broiler flocks reared in Great Britain. Appl Environ
Microbiol 2011, 77(11):3741-3748.
2. ChenJ, Sun XT, Zeng Z, Yu YY: Campylobacter
enteritis in adult patients with acute diarrhea from,
2005 to 2009 in Beijing, China. Chin Med J (Engl)
2011, 124(10):1508-1512
3. Koga M, Gilbert M, Takahashi M, Li J, Koike S,
Hirata K, Yuki N: Comprehensive analysis of
bacterial risk factors for the development of
Guillain-Barre syndrome after Campylobacter jejuni
enteritis. J Infect Dis 2006, 193(4):547-555
4. Skirrow  MBM:  Clinical  aspects of
Campylobacter infection. 2nd edition. Washington,
DC: ASM Press; 2000.
5. Engberg J, Aarestrup FM, Taylor DE, Gerner-
Smidt P, Nachamkin I: Quinolone and macrolide
resistance in Campylobacter jejuni and C. coli:
resistance mechanisms and trends in human isolates.
Emerg Infect Dis 2001, 7(1):24-34.
6. Gibreel A, Taylor DE: Macrolide resistance in
Campylobacter jejuni and Campylobacter coli. J
Antimicrob Chemother 2006, 58(2):243-255.
7. McEwen SA, Fedorka-Cray PJ. 2002.
Antimicrobial use and resistance in animals. Clin.
Infect. Dis. 34(Suppl 3):S93-S106.
8. Gibreel A, Taylor DE. 2006. Macrolide
resistance in  Campylobacter  jejuni  and
Campylobacter coli. J. Antimicrob. Chemother.
58:243-255.
9. Lévesque S, Frost E, Michaud S. 2007.
Comparison of antimicrobial resistance of
Campylobacter jejuni isolated from humans,
chickens, raw milk, and environmental water in
Quebec. J. Food Prot. 70:729 —-735.
10. Luangtongkum T, Jeon B, Han J, Plummer P,
Logue CM, Zhang Q. 2009. Antibiotic resistance in
Campylobacter: emergence, transmission
11.Lin J, Yan M, Sahin O, Pereira S, Chang YJ,
Zhang Q. 2007. Effect of macrolide usage on

ohe 9 (£l ‘

AhsleeS Al U5 Gln Sl Sl 6o s
4S5 035 0Lt 0k plowil Slalllas 55 .S oSS i)
Sl s CIled 4 SAhB s SAhA (sls ﬁ;TL;J;SLi RABE
[FFFO] A o ¢SS is s TCA a5 > 45 51 53,

SLO5 LT & Cad Ladein 50 DML ulul
2 S sT Cwslie 4 L sdhB 5 sdhA
2 T A Ll b S e oSS S T shaS
okd Sl aa 8 g S sl S 5T o slis
L)ls 2 (5 e e 53 DS cpl Wl Ll
5L 5 OselidS s W s e Jolo &S
O dr s Ay B4 dma Sl slas”
b s s 53 Wlg e el Sl gladsly )
AL g e slag)ls

03 I i &S Gl gl0) Ok I s
g BB el b aadS Gyl (S 8T e slis
b b Glad) pleld 1) el il 51 (6Hke
Wy @y dds Olal & 04d bl fesly
LlE (iS4 Ll g oo eyl sla STy b eSS g 5T
6ujj)gﬁjégﬁ@5T@}w§uM);W
SSGS i) S lsleaS S sie J 1S Gl Sleys
laosls ol Sledbl i eslizal JS ) bay .S
Sl Sn wsle GILT s i Glajba5 03 2 84 5 ke
Ol abil @lp ptekae 5 @ 6515015 RNA- Seq
el ol Lyl 5 s Calises glad)

S 5 om

s Gl e o Olgea (S ST Caglie
st s samn 3l oy 53 (IS sba sl o
oo 5 325 31 eslizal b oS s olelis Lo sla0s)
gt b OT age 1B (6015, (55 0L glaesls
o3l Ol ég}wﬂu)aw,maw,,a?,w
05058 CSia Y 5 ) odd gluls gladgile i
flaA, flaB, flgB, CmeC, sdhA, g’ DA 4" azsls
o) 5l S Lo ol byl s o Juls 1, sdhB

i et S 5o 5T 4 o slie slowl 5 6, STL Ol

Applied Microbiology In Food Industries A


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

Siloy9iilgms 5l 31 (6 S0 08 b (957 piTlgloras

24.Nuijten, P.J. et al. (1990) Structural and
functional analysis of two Campylobacter jejuni
flagellin genes. J. Biol. Chem. 265, 17798-17804.
25.Guerry, P. (2007). Campylobacter flagella: not
just for motility. Trends in Microbiology, 15(10),
456-461.

26.Hendrixson, D.R. and DiRita, V.J. (2003)
Transcription of o054 dependent but not ¢28
dependent flagellar genes in Campylobacter jejuni is
associated with formation of the flagellar secretory
apparatus. Mol. Microbiol. 50, 687-702.
27.Hendriksen, J. J., Lee, H. J., Bradshaw, A. J.,
Namba, K., Chevance, F. F. V., Minamino, T., &
Hughes, K. T. (2021). Genetic Analysis of the
Salmonella FIiE Protein That Forms the Base of the
Flagellar Axial Structure. MBio, 12(5), 1-15.
https://doi.org/10.1128/mBi0.02392-21

28. Aldridge, P., and K. T. Hughes. 2002. Regulation
of flagellar assembly. Curr. Opin. Microbiol. 5:160—
165

29.Macnab, R.M., 2003. How bacteria assemble
flagella. Annu. Rev. Microbiol. 57, 77-100.
30.zhu, G. Y., Sha, P. F., Zhu, X. X., Shi, X. C,,
Shahriar, M., Zhou, Y. D., Wang, S. Y., & Laborda,
P. (2021). Application of melatonin for the control
of food-borne Bacillus species in cherry tomatoes.
Postharvest Biology and Technology, 181(July),
111656.

31.Chen, H., Ji, P. C., Qi, Y. H., Chen, S. J., Wang,
C. Y, Yang, Y. J.,, Zhao, X. Y., & Zhou, J. W.
(2023). Inactivation of Pseudomonas aeruginosa
biofilms by thymoquinone in combination with
nisin. Frontiers in Microbiology, 13(January), 1-17.
32.McKee, R. W., Harvest, C. K., & Tamayo, R.
(2018). Cyclic Diguanylate Regulates Virulence
Factor Genes via Multiple Riboswitches in
Clostridium  difficile . MSphere,  3(5).
https://doi.org/10.1128/msphere.00423-18
33.Kovacs, J. K., Cox, A., Schweitzer, B., Mar0ti,
G., Kovécs, T., Fenyvesi, H., Emody, L., &
Schneider, G. (2020). Virulence traits of inpatient
campylobacter jejuni isolates, and a transcriptomic
approach to identify potential genes maintaining
intracellular  survival. Microorganisms, 8(4).
https://doi.org/10.3390/microorganisms8040531
34.Lin J, Michel LO, Zhang Q (2002) CmeABC
functions as a multidrug efflux system in
Campylobacter  jejuni.  Antimicrob  Agents
Chemother 46:2124-2131.

35.Lin J, Sahino O, Michel LO, Zhang Q (2003)
Critical role of multidrug efflux pump CmeABC in
bile resistance and in vivo colonization of
Campylobacter jejuni. Infect Immun 71:4250-4259.
36.Su, C. C., Radhakrishnan, A., Kumar, N., Long,
F., Bolla, J. R., Lei, H. T., Delmar, J. A,, Do, S. V.,
Chou, T. H., Rajashankar, K. R., Zhang, Q., & Yu,
E. W. (2014). Crystal structure of the
Campylobacter jejuni CmeC outer membrane
channel. Protein Science, 23(7), 954-961.

.2 O Log 30 51 4y Cuoglilo 8 iy )0 Wu> yigo sbbyS (ot Lwlls

emergence of ERYthromycin-resistant
Campylobacter isolates in chickens. Antimicrob.
Agents Chemother. 51:1678 —1686.

12.Guo B, Wang Y, Shi F, Barton YW, Plummer P,
Reynolds DL, Nettleton D, Grinnage-Pulley T, Lin
J, Zhang Q: CmeR functions as a pleiotropic
regulator and is required for optimal colonization of
Campylobacter jejuni in vivo. J Bacteriol 2008,
190(6):1879-1890.

13.Mamelli L, Prouzet-Mauleon V, Pages M,
Megraud F, Bolla JM. 2005. Molecular basis of
macrolide resistance in Campylobacter: role of
efflux pumps and target mutations. J. Antimicrob.
Chemother. 56:491-497.

14.Cagliero C, Mouline C, Payot S, Cloeckaert A.
2005. Involvement of the CmeABC efflux pump in
the macrolide resistance of Campylobacter coli. J.
Antimicrob. Chemother. 56:948 —950.

15.Cagliero C, Mouline C, Cloeckaert A, Payot S.
2006. Synergy between efflux pump CmeABC and
modifications in ribosomal proteins L4 and L22 in
conferring macrolide resistance in Campylobacter
jejuni and Campylobacter coli. Antimicrob. Agents
Chemother. 50:3893-3896.

16.Gibreel A, Wetsch NM, Taylor DE. 2007.
Contribution of the CmeABC efflux pump to
macrolide and  tetracycline  resistance in
Campylobacter  jejuni.  Antimicrob.  Agents
Chemother. 51:3212-3216.

17.Lin J, Akiba M, Sahin O, Zhang Q. 2005. CmeR
functions as a transcriptional repressor for the
multidrug efflux pump CmeABC inCampylobacter
jejuni. Antimicrob. Agents Chemother. 49:1067—
1075.

18. Skirrow, M. B., and M. J. Blaser. 2000. Clinical
aspects of Campylobacter infection, p. 66-88. In M.
J.  Nachamkin and M. J. Blaser (ed),
Campylobacter, 2nd ed. American Society for
Microbiology, Washington, D.C.

19. Kaakoush NO, Castano-Rodriguez N, Mitchell
HM, Man SM. Global epidemiology of
Campylobacter infection. Clin Microbiol Rev.
2015;28(3):687-720.

20.Epps SV, Harvey RB, Hume ME, Phillips TD,
Anderson RC, Nisbet  DJ. Foodborne
Campylobacter: infections, metabolism,
pathogenesis and reservoirs. Int J Environ Res
Public Health. 2013;10(12):6292-304
21.Szymanski CM, King M, Haardt M, Armstrong
GD, Campylobacter jejuni motility and invasion of
Caco-2 cells, Infection and Immunity 1995;
63:4295-4300.

22.Hugdahl MB, BeERY JT, Doyle MP.
Chemotactic behavior of Campylobacter jejuni.
Infection and Immunity 1988; 56:1560-66.
23.Guerry, P. et al. (1991) Role of two flagellin
genes in Campylobacter motility. J. Bacteriol. 173,
4757-4764

\itd I @luo 0 (69 9,5 ($59dgwg S aolilad


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

increases during tricarboxylic acid cycle stress.
Journal of Bacteriology, 187(9), 2967-2973.
https://doi.org/10.1128/JB.187.9.2967-2973.2005
42.Gaupp, R., Schlag, S., Liebeke, M., Lalk, M., &
Gotz, F. (2010). Advantage of upregulation of
succinate dehydrogenase in Staphylococcus aureus
biofilms. Journal of Bacteriology, 192(9), 2385-
2394,

43.Adolph, C., McNeil, M. B., & Cook, G. M.
(2022). Impaired Succinate Oxidation Prevents
Growth and Influences Drug Susceptibility in
Mycobacterium tuberculosis. MBio, 13(4), 1-18.
https://doi.org/10.1128/mbio.01672-22

44, Weingarten, R. A., Taveirne, M. E., & Olson, J.
W. (2009). The Dual-Functioning Fumarate
Reductase Is the Sole Succinate: Quinone
Reductase in Campylobacter jejuni and Is Required
for Full Host Colonization. 191(16), 5293-5300.
45. Juhnke, H. D., H. Hiltscher, H. R. Nasiri, H.
Schwalbe, and C. R. Lancaster. 2009. Production,
characterization, and determination of the real
catalytic properties of the putative ‘succinate
dehydrogenase’ from Wolinella succinogenes. Mol.
Microbiol. 71:1088-110

ohe 9 (£l ‘

37.Yankovskaya V, Horsefield R, Térnroth S,
Luna-Chavez C, Miyoshi H, Léger C, et al.
Architecture of succinate dehydrogenase and
reactive oxygen species generation. Science.
2003;299(5607):700-4.

38.Ruprecht J, Yankovskaya V, Maklashina E,
Iwata S, Cecchini G. Structure of Escherichia coli
succinate:quinone oxidoreductase with an occupied
and empty quinone-binding site. J Biol Chem.
2009;284(43):29836-46.

39.Maklashina E, Rajagukguk S, Starbird CA,
McDonald WH, Koganitsky A, Eisenbach M, et al.
Binding of the Covalent Flavin Assembly Factor to
the Flavoprotein Subunit of Complex Il. J Biol
Chem. 2016;291(6):2904-16.

40.Mutagenesis, G., Reid, A. N., Pandey, R,
Palyada, K., Whitworth, L., Doukhanine, E., &
Stintzi, A. (2008). Identification of Campylobacter
jejuni Genes Contributing to Acid Adaptation by
Transcriptional Profiling and. 74(5), 1598-1612.
41.Vuong, C., Kidder, J. B., Jacobson, E. R., Otto,
M., Proctor, R. A., & Somerville, G. A. (2005).
Staphylococcus epidermidis polysaccharide
intercellular adhesin  production significantly

Applied Microbiology In Food Industries \a


http://amfi.ir/article-1-56-fa.html

[ Downloaded from amfi.ir on 2025-07-29 ]

|00 mmalog iyl 4 Cuoglio Sl 50 Wi ige o] (o lwlid
Sl yghilem 51l 5l S0 pe b (oSS ATghleras

Identification of new effective genes in promoting Erythromycin resistance
in Campylobacter jejuni by using bioinformatics tools

Mahlagha Cheraghi!, Nastaran Asghari Moghaddam?!#, Bita Bakhshi?

! Master student, Department of Biology Faculty of convergent sciences & technoligies, Central Tehran Branch,
Islamic Azad University, Tehran, Iran
! Assistant professor, Department of Biology, Faculty of convergent sciences & technoligies, Central Tehran
Branch, Islamic Azad University, Tehran, Iran
2 professor, Department of Bacteriology, Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran

Abstract

Macrolide antibiotics are important for the treatment of Campylobacter jejuni infections. Resistance
to this class of antibiotics in Campylobacter is a complex process with dynamic molecular changes that are
not well defined. In the present study, to fill the gap related to antibiotic resistance to Erythromycin
treatment, the transcriptomic response of Campylobacter jejuni strain NCTC11168 to Erythromycin (ERY)
treatment was determined by microarray method. The obtained data were identified, extracted and analyzed
with GEO2R online tools and R software. Genes with the highest differential expression were identified
by using parameters P<0.05 and LogFC |>1|. Then, the expression of the related genes was separated and
for the genes that had an increase in expression, the protein network was predicted through the STRING
database and visualized with the Cytoscape software. By identifying different genes that had a significant
decrease or increase in expression, it was found that a set of flaA, flaB, flgB, CmeC, sdhA, sdhB genes can
play a role in the antibiotic resistance of Campylobacter jejuni to the treatment with Erythromycin
antibiotic. In this study by examining the goals, effectiveness and functional analysis of these genes,
suitable solutions to curb the resistance were presented.
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