WWW.mums.ac.ir

Medical Journal of Mashhad
University of Medical Sciences
Vol. 67, No.4, P: 1218-1231
Sep-Nov2024

74

Rz

dgia Jg_;}, ke Kisls d{.’zﬁ_ INCEHE PICS
Folod FV Jlo

VAT oo VFYFOLT- g

s

S90 Yo

09595 WT g oG b Khp Wb ST 50 wSingiigp S sl

VEX o8V e i b9y sl —VE-¥/+/10 :cdb 38 G b

4o
oy L b s 55 alazjl iliien ola J S g0y STl 51 K tze b 6870 5l i AR
33 bl (28 0T Olezt b |25 5o 28 kbl s 0he oS Al g0 oSS 5 Sladen! 5 bt i
el oo 545 52 53 LSe35 5 3,158 oy g caslllae ol 51 Coa 515 0T 1506 ke 5 Sl Lok

Bl o 5 S S s Gy 5 2L S 0

S g Sy S5 g 520 (518 0515 ST (gt b g ym (sln 0305 (559 50 andllan ol 5o 137 9
o b (il 5T s SESBI slo o0k s 1S5 s (ST Ceslin (ks ¢ oS 555 405550
SVl 5 os anlllas 305 o 2 Slalllas b Lad e SYlEe poled el odd (655755 o 5Kl 5 pYke
.x&cj\sww,’l,u:,g&K&uwbs

3SR EB ) S $S S S g e 05,8 6l s Sl anllls ol gl
o3 gudoen y3.dind oo S5 b STL (63 Shas 5 ksl b 555 0 5550 53 SN & W ,l5 5455
LB o e 35 ST S S L5 ben s ST posMec b STk e SKn 55 Dlalllas
e 30 SLS 5 0T (S gl Slsb 155 e 5 a1 Sen Dl I tidm Ol ey oS
Sl dhaar S il ol (Sl 035 0T ke DI H1T e o 05 8 (gr 5 S g iy 4
Pl o (o) e (ST b 5 ) g5 Sns

e Sl s i ekt 5 4 o ) 3 63,008 oS 55 51 555 o 1 5 AR
Ol 655 g Ty Sl S s Sl e LS g 3 5 (63,509, B (o0 0 ST s Al
Colal (gl A gl SIS a5 g (e 31se oK le (gl 8 Sl dias Sl p e a5 53 8
V1. NGV,

555 5,0 553 5, 0855 525 1 (5S g  1iB5 FS L H ST OOLS

il o e 3L B aalllan i o

Doi: 10.22038/MJMS.2024.76651.4477

! ooie 5ol soge
" 5592y Ognune
RURPRESL NI

" 9o Linws

Tookie 5 kol Ograne
" sl ols>

Sl sl

;ool)')i.ola.w

pale oLl ¢ g5l psle 53,y LS i S n !
I e i Sy

a@;’/}téﬁjg 0SCE > 4L(<2}; 6«/[&2 g'z_;j_g.l a_;/.fr

Ol ctens ) ctng )] S o sle
a@;’/)téﬁj; oS céiﬁ J.»L'.: g}fi_.a a}fr
M e i Sy sl

oy oS ST ol (e gl 5 paleag ST

Ol e o
51 i i gt il e I o g oo 0y 50
(M o 5 ol ol oS il g iST I L

"(:.'i"i;((:‘jt r_}i&olx/‘:ﬂ)
i Sy pale olSC2 i3 e o STy Sl S e
J/jj/:jjﬂ’

Email: asghariozma@tbzmed.ac.ir



¢V Jbw Kaylaids e WalT-)g0

gilis (Sib)y egle alSibily (Sib)y axSibils alas -1P19

5 Obge ladshe 53 olew blml 5 L SL SUls
S5 S K g g saalllae e 5 OT o150 les
L5|ﬂurﬂ.:;€,|,;:nmﬁ.\i.@L;Lau:n;ﬁq:blétﬁuj

33135 0 LOT L 5 3o abilis

5 7l (705 (S oKp0959 5 HUT.Y
NN Gl p s e 5 e ilibes Slau T3 5l s STl
LOT S o oslinal 55 Aby Lad 5 Oljee s (e
o p St Gyt 35 ey i S LS
ol S e el daoee b Ol O 4 lipls o il
Jshor 4 Jlasl a5 giliiee Sla 285 oddimd 5 (Sla 5
5 Obze Jsbe 5 Shee 53 Il 5 Jobo Comn Ol
ke ()L 1) Ol 53 68U sl SRl algso
sgmy glie s Shes 5 jbsle Ll ST 55 (b5 (o
CLJ:L;L&W.M@CJ:;I,G&:;UL;L&&;MJUB
2 g et 52,5 5 (Tal 5 SEC e ses
b oSy, ot St p 5 5 e p S glas ST
;3 g S (o 5 Sl SLaE b oS el J s
LS oo @l B 1y J sk 15 4 156 5kes slay 55576 555 Ol
Joli (oSS ol S s .5 0 Ly slom) sy
JGsl 1y 03, Bl sla 55 5 a5 ol SECYEG sla 55
FSa, 9 3,05 ATPase e «" SECA 55 5 cdas oo
4 O bl Llg e 5 3l Sspale Sl  SecB
53 Obosely Sy o 5T 4 Okl asle iy 8,
LS Jame Ogym a1y dlen olgins 5058 Juate w5
05 53 pn sl 0 8 Gl ST 3 o (o T e
S s s Juls Tat s (V)ssd o 3L b
S ol obul ¢l xS cwl TatC 5 TatB (TatA
SL Sy 5 3505 5,8 Kiles S Iy Clie S, 50
i oS 5 e p 8 Sl S ol s by
UsrssT pUssosm 5 omidS psissse L palox )

A5 0 BOT o156 ke Lol sl 5 Sl Sl

4o

Collae glalios )3 oS dzin u—:“y—wﬁ"fﬂbg:‘ b ST
Ol dlaz 1 alises (SO jue 5 03,5 Iy 355 5 Uiy (o5
M\j@uwf,\,&w\.m@uﬁb;,m:f};)\y
Sl b s, Ll gadaze gla IS 5es STLe
A S 55 8 w5 STy sladnl 5 o i
5wl G50 BOT (l5sslen 5 Objme J513 53 & bl
oo s &5 @ ) b STL Glasie 03 1ol !
Sl iy (V) Gl 03,8 Jud soses Codl 5 Sl
ol Wles Gl SasSsn 5 oSS dor ) il
390 53 el SOl oS 555 e ealil bs U5 5es STLe
5 el (S gs gl sy .m&m)\uﬁf,\,gf
S Jomys AS o gy p 1y Bske Caliee bSO
S dmse I Cousige ) boSss (WSS
Y ites LSS gl 4 S (65 b sl IS0 505 ST
K\

5okl Calibes Slaipt g maler anlllas ole S5,
L S Sl ) 6 el Jhe o (53 Sl
SIS s S rimib ozl s3axe slais)
M Oy (2DE) (gdmss )5, (LC-MS) gl
s b b 5 xSl s el (Western Blot)
MALDI-TOF ) S5k b s)5d Jhin 5 oo &S5
Gy, dllae 43 oS was e 15 andllaesse ((MS
b Glaylle dallas O men b Oolal oL ST,
sl b oS 5 Jotls (53 Slas SUS 5 w55,
33 S S ST Caglie o 52 i de 31 ol
o3 adlans) g cdzen S50 L ST bl NI
Wae L 8w Ol by ol 0,8 e Sl
234 3w (el (B 4 015 o0 2L STL SlaS s
5 ol oSS aigie B3 5 Ol (g paseds
4 o (yg,m andllas .0 F)AS o 555 1y OT Oleys

2 T S (oL STl Galbes Gy palr (o)




I L')blS.oEgLs\.oJ'as:tS)ﬁ.thJ.po

Sy sl SySU 9 puSaosiign IV

IS sladzy ) g 40 (S5 s () o ol 0 gl
S G684 S o for K K o Blaztle 5 5,10
s 4 L 550 Sl b |) (e 5 55 5 K5
Lodie 1) 350 Dl gome 5 iy )5 Objs ko 5 5L
ONLLS 0L jee J sk 3415

05 G S s on 55 (TASS) ler g5 (b5 o
b LIS on 33503 3y Sate 08 Glacs ST s on y e
s LOp 8, 2l ol oS5, a5 DNA (lad S
0l 5 o DNA JUst s 4 g o) os JUisl s 50875
055 JUsl Eol 8 uS IS8 iy oa b 0 g S
23 0b sl sl (b e ) she G STL
Sablst o A3 Glld dlioy” oy STy ST (5 S
Obie &5 505 1) gtendly DNA Wi5 o (e o]
VIrB2 VIrBl ahex3l 55 5 ook 515 bled S9,8 5
Ol odys 1S5 VirD4

5 S e (b Gl K M
s gedwmsdlml & Olgea (T5SS) o
SAS o Jus e p S las STL s (Autotransporter)
ol S o Jama ) b Sl 03, 5 Gla oS 5 Y pans
e S ol ol 09 8 ke 4 (b e
Two-) Vb «(Classical or Monomeric) Va las; 8
TAA , (partner Secretory System or TPSS
31 ,a 5 <l (Trimeric Autotransporter Adhesins)
el Gl ST 5 A oS S et ]
o5 o5 sl AT L 3/ 53 Jle (gl Lilodss |SCis
5 bl S se Jsly |5 4 oS ol Bam A-E Va S5 s
OV 0 S8 (S s olen a3

sl TPSB 3 TPSA (TPSS sl js 55 5 o0 505,20
Ll TAAS S5 6l $o9,0 coow BaM 55, 5
DegP ;5 FKpA SKpA SUrA als O3 5l sl s
4 Va5 el sbods, SIS Gl Sl
355 5, Shes o gy e 21 B 250 o0 Jos s 55 gl 5 5
2 ES S e GB35 S s sl |
53355 3 At 28 sl L IGA Protease qs 5 Va o8

IS g Sl QU 1y b5 e £ L Sl o ST
EF P e A (o o3linal Sy )l 4 il la
Sl S s ea 5 it o 8 Glas S s oa (TLSS) eSS
oSl 25 I K 5 3503 5y ke 0 8
53, (ABC) ATP & e colS kS fom ol
OMF) s e 5586 5 (MFP) s ol
S a1y JUET K S Jtw £ garme S AL o0
o 6 SL sk S b s JUST l S
bulr 1) (il Sbd g (e ot ol 2550
oz 31 48 Lol LSS g ST 5 LS 5 Jols ST ST
SUd > Wilg 8 ol S5 | pan 4 Ol
Sl ST by S Flgm sl Ol (enDly st
S 1B S b e 50 &8 SlaiS s ) eln 5 5
s ol 5 ST STy Sin s ge a5 ST oy ol
(L 5o g0 a il

S il 55 e Joli (T2SS) 45 ¢35 (el
(ol slis oo e (s slas Ak Ll Le
G S S 53 a8 gy 53 5 5 $Sandy sz ATPaSE
GUliud dhex 1 03,56 (el S50 5 3 13 3505 e r;
@ik 53 &8 A8 (o i 5 1 56 s ST 5 5B, L
(5 5 R S Ui T eligesa g i 50 s ST
Jome L5 S r oozl 555 A S 55 B i 5 sl ¥
sl 1y 55 e SIS Ob e s s (G5l 059 5 05 S
(O )s

05 S Sl ol 53 (TISS) w35 (e 5 e
5 INJECiSOMeES  Jjsm Olge L &S s5b 0 L e
e e e Sl s g o w55 needle-like
o bl 5 5 (Needle) o5 «(Basal Body) (gledsts
G s 3555 Lol &S il s | S (Translocon)
s Shes 2 Solgiss 5 35dor Objee dshe & oL ST
S sSI g e 3 Ll e 3508 a3 0T ke
L3 5 o (Effector Protein) o, 55580 ob b 55,
ol S e G O Jle s a4 Ldtes |y LOT &

Jole oty Loy 66 53 5L sl Sl S e




¢V Jbw Kaylaids e WalT-)g0

3is ¢ Sib)) eole alSiiily ¢ Sib)y axSiiils alas —| PRI

oS Gl s 4 s ok eSS 8T 5 e
N5 @S ln ) (b5 S S 505 Sl Jlist o)l
Sl g2 Sl &S ST ST ol s ppen 5 A4S (0
02lizel (TTSS)V ¢ 55 (omd 5 s ol 4 o S50 Il
Ll SL Sl 53 ok sl Sl (o e ) S e
-¢L ESAT Secretion System L ESX & i jluls
EccD (EccC ECCB 555, my 5l S 438 o, 18
03 Cdn g (5 s el o JSi5 MycP 5 EccD
Ol 3 g 3l 5 p g STl a5 S O men lags ST Ko
S s ol 5 Sl ool lagg ST 53 (b e ]
3012 Bl Ol ety (el 5 s ] 65 Lol o s,
JK) 3,8 15 eslialsyge bagsls 5 uSTs sa

090

5 e b Ode Jsbe ol BT 8 Sl eyidit e LU
@b o5 5 e 5 AS (0 CandT ) e s
sl y Ods Jgle 4 dlail s TAAS gl 5L 5o
)l 0SS 0l se Jshor 5 5 pie

23 A 53 53 5L 51 (TESS) 2d ¢ 58 (e 5 s
33 51 e LS pluls Listm s 5T poligo g3 g0 5 1A~
el o S5 Caliden 25 5 sl s ) 5 OV ise
(ol Sl Gl S8 (b 5 ot nf Sl g ST,
ol Sl (a8 5685 Glas ST L dblie sl Sy
)ﬁjW@lok.M@c:m\cMngﬂl{
sher LS e 5 sl 4 ey 53 OT Jale glais
35 g delual Ll 3 55 (6 ST lly Lol oSl oo 2153
.(0)

(e g s (5031525 Lo s STl a5l s ST ol

le.&igfuj‘jjayl{g;ﬁjun@ﬁdﬂ4{&)‘33?&.}‘;}9‘

b S iy S S

hdﬁpds&jdjub@ﬁ)ﬁdhd@.\ﬁ

It U S 35 o )l3l S35 5 J gl g s ik gy o ool
S b &Y 65 8 s Ol dsbe 53 (ley bl sl
A AL dhe o)l jl zol oSl gum 55 bl
Gl ol S s bl ol 6 S sl e 500

LS 5L 051915 (Srogid 9 WUT.F
s s Gy S a4 Ol Jole 4 Jlasl ol bag STL

GY oSy s 015 o LOT a5 487 WL Hls 5L (gadaze



I L')blS.oEg@.oJ'a&tSﬁth.Lpo

Sy b SpSU 9 puSaostign -ITTY

23 BE P e e JB s Ll s o S S
@bl (hijls S 5 Slad ()l s5mS S plaloss
O 55 sl U 4 (G0 T 3 i |5 5 gl £ s 5l 5 (S
b S das e S5 55 5l sl ol (Sporulation)
5,b s> (GErmination) s &l s 31 g kS o ESGS 0T
Sl 5,8 5 55 liolen Sl 5 dish Jleb
3 ISz 0T pd gy oS Sl ok JSKi5 alides (s o
CotE CotC ahaxjl a 155 sl sl 5 o0y 4N
3l bl 53 jti e 3 Sles (¢l » &S <l SPO4D  SafA
slge Q! 5 ol Gl OLjon gimal ot il 3 Lo STl
LS Ol 53 0Ll oy ¢l LS 4 S g0

A ED RV WSS PRt g
Wl 3 bl 3 s sl oS e e S slais ST
33 & (OMPS) ol ) lis gla sy, b= «
L1325 ply Jll 5 Lo e a ST (bl slas Shas
4 6L el ) sty Jolo &K sl oo immes
SLiSsn Gk 5l Sl S e Olge sad s
LS5l 3 Ol jn ol s S L5 0 memn (ol sL2E
Sl amipo dlis ol 5 b 51 65,8 Sie Bl ol L
05 Sl Sl s Oda slad s 53 6 ST sl 2530
SLdsS5s b & olaml 55 sl 6 oen e
slis glasy s 5l &S Wyls 55 (OMVs) b slie
Jsbo 4 Jlail ahem 51 (g3dae Lyl 5 Lok 2ie )
(S g ST 4 glin (0L jon o s Cionad (0L s
Solgnn 5 AT ol ((Sad 555 5 Sl cla el 4 ey

)3 53 gn Ol oo 53 55 sl ol 3

s AL bawgi phdgn S5Ol (Swghig n WU 4
b op 4 05 wles 53 & gL STL ladshe ) amer
L s BT oK 5l by s Lph e Jote ol
La s Sl 5148 ok odaals o b Y S i 5 oo bl
Ll ¢S gm 5T Ol dher I Jases delusl Lol 5 ol 55
P83 (s 2l 53 men 5 b OT J3e 45 51 (6,8 gl
Slacssie sbul Eel Culgys 8 AS o Chles (O e

Loofon ol ol oyl Bl Og,n Lo L
S syl iz s Sl eds (S 5, SUE
- ST Ol Ol e J o 43 (65 Il Lol Sl oy
Lol s Jases lacanT Jlie 53 (5 STL Sl Cliblons 5 (S5
s ALy el 5 i) Sl g ool SRl
Y 59, oS Sl esly Ol mbew &Y (Gla sy LT
O g6 a0l SSTFO a0 b s 90 Sl oekae
Y9 555 s (HMW-SLP) VU 58350 055 b (oebaw &Y
SNse 05 b b Y 5y, U4 Ol LS
ST s p pl 3,50 93 248 Sl (LMW-SLP) b
@3t 53 il Gyl 45,8 o Lt SIPA pb 4, 05
035y 53 @ME dlpe Clda g el S )b S
VL 5

ki Sl G ST Sl 6 K03 g e Sl le $STG
(FIaAFlaB) :J5% 5, Juld 8 Sl Calides 55 5
Hook L o2 55, «(FliD) Cap L SadS 555
«S" (FlgG) Basal Body L sloasls e 0S8 s (Flge)
L Ok lad s Ol 53 &S U5 6 ST 308 0o Lol
O 53 (e ie Slalisie 5 O sl 53 oIS 5 Jlail Lol 5 axils
Slg o FlAA as slagab 5T b 5 5 335 o Objee
Sl eslials;y se ol STL ey sie Oloys ys il e Ol s
NS

Soke e Olges @l K by b S
DU Sl Lis 1) 681 JS S5 s sba S dledbabls|
S r dablos |y (6,5 Jame gla il plo 5 (6 ja
SLoS sy 5 bded Lt s S Jald ooy Slle oyl
2 B T I B = LG Ry =
Loty AS e JES L GLSL skl
S e a1 ilites (bas Shas bt lu oyl odins | Sa5
(e ilie (B o 5 (g B35 (Fh b L o
L 0Ll gl e il 53 g5 5 Slusely 551 5
OT o en s Sas 5 6 S gl (Rl 31 Esly 5 das o plon]

.(H)::Jf@ Objme O 5




¢V Jbw Kaylaids e WalT-)g0

gilis (Sib)y eole alSibily (b)) a35ibils alas —|PPW

=y e SRl GLESY 0 5T 5 eslizul alex 5 ST o
W5 5 S oo ) SN S ST S WSl sl
- ST 4 S PBPS) w4 okisd Jlail Gla s
doas o S 1 LOT S 5 e s Lgd o e LSS5 50
1y LS s 3T ol e THSL & 0l 5 o LOT (gahen I a7
e o 4 palie sl oS S Bl ST e s

(Y$) 5 S o Lsl (MRSA)
Slrwl J 5 Lo STl 53 (s 4 e b S 5 ST ) (5
tRNA Jlasl 51 6,8 sl b Sl 5 Jle (gl S oo
W badl 5 osie S s Sas It Eol o355

oS & Labloue B E

S oS Aile
=T b WS slacs 0L il 3l 5 (RPPS) o5 50
4 polie A5 Lt Jallsioa S e dblie eSS e
OmpC, FIMD, TsX, sl 55 5 ols il 53l b oSSl 5
- ST Caslae Eeb LamB s, 0l LialS OmpW
sdios T Jgho 53 (6L Okl oy il 5 SSsw

(V)25 5
ade LaeSCs g 5T (slaoedlSe 51 S SO DNA 2 e
ESSS b 4 pglin ALy 2/ 55 Qe (51 6l lags STl
OmpC, OMPT, OMPW, 5l 55, b 5 2l 31 L b
@GSl CebFadL s e S8 5 TolC
O Sl o 50 (i Wgedlo 5333 8 0 655 5 5T )
4 S Cwslie sl ACAB/TOIC ™6l s

(YA) 3 5 o Sk 5 oo i sie bl 5 b O 5285 5l

LAl S (5 (Seoghigp 6T
sgn alax 3l gilitee SLS 55 S bis 5l lag ST
33T DS 5 0l g 0 S (0 A 5 oS 5 0L 4 o
S sedy sy bdas & dits SU ks 515 casl (o
14;\55,|K¢guudpw,qxwéuw&&,»
Jsbo 5 L5 0 Ooda J ko 3,505 olaé oS 4 Ll |

(Yq)“bfgfddf)‘|)oT‘:‘f-L€J);3°>J§C‘)}“‘)

A5 S5 5l ol L ST L 55 o0 Ol s O 53 (0
5 S oo b 5l b S SR, b lie 53 1y oS5
Lol Solgn o S e W5 Sl o Shes laSs
ol 5 oo ok 8 L ol sk 4 L ST 25
23 g5 st i ) s S 1y s sk
kol GroiS b5 I (S oS sz L RPOSS (s 5 ot
Codo 5 ool e a5 & ey 3> IS Lty 31 (6 ST
ookl 5 (SG (YY) o0 ol 3 SU o ol T
5 0T Gotile ooy, Ol & cul &ST36 s oy
JS5 dsb 53 CheA il eSS a8 o s 5 oot
Jsien S 55 cokd o 03 g STl o G513 b 5
S das e GBI LS 58 5 Sl e il 55 Ay

(YWl la V'L?}:' J=1s s b STL iy 5 g (golasOlis

2 SH g ST Cuoglhe 59y (Smglgy WUT .0
O

sblime Oy s ol s 8 Lag_{;‘,:.a{\l
Col g S 53 (Kogm 5T Cansglin s gl oL STL
L glie ol J S 5 dblie gl oo o 0T 5 5 4
P4 e s S (ST sblaslie ) S
o> 8 pal o Sl 5 Sl 1465 5 b ST 5ol
lataslie (S gl e Sla iy S g STl
o 4 015 o LOT (galan 51 7 U8 o oalizal (S g0 5T
dls 5 eSS s 5T bl Oy sl WSy
S e S i 1 5 5T (5 3580 S (s S
SLosn 5 pe Gl gle Slesliul 5 Cuslis el
(V)8 oLl ol SSTL Al lag)ls 0357 Sl g 5 ke
S 5T ol bl Jhe (soslns s bS50 STl &
i LOT 1 Jlest gl 0SS sz csle s s
- FTes 8l 5 b ity S8 5 el Vb o878 e
.(Yb)&f@@béﬁdo)\ﬁapjiﬂmﬁﬁ
o3linal LaplSY by L ablie gl il la 2 Sl bags ST,




I Ul Kod 9 wlac S0l Sipe

Sy owlicd 58U g puSiogiigy -ITTY

S oshr el AG G s Sie 4 S 5550 Ol
Sledbl 5 03,5 AT 1) LOT Cslys S sy, Sllas
V)l 03,8 &) Lar“:;tf,ujg.ﬂ o Syse 53 el
5 oo ol ol BT o sbeal 53 3 5 50 S 5 (et
2 S G e e S Sl G e K
NI RGO RPN V-3 G-+ SNt PO S 5 Y
S LF) sasS 5556 5 EF)psl 586 (PA) blons
Cﬁ@ﬁﬁ“’&@ﬁ&‘iﬁﬁbw%}
Ol 52 035 ol b ST 5T 0l 4 (i (5l sl sy
S ol U ke 2elS 5 ST SS5 Il () s e
4SS (o B 5y el 55 L 4 g SSTU s 5
Golow Esl 5038 Hlgs |y mas Sbrodasdlisl > Sos
SO «olem opl Oleys 53 3580 Oljee 3 SIS
oS3 S 0> S5 Sad S g0 Ol e (6 ST pl e
Sheslizal 31587 ol 5 Cliblbes gl oly oy g S Jas
oS ol ot ( SSU ol oS 55559 51 4 Sl ST

Y ) das o il 31 Ciste ol 5315 O el

e ilien gl 4 05 1 Joe ) s LS 5 L s
BB 1 s (535 4 s S 55 51 Ao 31 60155 oo
rosins] o sS s kil 53 B S 55 ) e 31 518 e
daxjl 5 b S0 s gt S LS S8
5 00 b Ve b pstdiiy pad S S 5555
A e S 1 6 s o) s S ile] 53 U o e S
@3l 10l gadshe oS S 5l (F)LIE
530 e osly SLSKhs pmen Slas ST s
5 dins 5l 3 b Coi 1, 05 s Slad sl S i pen
N Hize g1l e slnsl o oS58 o] dile g las ST 5o
ol a8 Wyls sy b o pdsen L 5 b T alesr i 0T
5 Ba sk 53 6 SL Sl 25305 Objen J ke & o

V) 558 0 OT o136k 21530
5 W i 95 Sl s ey ssp b S 5 S
Ay S AB s a4 o Wles J S st
Sl b 5y S 5 S sty ok elS I S
2 et 5 Lol &8 AS (o g S 5055 ob 4 e 5T

|

\d.
ST Tl
B

Sawngd §i98g 20!

Qe J ks T k> il

LA
(A
L

|}1Yl

ik sld 89

B 5L gy p

WO pas

bw@,l;&d:&)éﬂzsbdhdﬂjﬁcbA:JUmL;LAJﬁ}).VJx::

Lni| Ol CweMw BERP g:j., 039 )}lé )Jg:ﬂ g_.:f_;
Slacs ey bl Eol 035, 55 5 Ko 53 i 15 S
Sl s Son S gy 35 or s &35

Slp (gd Ooje S s 4 By S Az gl

S, K (e g9y Kigw Sx Y
E g S g B (T g




¢V Jbw Kaylaids e WalT-)g0

agils (Sib)y @ole alSibily (b)) a35ibils alas -1 PPO

S s Sl OLS S ol slp D) (Hyperpostbiotic)
Lo L.'. 9 )‘ Q-LAT\:,MJ‘M. LSL“ di.::_}:a \;-w\i )‘ 6‘4.9}0#
L;;m@gl;l@pwumfs@lwhaigﬂjﬁ

G Gl gy Sy (SegBon WET A
b =Cigmg

S ol e Spe Sl (S5 o905 slSL S SK
o> (SU g5 Son 55 oo oD 5 Ly ol 0T U5 e
2 ool &S el ege Lshmi\f)b,i:» bl 51
o) 5 o il S g Ol i O D 4 $SST
S g T U 4 ool (ST plie il Y s Lo
T R S Pt - S I
A U las o) edn 5 5leeslel cm 55 s jlno 3
L b S35 g s (oS ks Ol 1) 35 Dl O
ol (Ren 5 Wl ST ke O lasl Lyl ol o e
(41, 42) sl s S gm0 6l onlio o SO

(ol S S 5150 pol gl sl s 4 eSS puc
Syl etline otins S sad S50 5 SV 5k 5,8 s
(sl oS o ¢ olgdlhs ¢ ubs ds Wile alies ol
s sk 8 G Mg 5 (6 S 05l S
(ol slaglen SalS (gylhnl 5 1S OOk hals
Sl g Sy e Lis Ol SN G
aoestiys didl o LOT e SI31 Kos 3l 55 STl 5T
o) Al 5 g o S gy gy o7 S 0 3 e
S Shs s a5 S s b S, U
slge Olgea Cwdu (e )3 Ll oo 355 3,04 e
b deslie 53 5 d,8 515 o3lizulsy se Cudh Ll 5 o gl
Sl SLOIE s 4 5 axils (6 28 O ot ol 63 s
LFY)L 15 (6 5 pasl 5 e (03

=P S g s A,

Slse ahaml alies 6&::){)5 35 ol J= s %».PT

}6})}\.&{ 449\§f:«> QJ;.L_.L»LS‘J{ Ly C_L.,a ‘gsi‘“l'&

Mo Olsiea b S50 (6 s ke Olbjoe sl e
ST PSRN SN P PR gy NAPYC S PR
eSS o VIOIS (o a3 Obje Gl D)
Calies (sagtud pe b L oS dis (Sm Jud ST 55
Sopen S b e LSS ey 5 S,
S o S Il 0395 58551 e sl sl (o Blen
il SWeas0T 5 L sks SV pae b sy Sy
o b s i 5 o S sy Lo 5 S s (S plee
G151 Ok (sl 1) (oM (sLle 5 g n 35T OT 33 5
b SUgms s 4 o b S Sy (K4 FA) LA s
Gl (Sl 2olee B 0T L awlie )3 15 Aites 5 e
Wy bt ols S p s ST w655 s
O S 5 e dlse g b el 5 Al (659 58 (S M5
L lodn glas Sl (Jl o3 sla S plie 40 Lol
oS Azd (S5 g9 5 OV ez s S sl .S o sl
Golow b Dl 3 el 5SS L6 S sl

(F ) azs
Ao byl JUis 4 & Cawlaode sssls 5 Ko el
LT 50 (oS 5 eslinul Soys 53 45 dilosy 09,5
edree b lFles Olssa o G T 4 (idu o 25
b Sl el pl sl agyls o\.ajv.a oslawl 58l 0wl
wile Ko slgn Sl eslizal 53 glplen b2 4 e OT
S eS ol s lagyls 5 Al glaeylae Ol jn o3lizal
b s n o5 U S 5 2lse 5l o1l eslin
S5 g Loy 51 Ol o3litl 4 et 5 3L (6 2y 2
A S T3l ds Calsee (sla &K g Sl okd e la
5 DI ol 6 gy 5 6 Sl ek il 6K g S
i gla &S gn S dLejV.A oslawl (s 0 OLES 5 =
g 5 ke SIS ) L5 on ki (sl 655 g 5 ok
5038 a5 Sn A Lo 5305 5 1y s S 5 Sy
b eopl ply ki 35 1) S am ST Canglin 1 6, Ky

N T IS U P R




I L')blS.oEg@.oJ'a&tSﬁth.Lpo

Sy ol SSU 9 puSaosiigy ITYF

g gn ad 8 a3 53035y U sms Sn (i g 0> e
03548 S A 5 e S (M A 0 S 55
o 4 &8 S e lgn 15 0T baw g (g3l slacanT 5
(Ll o 1dE slge aded 5 5505 534S (gles 1S (glas )8
s a b ) SIS Ol 1y 6oL s
Gl S g sddlds oy SU S o L
Pl T oSS S sen Ysee oSS Yot
Gblis g5, p Ble sbml G b 51 & s (laaTol
Fohetas Gl ekl izl Sl el ety s
AFA) 55 oo

(e sl S 3 DT sl slas S osdle
U155 Gl b s Lo 5 edbmd 5 (s o ST
Wl ST & e 0354 ok il 03 able
N F st iz bt 5 oSS 57 i AT S0 Lo (S pie
b b o4 by SU ol s ogdle L lias o Ol 3
e By (g5 S e LS eSS gy, ol
Log oidds 5o G ey S & EF(PINEFI)
Ar 368 s SIS Sl o) B sl STY
S8 e Ous s Y EFF 51 A6 02y ) ol
(F) il 0315 0Lz (TNBS) el

el sSY 6 S (g 5y 5 A6 Bl saoll s
Sl a1 o oL 5 A8 5o Ol 5055 SRl e s B
Pl sl s et BN g S Ll e
S 5> S pag Jelo 6K Olsea | 5 BB Il
o3 edalie fUB Ol s Ole j3 e G yume SalS 500 0
oS )l copl p edle A8 e sl 035y (U gus S
PARE T S (PAI-L) V=035 sansDy oS Jlnd
Loagrlsn 5 m S B Rl fss Sl
4 dasge Ol adl ol (Bl eyl bl sSTY
23 oS smle 51 a6 OV Wil g e PINEF gladz,
b S edasplis 8 S (6,8 sk Uil A goluL

.(a')&:«#‘o}_’) f%‘dj)fm)b»ﬁm

R R N
@Lﬁ)} JJLA.A )J 4.1.‘:-)‘ -\.1-\:- 6‘.&3}’)\5 JJ C-UJ‘.\
(sl 151 A5 5 o L S5 g1 S g0 13 o3l o
SN T3 s Wil r o8 S 5 1) e 5T
Wy Ml ol cajliy Ol sear alax ) Calies
a‘;}\:ﬁ):jml{ﬁ‘bﬂoﬁ.&)uj\.\tm{\ycbj-‘-a)j‘
ST ST Glags Olssa 3T e Gles ¢35

(PP 5d oo aslis
G 3 LT b dSsl, dil 5 e ¢SSVl slacs ST
¢ (CAT)VEE wile 555 G (5T (o 5T (Sla gt
2S5 g 5 518 TNADH ¢ (GPX) 31unST1 s 0556 8
STy 5 02 w1y 53T sty 5 (SOD) 56 sams s
O ol gl 6 s oS e s (H202) 05,4
35S ol 5 O3S 1T SIS 1) Lo jyle 55 sage
S o slise s e sSS s eSSSTY
4 S BT 05T S Ol 56 s denST| s
S o ST Oljee 53 35T (ladISS 1, s S S oo
oS Sl oddesls Ola glaadlae js Ll sddesls (LS
3B saegd ATy s b SVBET Ll 5 o IS sl s5Y
Solo 4 0L 53 055 2alS adsl 35 Lol oS ST A 5
2o 5355 o0 S5 gl g O3 i 6 5 ool S| (S56 05 8
b 039 ul.@:ﬁl 9 J.,.:au@ J}.‘G‘. “) &J:T L;LA\L.:“&Q LJ‘
ozl ¢SSY ! SASL ki (Cpimman ABd o0 Al
SY paSloddy omitdss] Sk
s 4 8y pn S laddy 5 etiléy] o Sladdy

(FV F%)

B gy 35 LAY
0348 dn sk 5 05 Son ds Gladizy b ey STl
ST 5 b S by adg) gacd gl Olsiea bps)sm

Jolse Olsisay 5 Nsphion i SES55k3 655 L sl S




¢V Jbw Kaylaids e WalT-)g0

3 (,Sib)y @ole alSibily ¢ Sib)y a35ibils alas —|PPY

b S sms Sl 5 b 51 ol (255 (sla S oy I IS

IFNo sTNFo, (dL-12 JIL-8 L6 ¢ IL-1ales | Ciakies
G e Sl Ses LOT do 51t Hlasl o7 Wyls 58
L bl (S 58 il (S50 585k s S
Jols O suzy Yook 3 48 0 5 Ssas
rosesioly sl sSTY 6 2S5 PA0 5 PTS glass
E o O s 03sy Sy SeAS b sl
dool S S Lleddast s S edig b,
Tladsh oohs I 8w b bo o SThobdy
dsle 25 o Jobo el il 5 CD 25+ oS’y oy
OT S A sl odiaslis &S das o 2alS 1 (gAS
OVl

o= slial a8 el ol b s ) Sz (6l le Ly
o oo (St 55 503y dshe oo 655 SY5b ke
o SV S Al B8 b STl mead L oeagy e)lss
0508 531 Usb 53 (K55 5l g0 Jsls (51 Ll 57 on Loyl L

G s o, Ol Sl ) S eslinl 35 By oa b

ok T 9 g STt AT
WL s pb e alasll S s STl sk o)l
S i p S 50 8 03 OIS sz 5 s ie p S s
ST b S sladsbe & e 5 aa) Jsb s pslbe sbe
ooy Sl le &S5 OUE sy ol od JSKES (L5 o
Ve B odbamtlo aaTdul 5 45 51 a8 ol S g
53 g S8 1 e p S (slags ST (Jobe o)lgs Loy
oS n 5 Ll b SESS gt i S
S s e o S0 S sland
ESGSS Aol 593 4 5 @bl sy e p 8 55 L
o LOT Jlal plal p olad dnl ¢SS 5 5 sloyl s
OVL 3 o ool S slid 5 O sy &
imen 3 Obze (23 IS )3 S ko o)l sl
Sh3 sl JSses Sl bl s i (S )
‘_;lﬁcfﬁb‘_;jba‘jT}w‘Woé;JWJ:4;.-\.'.;«#



I U|)l5.o@9d\.o££t5)§.o|t5.l.po

Sy b SSU 9 puSaosiigy -1TTA

S e SELE Gy S B Sty e
Ll 1y LOT Ao 5 ude Ol 1 5 Cialies 6%,“_;\?)‘,;:‘
b 055 dam 5 (6 le sl (Sla s S L3 L oS ST e
Lo OIS OT Gy b 51 e 6K s 4 57 oo o) women 5
PSS S5 s UF o S o Jleel OLja O 2 ) 35
Lo slac s S 3l 5 03,5 ablie 5len o Koo 2l
Sy &S 3505 Wl el Sy 5> i laesla
@l Gl e T 5o 55 6 el Dlllas c e 5153
Al o 3y g0 il (slapand® 15 Sn a5 5l ses

335 hgy alins ol 3l g rhw sl U

sla oS s Joad dlorl o s las ) 5 05 S Jas

AOY) sl azils 0ol 6 s e A el S
L ok g GW3LSs g Sl s 035 W o S
SerlbsSY 5 o oS b 5 Bas 5 hims on JSC5
e SN by g o b 68 4 ki b0 O e
s PrB PrtP ad) Lows Al SY 5 S S5Y o
books (g iU (gla o SN .45 0 g IS uS” PriH
5 Slodsatba 5 oSad 2338 ol s 4 i PrEP
Sns Al g ormen 5 Bl (I mlo 43 ege A
PHI 5 Pl g5 slajlsy & LOT eSad 357 (6l o s

S s egm GLAE SloEs s ) Nshp el

SO g Kl el Slacsley 4 s WOT oledlas 3T 0T (o jees

S .S L o SR O o) dab o 050
VoYW o5 8 o,les s IRTBZMED.REC.1401.738

. . e Eore n 5 Ao

Mbwﬂﬁélﬂcjl&a&bb%bb)}a ‘S)“'r o

References
A Balducci E, Papi F, Capialbi DE, Del Bino L. Polysaccharides’ Structures and Functions in Biofilm Architecture
of Antimicrobial-Resistant (AMR) Pathogens. International Journal of Molecular Sciences. 2023;24(4):4030.
Al Zhang Z, Peng H, Yang D, Zhang G ,Zhang J, Ju F. Polyvinyl chloride degradation by a bacterium isolated from
the gut of insect larvae. Nature Communications. 2022;13(1):5360.
¥ Ozma MA, Khodadadi E, Rezaee MA, Kamounah FS, Asgharzadeh M, Ganbarov K, etal. Induction of proteome

changes involved in biofilm formation of Enterococcus faecalis in response to gentamicin. Microbial Pathogenesis.

2021,157:105003.

¥ Li N, Li S, Wang Q, Yang S, Hou Y, Gao Y, et al. A novel visualization method for the composition analysis of
processed garlic by MALDI-TOF imaging mass spectrometry (MSI) and Q-TOF LC-MS/MS. Food Research

International. 2023;168:112746.

.0 Sechovcova H, Rudl Kulhava L, Fliegerova K, Killer J, Kopecny J. Advantages of label free method in
comparison with 2DE proteomic analysis of Butyrivibrio fibrisolvens 3071 grown on different carbon sources. Italian

Journal of Animal Science. 2022;21(1):1508-19.

R4 Green ER, Mecsas J. Bacterial secretion systems: an overview. Virulence mechanisms of bacterial pathogens.

2016:213-39.

Y Goosens VJ, Monteferrante CG, Van Dijl JM. The Tat system of Gram-positive bacteria. Biochimica et
Biophysica Acta (BBA)-Molecular Cell Research. 2014;1843(8):1698-706.
A Freudl R. Signal peptides for recombinant protein secretion in bacterial expression systems .Microbial cell

factories. 2018;17(1):52.

A Tseng T-T, Tyler BM, Setubal JC. Protein secretion systems in bacterial-host associations, and their description

in the Gene Ontology. BMC microbiology. 2009;9(1):1-9.

AR Naskar S, Hohl M, Tassinari M, Low HH .The structure and mechanism of the bacterial type 11 secretion system.

Molecular Microbiology. 2021;115(3):412-24.

) Hotinger JA, Pendergrass HA, May AE. Molecular targets and strategies for inhibition of the bacterial type 111
secretion system (T3SS) ;Inhibitors directly binding to T3SS components. Biomolecules. 2021;11(2):316.

AY Christie PJ, Whitaker N, Gonzalez-Rivera C. Mechanism and structure of the bacterial type IV secretion systems.
Biochimica et Biophysica Acta (BBA)-Molecular Cell Research.3Y-YaYA;(A)YAFY YV ¥

AY Abby SS, Cury J, Guglielmini J, Néron B, Touchon M, Rocha EP. Identification of protein secretion systems in

bacterial genomes. Scientific reports. 2016;6(1):1-14.




GV Jlw (ICa)laids J1€eWaLT-)g0 sgiiis 3ib) egle alSiNs ¢,Sib)y oxTihiils alas -1PPQ

NF Arenas J, Caton L, Van Den Hoeven T, De Maat V, Cruz Herrero J, Tommassen J. The outer-membrane protein
MafA of Neisseria meningitidis constitutes a novel protein secretion pathway specific for the fratricide protein MafB.
Virulence. 2020;11(1):1701-15.

Ne Ho BT, Dong TG, Mekalanos JJ. A view to a kill: the bacterial type VI secretion system. Cell host & microbe.
2014;15(1):9-21.

N Tran HKR, Grebenc DW, Klein TA, Whitney JC. Bacterial type VII secretion: An important player in host-

microbe and microbe- microbe interactions. Molecular Microbiology. 2021;115(3):4.A3-YA

Y Oatley P, Kirk JA, Ma S, Jones S, Fagan RP. Spatial organization of Clostridium difficile S-layer biogenesis.
Scientific Reports. 2020;10(1):14089.

AA Sal MS, Li C, Motalab M, Shibata S, Aizawa S-I, Charon NW. Borrelia burgdorferi uniquely regulates its
motility genes and has an intricate flagellar hook-basal body structure. Journal of bacteriology. 2008;190(6):1912-21.

NA Pei D. How do biomolecules cross the cell membrane? Accounts of Chemical Research. 2022;55(3):309-18.
AR Abhyankar W, Pandey R, Ter Beek A, Brul S, de Koning LJ, de Koster CG. Reinforcement of Bacillus subtilis
spores by cross-linking of outer coat proteins during maturation. Food Microbiology. 2015;45:54-62.

AR Sartorio MG, Pardue EJ, Feldman MF, Haurat MF. Bacterial outer membrane vesicles: from discovery to

applications. Annual review of microbiology. 2021;75:609-30.

YY Malviya J, Alameri AA, Al-Janabi SS, Fawzi OF, Azzawi AL, Obaid RF, et al. Metabolomic profiling of
bacterial biofilm: trends, challenges, and an emerging antibiofilm target. World Journal of Microbiology and
Biotechnology. 2023;39(8):212.

XY Ringgaard S, Zepeda-Rivera M, Wu X, Schirner K, Davis BM, Waldor MK. ParP prevents dissociation of CheA
from chemotactic signaling arrays and tethers them to a polar anchor. Proceedings of the National Academy of Sciences.
2014;111(2):E255-E64.

Y¥ Ozma MA, Abbasi A, Asgharzadeh M, Pagliano P, Guarino A, Kdse S, Kafil HS. Antibiotic therapy for pan-
drug-resistant infections. Le Infezioni in Medicina. 2022;30(4):5.Y¢o

Yo Larcher R, Laffont-Lozes P, Roger C, Doncesco R, Groul-Viaud C, Martin A, et al. Last resort beta-lactam
antibiotics for treatment of New-Delhi Metallo-Beta-Lactamase producing Enterobacterales and other Difficult-to-Treat
Resistance in Gram-negative bacteria: A real-life study. Frontiers in Cellular and Infection Microbiology. 2022;12:1798.
X7 Cui K, Yang W, Liu S, Li D, Li L, Ren X, et al. Synergistic Inhibition of MRSA by Chenodeoxycholic Acid and
Carbapenem Antibiotics. Antibiotics. 2022;12(1.VY:(

Yy Young JW, Zhao Z, Wason IS, Duong van Hoa F. A Dual Detergent Strategy to Capture a Bacterial Outer
Membrane Proteome in Peptidiscs for Characterization by Mass Spectrometry and Binding Assays. Journal of Proteome
Research. 2022.

YA Weston N, Sharma P, Ricci V, Piddock LJ. Regulation of the AcrAB-TolC efflux pump in Enterobacteriaceae.
Research in microbiology. 2018;169(7-8):425-31.

AR Jurénas D, Fraikin N, Goormaghtigh F, Van Melderen L. Biology and evolution of bacterial toxin—antitoxin
systems. Nature Reviews Microbiology. 2022;20(6):335-50.
AR Biernbaum EN, Kudva IT. AB5 enterotoxin-mediated pathogenesis: perspectives gleaned from shiga toxins.

Toxins. 2022;14(1):62.

AR Mostafa N, Salah M, Elashrey A. Incomplete Hemolytic MRSA Strains Associated with Hemolysin and Panton-
Valentine Leucocidin Virulence Genes as a Cause of Blood Stream Infections. Egyptian Journal of Medical Microbiology.
2022;31(4):141-9.

Yy Matak I, Bélcskei K, Bach-Rojecky L, Helyes Z. Mechanisms of botulinum toxin type A action on pain. Toxins.
2019;11(8):459.

Yy Yang NJ, Isensee J, Neel DV, Quadros AU, Zhang H-XB, Lauzadis J, et al. Anthrax toxins regulate pain
signaling and can deliver molecular cargoes into ANTXR2+ DRG sensory neurons. Nature neuroscience.
2022;25.Y3-) 7A:(Y)

y¥ Chapeton-Montes D, Plourde L, Deneve C, Garnier D, Barbirato F, Colombié V, et al. Tetanus toxin synthesis
is under the control of a complex network of regulatory genes in Clostridium tetani. Toxins. 2020;12(5):328.

Yo El-Saadony MT, Alagawany M, Patra AK, Kar I, Tiwari R, Dawood MA, et al. The functionality of probiotics
in aquaculture: An overview. Fish & shellfish immunology. 2021;117:36-52.

AR Ozma MA, Abbasi A, Sabahi S. Characterization of Postbiotics Derived from Lactobacillus paracasei ATCC
55544 and its Application in Malva sylvestris Seed Mucilage Edible Coating to the Improvement of the Microbiological,
and Sensory Properties of Lamb Meat During Storage. 2022.

ARt Ozma MA, Abbasi A, Ahangarzadeh Rezaee M, Hosseini H, Hosseinzadeh N, Sabahi S, et al. A critical review
on the nutritional and medicinal profiles of garlic’s (Allium sativum L.) bioactive compounds. Food Reviews
International. 2023;39(9):6324-61.




I U, 5o 9 swlae 0ol Sapo Saiwry sowbow S,SU g yuSaogiigy -1TT

YA Ozma MA, Abbasi A, Akrami S, Lahouty M, Shahbazi N, Ganbarov K, et al. Postbiotics as the key mediators
of the gut microbiota-host interactions. Le infezioni in medicina. 2022;30(2):180.

.ya Ghotaslou R, Nabizadeh E, Memar MY, Law WMH, Ozma MA, Abdi M, et al. The metabolic, protective, and
immune functions of Akkermansia muciniphila. Microbiological Research. 2022:127245.

AR Maria Remes-Troche J, Coss-Adame E, Angel Valdovinos-Diaz M, Gémez-Escudero O, Eugenia Icaza-Chavez
M, Antonio Chavez-Barrera J, et al. Lactobacillus acidophilus LB: A useful pharmabiotic for the treatment of digestive
disorders. Therapeutic advances in gastroenterology. 2020;13:1756284820971201.

B Ozma MA, Moaddab SR, Hosseini H, Khodadadi E, Ghotaslou R, Asgharzadeh M, et al. A critical review of
novel antibiotic resistance prevention approaches with a focus on postbiotics. Critical Reviews in Food Science and
Nutrition. 2023:1-19.

RA Sabahi S, Homayouni Rad A, Aghebati-Maleki L, Sangtarash N, Ozma MA, Karimi A, et al. Postbiotics as the
new frontier in food and pharmaceutical research. Critical reviews in food science and nutrition. 2023;63(26):8375-402.
Y Park M, Joung M, Park J-H, Ha SK, Park H-Y. Role of postbiotics in diet-induced metabolic disorders. Nutrients.
2022;14(18):3701.

¥y TENEA GN. Postbiotics: a solution to protect tropical fruits towards postharvest adulteration. AgroLife Sci J.
2021;10:189-96.

Yo Osman A, El-Gazzar N, Almanaa TN, El-Hadary A, Sitohy M. Lipolytic postbiotic from Lactobacillus paracasei
manages metabolic syndrome in albino wistar rats. Molecules. 2021;26(2.¥VY:(

X7 Wegh CA, Geerlings SY, Knol J, Roeselers G, Belzer C. Postbiotics and their potential applications in early life
nutrition and beyond. International journal of molecular sciences. 2019;20(19):4673.

Yy Mirzaei R, Kavyani B, Nabizadeh E, Kadkhoda H, Ozma MA, Abdi M. Microbiota metabolites in the female
reproductive system: Focused on the short-chain fatty acids. Heliyon. 2023.

YA Ooi MF, Mazlan N, Foo HL, Loh TC, Mohamad R, Rahim RA, Ariff A. Effects of carbon and nitrogen sources
on bacteriocin-inhibitory activity of postbiotic metabolites produced by Lactobacillus plantarum 1-UL4. Malaysian
Journal of Microbiology. 2015:176-84.

¥ Li H, Guo L, Zhang X, Mu H, Sha S, Lin Y, et al. Whole-genome sequencing combined with mass spectrometry
to identify bacteriocin and mine silent genes. LWT. 2022;169:113975.
X Tai HF, Foo HL, Abdul Rahim R, Loh TC, Abdullah M, Yoshinobu K. Molecular characterisation of new

organisation of pInEF and plw loci of bacteriocin genes harbour concomitantly in Lactobacillus plantarum [-UL4.
Microbial Cell Factories. 2015;14(1):1-13.

.o Shiraishi T, Yokota S, Fukiya S, Yokota A. Structural diversity and biological significance of lipoteichoic acid
in Gram-positive bacteria: focusing on beneficial probiotic lactic acid bacteria. Bioscience of microbiota, food and health.
2016;35(4):147-61.

.o Gao J, Wang L, Jiang J, Xu Q, Zeng N, Lu B, et al. A probiotic bi-functional peptidoglycan hydrolase sheds
NOD2 ligands to regulate gut homeostasis in female mice. Nature Communications. 2023;14(1):3338.

oY Teame T, Wang A, Xie M, Zhang Z, Yang Y, Ding Q, et al. Paraprobiotics and posthiotics of probiotic
lactobacilli, their positive effects on the host and action mechanisms: a review. Frontiers in nutrition. 2020;7:570344.
0¥ Coll-Marqués JM, Bauerl C, Zufiga M, Pérez-Martinez G. Differences in the expression of cell envelope
proteinases (CEP) in two Lactobacillus paracasei probiotic strains. FEMS Microbiology Letters. 2020;367(13):fnaal02.



¢V Jbw Kaylaids e WalT-)g0

agiis (Sib)y eole alSihily (Sibjy axSibily alas —1PW)

Review Article

Application of Proteomics in Medical Bacteriology with Emphasis on Proteomic

Analysis of Postbiotics

Received: 06/12/2023 - Accepted: 30/06/2024

Mahdi Asghari Ozma **
Masoud Lahouty 2
Niloofar Fallahi Alileh *
Sina Mahdavi ®

Masoud Asghari Ozma *
Javad Nezhadi *

Amin Abbasi °
Mohammad Asgharzadeh ©

! Drug Applied Research Center,
Tabriz University of Medical Sciences,
Tabriz, Iran

2 Department of Microbiology, Urmia
University of Medical Sciences, Urmia,
Iran

% Department of Microbiology, Tabriz
University of Medical Sciences, Tabriz,
Iran

4 Department of Food Science and
Technology, Islamic Azad University,
Tabriz branch, Tabriz, Iran

® Department of Food Science and
Technology, National Nutrition and
Food Technology Research Institute,
Faculty of Nutrition Science and Food
Technology, Shahid Beheshti
University of Medical Sciences,
Tehran, Iran

® Biotechnology Research Center,
Tabriz University of Medical Sciences,
Tabriz, Iran

Email: asghariozma@tbzmed.ac.ir

Abstract

Background: The structure of bacteria consists of various macromolecules
such as proteins, polysaccharides, phospholipids and nucleic acids, which, in
addition to their role in forming their structure, play an essential role in
maintaining their viability and pathogenicity. This study aimed to investigate
the application of proteomics in the analysis of proteomic profiles of bacteria
and their derived postbiotics.

Materials and Methods: In this review study, relevant data were collected
by searching for the keywords "probiotics, postbiotics, proteome,
proteomics, biofilm, antibiotic resistance, toxin, and bacteriocin" in the Web
of Science, PubMed, Medline, and Scopus databases. All articles related to
experimental studies were included in the study and articles that did not
contain the full text were excluded.

Results: To study microbial macromolecules, in addition to genomic
methods, there are also proteomic methods that provide information about the
structural and functional proteins of bacteria. In the scope of bacterial
proteomics studies, in addition to pathogenic bacteria, probiotic bacteria are
also mentioned, which are part of the structure of this Microorganisms, as well
as due to their metabolic activity, produce compounds known as postbiotics,
which are responsible for their beneficial effects and have various properties,
including antimicrobial, anti-inflammatory and immune system modulating
effects.

Conclusion: Utilizing applied proteomics in the field of proteomic profile
analysis of bacteria, particularly probiotics can be considered a new approach
towards the comprehensive knowledge of postbiotic metabolites, which is the
basis for the enrichment of the food matrices for the development of
functional foods for health-promoting objectives.
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