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(v) Quorum Sensing
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\V



YF+F Y b)m Ff b)gb
/~ ssDNA N\
Microviridae Inoviridae
HRRRY, )}!\,
; __’.f“ - g5+ p “ea A
L — cr:‘y
RN eSS
phiX174 M13 e
dsDNA
Tailed

Myoviridae and Herelleviridae Ackermannviridae Siphoviridae

T4 T7 vam - v
AG3 lambd
Non-tailed ambda
Corticoviridae Tectiviridae Plasmaviridae
TR >
.“ “_\ _,\].“L,' “
(\5",:\;_ _\/\ 145} A
&g};{}ﬁ"o X
P ."':_" ,",-‘.,
PRD1 MVL2
dsRNA ssRNA
Cystoviridae Leviviridae
R
AR
AR
VAANE
A NN
\M N > /\ )
\ _;\-’\ /_,
\'_::\. -
> -
\_ phié Ms2 )

IV e pgi5 bl 2 3lg 8L gabaid -F JS

Sawi oy s gl Wjligs S 0)l> 3429 l.tzadi JYW-CS Loy
e ySl VT dgie m idliee yhugn ) o) Cigrge
S J5 5] lolis 5,50 gl ) oS sl baib U
U3l (S} Al des (sl o8 a3 o0 U5yl cpl g Wl 571 5
SeBan ide b 3l pgiy [YA] ) 3525 (o3l ML
e 2 65 SSUSS Elgil g 2980 cliblone dpS oL 4,
S 4 o (F JSB) )05 2929 S ulidiS, g o5 5
b 3y9e dlge )3 5 eSon 0l pSL sk UK
ol loosiyS bajls S o g |y 093 085 5 05 (sl
& 2jlh S o ol (lje S Jobe aw )
Ayl 1y ool byl sladge b laaiss 1.8 e3gll LUl
Gl )5 o3l bl &S ol o bk SO slajle
S 1y 055U e (o> b baiss s pSL s pams

Vo] g 0 0200l ¥ b lorix (sl

] el 5 (53,95 s S0 gySU UES 3 s S 35

Ol (somd (owidiges 5 oommd &1 yuiid

EPS (sloiiSan sl sloailate ) sbml o T Lol
(5o dlse LS g ol IO ol g 5 (5316 slogysn b
Slagbal 5[5 2,58 o 15b il (52,58 5 a2y JE b
Srlete o 5 Silgp Golio daeldsn (19> O3inST il
LS55 5 515 o b g Sun daals il &S 1S e sloo
S (o oy (S8l gl il oSy )b 1) 56
aldon (900 (9,5ue oS bawgi &5 (il slaadaiogy)
8 (50)55 g wimd o RS 1) (e PH g oo JSulS
A o a8l 0k yed LS 5 S 9 (el Mol b )
b SlieS (5,5 ol (656 eloygs b Iplibgs 15 EPS Slga
Sy el 48 1, Lok luST sla STy 5 timd e JuSuis
Baldss: (19,° slorr 3 g b alglio A5 o s igd o (90
tbondon Sype )b 5l 1 518 (55,65 (jlast wilo)
Sl Jol )3 o 3 55 (52,55 libio g 4 e bt
dawly (lgic 4 dncpg Y g lapy S g dlox Sl dneldgn (193 (19l
S (o Joo (5318 ol g by Sn (9,801 Ui
03,5 @y |y B (5395 Sy Al o Ay Sl iSen
D7 7] 3w Gl (Sy5 Sl 009 (b JBrf 9 €55 9
Soiay &S Wit imto lalace [ (S ol Glapii
St g @55 Slaptans 5,8 o )5 opldsn 56 cos
Gl ol sl Ko Lo ysiST g g nalg) 3500 ol S S
ehdon s [IV] ditan OB g Of iso ) pldgn A,
(3t sl g (Showosy 9 (50,55 4 e Sl 2l cnl
29 gaadl (g g pab bl 5 O @b 09,50 (Sogll dndlg) S
s Sk sl (S el gt (al 13 00 S5 slapkdan
O3Syl 9 bkon (Vb oot > & Vgasa [TV] izt i g o
o) 32 oM s 3818 ol b (elyy (lumnds 158
WS o e ) sl 95 SIS hesd (lojloy
50 Jogi sladd > cplply dmd oo W ojlel polio cladisS &
OB 4 e sl cpl o [l y50 g il > Ygess
csladiy o o Jaomo Can Mo 9 998 o0 (2lond dlgo By g
Esomme  [VAW] o)b > a1y Slles oMo (2B 4 gV
g MIC 9,5 Lol Jole a5 (o (sl > whdgn s90
9 Sk coge 0xiyss glae Sl cbles g cuts b Al 09 0
Slial 5l (S a ol Hlee b Bl g 3950 (50,8 abere
Sl 0ad a5 MIC J S (95 slad pealy sl

bjby 5l
o sy ol (lee 45 At (plo g g (306) ojlegs ST,
3l 4ndl> 3929 (6 5SL &5 ol pp p3 gl den )3 g L e

(V) Monovalent Phages

(v) Polyvalent Phages

—



VF+¥ Y D)l.o.n.:} &¥F 5)5.3

Ol g 2Lk ,S (gl by,

Ol (somd (owidiges 5 oommd &1 yuiid

P55 299 9 Juadl

7

%(/'/ s

<f227%>

\
>0

)

e Jobo (
Bl s
/ \
\ o]
\_ [P )L>L., ‘_gl ) 5250 e @he S 43892 ol

e pyis 41 Sy pléd)

1Y) S593d 5 S 5ol B 5.5 452 -0 U3

ol St 55 Il w515 g (6 loms 4 Iajle L] LS 3o
Sl plad 4 p i p yob 4 WlE o (iznen 36
csloel) Sl (S A8 9ds wldgn JBI> 4 B g Juate S poxie
Olgie 4 Xilgi o a5 Cuwl EPS dgng plidan 10 o g S cladlos
Wilo (9S40 s Jalgs l 2 3 bais Sl jl g 03,8 Jas dw S5
G e 5 L3y 1S il babloge 5 laSiSgn s3]
56 uwy 9 EPS oy o a5 diied 75leild (olae 3
(OMP) * )l (sl (slagyfipn 5 (LPS) "y )5 ko g
S (o Joo 36 05 lsis 4 90392 (2l Sk sl Jsho o 3 oS
Joho bawg ey slam il Wy 5o Wajls Sy sl
555 58 031 il 1 05dle S o W lojan (55T
S 155 |y EPS oxiiSn, 56 slan sl ilgige 005 ol
pocksd Sl 3l Lawsgs whge S lo 59 5 lasige (S
h 8 Canglie )05 5 485 8 Lo 5520 1 s 8L (sl Johs
I¥O-YV] Sigy 00 0 3 (stg et Jolse Loy Gl 4y 5 4zl
5l hwys pldge S ple )0 sy & alapusilSe

sloaigs il cle ay Wlgi o wldaw |5 il oo £oiio w)ld dg3g
@ a2y b bl S5UsS EPS (WS ple (shls laes ST 5l (565
il 2,k g g 5l Baes lapkdse (S le oS
bt Sl okiSw s slomsl 5 Wajley ol ks
plidsn 059 gl Wlg e & Atd ol Lol 058 9
PH 15lo _Lasxs Llys 1 5 a5 ool Sl el b gy 515
o] (gor 3] lleb g o el YU S5 cale b YU (gl
S o o |y Lo 3T ) 487 (38 Sl oalital iy b o alS
w3 Uil ) EPS o 56 e (sl B jobo &0 g5 e
load JoSuis g Sl (bl 5l &8 olagldsn

5 S )l g2y JB g 9> (SWj S bl
ol Jsbo 2 o35 G5 J e S slojle (0 JS) TS
Sjleee 1y 253 ldle (dlial g 03)S iS5 ) 05 ey
il Ngd oo o) Lo 4 lie Jobo w35 b e
S oo pledl lsen p9jgeg)S 3 1) 395 poif (Jine) S
29 Cygo 2 3 cpl e o (Bl (oS Jo Sy ygo 4
I¥V] W Siid ad o 0)ls Al o ol Jare gS e
2ol 5 T30 T g sl Mg 5 b 5l St sl
sle Lacpdon Kpoo g jl g 035 4jps |y ljre Joh
h 68k Joho wudbcs 2 W ol 399 9 bl Jobo slite >
S2joSlS Sladign sdopn b baipjdanl S e s
S (o 55 1) 68l ok o)l (S 9ty > st b
(e S S ySl (2B 9 B> slas pleal b byl
s 51yl S IV S oo ol 8 Sk 5156 295 (sl s38bie
Jol slajle o o &l peje loley @l S
IVF] L9500 A5l g 005 oz (ojae 50 igs (SYsb Jeolsd
) S8 Blaal gl Jgere yobo & St (slajlé Laid 42 51
Lo Jsl sl ol e 36 S35 <ol cttm oslizl L
loSigu 1 aiile 1503 Jolge 4 s SL 38" 5l (s
I¥-1 )5 syl pe

B30 b gi phd gt J i’ oo
e gt 49 g

T gl U 5 J8le g 035 bl i sl glyls baolbsg
b 3 W15 o0 W3l o > g g (B9 1) ()59 5 whidgus 5
oo B a4 5 ond e ol b JU 5 ke

(V) Lytic Phages

(*) Holin

(6) Spanin

(v) Lipoploysaccharide
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) Endolysin

(*) Depolymerase

A) Outer Membrane Protein




VF+¥ Y b)m fF¥ b)sb

S el 1 Jitn ol ool (PHR) gl & 386 g
ol sl Jolw Lials Log S el sl (bjee :3518) ViV e
Celo YY1 an (ialS Log 90 by plyp o0 ialS el

LFY] conl oty L3 &

S5 gpldan J5T 0 368 p b

i 8359 Slped bl Sl esliul 3T sl Jlo 5
(ol Sloptas 3 (5355 b baiye slapldsy b ablis gl
el (riodess g SlioS dloye )3 3)lpe gyl 53 ein
Do oo A3 0jex cpl ) lagpe Gladsd 4 sl

b s,iSL 5l slawd (SRB) Gldgw susSlal (sl oS
Silgrs bulyd 3 5 S o Lol ) ilguugs b codlgu g oS
29550 (S9> &l &5 WS (oo g HaS ()3T (y9 50 UL
S5 danly (lsie 4 Grizmen b S pl Wed o (05 B 9
Gl 2y 3 ol 9y Gisrke Y L oVlily Jub 55
olidss LSt 4y Loled SRB (o s ogde [F+] wlonds azslis
Ped e (md9e (SO & e &S 31 (3 zohaw (9)
dg bl (53,8 ()l S0y b 5l bt gl
Ojbe 3 &8 ajad Bkl risren 5 38 S lu g
o bedls gl cis OMSEs (5ot p3d Sluwls
lo gy TFF] A8 o syl NS dgiuas g s by asilo
sl S il oolitul g plaie 0, jeed Jolis a8 S
SRB (slajle 3)ql cowd & (Jlo opl b [F5,¥0] dites 5o
53 92y Silere lulyd > o g pSl cal e el g
21 3935 SRB L aub (slajld )50 )3 (05 jlws sla 5155
b oleyd (o9)Swodis Jolss plyy )3 SRB Cuoglio & axg5
I¥¥] Ccwl SRB S (gl (sloaisSjlgausl o351 518

St slo3ls (5 5ad o ¥ S/ bawsss 00 plosil imgdy >
iy sl > Desulfovibrio aespoeensis ¢ S oaSe3)l
i) 09,8 5 3l oyl oS 0 Laskde 5 Ab olulid
s ySLasly 56 g5 5/ Kan o ol [FV] 35))s |3 Podoviridae
S o 0391 1, Desulfovibrio 5 Haloanaerobium claguw exiSs
B ogas @l citS ) g ysh 0y Hlee 9 23)5 s
(b8t (39l S cas (£l ol g "L;gj.dé I¥a] wob s
0ile 935 g e slaoly (5 (55 9 (S g «(S)9>

] el 5 (53,95 s S0 gySU UES 3 s S 35

Ol (somd (owidiges 5 oommd &1 yuiid

G Slacs 7S s 9e5 odlital 56 g5 Ky 5l ol
3 S, ey 4 3lymled S M55 5 A o 15 sl EPS
Sles pan 1y 68L 5l s &5 EPS Wlgs cunl See
ol dajlayjoielgnl Jols (556 (slajliedss 2)lo
b o (25 Y 9,0 05555) Wjlaig,dla o o ladlwg il dajld
DNase w3l wul oas azlis oS Slagyl I 5 S
<xSL ousSedgdl b wile bl Sy bwy & wib e
Y+.¥4] 545 o0 Mg Streptococcus pyogenes

P.aeruginosa (¢S phésn JyiSem (olp b yingd il (S
sk By casl 003 plol GHA gy Sl ) eslizul b
Sl w3l o wias exgll 516 L P. aeruginosa i biwe 55k
3T a5l L w155 oo w3l () o0 sl s Jsbos ) 3
S a3 1) o)1 dgg Sl (nl phdon pSeple &S
)85 3939 GHA 56 pg35 13 ! opl 05 &8 3l jlis lallas
P. aeruginosa (¢ ;Sb Joko bwgs |y 53l o5 olo 56 ool Ll
38Le sl g whidgn S ile oy L Bask cul 1 g 03905 Wl
8Ll ol by (sl judin 358 el elidgn HlSle )
350 dlSio [V 298 0 whign (sl oo 3 56 Cigie 5505 g
56 51 sl ooy i il ekdguis Sl s cul (S o
OhlKas g oy ol wldgn S L b e lag) oo
e M 3l onds ls (slale as” winly L g5 Slalllas o
Streptococcus mutans (¢ ySb 0 1y whégw JSis b lagye (slays oo
Oliwe U 8L () bawg wldgn 355 oo & ot 5 00y als
IFAYA] B4 doyd AV

O 435 g olwo Johw 30 wiSS

oSeple 3y w3l g pldan 19y 4 B 3485 5l e
2 YU ey iplidgn Lo ) oS (Vb o154 axgi b
o5 g e 0 iSS L S il ey o gy 518 1SS
LYV 95 o0 b ok oy (isMie el oS 3 555 (slanges 5]
il g ljae 6381 Jobo 4355 s (o ool Jl i &S polaslon
a3l s pdg Jalis 518 slaves 51 5l (oS 5 oy Juol> (clajl
(loyYgyuem SIS gast) by sg il [YV] a5 co Jutend ogyslonsl
Msiognl g el Gl 565 M 595 puil 3 cjlael g0 Jolis
$xSb Joho 0)lgrd 6yl les (S )lSs ool s J[¥Y] aiil o
Bk 3 Joho (0 (M el (SIS gty Y 3gpam 1 )
(o pS S ySh 3 il ogde D580 (Sl S35 pie
IEVY T 00 o 50 oyl by Wb 50 ()6 glis

oledom )3 51 J S em 0)Shas 0 5o Jelse 5l (So

(V) Phage to Host Ratio
(t) Summer

(v) Eydal
(f) Baldwin

—



VF+¥ Y D)Lea:# &¥F 8,92

Oy 5 (UL gl L

Ol (o (oo g (oot 4yl

SRB+ ;18

58 i 45 (53,95 J S 9 SRB lawgs 2¥ g8 waw (59, p2 005 (g 5lwwdund (53,95 51 (SEM) (g, (59 58I CgSwg ySue gl —F JSU5
LFF] s 31 (53,98 S guazme Bl 5l ams (©) 9 J3 (W)

@ Gl g phdon S b by slainSyn (o Sl
il | eolatwl wods asl cpl ob s 1) Jokw oyl
A sl oS larel (30l S lgie 4 1) olaidl e
[0+1 55 zyhao 55 5 i Slanwli )3 ) (5365

P. aeruginosa aJle SN ;6 31 5/ Ka0 o "ol ool
Mg Oy Bacillus megaterium aJe Palmer 4 Slash (slsj o
b3l by s ySh cpl @ 538y o 5l 9 925 (o)
My ol Jlolys s 4 P.aeruginosa (¢ ySb 3905 sdaliie
2lo g g bid 3 09,50 (59,95 Sl 5 plidon oS c ol
B. megaterium s xSb g 55 5 < mluo o (556 sla, sl
adlas cpl 3 Pl 5 13 0290 slacSo s 129 U5 b &
ADV] 8,558 (cw)p 3)90 Jio sl SL (lgie &

sl NS )3 olawgils )l oS 5 45 Jguame Joo ko
cu‘)L\JLMJ L;lmJ,Lu 2o u‘ﬁ‘ 9N Sy ol 2 °9M'° oo ‘JJ‘
Sl Spgilow 4 09y s Bk | et it b
Dy s i NS slapiamw ;D (S slaojle (53,98 el
Pseudomonas putida 4 guw <o jl calllas Gy 54 (Kas o7 <yl
Osgste s3> ) Jo le Mg (sl oo oS g 4
Cullad gy MBS 5l oads ls 56 60 3l g 03903 oolaiiul
0o ialS 3o YV 5 OY ey a |y oo olie We5 GPh_PPO2 o
celw & (b P.oputida sl (o o ) ¥ ials cylojon o
OY] w snnlin ju

GxSL il pbdl Sl i lwg a7 dagh o
5lg 8L S 4 Stenotrophomonas maltophilia PBM-IAUF-2

Wan lag Sl ade S ol ) o 3 a8 WS e
(APB) s 035055 (slas S 5 SRB (slagsySh oy &
il 1 edlatwl dyee Ko elidl [YA] ad eolal
5 Desulfovibrio vulgaris ale> jl SRB ale o) aub
Thiobacillus thiooxidans sl APB Desulfovibrio desulfuricans
«aS bl Jole glaisy sla s S| o Thiobacillus denitrificans g
Slagios 3 gy 5 (S5 Sl (Sl S8 can
LFA] ol odpusy € &y inio

sasSoxgll (SRB7757) Sud 5B & flKan o 'S
CMob 18 asias Ol I D. vulgaris ldgw oasSts! ¢S
56 ol 48 0l LS o gilwdnd (53,5 (slaialojl 53,8 s
Sl 905 Hlee celw YF 500 10 2o 2 AVY U 1) adlgw A5
sty BB b @ ] il ladise 55y (595 j9y YA
>¢ Chaseviridae odlgls 4 3laio 51 cpl (5 JS5) ob ials
ol JL PH Y=Y 0394500 13 5 pgmads a3 5+ UF clalod 3 g
Sl ol (638 50, (512 (ORFO 9 ORFB) (35 93 ool 2 05Mle
A gy D) B 05 b dwglie > (g immwg lise dely o
S99 Oljee deld (DS (gl oS gl s3]yl S &S
[¥¥] 5’0 &1)) SRB s’

0.8 03901 56 < e5UgS clacdale I Kon (gladdllae p
oldon oS 155 clae 3l (o)l ¢ (VB_ECOM-UFV13) E. coli
powsyiS lausgs HeS gy (A2l 5 plidger S5l 555k >
Cuis glygeal oS Mg Ol 5l aS SRB (g5l Lses (29,50
36 bawgio 9 Vb clacdale b o) 092 088 (gilulix bjp
Syl e iy alS 4 ey libgn dnwss ] clo
2bSb bl (B Ol o 5Bl popdle Kab HS Wy g

(V) Zhang
(v) Sarat

(v) Sanchez-Rosario

—



VF+¥ Y b)m &¥F b)gb

AN

\

239370 3 o S5 Jiol i 51 6598 e gl -V JSS
o9 (1) Sphaerotilus natans 21 o558 3uwS1 5 55U ypan
LFFTERT 56 5 sl SIS o5 5 Jlowi b () 9 5o

b s ol duo B Sy (i pogSne Jousl b g ygnlilidgil
ol il o yiogil Yo=Y oo &S 56 l)d 5l iS58 Yaane oS
idly oo slis o (59 p Ca g (s 4 B 0GB S| (odm calpli
A oo S8 slid w3 gyl W o ol 4 oS
e e 0)9> U”l » bk )| oslatwl L;La| J.:JJ u;l 9
b8l slaaiss ol pldsn By a5 Wlosly lis lllas
Uyl 2g35 mlio & olaplés Y?"""’ &S AL (gddaie
oloa b Tlajle LS8 5l &8 cul oY il g5 0l
s iS5 5 Juasl 35 255 ol 5585 56 sty | blovs
IVe] 298 oS5l olic waw (555 2
i pldow zuly slacl I S P.aeruginosa ¢ :Sb
JsSs Y (l J> 40 6y ol el ixiao 5 rbo ]
e (o e
0183)55 g (o I llgugsd bl b 638k ol ladige (S
S il iagh SO [YAS] WS o A 1y HoS
P. aeruginosa i) jle (5lp 9 g3kl Cluy abal 1oly K )
PH 5=« yogembs a5 )0 FO-YO clod j0) S5O cdls o
Gl 9y 3 onimen g elidsn b (b Ol yed
OB 38 5l e SFSIMN (5L b (g 2 (gl i)
FSVsb ey MB b 4 sl B bl e
elibg yr LI (2351 A (LS 1) (g8 039 A3y s
e Slolyd &S Wb jasie P.oaeruginosa Looad as
8l ials S 05,5 4y Cuws Pseudomonas b ey ye (sladisS
09l bl gl (Slalise s gy (30l (] 56 &S olSin
Mo WAy plie jlas 5ol58l a3le oS ab saalie cid oslaiuwl

] el 5 (53,95 s S0 gySU UES 3 s S 35

Ol 2] (soued (o igen g (coueed &g il

S5 5l g Siphoviridae edlgls 5l a8 ol ade Kl
5 il )l 5 S loe il 3 jSenS cds dlgl s
hbjls idal GB Ll jl 8 g an (o8l A, (oo
5 (i (e 8IS 223 0+ (o S Cmer S5
S Slp e 5 woladl el S plsea (b ol
10¥] 43 ety (ssSee 5355
b 93 ol ool sl (gol> gnaj ol (sloely
SBS gl CMSe b opl ) GgslineS| a3
B oo dgdumo ol )5 &y £55 I s (BU5S ke i anlgo
e il JolS Sl B prs BB o 4 ol gy ool
el S 5 5 o s 5okl S 4 ol 5 535l 5
Gwes ol> < I 45" Sphaerotilus natans yal eSS ¢ SL
S5 Sda g insS (95 2 whdsn JoSUlS (gl g 00 b
(555 gy b 03> CUiST pB ) 0ad (85 (6)pliise (senm
Sl odlaal b alRiolejl wlide )3 &S (s jm aliond
(ER1 4 SN1)S. natans aJe oads lis (glajld 5 (1o V) oSS
SossSl 38 Sy 5 plbgn S5 oo b Jlc!
e 3x05 4y e oS 5 ot oyl 31 o0l by Lt 1, iy Y
AOFT (Y JSi3) 48 oy 2o b S35 Sl (i 5l (595 S rohans
Bl gy b plidg S (i o 2li Gl 05)
Aol 0 pre Pl (S 0gd o slie Sl & yoie oS
Caz @Vl a5 039 luy g Ol il )3 lid (gl il
Ol Co oyl (A8 (o oot (038 9 (alond (slasles
helis 3Kl a5l g odb Gals ) clis jl ple jee
L s &y gty S Juct] 20l (sl s oo S o
ot anllas Sy 5 e (gl sl 005 plogl langls 5 oalil |
oy rals |y 59)She Juail Jaoyd & ¥ 5L e oS o o0l
FSGS by psld clags Sl pad S g s
100] 45 it o g 51y ) glito g8 dus (g1 & o lmphidon
T4 sbjlog xSL 0938] a5 b ooy L K> addg}y 50
(PFU/ML) " yuJ oo ;> S sims LS5 sty V! clale o
sy zals 1y ol base p3 E. coli gla Jgho A3y 5o yob 4
Gl A1) ppgml sl iyl sl 3 plja Copu 20
Wby ol oliie [K0n ladlas j> [05] calul il 4
Cl s OBl &b ahuas (S, ) ok s $logy S K, oS
Delftia tsuruhatensis (s ySU whéss Lles o V" PFU/ML
Oy oy 8 3l L ol Sy o ) ol (olayild s
o 48y alS b LS5 Lo 4 a2 gy
lo_lo | Lt dite ojlul [AV] el Ll 36 5,08 51 e
sl Bl gl Ao i) o ) 4 ol g Of e gl &S

(V) Plaque Forming Unit per Milliliter

(v) Phage Cocktail

— . __——



VF+¥ Y D)l.o.n.:} &¥F 5)5.3

OIS byl gl ookl b b ySL ol (o o
JYEIYT] cool ous
(Slos Sl g2 055 oy s Loy W50 o (5500 1l
OlaS 5 3e3g Canl (gjlap o sty 1> (SRB) Gldgu oauS s
Wle byl ady el OMSB > snd wwS] 3,55
buwg pd cwss b, Desulfosarcina 4 Desulfovibrio
sk JS olaw I ao 3 ¥+ 1 aS" SRB 04 o (55lon o peii
3 oslizel sy Sl wmsie LS 1y il 595,
Dy e 033l (il el 483, Sl oy joilie | (390
SOy b M cely wdlgw Mei b umen SRB
Sed ol 325 b eoulil (pl 2 D980 ggdlasl 592 4

L3 o 1,15 sl bkl 5 bIL

oy @ il )56 gy cldlas cdyin 3929 L
lacadgie jon ol Gaptums > A S5 Jalge
s, Kaly 909390 (sl yills &y doldl j3 )by 393 g e ol 5o
g o 413 Lol b abli

S s L g 1B Il

Oms g Wbl 55 0 (Sul gl gl (eSt
pite (5055 ol slag Sk ouiiS 03l (ol Cluogad
Iy oMo cpl Wilgs oo ydin Liadin (g yimghy pldl .Cuwl ouds
Dyl (g3g0me b cab 3L Sl @ ds g by o
L cdllas ly jlo e slos Sl ollid g (38> aseds
(950 (S sl gl cwl (g9p0 cuslie slajl
il (gl anl)d cpl )3 5555 (681 sladssS 5l (LS i
bl o Sug)y d9e cilisnudgd .l L5350 56 canlio
by g Glagbs g (eSeegiilie) cuiS 5l Jitus (S
Slysl 35 ool (b b 3 (03)Slas o
IVEYYT sl 03,8 Jugus 1y (55,05 Jole

S e 36 bwgi oy JERH s
56 By oF TogmS Tl s dacadgia I Sos (S
P 0F WP 5B oS cul 2l e > S o o
SSL S ) bSam il 4 Cuglio b sl jlony Jalos
Sl S8y i gedge cnl ey JWI K> 8L @
Jisl &8 Ll ) ogrg cpl b asbie ol o (S 53
Ll sl igl Hrk 4 e cul (Sas lilen oo

Ol g 2Lk ,S (gl by,

Ol (somd (owidiges 5 oommd &1 yuiid

il @lr ohlKas 5 e Giagn > [BY] Koy sals
Ll a5l (e 5 Gl gl ) I 5l
Sy ol aus g Suselsl o 3l onis lus P. aeruginosa whéow
09y Sy phdow ditudlyy (LUZT7 §14.1) Cocio (sbajld il )y
[Fo] was ials oA U 1y 50555 5Y g8 psS (ga) 2 0 D]

T (Sl 35 B30 158 05l Slbs 15

123l ) Glpion eldgnas Jelos plie 4 0)8  ogMle
sl ) g0 ol o (clapiuws > 55 (,S0d Gl glp
b b Syl olail b 4 o8 olajls Glyi e ¢ aw
IPV] €65 IS gl T 958 1 S oke csly | 5 o 029
Slagish b LS (il e & lah Ly sies
59l > ol 3)50 ol )d Wlg e Wi 3o (L3
I¥Y] 3,5 51,8 oslitsl 3,50 (690053 9

M 4 231,558 Syl a3 L sl
(o an bl ek 5 xSl (5255 ) S ole aile
sl Sl Bl o Jlb o slassly 3 0,5 S s ole
gz 5 w50 oSk on <y Sl g ik
VT 2l Ll 1) e (29,500

1212 S g oo e Sl 4 e oS (o (6,
Cad )l > pendd o el oS Cunl OMSB od ddial )d ppe
M 298 00 Sl dinal sladiia (pimes § Slieed
il sl Ol 559 10yd A b Wlg5 oo 457 ¢ 09,50 EPS (YL,
S o SS9l ilsp s min 2 5 Ay S e S )
ey 0,8 b slavas 51 51 g5 oo &S ol o o3l L
055 (gl i $ho aplden D EPS (o 55 oS ajlag ST
o xS & oS a3 5 OB 2 5 EPS alS
Zoogloea i slasySL ol p ogdMe gei ooliiwl
Sloads olwlis EPS s I (i BaiS'adgr oleic 4 Thauera 4
L)l OMl od ] OMSie pd (slodes w9
|y loe STy oyl oobaisl yobo & a5 la3le 51 odlizl yluls
LYY Al 350 Wilgs oo 5 s 518 Bun

b i) lmanl s b > oaib St o) (0 s
005 S 5T A e sl g a4l )3 (55905 o]0 ]
Selansy glag st bl e S5 s 4 b opd
Jee plgie ) sy oSt cwl @) Slles St
A5b) jlweaS” sl g, o (Nocardia ¢ Microthrix gladisS
Sihwdlass g pd o\ it wlo (Nocardia 9 Gordonia (gladisS
ly ptlojl olie 3 (gjmelcudbse gl Nigd o Dl

(V) Magin
(+) Bulking

Yoo

(v) Bloom
(¥) Transduction




VF+¥ Y b)m fF¥ b)sb

lm il Mg LUl b oosd wiine slajlh jl eslizal |
adlbs <S5 45 3905 0,L3l (jlyeubd (clvay 31) EPS oaiSa jo0
"B (s w3 M5 BT 36 (S pudie Sl oolistal b
35 031 (el 5 0 s il Jpeuls 2y Sl Ly S, o (DspB)
il s 316 ) 88 3l (s gl s odli E. coli (5 S, plibgn
oS pile y3 35290 (slasySh 4 ob g phdgn uSo 5l 4 o0
DspB &893 3,8Mos L) (2l Sl whdge § 115 oo dlox plidgn
[50] sl g 95 56 51 el 8 g 00y yialS a3 WA 56

i sl b JUSe sl J5S09n 055 b 28150 el
siRgR > ed QS > BT 4 e JUSw slasSge
oS @l s T7 36 Lawgs whdgm JSUld oo (595 2 (el
aS ol s gols wiages adllas WS o Moi 1y LY o]
Il 655 sl My b esduine T7 Slig sl
e Jobw 4 Jolo (665685 Caw & AHL sniadcwde
03905 4325 1) 33)5 oo Lo Sk I (ol 5> whidon JeSits
a8 coleiSopd lapkdsn S5 9) 2 w55 ol @ g
[PF] adlie p3e wloss S lag 8L (SUsS (slaisS

olidon S5 il 5 i sdanl 5 gl ey o7 o]
a3l cpl sae CuS 5 g (gilopalls wlosls (Lis s il
4 bgrpe lapille b ablie (sl 030k (dlan S 36 ) sute
DIV] sjle o oo 1) liee Cuwglio g dgaome Jlime alel
Gyt 35 8L bjee il 1 pidanl cld b
OIS 0Ban cnl 4 G (ooglie (68l g jopel 4 U g
Shoslaol o a8 desl lyyie g adylibin] cou cwl ol
S5 owdige ol 31 393 5l oaliwl 51 5 bl 1 Y guase
o3l 3)90 33 Wy cul (isu il (il Sl 4
(bacyrogid o locw syl o) (ogiume Slacnid (s 5 ol 48,5 )))3
b prwgs L oty b b (3l adkd G oS5 )
Mo g9 cpl b L¥V] Ll oss bl Ko slanSgpn b
V] cwl zhlae 56 basxs ) Lmry)j ol syl 4 byye

3 edliwl oS ]38l b Cuglie p ade (gl SBgl a5
;ngg.uy.)uaa‘ Do o] ‘_;«JS)J uLo)J )l ‘bbrvuj*’ ){‘){ 2 )‘3
Smpl (Egvan b (b (29)S%0a dlge plo g atyluge
10308 L slyen ol (S (Sa5sb (slo b, b <3 flards
Sl 1y S5tz laplisn S5 b tigd 4,5 IS
516 51 oolizl b liises adllas 5 5 o Jle elyy [YY] sl
phdon lp oy AV Gl e 4 OB ond s
S 5 56 oSyl eolatwl b g a8l cuss P. aeruginosa

] el 5 (53,95 s S0 gySU UES 3 s S 35

Ol (somd (owidiges 5 oommd &1 yuiid

bl a3y 00d o duog o lagye sbligy slasslo b
5500 Kl e rals ]y Sl cpl B g salatw] S a8 >
Soslh (K55 iz sloigy ) el b oSl
LPYXY] 908 s S 36 a0 1) S

silo S5 iy ) oolil by S0 el 5 50
g Bl g 0 55 (sl e Loy slenil W5 Ul obx]
e d90 &Sl 4 drgi b il ond s S ol o
$3)lpe 53 JSaly cnl eaiun (95 oad olulid (sbas Sl
O 9 38l Sl | St (slaflé (il 51 5ol Wl e
VY] o o 8 JLasl o 1y 5l 5l g e yind

Qb o Sguo b
it (2950 55 piz (59l el by & Slool )
OB o 3l 9 b odgll & ot a3l Cosliaidl g dgae il
Sl al 0929 ol b g g0 wlidgn ) oo S ) i Lo
gyl 5l i) lojls LSS ¢ b bair glaflh 45,0 L
Sljee dials (Rl Bl ol 3le S wdins g (dasie slajld

I9F] 2dlioo Jo BB o228 3l il b (slom 3l 35 L

LU pos g Gl Cwglio
EPS 1 b b a8 (89l 56 ol ol 0,8 b b
5 g gm0 el 3 Jgko &y 5 ol o o5
obait] lolid (55 Cunglie pupilSis S clablors 35 ]
ool s bawgi gl (2 o 5l g ajE SS g
S lgie 4 Cpiomed .Casl (CRISPR) Y yi S 56 4y oL xSTL
g S5l Wl oo b Sl Gl Cugie (Ll e
395 0 03901 Jolo 5 50 4y yocie a5 aiiS oliw] douis o Coghe
a5l 4 51 05 o (6ol Camon 13 1ajls B 515
a3 bawgs (Sagll ply 1> cuoglio sl (clp  olbpunilo (gl
Caoglio (05 590 4y B &S la3le) il i (slajl el s
[PVT S e ) 5 Copmar (sliy S5 oo 55 (Wi (2L S

Wiy ials 1) Cuglie sboul Wil o 56 (531 sla JiSsS
255 4 sl g 1) 36 & polis sl STl saome 43 |y
Olojen odlatwl S o 6pSels ol 5l > b Wl e
lssloge ile) (29)Suadd Slge Sl (iS5 9 Colis L
Gl sy it syl 5 kil g (s S
IYF] canl Cloglin sbx! Jlois|

Ol @bl Caglie (ials ly Sod sba)al, ]
EPS Wy il Lieglie (slopunlSe 55 M) sl &

(V) Clustered Regularly Interspaced Short Palindromic Repeats

)+

(v) Dispersin B




VF+¥ Y D)l.o.n.:} &¥F 5)5.3

o3l 3590 g 00 (A 5B A5 (g (e)lS oy Sl
eolio sloain 5 Wl oo Ll b (gildinge b oS Wl a5 )3
Wlgi e 38 (#8b) sladde gy slad 4 bajls 5)bs W5 (s
ol ogSlhen (Shb B — Sl Seelud uyp Gl
LVe] 2g8 a8)S )1 atwgy slapians ilodige 5 polde
Oljee Olsis & &8 Sy Jele (sl Sl (S )Sed o
e bl wits gilon o s b3 390 J1 ST sl
oyl 8 Canl 55 cpl bty s da] L5 b 55 o
A Ol 258 plsl 23V slagjlodige 5 (b sl
ol oo luoge b aulie )3 b3l ugs (VL auje
3008 5 Gliee Joho 255 sl O3l ot basee jlosliial
Slyice yudar 7S5 025k b (bl bl sl S orie

5L LSl laas o ials )

Buzo 49 56 550b
(e Jlge 36 o0 g 58 Jule (gie 4 a3lé iz
IV 0,5 o 1,8 el )8 axdl g PH ¢y dod wile 555065
sy ol G95UgS (ae (Sl Lawgi Cunsl (Sae bajls
Lo )3 39290 dlge da Ban (6xSh 4 ) 51 S L
Bbrs Slgo b 56 8 Jbohis Ssb el mSelo b
Sl go I35 (6 poul oo (59, b s b (S b iy aisle)
IYF VY] siso dgups L,;Lzom Lgl.mui‘dd ﬁlﬁ 5 |) )ls CAnsl:O:A
i 3D () Cgu)y (alS a8l jglate 4 cdlllae S5 )
oximxgusly (fistS a2 syedy (day b 56 ¢ S Ol oyd
3 PH L iSdg) O o il as o e bl L LS ansl
sl bl Lol il (8L lul jidbey 900 ole SO U J8las
2y S ol b (g youly by I a3l (gilula)y 4 oo whidon
0D (23 yiubey zolaw g9y » P.@eruginosa wlésy oS oS
OialS a3 iy rolaw 4 Cuwd e BB ek 4
oS ade (g3 bobe (Sod cdmgl > W] (A JS3) ély
Siolw slie (¢, , Listeria monocytogenes 4 E. coli
Soe yobo 4 3l cplas ol L s g b o sl Mo

o § (wod | Ll Mo
03l edistnns sl oM (6l conitune 365 3109, ST 2 S
5 olitl b base 3 Syp elde p gl 5l eass JyS

s ol Gl SIS (Bl (Sen oS g glajlgs ST

Ol g 2Lk ,S (gl by,

Ol (somd (owidiges 5 oommd &1 yuiid

oldan S5 ddgh )0 [FV] Bdw)y Moy AF Bl 50
e &Y 3 Poaeruginosa Jols (¢S 4565 40 5l JSiie
sSnd g9y p (daw &Y > Klebsiella pneumoniae 4
sobaid! ey sauS e KPOLK2 56 b o i sbol il S L
wobaid] el sniSaly e Pa29 56 4 K. pneumoniae
o2 b5 o ol edlatwl L Hles Jsubls o P. aeruginosa
5 Bl 93 ol 3 2y JB Rl 4 e
YL LY KPOLK2 31 lawgs s Mg jlyeudsd a8 0l L5 ol
@ o) Sl Ty Jgubl; 9 Pa29 56 399 9 035" gy 1) wlidon
Jonbls 139381 3,8 Jaaws 3)5 )8 o 5 55 S P. aeruginosa
slasho JolS Bl 4y oo g il glElen I )5 30 56 g3 L
[FA] 15 P. aeruginosa (sla Jobw 4595 LB ials” o K. pneumoniae
5B Syl ookt aplige b ablie (oly Sos ,Kal,
Wilg o lydgil a8 cunl 0ol i Cldllas .Cuwl @34l 4
S S8 Wl 4y g 4 0aiSy ) aeldgn (6350 55k
Sy Uapbdsn 90 Loyd bBpd s glaglSe 4 b
aadllas 6 50 [FV] dms li8l ) 5l LIS 5 )b ol il
S5 gl 4 (uiVlgeS Cygo 4 d)baix slajle
g (ne) 4Y @ gl colia i 5 88 Jatte uiblie
@5 b oy ol eldgnis Sl (ublise (e S8 4
255 g whdon 4 51y 3985 4 joxie jlaly ol & ol L
2253 W pldgn Bl plesily 9 Ad (n ) oYl plien
Loy AY ¢ (P. aeruginosa g E. coli) (glaisS g3 wlidan sly
B. subtilis &. aeruginosa E. coli Joli) slassS s pldsw (oly
[5] 2ol Caws 4 (Shewanella oneidensis

YU wlio 0 6 W gi
IS Bl go 5 B3lhgs 8L ddyo 4y (g 8 g 0gsl Mg
04 855 (g (5 ySL Sl 3V 56 AJg5 (gl il Lo g
Olgie B 5 Sl eSS L el )3 395 038l 5B b g
)b wlide )3 b CuiS gl cund 4 1) 56 5l oobj polde
Vg dogd Ay hgy A 3l (S & e gl
Olyie 4wt 655y (laptums D9 e plodl Tatugy
Lo oo 485 Lo 13 Jl wgi (clp ddyo 4 (yg)he (b9,
dge ewyiwd Glise 9 Srgope i ) Cudgime s Lol
4 Cond Gyl (S Ay bS]y Aiwe o138
Ay sy J5ES g g pedamlite el Lol 5> sy (glai] 8
el 5 S o wald 1y ol SIS0 56 Mg p a5 5L
Ligd o g5 duse il g Jgame 319 g ()90 0 LIS

(v) Batch
(v) Continuous

VoY

(v) Semi-Continuous




VF+¥ Y b)m fF¥ b)sb

] el 5 (53,95 s S0 gySU UES 3 s S 35

O 22 (oo (AR § (o 4y g

PYEENEAEE

Sy, 3l ol 4 o 36 2,8 clacy e 5l (S
Al e i sladshs o ol S5 B ( (S8 ]S
Olej €S L gl ol (b Sl bjse S99 g 3 cnlpl
Ban slag Sl don o5 (olKin (ol ogMe b I
Olyie 4 il cplpl 29y 00 o ) Cule )3 3 316 ii3) (]
Sy a3 [TV] gy 0 sled &y 5 ) jlocanj ySl) S
hhgrge | (glos s o o (38 5 (oliowd oS S35 Jelse
okl b oyl ol )y (edgame ybjue dleld wimd o )l )3 CBun
(6550 el 53 )3 Ban |y ol S lg)Seo g0 o]
IV o1 29800 3y lamo )3 (29500 lacumes (S lbbo 4
ool Hl el laws g ably Cuoww W31 ¢ pl 1 ogMe
IYV] Slosss ans b

Joloe 398l 3 e (lgis 4 pldon oSSl &Sl
o 4 s (B S o Joo (Sojb g (aliewd 0aiS S
oplides 4 985 & B ol S flo 00y 56 Sl g5
IV $os a8 5 )1 apldan b ablie (gl ailgs g0 5 M
s 7S 595 » Ygomn o boSign 5T Yy ) ogle
pellio ( Jobo (93 dlse giludlil 3ok 5 il e lajle
hbadgbe cul 9 03,5 626 56 iS5 (sl ], JEle sl Joko ]
Wle ok e gl B VY] Wy o 5l
312959 0155 bao 0 &S olos &S (mlio 13 Whidon (slaciuniias
3,80ae gyl s 39290 Ll 3 i honl (sl o
Bl 2k Sk sekdon 59y 2 e

VT el sl g it fgld s gl bmo 3 Lajlas, 1S,
2 gl ol o]l pute jnlibe 5 VRl i b
i IS Jelge gt 4y ol udlty o (5665 slolao
@ pB o lajle oplply WS e diun | bptes ol
PH sle) aome 5 imto (iS5 Ll o s 581 02,5 o]
Sl Sk Ledia Bl (4l Wilgi o iz (Y (slod 5 LS
IVYT Sgu ookl WS’ o by alars (ol > &Sl Sk

T8 g e dgo L odd (23 by
Sy ol 59, 9 PSeudomonas aeruginosa g gSU phdgw Jo5wii 45 (CLSM) (95 02 (5550 (oMigy 95wy S gnad —A JSWi
LVY] Wignd 0 Bl o Sy 41 055 (S g i yol8 (6501 5 51 D3] by D g0 (yluiid 1y BUWES (RO yiniigy § Buwl RO yiundgy (o] b

VoV

[XW) e jls L: (X% o uu%

e (S5 Slao ogdlly Ll 5B 4y plie (cla g STk dngs Aiile
S Sb 59y p mationo s 5B L b SL slacunan o
G clalase 3 aub claanld ) cul (See &S Ganyé
ool Cowd 4 (sla Shg des 5l odlatul )90 (clals (cla S5
b 390 tuenwsST ) ol sLinl g iS5 i ((Se3 eMol l
S SRy 9 S bame 5 gl oMl I cladbre 4l
Cupol g9:590 cpl [VV] Cunl 5l 3590 (ol g3yl g (owlibom
Sl sladoly g (gilwsiime 0l S Sliwe L;Lmuib"b)‘]
& skl T2 058U dg3g pl by o i |y 56058 5l
el sl Jedlygins 5 56 52 e oY gas 15 (o

53355 J S 599 Slb gy b 130 9 1,15 dulis
S5 JFS G 9 loond ((Sujd slagby) il By
0Ly Cllllae (bl oS ya (Lol (sla S 5 (29,5
IVF-AY] conl ons ooy Gisles V Joas 3 98 U onds plol
Wl &8 (Se3 9 (alond slagsby Jl oslatnl L (gjlusy (slapldl
Lol gdaw » (2b S slasho 5 (le slaosjgl,3 cuilil |l
subsy il 3l om il bekden 5 85 xSk
25 ol lger IS sgb 0 [YV] Al o (53095 9 ohdom S8
Wdliee 30 9 @l lerd slabe) (5095 J5S sl &S
31 ¢ rgySea anglio doms] Jlazs) Lol sl bl 3,18
dhogey (slj9d & jb g w5 (sl (sl Coons (Jaomotins
Gunlie (o308 Sy 295000 Jloud 4 Basde) (nl colse ]
Lo B9 %03 b JoSo @pgoty odliial BB 5 (o5 slalaoes (4,
Bl (558 pisu gl lapldsn plp > Vgere 5 ABl e
et j ol b (gl ale (oblse gl ) ot
09 phdom Bl Clbl 5 Jole slags L 38> (s pSban
AElegl b Jaios dljo > el gy cpll sty o Cuoglio slov
TAY] 3yl 385 taw; JyiS g dmwg & s )] cixio (ol iz




VF+¥ Y D)l.o.n.:} &¥F 5)5.3

LVY-M] (9550 (5393 S gl (So5ud 9 orloomsd i ghunns 5 (S gy duany o -

Ol g 2Lk ,S (gl by,

Ol (somd (owidiges 5 oommd &1 yuiid

é bdgise

Use

I (Sho

Ao

Joso

o] sl il

rhdon 1S

35 2k 4l

bugie

1ol 55

ngQA pis

o fiop )5 4 dgdore

bogia

IS sl Sl

whdon Lo

b g 4 5l

3j

ol g lub

e Ll b 4 atuly

bogia

S e

sk By

s g )lub

Jabd sixiuo 3,8

phdon Lo

e ()l

kb

bogia

o ylglie

10 9 @

(29550 Cunglio

OL»T

AlodAR e

o

l_tzm.\;.;f)l.e(o

0 yuS ol

e

N

o158 oS

ordins poled (9

oliiS Jlad o5 & jlo

buwgia

b JblS g5

30 5,100

SRS g Wy 4 i

| 29N b

2leossd dlge 9

3 gk 5> b S S

o3l

L] 4

sleosd Dlgo (9

029 & b (S5

o

Ol il |

0o bz 4 dgie

LRV %)

%
Sog s Y

o Slge (g p3Y s olos | ol b

bpldgn Bl (gilodund (J S sbey plo b caS 5 )0 4
Silodinge 5 by Seoladgyien (8,5 )i 15 b (318 zolaws 5l
Silo il g whdse 59 iludinda 56 59 5 ugles
$350b sl o 5l (i [AS,AD] 5,5 odlaiw] Cuoglio
e SBEl Gmole Glp (sghae Gher 9 il
Yo 2hl L oeadimiine gl Sk 5 36 S
olej g dujp Al p ogde ba)lSaly cpl ged 65l p0 00
blpd 50 e 1By b)) Sl 028 slagilej]
279 sloodl> 3l S oo oal)d 5 1y (228 o pd JB s
Sl b Sgn drwg ) S A8 iledse mli b
ko 0 3.8 bpear S5l 4y 5 0yl 3L 5 e
S o SaS ixio

oSy 5 dadlysios o905 dacsyslys cul S
he b (ol i oisu il L)l sl (Jlellow
Loy 352,18 ity el 5 aslo 51 o3lisel et
g walg I g s oM el wilo i

)5 laailols dnwg Coows 4 odi] ( olal bt
il aroagrie 5 bl Gixie Mg gud b
slobone )3 ol @55 g (6,1 sl cunlie (slag it 5
duoj ;0 b Oldllas wede & .8y Wl (o Sixeo
)8l Gl g bjle > sl cuglie Hg5ke
@aest o)lul el glp uglie cpl poals gy
Dyl (6)9p8 b)Sal) oyl

Vo f

LX) 5 ¥ Pt
&l sy 1l & Cons o 1S5 (il 4 a0 L
el St > polie sloplidsn o (950 (5255 b Ableo o
Sl (i) g SRl S Gy biles xS 654
gy (38 )0 Cawl 0345 ) (5385 Cupde jd sl
S L odd pudine B Ay g (lacdydy
Silojgiilse sl jl odlatul 5 5l (slais)gld b 5l S iy
BBy & 2w sl ]) dipe Nlgi e iadan (b <l
SIS b gl wali ksl 5 VU b |
Sl 3l 5l eslaiwl wglate slaloxe gl olad] 51
(e bl pd ) Gl el CelB b olojlé g oadeg sl o5
heo s 9 (plowd b () (ol Jelos joa 5> gilu
bjlileda aler 5l ig)S hasdeh 5 635, bhalels
On @Xer opizpen il oje ool S LB Ol
dge ey lame wdine «(Gglamg e slaaid)
SS9y drwgi 9 LI AE)] )0 (pljus (I8 (Sgian D92 g

bl Anlgd dps
3 oslsl (gpgd JUsl pwe > Sl clajls S S
3 $xSope csimio obie 4 (AL 51 I by, xS,
a3 51 Spolins yige S 3 (sl glaill) (ilwand 9 il e
Sy Olge oby wladae I cwl (S3)6 g plden
bl 530398 g whdgm S pla 190 36 Uil kb
Sglite Jao byl yh cod G5B oSS isu il )y




VF+¥ Y b)m &¥F b)gb

- Bl phdon 9 (F3y05 Jole G Sl J S )3 gl 5S35

Ol 2] (soued (o igen g (coueed &g il

Sud bis 58

00 Vi

o

a )‘9 i e sl w-’)“
%’.

uhi’w‘ wb)ww'

S oz SONA Sl (sl sy LSl (slasysl

& @

LFI] 56 0 (o g pug; 51 03lkimw! b whidgus (335 oo 31 sl 181, -4 UG
oo b (09,5005 Jolge plo b lajls uS 5 leyd b S 5 4%

(A U)Wl cand @ Bl e I3k g olewds dlge il
S 2lolid 38 2 (gl cuslio a3l &5 cunl (g)950
38 el 9 olul g Gljee o3 Ban 638k dile alge
Phb b o] (laimghy Ngd sy 5 3y00 b )
Phb 5 38 sla S oS da] slap 3l 0l uiige slajle
Silodnnd 9 (L) lare 650 mmed 9 (S 5 sl
@ e Slgi oo (gtae (i slap )ity jledlatl o (slabl
sixuo Mg (il ) bl e jle 5 )5 alely b yiuS
Sl o)l (e 5 6Ol by sjles Lt
St il e Sl (asmatns Sl g ) ol (b))
il imio b ey 4 Sl dspe I e
sl paly e g &ilyslid (615w le yu ¢ golis (il JreST L
ety W5l 3,8 o5 cutly sl e sl JUis
i) S5 Capde 1y 055 o0l ciadigr gk oyl (S0,

el ot oliend Sl 4 (Sily (22l

lajg Sl 3,0 b asye o puiiie Slii 2 (55950

gl & amde olts ey S5 @l @)l olye 4
W slag sl LBl 3 g lecdhl Sl by n b
ol s lam 31 ok 5l plidsn (wSole cipns
«Sigins p9 35S e (L) (Slapuls IS5 dojlyedds 5
)l (29,50 (53)95 9 Lakden She S8 3 (YL 2Uly
o gygld ol b a5 Sl g ()8 Lo b olpon  Jalge
ol ot ) Copde 5 shiadi)l Il 4 1) a3l
IR Glgie @ Slgi oo (s S oy ol led)ST Jas
sbolpe &) lr glesd 5 (b Sbgby JeSo b
e plio 5 b ol labkams 3 whdse lawgs ool 5925 4
(ooladl il 5l eolaiwl Jols olad,Sg, ed aB)S
Sl 0dd pedipe il SB clafiSsS (b
Gl 36 5l 0ad st lagyl g 00 i b ond by
AV 250l g 4 lord Maidy S 90 Sa e b allis

&\ »

95w (529 o @R Sle  weddalde fp (Slar (el T, Cuadis 1) aliile S S [V]

(VE) ol (53555 ezl dagl (53,55 muilSle g g St Sluogad < gl ale
[2] Little B.J., Lee J.S., Microbiologically Influenced Corrosion: An Update. Int. Mater. Rev., 59(7):

384-393 (2014).



https://zankoketab.com/Metallurgical-Engineering/5170-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C
https://zankoketab.com/Metallurgical-Engineering/5170-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C
https://zankoketab.com/Metallurgical-Engineering/5170-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C
https://journals.sagepub.com/doi/abs/10.1179/1743280414Y.0000000035

VF+¥ Y bﬂ.o.ajcff 0,93 u‘)M9ubMLo;‘_g‘)m¢5‘>3) O‘ﬁ‘ww%,w%w

[3] Puentes-Cala E., Tapia-Perdomo V., Espinosa-Valbuena D., Reyes-Reyes M., Quintero-Santander D.,
Vasquez-Dallos S., Salazar H., Santamaria-Galvis P., Silva-Rodriguez R., Castillo-Villamizar G.,
Microbiologically Influenced Corrosion: The Gap in the Field. Front. Environ. Sci., 10: 924842 (2022).

[4] Dou W., Xu D., Gu T., Biocorrosion Caused by Microbial Biofilms Is Ubiquitous Around Us.
Microb. Biotechnol., 14(3): 803-805 (2021).

oSkl glags b )led g pasds b clagby) (o) 0palb (8B by (aliile)S 5 [0]

OVO)DYY AT (S5 i 5 pole p o] Gl 5 550 Sa5sl 58 SloSag 5 Sl

[6] Telegdi J., Shaban A., Trif L., Review on the Microbiologically Influenced Corrosion and the
Function of Biofilms. Int. J. Corros. Scale Inhib., 9(1): 1-33 (2020).

[7] Kumar A.S., Sivakumar L., Rajadesingu S., Sathish S., Malik T., Parthipan P., Sustainable

Corrosion Inhibition Approaches for the Mitigation of Microbiologically Influenced Corrosion-

A Systematic Review. Front. Mater., 12 (2025).
DS S a2 Ol 3 9)Se (5368 () Eymio gy e lonsl {ppms 13 ol taome LB oo [A]
(VEN) Y8 BV (PRI g o dloeo L) iy duped ol5g
(5255 et g i (S b eelousl oy 13 conld £ puimo cy0p Juelansl thiome Ll Loy [1]
(V80 DR B Y5 500 )Y o dloeo o s 555 o5 S5 a5 e T 3 g Jols § 5o
ey b Jolgs ol e (09,50 (53555 g ol e gy Jeslowsl faiome L8] loje3 [V -]
VFX) ¥ A FNFR (olis o s ol b 5 ol oS 5 s
[11] Waqgas U., Farhan A., Haider A., Qumar U., Raza A., Advancements in Biofilm Formation and
Control in Potable Water Distribution Systems: A Comprehensive Review and Analysis of
Chloramine Decay in Water Systems. J. Environ. Chem. Eng., 11: 111377 (2023).
[12] Little B., Wagner P., Mansfeld F., An Overview of Microbiologically Influenced Corrosion.
Electrochim. Acta., 37(12): 2185-2194 (1992).

[13] Costerton J.W., Lewandowski Z., Caldwell D.E., Korber D.R., Lappin-Scott H.M. Microbial
Biofilms. Annu. Rev. Microbiol., 49: 711-745 (1995).

zokbw (g9 Salmonella enteritidis Wldsm JuSuis ¢ ( Mo flogy o pliile S (6 S f05uio soigo [VF]
OYAV)AY BAY (Y)Y (ol lie mlio g i pale 013 mlus > 6515

[15] Mah T.F.C., O'Toole G.A. Mechanisms of Biofilm Resistance to Antimicrobial Agents. Trends
in Microbiol., 9(1): 34-39 (2001).

[16] Shakeri S., Kermanshahi R.K., Moghaddam M.M., Emtiazi G., Assessment of Biofilm Cell
Removal and Killing and Biocide Efficacy Using the Microtiter Plate Test. Biofouling., 23(2):
79-86 (2007).

[17] Chang C., Yu X., Guo W., Guo C., Guo X., Li Q., Zhu Y., Bacteriophage-Mediated Control of
Biofilm: A Promising New Dawn for the Future. Front. Microbiol., 13: 825828 (2022).

[18] Waters C.M., Bassler B.L., Quorum Sensing: Cell-to-Cell Communication in Bacteria. Annu.

Rev. Cell Dev. Biol., 21(1): 319-346 (2005).

VoF


https://www.frontiersin.org/journals/environmental-science/articles/10.3389/fenvs.2022.924842/full
https://enviromicro-journals.onlinelibrary.wiley.com/doi/full/10.1111/1751-7915.13690
https://journal.ica.ir/browse.php?mag_id=37&slc_lang=fa&sid=1
https://journal.ica.ir/browse.php?mag_id=37&slc_lang=fa&sid=1
https://ijcsi.pro/papers/review-on-the-microbiologically-influenced-corrosion-and-the-function-of-biofilms/
https://ijcsi.pro/papers/review-on-the-microbiologically-influenced-corrosion-and-the-function-of-biofilms/
https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2025.1545245/full
https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2025.1545245/full
https://www.frontiersin.org/journals/materials/articles/10.3389/fmats.2025.1545245/full
https://jnm.marvdasht.iau.ir/article_5992.html
https://jnm.marvdasht.iau.ir/article_5992.html
https://jnm.marvdasht.iau.ir/article_6073.html
https://jnm.marvdasht.iau.ir/article_6073.html
https://jes.ut.ac.ir/article_94593.html
https://jes.ut.ac.ir/article_94593.html
https://www.sciencedirect.com/science/article/pii/S2213343723021164
https://www.sciencedirect.com/science/article/pii/S2213343723021164
https://www.sciencedirect.com/science/article/pii/S2213343723021164
https://www.sciencedirect.com/science/article/abs/pii/0013468692851107
https://www.annualreviews.org/content/journals/10.1146/annurev.mi.49.100195.003431
https://www.annualreviews.org/content/journals/10.1146/annurev.mi.49.100195.003431
https://nsft.sbmu.ac.ir/browse.php?a_id=83&sid=1&slc_lang=fa
https://nsft.sbmu.ac.ir/browse.php?a_id=83&sid=1&slc_lang=fa
https://www.sciencedirect.com/science/article/abs/pii/S0966842X00019132
https://www.tandfonline.com/doi/full/10.1080/08927010701190011
https://www.tandfonline.com/doi/full/10.1080/08927010701190011
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.825828/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2022.825828/full
https://www.annualreviews.org/content/journals/10.1146/annurev.cellbio.21.012704.131001

[19] Davies D.G., Parsek M.R., Pearson J.P., Iglewski B.H., Costerton J.W., Greenberg E.P., The
Involvement of Cell-to-Cell Signals in the Development of a Bacterial Biofilm. Science.,
280(5361): 295-298 (1998).

[20] De Kievit T.R., Gillis R., Marx S., Brown C., Iglewski B.H., Quorum-Sensing Genes in
Pseudomonas aeruginosa Biofilms: Their Role and Expression Patterns. Appl. Environ.
Microbiol., 67(4): 1865-1873 (2001).

[21] O'Toole G., Kaplan H.B., Kolter R., Biofilm Formation as Microbial Development. Annu. Rev.
Microbiol., 54(1): 49-79 (2000).

[22] Coquant G., Aguanno D., Pham S., Grellier N., Thenet S., Carriére V., Grill J.P. Seksik P., Gossip
in the Gut: Quorum Sensing, a New Player in the Host-Microbiota Interactions. World J.
Gastroenterol., 27(42): 7247 (2021).

[23] Behzadnia A., Moosavi-Nasab M., Oliyaei N., Anti-Biofilm Activity of Marine Algae-Derived
Bioactive Compounds. Front. Microbiol., 15: 1270174 (2024).

[24] Angell P., Understanding Microbially Influenced Corrosion as Biofilm-Mediated Changes in
Surface Chemistry. Curr. Opin. Biotechnol., 10(3): 269-272 (1999).

[25]1Lou Y., Chang W., Cui T., Wang J., Qian H., Ma L., Hao X., Zhang D., Microbiologically Influenced
Corrosion Inhibition Mechanisms in Corrosion Protection: A Review. Bioelectrochemistry., 141:
107883 (2021).

[26] Qi P, Zeng Y., Zhang D., Sun Y., Wang P., The Biofilm-Metal Interface: A Hotspot for
Microbiologically Influenced Corrosion. Cell Rep. Phys. Sci., 6: 102500 (2025).

[27] Pires D.P., Melo L.D., Azeredo J., Understanding the Complex Phage-Host Interactions in
Biofilm Communities. Annu. Rev. Virol., 8(1): 73-94 (2021).

[28] XuD., JiaR., LiY., Gu T., Advances in the Treatment of Problematic Industrial Biofilms. World
J. Microbiol. Biotechnol., 33: 1-10 (2017).

[29] Harper D.R., Parracho H.M., Walker J., Sharp R., Hughes G., Werthén M., Lehman S., Morales
S., Bacteriophages and Biofilms. Antibiotics., 3(3): 270-284 (2014).

[30] Motlagh A.M., Bhattacharjee A.S., Goel R., Biofilm Control with Natural and Genetically-
Modified Phages. World J. Microbiol. Biotechnol., 32: 67 (2016).

[31] Dion M.B., Oechslin F., Moineau S., Phage Diversity, Genomics and Phylogeny. Nat. Rev.
Microbiol., 18(3): 125-138 (2020).

[32] Amankwah S., Abdella K., Kassa T., Bacterial Biofilm Destruction: A Focused Review on the
Recent Use of Phage-Based Strategies with Other Antibiofilm Agents. Nanotechnol. Sci. Appl.,
14: 161-177 (2021).

[33] Reyneke B., Havenga B., Waso-Reyneke M., Khan S., Khan W., Benefits and Challenges of
Applying Bacteriophage Biocontrol in the Consumer Water Cycle. Microorganisms., 12(6): 1163
(2024).

[34] Mathieu J., Yu P., Zuo P., Da Silva M.L., Alvarez P.J., Going Viral: Emerging Opportunities for
Phage-Based Bacterial Control in Water Treatment and Reuse. Acc. Chem. Res., 52(4): 849-857
(2019).

\Ra4


https://www.science.org/doi/10.1126/science.280.5361.295
https://www.science.org/doi/10.1126/science.280.5361.295
https://journals.asm.org/doi/10.1128/aem.67.4.1865-1873.2001
https://journals.asm.org/doi/10.1128/aem.67.4.1865-1873.2001
https://www.annualreviews.org/content/journals/10.1146/annurev.micro.54.1.49
https://www.wjgnet.com/1007-9327/full/v27/i42/7247.htm
https://www.wjgnet.com/1007-9327/full/v27/i42/7247.htm
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2024.1270174/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2024.1270174/full
https://www.sciencedirect.com/science/article/abs/pii/S0958166999800470
https://www.sciencedirect.com/science/article/abs/pii/S0958166999800470
https://www.sciencedirect.com/science/article/abs/pii/S1567539421001468
https://www.sciencedirect.com/science/article/abs/pii/S1567539421001468
https://www.sciencedirect.com/science/article/pii/S2666386425000992
https://www.sciencedirect.com/science/article/pii/S2666386425000992
https://www.annualreviews.org/content/journals/10.1146/annurev-virology-091919-074222
https://www.annualreviews.org/content/journals/10.1146/annurev-virology-091919-074222
https://link.springer.com/article/10.1007/s11274-016-2203-4
https://www.mdpi.com/2079-6382/3/3/270
https://link.springer.com/article/10.1007/s11274-016-2009-4
https://link.springer.com/article/10.1007/s11274-016-2009-4
https://www.nature.com/articles/s41579-019-0311-5
https://www.dovepress.com/bacterial-biofilm-destruction-a-focused-review-on-the-recent-use-of-ph-peer-reviewed-fulltext-article-NSA
https://www.dovepress.com/bacterial-biofilm-destruction-a-focused-review-on-the-recent-use-of-ph-peer-reviewed-fulltext-article-NSA
https://www.mdpi.com/2076-2607/12/6/1163
https://www.mdpi.com/2076-2607/12/6/1163
https://pubs.acs.org/doi/10.1021/acs.accounts.8b00576
https://pubs.acs.org/doi/10.1021/acs.accounts.8b00576

VF+¥ Y b)wcff 8,9 u‘)&hgubwlo;db-ws‘bg) u‘ﬁ‘ww%,w%w

[35] Kim S.M., Heo H.R., Kim C.S., Shin H.H., Genetically Engineered Bacteriophages as Novel
Nanomaterials: Applications Beyond Antimicrobial Agents. Front. Bioeng. Biotechnol., 12:
1319830 (2024).

[36] Kushkevych 1., Dordevi¢ D., Vitézova M., Rittmann S.K.M., Environmental Impact of Sulfate-
Reducing Bacteria, Their Role in Intestinal Bowel Diseases, and Possible Control by
Bacteriophages. Appl. Sci., 11(2): 735 (2021).

[37] Eghbalpoor F., Gorji M., Alavigeh M.Z., Moghadam M.T., Genetically Engineered Phages and
Engineered Phage-Derived Enzymes to Destroy Biofilms of Antibiotics Resistance Bacteria.
Heliyon., 10(15): €35666 (2024).

[38] Rajabi Z., Kermanshahi R., Dallal M.M.S., Erfani Y., Ranjbar R., Isolation of the Bacteriophages
Inhibiting the Expression of the Genes Involved in Biofilm Formation by Streptococcus mutans.
Jundishapur J. Microbiol., 14(1): 7 (2021).

[39] Rajabi Z., Soltan Dallal M.M., Afradi M.R., Erfani Y., Alinejad D., Ranjbar R., Kasra-
Kermanshahi R., Comparison of the Effect of Extracted Bacteriocin and Lytic Bacteriophage on
the Expression of Biofilm Associated Genes in Streptococcus mutans. Adv. Mater. Sci. Eng.,
2022(1): 5035280 (2022).

[40] Harada L.K., Silva E.C., Campos W.F., Del Fiol F.S., Vila M., Dabrowska K., Krylov V.N.,
Balcdo V.M., Biotechnological Applications of Bacteriophages: State of the Art. Microbiol. Res.,
212: 38-58 (2018).

[41] Glizniewicz M., Milek D., Olszewska P., Czajkowski A., Serwin N., Cecerska-Hery¢ E.,
Dotegowska B., Grygorcewicz B., Advances in Bacteriophage-Mediated Strategies for
Combating Polymicrobial Biofilms. Fron. Microbiol., 14: 1320345 (2024).

[42] Hanlon G.W., Denyer S.P., Olliff C.J., Ibrahim L.J., Reduction in Exopolysaccharide Viscosity
as an Aid to Bacteriophage Penetration through Pseudomonas aeruginosa Biofilms. Appl.
Environ. Microbiol., 67(6): 2746-2753 (2001).

[43] Corbin B.D., McLean R.J., Aron G.M., Bacteriophage T4 Multiplication in a Glucose-Limited
Escherichia coli Biofilm. Can. J. Microbiol., 47(7): 680-684 (2001).

[44] Zhang G., Guo Z., Liu S., Yang Q., Yuan Y., Guo K., Wang W., Wang H., Feng J., Chen W., Sun
Y., Wang S., Bacteriophage Application in Inhibiting Corrosion-Producing Bacteria. BMC
Microbiol., 25(1): 241 (2025).

[45] Summer E.J., Liu M., Summer N.S., Gill J.J., Janes C., Young R., Phage of Sulfate Reducing
Bacteria Isolated from High Saline Environment. NACE CORROSION, NACE-11222 (2011).

[46] Afshar M.G., Azimi M., Habibi N., Masihi H., Esameilpour M., Batch and Continuous Bleaching
Regimen in the Cooling Tower of Montazer Ghaem Power Plant. J. Hazard. Mater. Adv., 11:
100339 (2023).

[47] Eydal H. S., Jagevall S., Hermansson M., Pedersen K., Bacteriophage Lytic to Desulfovibrio
aespoeensis Isolated from Deep Groundwater. ISME J., 3(10): 1139-1147 (2009).

[48] Baldwin D., Summer N.S., Prevention and Remediation of Petroleum Reservoir Souring and

Corrosion by Treatment with Virulent Bacteriophage. Patent number: US8168419 B2 (2012).

VoA


https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2024.1319830/full
https://www.frontiersin.org/journals/bioengineering-and-biotechnology/articles/10.3389/fbioe.2024.1319830/full
https://www.mdpi.com/2076-3417/11/2/735
https://www.mdpi.com/2076-3417/11/2/735
https://www.mdpi.com/2076-3417/11/2/735
https://www.sciencedirect.com/science/article/pii/S2405844024116970
https://www.sciencedirect.com/science/article/pii/S2405844024116970
https://brieflands.com/articles/jjm-113206
https://brieflands.com/articles/jjm-113206
https://onlinelibrary.wiley.com/doi/10.1155/2022/5035280
https://onlinelibrary.wiley.com/doi/10.1155/2022/5035280
https://pubmed.ncbi.nlm.nih.gov/29853167/
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1320345/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2023.1320345/full
https://journals.asm.org/doi/10.1128/aem.67.6.2746-2753.2001
https://journals.asm.org/doi/10.1128/aem.67.6.2746-2753.2001
https://cdnsciencepub.com/doi/10.1139/w01-059
https://cdnsciencepub.com/doi/10.1139/w01-059
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-025-03952-2#:~:text=In%20recent%20years%2C%20phage%20therapy,effective%20method%20to%20control%20biocorrosion.
https://onepetro.org/NACECORR/proceedings-abstract/CORR11/All-CORR11/NACE-11222/119600
https://onepetro.org/NACECORR/proceedings-abstract/CORR11/All-CORR11/NACE-11222/119600
https://www.sciencedirect.com/science/article/pii/S2772416623001109?ssrnid=4426027&dgcid=SSRN_redirect_SD
https://www.sciencedirect.com/science/article/pii/S2772416623001109?ssrnid=4426027&dgcid=SSRN_redirect_SD
https://www.nature.com/articles/ismej200966
https://www.nature.com/articles/ismej200966
https://patents.google.com/patent/US8168419B2/en
https://patents.google.com/patent/US8168419B2/en

[49] Summer N.S., Summer E.J., Process for Remediating Biofouling in Water Systems with Virulent
Bacteriophage. Patent number: US8241498B2 (2012).

[50] do Carmo Santos A.J., Dias R.S., Silva J.D., de Paula Sousa M., Clarindo W.R., da Silva C.C.,
de Paula S.O., Two Marine Sulfur-Reducing Bacteria Co-Culture is Essential for Productive
Infection by a T4-Like Escherichia coli-Infecting Phage. Heliyon., 10(18): €37934 (2024).

[51] Sanchez-Rosario R., Garcia J., Rodriguez V., Schug K.A., Hildenbrand Z.L., Bernal R.A., Using
Bacteriophages to Treat Resilient Bacteria Found in Produced Water. Water., 16(6): 797 (2024).

[52] Sarat N., Salim A., Pal S., Subhash S., Prasad M., Nair B.G., Madhavan A., Mitigation of
Biogenic Methanethiol Using Bacteriophages in Synthetic Wastewater Augmented with
Pseudomonas putida. Sci. Rep., 13(1): 19480 (2023).

[53] Pedramfar A., Beheshti Maal K., Mirdamadian S.H., Phage Therapy of Corrosion-Producing
Bacterium Stenotrophomonas maltophilia Using Isolated Lytic Bacteriophages. Anti-Corros.
Methods Mater., 64(6): 607-612 (2017).

[54] Gino E., Starosvetsky J., Kurzbaum E., Armon R. Combined Chemical-Biological Treatment for
Prevention/Rehabilitation of Clogged Wells by an Iron-Oxidizing Bacterium. Environ. Sci.
Technol., 44(8): 3123-3129 (2010).

[55] Goldman G., Starosvetsky J., Armon R., Inhibition of Biofilm Formation on UF Membrane by
Use of Specific Bacteriophages. J. Membr. Sci., 342(1-2): 145-152 (2009).

[56] Ma W., Panecka M., Tufenkji N., Rahaman M.S., Bacteriophage-Based Strategies for Biofouling
Control in Ultrafiltration: In Situ Biofouling Mitigation, Biocidal Additives and Biofilm
Cleanser. J. Colloid Interface Sci., 523: 254-265 (2018).

[57] Bhattacharjee A.S., Choi J., Motlagh A.M., Mukherji S.T., Goel R., Bacteriophage Therapy for
Membrane Biofouling in Membrane Bioreactors and Antibiotic-Resistant Bacterial Biofilms.
Biotechnol. Bioeng., 112(8): 1644-1654 (2015).

[58] Maji K., Lavanya M., Microbiologically Influenced Corrosion in Stainless Steel by Pseudomonas
aeruginosa: An Overview. J. Bio- Tribo-Corros., 10(1): 16 (2024).

[59] Scarascia G., Yap S.A., Kaksonen A.H., Hong P.Y., Bacteriophage Infectivity Against
Pseudomonas aeruginosa in Saline Conditions. Front. Microbiol., 9: 875 (2018).

[60] Magin V., Garrec N., Andrés Y., Selection of Bacteriophages to Control In Vitro 24 h Old Biofilm
of Pseudomonas aeruginosa Isolated from Drinking and Thermal Water. Viruses., 11(8): 749
(2019).

[61]1JiM.,LiuZ.,SunK., Li Z., Fan X., Li Q., Bacteriophages in Water Pollution Control: Advantages
and Limitations. Front. Environ. Sci. Eng., 15: 1-15 (2021).

[62] Withey S., Cartmell E., Avery L.M., Stephenson T., Bacteriophages—Potential for Application
in Wastewater Treatment Processes. Sci. Total Environ., 339(1-3): 1-18 (2005).

[63] Javaherdashti R., Alasvand K., “Biological Treatment of Microbial Corrosion, Opportunities and
Challenges”. Elsevier Science (2019).

[64] Ferriol-Gonzalez C., Domingo-Calap P., Phages for Biofilm Removal. Antibiotics., 9(5): 268
(2020).

Y+


https://patents.google.com/patent/US8241498B2/en
https://patents.google.com/patent/US8241498B2/en
https://www.sciencedirect.com/science/article/pii/S2405844024139655
https://www.sciencedirect.com/science/article/pii/S2405844024139655
https://www.mdpi.com/2073-4441/16/6/797?utm_campaign=releaseissue_waterutm_medium=emailutm_source=releaseissueutm_term=titlelink40
https://www.mdpi.com/2073-4441/16/6/797?utm_campaign=releaseissue_waterutm_medium=emailutm_source=releaseissueutm_term=titlelink40
https://www.nature.com/articles/s41598-023-46938-8
https://www.nature.com/articles/s41598-023-46938-8
https://www.nature.com/articles/s41598-023-46938-8
https://www.emerald.com/insight/content/doi/10.1108/acmm-02-2017-1755/full/html?skipTracking=true
https://www.emerald.com/insight/content/doi/10.1108/acmm-02-2017-1755/full/html?skipTracking=true
https://pubs.acs.org/doi/10.1021/es903703v
https://pubs.acs.org/doi/10.1021/es903703v
https://www.sciencedirect.com/science/article/abs/pii/S0376738809004724
https://www.sciencedirect.com/science/article/abs/pii/S0376738809004724
https://www.sciencedirect.com/science/article/abs/pii/S0021979718303618
https://www.sciencedirect.com/science/article/abs/pii/S0021979718303618
https://www.sciencedirect.com/science/article/abs/pii/S0021979718303618
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bit.25574
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bit.25574
https://link.springer.com/article/10.1007/s40735-024-00820-w
https://link.springer.com/article/10.1007/s40735-024-00820-w
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.00875/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2018.00875/full
https://www.mdpi.com/1999-4915/11/8/749
https://www.mdpi.com/1999-4915/11/8/749
https://link.springer.com/article/10.1007/s11783-020-1378-y
https://link.springer.com/article/10.1007/s11783-020-1378-y
https://www.sciencedirect.com/science/article/abs/pii/S0048969704006497
https://www.sciencedirect.com/science/article/abs/pii/S0048969704006497
https://www.sciencedirect.com/book/9780128161081/biological-treatment-of-microbial-corrosion
https://www.sciencedirect.com/book/9780128161081/biological-treatment-of-microbial-corrosion
https://www.mdpi.com/2079-6382/9/5/268

VF+¥ Y b)wcff 8,9 u,)&hgublmulo;d‘rws‘bg) u‘ﬁ‘ww%sw%w

[65] Lu T.K., Collins J.J., Dispersing Biofilms with Engineered Enzymatic Bacteriophage. Proc. Natl.
Acad. Sci., 104(27): 11197-11202 (2007).

[66] Pei R., Lamas-Samanamud G.R., Inhibition of Biofilm Formation by T7 Bacteriophages
Producing Quorum-Quenching Enzymes. Appl. Environ. Microbiol., 80(17): 5340-5348 (2014).

[67] Zhang Y., Hu Z., Combined Treatment of Pseudomonas aeruginosa Biofilms with
Bacteriophages and Chlorine. Biotechnol. Bioeng., 110(1): 286-295 (2013).

[68] Chhibber S., Bansal S., Kaur S., Disrupting the Mixed-Species Biofilm of Klebsiella pneumoniae
B5055 and Pseudomonas aeruginosa PAO Using Bacteriophages Alone or in Combination with
Xylitol. Microbiology., 161(Pt_7): 1369-1377 (2015).

[69] Yu P., Wang Z., Marcos-Hernandez M., Zuo P., Zhang D., Powell C., Pan A.Y., Villagran D.,
Wong M.S. Alvarez P.J., Bottom-Up Biofilm Eradication Using Bacteriophage-Loaded Magnetic
Nanocomposites: A Computational and Experimental Study. Environ. Sci.: Nano, 6(12): 3539-
3550 (2019).

[70] Jura¢ K., Nabergoj D., Podgornik A., Bacteriophage Production Processes. Appl. Microbiol.
Biotechnol., 103: 685-694 (2019).

[711LiJ., Zhao F., Zhan W., Li Z., Zou L., Zhao Q., Challenges for the Application of Bacteriophages
as Effective Antibacterial Agents in the Food Industry. J. Sci. Food Agric., 102(2): 461-471
(2021).

[72] Zuo P., Metz J., Yu P., Alvarez P.J., Biofilm-Responsive Encapsulated-Phage Coating for
Autonomous Biofouling Mitigation in Water Storage Systems. Water Res., 224: 119070 (2022).

[73] Anany H., Chen W., Pelton R., Griffiths M.W., Biocontrol of Listeria monocytogenes and
Escherichia coli O157: H7 in Meat by Using Phages Immobilized on Modified Cellulose
Membranes. Appl. Environ. Microbiol., 77(18): 6379-6387 (2011).

295550 (5255 1 0B Sl 10,55 Cuads £y egdda et Sl ol e pliile)S gl [ VY]
Cungj bazmo (cipal) il oy (5055 slalame 13 (S3)55 Jole slos Sl JiE5 spgd A
(V7) lal (555 e da] 5 5 (oY)

odlisl b o] U5 g (6 slai) 9 (2505 (5205 g ssege ke ol fsione (S [ VO]
OYAN) Y- BY (F)F ) (oloid o Olallao s Joloe g la g ]

[76] Knisz J., Eckert R., Gieg L.M., Koerdt A., Lee J.S., Silva E.R., Skovhus T.L., An Stepec B.A.,
Wade S.A., Microbiologically Influenced Corrosion—More than Just Microorganisms. FEMS
Microbiol. Rev., 47(5): fuad041 (2023).

[77] Zhang H., Zhu S., Yang J., Ma A., Advancing Strategies of Biofouling Control in Water-Treated
Polymeric Membranes. Polymers., 14(6): 1167 (2022).

[78] Wang D., Zhou E., Xu D., Lovley D.R., Burning Question: Are There Sustainable Strategies to
Prevent Microbial Metal Corrosion? Microb. Biotechnol., 16(11): 2026-2035 (2023).

[79] Agin S., Fernandez L., Rodriguez A., Garcia P., Phage Lytic Proteins: A Natural Approach to
Agro-Food Safety. Food Sci. Hum. Well., 14 (2024).

\ARS


https://www.pnas.org/doi/10.1073/pnas.0704624104
https://journals.asm.org/doi/10.1128/aem.01434-14?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://journals.asm.org/doi/10.1128/aem.01434-14?url_ver=Z39.88-2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bit.24630
https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/10.1002/bit.24630
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.000104
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.000104
https://www.microbiologyresearch.org/content/journal/micro/10.1099/mic.0.000104
https://pubs.rsc.org/en/content/articlelanding/2019/en/c9en00827f
https://pubs.rsc.org/en/content/articlelanding/2019/en/c9en00827f
https://link.springer.com/article/10.1007/s00253-018-9527-y
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.11505
https://scijournals.onlinelibrary.wiley.com/doi/abs/10.1002/jsfa.11505
https://www.sciencedirect.com/science/article/abs/pii/S0043135422010168
https://www.sciencedirect.com/science/article/abs/pii/S0043135422010168
https://journals.asm.org/doi/10.1128/aem.05493-11
https://journals.asm.org/doi/10.1128/aem.05493-11
https://journals.asm.org/doi/10.1128/aem.05493-11
https://zankoketab.com/Biomedical-Engineering/5398-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C-%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C-%D8%AC%D9%84%D8%AF-%D8%AF%D9%88%D9%85
https://zankoketab.com/Biomedical-Engineering/5398-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C-%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C-%D8%AC%D9%84%D8%AF-%D8%AF%D9%88%D9%85
https://zankoketab.com/Biomedical-Engineering/5398-%D8%AE%D9%88%D8%B1%D8%AF%DA%AF%DB%8C-%D9%85%DB%8C%DA%A9%D8%B1%D9%88%D8%A8%DB%8C-%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C%D8%A7%DB%8C%DB%8C-%D8%AC%D9%84%D8%AF-%D8%AF%D9%88%D9%85
https://jscw.icrc.ac.ir/article_76372.html?lang=fa
https://jscw.icrc.ac.ir/article_76372.html?lang=fa
https://academic.oup.com/femsre/article/47/5/fuad041/7223462
https://www.mdpi.com/2073-4360/14/6/1167
https://www.mdpi.com/2073-4360/14/6/1167
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.14347
https://enviromicro-journals.onlinelibrary.wiley.com/doi/10.1111/1751-7915.14347
https://www.sciopen.com/article/10.26599/FSHW.2024.9250128?issn=2097-0765
https://www.sciopen.com/article/10.26599/FSHW.2024.9250128?issn=2097-0765

[80]Jia Y., Qi B., Zhao J., Guo X., Dong W., Lv X., Dai Z., Yuan Y., Recent Challenges and Research
Progress in Microbiologically Influenced Corrosion in Drinking Water Distribution Systems.
Environ. Technol. Innov., 38: 104054 (2025).

[81] Dalmora G.P.V., Borges Filho E.P., Conterato A.A.M., Roso W.S., Pereira C.E., Dettmer A.,
Methods of Corrosion Prevention for Steel in Marine Environments: A Review. Results Surf.
Interfaces., 18: 100430 (2025).

[82] Lv X., Wang C., Liu J., Sand W., Nabuk Etim L.I., Zhang Y., Xu A., Duan J., Zhang R., The
Microbiologically Influenced Corrosion and Protection of Pipelines: A Detailed Review.
Materials., 17(20): 4996 (2024).

[83] Johnstone J.R., Shema S.M., Mitigation of Microbiologically Influenced Corrosion in the
Presence of Electromagnetic Field. SPE International Conference on Oilfield Chemistry,
Galveston, Texas, USA, April 9-10, DO11S002R004 (2025).

[84] Geredew Kifelew L., Mitchell J.G., Speck P., Mini-Review: Efficacy of Lytic Bacteriophages on
Multispecies Biofilms. Biofouling., 35(4): 472-481 (2019).

[85] Carneiro C.R., Leite N.N., de Abreu Oliveira A.V., dos Santos Oliveira M., Wischral D., Eller M.R.,
Machado S.G., de Oliveira E.B., Pena W.E.L., Mathematical Modeling for the Prediction of
Biofilm Formation and Removal in the Food Industry as Strategy to Control Microbiological
Resistance. Food Res. Int., 2024: 115248 (2024).

[86] Styles K.M., Brown A.T., Sagona A.P., A Review of Using Mathematical Modeling to Improve
Our Understanding of Bacteriophage, Bacteria, and Eukaryotic Interactions. Front. Microbiol.,

12: 724767 (2021).

\RA


https://www.sciencedirect.com/science/article/pii/S2352186425000409
https://www.sciencedirect.com/science/article/pii/S2352186425000409
https://www.sciencedirect.com/science/article/pii/S2666845925000170
https://www.mdpi.com/1996-1944/17/20/4996
https://www.mdpi.com/1996-1944/17/20/4996
https://onepetro.org/SPEOCC/proceedings-abstract/25OCC/25OCC/649581
https://onepetro.org/SPEOCC/proceedings-abstract/25OCC/25OCC/649581
https://www.tandfonline.com/doi/full/10.1080/08927014.2019.1613525
https://www.tandfonline.com/doi/full/10.1080/08927014.2019.1613525
https://www.sciencedirect.com/science/article/abs/pii/S0963996924013188
https://www.sciencedirect.com/science/article/abs/pii/S0963996924013188
https://www.sciencedirect.com/science/article/abs/pii/S0963996924013188
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.724767/full
https://www.frontiersin.org/journals/microbiology/articles/10.3389/fmicb.2021.724767/full

