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Evaluation of rhamnosyl transferase enzyme
expression in the bio surfactant production
pathway of Pseudomonas aeruginosa bacteria
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Aim and Background: Rhiamnolipids are one of the most important bio surfactants of glycolipids
produced by Pseudomonas aeruginosa. In this study, the expression of bio surfactant producing proteins
of Pseudomonas aeruginosa in the presence of sodium dodecyl sulfate coated iron nanostructure (Fe/SDS)
were evaluated.

Materials and Methods: The expression of Surfactant Protein A enzyme was investigated by SDS-
PAGE and Western blot. The enzyme rhamnosyl transferase was analyzed on SDS-PAGE gel and
confirmed by Western blotting. The presence of nanoparticles on the surface of bacteria and the
morphology of nanoparticles were investigated by TEM and SEM.

Results: According to SEM, nanoparticles with a size of 20 nm and a spherical shape were seen. Binding
of Fe / SDS nanoparticles to bio surfactant was confirmed by TEM. The enzyme rhamnosyl transferase
with a molecular weight of 40 kDa was expressed in the test sample. The results of protein expression
showed that the confirmed of rhamnosyl transferase enzyme increased significantly under the influence of
Fe/SDS nanoparticles and showed the confirmed compared to other nanoparticles and the control sample.
While SDS and Fe nanoparticles alone are not effective in confirmed this protein and are almost identical
to the control sample. Western blotting results of SDS-PAGE confirmed the expression of rhamnolipid
transferase under the influence of Fe/SDS nanoparticles.

Conclusion: The results of the present study indicate the importance of Fe/SDS nanoparticles in
increasing the expression of rhamnolipid transferase enzyme in the production of bio surfactants from
Pseudomonas aeruginosa.

Keywords: Bio surfactant, Fe/SDS nanoparticle, Pseudomonas aeruginosa, Western blot, SDS-PAGE,
Iau Science

Corresponding author:
Research Institute of Petroleum Industry (RIPI), Tehran, Iran
Email: rasekhb@ripi.ir



https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

g0 (Jokw 659I e g sl 03U Ao

V) ol - FAo,lad - VY 0,6

W ygeo & Wlio (ol ovaline (gl
S Sl ST

KW PORSUUNPISRIST JV-JWE] I Ry P PPY JRPUR ] [N FURpivpge
Liais g T (wligogosmw g yiSly ColiSS ygusgun
SDS a5y o HLSlugil jed 5

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

22285458.1401.13.49.10.4 ]

@

[ DOR: 20.1

¥ R Y PO & . \ . O R .
‘SALISCW‘OQJ}{MLE‘ @‘)Pw‘ém)y')@)“;‘b‘w‘ﬁli

Oyl eyl e oMol ol3T olEeiils ¢yl yo5 i g pale aly o cwlids o 05,5 )
Ol Ol Ol s S S olRingh «S59l5ST 5 (Sislam S ARl 095 Y
Olnl QA5 (Ol oIS (g 038 5 psle 0aSiils i psle (waiges 09,5 Y
Ol Ol Ol S Cnto Byl 4 125 card gy 095 ¥

US>

i3 5 lipogoges & 5SL Lags o0y adgh S sSS (SaCiliSEjpuges o e 5| i, 1D g Ayl
b ool 5lgl pam 5o fisizinn mbisosssms (655l ESS gugs 055S g slogetisyy ol e ool 5 isin

oy Mgy g 9 SDS-PAGE Lwgs (Surfactant Protein A) j/duils fjstely sl oo :Lbu';bg) 9 é‘s.o

Ty S35 3925 08 anl DM ey baws g w3 56T SDS-PAGE 5 (59, jlpdenlys jsioly mail 23,5
23,5 (o050 SEM lasgs 01356 (55999390 9 TEM Loy (5 251

Lisgs oS g 4 FE/SDS &l 595 Jlasl o onys S5 (55,5 5 yesil Yo l,3536 o5l SEM gllas : A8l

s Ol @l e 03 Ole Ogedl wigad po glloskS ¥ JsSUse 39 L slaedls jsiel) sl s anl TEM
JraS diges g ,500 036l A 5 8,5 o il Fe/SDS @l 36l b co 5anil s bjgely mapl jpam wls les
alie ioleS 5 onts &y 5o 15500 g sl o Slesa Fe g SDS wlydgl & Jops ool (lis | i o 3Vl
g Fe/SDS &l 34ib 13t cow 5hawsl s bjsely mepl 52 6ol SDS-PAGE Sidl ¢ yiws gl .l J S diges
S5 s 5 el fisiely sl anl o Fe/SDS ol3gh coeal Sl ol ash s 1§ S Al
sl [ig35,5T oligagoges 5| LSS gy

Tau Science SDS-PAGE oM ¢, s st i 5l ulizossses F/SDS woliSé gy 1 gdadS 519

LSS guiger Anmigi g 3285 (V) St ZLSS guge oL 4
o ol aals 42335 gla b b dagy] (sl o 5 o
@ 1) oSS gusn (i (V) ol 03 605
X)) ol 00,8 s 1S 5 e QBanS sadsdl
e ShslsensSen whe od sl 5l (S LelisE s

dodio

Ty 4 ;b Canb (8 d92 g0 GlapaaslE g S I 89S
b 0o s SLS 5 g a5l ales 5 Job oy 0lse

NGEME))

g Tk B 53 b jetne g bag B das Sl gy wiis
s 85 LSS ggr (a3l Sla Sy (0 (0) Nigd oo
Spdise gloord GlaciliSEypn b anlie o gl 5,
(@Bl o Slee ((SanS pedgel Vb g pdicn P

? Stationary Phase

i Pmnn 0 i
DRSS o olRisy (S55STsn 5 Sislsms S GRe% 0955
rasekhb@ripi.ir : g mSIl cany

VEC VY sl gl

VEe NYIYE 2ol ol

! Extra Cellular


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.100?].2{85458.1401.13.49.10.4]

Sy Ol AT Gl e asly s SSlSS g
9 Modabber adlas jo .(Y0) ai 5,580 ol ColiSé,gagar
i b oad oniigy Fe''s Fel cl3gili gl s,y o)) Son
&5 plnil el gl 5| Jolo 525850 05 (e 2
olisessses & 2Sl g 251 by ool olis baasllas .(10)

o e PO Y
5 I T (QS) Siis 3,5 (55 s sty [istrfs,7
Sy b b o is il (elisagiges o IlSE gugs
FhIR/A dasR/I  whiB  whid ol coliSs ) gugn
Shiwsls e, Bl OV cwl pgsR/pgsA
sl a5 el PhIA 5 Jea=s (Surfactant Protein A)
m05,5 oSy dbauslgdy a5 el slslS TYLO s 3
$95 5551 5 5y slaez i3l G alosed 5 508 slo
mso L8 (OsdloslS YV 9905) (6 5 0nSims (s 5o Oy Lié
Ly 5Wep odSIT g A S 559351 bl adgs last 5 0,5
Sy webid Jstes THIL o5 65 Jl jo 03 oo ol
o sile OA) Sl gl 5 Sl il ST el
Sigijarl wligegos 5l S8 gumsn (SjalsST Coenl
2 O3l Jl padlile (SoSa 9)50 50 (o5l Sliins
O PRV Fbu‘ L&bu—l la Ja.u).a 6!).‘..5 d‘l.&bﬁ,.w 9 Lmu,‘.i.?jj.l
s g b ol o audizg opl jo ead olsel al il )dgil
30 caz i ol sl eolatwl doas yale,d4l (ol Y
0h9ds Cams) dame b slo Sogl Bi> L b, glio
s Alamdar adlas o (V1) cwl a8 e S
oy 5 w8, Gleen Au g Fe/SDS @ldgl (o) Ko
wnt PBCCS [i555,5] Jolipogoges | ol coliSE sy
2 Ol3sl ol i il (SisS 3y9e 45 Ll (Vo) wi
o B b pol> gl sl 0uitd ploxl o) p Loy
bl g g 5 Shadli e, iyl ol
lagilh joi 30 [ty g i ulipessges (5 ySTy SiliSE yguss

Q90,5

595 9 dlge

Ol S Sy wige &S5 5 FE/SDS o353
2 S5SL gy 039 Fl eyl ol OIS
VIF (S 53 51T ) 0 plol ) oS o ) il
g/l NaCl.- /¥ g/l KCL./YY g/l KH,PO, PBS pH
slwl cg> VYA g/l NaHPO, . 2H,0 /-
AYVYY) 0 ooliiasl 0,366 (sl gl pmmdsal

* Quorum sensing
6. Alamdar et al.

o> wed G5l pls lge 5l ades Sl ¢ polanst cllled
() LibiSd g Sl 55 5 Folol Mg (o9, Seend
adgi eanmslis cuS laowe (e i ojlail jo ytalS
V) col oL SL slocis laug oraw cdled lls slge
ssas &5 col Cb mlio LedliSE gusn colld ones
“ Pl b (Sogdl Bl 5 gy dacuS 5 ol i sl
owlo B Bd> il Job )3 sileggdsel 5 sy
S jAstal g s Cadlo ol glopud L SIL 5l cws
e 3 acdsialy (A) Wgd eoliiwl sl oo ol § S
44'; 99 .]a.wj: FURR A 6*‘*‘-‘JES iy ‘5LQ:WLSS)}M:5-:J
Ngleo S LS o [iats il mlisesss 2l S
Ose S elpegise ez agleie sleaiss ()
S35 S ySh i 3l polipegige s il
Sg OS5 Gsuedasile (0lenS gl 5SS
03,5 35 Sepestaly it g3 99 [is g, elipesipe S
-0 5 dmdgialjgige ] Ogliie jeiel, 0B Slaxs o oS
s o JeSge ol o Lol slaodgul) s andsial,
Shy alize glaaie) )3 g 039 0L Hlm (b clad
S5 5yle 305 (g pgnd 5 655L wS )8 al plyea
s cdbib Gl jekaiedy cii Cas o laagdgiel ) o
5 Sy bume 5 (28 lrean VT Bl g 5 Se 3, &
Folel Jsl 5 S5 Jo> 5 o iS0s GloSl oaizes
Gillis 5 bl slagty, S 00) Sl pls e
) Gl 58] agbliie S35 5] ooliciasl LaciliSs, gusges
S5 5 s Sk ad) s,4 58 39l ST aslllas o5 5l
ST el e Slidss .l coeal (Sl EsliS, g
oylgrd Saped S o] e 4 wols (Lii 1y ol sl U ST
soanl B g, o iie ool b g palacsT sl o] wlitis
)3 adlas 50 oS 0y olie wiile oyl ilie
Jdoas el oyal 0,350 (0,8 o gy anl s ol 4 S

AOY) el 0,35 ol (SauSanST e relS
Loy ) cilSé gwge oy o Kea 5 Rezazadeh
I asslad/ el aldgb 5l eoliiwl b fao g 5/ pwligagosw
awlis L cd.....:y u.zoi ubbyl.: e L)““ BN J).))S 2y
g3l ol s e Shee N 0 1) (@b SL S 2
LS8y gusger Sl lree 0 Fe alydgl 5l o ISes 5 Kiran
m b W8S w,p |, Nocardiopsis sp. MSAI3A
Wy g L wb, ell caw s 4 el gl

*-Pseudomonas aeroginosa
. Bourkholderia


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.1001.1.22285458.1401.13.49.10.4 ]

089y 4 il Jajenely w3l ol ol sl
SDS-PAGE

SS9y ol (J5S 5 Ces sladiges g3l oslel Gl
(Y9) o plol SDS-PAGE s lastiasl IS5 e

mFl ol ol anl glien KMy g
3l i o 5ol

S bs) s ole b O o tey aalel 5l Baa
@bl jsliteds ool Shandl s ijeiely @3] dimds
o3l a4y lslusg i sLil Sl (slad g ¢ polaisl (slag il
Oloreds (28l JUsl 5 55, 5 08 osp 9o S L J5
Al o 0V oz e S bl eaiiSogans il
> 5l e il eolal (TBS) (S s
S5l Sod 5,8 TBS-T o 1) Lad «(g5lungons
adgl gobsnl jo celu Y-Vl aad (/007 Gmy
oS 5 JSSe,) (anti-surfactant protein A/PSAP)
Y lae 28,5 1,8 TBS-T,o oo 33, (IS5 0] abcam
@bl o el Y-V 5 ol ates TBS-T jo adye
Lie o o0lo 1,8 (HRP o351 b 45935355 g0l sT) agils
lymges Jolos (220 3 TBS-T o giands 5l
SlbLas lawl joebs 5l 285 )13 SlanSTy 5]
YY) al ools J1 3 SO b jo g Sis g atncds Hladse

SrSLaly S

- olisogg 5 5Sh 5l sael Cawddy Ay Sove ) S
Ve y0 Sl goie Gab el PBCCS sy 57
5 abldS L cuig 1) Lag 5B ogs ol 5l cele ol
YA 53 658L (g8 aloyo 5 05800 (o8 5B 5
> po ool 53 Adsiely adgs a5 09 e 5leT el ol

DSt Soge G LA, Sl

6535 b Fe/SDS 0,556 (s35)s9,90
was_o olii 1, Fe/SDS 6,356 SEM jyem Y S

W 039 Y.nm o)‘b}‘ 9 Jg‘u 65; o):)s.;l.s ]19.\4; d;UaA

65SL g 2 o)d9b (28,5 )15 5l leebl Jgax sl
el (TEM) ()08 (539,80 09Smg Sen (550 0 gl
58,5 )18 sasmoylid (V) JSKG) sael Cawddy pgual 0
005 Sgls sl 5ySL el 5 s gg, 35k
&1 5o fiatja T ulisesosw s yS b Fe/SDS ol 35il

o195
lisiaiarl  olipogism  odliil  9)50  mulS g Seo
YA Jl e oK g Rasekh lawgs) PBCCS
S0 slolaz g dgpl olpl B cis 4 00g)] slaSs
AD A G Calo ouSiegh g plBd SSL
Slaghy; by slalee g (hie 05 65 (l Cogas
e pidy bwgi (098g,Se cdalie g arnis
QBT g5 S Laoms 0 CysmnlisSil Celes A 51 g

3SR emin 090

oMo S a3 55851 i e et

S g a8 G5 5 Gaiss ol o eads eolatwl ol
2iS e (oS laore £g5 90 W Al led Cudog e
e i Lo 5 6t LS g8 g ulo o g
0l gly shol ctS b olgieds (el 59) 710
VHCL by be pH b 4 sdyiel, o5
Al oyl gl oliws Jawgs g onile, Vo4 Vge
85 D)go dle S Lanzme 4 (09,80 el Ll
S o 1 i Lo ¥V il Iyl jo celugs 2
Jbo o515 Olme ol 8L sy S aise
ST el P zpalil )5 sagdgiSond oy
Sl 5o,k 5l 3l sasie gla mgh yo (V) 0l
oy Rl e 9w g ey 56 3l g Lag 56
Lo 4 bl jshierna wishoo b el S
1,36l zeils (gadond (pl jo Wgd oo AdlSl (6 5SS
ciS lae 4 a8 56 sl g Lag 56 sl s
TR NCRETUREIE Y JEp |
LT gl ablal ctS lae 4 Lag 56 5l g SL 38
SRS I CiliSS g odg g sl oSy (g5, ek
VVYY) 5 b sses

ghe p oldgl B85 13 Gl plebl Jpa sl
S 4 ) ppgal e G55ds8,50 (cmyp 9 65U
A plel KYKY_EM3200 model) SEM ¢ TEM
g aBu, pY (g, Age 3l g YO elatecpl @
Mo b 4l s bdiged ol Sis lgn O jgloe jo Joloxe
Loy mhw 655058 50 aigd Llo, b aials ool il

205 w2 SEM



https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.100?!.2%85458.1401.13.49.10.4]

ol o slkwsa Fe g SDS gl el osls olis
GrleS g 00 @ly fige j9Sde (g LSS 0 S92
SDS- Kool ¢y ytws ol Cwl 08 dged alie
cos el Jigiely @il 0525 » 3l PAGE
Jossiely wupl O JSs gillas og Fe/SDS @l 396,56
O3e3l Aiges 55 gllagkS Fe JoSse 059 b 5l

5 o8 pbxl i p Sk ) Cdale o5 6L a5
005 dulio (0,39 jpa (y90) (JuS diged b b

o2lei al sbiias; SDS-PAGE 5 3k (s
3yl i Jo 3900l o 351 Gl

ColiSd ygus 09> Sgd o0 oanline ¥ K& 0 a8 )5-‘°OL"-°
law Lialdl Fe/SDS wldgl 15t cos jeSie ouiigyn

Iy oVl S diged 5,500 Sl3gil diamd g 00,5

1 -
0.9 A
0.8 1

—.90.6 E ,
'30.5 1 ,/
0.4 1 /
0.3 A /
0.2 4 P ek

014 -

Q,OJ E ’—"

0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
celw

o &S b o Pseudomonas aeruginosa PBCCS s S| oy cove ) IS0

S5

0,396

Fe/SDS 0,35 SEM 55 .Y S

034l

03 oo 5Lt |y 0,55 ol (il 5 oSl s Lt jo8 il Fe/SDS 6,550 ol yas (5 ,25L TEM s ¥ IS0


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.1001.1.22285458.1401.13.49.10.4 ]

Fe/SDS SDS

Rec A

e [ -

Sl gl sl Sl o g ¥ S5

A+KDa
1+KDa

50KDa

Y+KDa

Fe Control
40 KDa

32.5KDa

2 i Y g S e s lyicds (F+ KDa) ReCA 1uis s SDS-PAGE L (¥ KDa) jlyisl 5 i, mayl anb .0 JSii
JrS wiges f ygtw SDS wiges ¥ ygw Fe @l )3gl oY g Fe/SDS ol,34l

PV -y Sy I SR | PY- I R slooanY] &5
Slibes ate o ulipegosw Ulss 05 oo 65 (S
o) 25 o) 59 ohg $5996S0em bzl o
ool 48513 axg oy Hlew osV o
aaal gle,uls 6)'1..»61.; Slp ca (v:.L.@ N M}mb
Slowd g s 5,3 Gl SSL giluSL 5 o sl
(YA el ol Pl o ool SG5slen
2 bl S0 a5l Sl jebar (Sfslem lepiu
o)'j).n| .Q)‘J LQQ.SI:SL' éjﬁo.c 9 ..\.w) » s_)l)dj.il.) f:.'i.? ¢)5A
S8 Sdgl sla il anlllae aice) ,o (soumie Slidks
Sloaiza) )0 o ZOlSE jguge wdg5 5 s SL 0l 59,

o‘o,

o Lol gmgm 9y 53 Lapasl g S Ul
g e el e Culon
olsegos 525 5 Ay 0)9 Lacils ) gusn
5 ST e b Sladie (e 05 65
Ly a5 ol g S ol 5 (o5 (st VLIS
3 oS Al gl 5l eslinad o sl Ul aaz g
050 B Sty 30 jei> g (S slroan ¥l Bl
3 La S cpl sl ejgpel il a3 )5 18 polb 4z
2 ot Sl QR g 998 ge ool SIS cwiige
5 polie 4z aile Cany) bame Silplie slacolled



https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.100?].2{85458.1401.13.49.10.4]
.1

Mg g sl 0l Glims p (Ghke g (cow sla ) YL

2B jskiea; SDS-PAGE 5 ol oypimy b b
S eSgn onl g il Jiisely il ks
Slydil acans 5 il i3l Fe/SDS wlydgl 3G
Sk aS ol Glis 1y jea o St J0S diged 5 500
Sl Jisrely meil g Gl 5 S35l ool
lisieiopl olisagopes 5| CiliSdysmsey O o o

oS gy yiws 9§ PAGE-SDS il wilive iddos o
2o Gl sl 5 densl Sy edde L
ol g adg ol el olo s fiau e T (wliseggew
3 Ol O alilys g 009y el IS ouls 0y IS

(V) 35be @i e |y (B9 o2

A5 50 5850 il Jojial; @l Gl anlllas ol o
sa> 30 Listiga ST wlisegsge (S CiliSE pusn
I il Fe/SDS @lydgl i cou [she oty n
OrAoke JAS diged 5 K00 Slidgl e 5 008
3 2lesa Feg SDS &l,34il .l o0l lii 1y g8
GileS 5 ouii @Bly 5o joSie (pBgn jeh> unl
SDS- KoMy imy ol Wog JyuS diged alive
co iy Joseel, il 9579 » ol PAGE

9 Fe/SDS l)3gil 56

O Gﬂ.lm CJ‘)QBJL; f‘ | w)f PL?:;‘ WSSOI Ve
350 s ,iSh ab, (55, 4 Fe/Au Fe;O4 Fe, Au

Sozy Jobo mhaw 0 6L Sldgl A en
Medger (Sielem soo )5 ln ol 5l Ol a5 3l
5 oh)Ben s Alamdar daslas mli b 0,5 oolal
5 oSk as, Fe/SDS 6,35k 51yl o5 oo ) cdile
uA..\l)sl Yo IVY g YYIVY. cudpar coliSd,gmen audgs
36 ol 3l Lt Mo 3536 cla il msyyr s oo
(V) sl ol 58 omSLoal, aoll el
olisgogogu 3y il jslateas o, Ken 5 Sahebnazar
—ool Oldgl 5l sdetel, adgs GmlBl g fistge T
3 eolawl 5o )5 olaiwl Gedle ciS ey KLew
Ay YO, alidl 4 e £oe mg/l cdale o &l dgk
Ol 25 O 00 gamsligSSl 5l Gy sl VA (o o
el V5l e \ mg/l cdale 50 Smdgialy adgs
ls culls Gl OV S diges 4 Connd s sl
COliSE ygmgm Ade 9 (G L Ab, Sk ol plas
DBap Ol Ol SL3GE I ey n 4 GBS
55).3 OL:’) w‘)ﬁ‘ oD OLAAJ CAL.J W) 4.4.}‘.3)4 ‘S,L\):SL\

VYY) el o)dyla ucl:> 6Lb¢).|a.l.c 5 Lﬁbu,..‘».?s).» )|

ek (g adss 5 olo oLen g Korpi aalllas o
OL eSis g 5558l s (o Listeia il olizesdps
Oglosks AV dga by GeFgn (J9Sge 0jg caumd
Osy S Dpyiey sl @S Geizee o
lilyn T3l 5 23 ¢pyts s 0,5 b |y S 5
DBgn g Come eamoplis Jlg s @l
& (V) col ol (oo JLSL Lad> 5 ik oS S8

ol ol Gdios ol p samb

-olis Fe/SDS o35 TEM 5 il geios 4o
Sl 5L slid g s (55, Dly39L (28,5 1,8 eaims
ol Bk 5l e glacdale ;5 0,390 Ll
LSl @heslse SYols (Rl o o251
Mg g aby Gl a0y ead S L
Cocdile (5 a5 Il o sl azbly Ligldl ColiS, g


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

[ DOR: 20.1001.1.22285458.1401.13.49.10.4 ]

&b

1. Biniarz P, Lukaszewicz M, Janek T. Screening concepts, characterization and structural analysis of
microbial-derived bioactive lipopeptides: a review. Crit Rev Biotechnology. 2017; 37: 393—410.

2. Henkel M, Hausmann R. Chapter 2-Diversity and Classification of Microbial Surfactants, Biobased
Surfactants (Second Edition), Synthesis, Properties, and Applications. 2019; 41-63.

3. Nayarisseri A, Singh P, Singh SK. Screening, isolation and characterization of bio surfactant
producing Bacillus subtilis strain ANSKLABO3. Bioinformatics. 2018; 14(6): 304-314.

4. Meliani A, Bensoltane A. The Ability of Some Pseudomonas Strains to Produce Biosurfactant. Meliani
and Bensoltane. Poult Fish Wildl Sci. 2014; 2: 1.

5. Khajavi-Shojaei Sh, Moezzi AA, Enayatizamir N. Investigation of bio surfactant production by
Bacillus pumilus 1529 Bacillus subtilis WPI. Biol J Micro Org. 2016; 5(17): 97-110.

6. Bagheri Lotfaabad T, Shahceraghi F, shooraj F. Assessment of Antibacterial Capability of
Rhamnolipids Produced by Two Indigenous Pseudomonas Aeruginosa Strains. Jundishapur J Microbiol
2013; 6 (1): 29-35.

7. Liu F, Liua D, Zhou W, Wang S, Chen F, Wei J. Weakening or losing of surfactant drag reduction
ability: A coarse-grained molecular dynamics study. Chem Eng Sci.2020;219: 115610.

8. Kardena E, Helmy Q, Funamizu N. Bio surfactants and Soil Bioremediation. In: N. Kosaric, F. Vardar-
Sukan & Sukan, eds. Bio surfactants Production and Utilization-Processes, Technologies, and Economics
CRC Press New York. 2014; 327-360.

9. Fracchia L, Cavallo M, Martinotti M, Banat IM. Bio surfactants and Bio Emulsifiers Biomedical and
Related Applications-Present Status and Future Potentials. In: Ghista DN. Biomedical Science, Eng
Technol. Norderstedt: Books on Demand. 2012; 325-370.

10. Kask B, Yildiz S, Gumustas M, Ozkan SA. Bio surfactant production by Psedomonas aeroginosa in
kefir and fish meal. Braz J Microbiol. 2015; 46(3): 855-859.

11. Bisch G, Ogier JC, Médigue C, Rouy Z, Vincent S, Tailliez P, Givaudan A, Gaudriault S.
Comparative Genomics between Two Xenorhabdus bovienii Strains Highlights Differential Evolutionary
Scenarios within an Entomo pathogenic Bacterial Species. Genome Biol Evolution. 2016 ; 8: 148-160.

12.Rezazadeh Mofradnia S, Yazdian F, Rashedi H, Rasekh B, Omidi M, Sheikh pour M, Esmaeili
Bidhendi M. Experimental and Simulation of Nanoparticle Capability for Biosurfactant Production Using
in MEOR. J App Biotechnol Reports. 2017; 4(2): 177.

13. Ahmed SA. Natural quorum sensing inhibitors effectively downregulate gene expression of
Pseudomonas aeruginosa virulence factors. Appl Microbiol Biotechnol. 2019; 103(8): 3521-3535.

14. Rezazadeh Mofradnia S, Tavakoli Z, Yazdian F, Rashedi H, Rasekh B. Fe/starch nanoparticle-
Pseudomonas aeruginosa: Bio-physiochemical and MD studies. In J Biol Macromol. 2018; 117: 51-61.
15. Modabber G, Akhavan Sepahi A, Yazdian F, Rashedi H. Surfactin Production in the Bioreactor:
Emphasis on Magnetic Nanoparticles Application, Eng in Life Sci. 2020; 1-10.

16. Reis RS, Pereira AG, Neves BC, Freire DMG. Gene Regulation of rhamnolipid production in
Pseudomonas aeruginosa--a review. Biores Technol. 2011; 102: 6377-6384.

17. Sharma G, Rao S, Bansal A, Dang S, Gupta S, Gabrani R. Pseudomonas aeruginosa biofilm: potential
therapeutic targets. Biologicals. 2014; 42(1):1-7.

18. Senturk S, Ulusoy S, Bosgelmez-Tinaz G, Yagci A. Quorum sensing and virulence of Pseudomonas
aeruginosa during urinary tract infections. J Infect Dev Ctries. 2012; 6(6): 501-7.



https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ Downloaded from ncmbjpiau.ir on 2026-05-30 ]

285458.1401.13.49.10.4 ]

[ DOR: 20.100

7o
)

19. Xu Y, Wang Ch, Hou J, Wang P, You G, Miao L. Mechanistic understanding of cerium oxide
nanoparticle-mediated biofilm formation in Pseudomonas aeruginosa. Environ Sci Pollu Res. 2018;
s11356-018-3418-8.

20. Alamdar N, Rasekh B, Yazdian F. Effects of Fe/SDS and Au nanoparticles on P. aeroginosa bacterial
growth and bio-surfactant production. IET Nano biotech. 2018; Y Y(£):520-525.

21. Lia J, Vipulanandan C. Effects of Au/Fe and Fe nanoparticles on Serratia bacterial growth and
production of biosurfactant. Mater Sci Eng. 2013; 33(7): 3909-3915.

22. Liu J, Vipulanandan C, Cooper TF, Vipulanandan G. Effects of Fe nanoparticles on bacterial growth
and bio surfactant production. J Nanopart Res. 2013; 15:1405.

23. Sahebnazar Z, Mowla D, Karimi Gh. Enhancement of Pseudomonas Aeruginosa Growth and
Rhamnolipid Production Using Iron-Silica Nanoparticles in Low-Cost Medium. J Nanostruct. 2018; 8(1):
1-10.

24. Chatterjee S, Bandyopadhyay A, Sarkar K. Effect of iron oxide and gold nanoparticles on bacterial
growth leading towards biological application. J Nano biotechnol. 2011; 9 (34): 1-7.

25. Kiran GS, Nishanth LA, Priyadharshini S, Anitha K, Selvin J. Effect of Fe nanoparticle on growth and
glycolipid bio surfactant production under solid state culture by marine Nocardiopsis sp. MSA13A. BMC
Biotechnol 2014; 10: 14-48.

26. Seyedinkhorasani M, Keramati M, Ahangari Cohan R, Roohvand F, Norouzian Dm. Evaluation and
comparison of affinity chromatography and precipitation—based methods on purification of recombinant
streptokinase. Med Sci J Islamic Azad Uni, Tehran Med Branch. 2020; 30(4): 387 -395.

27. Towbin H, stachelin T, Gordon J. electrophoretic transfer of proteins from polyacrylamide gels to
nitrocellulose sheets: procedure and some applications. Proc Natl Acad Sci. 1979; 76 (9): 4350-5354.

28. Nelson KE. Complete genome sequence and comparative analysis of the metabolically versatile
Pseudomonas Putida KT2440. Environ. Microbiol 2002; 4(12): 799-808.

29. Korpi F, Behrouz B, Motameifar M, Irajian G. Cloning, expression and purification of Pseudomonas
aeruginosa pilin protein in the prokaryotic host. Iran J] Med Microbiol. 2016; 9 (4):55-62


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html

[ 0£-50-920¢ U0 J1medquuou wouy papeojumo( ] ['0T'61'€ T TOVT 85YS822¢ T TO0T 02 -H0d ]


https://dor.isc.ac/dor/20.1001.1.22285458.1401.13.49.10.4
https://ncmbjpiau.ir/article-1-1474-en.html
http://www.tcpdf.org

