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Studing Antimicrobial effects of Prodigiosin pigment from Serratia
marcescens bacteria against bacteria causing urinary tract infections
Bahrami F., Hosseyni F.*, Akhavan Sepahi A.

Department of Microbiology, Islamic Azad University, Tehran North Branch, Tehran, Iran,
Farzaneh953@yahoo.com

Abstract

Aim and Background: Today, more opportunistic human pathogens, including bacteria that
cause urinary tract infections, are more resistant to a wide range of antibiotics, it making more
difficult to treat them.

Materials and Methods: In this study, Prodigiosin pigment was extracted from Serratia
marcescens bacteria and its antimicrobial effect was evaluated on a number of urinary tract bacteria
collected from Tehran's medical diagnostic laboratories.

Results: The results of this study showed that this pigment has been most diameter of inhibition
zone for Staphylococcus saprophyticus and then the genus Enterococcus in every three methods of
disc diffusion test, well diffusion and MIC.

Discussion: This study showed that with due attention to the antimicrobial effect of Prodigiosin
pigment, this microbial pigment could be a good alternative to chemical drugs in the future.

Conclusion: The results obtained in this study showed that Prodigiosin pigment has antimicrobial
effect on gram positive bacteria more than gram negative bacteria.

Keywords: Serratia marcescens, Prodigiosin, Urinary Tract Infection

49


mailto:Farzaneh953@yahoo.com

bl 09 5w (sils aolilad

O g (o0l pte [y gar (699 33 A0Sy (29,50 Wb T (wy
dde puivw ylo Lo/ v (6 35Sb (g (689 33 AUy (29,50 Wb BT oy
Solyol gla Cigae Jole gla s S
s 3193 olat 9% i 415355« ool o2 0
Sl 3l o I ol ol ST oSS ¢ ol oSS 535l Ko 03,5
o..\ﬂ.i.g

2 6l slacisie Jale slas L alax 5 Slasl b cos b sle 35k oas Fpglia L ojgyel 1800 g ablw

ol 00 )4)15...») LQ.J L‘)Lo)d sLQ&U}uGbT )‘ T o]’l.mf ).)‘).3

955 35 il 5 330,8 Zlymial | Gl Ll (5,551 5 Crmmgnz (5955 4S5, anlllas ! jo :lB g, g Olge
mo)f 3T ulﬁ@bwdbomuﬂ )" AW 6)3]6"-’.'6)‘)0‘ WB.QC J.al.c 6&&};5[; )’l 60‘&4’5 63))€QT

95 o5 okdlinl 6 55 (sl 1) ws,y pac alla b o i oSS, ol a5 ol Lis Baios ol 5 ool Cews 4 gl sldalsly

sl sl MIC 5 (5 )58 Sl (5535 Sss sy s 8 53 T 58 955 2l iz s 5 7 osSed s

x| 5o Nlgi oo (29,500 GloSS ) ol (opgu (509wl 9w wo Ay azgi b as ol las axdllas oyl oo

20,5 sleards lagyls sl el (3>

0o il Cute )5 oSl 65y rmsez 699, S, a5 ol (Lt Gako (nl 50 odel G & gl 1§ S AT

el @il >A...a" ra)ngLmkg)SSLgd.gw'. 6#““"@9)5*"

6ol Cighe (g (639 ¢ pminentylo L 1 S SledS

! Serratia marcescens
2 Staphylococcus saprophyticus
3 Entrococcus

50



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

$o9n @l S5 A e g ead e allae
Collad s GlaSs, ol ) +) Wi oo oS 5 Cypmssaz
0ot il Yo 0 @B s ST s
@ oS K5 5 () eole S plsie g (Sl s
Antony V.Samrot v+ V) Jls ;0 (V) oy, o0,
bagi oul WS emger 990 S3le e OLSen
ol Jub s 23yl 5 SU-10 i)l Ll s
sy sl sllae Lyl pls addllas (pl jo il 00,5 ()
PH YV 5 ol Kl as,0 YA jo &l cas g o alas,
s Cpga (699, el Cawd 4 el VY S 4
A Sy GSgls s 5 J gla Pl by
P 6L 90 2 ey Sl STl S5, ol
Jlo 50 .(0Y) wl ooy axid bl p)5 5 Sl
1 oK 3 Mohammed Husain Bharmal .v-\Y
bug ol 0y Gres> G39n Gileding W
50 28,5 gy |y Tea sl ot lae e )lo Lidil s
Loy oigeie b S o> (5390 oy addllas o
Al Wl dgnl cpl lawgs S5 a0 i
relSlg S plp 5o 8L wo Sl fs Al
Ramani Y+ Jlo ,0.(\¥) ols oylas coio o5 slo
S39n g sl S lyd g5l ane oS
Sl L 5 )l Ldlw vy (page
NS wyp |y Grwgar 392 (92955 wS Sulled
1o clled s WS, a5 ab o )lsl adlls oyl
wls Glb s wo 5 ljgisn wo @)l wd (b St
Silo a5 b Glegh opl el ead
g5 «Jslme PH (9eS 0550 e i byl
sgbie 4 (e 9 oS gl S lalaos
4 ombalo Wbl 5l Gewge 6390 a8 R
OF) cosl o3y ] (IS 5ileg )5 Jolos 5 4z Jlio
$o9n A, gl 5 pole i 5l Sas
e wlaSS; ool (@950 0o Sl cmyp e
(KD gl slacisas bele slags xSL
(55559550 9 Mol usSidg bl (055 5 sludlen

| 009

L 59y 9 dlgo

FER V-

et lg S 455 p0 W86 gl b a4 ()0l olSCLws
Ell 5 S o o5 sydie ol cighe JLoj 5 o
Sype 1y )yl ofws da Sl 5 )8 (wany w5 S
Cogae (Y g V) Wl Zogae cael g ool I8 xlys
@bt sle Sogie o imls 5l (So syl olius
Ol oy yd Soghe Jole (raogd Glgie 4 oS a8l (o
5 oo ol g ol Eond (F) ol o azS L
slaglis LYo 4 (ely job 4 5 Oolite i
385 Seglie (F) Conl oo 5l ey 05 50 ¢ Sengili]
o odes Sl (29,500 22 Jelge 4 Lo ST (938l
b e Lo L &S ol ol jladbise Gloz ol
alizee Lulyd b 1) 093 saz slog) cuS b g 00,8
RVRVRNINE VP T] IV JPRS KRIRVEC JUUNRRC S
@ LAl adss (F 5 0) dsS S Cuglie Wiy oo
b lepeilS)l 5,500 buwg agl slocdnbe ol
gl ()l csS bzs (lol g @ o) 4 4z g5
£ (SOpS 5 gox Lulyd 4 (Suly pas e,
bl Ll Gy @l plo 4 S i K,
B 8 ool s ] Slalllae (V) el 6 i
oz 5l oot (Sdom 3 Shee Ll LaailsSS) ol
G g (5y5058 WS 7B S ((Ssm I el
LT 5 ok 5y ol 5l s sl s (S8
oz 51 A Wyl glogil Sl et Il
4 OlF e 4laSS; ealiS ady slo L (i sme
o=z 9 snais T lsegogs (ugiysl usS 55 shdlin
oot )lo Ll gladisS sl >0 0,8 o Ll Ll
$o9n fb 4 (S 8 el oy el
WSS5, 5l ez 559 (A) Akt LI |, Cromagun
Ol g wnlp il sy 55 odlgils 508 o

Dy 4 45 0 Jopm (2 9 g slojle iy D90

0SS ¢ 5590 gmg e 09,5 1 gl Oukiamns g3 o yO1*
Jles o)l545 a1y oDl o1 ol8ils s
Farzaneh953@yah00.com : s g wis! oy
VYA - F/) e allie el 4o &b

AR VARVAR A JURVP NG

51


mailto:Farzaneh953@yahoo.com

ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

Prodigiosin unit/cell:
[OD535 — (1.381 x OD 620)] x 1000
OD 620

4la%s, i =Optical density =OD535

Jskw wd> =Bacterial cell absorbance = OD620
s Sk

<ol sue =Constant =1.381

srble wal Zhsul el Sbi)l 5l as
A S Gl Al g Sl Al

bug  grwe G090 S sl AL
(TLC) &30 ¥ (81,5 gilog 5

Gloio 45 (g y5b 4 it ol 30 Y 3 Seileg,S
@ pds)lS 5 Jsle slaPle sl AN ases
sl 5l e a4 a5 s 5 1,8 V) (volivol) s s
Y o 6,5 ojlail 5 aoles 3o RF Laiog

RF: mwufyd.]am)dl@b
Dl 5 > abaii 5l alols

ool cighe Jole (slags S (5591 o
Sy ple eSS hdlial eud lax sladign
3l sladiges 51 agSS 9l 5 MendS (S Lot 2
S oslae 5l am )l slacisie 4 S ol
Casp et 5 Ol D b s laolRiylej]
Dt gz 3kl plerdsn slagses! Gk

OAVA) 28,5 15 ooliiul 350 o Se 23 |

O g (59933 ATy (519,50 Wb 1 o
‘Lg)"'&f s_img‘o ui’ﬁ) Aw L» 43‘&.{3) ‘5:5)& KW J_,]
135 18 sy 3,50 MIC 5 6135 Sl

ol ctS Gl e Se Vel Sy by, o
oS Solilinl  slamgw 3 VXY -Acell/ml
Lo ;5 ModdS 5 SS90 (5 Loyl o ugSiidg ol
&%°M%.ﬁ)°5@&)gidwﬂ9‘w
Orwger SO A, 6o See Vo Sy els

@ @SS 5l g S Yo a5 O 90 (al ) Joloee

52

Tl ClS ankd 9 5L g
Slasin w05 agd olpl el sicad! dungo
Glordgn Sleogad 5 (g9Sws Sl (gSwySee
el YF oo 4 ol Kl a0 YV sles jo 6,108
s aboz 5l (g5elamg S Jsloie lobs, bl
Ve sleo yo ailXs, odgi g 51 oy9l « DNase (TSI
5o 2855 518 00l g gy 0590 Skl 4z
Sase3] g i Lo Ll oo o aili] g 0o
a8 S /0 Jolrs Gamibiwsn ( paeis Jglaie

AlasSy Gilwdint 9 Grwge 99 4SS, g
pH 5k 5
S glabaoe 3,5 Ml 51 3 jelaie (0l sl
Sl oS @ Wl PH il e 5e g @l BHI
i denSgne g Jly o HCDH SGLa,l8
mbaS A s VP sy eSS @ Vs So (NAOH)
s 4 68l il Gemilwgn I e 38
Lo 5l o) (e 00 50 ) L O Hlaie 4 4810
30 S glalase s )8 aBlsl oo ol S e
G LS celn A7 Sow 4 ol Kile 4,0 YA gles
a4 yagil OYD o Cdz e e ool 5l e ial
O0) s gy UV-Visible jiogisg il alsg

g (§995 Al (b3 9 &l !
J solital b lashe cypmabsil el 85 51 am
4 kB Ve Sae ay T TPM o0 o 5a0dy il
Ol & Dy 9 D A 590 (23 @be kel Cews
Vool g aw,0 FHCD ol Jgbl o (pellet) oo
S5 Lgbia a2 gl o gy (Ul 2ddes 45 s
Vo oo dg FeorelPM o guilwgn g 0l ools
29U S5 308 gz 69y D Sy yule 4k
O SO e (2Ll Jae o3l Jls 4
Jyes8 3l ookl b 55 oals (53 Larmme 95 )0 00l ags

(VF) 00,5 ploil



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

Al edlin jo AleS, zlgaul om0 Gk,
BHI cuss Lo 5l a8 sowwl Jgbl )0 Jgloe 4o,
hess e (3 e Jodo 4 ud gl el ol
gl dloSS, 5l 5SS, eaes LSis olge Has
2l il eog Glp cn gy S el ead
Omosez 09 WSS, L Gl i I ol
oKiws Lawgs (F-A) slo pH ¢ ciS slo Lo o
Jgaz 58 el OYO o UV-Visible jiegisy nSl
Pl Gl e ¢ @bl Geb ol sl Voojled
3o &l BHE cisS e )0 fpwge (639 4SS,
cuiS e o 9 V/OYO (unit/cell) b Ll pHY
Slad as as cdl VYVA Ll pHY o &l ey 5y
Wy ¢y LB b s o a5 cl ol saas
O 4 aS Sl ooy 5 celie Al Wy 5 6L
SS base )0 (g S99y WSS, e oS
5 9 VYYYY wnit/cell) b ot pHY ,o &l BHI
nit/cell) L 5l PHY o &lp e pg s Lo
(¥ o)l Jgaz) ais 8LV A50/A8

a0 TLC B9, 10 rwga 89 S5, w8 4K,
S5, Ayl RE (e b )y 5 a0 S 90
GlaSS) Gl onl p edle ad bled J5 Kok Slorio
(a8 Sy o gl Jpill 5o Jolomo (pmgez (539

ol 059 0S5, pols 5 sanl aS S ed |,

Olse 4 Joloo 4SS, (6 05 S I Jol> s
Sl o..\.o—‘ Y o)Lo.:: Ja.\> 5o G”S.uo ao oo

ot S b o Pl e ) a5 b gl el
T s Pl Sy (S35 5 Lama 55, iy
OLeSy alals b (ojlativl Glyie ) oy (ool yudgSoe
el Y o @ ol Kl a0 YV ) ol ool I8
ojlal wiy pae slalls I Syl (g 08wl §

.(T')Mdﬂf

Sal> (YY) (well-diffusion) ,138 Sal> s, ,o
Aoz sk 4 ogejl 9550 Slatysms 51 S j2 sl b
R Oreser $O9n A, Jele Sl s Sl 0L
S a4 3Ll dx 0 YY o 6,135 L,S 5l aw wous
2 by, adhie So Ojge 4 ab, e cele VY

A asie Saly bl

dod V) L (MIC) i, 5l caslon cdale JBlas oyg05]
N 8wy s e bame ke ) sl
Ve W ol ) Jslone 4SS, Siddes VO
555 55 e 5 5o 2 (sl ilomrye el e
celo TP o 4 ol Sasle a0 YV ) ws plxl
(MBC) Sawas clale Jihe (6,08 abre S
Ao job 4 oald 53 sl aSL ade Qe

(Y 0) o sdusuiw

g (5995 SIaK) &l 5wl g algi
ie T 0D 6&1.) 5 u‘).! wfﬁ" 9 u‘f BHI S Jaw
sl axo L ol Xle az 0 YA o cels 47

o5 oaimd ylas 4 wael e je,8 S5, 4 calisee

Sy g 9 Olp BHI ClS b bno 30 (rmger (69952 4SSy 032 lme (oo 51 Joolo gl -1 o5lod Jga
o il a4z 50 YA Ho Celw A8 amy 509l YAY jo UV-Visible yiog58 g Sl oliws dawgi pH (F-A) jo &l

53



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

30 g (995§ LI
353 nm
pH6 pH7 | pH8
BHI 1.343 1.531 | 1.467
Cal).g
oy g 1.017 1.278 | 1.068
Cal).g

PH (F-A) jo &l p iy yigi 9 &l BHI S s laxo )0 cywgns (699 5 &l S Hlade -V oyl Jguo

Omwga (5995 J5 5ludo
(unit/cell)

pH6 pH7 pHS8

BHI 1977.50 | 2140.22 | 2129.18
C‘.’:‘ﬁ
oy i g 1535.81 | 1965.96 | 1645.89
é‘;.g

JPUT (29550 wub 03l (ylgie & (Yo pl) (rwgur (699 31 A0S ) (6,105 S 31 Jol> b ¥ o,lels Jgur
AL anle & luailins! lgie 4wy (a1l Sigms (T 5 (e ) adld Glgie & (gl

43‘..\15) t5"\f~""| Jaibl o), g;‘“-.’.‘
Sk sladlg ) e (6993 (mm) (mm)
(mm)
Staphylococcus Y \- V4
Saprophyticus
E. coli \e Y ‘Y
Enterococcus 1) q \4
Klebsiella q ye. YA

54



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

1055, MBC el 00l 0 6ot Jyo 15 pmmage (g Sae 00) &S (6,5 Sals 5| Lol gl
Lo MIC 1y 5100 cisae ole slo 551 sl 0995 95 gkdliwl) (s ,ly0l cogie Jole sla 5 551 ade
D9 6L e 59 ObeacdS 5 99595 9,751 ¢ IS Loyl ¢ o gSindg Lo

&9 da‘div) MIC U‘)“"Q ol OM] ¥ o)Lo...':.: de?

0ol ylgie a (O+ pl) crmwgns (60951 alaSS )y (ol b Sal> oy pac Ay (6 15 o310l 51 Jols guli :F oyl Jaua

9 0995 9595501 (A5 Ll bl woSustudg b (oS o5 gludliwl) (51500 cigie Jole (s (6 ,SL aude 29,0 W
ST giiod Jao bauxo 30 (Sl

PHRUES
OB (5995

AL sladlg ! (mm)

Staphylococcus 19
Saprophyticus

E. coli 16
Enterococcus 18
Klebsiella 17

Syl Cighe Jole sla (6 xiSL (g (umguar (5393 41055y MBC g MIC (4l juo gl :0 oloud Jou
OlnnsdS” g (9595 9 33 (AT Lish po  pogSasiad g 3l (oS 95 pludliw)

O g (599 ) SIS

MIC MBC
H(g/ml) | (g/ml) p
SASL dgpl

Staphylococcus 62.5 62.5

Saprophyticus
E. coli 250 250
Enterococcus 125 125
Klebsiella 250 250

55



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

S kSl el Cisae Jale slas ST
OlalS” 5 (95559581 (IS Lyl ugSitdy plus
Ssd oy, A b 0SS, ol aS ol 8l 0 5 oduoniw
Lz 2 so MIC Gis 5 )18 Salz )38
S8 a Y sl atily 0980e w5 Sl 598 6L
Oty (6,108 Sss jhg, yo wlaS, cpl a5 el
S St 0 sla 55l s, 1, el
5 Ghogkee VY 0y pae dlls Jla3 L) usSidy plo
(oo V) 32, e o 5 1) usSsSy 5l o
o k8 L) IS Led ol ghie 05 (65 90 4 S
Ao [l3 L) MewndS iz 9 Groho Vo 00, poe
2l b ilhe mls ol ol las (o e @ 0l poe
Ramani asllas ;o .5¢ (L3 Slalllas 5l ooal cons &
WSS, (29,50 w2 Sl g, 2 (VD) s
e ) g Sate o) (6o g ddde (s (6392
oo s sS il g S ¥ S5, e
4 e Y M) (g iy 0, poe alls (gl
adlas ,o (YD) og (F -HY MM) IS L,
woSwe w5l gey p (YoN)) K sSamrot
P g Sute o5 Slo g e g (539 4SS,
a5y poe e hls gyl oS 9 hBlial (i
) IS L & s G T 555
(YF) 093 (o o

S 25 A
©Go9y, AlaS, a5 wes o lis eud plxl Gladss
31095 95 0 69y 2 2950 2 Sl s
O lple el ooy (hie 0,5 5 Sl 05 slas ST
by )ls ln (erbin (3l oanl jo Wl e S,

&l Pl

Olyes oy oDl oljT olfiils (659 gmg, e 09,5 |
Sy wogeme  oRisleyl  lelia,ls g Jles

Se oo (Sl0)8 g Sud lax e o sl gleal,

56

GOy alaSS, a5 s o ol Lol adlhs @l
95 ok lo Lol (6535 Sl oad gl Sl (g
@ Sl (S (29500 2 Sl ok 05 las L
Slillas plo b a5 ol anils ate 0,5 clo 55k
el ails il b ysiS Lo 5 ol 4o o el
3 g $39n SIS glFl slp Gl 5o
ATTCIAT56  pile Lt o Juilin] 4ygm
©ogp alaSS) e gl Gadod pl o ol colatul
Sl iy yies g Sl BHI s Lo 90 51 fpwgas
Ol Oy s odal s 4 s 3wl eolatul
Voly BHI L 1o cpwguz (6995 416X, odgs
wnit/cell) L plp ol Lle a>,0 YA sl 4 pH
BHI i Liswe (08 cawlio i il YVFo/YY
G (nl 5o Sy Sy ggi ctS e 4 S B
(Y 5) oLSen 5 o ils wldlas 5 Jols mbs b
5 @il ldlae o a8 Jb s el chlhe
ool 00l ()55 sl PH e & PHA ) Sen
Slgh ln s PH sl sl Gaos 0l 5o (YY)
31,8 addlas 0550 (A7) PH as (pmguz (539, al0XS,
G105, 05 6l colio PH oS 8l olas mls 8

¢ Yoot Jle o olKea 3 Sundaramoorthy

s Ramani 4 v-\Y Jlo o o,Kea 5 Gulani
Sl (YD 5 YF YY) 0g VoOF Jl o o)) Sen
Oz ($395 4SS (52 ibe Al Sl aa aslllas
sl U s RE Gl (TLC g, alews &
Sl Cawd 4y JAY L ply 8,89 05 5 Jgilie sla D>
5 SAMIOt Luwg oads plbxl Sldlae L Gl oS
L oplp SSB e 10 REJlade a5 060 (Y2 1)) )], Ken

(YF) 0l o5+ IAY

Orgez S99 SIS, (29,5 S il G ol o
ade YVFYY nit/cell) clale L ooals g5l



ol g Ko il aslibad

OB g (ol joe [ g (59 39 ATy (29550 Wb T (o

&lw

57



Wbl 09,50 (gils aoliliad

R Tp— s Usly Syl 655058 9 g3luloz

1. Astal Z, Increasing Ciprofloxacin resistance
among prevalent urinary tract bacterial isolates
in Gaza strip Palestine. Journal of biomedicine
and Biotechnology,Singapore Med J. 2005.
46:457-465.

2. Barnett J, Stephens DS. Urinary tract
infection. An overview. Am J Med Sci. 1997.
314: 245-249.

3. Beyene G, Tsegaye W. Bacterial
uropathogens in urinary tract infection and
antibiotic  susceptibility pattern in Jimma
university  specialized hospital, southwest
Ethiopia. Ethiop J Health Sci. 2011. 2: 141-6.

4. Brunicardi F, Billiar T, Andersen D.
Schwart's Principles of Surgery. 8th ed. USA:
McGraw—Hill: 2005:1524-25.

5. Rnuka KA, Kapil A, Kabra SK, Wig N, Prasad
SP, Chaudhry R. Reduced susceptibility to
ciprofloxacin and gyrA gene mutation in north
Indian strains of Salmonella enteric serotype typhi
and serotype paratyphi A. Microb Resist. 2004. 10:
146-53.

6. Stamm WE, Norrby SR. Urinary tract
infections. J Infect Dis. 2001. 183: S1-3S.

7. Mizukami H, Konoshima M, Tabata M.
Variation in pigment production in Lithospermum
erythrorhizon callus cultures. Phytochem. 1978.
17: 95-97.

8. Aust J. taxonomy, fermentation, purification
and biological activities produced by
Streptomyces Sp. AZ-AR. 2009. 3(1): 126-135.
9. Gaughtan ERL. Division of microbiology
from superstition to science: The history of
bacterium. Trans NY Acad Sci. The meeting of
the division. January 26. 1968. 46:903-912.

10. Boger DL, Patel M: Total synthesis of
prodigio sin, prodigiosene, and desmethox
yprodigiosin:  Diels-Alder  reactions of
heterocyclic azidenes and development of an
effective palladium (I1)-promoted 2'2'-bipyrrole
coupling procedure. Org Chem. 1988. 53:1405-
1415.

11. Tao J, Wang X, Shen Y, Wei D. Strategy for
the improvement of prodigiosin production by a
Serratia marcescens mutant through fed- batch
fermentation, World J Microbiol Biotechnol.
2005. 21: 969-972.

12. Samrot AV, Chandana K, Senthilkumar P
and Narendra Kumar G. Optimization of

58

prodigiosin production by Serratia marcescens
SU-10 and evaluation of its bioactivity. I. Res J
Bio. 2011. 2(5):128-133.

13. Bharmal MH, Jahagirdar N & Aruna K.
Study on Optimization of prodigiosin production
by Serratia marcescens MSK1 Isolatedfrom air.
1.J. Advanced Bio Res. 2012. 2(4): 671-680.

14, Ramani DG, Nair A and Krithika K.
Optimization of Caltural Conditions for the
Production of prodigiosin by Serratia marcescens
and Screening for the Antimicrobial Activity of
Production. Int J Pharm Bio. 2014. 5 (3): (B) 383 -
392.

14. Khanafari A, Ahmadi Fakhr F, Marandi R.
Evaluation of optimal conditions for the
production of Prodigiosine pigment in Serratia
marcescens. The World of Microbes Journal,
The First Year, The First Issue, 2008:51-56.

15. Slater H, Crow M, Everson L, Salmond GP.
Phosphate availability regulates biosynthesis of
two antibiotics, prodigiosin and carbapenem in
Serratia via both quorum sensing- dependent and
independent pathway, Molecular microbiology.
2003. 47: 303-320.

16. Marshall JH, Wilmoth, GJ. Pigments of
Staphylococcus aureus, a series of triterpenoid
carotenoids. J Bacteriol. 1981.147: 900-913.

17. Clinical and Laboratory Standards Institute
(CLSD). Performance Standards for
Antimicrobial Susceptibility Testing; Twenty-
Third Informational Supplement. MZ100-S23.
2013: 130-34.

18. Mohammadi S, Ramezanzadeh R, Zandi S,
Rohi S, Mohammadi B. Isolation and
determination of antimicrobial resistance pattern
of bacteria causing urinary tract infections in
patients referred to Tohid Hospital in Sanandaj
during 1993-92. Zanko Journal of Medical
Sciences/Kurdistan ~ University of Medical
Sciences / Autumn 94 /26-55.

19. Ashrafi F. practice with the principles of
Microbiology biochemical reactions. Tehran,
Iran: Publications Ahsan. 2011. 190-204.

20. Samaranika, P. Susceptibility of Klebsiella
sp. isolated from septicemia patients to water
soluble pigments of Pseudomonas spp. And
Staphylococcus spp. isolated from hospital
campus soil.j. of Pharmacy research. 2012.
5(2):1008-1090.



Wbl 09,50 (gils aoliliad

R Tp— s Usly Syl 655058 9 g3luloz

21. Khanafari A, Mazaheri Assadi M, Ahmadi
fakhr F. Review of Prodigiosin, Pigmentation in
Serratia marcescens. Online J Bio Sci. 2006. 6 (1):
1-13.

22. Sundaramoorthy N, Yoghesh P, Dhandapani
R.Production of prodigiosin from Serratia
marcescens isolated from soil. Indian J Sci
Technol. 2009. 10: 32-34.

23. Gulani C, Bhattacharya S and Das A.
Assessment of process parameters influencing
the enhanced production of prodigiosin from
Serratia marcescens and evaluation of its

59

antimicrobial, antioxidant and dyeing potentials.
Malaysian J of Mic.2012. 8(2):116-122.

24. Ramani DG, Nair A and Krithika K.
Optimization of Caltural Conditions for the
Production of prodigiosin by Serratia marcescens
and Screening for the Antimicrobial Activity of
Production. Int J Pharm Bio. 2014. 5 (3): (B) 383 —
392.

25. Samrot AV, Chandana K, Senthilkumar P
and Narendra Kumar G. Optimization of
prodigiosin production by Serratia marcescens
SU-10 and evaluation of its bioactivity. I. Res J
Bio. 2011. 2(5):128-133.



