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Pyocyanine Biosynthetic Genes in Clinical and Environmental 
Isolates of Pseudomonas aeruginosa and Detection of
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Abstract

P2;%>A#5%K'Pyocyanine plays an important role in the pathogenesis of Pseudomonas aer-
uginosa, (P. aeruginosa) and is known to have inhibitory and bactericidal effects. This 
study has aimed to detect the phenazine biosynthetic operon (phz ABCDEFG) and two 
phenazine modifying genes (phzM and phzS) by polymerase chain reaction (PCR) and 
detection of its possible protein bands by sodium dodecyl sulfate - polyacrylamide gel 
electrophoresis (SDS-PAGE). The antimicrobial effects of pyocyanine alone and mixed 
with colloidal silver nanoparticles were studied.

=!A%+#!$3'!6<'=%A&)<3K In this descriptive study, clinical and environmental species of P. 
aeruginosa were isolated by thioglycollate medium culture and cetrimide agar, respectively. 
The existence of a phenazine biosynthetic operon and two phenazine modifying genes as 
 !""#$%# &'!()#*)+&!(,#*)+-./&%# !)!#/+,0)1!-#23#456#$,-#78794:;<=# )!%*!/&(>!"3?#43+-
cyanine was extracted with chloroform and its antimicrobial effects against  bacteria such as; 
Escherichia coli (E. coli), P. aeruginosaand Staphylococcus aureus (S. aureus) bacteria and 
yeast Candida albicans (C. albicans) were tested using well, spot and disk diffusion methods.

:%3I$A3K'@,#&'(%#%&.-3=#A#+.&#+B#CD#/"(,(/$"#%&)$(,%# !)!#.,$2"!#&+#*)+-./!#*3+/3$,(,!#+,#
cetrimide and Mueller Hinton (MH) agar. Two strains did not have phenazine modifying 
gene bands. Another strain did not have the possible protein band of the phzM gene. 
Pyocyanine had antimicrobial effects against the microbial strains, which increased in the 
presence of silver nanoparticles.

J)6>$I3#)6K'According to the results of the present study, some P. aeruginosa strains are 
unable to produce pyocyanine due to the absence of the phzM or phzS genes. Therefore, 
these genes have an important role in pyocyanine production in P. aeruginosa. Pyocya-
nine shows synergistic antimicrobial effects in the presence of silver nanoparticles against 
microbial strains. 
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Introduction

The gram-negative bacterium Pseudomonas 

aeruginosa (P. aeruginosa) !" # $%!&$!'($" #)*-
obe that exists in water, soil, plants, and moist 
environments in hospitals. In hospitals, these 
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bacteria are the leading cause of nosocomial lung 
infections and a common source of wound infec-
tions, especially inthermal burns (1). P. aerugino-
sa "+,'-)"!.)" # /-#*#/')*!"'!/ %0$) redox-active 
secondary metabolite, that is chloroform-solu-
ble and a member of the tricyclic compounds 
12-),#.!,)1 /#00)3 2+(/+#,!,) 456-+3*(7+6
869)'-+062-),#.!,): 4;:<=,) (> '-) 9("' !9-
portant symptoms of critical infections gener-
ated by these bacteria is the production of blue 
2$"< ?+(/+#,!,) -#" %)), "-(@, '( !,-!%!' 
9#99#0!#, /)00 *)"2!*#'!(, 4A: #,3 '-) %)#'!,B 
(> -$9#, *)"2!*#'(*+ /!0!# !, C!'*( 4D:< P. aer-
uginosa strains that do not produce pyocyanine 
have a low pathogenicity and higher suscepti-
%!0!'+ '( '-) !99$,) *)"2(,") 48:< P. aerugino-
sa PAO1 consist of two homologous core loci 
(opreron phz A1B1C1D1E1F1G1 and phz A2B-
2C2D2E2F2G2) to be responsible for the syn-
'-)"!" (> 2-),#.!,)656/#*%(7+0!/ #/!3 4?EF:G 
#,3 '@( 2-),#.!,)69(3!>+!,B B),)" (phzS and 
phzM) ),/(3!,B ),.+9)" !,C(0C)3 !, '-) /(,-
C)*"!(, (> ?EF '( 2+(/+#,!,)< phzM encodes 
a protein with a calculated molecular mass of 
AH<D IJ# '-#' 9("' /0(")0+ *)")9%0)" %#/')*!#0 
=69)'-+0 '*#,">)*#")"< 2-.K ),/(3)" # 2*(')!, 
@!'- # 9(0)/$0#* 9#"" (> DA<H IJ# "!9!0#* '( 
bacterial monooxygenases. Among the pseudo-
monads, only P. aeruginosahas been found to 
/(,'#!, '@( /(2!)" (> '-) 2-),#.!,) (2)*(, 4H:<
The worldwide escalation of bacterial resistance 
to conventional medical antibiotics is a serious 
concern for modern medicine (7). The antimi-
crobial properties of silver nanoparticles are 
@)006)"'#%0!"-)3 4LGM:< N,!&$)G "$2)*!(*G #,3 !,-
dispensable properties of nanoparticles specifi-
cally arise from the higher surface to volume 
ratio and increased percentage of atoms at the 
grain boundaries (10). The antibacterial effects 
(> "!0C)* "#0'" -#C) %)), *)2(*')3 "!,/) #,'!&-
uity (11), and silver is currently used to control 
bacterial growth in a variety of applications, in-
cluding burn wounds (12) and wound-healing 
45A:<O-) /)006>*)) /$0'$*) >0$!3 (> P. aerugino-
sa, has been extensively used in the treatment 
(> 3!2-'-)*!#G !,>0$),.#G #,3 9),!,B!'!" 3$*!,B 
'-) >!*"' '@( 3)/#3)" (> 2*)C!($" /),'$*+ 45D:< 
?+(/+#,!,) #0"( -#" #,'!%!('!/ #/'!C!'+ #B#!,"' # 
@!3) *#,B) (> 9!/*((*B#,!"9" 458:G @-!/- 9#+ 
%),)>!' ?< #)*$B!,("# %+ !'" )0!9!,#'!(, (> /(9-
2)'!,B 9!/*((*B#,!"9" 45HG5P:<O-!" "'$3+ #!9" 

to investigate the ability of different isolates 
(> ?<#)*$B!,("# '( 2*(3$/) 2+(/+#,!,) #" #,#-
0+.)3 %+ ?EQ #,3 KJK6?FRS< T) #0"( !,C)"'!-
gate pyocyanine with and without silver nano-
particles to determine if there is an increasein 
its antimicrobial effects (synergistic inhibition) 
on the growth of some bacteria and yeast.

Materials and Methods

 !"#$%&"'($')(&)*'%&+,$%&"'

In this descriptive study, wound swabs were col-
0)/')3 >*(9 PA 2#'!),'" #39!'')3 '(G K-#-))3 U('-
#--#*! V$*, W("2!'#0G O)-*#,G X*#,G >*(9 J)/ ;YYM 
to June 2010. Next, collected samples were cul-
tured in thyoglycollate medium, and subcultured 
(, ,$'*!),' #B#*G U#/E(,I)+ #B#*G #,3 )("!,6
9)'-+0),) %0$) 4SUV: #B#* 20#') #,3 9#!,'#!,)3 
#' APZE >(* ;D -($*"< O-) !"(0#')" @)*) !3),'![)3 
by gram stain and biochemical tests that included 
(7!3#")G /#'#0#")G "$0[3) !,3(0) 9('!0!'+ 4KXU:G 
9)'-+0 *)36C(B)" 2*("I#$)* 4UQ6\?:G '*!20) "$B#* 
!*(, 4OKX: #B#*G "!9(,]" /!'*#') #B#*G ,!'*#') %*('-G 
lysine decarboxylase, ornithine decarboxylase, 
arginine dihydrolase, oxidation/fermentation of 
B0$/(")G B*(@'- #' D;ZEG #" @)00 #" B)0#'!,#") #,3 
pyocyanin production according to standard mi-
crobiological methods. Soil and vegetable material 
"#920)" 4,^5YL: @)*) /(00)/')3 >*(9 _#*#`G X*#, 
3$*!,B '-) K2*!,B (> ;Y5Y< K(!0 "#920)" 4,^8P: 
>*(95D `$,B0)"G ;A B#*3),"G 5A #B*!/$0'$*) >#*9" 
(wheat and onion), and 7 contaminated soils with 
/*$3) (!0 >*(9 #, (!0 *)[,)*+ @)*) /(00)/')3 #' 
# 3)2'- (> 586AY /9G /(9%!,)3 #,3 '-(*($B-0+ 
9!7)3< K#920)" 4,^85: >*(9 >($* 3!>>)*),' C)B-
)'#%0) 20#,'" '-#' !,/0$3)3 55 "2!,#/-G H 0)''$/)"G 
5M '(9#'()"G #,3 58 B*)), (,!(,"G !, #33!'!(, '( 
samples from different areas with the least hospital 
contamination were collected. P. aeruginosa was 
isolated by the pour plate method, using cetrimide 
agar as growth media. All cultures were incubated 
>(* DL '( MH -($*" #' D;ZE '( #00(@ >(* '-) B*(@'- 
of P. aeruginosa and inhibition of other saprophyt-
ic bacteria. 

All data were collected and descriptive statistics 
were used for expression of data as a percentage 
4K?KK "(>'@#*) \)*"!(, 58<Y:<

Polymerase chain reaction (PCR)

Typical colonies of P. aeroginosa were cultured 
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!, 0$*!#6%)*'#,! 4aV: 9)3!$9 4U)*/IG R)*9#,+: 
>(* ;D -($*" #' APZE<  O('#0 JbF @#" !"(0#')3 >*(9 
5 90 (> aV /$0'$*) %+ $"!,B # JbF 2$*![/#'!(, I!' 
4U)'#%!(,G U!6VJ 5YYG R)*9#,+: !, #//(*3#,/) 
@!'- '-) 9#,$>#/'$*)*c" !,"'*$/'!(,"< ?*!9)*" >(* 
2+(/+#,!,) %!("+,'-)'!/ B),)" 42-. FVEJSdR 
operon, phzMand phzS) were designed in the pre-
 !"#$  #%&'$ ()*+,!$ -./$ 012$ 345$ *67,89:*#81";$ #<!$
2!*:#81"$68=#%2!$(>?$@,.$:1"#*8"!&$-$@,$(-A$761,B
µl) of each forward and reverse oligonucleotide 
7286!2 * $&! :28+!&$ 8"$ #*+,!$-;$-@,$1C$&D)3$68=$
(>AA$@EF$E!#*+81";$E8GD-AAHE;$I!26*"'.;$>/?$
@,$ 1C$ -AJ$345$+%CC!2$ (E!#*+81";$I!26*"'.$ #<*#$
:1" 8 #!&$1C$-?$6E$EK4,>;$A/?$@,$1C$Taq$LDM$
71,'6!2* !$(E!#*+81";$E8GNHAAO;$I!26*"'.$*"&$
-P$@,$1C$&8 #8,,!&$Q*#!2/$08"*,,';$-$@,$1C$LDM$72!7-
aration (10 ng nucleic acids) was added to each 
0.2 ml reaction tube. P. aeruginosa ATCC9027 
was used as the positive control and one microtube 
Q8#<1%#$*"'$LDM$ *67,!$Q* $#<!$"!K*#8R!$:1"#21,/

 
M,,$ *67,89:*#81" $ Q!2!$ 7!2C126!&$ +'$ *$ LDM$

)<!26*,$ 4':,!2$ (N77!"&12C$ E* #!2$ :':,!2$ I2*-
&8!"#./$)<!$:':,8"K$721K2*6$8":,%&!&$*$?$68"%#!$
8"8#8*,$ &!"*#%2*#81"$  #!7$ *#$ STU4;$ C1,,1Q!&$+'$OA$
:':,! $1C$&!"*#%2*#81"$C12$OA$ !:1"& $*#$STU4;$*"-
"!*,8"K$ 1C$ 7286!2 $ C12$ OA$  !:1"& $ $ *#$ HAU4;$ *"&$
7286!2$!=#!" 81"$C12$OA$ !:1"& $*#$V>U4$Q8#<$*%#1G
!=#!" 81"/$MC#!2$#<!$,* #$:':,!;$#<!$345$#%+! $Q!2!$
8":%+*#!&$C12$-A$68"%#! $*#$V>U4/$W!$*"*,'X!&$H$
µl of the reaction mixture by standard gel electro-
phoresis (1% agarose); the reaction products were 
R8 %*,8X!&$+'$ #*8"8"K$Q8#<$!#<8&8%6$+2168&!$(A/?$
@KB6,$8"$#<!$2%""8"K$+%CC!2./

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE)

A single colony of the P. aeruginosa strain was 
:%,#8R*#!&$8"$?$6,$1C$YZ$6!&8%6$*#$OVU4$C12$>$&*' $
1"$*$ <*[!2$*#$>AA$276/$4!,, $C216$-B?$6,$1C$#<!$
YZ$:%,#%2!$Q!2!$<*2R! #!&$+'$:!"#28C%K*#81"$(PAAA$
276$C12$?$68"%#! .$*"&$Q* <!&$Q8#<$OAA$6E$)28 ;$
7\$]P/$4!,,$7!,,!# $Q!2!$  % 7!"&!&$ 8"$-AA$@,$1C$
,' 8 $+%CC!2$(A/O>$6E$ %:21 !;$-^$_L_;$-A$6E$
)28 G\4,;$?$6E$EK4,

2
) and incubated overnight 

*#$ TU4/$ MC#!2$ 8":%+*#81";$ %"+21[!"$ :!,, $ Q!2!$ 2!-
61R!&$+'$,1QG 7!!&$:!"#28C%K*#81"$(PAAA$276$C12$?$
68"%#! ./$_%+ !`%!"#,';$ *67,!$+%CC!2$Q* $*&&!&$#1$
#<!$ *67,! $*#$*$2*#81$1C$-aT$*"&$+18,!&$C12$T$68"%#! /$
Total proteins were separated by 12% sodium do-
&!:',$ %,C*#!G71,'*:2',*68&!$K!,$(_L_G3MIN./

 !"#!$%&%'()*+&,#$-&"%

3'1:'*"8"!$ Q* $ 1+#*8"!&$ +'$ K21Q8"K$ P. aer-
uginosa$ #2*8" $8"$-$,8#!2$1C$E%!,,!2$\8"#1"$(E\.$
+21#<$ C12$ TP$ <1%2 $ *#$ OVU4$ Q8#<$ 2*78&$  <*[8"K/$
3'1:'*"8"!$ Q* $ 7%289!&$ C216$ +*:#!28*$ 6!&8%6;$
* $72!R81% ,'$&! :28+!&$+'$41=$(-P./$Z28!b';$:!,, $
Q!2!$2!61R!&$+'$:!"#28C%K*#81"$(PAAA$276$C12$>A$
68"%#! ./$3'1:'*"8"!$Q* $!=#2*:#!&$C216$#<!$6!-
&8%6$ Q8#<$ :<,121C126$ (-aA/>$ 2*#81./$ 3'1:'*"8"!$
from the chloroform phase was extracted with 0.1 
D$\4,F$"!=#;$Q!$*&&!&$A/T$E$D*c\$#1$#<8 $ 1,%-
tion until the red (acidic) pyocyanine changed to 
blue (basic). The pyocyanine solution was again 
!=#2*:#!&$ +'$ :<,121C126/$MC#!2$ 9R!$ *:8&$ #1$ +* !$
:1"R!2 81" $#<!$7\$1C$#<!$8 1,*#!&$*:8&89!&$,*'!2$
Q* $*&d% #!&$#1$7\]$V/?$Q8#<$*$68"86%6$R1,%6!$
1C$A/T$E$D*c\/$D!!&,!,8[!$:2' #*, $C126!&$8"$#<!$
chilled solution over the following 2 hours, trapped 
1"$*$A/T?$@6$(712!$ 8X!.$9,#!2;$Q* <!&$Q8#<$Q*#!2;$
dried under vacuum, and weighed.

Nano colloidal silver

D*"1$:1,,18&*,$ 8,R!2$<'&21 1,$ (TAAA$776;$Q*-
#!2$ 1,R!"#.$Q* $7%2:<* !&$C216$D*"1$D* +$3*2 $
4167*"'$(D*"148&./$)<!$ 8X!$1C$#<!$MKGD3 $Q* $
determined by transmission electron microscopy. 
)<!$ #1:[$ 1,%#81"$(-AAA$776.$Q* $% !&$#1$72!7*2!$
&8CC!2!"#$:1":!"#2*#81" $(-GOAA$776./

Determination of minimum inhibitory concen-
tration (MIC), minimum bactericidal concentra-
tion (MBC), and minimum fungicidal concentra-
tion (MFC)

Antimicrobial properties were evaluated on gram-
"!K*#8R!$ eP. aeruginosa ATCC902 and Escheri-
chia coli (E. coli) ATCC8739f$ *"&$ K2*6G71 8#8R!$
[Staphylococcus aureus (S. aureus) ATCC6538f$
bacteria and yeasts [Candida albicans (C. albicans) 
ATCC10231f$ +'$E\$ *K*2$ C12$ +*:#!28*$ *"&$  *+-
1%2*%&$&!=#21 !$*K*2$(_LM.$C12$'!* # /

W!$% !&$8"1:%,%6$72!7*2!&$C216$*$7,*#!$1C$>T$
hour microbial culture. A suspension of microbial 
culture was made in sterile distilled water. The 
9"*,$:1":!"#2*#81"$Q* $6*#:<!&$ #1$*$A/?$E:0*2-
,*"&$ #*"&*2&$eA/?$6Y$1C$A/ATP$E$Z*4,

2
 (1.17% 

6BR$Z*4,
2
/>\

2
c.$Q* $*&&!&$#1$SS/?$6Y$1C$A/-PE$

\
2
SO

T
$(-^$RBR.;$*+1%#$-/?J-AP$40g$6,-1f/

)<!$ 68"86%6$ 8"<8+8#12'$ :1":!"#2*#81"$ (Eh4.;$
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&!9"!&$* $#<!$,1Q! #$:1":!"#2*#81"$1C$6*#!28*,$Q<8:<$
inhibits the growth of an organism (19), was deter-
mined by a macro dilution tube broth method, using 
E\$+21#<$*"&$ *+1%2*%&$&!=#21 !$+21#<;$*"&$*$9"*,$
8"1:%,*$ 1C$ -AA$ @,$ 1C$ -/?$ J$ -AP$ 40gB6,/$ L8CC!2!"#$
:1":!"#2*#81" $ 1C$  8,R!2$ "*"17*2#8:,! $ (-GOAA$ 776.;$
7'1:'*"8"!$(-GOAA$@K$6,-1), and a pyocyanine-silver 
nanoparticle compound were prepared to be tested 
against the microbial strains. One mL of each concen-
tration of the antimicrobial agents were transferred to 
the tubes that contained the bacterial test. The con-
tents in the tubes were mixed thoroughly and incu-

bated overnight at OVU4/$M,,$!=7!286!"# $Q!2!$:*228!&$

out in triplicate. For growth inhibitory concentration 
(iEh4.;$#<!$72! !":!$1C$R8*+,!$68:2112K*"8 6 $Q* $
tested and the lowest concentration that caused a bac-
#!28:8&*,$!CC!:#$Q* $2!712#!&$* $#<!$EZ4;$* $ %KK! #!&$
by Avadi et al. (20). To test for the bactericidal effect, 
a loopful of suspension from all tubes in which no 
visible bacterial growth was observed, were seeded 
in nutrient agar (NA) plates and then incubated over-
"8K<#$ *#$ OVUC. The antimicrobial concentration that 
caused a bactericidal effect was selected based on the 
absence of colonies on the agar plate.

Determination of antimicrobial activity by the 
well, spot and disk diffusion tests

Antibacterial assays were performed on the 
microbial strains by the standard well, spot, and 
&8 [$&8CC% 81"$6!#<1& /$Z28!b';$ #!28,!$E\$*K*2$
*"&$_LM$Q!2!$72!7*2!&$C12$+*:#!28*,$ % 7!" 81" $
(-AA$@,;$-/?$J$-A$P$40g$6,-1) and uniformly in-
1:%,*#!&/$h"$#<!$&8 [$&8CC% 81"$#! #;$ #!28,!$7*7!2$
&8 [ $1C$V$66$&8*6!#!2$(\8GE!&8*.$Q!2!$7,*:!&$
8"$!*:<$7,*#!$(?$7!2$7,*#!./$)<!";$-A@,$1C$#<!$#! #$

:1671%"&$Q* $8"#21&%:!&$1"#1$#<!$&8 [/$012$#<!$

agar well diffusion method, after the medium 

Q* $ 1,8&89!&;$?$Q!,, $Q!2!$6*&!$8"$#<!$7,*#! $+'$

*$K,*  $3* #!%2$787!##!$(V$66./$M$#1#*,$1C$>A$j,$1C$

the test compound was introduced into each well and 
appropriately labeled. In the agar drop diffusion test, 
?$@,$1C$!*:<$*"#868:21+8*,$ % 7!" 81"$Q* $ 71##!&$1"$
#<!$6!&8%6$Q8#<$#<!$+*:#!28*/$W!$8":%+*#!&$+*:#!28*,$
8 1,*#! $*#$OVk4$*"&$'!* #$*#$>?k4$C12$>T$<1%2 /$l1"! $
of inhibition (diameter) produced after incubation 
were examined and recorded in millimeters. Varying 
:1":!"#2*#81" $ 1C$  8,R!2$ "*"17*2#8:,! $ (-GOAA$ 776.;$
7'1:'*"8"!$ (-GOAA$ jK$6,-1), and pyocyanine-silver 
nanoparticle compounds were used in this study.

)<!$ *R!2*K!$ &8*6!#!2$ 1C$ #<!$ 8"<8+8#81"$ X1"!$  %2-
21%"&8"K$#<!$&8 [$Q* $6!* %2!&$+'$*$2%,!2$Q8#<$%7$#1$
1 mm resolution. The experiment was performed in 
triplicate, and the mean values presented.

Bacterial death rate determination

)<!$ [8"!#8: $ 1C$ &!*#<$ 2*#! $ 1C$ #<!$ *"#868:21+8*,$
*K!"# $ Q* $ &!#!268"!&$ +'$ 8":%+*#81"$ 1C$ -/?$ J$ -AP 
40gB6,$1C$#<!$8"&8R8&%*,$+*:#!28*$8"$E\$+21#<$#%+! /$
)<!$[8"!#8: $1C$7'1:'*"8"!$8"<8+8#81"$Q* $&!#!268"!&$
*::12&8"K$#1$*$6!#<1&$+'$Z*21"$!#$*,/$(-?./$M$#%+!$#<*#$
:1"#*8"!&$>/A$6,$1C$E\$+21#<$Q* $8"1:%,*#!&$Q8#<$*$
,117$C216$*$TPG<1%2$#2'7#8:* !$ 1'$*K*2$7,*#!$:%,#%2!$
of the organism to be tested. The culture was incubat-
!&$C12$P$#1$->$<1%2 /$)<!$:1"#!"# $Q!2!$#<!"$% !&$#1$
8"1:%,*#!$>AA$6,$1C$E\$8"$*$-G,8#!2$!2,!"6!'!2$b* [;$
Q<8:<$Q* $ #<!"$ 8":%+*#!&$Q8#<$  <*[8"K/$W<!"$ #<!$
cells reached the mid- to late exponential phase (ab-
 12+*":'$*#$HHA$"6;$A/HA$#1$A/SA.;$-P$6,$ *67,! $Q!2!$
#2*" C!22!&$#1$->?$6,$!2,!"6!'!2$b* [ $#<*#$:1"*#8"!&$
2 ml of pyocyanine. The cultures were incubated with 
 <*[8"K$ C12$ >T$ <1%2 /$M#$  !,!:#!&$ #86! $ *C#!2$ #2!*#-
ment, 0.1 ml of samples were withdrawn and diluted 
appropriately in 1.0% peptone. Six, 0.1 ml samples 
of each dilution to be plated were spread onto agar 
plates. The plates were incubated, and viable counts 
determined when growth occurred. Logarithms of the 
R8*+,!$:1%"# $Q!2!$1+#*8"!&$C216$A$*"&$>T$<1%2$( .$
samples of the treated cultures.

Table 1: Primers designed for this study

PCR productsPrimer sequence(s)PrimerGene

TTP$+7?m$44I)4IMIMMI)M4M)IMM)$Om
?m$4M)MI))4M4444))44MI$Om

3\l3$$0
3\l3$$5

Phenazine biosynthetic operon 

(phzABCDEFG)

O-O$+7?m$MM4)44)4I44I)MIMM4$Om
?m$M)MM))4IMM)4))I4)I4)$Om

3\l3$$0
3\l3$$5

 !"#$%&#"'()"*&+*,-".!/0-
transferase (phzM)

HHT$+7?m$)I4I4)M4M)4IM44MIMI$Om
?m$4III)M4)I4MIIM)4MM4)$Om

3\l3$$0
3\l3$$5

Flavine containing Monooxy-
gennase (phzS)
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Fig 1: Different pigments produced by P. aeruginosa. A. P. aeruginosa E1 isolated from refinery soil.
 B. P. aeruginosa C6 isolated from burn wound. C. P. aeruginosa C10  isolated from burn wound.

A B C

Results

Clinical isolates

Table 2 shows the number and percent of P. 
aeruginosa isolated from burn wounds, soil and 
7,*"#$  *67,! /$ )<2!!$ (H/>?^.$  #2*8" $ 1C$ :,8"8-
cal isolates did not produce the blue-green color 
1"$:!#2868&!;$E\;$*"&$"%#28!"#$*K*2 /$c"$#<! !$
:%,#%2!$6!&8*;$>$(T/-V^.$8 1,*#! $ <1Q!&$*$'!,-
,1Q$:1,12$*"&$-$(>/AP^.$8 1,*#!$Q* $*$2!&&8 <G
brown color (Fig 1).

Environmental isolates

)*+,!$>$ *"&$9K%2!$>$  <1Q$ #<!$"%6+!2 $1C$ $P. 
aeruginosa isolated from different environmen-
tal sources. Total strains of non-clinical isolates 
produced a blue-green color on cetrimide agar. 
5!9"!2'$ 18,$<*&$612!$P. aeruginosa bacterium 
than the other soils; these strains produced the 
maximum pigment in less time, such that all the 
cetrimide plates became a blue-green color dur-
8"K$>T$<1%2 /

Table 2: Percentage of P. aeruginosa according 
to source of isolation

Isolates 
(%)

No. of P. aeruginosa 
isolates

Speci-
mens

Source of 
isolation

H?/V?TPVOBurn

TA/O?>O?VSoil

-V/AH9?-Plant

TT/-SPA-P-Total

Detection of phenazine biosynthetic operons, 
phzM, and phzS genes in P. aeruginosa strains

M$ 345$ *  *'$ Q* $ &!R!,17!&$ #1$ &!#!:#$ #<!$
7<!"*X8"!$+81 '"#<!#8:$17!21" ;$*"&$phzM and 
phzS genes in P. aeruginosa$ #2*8" $+'$3\l3G
0$ *"&$ 3\l3G5;$ 3\lEG0$ *"&$ 3\lEG5;$ *"&$
3\l_G0$ *"&$ 3\l_G5$ 7286!2 ;$ 2! 7!:#8R!,'/$
W<!"$ *67,8C8!&$ C2*K6!"# $Q!2!$  !7*2*#!&$ 1"$
*K*21 !$K!,$!,!:#217<12! 8 $(-^.;$1",'$#<!$TTP$
+7$+*"&$1C$ #<!$7<!"*X8"!$+81 '"#<!#8:$17!21"$
was found in all strains, which was isolated 
from the clinical and environmental samples. 
)<!$ O-O$ +7$ *"&$ HTT$ +7$ +*"&;$ Q<8:<$ :122!-
sponded to the phzM and phzS genes, was not 
C1%"&$ 8"$ :,8"8:*,$  #2*8" $4-A$ *"&$4H;$ 2! 7!:-
#8R!,'$ (08K$ O./$ 4-A$  #2*8"$ 721&%:!&$ *$ '!,,1Q$
:1,12$*"&$4H$ #2*8"$721&%:!&$*$2!&&8 <G+21Q"$
:1,12/$ $ )1$ :1"C826$ #<!$ 345$ 2! %,# ;$ :!,,%,*2$
proteins of P. aeruginosa were separated by 
_L_G3MIN/

Fig 2: Correlation between numbers of environmental 
samples and P. aeruginosa isolates.
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A

Fig 3: Agarose gel electrophoresis of the PCR products 
amplified from genomic DNA of isolated P. aeruginosa 
strains with primers PHZM-F and PHZM-R (A), PHZS-
F and PHZS-R (B), and PHZP-F and PHZP-R (C). Lane 
M, DNA ladder marker. Lane -, negative control; Lane +, 
positive control (P. aeruginosa ATTC9027), lanes C1 to 
C10: P. aeruginosa isolated from burn wounds.

Detection of protein bands encoded by phzM 
and phzS

Cellular protein of P. aeruginosa was detect-

!&$ 1"$ ->^$_L_G71,'*:2',*68&!$ K!,/$4-A$ *"&$

4H$  #2*8" $ #<*#$ &8&$ "1#$ <*R!$ O-O$ +7$ *"&$ HTT$

+7$LDM$C2*K6!"# $,*:[!&$#<!$721#!8"$+*"& $1C$

*+1%#$OH/T$[L*$*"&$TO/H$[L*;$2! 7!:#8R!,'/$h"$

another clinical strain (C7) that produced a yel-

,1Q$:1,12$1"$:!#2868&!$*K*2;$Q8#<$_L_G3MIN;$

*$ OH/T$ [L*$ 721#!8"$ +*"&$ Q* $ "1#$ &!#!:#!&/$

\1Q!R!2$#<8 $ #2*8"$<*&$*$O-O$+7$+*"&$#<*#$Q* $

related to the phzM$ K!"!$ 8"$ 345$ (08K$ T./$M,,$

environmental strains had these protein bands 

1"$_L_GK!,/

Fig 4: SDS–PAGE of expressed proteins. Total proteins 
were isolated from 3 clinical (C6, C7, C10) and 2 environ-
mental strains (E1, E25) of P. aeruginosa. Lanes C7 and 
C10 lacked 36.4 kDa and lane C6 lacked the 43.6 kDa band 
related to phzM and phzS, respectively. Lanes E1 and E25 
showed these protein bands.

Anti-microbial activity pyocyanine

W!$1+#*8"!&$T$6K$7'1:'*"8"!$C216$-$Y$1C$
E\$ +21#<;$ 8"1:%,*#!&$Q8#<$P. aeruginosa. 
)*+,!$ O$  <1Q $ #<!$Eh4;$EZ4;$ *"&$E04$
values of pyocyanine, colloidal silver na-
noparticles and pyocyanine-silver nanopar-
ticle mixture against the microbial strains. 
The results of the spot diffusion, well and 
&8 [$ &8CC% 81"$ 6!#<1& $ Q!2!$ :167*2!&$
Q8#<$ +21#<$6*:21&8,%#81"$Eh4 $ ()*+,!$ T./$
Growth of S. aureus and E. coli were inhib-
ited at almost the same concentration of py-
1:'*"8"!$ (Eh4]?H.$+%#$ #<!$ 71#;$Q!,,$*"&$
&8 [$&8CC% 81"$8"<8+8#81"$X1"! $1C$S. aureus 
were slightly larger than E. coli. C. albi-
cans was more resistant than the bacteria 
to pyocyanine. P. aeruginosa, the producer 
of pyocyanine, was totally resistant to the 

level of tested pyocyanine.

A

B

C
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 .$/0'(12(345($%6(375("+(385(9:;<=>?("@(#"00"&6$0(A&0B'+(%$%")$+-&#0'AC()!"#!$%&%'($%6(=&D-*+'(
of pyocyanine-colloidal silver nanoparticles for various microorganisms

MixturePyocyaninColloidal silver nanoparticlesBacterial isolates

>G>?(>G>?.?H(?H.O/?(O/?.S. aureus

TG>?(TG>?.?H(?H.H(P.E. coli

*R(R)S/?(-O.P. aeruginosa

TG?A(TG?A.100(120)12(20)C. albicans

*No synergistic antimicrobial effects on P. aeruginosa. 

R: Resistant.

Table 4: Zones of inhibition (mm) of different antibiotics against test strains (in presence of silver nanoparticles, pyocyanine 
$%6(=&D-*+'("@(()!"#!$%&%'E#"00"&6$0((A&0B'+(%$%")$+-&#0'A($-(FGG())=C(FGG(:;<=>C($%6(=&D-*+'("@(/"-HC(+'A)'#-&B'0!

MixturePyocyaninColloidal silver nanoparticlesBacterial isolates

>HB>PBOP/?-TB-?/?B>--SB>>/?B>VS. aureus

>-/?B>OB>S/?->B-TB-S-?/?B-VB>O/?E. coli

--B-OB-T/?R/R/R-O/?B-?B-S/?P. aeruginosa

-?/?B-H/?B-S/?-A/?B->B-T/?->/?B-O/?B-HC. albicans

R: Resistant.

Colloidal silver nanoparticles

Transmission electron microscopy images re-
corded from the silver nanoparticles are shown 
8"$ C8K%2!$ ?/$\8 #1K2*6 $ 1C$ #<!$  8,R!2$ 7*2#8:,! $
(+!,1Q$ 8,,% #2*#81"$ 8"$ 08K$ ?.$  <1Q!&$ #<*#$ #<!$
7*2#8:,! $2*"K!&$8"$ 8X!$C216$?$#1$?A$"6$(*R!2-
*K!$  8X!a$ >A$ "6./$ )<!$Eh4;$EZ4;$ *"&$E04$
values of all microbes towards colloidal silver 
"*"17*2#8:,! $ *2!$  <1Q"$ 8"$)*+,!$ O/$)<!$Eh4$
*"&$EZ4$ R*,%! $ 2*"K!&$ C216$ O/?$ #1$ ->$ 776$
(*R!2*K!a$ $ O/?$ 776$ C12$ Eh4$ *"&$ >A$ 776$ C12$
EZ4./$)<!$2! %,# $ <1Q!&$K11&$8"<8+8#12'$*"&$
bactericidal effects of the colloidal silver na-
noparticles against the tested microbes. S. au-
reus$Q* $#<!$61 #$ % :!7#8+,!$(Eh4a$O/?$776.$
and C. albicans$Q* $ #<!$61 #$ 2! 8 #*"#$ (Eh4a$
12 ppm) to this antimicrobial agent. Results of 
Eh4;$EZ4;$ *"&$E04$Q!2!$ :1"C826!&$ +'$ #<!$
 71#;$Q!,,$*"&$&8 [$&8CC% 81"$ #! # $1C$:1,,18&*,$
silver nanoparticles. P. aeruginosa resistant 
strains were observed at dilutions of 20 ppm 
to 100 ppm. 

                                        

Fig 5: Transmission electron micrographs of colloidal silver 
nanoparticles. Particle size histogram of the silver particles is 
AH"I(H&A()&#-*+'(9J"-'2(K00(A#$0'(/$+A($+'('L*&B$0'%-(-"(F(:=?M
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Pyocyanine mixed with colloidal silver nanoparticles

3yocyanine associated with colloidal silver nan-
oparticles exhibited an additive effect. The combi-
nation of colloidal silver and pyocyanine showed 
a high increase in antibiotic synergy against gram-
71 8#8R!$+*:#!28*/$)<!$Eh4$1C$7'1:'*"8"!$Q* $#<!$
same for S. aureus and E. coli, however with the 
addition of colloidal silver nanopaticles there was 
a greater synergistic effect on S. aureus. Although 
pyocyanine showed a slight antimicrobial effect 
on C. albicans and no antibacterial effect on P. 
aeruginosa, however in association with colloidal 
silver nanoparticles, pyocyanine had a synergistic 
effect on C. albicans and no effect on P. aerugi-
nosa$(08K$H./
 

Fig 6: Antimicrobial effects of 100 ppm colloidal silver 
nanoparticles (1), mixture of pyocyanine and colloidal silver 
%$%")$+-&#0'A(9N?($%6(FGG(:;<=0()!"#!$%&%(91?("%(5M($0/&-
cans (A) and S. aureus (B). 

08K%2! $V$#1$-A$ <1Q$#<!$[8"!#8: $1C$&!*#<$2*#! $1C$
the antimicrobial agents on the four studied spe-
:8! ;$ Q<8:<$ :1"926!&$ #<!$ 1+#*8"!&$ 2! %,# $ C216$
previous sections. Synergistic antimicrobial ef-
C!:# $Q!2!$ :,!*2,'$ &!61" #2*#!&$ 8"$ #<! !$ 9K%2! /$
3'1:'*"8"!$68=!&$Q8#<$ :1,,18&*,$  8,R!2$ "*"17*2-
ticles did not have an increased effect on P. aer-
uginosa.

Discussion

L! 78#!$*"$86721R!6!"#$8"$#<!$ %2R8R*,$1C$+%2"$
patients, infectious complications continue to be 
the major cause of morbidity and mortality (21). 
P. aeruginosa is one of the most important factors 
causing infection and mortality in these patients. 
In this study, we have isolated P. aeruginosa at a 
C2!`%!":'$1C$*+1%#$HV/V?^$C216$+%2"$7*#8!"# $*#$
_<*<!!&$E1#*<<*28$ Z%2"$\1 78#*,;$ )!<2*";$ h2*"/$
This is in agreement with prior reports from other 
*2!* $8"$h2*"/$h"$>AAV;$N[2*68$!#$*,/$(>-.$8 1,*#!&$
P. aeruginosa$*#$*$C2!`%!":'$1C$OV/?^/$h"$2!:!"#$
'!*2 ;$ #<!$ C2!`%!":'$ 1C$ P. aeruginosa infections 
has increased in Iranian hospitals (21). These re-
sults are in accordance with studies in other coun-
#28! $(>>G>T./$c%#$1C$-AP$!"R821"6!"#*,$ *67,! ;$
Q!$ <*R!$ 8 1,*#!&$ O>$  #2*8" $ 1C$ P. aeruginosa, 
which corresponds to results of a study by Green 
!#$ *,/$ (>?./$ )<!'$ <*R!$  <1Q"$ #<*#$ 61&!2*#!,'$
<8K<$ #!67!2*#%2!$ *"&$ <%68&8#'$ (>VU4$ *"&$ PA^G
S?^$<%68&8#'.$C*R12!&$:1,1"8X*#81"$*"&$ %2R8R*,$
of P. aeruginosa$ 8"$ !"R821"6!"#*,$  *67,! $ (>?./$
5!9"!2'$  18,$ :1"#*8"!&$612!$P. aeruginosa than 
other soil samples, possibly due to the rich carbon 
source in this soil. These isolates produced a more 
enhanced blue-green color on the medium cultures 
in a shorter amount of time. In addition to P. aer-
uginosa, microorganisms such as Acinetobacter 
 !"#$%&' ()*"+",-.' /01*"2/% -&' 3 -4"5-67)*%8+, 
and Pseudomonas putida have been isolated 
from contaminated soils that contain petroleum 
hydrocarbons and chemicals such as pesticides, 
#<% $ <1Q8"K$#<!$71Q!2$1C$#<8 $+*:#!28*,$!"X'6!$
(>HG>P./

h"$#<8 $ #%&';$O$(H/>?^.$ #2*8" $1C$#<!$TP$:,8"8:*,$
isolates of P. aeruginosa did not produce a blue-
K2!!"$:1,12$1"$"%#28!"#;$E\$*"&$:!#2868&!$*K*2 ;$
Q<8,!$*,,$O>$(-AA^.$ #2*8" $8 1,*#!&$C216$!"R821"-
mental sources did. In this research pyocyanine 
biosynthetic genes, which included the phena-

A

B
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X8"!$ +81 '"#<!#8:$ 17!21"$ (7<X$ MZ4LN0I.$ *"&$
two modifying genes (phzM, phzS) were detected 
+'$345$ C216$:,8"8:*,$ *"&$ "1"G:,8"8:*,$  #2*8" $ 1C$
P. aeruginosa. The protein products of phzM and 
phzS$K!"! $Q!2!$&!#!:#!&$+'$_L_G3MIN/$M,,$O>$
(100%) bacteria isolated from environmental sam-
ples contained gene bands related to these genes. 
\1Q!R!2$>$(T/-V^F$4-A$*"&$4H.$1%#$1C$O$:,8"8:*,$
strains did not produce a blue-green color, nor did 
#<!'$<*R!$O-O$+7$*"&$HTT$+7$+*"& $2!,*#!&$#1$#<!$
phzM and phzS genes, respectively. These strains 
721&%:!&$ '!,,1Q$ *"&$ 2!&$ :1,12 $ 1"$ E\$ *K*2;$
+%#$ &8&$ "1#$ <*R!$OH/T$ [L*$ *"&$TO/H$ [L*$ 2!,*#!&$
#1$3<XE$*"&$3<X_$721#!8" ;$ 2! 7!:#8R!,'/$M"1#<!2$
strain (C7) despite the existence of the phzM gene, 
did not have its protein product and produced a yel-
low color. The results of this study were similar to 
9"&8"K $1C$$E*R21&8$!#$*,/$(H./

)<!2!$ *2!$ #Q1$:178! $1C$ #<!$7<!"*X8"!$+81 '"-
thetic operon in P. aeruginosa which is the only 
3 !%&161"* $  7!:8! $ #<*#$<* $ #Q1$:178! $1C$ #<8 $
operon. The two phz$17!21" $*2!$SP/O^$8&!"#8:*,$
*#$ #<!$ LDM$ ,!R!,$ *"&$ :167,!#!,'$ :1" !2R!&/$ P. 
aeruginosa with insertionally inactivated phzM or 
phzS &!R!,17!&$7'1:'*"8"!G&!9:8!"#$7<!"1#'7! /$
These strains produced yellow and red colors, re-
 7!:#8R!,'/$W<!"$ 6%#*#81" $ Q!2!$ 2!7*82!&;$ 7'1-
cyanine was reproduced. Research has shown that 
#<!$*:#8R8#'$1C$#<!$3<XE$*"&$3<X_$!"X'6! $8 $"!:-
!  *2'$#1$721&%:!$7'1:'*"8"!$(H./

h"$#<8 $ #%&';$)*+,!$O$ <1Q $#<!$Eh4 ;$EZ4 ;$*"&$
E04$1C$7'1:'*"8"!;$:1,,18&*,$ 8,R!2$"*"17*2#8:,! $

and the pyocyanine-silver nanoparticle mixture 
against individually tested microbial strains and 
pyocyanine as an antimicrobial agent. The results 
*K2!!$Q8#<$ #<1 !$+'$5*n11C$*"&$Y*#8C$ (>S.;$\* -
 !#$!#$*,/$(OA.;$*"&$Z*21"$!#$*,/$(-?.;$Q<8:<$<*R!$
shown the antimicrobial activity of pyocyanine. 
)<! !$2! %,# $8"$:1"d%":#81"$Q8#<$2! %,# $1C$[8"!#-
8: $ 8"<8+8#81"$ *"&$ &8 [;$ Q!,,$ *"&$  71#$ &8CC% 81"$
tests have shown that the pyocyanine antimicro-
bial effects are bactericidal in nature. Although 
8"$*K2!!6!"#$Q8#<$#<!$ #%&'$+'$Z*21"$!#$*,/$(-?.;$
#<!'$:1"#2*&8:#$#<!$2! %,# $1+#*8"!&$+'$W*[ 6*"$
!#$*,/$(O-./$Z*21"$!#$*,/$<*R!$! #*+,8 <!&$#<!$:1"-
centration of dependent bactericidal action of 
7'1:'*"8"!;$<1Q!R!2$W*[ 6*"$!#$*,/$:*#!K128X!&$
pyocyanine as a bacteriostatic agent. Addition-
*,,';$Z*21"$!#$*,/$7!2C126!&$#<!82$!=7!286!"# $8"$
,8`%8&$6!&8%6$Q<!2!* $W*[ 6*"$!#$*,/$% !&$*K*2$
7,*#! /$M $ !!"$8"$9K%2!$S;$#<!$2! %,# $8"$#<8 $ #%&'$
Q!2!$  868,*2$ #1$ #<1 !$ 1+#*8"!&$ +'$ Z*21"$ !#$ *,/;$
where pyocyanine had no antimicrobial effects on 
P. aeruginosa, even at high concentrations of this 
pigment. Resistance of P. aeruginosa against pyo-
:'*"8"!$8 $721+*+,'$*$K!"!#8:$C!*#%2!$(-?./$\*  !##$
!#$*,/$(OA.$<*R!$8"&8:*#!&$#<*#$2! 8 #*":!$1C$P. aer-
uginosa to pyocyanine is because of limited redox 
cycling of this compound and that under conditions 
favoring pyocyanine production, catalase and su-
peroxide dismutase activities increase. Figure 9 
also shows that silver nanoparticles mixed with 
pyocyanine did not have additional antimicro-
bial effects on P. aeruginosa/$)<!$Eh4$1C$7'1-
cyanine on S. aureus and E.coli were similar, 
*,#<1%K<$[8"!#8: $1C$7'1:'*"8"!$8"<8+8#81"$(08K $VG-A.

 

6/723(89:-4*

Fig 7: Kinetics of death rate of S. aureus in the presence of pyocyanine and colloidal silver nanoparticles compared to the 
mixture of pyocyanine and colloidal silver nanoparticles.
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showed that the pigment was more effective against  
S. aureus growth than E. coli. The results of this study 
 <1Q!&$ #<*#$ #<!$Eh4$1C$7'1:'*"8"!$1"$C. albicans 
Q* $*+1%#$-AA$@K6,-1, the same as results by Kaleli et 
*,/$(O>.$*"&$o!22$!#$*,/$(OO./$3'1:'*"8"!;$!R!"$*#$<8K<$
concentrations, partially inhibited the growth of C. 
albicans/$ 3'1:'*"8"!$ &!:2!* !&$ 8"#2*:!,,%,*2$ :ME3$
*"&$ME3;$#<!2!C12!;$#<!$K21Q#<$1C$C. albicans was re-
&%:!&$8"$7*#8!"# p$,%"K $Q8#<$:' #8:$9+21 8 $(OO./

M::12&8"K$#1$#*+,!$O$*"&$9K%2! $V$#1$-A;$#<!$2!-
sults of antimicrobial effects of colloidal silver na-
noparticles on gram-positive S. aureus were more 
than observed with the gram-negative bacteria.
These results agreed with the results of Nando and 

_*2R*"*"$(OT.$*"&$4<1$!#$*,/$(S./$D*"&1$*"&$_*2-
vanan demonstrated that silver nanoparticle synt 
are observed for this compound against S. aureus.
had the most antimicrobial activity against methi 
In the present study, the increased antimicrobial ef-
fects of colloidal silver nanoparticles with pyocyanine 
Q!2!$ 8"R! #8K*#!&/$Eh4;$EZ4;$ *"&$E04$ &8*6!#!2$
*"&$[8"!#8:$1C$#<!$8"<8+8#81"$X1"!$1C$7'1:'*"8"!$Q8#<
cillin-resistant Staphylococcus aureus$(E5_M./$c#<-
!2$2! !*2:<!2 $ %:<$* $3%X81$*"&$E*,8 X!Q [*$(O?.;$
_1"&8$ *"&$ _1"&8G_*,17![$ (P.$ *"&$ o86$ !#$ *,/$ (OH.$
found that E. coli was the most sensitive to silver na-
noparticles. Kim et al. reported different antimicro-
bial properties of silver nanoparticles in bacteria due 
to differences in the membrane structures, particularly 

6/723(89:-4*

Fig 8: The kinetics of death rate of E. coli in the presence of pyocyanine and colloidal silver 
nanoparticles compared to the mixture of pyocyanine and colloidal silver nanoparticles.

6/723(89:-4*

Fig 9: The kinetics of death rate of P. aeruginosa in the presence of pyocyanine and colloidal silver 
nanoparticles compared to the mixture of pyocyanine and colloidal silver nanoparticles
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6/723(89:-4*

Fig 10: The kinetics of death rate of C. albicans in the presence of pyocyanine and colloidal silver 
nanoparticles compared to the mixture of pyocyanine and colloidal silver nanoparticles.  

8"$ #<!$ #<8:[$7!7#8&1K,':*"$ ,*'!2$ 8"$K2*6G71 8#8R!$
+*:#!28*$ (OH./$ D!R!2#<!,!  ;$ #<!$ 2! %,# $ 1C$ #<8 $

study &8 *C926$8#/$

In the present study, the increased antimicrobial ef-

fects of colloidal silver nanoparticles with pyocya-

"8"!$Q!2!$8"R! #8K*#!&/$Eh4;$EZ4;$*"&$E04$&8*6-

!#!2$*"&$[8"!#8:$1C$#<!$8"<8+8#81"$X1"!$1C$7'1:'*"8"!$

with and without silver nanoparticles against tested 

 #2*8" $*2!$ <1Q"$8"$)*+,! $O$*"&$T;$*"&$08K%2! $VG-A/$

The highest fold increases are observed for this com-

pound against S. aureus/$)<8 $ 8 $ #<!$92 #$2!712#$ #<*#$

concerned enhancement of the activity of pyocyanine 

mixed with another antimicrobial agent, such as col-

,18&*,$ 8,R!2$"*"17*2#8:,! /$\1Q!R!2;$ 16!$2! !*2:<-

!2 $ %:<$* $_<*<R!2&8$!#$*,/$(OV.$<*R!$ <1Q"$!"<*":!&$

antimicrobial activities of silver nanoparticles in com-

+8"*#81"$Q8#<$1#<!2$*"#8+81#8:$*K!"# $(qG,*:#*6;$!2'#<-

romycin, clindamycin). The synergistic interactions 

between silver nanoparticles and membrane-permea-

+8,8X8"K$*"#868:21+8*,$7!7#8&! $<* $+!!"$8"R! #8K*#!&$

+'$5%&!"$!#$*,/$(OP.;$Q<1$2!712#!&$#<*#$7!26!*+8,8X*-

#81"$1C$#<!$1%#!2$+*:#!28*,$6!6+2*"!$+'$71,'6'=8"$Z$

enhanced the intrinsic antibiotic effect of silver nano-

7*2#8:,! $(OP./$Y8[!$5%&!"$!#$*,/;$Q!$*, 1$+!,8!R!$#<*#$

permeability of the membrane of microorganisms by 

pyocyanine may enhance the intrinsic antibiotic effect 

of the silver nanoparticles.

)<!$2! %,# $1C$#<8 $ #%&'$*"&$ 868,*2$9"&8"K $+'$E*-
R21&8$ !#$ *,/$ (H.$ 8"&8:*#!$ #<*#$ #<!$ 72! !":!$ 1C$ phzM 
and phzS genes is necessary to produce pyocyanine. 

Regarding the relationship between the production 
rate of pyocyanine and increased pathogenicity of 
P.aeruginosa$ (O;?.;$ <17!C%,,'$ K*#<!28"K$ 8"C126*#81"$
about declining factors related to pyocyanine produc-
tion, disabling this gene or its protein product will as-
sist in curing patients infected with these bacteria.

The increased antimicrobial effects of pyocyanine 
when mixed with colloidal silver nanoparticles, may 
enable its use as a hygienic, disinfectant material for 
<1 78#*, $*"&$7,*:! *#$28 [$C12$,*2K!$"%6+!2 $1C$68-
:2112K*"8 6 /\1Q!R!2;$*"$8":2!* !$8"$#<!$"%6+!2$1C$
study samples would lead to more accurate results.

Conclusion

Our results showed that some of the P. aeruginosa 
strains are unable to produce pyocyanine due to the 
 !"#$ %&$ '()$ phzM and phzS genes. Combination of 
pyocyanine and colloidal silver nanoparticles demon-
strated a strong antibacterial activity against the 
bacterial strains.
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