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Abstract: A total of 25 isolates of lactic acid bacteria fralifferent Syrian dairy products, pickels and adri
plant samples were obtained and tested for théibbaaierial activity against four pathogens onenggositive
bacteria §aphylococcus aureus) and three gram negative bactekaebsiella pneumoniae, Escherichiacoli and
Pseudomonas aeruginosa). The cell free supernatants of fifteen LAB isektdemonstrated significant
antibacterial activity against the four tested pgtins. Results of the standard physiological andhigmical
tests identified fourteen isolates lactobacillus plantarum and one isolate asactobacillus fermentum.All
fifteen isolates were mesophilic and were ablertwgn the presence of 4 % NaCl and in pH valuesjirsg
from 4-9.The antibacterial activity of the CFSdoé imost active six isolates were significantlyuefhced after
treatment with proteinase K and after neutralizgtishile no change occurred after heat treatme60at and
80°C for 15 minutes.Two of the testedplantarumisolates (SH4 and CK56) had the structural genebdth
bacteriocins plantaricin EF and plantaricin N, @&wd of them (CK57 and CP44) had the structural gdoe
plantaricin N only.
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I ntroduction

Lactic acid bacteria (LAB) are among the most intgatr groups of microorganisms used in food
fermentation where they play an essential role @mdde variety of strains are routinely employedstster
cultures in the manufacture of dairy, meat, vedetamd bakery productd One of the most important
contributions of these microorganisms is the extenshelf life of the fermented products. Growttspbilage
and pathogenic bacteria in these foods is inhiliigel to competition for nutrients and the presesfcgarter-
derived inhibitors such as lactic acid, hydrogerogiele, diacetyl and bacteriociris

Bacteriocins are antimicrobial peptides or protgireduced by strains of diverse bacterial spedibs.
antimicrobial activity of this group of natural sthnces against foodborne pathogens, as well dsagpo
bacteria, has raised considerable interest for #ilication in food preservatibt’. In the past years, a lot of
work has aimed to detect, purify and characteremddyiocins, as well as their application in foodgervation
strategies. Application of bacteriocins may helgucee the use of chemical preservatives and/omtieasity of
heat and other physical treatments, satisfyingléreands of consumers for foods that are fresmtastady to
eat, and lightly preserved. In recent years, camalole effort has been made to develop food apjaitsfor
many different bacteriocins using bacteriocinogestiaing>°

According to the importance of bacteriocins as fpoeservatives we will focus in this study on the
isolation and characterization of bacteriocin pidg local lactic acid bacteria isolates, beside dltivity of
these strains against several spoilage and patlwoljaoteria, choosing the best isolate which whiak the
best antibacterial activity.
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Materials and methods

| solation and of lactic acid bacteria

Fifty one samples were collected from different rees of local foods including: Dairy products,
pickles, dried plant. Samples were cultured usimgdilution pour plate method, for this purposera@ms of
each sample were weighed aseptically and homoggimz&8 ml of sterile salt solution(0.1% NacCl) ugithe
vortex. Then, sequential decimal dilutions of tlenlegenate were obtained. One ml of each aliquatidii
was used, for the isolation of LAB surface plateBR$/agar and M17 agar were incubated anaerobicallyZ
h at 37°C, plates with colony forming units (CFlehging from 30 and 300 were selected for enumeratibe
colonies were randomly picked from plate and pedifby successive streaking on MRS agar media before
being subjected to characterization.

Gram-positive and catalase-negative isolates wsaated and characterized by phenotypic criteria
The isolates were stocked on MRS agar slant atdtiGab-cultured monthly.

Test micro organisms

Pathogens used for testing antibacterial activiegremgram positive bacteri&@phyl ococcus aureus)
and gram negative bacterildlébsiella pneumoniae, Escherichia coli and Pseudomonas aeruginosa) received
from the collection of microbiology laboratory (Natal Commission for Biotechnology, Syria).

Antibacterial activity of isolated LAB

The pathogenic bacteria were inoculated on nutbésad agar then in nutrient broth for 24 hours and

incubated at 37°C. Lactic acid bacteria were inatad in MRS broth for bacilli and M17 for cocci #8 hours

at 37°C. Five microliters of each tested isolateengpotted on MRS/M17 agar, plates were incubatet®o
hours anaerobically at37°C, a layer of Mueller Himagar was poured and left till it could well gdly, plates
were then left in the refrigerator (4°C) for abowb hours to allow the antibacterial substanceispetse on
the Mueller Hinton agar layer, the indictor (tajgeblates were then spread with cotton swap orivtbeller
Hinton agar. The plates were then incubate 24 haemrsbically at 37°C, bacteriocin-positive cultudésplayed

a halo of clearing in the lawn around the origibaiton of growth, bacteriocin-positive isolatesreveelected
for further study *°

Antibacterial Activity of the Cell Free Super natant

Lactic acid bacteria were inoculated in MRS brath 48 hours at 37°C. Cell free supernatants were
obtained by centrifugation of the liquid cultureO(® rpm for 20 minutes at 4°C). For screening @& th
antibacterial activity of the cell free supernasanthey were tested for their antibacterial agtivsing the well
diffusion method'with some modification. Five milliliters diameterelis were loaded with 250l of each of
the cell free supernatants. Wells were preparethenMueller Hinton agar previously seeded with tast
isolates. The plates were then incubated at 37fQ4oh after which the diameter of inhibition zoneas
determined.

Physiological and biochemical characterizations of selectedL AB

All isolates active against tested pathogens wéigracterized by their carbohydrate fermentation
pattern using the APl 50 CHL strips according te thanufacturer’s instructions (API system, Bio-Mex,
France). For the identification of isolates inteeasies, resulting patterns were analysed with ARhmater
program (Bio Merieux) which discriminates betwepraes on the basis of a pattern matching prinéfpté

The strains were further tested for salt tolerancabation for 48h at 37°C in MRS broth supplemédnte
with 4% and 6.5% Nacl.

The Growth at different temperatures was obseme@dRS broth after incubation for 7 days at 4 °C, 10
°C, 37°C, 40 °C and 45 °C. The determination ofrtfermentative type was also done in MRS brothhwit
Durhambeft*,

Partial characterization of inhibitory substancesin supernatant

Selected LAB strains were grown in MRS broth for B&t 37°Cand the cell free supernatant was
obtained by centrifugation of the liquid cultureO0® rpm for 20 minutes at 4°C). Some samples were
neutralized with 3M NaOH to pH 7.0 to eliminate #xeion of acid, and were then used for the antiohial
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activity using the agar well diffusion method asa&éed above, plates were then incubated at 3Gf@Q4 h
after which the diameter of inhibition was detere.

In order to test the sensitivity of CFSsilitory substances to proteinase K CFSs werebaimd
for 24 h with the enzyme at a final concentratibn(bmg/ml) at 37°C. The treated CFS sampiese then
tested for their antibacterial activity usimg twell diffusion method as described abdve

The heat sensitivity was determined by heatingualisjof CFSs preparation (5ml) at 60, 80 and 100°C
for 15 min prior to antibacterial activity evaluat®.

Detection of Plantaricin Genesby PCR
Genomic DNA Isolation

Genomic DNA was prepared using Cardisabl (1997)° procedur¥. The method was modified by
omitting the use of enzymes. Three ml overnighturek were prepared in MB broth. Cells were haegest a
microfuge for 5 min at 6000 rpm. After that cellene resuspended in 500 pl TE buffer (pH 8) contairii0%
SDS. The cell suspensions were then incubated foa255 °C in a water bath. After incubation, cbform
extraction was performed twice using an equal velwh chloroform (chloroform/isoamyl alcohol:24/Bnd
samples were incubated for 0.5 h at -20° C thetriduged for 10 min at 7000 rpm to eliminate alelk
debris. The aqueous phase was transferred inteaa eppendorf tube and the genomic DNA was pretéguit
by the addition of one and half volume of etharéf#and incubated for 0.5 h at -20° C then centeiufpr 10
min at 7000 rpm. The precipitated DNA was washetkeonith 100 pl of 70% ethanol. DNA was pelleted by
centrifugation for 10 min at 6000 rpm. Ethanol wamoved and the pellets were dried for 30 min aC37
Dried DNA pellets were dissolved in 1Q0TE for 24 h at 37°C, after which they were stoatd20°C.

PCR amplification of plantaricin genes

For screening ofplantaricin structural genes, aficplion by PCR was used to amplify genomic DNA
of the six most active isolates &f plantarum. Plantaricin genes were amplified in 2b volumes each
containing 200 ng template DNA, 12.5 master mix &dpM of each forward and reverse primer. PCR
amplification of the bacteriocin genes was carmed using the primers for the described plantariggmes
using the amplification conditions as shown in Balll The PCR reactions were performed with anainiti
denaturation step at 94 °C for 3 min, followed 2yc¥cles of 94 °C for 1 min at a different primemaaling
temperature for 1 min and 72 °C extension for&f) followed by a final extension step at 72 °C&anin'®.

Table 1: PCR primers used for amplification of plantaricengs

Target Annealing temp (°C Amplicon size (bp) Pnimmequence
F: ACG GGG TTG TTG GGG GAG GC
pinJK 56 306 R: TTA TAA TCC CTT GAA CCA CC
- 50 265 F: GGT GGT TTT AAT CGG GGC GG
R: ACT TGA TGG CTT GAA CTA TCC
-~ - 387 F: CTA GTC GTC GTA AGA ATG CT
R: CTT GGC ATT CAT GTG ACA AGG
F: CAA ATT GAG GGC GGA TCA GTC
pInNC8 56 344 R: TAA TCA CAC TGA ACA TCT CTA A
F: TTA GCA TTG ATT GAT GGA GGA
pin1.23 50 249 R: GCA TCC TAT GTG AGG CTG CTG
oInS o4 260 F: ATG CTG TTA TCG GTG GGA A
R: TCA TGC AAG GAG TGC CCA TGC
o423 - 107 F: TAT GAT GAA AAA AAT TGA AAA AT
R: CCA AAG ATA ATC CCC CCC CAT
oInN 0 160 F: GGG TTA GGT ATC GAAATG G
R: CTA ATA GCT GTT ATT TTT AAC C

Agarose gel-electrophoresisfor PCR products

PCR products were separated by gel electrophoussig a 2% (w/v) agarose gel. Two DNA ladders
were used (50 bp and 100 bp) as molecular weighkers Electrophoresis was performed at 60 V férml.
The stained gel was then documented using a U\githaminator.
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Statistical analysis
Analysis of variances and differences between meaane evaluated using SPSS version 17 referring
to triplicates.

Results and Discussion
I solation of Lactic Acid Bacteria

Ninety bacterial isolates were obtained from 51dfeamples, 25 isolates of them shared charactsristi
of lactic acid bacteria which are gram positivetatase negative, hone motile, none sporulatingaararobic
bacteria. Twenty three of these isolates appeanddruthe microscope as bacilli, while only two wepeci
(Table 2).

Antibacterial activity of isolated LAB

A total of twenty two isolates were shown to praglirthibition zones against the pathogenic bacteria
used in this study. Seven isolates had weak amébalactivity while fifteen showed good activifyable 3).

Antibacterial Activity of the Cell Free Supernatant

All the CFSs were found to produce inhibition zonagainst pathogenic bacteria in this
study,significant differences among the isolatgseaped as can be observed by the data mentionkabie 4

(Fig 2).

The CFSs of the selected isolates inhibited thevtjroof K. pneumoniae, SaureusE. coli and P.
aeruginosa similar results were reported b§ ** %

Table 2: Morphology of isolated LAB isolates.

| solates Sour ces Isolate Code I dentification Shape of Cdll

Cheese C35 Lactobacillus ssp. Bacilli
Cheese C2 Lactobacillus ssp. Bacilli
Cheese C4 Lactobacillus ssp. Bacilli
Cheese C12 Lactobacillus ssp. Bacilli
Cheese C20 Lactobacillus ssp. Bacilli
Cheese C25 Lactobacillus ssp. Bacilli
Milk H2 Lactobacillus ssp. Bacilli
Jamid J1 Lactobacillus ssp. Bacilli
Kishk K3 Lactobacillus ssp. Bacilli
Shanglish SH1 Lactobacillus ssp. Bacilli
Shanglish SH2 Lactobacillus ssp. Bacilli
Shanglish SH4 Lactobacillus ssp. Bacilli
Cucumber Pickle CP1 Lactobacillus ssp. Bacilli
Cucumber Pickle CP10 Lactobacillus ssp. Bacilli
Cucumber Pickle CP11 Lactobacillus ssp. Bacilli
Cucumber Pickle CP44 Lactobacillus ssp. Bacilli
Cucumber Pickle CP46 Lactobacillus ssp. Bacilli
Cucumber Pickle CP48 Lactobacillus ssp. Bacilli
Cucumber Pickle CP50 Lactobacillus ssp. Bacilli
Cucumber Pickle CP58 Lactobacillus ssp. Bacilli
Pepper Pickle PP33 Lactobacillus ssp. Bacilli

Pepper Pickle PP34 - Cocci

Pepper Pickle PP35 - Cocci
Karkadeh CK56 Lactobacillus ssp. Bacilli
Karkadeh CK57 Lactobacillus ssp. Bacilli
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Table 3: Antibacterial activity of lactic acid bacteria istés against tested bacteria

Inhibition zone diameter (cm)

P.aeruginosa E.coli Saureus K.pneumoniae Isolate Code
2.6 2.7 2.5 2.6 CP46
2.7 2.6 2.7 2.5 CP50
2.8 2.7 2.5 2.5 CK57
2.5 2.6 2.6 2.5 J1
2.7 2.6 2.5 2.5 CP11
2.4 2.5 2.2 2.7 K3
2.2 2 2.5 2.3 CK56
2.4 2.5 2 2.3 PP33
2.2 2 2.5 2.3 CP58
2.4 2.3 2.2 2.4 C4
2.5 2 2.3 2.5 SH2
2.2 2.1 2.3 2.3 SHA4
2.5 2 2 2.3 CP44
1.7 1.6 1.6 1.7 SH1
1.7 1.6 1.6 1.7 C12
w w w w C1
W wW w wW C2
W w w w C20
wW wW wW w C25
w w w w H2
W wW wW wW CP48
W w w w PP34
N N N N CP1
N N N N CP10
N N N N PP35

W: week antibacterial activity, N: no antibacteaativity

Figure 1: Inhibition zone ofE. coli by isolate CP58.

2511



Iman Askoul et a/ /Int.J. ChemTech Res.2014,6(4),pp 2507-2520. 2512

Table 4: Antimicrobial activity of cell free supernatant agst tested isolates

Inhibition zone diameter (cm)

P.aeruginosa E.coli Saureus K.pneumoniae | Isolate Codé  No.

1.9 +00? 2 +00? 1.9 + 00 1.8+0.10° CK56 1
1.86 +0.057° | 1.86 +0.057 | 1.83 +0.057 1.8 + 00 SH4 2

1.8 +00° 1.86 +0.057 | 1.73+0.057 | 1.8+0.1¢ CK57 3
1.66 +0.057 | 1.66 +0.057| 1.63+0.057 | 1.4 +0.10° CP50 4
1.66 +0.057 1.6 +00° | 1.66 +0.057°| 1.5 +0.10° CP58 5
1.66 +0.057 | 1.63+0.057| 1.6 +00° 1.46 +0.057 CP44 6
1.43 +0.057 1.4 +00% | 1.46 +0.057 | 1.46 +0.057 CP11 7
1.33 +0.057" | 1.46 +0.057 | 1.43 +0.057 | 1.33 +0.115™ PP33 8
1.36 +0.057° | 1.46 +0.057 | 1.33 +0.057 | 1.26 +0.057 C4 9

1.3 +00% 1.33 +0.057| 1.23 +0.057 1.4 +00° K3 10
1.26 +0.057 1.2 +00' 1.13+0.057 | 1.4+0.16° CP46 11
1.36 +0.057° | 1.23+0.057| 1.2 +00 1.3 +00™ J1 12
1.16 +0.057 | 1.16 +0.057 | 1.13 +0.05F | 1.33 +0.057" SH2 13
1.03 +0.057° | 0.93+0.057| 1.03 +0.057' | 1.06 +0.05F SH1 14
0.63 +0.057 | 0.63 +0.057 | 0.83 +0.057 | 0.66 +0.057 C12 15

Values followed with different letters in supeiption the same column are significantly differéat< 0.05).

Figure 2: Inhibition zone formed by K8. plantarum CFS on the growth d&. coli

Physiological and biochemical characterizations of selected LAB
I dentification of Selected Isolates

Positive sugar fermentation results indicated fi#abf the isolates werkactobacillus plantarum and
one isolatewdsfermentum as shown in Table 5.The APl 50 CHL classificatgystem proved to be reliable
because all of the Lactobacilli isolates were wklbsified.

Lactobacillus plantarum bacteria in this study were isolated from cheeseumber pickles, pepper
pickles, jamid, Kishk, Shanglish and karkadeh. d tbeen isolated from different sources of foodmfr
"Jiaoke” a traditional fermented cream from CHindrom Tenerife goats' che€Se from fermented
cucumbef’ fromltalian ewe chees®€sand from raw goats' mifk The dominant isolated Bacillus genus from
Koopeh Cheese wasctobacillus plantarum (58% of lactobacilli population)as reported by
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Table 5: Biochemical Identification and Classification ofl&sted Isolates

APl 50CHL 1D % I dentification | solates
99.9 L. plantarum C4
99.7 L .fermentum C12
99.9 L .plantarum J1
99.9 L .plantarum K3
99.9 L .plantarum SH1
99.9 L .plantarum SH2
99.9 L .plantarum SH4
99.9 L .plantarum CP11
99.9 L .plantarum CP44
99.9 L .plantarum CP46
99.9 L .plantarum CP50
99.9 L .plantarum CP58
99.9 L .plantarum PP33
99.9 L .plantarum CK56
99.8 L .plantarum CK57

Growth at Different Temperatures

Fifteen isolates were mesophilic as those isolagt*>**?> It was also observed that all 15 isolates
were able to grow at 1@ and 46C, (Table 6), while twd.. plantarum isolates isolated Byweren't able to
grow at the mentioned temperatures. Two isolatgsantarumK3 andL. plantarumSH4 andL. fermentum C12
were able to grow at 46, while 12 isolates weren't able to grow at thensaemperature (Table 6)L.
plantarum isolates isolated BYy****weren’t able to grow at 46. None of the isolates were able to grow’a: 4
(Table 4), the same result was reported5y2*2

Growth at Different NaCl Concentrations

As shown in (Table 6) 15 isolates were able to giowhe presence of 4% NaCl, while they weren't
able to grow in the presence of 6.5% NaCl. The ¢iaf twoL. plantarum isolates isolated Byshowed very
weak growth in the presence 0f4% NacCl.

Gas Production from Glucose

ThreeL. plantarum isolates (K3, SH2, CP58) amhdfermentum isolate C12 were heterofermentative as
deduced by gas production, while 11 plantarum isolates were homofermentative since they digrdduce
CO2 as show in Table 6. All isolatesloplantarum isolated by*******vere homo-fermentative.

Table 6: Physiological characteristics of the fifteen loisalates

Gas pH | pH | 45°C | 40°C| 37°C| 10°C| 4°C |NaCl | NaCl |Isolate

3|2 6.5%| 4% | Code
C4

C12

J1

K3
SH1
SH2
SH4
CP11
CP44
CP46
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+| | | | | | | |+ + T
©
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_ S I S I S R N A S _ + + + _ _ + CP50
+ + |+ + | +| +| + _ _ + + + _ _ + CP58
_ S I S S I B N _ + + + _ _ + PP33
_ + + + + + + | _ + + + _ _ + CK56
_ + |+ |+ |+ |+ | | _ + + + _ _ + Ck57

Each value is represented by the mean of triplicate

Growth at different pH values

All of the 15 studied isolates were able to growpHt ranging from 4 to 9, but only I3. plantarum
isolates (SH1, CP50 and CP58 ) andlthiermentum isolate C12 were able to grow at pH 3 as showraisle
6.The growth at pH 4.4 was wéakwhile it was good at pH 3.9 - 4°8

Partial characterization of inhibitory substancesin supernatants

Antibacterial activities of selected LAB-CFS weigrsficantly influenced by pH as shown in Figures
(3-6). In this respect, it was observed thatattivities at pH 4.5 were significantly highdrath those at pH
7.0 suggesting an inhibition effect of acidiiy the growth ofS aureus, K. pneumoniae, P.aeruginosa and
E. coli. Most of LAB excrete acid that has been showmltibit growth of pathogens. These observations are
in agreement with those reported ByOn the other hand, it was observed a residuabipctat pH 7.0
suggesting that compounds other than acids inttibitgrowth of the tested pathogeibese observations are
in agreement with those reported'fwho showed that. plantarum excreted other compounds such as
bacteriocins that inhibited the growth of pathogens

K. pneumoniae

1.5
1
4 .5pH
0.5 o 7pH
0

56CK 45H 57CK 50cpP 58CP 44Cp

Inhibition zone diameter (cm)

LAB isolates

Figure 3: Effect of pH change on CFSs antibacterial actigpinst<. pneumoniae.

S. aureus

4 .5pH
o 7pH

Inhibition zone diameter (cm)

56CK 45H 57CK 50cp 58CP 44cp

LAB isolates

Figure 4: Effect of pH change on CFSs antibacterial actigfiinstS. aureus.
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56CK 45H 57CK 50cp 58CP 44cp

E.coli

T 25
—
5 2
]
€ 15
o
o

1
g H4.5pH
N 0.5 o 7pH
=]
= 0
2
£

LAB isolates

Figure5: Effect of pH change on CFSs antibacterial actiggginstE.coli.

P. aeruginosa

3 2

-

g 15

Q

£

8 1

=]

g 4 .5pH
o 05

E o 7pH
o

k= 0

2

.E 56CK 45H 57CK 50cp 58CP 44cp

LAB isolates

Figure 6: Effect of pH change on CFSs antibacterial actigipinst. aeruginosa.
CFSsantibacterial activity after treatment with proteinase K

As shown in Figure (7-10) the treatment of cellefreupernatants with the proteolytic enzyme,
proteinase K, at pH 7 resulted in a significantutibn of the antibacterial against test pathog&hss result
suggested that the antibacterial activity was astext with peptide inhibiting molecules, usuallyokm as
bacteriocin, these observations are in agreemehtthdse reported By % 2% 262/

K.pneumoniae

§ 2

g

@ 15

§

S 1

2 M Before treatment
9 05

c B After treatment
.2 0

2 56CK d4sH 57K 50CP 58CP 44CP

j=

LAB isolates

Figure 7: Antibacterial activity before and after treatmetithvproteinase K agairst pneumoniae.
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S. aureus

2

1.5
1 1i1

0.5 H Before treatment
0 H After treatment

56CK 4SH 57CK 50CP 58CP 44cCpP

Inhibition zone diameter
(cm)

LAB isolates

Figure 8: Antibacterial activity before and after treatmerithvproteinase K again& aureus.

E. coli
E 25
g 2
L
9]
E 1.5
E 1
ﬂc-' M Before treatment
o
= 0.5 H After treatment
o
= 0
2
LE 56CK 4SH 57CK 50CP 58CP 44cp

LAB isolates

Figure 9: Antibacterial activity before and after treatmerithworoteinase K agairist coli,

P. aeruginosa

V]

-
(8]
|

-

M Before treatment

o
o

H After treatment

o

Inhibition zone diameter (cm)

56CK 4SH 57CK 50CP 58CP 44cp

LAB isolates

Figure 10: Antibacterial activity before and after treatmerithaproteinase K agairf3t Aeruginosa

Effect of heat on CFSs antibacterial activity

Antibacterial activity of cell free supernatantssweeat stable after treatment at 60°C, 80 °C afd*CO
for 15 minutes, there was no significant reductiorthe antibacterial activity after heat treatmeig( 11-
14).Bacteriocin was heat stable even at autoclatémgperature (121°C for 15 min) and that antibaaiter
activity was stable after heat treatment at 100fIC30 mirf®it is also applicable fowho reported thatthe
antibacterial agents produced by LAB were genefadigt stable.
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K. pneumoniae

56CK 45H 57¢K 50cpP

Inhibition zone diameter (cm)

LAB isolates

58cp

44cp

W37
H °60
u°80
100

Figure 11: Effect of heat treatment on antibacterial actigfyCFSs againdf. pneumoniae.

LAB isolates

S. aureus
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Figure 12: Effect of heat treatment on antibacterial actiafyCFSs agains®. aureus

E. coli
2.5

56CK 4SH 57CK 50CcP

Inhibition zone diameter (cm)

LAB isolates

58cp

44Ccp

37
60
M °80
M °100

Figure 13: Effect of heat treatment on antibacterial actiatyCFSs againdE. coli

P. aeruginosa

56CK 4SH 57CK 50cpP

Inhibition zone diameter (cm)

LAB isolates

58cp

44cp

M 37
60
M °80
M °100

Figure 14: Effect of heat treatment on antibacterial actiafyCFSs againg®. aeruginosa
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PCR amplification of plantaricin genes

Two of theL. plantarumisolates SH4 and CK56 contained the structural gémeboth plantaricin EF
and plantaricin N, and two of the plantarum isolates CK57 and CP44 contained the structuratgdar
plantaricin N only(Fig 15, Fig 16).It wasmention#tal. plantarum strains BFE 5092 and 299V strains
contained the structural genes for the plantari€i plantaricin JK, and plantaricin N, whil&. plantarum
strain PC S20 contained the structural genes famtaticin EF  onl?. Moghadaret al (2010¥° reported that
combination of plantaricin EF and plantaricin Wustural genes were successfully amplified in allsdrains he
studied, while Noonpakdeeal (2009¥® mentioned that.. plantarum PMU33 contained the structural genes for
plantaricin W only.

Primers used for amplification of plantaricins geneere selected according to their size since the
longer the primer is the more specific the resitiltlve. Amplicon sizes of the amplified sequencesevclose to
those obtained by Chat al (2010}8who reported that the amplicon size of the ampmliiequence of pln N was
160 bp, while ofpln EF it was 360 bp.

M1 M2
50bp cP44 SH4 CP58 CK57 CK56 CP50 100 bp

Figure 15: Amplification products from the most active six es@ls with primer pInEF.
M1: Ruler DNA 50bp, M2: Ruler DNA 100bp. Agarosel @ % at 60 volt for 1.5 h.

M1 M2

50 bp cP4a4q SH4 CP58 CKS57 CKS6 CPS5S0 100 bp

]

1400bp

Figure 16: Amplification products from the most active six etels with primer pInN.
M1: Ruler DNA 50bp, M2: Ruler DNA 100bp.Agarose @edo at 60 volt for 1.5 h.
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