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The drversity and succession of bactena during the natwal fermentation of ma bean (Phaseolus Imatus) to produce daddawa (a
fermented condiment) was studied wsmg melecular method (165:ENA gene analysis) with a wview to develop a framework for
production of daddawa of consistence quality with starter eulture of Bacillus species. Lima bean was fermented for 72 h, dunng wiach
isolation of bactenia and extraction of DMA were camed out The extracted DMA of the bacterial isolates was tested for quality using
agarose gel electrophoresis. The results of the 165:ENA gene analysis were matched with the existing similar sequences in data base.

Twenty six (26) presumptive isolates of Bacillus obtamned at 24 h mterval dunng the natural fermentation process were identified The
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result of the ratio of absorbances of the extracted DNA at 260 and 280 nm showed that 73% of the 1solates had pure DNA while the
result of the gel electrophoresis showed well defined bands of the amplicons for the 1sclates. The BLAST result identified the 1solates as
Bacillus amyloliguefaciens, B. subtiliz, B. pumiluz, B. ceveus and B. anthrasiz with B. zubtilis been the most predomunant Bacillus
amyloliguefaciens, B. subtiliz and B. pumilus occwred through-out the fermentation process. The study estabhshed the identity of the

important Bacillus species mvolved in fermentation of lima bean info daddawa using molecular techmique. These major Bacillus species
could further be tested and developed as potential starters for improved production of daddawa from lima bean.
Keywords: Limabean, daddawa, Fermentation, Bacillus, 165EMNA gene analysis

INTRODUCTION

Daddawa also known as iru, among the Yormubas in South-west Nigena, is a
popular condiment wsed as taste and flavour enhancer m soup and dishes m
Afnica Daddawa is traditionally produced from locust beans (Parkia Wglobossa)
seeds. The tree 15 a legumunous plant found m the Savannah region of Africa,
South East Asia and South Amernica (Egwim et al., 2013). The free 15 a perennial
plant with pods enging from pink, brown to dark brown, when matured.
Mutritionally, African locust bean s an oufstanding source of plant protein
(Elemo er al., 2011). However, locust bean frees are pommg mto extinchion from
their natural habitat because they are not cultivated. Lima bean (Phaseolus
lmats) 15 an under-uthzed legumes, whose seeds are good source of protein,
dietary fibre, potassmm, ron, copper, phosphorous, magnesium and thiamin
(WHFoods, 2010). Previcus study has shown that Lima bean could be used
production of daddawa (Farinde et al., 2011).

Biochemical method has been the conventiomal method for identfication of
1solates in fermentafion process fo produce daddawa (Abicse er al, 1986;
Barber er al, 1988; Achi, 1992; Barimalaa e al, 1994; Omafuvbe er al.,
1000, 2002; Farinde er al.,, 2011). This method may not account for mumor
mucrobial populations, stressed or mjured cells that may be present in low
number (Fleet, 1999). The biochemical method may not give a complete
representation of food mocrobial commumty (Kesmen et al, 2011). In the last
decades, mterests mn mucrobial ecology have mmcreased due to advances m
mnlecnla:hu.ulag_'.rmdlasad\rmt nfpul}maasechamrea.clmmandDNA
sequencing (Cocolin and Ercolind, 2009). Succession of mmeroorganisms
mvolved in farmentation of African locust bean seeds using culture dependent
techniques have been studied by vanous researchers (Abiosze er al.,1986; Achd,
1992; Omafuvbe et al., 2004; Adelekan and Nwadiute,2012; Adevwunmi er al.,
‘ﬂlSjandlthasbemslmwnﬂutﬂmmaJmmmm‘gamsmsmmhﬂmﬂm
fermentation process are the Bacillus species. Molecular genotyping techniques
are considered to be effective and rapid tool for identification and
characterization of Barillus (Morten er al., 2000; Miambi er al., 2003).
Thﬁehedmmnﬁmﬂu.derﬁhwhnnﬁagmmtl&ngﬂlpolymhmfRFLP}ﬁm
the grouping and typing of the isclates at species level (Joung and Cote, 2002),
165MDMNA sequencing for the desenphion of phylogenetic relationships (Ash er
al., 1992) and pulse field gel electrophoresis (FFGE) for the differentiation of
1solates at strain level (Lin and Chen, 1997; Mendo er al., 2000). Idenhification
mﬂmcmmufmm‘gmmuhmdmﬂam&nnmuflmabmm
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produce daddawa using molecular method is yet to be documented. The present
study therefore emploved molecular method to identify the predominant bactenia
dunng natural fermentation of Lima bean to produce daddawa.

MATERTALS AND METHODS

Matured dned lima bean seeds were purchased at Ia-ogbolu, Ondo State,
Migenia. Calabashes, cooking pots, washmg bowls and sample dishes were
obtained from a local market in Tbadan, Migena. The media used were obtained
from Oxoid (UK) and LAB M (UK). Primers and reagents for molecular analyses
were obtained from Ingaba Biotechnology, South Afinca

Lima bean fermentation

Lima bean fermentafion was camied out according fo the method used by
Farinde ¢ al. (2014). Lima bean seeds were roasted, delmlled and cooked for 40
min The cocked beans were dramed and poured while stll warm info clean
calabash hned wath clean banana leaves, covered with banana leaves before
covering with another calabash. One calabash was prepared for each fermentation
stage. The calabashes with ther content were placed m an meubator for
farmentation to take place at 35 °C = 2 °C for 72 h. Sampling of the Lima beans
under fermentation was camied out at 24 b mtervals in tnplicates.

Microbial analy=iz

Total viable count (TVC) was determined usmg the method desenbed by Abiose
er al. (1986) and Omafuvbe e al. (2000). Alquot (1.0 ml) of appropnately
dilufed sample was plated in triphcates on mitrient agar (MA) plates. The plates
mthmimuhamdamﬁnaﬂyatﬁfiifﬂw24hﬂohtﬁﬁmcmad
and expressed as colony forming unit per gram (cfo g’} of the sample.
Fepresentafive colomes were steaked repeatedly fo obfzin pure isolates.
Preliminary identification of the bactemal isolates was based on cultural
characteristics, Gram staming reactions (Harrigan and MeCance, 1976;

Harrigan, 1998).
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Molecular identification of Bacterial isolate

The isolated bacteria were identified using the method described by Adelekan
and Nwadinte (2012). The experiments were camed out at Mational Center for
Genetic Resources and Biotechnology (MACGEAR) and International Institute of
Tropical Agniculture (ITTA), both in Ibadan, Migena. The method mvelves DMA
extraction, PCE. amplification and DNA sequencimg.

DNA extraction and quality verification

DMA was extracted using DMA extraction kit. ZF. FungalBacterial DNA
MiniPrep™ protocol (ZYMO Research) following manufacturer’s instructions.
Modified method of Adelekan and Nwadinte (2012) was used Lysing of
bactenal cells to bring out the DNA was done using bashing beads and lysis
solution supphied m the DNA extrachion kit instead of the method of freeming-
thawing cycles used by Adelekan and Nwadmto (2012). The extracted DNA was
venfied for purity and quahfy using quantitatve and quabtative methods.
Cuanfitative method was camed ouf usmg Nano drop spectrophotometer. DMA
sample (lpl) was loaded wusing pmero pipette mto the MNano drop
spectrophotometer and the absorbances of the samples were read at 260 and 280
nanometer. The concentrafion of the exiracted DNA and the ratio of the
absorbance were automatically generated and displayved on the equipment The
concentration must not be less than 10 ng'pl (Leninger, 1975; Bichank, 2004).
The ratio of the absorbance 15 also important dunng Polymerase chain reaction
(PCE). It must be between 1.8 and 2.2 for optimum DMNA concentration of high
punty (Leninger, 1975; Brown, 1993; Biobank, 2004).

Croalitative method was camed out usmg agarose gel electrophoresis. Agarose
(1%} was prepared in Trisboric EDTA buffer (TBE) and melted m 2 microwave
and cooled to 50 °C. The molten agamse was stained with Gel Green (20 pl). Gel
Green fluoresce under UV hght Stamned agarose was poured mto gel caster in
which comb had been placed at one end. The gel was allowed to sohdify. The
solid gel was placed m electrophoresis tank containing TBE buffer and the comb
was gently removed. DNA (1 pl) was mixed with loading dye (7 pl) and loaded
mto wells created by the comb. The electrophoresis was allowed fo run at 130
volis for about 1Thouwr 30 min dunng which DMA molecules migrated through the
agarose gel m the buffer.

Photographing the zel

The gel was removed from the electrophoresis tank and placed vnder UV Light in
a documentation unit and viewed using a protectve eye glasses. A Polarmd
camera was placed over the documentation box and the gel was photographed.
Sharp bands indicated quality DNA

Amplification of DNA by pobymerase chain reaction

Specific region of 165RNA gene of isolated DNA was amplified by reacting the
cell solution (template DMNA) (1pl) with polymerase cham reaction (PCE) master
nﬁx(ﬂp]}.puimﬂsﬂpl}amimdmﬁuwﬂu(ﬁpl}auimgﬂmmnﬁnn
cyeles m a PCE thermocycler machine (Lexms Gradient —Eppendorff AG). The
primers used in this study were universal primers, synthesized commercially by
Ingaba Biotechnology, South Afnica. The pawr of prmer consists of forward
prmer F 27 having muclectide sequence AGAGTTTGATC{A/C)TGGCTCAG
and  reverse  prmer E 1492 having mucleotide — sequence
TACGHCT)TACCTTGTTACGACTT. Control fube (PCR reaction mrcure
nunus template DNA) was also set along with the reaction tubes. The reaction
was allowed to run 35 cycles at conditions of 94 °C for 3 mimates (Tnitial
Denaturation), 94 “C for | mimute (Fnal Denaturation), 55 °C for 30 seconds
(Annealing), 72 *C for 2 oumute (Extension) and 72 °C for 4 munutes (Final
extension).

All PCE. products were venfied using 1% agarose gel electrophoresis as
previcusly described. The samples were loaded along with Themo- scientific
Gene ruler' ladder (1 kbp).

DNA sequencing and Identification of isolates

Big Dve Termmator Cyele sequencing kit protocol was used for sequencing the
amplicons and the gel was mun on 3130 X 1.16 capillaries genetic analyzer from
Applied Biosystems. The resultant sequences were submitted to Data base
(Genbank, Germany) of Natonal cenfer for liotechnology Information (MCEBI),
the sequences were given accession mumbers. The sequences were then matched
with existing data in Data base using the Basic local alignment search toel
(BLAST) algonthm BLAST allows alignment of search sequence to thousands
of different sequences in the data base (Altschul et al., 1997). Species whach had
less than 20 % sequence identity with known representative sequence in data base
were classified as unknown species and sequences with more than 90 % sequence
1dentity were classified as known species.
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RESULTS AND DISCUSSION

Microbial Counts during Natural Fermentation of Lima Bean to Produce
Daddawa

The result of the Total wviable count of mweroorgamisms durmg patural
fermentation of Lima bean to produce daddawa 15 shown in Figure 1 Total viable
mtitu:reasadﬁ'ﬂm4.65lugi:ﬁlg"atﬂhm?.lilugt:ﬁ:g"at24]:__mcl:.edils
pealﬂuganﬂmm:phase}at43hucfﬁlm.mnﬁm{3ﬂﬂlagcﬁ: g1} after which
the count dropped to 7.40 log cfn g7 at 72 b of fermentation. Similar trend of an
imitial merease m total viable bacteria count between 0 and 48 h of farmentation

and subsequent drop m the count at 72 b of fermentation duning production of
daddawa have been reported (Abioze er al, 1936; Omafuvbe er al, 2000;
Omafavbe er al, 2002; Ennjuighba er al 2008; Fadahunszi and Olubunmi,
2010). Increase m the total count at initial fermentation phase is probably due to
availabibity of putrients m form of carbon and mfrogen sources.

7 4
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Figure 1Total Viable Count of Microorganisms during Matural Fermentation of
lima bean

Lima bean has been reported to have these nuinents m good quantities (Yellavila
et al., 2015). The drop in TVC after 43 b was probably due to depletion of
nutrients and acenmmulation of metaboliftes. Among the hkely metabolites of
protein hydroly=is are short peptides and ammoniacal compounds which gave the
product its desired flavor. These metabohites were hkely more than the
metabolites produced from hydrolysis of fat and carbobydrates present in the
lima beans. The pessible effect of these metabolites 15 the alkaline pH values
whach the mucroorganisms might possibly be able to tolerate up to 48 h of
fermentation, after which some of the microorgamsms may find the mcreased
alkaline environment unfavorable for thewr growth and prohiferation and so the
total oumber of microorganisms declined.

Preliminary identification of bacterial isolates

Bactena isolated from natural fermentation of lima bean to produce daddawa are
shown 1 Table 1. 'I'l:.e:sulatﬁm&mpuﬂtwgmds catalase positive and
spore formers. These charactenstics allowed identification of
Bacilluz (Harrigan and MacCance, 1976; Harrigan, 1998). Bacterial isolates
3.9, 19 and 23 had rhizoid shape iselates 7,13,16.18 and 20 had circular shape
while the rest of the bacterial 1solates (1, 2, 4, 5. 6, 8, 10, 11, 12, 14, 15, 17, 21,
2224 25 and 26) had uregular shape on agar plate. Snm.larpclﬂ.umm.qr
phmﬂtypuldmtﬁﬂtmnfhﬁﬂmaluolatﬁfmmtm afitirin and somru as
belonging to genus Bacillus was reported by Azokpota er al (2007). Ths
preliminary identification whach showed the bacterial isolates as Bacillus was
used to search for the appropriate prmers for the molecular idenfification of
bacteria isolates.
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Table 1Preliminary identification of Bacterial Isolates from MNatural Fermentation of Lima Bean fo Produce Daddawa

f::l:l:lt:'r Appear;.l]}:eun agar Shape Gram's reaction Catalase reaction apu:: of
1 Irregular Fod +ve +ve +ve
2 Irregular Fod +ve +ve +ve
3 Bhozoid Fod +ve +ve +ve
4 Irregular Fod +ve +ve +ve
5 Irregular Fod +ve +ve +ve
6 Irregular Fod +ve +ve +ve
7 cireular Fod +ve +ve +ve
3 Irregular Fod +ve +ve +ve
9 Flhuzoid Fod +ve +ve +ve
10 Irregular Fod +ve +ve +ve
11 Irregular Fod +ve +ve +ve
12 Irregular Fod +ve +ve +ve
13 Circular Fod +ve +ve +ve
14 Irregular Fod +ve +ve +ve
15 Circular Fod +ve +ve +ve
16 Circular Fod +ve +ve +ve
17 Irregular Fod +ve +ve +ve
18 Circular Fod +ve +ve +ve
19 Flhuzoid Fod +ve +ve +ve
20 Circular Fod +ve +ve +ve
21 Irregular Fod +ve +ve +ve
22 Irregular Fod +ve +ve +ve
23 Flhuzoid Fod +ve +ve +ve
24 Circular Fod +ve +ve +ve
25 Irregular Fod +ve +ve +ve
26 Irregular Fod +ve +ve +ve

Sequencing and BLAST rezult

Forward primer 27F and reverse pnmer 1492E were used to amphfy the
165FMNA gene of each of the bacterial isclates which resulted m well defined
amplicons. When the amplicons were sequenced, the base sequences ranged from
911 in 1solate momber 8 to 1199 base sequence m isolate number 9 (Table 2).
When the sequences were matched with already existing smmlar sequences m
Gene Bank Diata base, all the isolates have their identity between 34 and 98% as
shown 1 Table 2. Spore forming Bacilluz species were 1dentified as the major
bactena present during the fermentation process. Four 1solates (1solates 12, 13, 15
and 24) did not match any 1dentity. The identified isolates fell into 5 species of
Bacillus (Table 3).These inchude Bacillus amyloligusfaciens, Bacillus substilis,
Bacillus pumiluz, Bacilluz cereus and Bacillus anthracis.

From the BLAST result, Bacillus subtilis was 1dentified as the most predominant
species durng the fermentation of hma bean to produce daddawa (Table 3).
Azokpota er al (2007), who used ITS — PCE. — RFLP analysis to identify the

Table X Result of the 165:RNA Squence Analysis of the Bactenal Isolate

bactenia isolated from three daddawa products (fru, gfitirin and somru), reported
that Bacillus subtiliz group represented the domumant species in the three
condiments (fru, qfitirin and sonru). Adewunmi er al. (2013) also reported that
the result of polymerase chain reaction — denaturing gradient gel electrophomesis
(PCR-DGGE) identified Bacillus subsiliz as the consistent bactenal species
associated with fermentahion of iru. Previous studies by several authors using
culture dependent methods and biochemical charactenzation have also reported
Bacilluz subtilis as being predommant durnng fermentation of beans to produce

Izolate Identity (%4) Similarity Base sequence Accession Number
1 B. amyloliguafaciens Stram FGYMS 98 1173 999853 1
2 B. subrilis Strain ov 98 1196 GU585579.1
3 Bacillus sp. Strain 05 1 98 1181 EF428970.1
4 B. anthracis Strain B5-331 97 1120 JQ659731
5 B. anthracis Strain yxel-1 97 1050 JF701962.1
& B. subrilis Strain C3 95 1179 1205081
7 B. cerens Strain 25 95 1089 421761
3 B. subrilis Strain 30L1-2 o4 911 TN366795.1
9 Bacillus sp. Strain EGY-WCP9 95 1159 EF5623361.1
10 B. subrtilis Strain BG-B7 97 1164 EU369243
11 B. anthracis Strain B5-331 97 1193 JO659732 1
14 B. pumilus Stramm DL-006 98 1151 ET608548.1
16 B. cerens Strain VIT-AVT 97 1174 EJ437439.1
17 B. amyloligueficiens 97 1147 EC492052
18 B. careus Strain HC23 97 1175 ET206081.1
19 Bacillus sp. Strain HE38 96 1191 EF86383317.1
20 B. cerens Strain 400 98 1145 D4 20187.1
21 B. amyloliguafaciens Stram D18 98 1145 ABS13T16.1
22 B. amyloliguefacisns Stram NE3-1 98 1158 H(E31391.1
23 Bacillus. sp. Strain HE38 97 1171 EFE63837.1
25 B. anthracis Strain B5331 o4 1154 JO659732 1
26 B. subrilis Strain AB30 97 1142 T 1880651
E - Bacillus

condiments (Antai and Ibrahim, 1986; Odunfa and Oyewole, 1986; N'dir er
al., 1994; Omafuvbe er al., 2000; Omafuvbe er al., 2002; Ouoba er al., 2004;
Okpara et al.,, 2013). Bacilluz species have been reported to be associated with
fermentation of vegetable protens (Abiose et al., 1986: Kiers er al, 2000;
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Omafuvbe er al., 2002; Enujingha, 2009; Ojinaka and Ojimelukwe, 2013).
Inability to identify 15 % of the total 1selates could probably be linked with some
inadequacies mn the muclectide sequence in the genes of the representative
chromosomes with which the primers could bind Azokpota er al (2007) also
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reported that 16 % of 1solates from iru and somru (daddawa-hke) could not be
Bacillus subtiliz, Bacilluz anyloliguefaciens, Bacillus pumilus were found to
oceur throughout the fermentation penod (Table 4). The ocomrence of Bacillus
subriliz throughout the farmentation peniod and its predomimance in fermenting

beans has been reported by vanious authors (Ogueke and Ariatu, 2004; Achi,
2005; Omafuvibe, 2008; Adelekan and Nwadiuto, 2011). Bacillus subtiliz was
identified as the best starter culfure for fermentation of sovbean to produce
daddawa (Omafuvbe et al., 2002). Of particular inferest 15 Bacillus
amyloliguefacens which also occur

Table 3 Species of Bacillus identified by 165 RMNA Sequence Analysis Using Basic Local Alignment Search Tool (BLAST)

Izolate number %0 similarity Bacterial specie
1,17,21,22 98, 98, 98 and 98 respectrvely Bacilluz amyloligusfaciens

2,68 10,26 98, 94, 94 97 and 97 respectively Bacillus subtilis

3.9, 19 and 23 98, 95, 96 and 97 respectrvely Bacillus species

14 98 Bacillus pumilus

7,16, 18, 20 95, 97, 97 and 98 respectively Bacillus cereus

4,5 11,25 97, 97, 97 and W respectively Bacillus  anthracis

12,1315 and 24 Mo matched identity

Table 4 Bacterial Succession dunng Natural Fermentation of Lima Bean to Produce Daddawa

\ Fermentation time (h)

Bacteria 0 21 15 7
Bacillus subtiliz + + + +
B. amyloligusfaciens + + + +
B. pumilus + + + +
B cereus + + - -
B anthraciz + + - -

+ = present - = not present

through-out the fermentation process. Bacillus amploligugfaciens 15 a plant
through produchion of stimulating compounds and suppression of soil bome
pathogens by synthesizmng antibactenial and anfifingal metaboltes (Niazi er al.,
2014). Of concemn 1s the ocowrrence Bacillus cereus and Bacillus anthracis n the
fermentation process as their presence in the farmented product could pose pubhe
health problems (Adelekan and Nwadiote, 2011). Occwrence of these
organisms did not exceed 24 h of fermentation, an indicafion that they are not
mportant in the fermentation of lima bean Adelekan and Nwadiote (2012)
simmlarly reported cccurrence of Bacillus cevens and Bacillus amthracis dunng
the first 48 h of fermentation of locust bean to produce daddawa. Bacillus cereus
and Bacilluz anthracis have been reported to be members of cultivable bactenia
associated with fermented beans (Choma and Graoum, 2002; Ouoba er al.,
2004; Dguntoyinbo e al, 2010).

The ocewrence of Bacillus cereus and Bacillus amthracis or any other pathogen
m the early stages of fermentation process could probably have ansen from
handling of the beans after boaling and their mabibity to occur at the later stages
of fermentation might be due to unfaverable environment for their survival
(Dmafuvbe er al., 1999) coupled with the of presence of B. amyloligugfaciens
which mught probably suppress or iphibit growth of pathogens. However, food
bome diseases have not been reported in areas where these condiments
(fru/daddawa, qfitirin, soniru) are generally consumed (Azokpota er al., 2007).
Azokpota er al. (2007) thus suggested that further medical mvestigation have to
be camed out to confirm whether Barcillus cereus strains identified m fermented
condiments such as irw/'daddawa are actually toxigemc.

There were no funz 1solated in the Lima bean fermentation process. Thas might
be as a result of heat process prior to fermentation and probably an uncondusive
environment for their growth and mmlbplication. Absence of fungi n the
fermented Lima beans makes the product safe for consumpton in ferms of
mycotoxin production (4biese er al., 1986).

CONCLUSION

The study concluded that molecular method could be used to identify the
mmportant microorganisms in fermentation of ima bean to produce daddawa. The
method revealed that Bacillus subtiliz, B. pumilus and B amyloligusfaciens were
majorly involved in the fermentation process with B. subtilis been predominant
and that these three species of Bacillus could be tested and punified for use as
potential starter for producing quality ma bean daddawa.
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ABSTRACT

Microbial enrichments with a substrate of interest could enhance the possibility of finding certain desired metabolic activities. As lipases
are one of the most important enrymes in mdusinal applications, the Colombian Andean soils were explored as a source of hipelytic
microorganisms. Two Andean soils under low temperatures were sampled: paramo and glacier soils from “Los Nevades” National
Matural Park. Both soils were enriched through a fed-batch farmentation using ohive oil as the inductor substrate. Forty-three hpolytic
isolates were obtained and their taxonomic assignments were performed on the basis of 165 rDMA gene sequencing. In both cases, the
phylum Protechactena represented the majonty of the isolates. Qualitative assays to measure the lipolyvhie activity were performed by
using tnbutyrin, molein or olive oil (1%). Two i1solates identified as Prendomonas psychrophila and Stenctrophomonas rhizophila
produced the largest hydrolysis halos, with an optimal activity at pH 8 and 50°C. Only the 5 rhizophila extracellular fraction
hydrolyzed short and long chain pNP-esters, inchiding pMP-palmitate. The breader sabstrate specificity of this isolate 15 probably due to
the simmltanecus presence of hipase and esterase activity in the crude extract. Thas 15 the first report of hpolytic actvity in 5. rhizophila,
and the first preliminary charactenzation of the novel hpolytic activity in 5. rhizophila and P. psychrophila. Further work is needed to

punfy and completely charactenze the esterases and hpases produced by both species.

Keywords: 165 fDNA, Fed-batch fermentation, hipase, psychrotrophs

INTRODUCTION

Lipases are mmportant biocatalysts with mnumerable applications mn food, dairy,
detergent and pharmacentical industries. The biclogical funchion of these
enrymes 1s to catalyze the hydrolysis of tmacylglyeerols fo release free fafty
acids, diacylglycercls, mono-acylglycerols and ghycerol (Patil e al., 2011).
Lipolytic enrymes melude esterases commonly defined as carboxyesterases (EC.
3.1.1.1) and hipases, onginally called true lipases (Sangeetha er af, 2011). Crer
the last few decades, hpases have gamed special attention for their abihity to act
I micro-aquesus environments and catalyze estenfication, trans-estenfication,
aminelysis and acidolysis reactions (Jozeph er al., 2008).

Bactenal lipases have valuable properfies such as a wide vanety of substrates,
selectivity, stability in organic selvents, and activity in harsh conditions. Other
advantages that promote research on these enzymes are their high wield, low
production costs and the possibility of genetic mantpulation (Glegauer er al.,
2011; Meilleur er al., 2009). Most of the hpases in industry are lipoproteins
found mn genera such as: Achromobacter, Acinetobacter, Bacillus, Burkholderia,
Pseudomonas, Staphylococcus, Chromobacterium, among others (Castilla e al.,
2017; Soliman er al., 2007). These lipases can be used m different applications
meluding production of fats and oils, detergents, fine chemmcals, pharmaceutical
drmugs, pulp and paper, as well as use iIn bioremediation, waste treatment, oal
biodegradation and medical apphications (Stergiou erf al., 2013},

The low stability of well-charactenized mesophilic enzymes under extreme
conditions has prompted the search for new enzymes with better properties
(Tirawongsaroj et al., 2008; Jiménezr ef al, 2012; Lopez er al, 2014). Thus, the
molmnfm"ﬂnnﬂmga:mupable of producing stable lipases for
mdustnal applications 15 requred (Alessiaza er al, 2009; Abol er al., 2016).
Extreme environments with low temperatures are the most common places to
find psychrophilic bactenia with Lipolytic activity (De Pascale er al., 2012; De
Sant er al., 2016). Cold-adapted mucroorganisms produce lipases which function
effectively at cold temperatures with high rates of catalysis, In compansen to
those hpases synthesized by mesophiles or thermophiles that show low, or no
actrvity at low temperatures (Joseph er al, 2008). Some of the adaptations found
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in enzymes from extreme environments inchide stuctural fleahlity, higher
content of alpha helix compared to beta- sheets and temperafure independent
reaction rates (Dalmaso et al., 2015).
Prenmsshd:ﬁhaverepumddneﬂﬂmhmalmmmgmndmehpolm
microorgamsms through ennchment cultures with lipid substrates meluding ols
(olrve cal, palm cal, cal mull), fatty acids and ghyeerol (Yao er al., 2013; Gombert
et al., 1999). Hence the enrichment culfivation in olive cil used 1 this study, was
camed out based on the assumption that microorganisms able to survive on this
substrate can synthesize hpases (GGaoca erf al., 2000). One of the advantages of thas
technique 15 the accumulation of microorganisms with useful enrymes in growth-
controlled conditions (Ekkers ef al., 2012).

The major aim of this study was to 1solate hpolyhic bactena from low temperature
environs found in the paramo and glacier soils from “Les Nevados™ National
Matural Park. The screening of lipolytic bacteria through the ennchment culfure
strategy, followed by the bactenal identification by 165 rDMNA sequencing, and
the preliminary enzyme charactenzation at different conditions (temperatures, pH
and substrates) were the main steps that allowed us to bioprospect for putative
novel hipases.

MATERTALS AND METHODS

Soil samples

Samples were faken from two cold environments m “Los Nevados™ MNational
Matural Park — Colombia). The glacier soil sample (4°47°44 98”7 1N
7521752337 LW at 5200 MAMSL) registered 4.1°C and pH 4,18. The sample
from Paramo, rhizosphere-associated (4°51°51.17 1IN 75°21°13.77 LW at 4322
MAMSL) registered 9°C and pH 4 88. Both samples were taken between 10 and
15 centimeters depth The physico-chemical soil analysis was defermined
according to Tedeseo er al, (1995) mcludmg: pH, soil texture, electrical
conductrvity EC. (ds'm), cafhion exchange capacity CEC (me/l100), orgame
carbon percentage (%00, phosphoms, potassium, sulfur, calemum, won, and
magnesium. All samples were stored at 4°C unfil they were used.
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Enrichment cultures

The inoculum preparation started with the samples being washed in mineral salt
medim (BMMSM), supplemented with tereen 20 (0.5%) and olive oil 1%. This
procedure was performed with eight grams of soil for each emvironment,
followed by a 24 howrs meubation at 140 rpm and at 22°C (Wang er al., 2005).
After sedimentation, the supematant was used as mmoculom (10%) for the
ennchment culture. This was performed with the same supplemented medium, m
a fermenter batch adjusted to 1L bioreactor. The effectrve volome was 70%, and
the cultures conditions were 22°C, 140 rpm. pH 6.9 and 1.6 L min™' of aeration
dunng 3 weeks (Lanser er al., 2002; Henne et al, 2000). Every 5 days the
bioreactor was fed with MSM ensuring the final effective volume. CFU mL ™" was
estimated in mutrient agar (MoBic), (Kéhler, 2007; Wang er al, 2005).

Izelation and morphological description

Functional screening was camed out at the end of the ennchment m MSM agar
supplemented wath clive oil or tnbutynn at 22°C after three days (Bunterngzook
er al., 2010; Ertugrul er al., 2007). Colomes with hydrolysis hales were 1solated
and preserved m 15% glycerol solution at -80°C. The morphological descnphon
of colonies was performed and Gram stamning was also meluded to verify cell
shape and cell wall properties.

Lipase assay

Lipase production and secrefion was evaluated in tnplicate by agar diffusion
assay. Brnefly, MSM agar plates were supplemented with 1% of mbutyrin, obve
oll or tnelen (Chakravarthy & Narasu, 2011). As preinoculum, one full loop
of the isolated colonies was transferred in 10 ml LB broth at 20°C for 24 hours.
After meubation, 5 pl of the moculum was then transferred on filter paper disks
and incubated on agar plates at 20°C for & days. The strains were exammned daily
for their ability to produce clarified zones (Golani er al, 2016).

DNA extraction, amplification and sequencing of 165 rDNA gene

Total DMNA was extracted from the isolates as previcusly desenbed (Spanevello
er al., 2002). Universal pmmers 27F (3"-AGAGTTTGATCMTGGCTCAG-37)
and 1492R (5°-GGTTACCTTGTTACGACTT-3") (Sarkar er al, 2014) were
used to obtain a PCR. product of 1.5 Eb. A 100 pL reaction contamed buffer 13,
MzCl 1.5 mb, dNTPs 02 mM, 0.3 pM of each prmer, 0.5% of BSA and Tag
Polymerase Promega 1U. PCE was camied cut by an imfial denaturation at 94°C
for 5 mun; then 30 cycles of denaturation at 94°C for 30 sec, annealng at 57°C for
45 sec, extension at 72°C for | mmm v 30 sec and finally an extension cycle at
72°C for 7 min PCE products were analyzed by electrophoresis 1.5% (wi'vol)
agarose gels with SyBR-safe (TovitroGen™). The PCE. products were sequenced
via the Sanger method by Macrogen Inc. Eorea.

Sequence alignment: and phylogenetic analysis

The 165 DNA  sequences were analyzed wusmg  BLAST

(httewwvwpchiolm b 2oy BLAST) and the best hit was assigned to the
query. Distance frees were constructed using the UPGMA algorithm, (Bisht &

Panda, 2011) with the MEGA 7.0* package. The alignments were performed
through CLUSTAL omega http:/'wow ebiac uk/Tools/msa/clustalofe? /).
Bootstrap resampling analysis for 1000 replicates was performed to estmate the
confidence of tree topologies (Felsenstein, 1985). The sequences were submatted
to the European Molecular Bl.okrg}r Lahmatur_'.r {EMBL—ENA} Huclectide
Sequence Database (Qip.'srarer ebi 1ALy 3

mmmhﬁsofﬂﬁmdﬂd&medahmhshmeahh 1.

Growth curve experiments

The three strams that produced the largest hydrolysis halos, Stenotrophomonas
rhizophila (stran USBA 843E), Pseudomonas poychrophila (strains USBA
3444 USBA 346F) were moculated m Bioscreen® plates in tnplicate with 200
pl a5 final volime and an 0Dy, admsted to 0.02. Optical density was determined
at 20°C each 6 h for 80 hours in order to obtain the their growth curves.

Lipase activity

USBA B43E, USBA 3444 and USBA B46E strains were cultured in LB broth
supplemented with olive cil 1% as inductor substrate at 20°C for 72 howrs and
140 rpm. Then, they were centrifoged at 10.000 rpm for 7 minutes to recover the
supernatant. The protemn content was determined using the Bradford method
(Bradford, 1976) and the enzymatic reaction was measured in triphcate in the
Bioscreen®. For this reaction, 20 pl of supernatant were added to 130 pl of buffer
Tris-HC1 0.1 M and 0.1 mM of lipid substrate emmlsified in 1sopropanel (Rashid
et al, 2001}, The pNP-esters evaluated were: acetate, butyrate, decanoate and
palmytate at 5°C, 10°C, 20°C, 30°C, 40°C, 50°C and 60°C. The optimum pH of
hipolytic actrvity of the stramns was deternumed between 3 and 9, using 0.1M

1251

Glyeine-HCI pH 3; 0.1M Acetate pH 4 and 5; 0.1 M phosphate pH &; 0.1M Tnis-
HClpH 7.8 and 9. Thus assay was carried out for 1 b at 30°C includmg biological
triplicates. The activity was evalnated measunng the liberated p-mitrophenol at
405 nm. One unt of activity was defined as the amount of enryme needed to
release 1 ymel of p-mtrophenol per min.

Statistical analyzes

The results obtained from the lipase activity assay were analyzed through the
SPSS software (version 12.0). The analyses were performed using the Shapiro-
Wilk Mormality Test, and the pairmise companson Eruskal-Walks (MNon-
parameinic) fest to establish differences befween the three substrates. The
homogenecus subgroups test was used fo select the strains with the best ipohvhe

RESULTS
Phyzicochemical soil properties

The PMN glacier soil had special physicochemical properties due fo its lack of
vegetation, low temperature (4.1%), acidity (4.18), loamy texture, low percentage
of organic Carbon (0,23%), high concentration of iron (385 ppm), phosphorus
(94 ppm) and sulfate (38 ppm). Moreover, Paramo soil showed a simular pH
(4.88), but a silt loam texture, with higher concentrations of potassmm (85 ppm),
caleium (333 ppm) magnesium (38 ppm), and orgamic carbon (3,7%), probably
influenced by the presence of vegetation hke Espeletia and Calamagrostis.

Enrichment culture and izolation of ipolytic bacteria

The mihal pH was adsted to 7 + 0.2, and it decreased around 6.0 after 3 days.
Fegarding cell density, the paramo ennchment culfure increased 1ts mitial cell
count fromll CFU ml” to 10° CFU ml”, while the glacier enrichment
increased from 10° CFU mL" to 10° CFU mL™". After the screening a total of 43
colonies were isolated, 30 from the paramo ennchment and 13 from the glamer.

Morphological description

The most commen colony morphologies for the bactenal 1solates were: wrinkled,
mucoid, viscous, and translucent, with iregular and regular shapes, and with
whate, pale yellow or vellow tones. Exopolysaccharide producton was observed
in some isolates. Some colomes could change the morphotype after transferring
to a new agar plate. Nevertheless, the microscopic observation showed the same
Gram-negative, rod-shaped bactena.

Lipase assay

After 8 days of incubation at 20°C, six of the 43 isolates presented sigmificant
hydrolysis halos (statistical analysis). Isolates USBA 851A (Pseudomonas fragi),
USBA 852C (Ralstomia pickertii), USBA 843E (Stenotrophomeonas rhizaphila),
and USBA B44A (Psendomenas psychrophila) produced the major hydrolysis
halos m the tnbutyrn agar plates with diameters between 7 mm to 11 mm
(Excludmg the colony diameter). In triclein, the 1solates TTSBA 8444 and USBA
B46E (Pseudomonas psychrophila) showed halos between 8 mm and 10 mm. In
ohive cil, the isclates USBA 851A (Pseudomemas jfragi), USBA 851D
(Pseudomonas fragi) and USBA B46E (Psenudomonaz psychrophila) produced
hales between 5 and 7 mm of diameter (Fig 1)

Figure 1 Hydrolysis halos obtained in tributyrin agar plates: a. USBA 8514 b.
USBA 852C c. USBA 8444 Triolein: d USBA 851A e, USBA S44A £ USBA
B46E. Olive oil: g USBA 851A h USBA 851D i. USBA $46E
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As previously mentioned, Stemotrophomonas rhizophila and Pseudomonas
psychrophila, among other 1solates, produced the largest hydrolysis halos on the
evaluated substrates. We mnote this fact because the lLipolyfic actvity from
Stenotrophomonas rhizophila has not been reported until now. This species of
Stenotrophomonas 15 characterized by the absence of lipase and B-glucosidase
produchion (Weolf et al., 2002) Addihonally, the lpeolyhie actvity of
Pseudomonas psychrephila has been reported but 1t has not been evaluated. This
findmg led us to choose these solates (USBA B43E, USBA 844 ATISBA 846E)
to perform the enzymatic actvity assays on, n order to find novel lipases from

Sequence alipnments and phylogenetic analyzis

The 165 rDNA gene sequences were compared with sequences reported m the
GeneBank database using BLAST and the Ribosomal Database Project (RDFPIT),
in order to determune the taxonomic assignment of the 43 1solates. The percent
identihies obtained were 99% and 100%%, whale the e-value was equal fo zero (Tab

1.

Table 1 Taxonomac assignment of lipolytic bactenal 1solates usmg BLASTN and accession numbers.

Code Mearest BLAST (AC NCBI) %% Identity Arcession numbers

Glacier

USBA 3494 Pseudomonas mandelii (LT629796.1) 99% LT&27086
USBA 3434 Stenotrophomonas rhizophila (KY474340.1) 99% LT&27087
USBA 3504 Burkholderia fimgorum (LMN368266.1) 100% LTe27088
USBA 8524 Ralstonia pickerii (KT354655.1) 100% LTe&2708%
USBA 343B Stemotrophomonas rhizophila (KY474340.1) 99% LTe27090
USBA 852B Ralstonia picketii (KT354650.1) 100% LTe27091
USBA 3498 Pseudomonas mandelii (K1UU921563.1) 100% LTe27092
USBA 843C Stenotrophomonas rhizophila (ER065T21.1) 100% LTe27093
USBA 3514 Pseudomonas fragi (E2588592.1) 99% LT&270594
USBA 852C Ralstonia pickerii (Y 323570.1) 100% LTe27095
USBA 851B Pseudomonas fragi (E2588591.1) 100% LT&27096
USBA 851C Pseudomonas fragi (EX068625.1) 99% LTe27097
USBA 3534 Dermacocrcus nishimomiyaensiz (CPO)EEE 1) 99% LTe27098

Paramo

USBA 3414 Asromeonas bivahvium (EY124169.1) 99% LTe27099
USBA 3424 Asromonas veromii (KY124169.1) 99% LT&27100
USBA 342B Asromonas veromii (KY124169.1) 99% LTe27101
USBA 343D Stenotrophomonas rhizophila (ER065721.1) 99% LT&27102
USBA 343E Stemotrophomonas rhizophila (EM114951 1} 99% LTe27103
USBA 343F Stemotrophomonas rhizophila (EM114951 1} 99% LTe27104
USBA 3444 Pseudomonas psychrophila (LTG29705.1) 100% LT&27105
USBA 343G Stemotrophomonas rhizophila (ER0G5721.1) 99% LT&27106
USBA 343H Stemotrophomonas rhizophila (ET474340. 1) 99% LT&27107
USBA 345C Pseudomonas mandelii (LT620706.1) 99% LTe27108
USBA 3431 Stemotrophomonas rhizophila (ER0G5721.1) 99% LT&27109
USBA 3437 Stemotrophomonas rhizophila (EM114951 1} 99% LTe27110
USBA 343K Stenotrophomonas rhizophila (ER065721 1) 99% LTe27111
USBA 8431 Stenotrophomonas rhizophila (KR250225 1) 9%% LTe27112
USBA 343M Stemotrophomonas rhizophila (ER250225 1) 99% LTe27113
USBA 3464 Pseudomenas psychrophila (EU173827 1) 99% LTe27114
USBA 342C Asromonas veronii (E¥124160.1) 99% LTe27115
USBA 346B Pseudomonas psychrophila (LTG29705.1) 100% LTe27116
USBA 3454 Pseudomonas lini (EM114030.1) 100% LTe27117
USBA 346C Pseudomeonas psychrophila (LT629705.1) 99% LTe27118
USBA 346D Pseudomeonas psychrophila (LT629795.1) 99% LTe27119
USBA 351D Pseudomonas fragi (E2588592.1) 100% LT&27120
USBA 346E Pseudomonas psychrophila (LTG29705.1) 100% LTe27121
USBA 3474 Pseudomonas jessemii (EL725046.1) 99% LTe27122
USBA 343N Stemotrophomonas rhizophila (ER0G5721.1) 99% LTe27123
USBA 3430 Stemotrophomonas rhizophila (ER250225 1) 99% LTe27124
USBA 343P Stemotrophomonas rhizophila (ER0G5721.1) 99% LT&27125
USBA 3434 Pseudomonas congelans (IN774224 1} 99% LTe27126
USBA 3430) Stemotrophomonas rhizophila (ET474340. 1) 99% LTe&27127
USBA 349D Pseudomonas mandelii (JX122162 1) 99% LTs27128

The distance tree from glacier enrnichment culture inchides 4 clades from the
phyvlum Protecbactenia, which are associated with the genera Prendomonmas,
Stenotrophomonas, Ralstomia and Burkhelderia. The fifth clade belongs to the
phyvlum Actmobacteria, represented by the genus Dermacoccus (Fig 2a). The
paramo ennchment culture free showed only 3 clades. The 1solates belong to the
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phylum Protecbacteria represented by the genera Asromonas, Pseudomonas and
Stemotrophemonas (Fig 2b).
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Figure I Phylogenetic trees generated with the 1565 rDMA gene sequence
from a) glacier enmichment culfure b) paramo ennchment culture, compared with
selected reference sequences: P. mandelii Ge02 (ER088369.1). P. asrugimosa
VEFPAO4 (CPOOBT392), S5 maltophilia ATCC 19861 (ME 040804.1%, B
fimgorum BH3T0 (LNB368266.1), R pickerii SMV206-42 (ET334655.1), D
mishinomivaensiz ~ DSM20448  (ME 044872 1% P psychrophila FPPO2
(EUL173827.1), 4. veromii PT22 (EX124169.1), and deromonas sp. RDE-1
(EY365513.1). The frees were generzted using the UPGMA method and were
rooted with Methanogenium frigidum (MNE. 104790.1) and Bacillus subsillis
(JO433875.1) as out groups. Scale bar indicates mumber of substitutions per site
and the bootstrap analysis was performed on the basis of 1000 replicates
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Growth curve experiments

The late stationary phase from the isolates USBA S43E (Stemotrophomonas
rhizophila), USBA 8444 and USBA S46E (Pseudomonas psychrophila) was
reached after 72 hours of incubation. In this phase, the extracellular fraction was
obtained to perform the p-nifrophenyl ester assays.

Lipase activity

The protein concentrations obtained from the extracellular fraction were: 0.108
mg mL" for the strain USBA 843E (5. rhizophila), 0.126 mg mL" for USBA
8444 (P psychrophila) and 0.092 mg mI" for USBA 846E (P. poychrophila).
The hpase activity essay was camed out for 1 h at 30°C with fowr hmd
substrates: pHNP-acetate, pHP-butyrate, pNP-decanoate and pMP-palmatate. Short-
cham pNP-esters (C2 and C4) were hydrolyzed for the three 1solates. Omly the
USBA B43E (5. rhizophila) showed activity with the four substrates inchuding
pHP-palmitate The broader substrate specificity of this isolate is probably due to
the simmltanecus presence of lipase and esterase achivity in the crude extract (Fig
3.

Effect of temperature on enzryme actvity

The USBA B43E (5. rhizophila) enzyme fraction showed maximal activity at
50°C in the four hipid substrates. Its highest activity was in short chain (T2 and
C4) fatty acids. The extracellular frachion from USBA 3444 (P. psychrophila)
had high activity at 50°C m pMP-butyrate and at 40°C mn pMNP-acetate. Finally,
the USBA B46E (P. psychrophila) showed its optimum activity at 50°C m pNP-
acetate. pHP-butyrate and pMP-decancate, and its lughest activity was m short
cham {C2 and C4) fatty acids (Fig 3). The pH used dunng the temperature assays

was 7.

Effect of pH on lipase activity

The three isolates showed their optimal lipelytic activity at pH 8 in all the lipid
substrates except for pMNP-butyrate that was highly hydrolyzed at pH 9. For the
isolate USBA 843E (5. rhizophila), the hydrolyhe activity was observed at pH 7
in C2 and C4, pH & in all the hipid substrates, and pH 9 in C4 and C10 (Fig 3).
The hipase from USBA B44A (P. psychrophila) showed activity at pH 7-8 i C2,
and at pH 8-9 in C4 (Fig 3). For the isolate USBA 846E (P. pgychraphila), the
C2 hydrolysis was camied out at pH 6 to 9; of C4 at pH 8-9 and C10 at pH & (Fig
3). The temperature used dunng the pH assays was 20°C.
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Figure 3 Lipolytic activities from the 1solates USBA 343E, USBA 8444 and USBA S46E at different temperatures and pH.
this change was observed only for the Preudomonas 1solates. Workentine er al.
DISCTUSSION (2010} deseribed that Pseudomonas can change its colony morphotype depending

Ennchment of environmental samples with a substrate of mterest aimed to
expose microorganisms under a selection pressure. Here the “survival of the
fittest™ takes place under different physical, chemical and nutnfional condrhions
(Li ef al., 2009}, The adaptation of natural and complex microbial communities
to specific conditions (e g. degradation of olve oil) can merease the prevalence
of microbes cammying special metabolic capacities such as hpolytic activity
(DeAngeliz e al., 2010).
Preudomonar and Stemotrophomonas were the most abundant penera recovered
from the ennchments, and they also exhibited the largest hydrolysis hales. This
shows how their abality to metabolize the given substrate allowed them to
merease their population compared to other lipolytic bacteria. Bardgett er al.
2005) reported that the diversity tends to fall when the better-adapted
micromrganism dominates the commmmty. In our case, the better-adapted
microorganisms with the abality and required enzymes to degrade the non-
conventional substrate, domanated the ennchment culture commmunities.
Furthermore, when we compared the lipolytic 1solates from both seoils, we found
greater species drversity m the glacier ennchment culture than the one obtained
from paramo. This 15 counfer intuifrve to expectation if we consider that the
optimal environmental conditions, in terms of temperature, humidity and putrient
availabality were present in the paramo soil (Buyvtaert er al., 2006). In this case 1t
15 necessary to take info account that the ennchment method invobred changes m
the dynammes of the commumity. This could be caused predominantly by the
microbial nteractions within the ioreactor and the selection pressure m olive o1l
{Bardgett et al., 2005).
The phyla Proteobactema and Actinobacteria (with Dermacocous
mishinomiyaensiz as the only 1solate) 1dentified in the glacier enrichment culfures
have been reported from other cold emvironments (Cheng & Foght, 2007;
Steven er al., 2007; Neufeld er al., 2004; Shivaji er al., 2006). However, some
studies also indicate the presence of different taxa such as Bacteroidetes and
Fromicutes. They also report the presence of psychrophilic and hpolvtic bactena
meluding Prendomonas, Aeromonas, Burkholderia and Ralstomia, (Yuan et al.,
1010; Joseph er al., 20M08; Hemachander & Puvanakrishmnan, 2000) which
were also found mn our enrichment cultures.
Omne particular finding m owr study was the isolation of bactena with different
colony morphotypes. This polymorphism  compheated the macroscopic
deseription of some of the isolates, but after finishing the bactenal identification,
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on the culture condrfions.

In terms of hpolytic activity, this potential for Pseudomonas fragi and Ralstonia
picketti was confirmed by the large hydrolysis halos produced in the fatty
substrates (Fig 1 and 3). These species have been previously reported for ther
lipolytic activity and stability at low temperzfures (Joseph er al., 2008;
Hemachander & Puvanakrizshnan, 2000). The other two 1solates with
interesting activity were Psewdomonas psychrephila and Stemotrophomonas
rhizophila. They were chosen to perform enzymatic actnity assays, not only for
the production of bydroly=sis halos, but alse for thewr “novelty” valme Bai & Bai
Vittal. (2014) studied the relationship befween protease and lipase production
with quorum sensmg molecules m P. psychrophila PSPFL2. Thewr objective was
to mhabit the exoenryme production. Therefore, they never characterized the
lipases or proteases produced by the stram PSPF19. The closest report of the
lipolytic activity in P. psychrophila, was perfformed by Yumoto er al. (2001)
with Pzeudomonas fragi lipase, which has a close phylogenetic association with
P. psychrephila. In conclusion, our study is the first to date to perform the
prelimimary charactenzation of its hpolytic actvity.

In 2002 Wolf et al. did the whole charactenzation of Stemetrophomonas
rhizophila, a novel plant-associated bacterium. In their study they reported that
the three strains evaluated showed a high antifimgal actnaty and no lipase or -
ghicosidase production, which differs from the charactenstics observed from the
13 strams of 5. maltophila. In addition, the growth rate of 5. rhizophila at 4°C
was 625 times higher than the cbserved with 5. maltophila, which lead us to
predict an even hgher potential for the punified enzyme of 5. rhizophila at low
temperatures. After this publication, Hasan-Beikdashti er al. (2008) optimized
the culture conditions to produce the 5. maltophila ipase to hydrolyze capsaicm
and produce vamllylamine, which has antbacterial and anfi-inflammatory
properties. Li er al m 2013 and 2016 cloned and charactenzed the lipases:
CGMCC 4254 (novel cold-active and orgamc solvent-tolerant lipase), and the
G511 (cold-active, solvent-tolerant and alkalne) also from S5 maltaphila.
Mevertheless, this i1s the first study that reports the lLipolytic achvity in S
rhizophila.

The optimal condifions for the three evaluated strains were 50°C and pH & (Fig
8). Those temperatures and pH conditions have been already evaluated m
Psendomonas aeruginosa (Dharmsthiti er al., 1998), Psendomonas fluorescens
(Kulkarni er al., 2002), Preudomonas sp. INE] isolated in the Antarctic (Park e
al., 2011). Our possible “novel” alkahne enzymes should be purified and tested
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for a complete characterization in order to explore all the potential m terms of
stabality, substrate specificity and possible applications.

CONCLUSION

Exposing microorgamisms to specific conditions m order to screen for capabibities
that are not usually explored in non-conventional emvironments 15 a useful tool to
discover biotechnological applications. Chur study reports the first prehoomary
characterization of the lipolytic activity of Stemotrophomonas rhizophila and
Pseudomonas psychrophila. Further studies to punfy and completely characterize
their hpolytic enzymes, will help us to understand all the potential offered by
these “novel” lipases'esterases, that could be used for fiture apphcations. Char
results demonstrate the vast opportumities offered by extreme environments for
explorztion and bioprospecting of different metabolic activifies of interest.
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OPEM am{!s:

The present investigation aimed to study antimcrobial activities In manne mucroalgae, screened from Moroccan coasthnes. Ethanolic
extracts were prepared from the mucroalzae and evaluated each against the bacteria: Escherichia coli, Psendomenas aeruginosa and
Staphylococcus awrens, the yeast Candida allicans and the funpus Aspergillus niger. The highest antibactenial activity was found in the
extract of Tetraselmiz sp. which exhabited an inhibitory effect against the three bacteria with a MIC of 2.6 to 3.0 mg extract per mL
culfure. Extracts from the other microalgae: Dunaliella Salina, Nammochloropsis gaditana, Dumaliella sp., Phaeodactylum tricormutum
and Isechrizis sp. each showed mhubitory activity against E. coli or P. asrugineza with a MIC of 2.6 to 4.3 mg extract per ml. The
extract of N. gaditana also mhibited 5. aurens growth. However, the extracts from the macroalgae, Chastoceros sp. and Chiorella sp.
showed no effect under the apphed expenmental conditions. All the tested extracts inhabited the growth of C. albicans; the highest
activity was obtained from N. gaditana with a MIC of 4.0 mg extract per mL culture. dspergillus miger appeared to be resistant to the
effect of the extracts. The observed antimicrobial activities were linked to the contents of the extracts in fatty acids, carotencads and
phenclic compounds. In conclusion, the studied micrealgae could be conmidered as a potential natural source of bicactnve compounds

with antimicrobial actnaties.

Keywords: Manne microalzae, antimucrobial actrvity, phenolic content, carotencads, fatty acids

INTRODUCTION

There has been increasing demand for new antmicrobial compounds m response
to confinuons evelotion of microbial pathogens iIn anhbiotic-resistance. Marine
environment has been considered among the most promusing sources of
antmicrobial compounds, as Dumerous sea organisms produce bicactive
metabolites n response to emvironmental stress and develop chemical strategy for
defense and survival (Mhadhebi er al, 2012). A large mumber of new active
antmicrobial compounds have been isolated from mamnne sources. But, the
majonty of these compounds has not been yet charactenzed (Sanmukh e al.,
2014).

Marine microalgae constitufe atfractive sources of novel and active metabolites,
comprising proteins, enzymes, plgments and pobnumsaturated fatty acids (PUFA)
that could be exploited in pharmacentical, food, feed and cosmetic industries
(Mendez er al., 2003; Cardozo e al.,, IM7; Sorendhiran e al, 2014)
Compounds with phammacentical characterishies, as  anhocadative,

anfinflammatory, antincrobial or antitumorzl properties, have been 1dentified;
some of them have been mn the clinical tnal state (Guedes er al., 2011; Kwak &r
al, 2014). Antrmicrobial activifies are among the most researched features m
natural extracts. They have been attnbuted to different compounds, mehiding,
(Bhakuni and Rawat, 2005; Santoyoe ef al., 2009).

Selected examples from the studied antimicrobial activities mn mucroalgae are
summanzed in Table 1. However, to our knowledge, there are no data avalable
on the antmicrobial potential of micrealgae, i1solated from the Mormccan
coastlines. In order to evaluate this potential nine microalgae, collected from
these coastlines and identified, were extracted with ethanol; the collected extracts
were exammned against mucrobial targets. The obtaned results are desenbed
hereafter, and discussed with consideration fo the previously determined contents
of the microalgal extracts in fatty amds, carotencids and phenolic compounds
(Maadane er al., 2015).

Table 1 Extracts and compounds from microalzae with antimierobial activity

Microalgal species Active extracts/'compounds

Target microorganisms References

Phasodactylum tricormnutum Eicosapentaencic acud

Lizstonella anguillarum

Lactococcus garvieae

Staphylococous aureus
Fibrio =p.

{Deshois eral,, 2009)

(Smith e al, 2010)

Dumalialla salina Faty acids

Staphylococous aureus

Candida albi (Herrero er al, 2006)

Haematococcus pluvializ acid, methyl Lactate)

Eschervichia coli
Staphylococcus anreus Candida
albicans

(Santoyo ef al, 2009)

Chloreccum humicola

Pigments
Spiriluna platensis

E. coli
Staphylococous aureus
Bacillus subtilis
Streptococcus =p.
Bacilus sp.
Pseudomonas sp.

(Bhagavathy er al., 2011)

(Muthulakshumi er al,, 2012)
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Staphylococcus sp.
E. coli

Anabena sphaerica
Oscillatori alimentica

Spiruling platensis Polyphencls

E. coli
Staphylococous aureus

(Klejdus er al, 2010)
(Hetta eral , 2014)

Pithaphora cedogonium Ethanohc extract

Salmonella

- 1
Sraphul. s 5p. (Danyal er al., 2013)

Fibrio choleras,

Klebsiella preumonias, Ezcherichia
coli, Pseudomonas aeruginosa,

Tetraselmis suecica Fatty acids

Salmonella sp.
Protens sp.
Streptococcus pyogens,

(Dooslin Mercy Bai and
Krizhnakamar, 2013)

Staphylococeus aureus, Bacillus

mMagaierinm
Bacillus subtilis

MATERTALS AND METHODS
Microalgae and culture conditions

Mine marne microalgae were selected for this study from the collection of
Moroccan Foundation for Advanced Science, Inmovation & Fesearch (MAScIR,
Rabat). They were identified (Maadane er al., I015) as: Nammochloropsis
gaditana, Dumaliella salina, Dumaliella sp., Phaedactylum tricormutum,
Isochrysis sp., Navicula sp., Chaeotoceros sp., Chlorella sp. and Tetrazelmis sp.
Culturing condifions of the microalzae were previously descnbed (Maadane er

2015). Brefly, batch cultures were realized m 5 L flasks contaimng sterile
natural seawater, enriched with F/? medium mutnents; the cultures were agitated
by air bubbling at 25 °C, under contnuweous illnmination at mtensity of 150
pmol m™ sec”'; microalgal biomasses were harvested by centrifugation, freeze-
dried and stored at -20° wntil use.

Extraction of microalgal substances

Crmde extracts from the microalzae were prepared by exiracting 1 g of dred
biomass with 100 ml of ethanol for 3 h at room temperature, in the darkness. The
extraction was repeated fwice for each alga; collected extracts were combined
mto one sample The samples were then filtered and concentrated under reduced
pressure n a rotary evaporator. The resulting concentrated extracts were stored at
-20°C untl use.

Extract antimicrobial activity evaluation

The microzlgal extracts were tested agamst five microorganisms, mehding two
Gram-negatrve bactena: Escherichia coli (ATCC-8739), Pseudomonas
aeruginosa (ATCC-9027), one Gram-posifive bacterium, Staphylococous aureus
(ATCC-6538), the wyeast Camdida albicans (ATCC-10231) and the meold
Aspergillus miger (ATCC-16404). Spores of the mold were harvested into stenle
distilled water from monoconidial cubiures, developed on potato dextrose at 24°C
dun.ng? days

The minimum mhibitory concentrations (MICs) of the extracts were defermined
against all the tested microorgamisms using the broth microdilution method
(Scorzomnd er al, 2007). Microbial samples were prepared by dilution with growth
media o obtain inecula at 10 colony forming wnits (CFU) per mL cultore. The
test culfures were performed in Muller Hinton broth for bactenia, or m Sabouraud
dextrose broth for O albicans or 4. Niger. The cultunng media were
supplemented with 0.5% Tween-20. Samples of the extracts were prepared by

different dilutions in DMS0), and tested at a final concentration ranging from 0.5
to 5 mg extract per mL culture. Microbial growth was allowed mn 96-well micro-
titration plates by dispensing mto each well 180 pl. of microlial eulture and 20
pL of microalgal extract sample at vanous concentrations. The final DMSO
amount, being less than 4%, was without growth inhibition effect. Sample blanks
were prepared for all the extracts by adding 20 pL. of each extract sample to 180
pL of Mueller Hinton (or Sabouraud dextrose) broth medium. The plates were
incubated at 37°C, 24 b for the bactenia and 48 b for C. albicans or 4. miger. The
anfibiotics, chloramphemeol and amphotericin B were used as pesitive controls
agmnsrﬂmha.dﬂuocrﬂ' albicans and 4. miger, respectively. The viability of the
examined microorganisms was assessed by measuring absorbance of cultures at
600 nm against the Mueller Hinfon or the Sabouraud dextrose broth, using a
Multiscan Spectrophotometer (Thermo-Fisher Scientific Inc). Assayvs were
camed out in trplicate, and repeated twice. Microbial growth mhibition was
expressed In percenfage term according fo the equation:

A o-A
[l ) ( sanple satiple blank )] 0

" “control

Asesy absorbance of the cullture control; A absorbance of the culfure test
sample; Mg paa: absorbance of the extract sample m the mutrent broth.

RESULTS AND DISCUSSION

The antimicrobizl activity level in the ethanolic extracts of the examined
strain {Table 2). The extract of Tetrazelmis sp. exhibited an antmicrobial activity
agamst both Gram-positive and Gram-negative bacteria with the lowest MIC
valies, ranging from 2.6 fo 3.0 mg per mL culture. Meanwhale, the ethanohe
extract from Dumaliella salina showed an antbacterial activity against only the
Gram-negative bactena, E. coli and P. aemuginosa. However, the extracts from N.
gaditana, Dunaliells sp. P. tricornutum, and Isochryzis sp. showed relatively
moderate anfibacterial activities at the used exiract concenfrations. Chiorella sp.
and Chasteceros sp. did not exhibit any inhibitory activity agamst the tested
bactenia, even at the concentration of 5.0 mg extract per ml.

Table I Anfinncrobial activities of ethanohe extracts of microalzae, 1solated from Moroccan coastlines.
MIC values are presented as means + 5D (o = 6). The anfimicrobial actvity was deteromned mn a culture assay of 0.2 ml., composed of 0.18 ml.

medium and 0.02 ml. extract sample.

MIC (mg extract per mL culiure)

Microalgae E.coli P. aeruginesa S. aureus C. albicans A niger
Tetraselmis sp. 26102 28009 3=01 =5 -
Dhmaliella Salina 34404 26=08 - =5 -
Nammochloropsis gaditana 34402 =5 4506 4.0+0.6 -
Chiorella sp. - - - =5 .
Dhmnaliella sp. =5 43=01 =5 =5 -
Navicula sp. =5 =5 =5 =5 -
Phaeodactylum tricormutum 4301 =5 =5 47401 -
Chastoceres sp. - - - =5 -
Tzochrisiz sp. 35402 =5 =5

=5 MIC 15 expected to be higher than 5 mg extract per mL culture. -

concentration, 5 mg per ml. culfure.

1258

absmmufanhmmmhulaﬁ’ectatﬂiehlghﬁtummdmt




J Microbiol Biotech Food Sc1 / Maadane et al 2017 - 6 (6) 1257-1260

Only, N. gaditana and P. tricormutum showed an actvity against O albicans
(Table 2). Extracts of the other microalgae had weak activity against this veast, as
at the maximal concentration used m the test, bemg 5.0 mg per mL. culture, the
growth mhibition was less than 50%. Therefore, the MICs of these extracts
against . allicans were expected to be higher than this concenfration.
Paradoxically, no antifimgal activity was observed in all the extracts agamst A
miger at the tested concentrations.
As noticed under the applied culture conditions, the MICs of the positive controls
are in mean valoes: 0.085, 0.145 and 0.57] mg chloramphenicol per ml culture
for respectively 5. auwrens, E. coli and P. asmuginosa. The MIC of amphotericin
against C. albicans was much higher, being 1.6 mg per ml. culture. For the
microalgae that exhibited antimicrobaal activifies, the registered MICs, wihach
were of 2.6 to 4.7 mg extract per mL (Table 2} are by companson to those of the
antibiotics higher. However, they mught be pharmaceutically sigmficant, if the
crude state of the tested extracts was considered, as these extracts contzmed
different substances, and only some of them had imhibitory effect. The registerad
dahwminﬁﬂcmmdmt with hferature-published observations, concerned
with the antimicrobial activities of microalgal extracts, as those of Chastoceros
mulleri (Mendiola er al., 2007), Chiorella vulgaris (Plaza er al., 201I) and
Nostoc sp. (Salem er al., 2014).
The antmmcrobial activities described abowve could be atmbuted to different
compounds, compnsmg those previously deteromned (AMaadane er al., 2015):
fatty acids, carotencids and phenolic compounds. Fatty amds, which constitute
major parts of the extracted biomasses, are particularly considered becanse thewr
antmicrobial effects have been long recogmized (e.g., Galbraith er al., 1971;
Desbois er al, 2009; Cakmak er al., 2014).
The extract from Tetraselmiz sp. contans high amounts of oleic amd (cis-9-
octadecenoic acid) (48.8 % of the ethanol-extracted fatty acids), lmoleic acid (eis,
ciz-9,12-octadecadienoic acid) (36,4 %) and palmitic acid (hexadecancic acid)
(18.6%). These fatty acids were determuned as major components m the
ethanolhic-extract or hexanic-extract of Dunalislla salina (Herrero et al., 2006),
and reported to be responsible, in 3 main part, of the antimicrobial actvity,
exercised against E. coli, 5. awrens, and C. albicans. Besides, the antbacterial
actrvities observed in the algal species, Nostoco spongiforme, Oscillatoria tenins
and Chlorecoccus sp. were lnked to their contents in fatty acids (Suresh er al.,
2014). Considenng these hterature-data, the anfibactenal actvity of Tetraselmis
sp. (Table 2) can be hoked, for a2 major part, to ifs confent m palmitic, oleic and
The amnalysis of the ethanolic extract from I zalina showed that this micralga
contams the highest amount of ethanel extractable FUFA, being 76.9 % of which
Inolenic acid (all-ciz-9,12,15-octadecatnencic acid) constitufes a high part
(453%) (Maadane er al., 201%). According to Lee e al (2001), the
antmicrobial actnaty of Imolenie acid was high agamst Gram-positive bactena,
but low against Gram-pegative bactena. The ethanolic extract of D). zalina (Table
2} showed antibacterial activity agamst the Gram-negative bacteria, E. coli and P.
aeruginosa and no activity against the Gram-positive bactermam 5. aurens. If this
activity was mamly atinbufed to the linclenic acid which was found to be
abundant in the fested extract, then our observations regarding 5. aureus are In
contrast to those by Lee ot al. (2001).
The extract from N gaditama was shown fo confain Important amounts of
itoleic acid (cis-9-hexadecencic acad) (28%), palmitic acid (24.1%), oleic
acad (15.3%) and ercosapentasncic acmd (14%). Also, P. tricormutum extract was
shown to be rich in these acids. Their antimicrobial activities agamst bactena and
C. albicans (Table ) mught be due for a great part to these dominant fatty acids,
m agreement with pubhished observations (Surendhiran et al., 2014), concerned
with the antibacterial activity of the C16-C20 fatty acids-nch extract from N
oculata. Especially, eicosapentaencic acid, dommant m extracts of P
tricornutum must have considerable antinmerobaal effect (Desbois et al., 20097,
Astaxanthing a carotencid pigment, was demonstrated to have a sigmficant effect
against both Gram-pegative and Gram-posiftve bacteria (Ushalmmari and
FRamanujam, 2013). Besides, different extracted carotencids from microalzae,
compnsing D). salina (Herrero et al., I1006) and Chlorococcum humicola
(Bhagavathy er al.,, 2011} have been reported fo possess important antimacrobial
actrvities, effecting Gram-posifive and Gram-negative bacteria and C. albicans.
According to our previous data (Maadame er al, 201%), only the ethanche
extracts from Dhwmaliells sp., P. tricormumm and Tetraselmiz sp. contained
carotenoids at significant amounts, bemg 10.8, 6.3, and 4.6 mg per g extract,
respectively. Consequently, the observed antimicrobial activities of these extracts
could be due not only to their fatty acids, but also to their carotencids, n
concordance with the referenced data. Besides, the ethanol extracts from N
gaditana, Tetrazelmis sp. and P. tricornutum contained high content of phenohe
compounds (polyphencls), being 32, 255 andl6.8 mg, expressed m gallic acid
equvalent per g extracted biomass, respectively. These extracts exhobited the
highest antimicrobial activity (Table 2) which could be attnbuted, for a part, to
their phenolic compounds m agreement with published observations (e.g., Pane
eral, 2015).
Bicactive compounds released by microalgal cells are either bactencidal or
bactenostatic (Falaize e al, 2016). Thewr achon mechamsms are stll poordy
understood. However, action modes have been suggested for growth inhabition or
kiling of bacteria by some of the funchonal molecules (Shannon and Abu-
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Ghannam, I016). In this, phytochemacals, comprismg mucroalgal substances,
may act by inducmg cellular membrane pertarbations, mterference with certain
microbial metabolic processes, modulation of signal transduchion or gene
expression. Free fafty acids could imtate percoctidative processes, and preclude
the synthesis of bacterial fatty acids (Zheng er al., 1005; Deshoiz and Smith,
2010). Besides, free fatty acids mmght interact with cellular membranes of
microbial cells, causing leakage of molecules from these cells, reduction of their
nutrient uptake or inhibition of thewr respiration (Suresh er al , 2014).

In the present study the antimicrobial activifies of the studied microalgal extracts
were attributed to their confents of fatty acids, carotencids and polyphenocls, as
discussed above. These substances probably act together, either in an independent
or synergistic manner. Whatever thewr action mode, the data, desenbed here,
demonstrated the presence of phammaceutically promising antibacterial
compounds in the screened microzalgae from the Moroccan costlines.

Acknowledgments: The present study is a part of the authors” project, aimed at
the investizgation of the pharmaceufical potential of Morocean costhmes-screened
microalgze. This project has been funded by the Moroccan Foundation for
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Thas study was conducted to inveshizate the presence of Emterococcus spp. In meat, meat products and seafood. A hundred and four
samples were randomly collected from different geographic localites m Libya. The samples were subjected to microbiological analysis
for enumeration and isolation of Emterococcus spp. by conventional cultural and molecular identification usmg PCR and partial
sequencing of 165 (DMA techmiques. Out of 104 samples, 73 (70.2%) 1solates were found to be enterococct based on their cultural

charactenstics on ESD medmm. However, out of 36 samples subjected to molecular identification, only six 1solates were confirmed to

OPEM aﬂ!s;

be Enterococcus spp. using PCR and parhal sequencing of 165 rDNA technique All enterococei strains tested for their antibiotic
sensitivity profiles showed hagh percentage of mulhi-resistance phenotype. These results can be used for further studies on enterococel as
an emerging food bome pathogen and its role in luman mfechion in Libya and would suggest that meat, meat products and seafood
might play a role in the spreading of enterococci through the food chain with anfinmerobial resistance characteristies.

Keywords: 165 fDNA, antbiogram, enterococet, food, Libva

INTRODUCTION

Enterococcus spp. 15 a genns of lactic acid bactena of the phylom Firmmeutes that
possess Lancefield group D anhgen as some of streptococel.  Enterococel are
Gram-positive cocel, often oceur in pairs (diplococct) or short chamns bactena of
the gastrointestinal tract of healthy human mtestinal flora (Aarestrup er al.,
21001). Enterococel are able to survive in extremes of temperature (5 to 60 "C),
pH (4.6 to 9.9) and high sodium chlonde (6.5% wiv) (Murray, 1990). They are
capable of growth in the presence of bale salts (40% w'v) (Fisher and Phillips,
2009 and they commonly oceur mn foods, especially those of animal engin such
as meat and malk (Giraffa, 2003).

Presiously, all streptococa of fecal ongin that produce group D antigen were
considered as enferococel (Hartman er al, 2001). Molecular hiology studies
(ncluding ohzomiclectide cataloging of 165 (RNA, DNA-DNA and DMA-rENA
hybridization), combined with physiclogical studies showed more detailed
classification (Schleifer and Kilpper-Bilz, 1987). Members of this genns are: E.
avium, E. casseliflavus, E. durans, E. faecalis, E. faecium, E. gallinarum, E.
hiras, E. malodoratus and E. mundtii (Hartman et al , 2001).

Previous studies have shown that meat and meat products represent a contmuous
supply of commensal bacternia, mchding enterococc: (Chod and Woo, 2013;
Sharifi er al, 2013; Sparo eral, 2013). E. faecaliz and E. foecium are common
commensal organisms m the infestines of bumans were showm to be the
predopunant isolates in raw meat (beef and pork carcasses) (Knudtzon and
Hartman, 1993). Meanwhile, E faecaliz was the most frequent 1solate among
the Gram-positive cocel found m chicken meat (Turtura and Lorenzelli, 1994).
In processed meat, the presence of enterococel reflects the extent of imtial fecal
contamimation (Holley er al., 1988).

Enterococel are recognized as opportumstce boman pathogens and lately have
distimgmshed themsehves as major nosocomual pathogens causing bacteremia,
endocarditis, unnary fract, central pervous system, mbra-abdominal and pehac
mfections (Franz e al, 1999). In addifion, enterococel can be also used as an
enteric confanmunation indicator (Foulguie Moreno er al., 2006).
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Enferococel are also known for their capability to exchange genetic information
by conjugation (Dunny, 2007) and may spread antibichic resistance genes among
non-pathogenic organisms (Cocconcelli ef al, 2003; Fisher and Phillips, 2009).
Thus, Hme:samm:ﬂnabwtﬂw:pmmmum:mhdﬂammdmeat
because of the contnbubion they may have to the baselne level of anhbiche
resistance in other genera and the potenfial for transfer of antibiotic resistant
bactenia from the indigenons animal microflora to the human gastrointestinal tract
(Mathur and Singh, 2005), also leading causes of highly antibiotic-resistant and
hespital-acquired infection (Aarestrup et al, 2001). Enterococel are recogmzed
as opportumistic buman pathogens, and as indicator for fecal contammation. Due
to lack of zood hyeiemc practice m the Libyan slaushterhouses and meat retail
markets, therefore, the objectives of thas study were to evaluate the presence of
enferococel In meat, meat products of different animal species and seafood from
different Libvan localities and for thewr anhbiotic resistance profiles.

MATERIAL AND METHODS
Collection and preparation of samples

A total of 104 samples (Table 1) included: raw meat samples (51), meat products
(30} and seafood (23), were randomly collected from different cities m Libya
(Trnpeh, Regdalin, Janzour and Tobruk). The samples were packed in stenle
plastic bags, stored mn an insulated icebox and transferred as quekly as pessible
to Food Hyeiene and Control Laboratory Department. Faculty of Veterinary
Medicme, University of Tnpoli.  All samples were subjected to Emteroceccns
spp. microbiological enumeration and isolation techmiques. Decimal dilutions,
culturing and enumeration techniques were performed according to the methods
desenbed by the Amernican Public Health Association (APHA) (Downes er al ,
2001). Briefly, 25 g from each sample was asephcally transferred into a stenle
stomacher bag (Seward Medicals, UK) and homogemized (Stomacher 400,
Seaward Medicals, UE) with 225 ml. of stenle peptone water 0.1% (w'v) (Park
Scientific, UK} at 230 rpm for 2 min
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Enumeration and isolation of Emterococcus spp.

Ernumeration and 1solaton of enterococel were performed using enferococct
selective differential agar medmm (ESD) (Efthymioun et al . 1974). ESD plates
were seeded by swrface spreading of 0.1 ml of appropriate tissue homogenate
serial dilutions and then ineubated at 37 °C for 24 h. ESD plates were examined
for the presence of either mapenta, round, 2-3 mm diameter colomies (E.
Jfaecalis), or white, round. 2-3 mm diameter colomes (E. faecium), or pink, round,
2-3 mm diameter colonies (E. intermediate). Isolates were identified to the
species level by using AP 20 Strep system (bioMérienx”™, France).

Identification of enterococei by PCR and partial sequencing of 165 rDINA
DNA extraction and amplification of 165 rDNA

DMA extraction of enterococel isolates was performed by GF-1 bacterial DMA
extraction kit (Cat. # GF-BA-100, Vrvantiz, Malaysia) as descnbed in a previous
study (Azwai er al., 2016). The 165 rDNA was amplified using the unmersal
oligonuclectides primers foraard: 5-D-Bact-0341-b-5-17 5-
CCTACGGGNGGCWGLAG-3' and Reverse: 5-D-Bact-0735-a-A-21 5-
GACTACHVGGGTATCTAATCC-3" (Herlemann er al, 2011}

Electrophoresis, gel extraction and DNA sequencing

The amphified 165 rDNA PCR fragment (464 bp) was excised from the gel and
the DMA was purified nsing GF-1 Ambi Clean kit (Cat. # GF-GC-100. Vivantis,
Malaysia) as described m previcously (Azwai er al, 2016). The punfied 165
DNA amplicons underwent cyele sequencing with Big Dyve® Terminator v1.1
kit (AB Apphied Bioscience, TECHME, TC-512, USA) and were sequenced on
four capillary ABI PRISME 3130-Avant Genetic Analyzer at IZSLER. Istituto
Zooprofilathico Sperimentale Della Lombardia e dell’'Emiha Romagna, Brescia,
Lasergene package, (DMA Star Inc, Madiseon, WL USA) The cobtained
consensus sequences were subjected to BLAST search beoth at NCBI
{(http-"www nebi nlm mih gor'pubmed) and at 165 bactenal cultures Blast Server
for the identification of prokaryotes (hitp:/boinfo umice fi'blast’).

Antibiogram of isolated strains

Ineculum Preparation

Upon confirmation by PCR and parhal sequencimg of 165 fDNA gene isolated
strams of enterococcl were preserved by freezing at -B0 °C m wials confaimngz
Bram Heart Infusion broth (BHL Difeo, Michigan USA) supplemented with
30% (%) glycerol. To propagate the culiwre, frozen vial was thawed at room
temperature, and 0.5 mL of thawed culture was transferred to 5 mL of BHI broth
and incubated for 24 b at 37 “C. The inoculom was prepared from the second

transfer of that culture (0.5 ml} to another 5 ml. of BHI broth and incubated for
16 — 18 b at 37 °C. After the overnight incubation Muller Hinton agar plates
(Oxoid, Hampshare, UE) were surface swabbed, then the selected antibiotic dises
were dispensed and hehtly pressed onto the inoculated agar surface according to
(Covle, 2005) then meubated at 37 °C for 24 b

Annbiotic assay

The selection of antibiotics was based on ther common use in food amimal
practice and mchided: (oxytetracyeln (30 pg), streptomyem (10 pg) and
vancomryein (30 pug)). The anhibiotic discs were purchased from Oxoid with the
exception of the enrofloxacin (5 ug), amoeillin (25 pg) obtained from Arcomex
Arb (Medical Diagnostics 0., Amman, Jordan), while colistin (10 pg),
doxyeychne (30 pg), gentammyein (m pg), erythromyein (10 pg), were obtamed
from Mast Thagnostics (Mast group Itd., Merseside, UK). The clear zones around
antibaotic dises that has no zrowth, referred fo as the zone of Imhibition. were
measured and scored as sensifive, intermediate (reduced susceptbulity) or
resistant according to the Chnical and Laboratory Standards Institufe puidelines

(CLSIL, 2015).
RESULTS AND DISCUSSION
Izolation and enumeration of Enterecoccus spp.

One hundred and four samples from vanous regions of Libva comprsing mw
meat (31}, meat products of different species (30) and seafood (23) were tested
for the presence of Emterococcus spp. by usmg ESD mediom (Table 1)
Enterococcus spp. were 1solated from the samples of raw meat: beef 12/17
(70.5%), camel 13/22 {55%) and clucken meat 11712 (91.6%) respectively. and
from the samples of seafoed: fish 513 (38.4%) and shomp 36 (50%%)
respectively, with counts ranged from 8.7x10 to 4.2x10° CFU'g and the most
commeon 1solate was E. fascalis. No 1solate was detected from clam samples. As
for meat products, 1solation rate of Enterococcus spp. on ESD agar plates from
30 samples of meat products of different animal species was 100%%, except for
beef burger, that was 87.5% (7/8) with counts ranged from Tx10® to 6.8x10°
CFU/'g. The maximum mean count of enterococcl was recorded mn chicken burger
3.8x10° CFU/g; while the minimum mean count was in shrimp 1.1x10° CFU/E
(Table 1). The occmrence of Emterococens spp. was 87.5% in beef burger wath
counts rangmg from 1.7x10F to 14x10° CFU/g and the mean counts was
7 6x10°CFz, meanwhile, in beef kehab the isolation rate was 100% with counts
ranging from 2x10* to 1.8x10° CFU/g and the mean count was 9x10* CFU/g
(Table 1}. Detection of enterococcl in chicken burser was 100% with counts
ranging from 7.7x10° to 6.8x10° CFU'g with 2 mean counts 3.8x10° CFU/g.
While, in ground chicken the rate was 100% with counts ranging from %x10° to
8x10* CFU/g and the mean counts was 4.5x10° CFUis.

Table 1 Comparison between srowth on ESD medium and partial sequencing of 165 tDNA technigue for identification of Entsrococcus spp.

No. of No. of Suspected Average Connt (CFLVg) No. of No. of Positive
Type of Sample Samples Enterococcus spp. of Enterococcus spp. on Sequenced Enrﬂmp pp- !J}'
CGrowth on ESD (%) ESD Izolates 165 rDNA Sequencing
Raw meat
Beef 17 12 {70.5) 22=10¢ 4 Hone
Camel meat 22 13 (539 1.6=10° 4 Hone
Chicken meat 12 11 (91.6) 4:10° 4 Hone
Clam 4 0 - - -
Fish 13 5(38.4) 44100 2 Hone
Shrmp & 3 (50) 1.1=10° 2 Hone
Meat products
Chicken burger 3 8 (1000 3.8=10° 4 3
Chicken kebab 2 2 (100) 9:10° 2 Hone
Chicken sausage 2 2 (100) 9:10° 2 Hone
Beef burger 3 T(87.5) 76108 4 1
Beef kebab 2 2 (100) 9:10° 2 1
Beef sausage 2 2 (100) g=10° 2 Hone
Ground beef 2 2 (100) 9:10° 2 Hone
Ground chicken 4 4 (1000 435=10% 2
Total 104 T3 (T0.2) 36 6

Identification of enterococei spp. by PCR and sequencing of partial 165
rDNA gene

A total of 36 (16 raw meat samples and 20 meat products samples) randomly
selected isolates (36 out of 73 isolates were found to be enferococci based on

their culfural charactenstics on ESD mediom)) were sent for partial sequencing of
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165 MMNA (464 bp) of enterococel strains usmng the umiversal oliponuclectides
prmers (FOE.: 5-D-Bact-0341-b-5-17 and REV.: 5-D-Bact-0785-a-A-21) (Fiz.
1). Only six isolates (16.6%) (Table 2} were identified as Enterecoccus spp.
These 1solates of enterococel were all isolated from meat products (beef burger,
beef kebab, ground chicken and chicken burger) (Table 3.
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Figure 1 Representative gel of partial amphfication of 165 DMNA (464 bp)
products of isolated Enterococcl strams usng the uwniversal ohigonuclectides
primers. First and last lanes contam DA marker (M),

Table I Convential and molecular identification of suspected Enterococeus spp. in different meat products samples (CFU/z)

Tepe of § le Suzpected Growth of No. of Suspected No. of Sequenced No. of Positive Enteroceccus spp. by
pe amp Enterococcus spp. on ESD Isolates Growth on ESD Iszolates 165 rDNA Sequencing
Chisken b E. imfermediate 4 2 0
chen urger E fascalis 4 2 3
Chicken kebab E. imfermediate 1 1 0
E. fascaliz 1 1 0
E. imfermediate 1 1 0
Chicke
CE sansage E fascalis 1 1 0
E. imfermediate 3 2 0
Beef by
HrEer E fascalis 4 2 1
E. imfermediate 1 1 1
Beef kebab
. E fascalis 1 1 0
E. imfermediate 1 1 0
Beef
sansage E fascalis 1 1 0
E. imtermediate 1 1 0
Ground beef
round hes E fascalis 1 1 )
Coromnd chicken E. imfermediate 2 1 0
rounce E fascalis 2 1 1
Total o 20 &
Table 3 Identity of suspected isolate after sequencmg by blast NCEI
Identity Suspected Isolate on Storage
Blast NCBI (%) Izolate Code ESD Type of Sample Condition Source
Enterococcus durans 100 4203.1 Enterococa Beef burger Frozen Sugaljuma, Tnpoh
Enterococcus faecium 100 42052 Enterococcl Chicken burger Frozen Salaheldm Trnpoh
Enterococcus durans 100 4210.1 Enterococa Beef kebab Chilled Salaheldm Tripoh
Enterococcus faecalis 100 6205 Enterococa Ground chicken Chilled Sugaljuma, Tnpoli
Enterococcus faecium 100 7221 Enterococel Chicken burger Frozen Abusetta, Tripoh
Enterococcus durans 100 72022 Enterococa Chicken burger Frozen Abusetta, Tnpoh
Antibiotics Resistant Phenotype showed resistance to eight out of nine (38.8%), lastly E. durans from chicken

The results (Table 4) showed testing of the six confirmed enterococel isolates
from meat products against mine antmicrobial agents (amocaclling colistin
doxycycline, enrofloxacin, erythromyein, gentamyein, oxytetracyclin
streptomyyein and vancomyein). Antbiotic resistance profile showed that E.
durans found m beef burger and E. fascium found in chicken burger were
resistant to five out of mine antibiotics (53.5%). Meanwhile, E. durans from beef
kebab and E. faecalis from chicken burger both were resistant to seven out of
nine antibiotics (77.7%). On the other hand E. faecalis from ground chicken
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burger was resistant fo six out of nine (66.6%). In conclusion, enterococcl
isolates exhabited resistance to at least five out of nime (55.5%) of the tested
anfibiotics. All six enterococel 1solates (100%:) were resistant to colistm. While
five out of six tested 1solates (83.3%) were resistant to amoxicillin, enrofloxacm,
erythromyein and streptomyvein Resistance to oxytetracyeln and deoxveychne
was recorded among 56.6% of the isolates. However, only two 1solates (33.3%)
were resistant to genfamyein and vancomyem (Table 4).
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Tahble 4 Sensitivity of six strains of enterococe! fo mne anhibictics

Amntibiotic DHzes (mm)

g
E o m & - -
Enterecocti Strains i = § 3 = 2 ; 8 H = R% 5%
2‘ E = B g = = = = =
= 3 E & & & 3 &
20 9 25 12 20 21 == = =
Enrerococcus d) 4203.1 55.5 44.5
eracoceus durans @ ® ® ® @& o ® ©® @©
. 12 12 23 16 19 21
42092 55.5 5
Enterococens faecium ®) ) (E) (E) ® S) S) S) S) 5 4.
11 13 10 15 17
Enterecoccus durans 4210.1 ®) (E) () () ®) ®) () ) (E) 77.7 113
Enterococcus faccalis 6205 (B (R’ (l; B L'lﬂi (B R (R (B 83.5 11.2
. 13 10 15 17
Enterecoccus faecium 7202.1 (E) (E) () () ®) ®) S) s) (E) 77.7 113
Enterococcus durans 72022 ® @ ® ® o o ® 5 ® ® 666 334
Rt 83 100 83 83 83 66.6 333 333 66.6
. 5% 17 0 17 17 17 334 66.6 66.6 334
(5): Sensitive, (Fx Resistant, B: erythrommyrin, CO: colistin, AMO: amoxicilling 5: soepionmycin, EWE: enroflomacing DO doxycycline, Gen: gentammyrin, Van: vanconrycin, and OT:
oxyteiracyclin
DISCTUSSION Enferococel ralse major concern durning the last decades, as they are becoming

Enterococcus spp. are widely distnbuted m nature and are associated waith the
spoilage of meat and meat products (Hugas ef al, 2003). Camrent study was
conducted to isolate Enterococcus spp. from 104 samples of different meat, meat
products of different amimal species and seafood, collected from vanous
geographical places in Libya. This study reported the presence of Enterococcous
5pp. In most meat and all local un-heat treated meat products samples except one
sample of beef burger by conventional culfural method. Generzlly, the meidence
of Emterococcus spp. all over the collected samples of raw meat was 70.5%
(36/51) and seafood was 34% (8/23). However, the incidence rate of enterococel
m meat products was 96.6% (29/30); thes hish meidence in meat products could
be attnbuted to low hygienic practice and cross contamination dunng preparation
of such products. The results showed that the contammation with Enterococcus
spp. In meat of different animal species and meat products was higher than that in
seafood. The higher values could be as a result of contamumnation from the
processing area, equipment used, also the means of transportation which was
used in brnging the produce to the market centers and the hygenic practice
employed by meat sellers and butchers. The meat dunng its preparation remains
m the ground for a long time which creates a good emvironment for microbial
pathogens to prohiferate on 1f. On the other hand, seafood were sold at the seafoed
market freshly with better hygmienic conditions that reduce the possbihty from
being contaminated (Franz er al, 2003).

The occurrence of Enferococcus spp. In meat of different animal species and
seafood (73) was m beef, camel. chocken, fish and shnmp 70.5%, 59%, 91.6%.
38.4 and 50% respectively, with counts ranging from 1.5x10* to 6 8x10° CFU/z
{Table 1). The average counts of Emfsrococcus spp. in camel meat was 1.6x10°
+1.2x10* CFU/g. Hugas er al (2003) reported that the numbers of viable count of
enterococci in contaminated beef, poultry and pork are usually in the ranze of 10°
— 10* CFU/g. Meanwhile, our study did not detect enterococci among four
examimed samples of clam (bivalve shellfish). In contrary to Alontiel er al
(2013) who found enterococci m all samples of clam examumed wath thewr
densities generally higher in clams than sediment and water. Chur result could be
due to Enterococcus spp. were removed from hard shell clams by depuration
ocowred at the fish market where the samples were collected (Love er al., 2010).
On the other hand, 30 samples of meat products revealed an incidence of 100%
Enterococcus spp., except in beef burger was 87.5% (Table 1). The mean counts
of enterococci were 2. 2x10* CFUiz in beef. 3 8x10° CFU/g in chicken burger,
%x10* CFU/g in chicken kebab and beef Eebab, chicken sausage and zround beef,
8x10* CFU/g in beef sansage, and 4.5x10° CFU/s in ground chicken Chr study
revealed that, the highest enterococei count was in chicken burger 3.8x10°
CFU/z, however, the lowest count 1.1x10° CFU/z was recorded in shrimp. The
most commeon enferococc recorded In our investigation n meat products were E.
durans, E. faecalis and E. faecium, while, (Jahan er al., 2013; Sadeghifard er
al, 2015} reported E. fascalis as a predominant isolate m all meat samples. In
apreement with our findings, Naas et al. (2009a,b) recorded izh enumeration of
enterococe In all tested samples that incloded beef burger and beef sausage at
rate of 2x10" and $x10° CFU/g respectively. As for molecular confirmation only
six out of 36 randomly selected enterococcl isolates were identified and
confirmed by partial sequencme of 165 DMA. (B 2%) were confirmed as
Enterococcns spp. in particular E. durans, E. fascalis and E. faecium (Table 3).
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one of the most important nosocomnal infections causing serious illnesses m
buman. The presence of Emterococcus spp. o foods may act as reservoir of
anfibiotic resistance genes (Valemzuela er al, 2009). The susceptbility of
enterococel 1solates to different anhibiotics was tested (Table 4) and the ghest
incidence of resistance was recorded to cobistim (100%), colistin 15 a last-resort
anfibiotic m both amimals and bumans, this anfibiotic 15 used against particulary
dangercus types of mult resistant bactenia that can withstand many other
antibaotics. The existence of such isclates 1n the food chain of humans 15 of a
great concern not only to pubhic health but also because of the ease of resistance
gene transfer to other bactena Lower resistance rates (83%) were recorded
agamst eryvthromyemn, amoxcilhn, streptomvein and enrofloxacin while 1 was
(66.6%) to ocxytetracycln and doxyeychin. Cnby 33.3% of the isolates were
resistant to vancomycn and gentamicin, similar results were recorded by Jahan
et al (2013). Vancomycin resistant enterococel (VEE) are nosocomial pathogens
that have been detected m emvironmental habatats meluding soil, water and
wildlife faces. The spread of opporfunistic pathogens harborning VE. genes beyond
hespitals mto compmnity is a potential threat fo pubbic health as vancomyein 1s
used as last-resort agamst many infections. Most of the isclated enterococel
strains were resistant to more than five antibiotics out of mne (535.5%). In the
contrary to Fracalamzza e al (2007) who found owverall percentages of
anfimdcrobial resistant of isolates were: 31.2% to tetracycline, 23.8% to
erythromyemn, 11.3% to steptomyem, 4.3% to chloramphenicol, 39% to
gentamicin, 1.4% to enrofloxacin and 0.4% to ampicilling In another work, Klibi
et al. (2013) studied enterococe stramns 1solated from meat samples that showed
14% resistance to streptomycin and 100%: to streptomycin and tetracycline.

CONCLUSION

In conclusion, our findings demonstrated the presence of Enterococcus spp.
meat, meat products of different amimal species and seafood. Vancomryein
resistant enterococel were also 1solated from local meat products sold in different
cites m Libya. Moreover, conventional eultural methods on ESD medium were
less significant than wsing the molecular techmiques as partial sequencing of 165
DA techniques for identification of enterococel. Only six enterococel isolates
cultured on ESD medium were confirmed to be Enterococcus spp. by PCR and
partial sequencing of 165 DMA The occumence of resistant strains of
enterococel in food of anmmal ongm should be considered as important threat to
public health
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ABSTRACT

Gniseofulvin is a well known dmg against dermatophytes. It 15 parficularly preseribed for an infection called scrap nngworm or tinea
capitis. In general, gnsecfulvin mhubats the tubulin protem that 15 responsible for the cell division. Mot much 15 known about the effect
of griseofulvin on Cryptococcus negformans. Therefore, the authors made an effort to check the activity of griseofulin against it

The webservers (T-Coffee, Blmes simulation and CASTp) and software (Autodock 4.0) have been used in order to determine the
activity of griseofulin against the beta subumit of tubulin protein of C. negformans. The resulis obtained from the in silico studies show
a lugh affinity of griseofulvin towards the beta cham of tabuln protein. The negative value of binding energy (-9.02 keal'mel) also
shows that the complex is thermodynamcally favourable and stable. These in silico results were further validated by MIC assay

OPEM aﬂ!s;

combinatonal therapy against the same.

showing 74.1% inhibition of C. megformans (1solate no. 3) agamst pnsecfulvin.
The present study reports that apart from dermatophytes, the drug has significant effect on C. negformans and it may be used in the

Keywords: Cryptococcus negformans; Gnsecfulvin; In silice; In vitre validation

INTRODUCTION

Cryptococcus  megformans 1s commonty known for causing cryptococcosis and
cryptococcal menmgitis. Most commonly the infection of C. negformans starts
with lngs but patients having advanced mmmune suppression end up with
memngitis {(Centers for dizease control and Prevention, 2014). The general
treatment for cryptococcosis n patients sufferng from asymptomatic or mild to
treatment plan of those who have severs hngmﬁecum:ls in which amphotenicin B
15 preseribed m combmation with flucytosine (Centers for dizeaze comirol and
Prevention, 2014). But in the recent past, some 1solates of C. negformans have
shown resistance against these drugs and patients have witnessed relapse or
failure on treatment with flucytosme, fluconazole and amphotericin B (Lopez-
Jodra et al., 2000).

Gnseofulvin is an anbfingzl drug known to be produced by 3 species of
Penicillium viz. P. patuhon, P. griseofubum and P. janczewski (Drugs.com,
2015). It has been used for the treatment of buman and ammal dermatophytic
mfections. The reason for its success against dermatophytes is due to its peculiar
pharmacological property that after oral admumistration it is localized in the
keratimized cells of skin, hairs and pails. The growth of the dermatophytes
parasitizing these cells 1z thus mhibifed and removed by desquamation
(Drugs.com, 2015). Many sensitrvity studies have been done on the actvaty of
gnseofulvin  against superficial fungal infections (Alllikan, 2016). But
anticryptococeal actrvity of gnseofiulvin has not been reported yet.

Many studies advocate the in vwitro endorsement of the in silico results, owing to
the techmical mitations of bioinformatics approach. For instance, Nyarady et al
(2005) vahdated the results of in silico predichon of epitopes by a mulfipm
ELISA Similarly, the mechanism of senne hydrexymethyltransferase (SHMT)
mhibihion by pemetrexed was vahdated by im vitro assays and the caleulated
mteraction energy of pemetrexed mm the active site of SHMT and the
comesponding predicted binding energy were found to be in good agreement with
the values of Ky and Ei obtained in Isothermal Titration Calonmetry (Daidone et
al,, 2011).

The general mode of action of gnsecfulvin is to mteract with tubulin molecule in
the fimgal cells (Ronnest et al., 2011). Hence, in the cwrent manusceript the
activity of griseofulvin against the tubulin protein of C. reoformans has been
tested in silice and vahdation of the same has been done through the mimimmom
mhibitory concentration assay (MIC) following the Climcal and Laboratory
Standards Institute (CLST, 2008) guidelmes.
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MATERIALS AND METHODS
Retrieval of the structure of grizeofulvin and tubulin protein

The structure of gnsecfubvin (Dirug data bank ID: DB00400) was obtained from
drug data bank (http:/'www.drugbank ca’) whereas reference structure of fubuln
of Sus serafa (wild boar) was obtamed from the Protemn data bank (FDB) (FDB
ID: 1TUB). The sequence of beta chain of tububm of C negformans was obtained
ﬁanmalCmaﬂmeﬁedmuhgyluﬁemmPﬂ:BD(AmmmmbE
XP _5682441) Modellng was done by Phyre® webserver wath default
parameters.

Determination of the active szite region of the tubulin protein and docking
studies

CASTp server, an online webserver which deteromnes the structural pockets and
cavities with the help of Delaunay tmangulation and the alpha complex for shape
measurements was used in order to determine the active site regions on the
tubulin protem. The docking studies were performed through Autedock 4.0
(bttp://autodock scripps.edu’).  Further, Bluses  smulation  softerare
(http://protein bio umpd 1t'bloues’) was used to analyse the structural stability of
the model It caleulates the total enerzy of the stucture om the basis of
In vitre studies of grizeofulvin against isolates of C. reoformans

Dhug gnseofulvin under the brand name of GERISOVIN-FP was obtained from

GlaxoSmithEline and amphotenicin B (AMB) (brand name AMPHOTEET) was
obtained from Bharat Seroms and Vacemes Linated.

Micro-organizms
Ome reference strain (Ref 1431), two environmental 1solates (MCBI accession no.

ET175192 and ET175193) and five clinical isolates (4C12, 49, CSF2, CHS and
CH545) of C.negformans were used in the study.
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Antimicrobial agent

A stock solution of gnsecfulvin in dimethyl sulfoxade (DMMS0) at a concentration
of 100% was prepared (Brilhante et al, 2014). Three comtrols viz. negative,
velacle (DMS0) and positrve (amphotericin B), were used mm the cwrent
experimental plan. The concenfration range of griseofulvin against which the
growth of the fangi has been tested 15 from 2 pg/ml to 1.024 mg/ml .

Preparation of inoculum

The inocula of C. negformans were prepared from the fresh cultures maintzmed
in Sabouraud Dextrose Agar (SDA) medium for 48 hours at 37°C. Each fimgal
culture was added to 0.9%% sterile saline solution, ensunng gentle scrapping of the
fungal colonies with the aid of the inocculation loop to form a fungal suspension
The resulting fungal suspension was adjusted to 0.5 McFarland scale of turbadity.
This suspension was further diluted in the ratio of 1:10 wath EPMI medium to
obtain the final concentration of 1.0-5%10° CFU/ml.

In vitre susceptibility testing

The suscephibility testing of C. negformans against gnsecfulvin was performed
according to the pmdelnes issned by CLSI for the broth macro-dilution method
M27-A3 (CLSI, 2008) with a few modifications. An incubation fime span of 72
hours and 35° C temperature was followed in the experiment. Additionally, all
the samples were tested 1n trplicate.

Determination of AMIC

MIC of all isclates of C negforams was determined using broth macro-dilution
method (CLSI, 2008). The optical density of all the samples was measured at
420 nm using spectrophotometer (ThermoScientific TTV1).

Statistical analy=is

The QD readings obtained at different concentrafions of griseofulvin for each
1solate were statishically analysed by F test followed by Holm Sidak test.

RESULTS

Gniseofulvin is known to inferact with tubulin protein which plays an important
role durmg the cell division The structure of the alpha beta fubulin of C
negformans was unavaillable, therefore, a mmltple sequence alignment was
performed between the eukaryotic tubulin protein sequences having known
structures with O neoformarns tububn sequence. T-Coffee software was used to
carry out the multiple sequence ahgnment process (Notredame et al., 20007, A
very lnghy sequence simlanty (99%) was found between the fubuln protemn of
C megfermans and Sus serafa (Fig 1).
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Figure 1 M5A of beta tubulin of 5. serafa and C. Neaformans
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Henceforth, 1 TUB, the respectrve tububn protein of 5 scrofa was faken as
reference mn the cumrent study. Top 10 active sites were determimed onlTUB.
These active sites were docked with griseofulvin. It was observed that the best
binding energy was obtained at pocket II: 167 having an area of 381.6 and a
volume of 590.9 (Fig 2). The docked structure of griseofulvin on this pocket has
been shown in fig 3 and the docking parameters have been provided in table 1.

jetive gile TERHM

Figure ! Prediction of active site of tubulin protem of 5. serafa

Figure 3 Best structure obtained after docking grnisecfulvin on tubulin protein of
5. zcrafa

Table 1 Parameters of the best docked structure of gmseofulvin on tubulin
protein (1TUB) of 5. zcrofa

Parameters alues
Estimated Free Energy of Bmding -2.02 keal'mol
Estimated Inhibition Constant (K1) 243 84 oM (nanomolar)
Final Infermolecular Energy -2.92 keal'mol

| vdW + Hbond + desolv Enerzy -9 84 keal'mol
Electrostatic -0.08 kcal'mol
Final Total Internal -0.45 keal'mol
Torsional Free Energy +{_89 kcal/imol
Unbound System's Energy -0.45 keal'mol
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Estimated Free Energy of Binding or AGuim 15 the most important parameter
amongst various parameters shown in fable 1. | 15 well known that only the
negative Al are energetically favourable. Here, the AGy, ~-9.02, hence this 1=
energetically favourable and the resultant complex formed 15 thermodynanmeally
stable. Docking result of the reference protein suggested that griseofulvin had a
higher affinity to bind the beta chain of tubuln in companson to its alpha chan
therefore, suitable sequence of tubulin beta chain of C neaforamans was searched
for modelhing it . The modelled structure has been shown in fig 4.
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Figure 4 Modelled structure of beta tubulin of ©. negformans obtained by Phyre’
webserver

The obtained negative total energy assured that the model could be safely used
for further dockmg analysis. The different parameters obtamed through the
Blumes software have been provided m table 2.

Tahle I Protein stability parameters predicted by Bluues software

Table 3 Parameters of the best docked structure

Parameters Values
Estimated Free Energy of Bmding -7.05 Ecalimol
Estimated Inhibition Constant (Ei) 6.75 uM (micromolar)
Final Infermolecular Energy -7.95 keal/mol
vdW + Hbond + desolv Energy -7.94 keal/mal
Electrostatic En -0.01 keal'mol
Final Total Internal Energy -0.52 keal/maol
Torsional Free Energy +{_89 keal/mol
Unbound System's Energy -0.52 keal/mol

Table 3 shows that AGue= -7.05 which 15 energefically favourable hence
providing evidence that complex formed would be structurally favourable.

Further, MIC of gnseofulvin against eight isclates of C. megformans (one
reference, two environmental and five clinical) was found to inhabit the growth of
the strain 4CT2 CHS, Ref 1431, 9, 49, CSF2, 5 and CHS545 by 35%, 43%, 45%,
39.5%, 54%, 66.6%, 74.1% and 49% respectively on comparison with their
respective controls (Table 4).

Tahble 4 MIC of griseofulvin against enght 1solates of O negformans

Parameters Values

Bom self energy: -16169 476521 (kT)
Coulomb energy: -109416.947909 (kI
Electrostatic solvahon energy: 4719 453945 (kI'mol)
Total energy: -112139.794202 (kN'mol)

Again the bestl() active sifes for the modelled structure of beta tubulin were
determined and griseofulvin was docked om all these 10 sites. It was observed
that pocket ID 103 (active site region of beta tubulin of C.negformans) having an
area of 219.5 and a volume of 258.6 showed the highest binding energy when
docked with gnsecfulvin (Fig 5 and Fig 6). The parameters related to the best
docking structure obtained from Autodock 4.0 have been provided in table 3.

o T g

Active sle regaon

Figure 5 Predichion of active site on modelled tubulin protein of C. negformans

Figure 6 Best structure obtained of docking gnisecfulvin on beta tubuhn subumnit
C. megformans

1282

%% inhibition
Drug | Isolate Eange MIC at thiz MIC
C. negformans 64 pg/ml - 128 45%
Raf 1431 1.024 ma/ml pg'ml o
C. negformans 64 pg/ml - 1.024 359
4CT2 1.024 ma/ml pg'ml o
C. negformans 64 pg/ml - 128 43%
CHNS 1.024 mg/ml pg/ml o
C. neaformans 9 1‘5;225“"’1 ~ | 64 pgml 39.5%
C. negformansz 49 2-64 peiml 16 pzml 54%
C. negformans 64 pg/ml - 256 66.6%
E C5F2 1.024 mg'ml pg/ml -
= 64 pg'ml - 512 u
E C. negformansz 5 1024 1 pefml 74.1%
= C. negformans 64 pg/ml - 128 40,
“ | cnsas 1024 mgml | pg/ml -
DISCUSSION

Gnisecfulvin was the only dmg available for treatment of Tinea capitis, a fimgal
infection caused by dermatophytes until the approval of terbinafine m 2007
(Gupta and Summerbell, 2000; Seebacher et al., 2007). It is known to inhibat
microtubule assembly and the growth of the cells by mducing abnormal mitosis
and blocking the cells at /M phase of cell cycle (Panda et al., 2005; Eebacz et
al., 2007). Tubulin 15 a major structural component of macrotubule and consist of
o and B subumits (Luduena et al, 1977). It has already been reported that
grnseofubin does not dismupt the microfubules, (Watsom, 2004) mstead 1t
interacts with tubulin or with one or more associated proteins of microtubules
(Sloboda et al.,, 1982; Roobol et al., 1977; Chaudhari and Luduena, 1996).

In the present study, anticryptococeal actnity of gnseofulvin was performed
agamst eight isolates of C. megformans and sigmificant (74.1%) mnibition was
observed agamst isclate mumber 5. However, MIC of griseofulvin was found to
be very high than MIC of amphotericin B but low foxmcity and pharmacokimetic
parameters like high elimination rete of griseofulvin than amphotencm B
suggests that it could be a better dmg.

In the present study, due fo unavalability of structure of tubulm protem of
C.negformans, structure of tubuln alpha beta dimer of 5. scrofa was taken as
reference. Griseofulvin was found to efficiently bind with beta domain of tubulm
Ten gnsecfulvin bmding sites on tububn were also predicted. Unhke,
Rathinazamy et al. (2010), the binding site at Pocket ID:167 gave the best
binding results. However, in case of modelled structure of beta tubulin of C
negformans the best docking was obtained at Pocket ID:103.

Eeeping in view, the ability of griseofulvin to inhibit mitosis m fungal cells, to
stabilize microtubule dynamics and its high elinination rates, it can be suggested
that the dmg may be used in combination therapy for the treatment of
cryptococcosis. Further, 1ts low toaderty and weak bindmg to mammahian bramn
tubulin (Wehland, 1977; Panda et al., 2005) makes it safer for human nse.
Henceforth, thes study will certamly be helpful n designing more potent and
specific analogues of griseofulvin agamst the fubulin domams of C. neaformans
with least side effects to the host and will provide understanding about the
uniqueness of binding site of griseofulin.

CONCLUSION

Gnisecfulvin is a well-known dmg against dermatophytes but 1fs actnity against

C. megformans 15 not known. The activity of griseofulvin has been fested against
eight 1solates of the same. In silice docking results have been vahdated by
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muninmm nhibitory concentration assay. The high imhibition in growth grves an
understanding that gnsecfulvin 1s effective agamst C. negformans. The results
obtained m this study can be extended and gnseofulvin can further be
mvestigated for its effect m i vive condition Tts use as combinatonal therapeuhic
15 also suggested.
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ABSTRACT

Some bacteria produce anfimicrobial chemicals m ther immediate environments. These antimicrobial agents are enzymes, polypeptides
of non-protemn organic compounds. In this study, a bacterial isolate that produces anfifungal chenmeal{s) was 1solated from an over
ineubated mitrient agar plate that was exposed to air. The bacterium is aerobic, Gram posiftive baclli; capsule and endospore producmg.
It ferments glucose and sucrose but not lactose, galactose, mannitol and sorbitol; it 15 citrate, indole, methy] red and Voges Prauskauer
negative. Usimg agar gel diffusion techmque, the cell-free culture supernatant resulting from centnfugation of a six day bactenal culture
showed anhifungal activity against filamentous fungi but not yeasts. Heating the cell-free supernatant m 20 "C water bath and digestion
with different proteases had no negafive impact on the antifungal activity. A segment of 165 rEMNA gene of the bacterial isolate was
amplified. The mucleotide sequence of the amplicon was used to identify the bactermum as being very simular to Bacillus
amyloliguefaciens subsp. plantarum stram FZB42. Five bactenal peptides were 1solated and identified from cell free supematant of the
bacterial culture usmg a suite of technigues, including flash chromatography, HPLC, NME and mass spectrometry. One of the five
peptides has been previously reported m hiterafure fo possess antifangal activaty.

Keywords: Antifungal; Bacillus amyloligugfaciens; peptide metabolites; preparatrve HPLC

INTRODUCTION

Dhfferent types of bactenia are sources of Industrial enrymes and compounds that
have antifimgal or antibactenal properties. In a study of 1200 isclates of lache
acid bactena by Magousson et al. (2003), 37 1solates showed mhibitory activity
against different types of filamentous fungl and against the yeast Rhodotorula
mucilagineza. According to several studies, antifingal agents are produced by
vanous species of Bacillus. In 2014, Ovedele et al. 1sclated Bacillus subtiliz, B.
megaterium, B. lichenjformiz and B. pumilus from different food sources. MNine
stramns of the 1solated B subitilis showed anfifingal actvities against a vanety of
filamentous fung. Some of the other studies that showed antifimgal activiies of
Barillus species inclode Islam et al, 2012 (Bacillus subtiliz); Munimbazi and
Bullerman, 1998 {Bacilles pumilus); (Qazi et al., 2009 and Pleban et al., 1997
(B. cereus }; Tendulkar et al., 2007, Trachuk et al., 1996 and Takavanagi et
al,, 1991 (B. licheniformis); Watanabe et al., 1990 (B. circulans). Other bacterial
genera have also been reported to produce anhfingal chemicals. As was reported
by Fguira et al, 2005 and Rhee, Ki-Hyeong, 2003, filamentous soil bactenia
belonging to the genus Streptompee:s exhibifed anfifungal and antbacterial
actrvities resulting from production of non-protem compounds. Lavermicocea et
al. (2000} 1solated novel antfungal compounds from Lactebacillus plantarum
associated with sourdough. Smmlarly, Chermin et al. (1995) showed that
Enterobacter agglomerans, a soll-bome bacterium, was antagomstic fo many
plant fungz as a result of production of chutmelytic enzymes that hydrolyse fungal
cell wall. The antfungal agents produced by different bacterial 1solates were
characterized ((Jaz et al., 2009) or isolated, purified and charactenzed (Fguira
et al,, 2005; Lavermicocca et al., 2000). Most of the punfied anhfungal agents
m the studies are polypephides; some are chifinolytic enzymes while others are
have potential uses in agmcnlture where they could serve as alternatives to
chemical fimgicides that are wsed o prevent plant fingal diseases of agnicultural
products and plants. Purified antifungal agents also have potential uses m cell
culture and as food preservatives.

In the cument study, nuinent agar plates were exposed to air and incubated at
room temperature. One of these plates was overgrown with a filamentous fimgns
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except around a bacterial colony where there was inhibihon of fungal growth
(Figure 1). The aims of this study are fo charactenze and identfy the antifungal
bactenial 1solate and also the antifingal chemical produced by the bacterial
isolate.

Figure 1 Mutnent agar plate showing a bactenal colony with antifungal actrvity
indicated by a clear zone around the bactenal colony (arrow).

MATERIALS AND METHODS
Initial screening of efficacy of bacterial antifungal activity

The antifungal bacterum was subcultured on LB agar to obtain a pure culture.
The efficacy of the bactenal isclate on fungal growth was dope using agar
diffusion method Sabowraud dextrose agar plates were prepared and separate
plates were inoculated with a wild yeast, Candida albicans and different types of
filamentous fung; the plates were incubated at 25 C. When fungal growth was
evident on each of the plates, the bactenal isolate was then inoculated
approximately one mnch directly opposite the fungal growth; the plates were
incubated further.
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Characterization of bacterial antifungal chemical

The bacterial isclate was inoculated mto 500 ml of LB broth and incubated at 25
"C in a shaker incubator. Cell free supernatant was obtained by centrifuzation of
the culture m 2 Beckman Model J2-2lceninfuge uwsmg JA 14 rotor. The
supernatant was further filtered using 0.45uM Malgene disposable membrane
filter ware. The resulting cell-free supernatant was stored at 4 C.  Antifimgal
actrvity of the supermatant was determmned usmg agar gel diffusion method.

The effect of temperature on the efficacy of the anhifungal agent was camied out
by incubating the cell-free supernatant at 40 *C, 50 *C, 70 °C and %0 °C for 30
munufe. This was followed by efficacy test against filamentous fungus usmg agar
gel diffusion.

Effect of enryme treatment on the antifungal agent was done. The enzymes used
were hpase, protease, protemase K, pepsin and chymotrypsin Culture
supermatant was subjected to enzyme freatments for lhr in a 37 *C water bath
after which the enzyme was mactivated prior to determaning the efficacy of the
product on fingal growth. Efficacy was determined wsimg agar gel diffusion
method as stated earher.

Morphological and biochemical characterization of the antifungal agent-
producing bacterial isolate

Muorphological characteristics of the bactenal isolate were defermined using
routme microbiological fests meluding Gram stain, endospore stamn, capsule stam
and motility test Biochemical characterization of the bactenal isolate included
the following tests: fermentation of different sugars, catalase production, cxadase
test, ME-VP test, oxygen requirement test using fluid thioglycollate broth, indole
production, citrate utibzation, and production of excenzymes for hydrolysis of
starch, protein and hpid  All the mucrobiological tests were performed as are
desenibed by Leboffe and Pierce (2008).

Identification of bacterial izolate

The bactenal isolate was identified by amplification and sequencing of segment
of 165 rBEMNA gene using colony PCR and umiversal pomers F-27 5°-
AGAGTTTGATCMTGGCTCAG-3" and R1525 5°-
AAGGAGGTGWTCCARCC-3". The PCE condifions were denatwration at 94
"C for 5 min; 30 cycles: 94 *C for 30 see, 55 "C for 30 see, T2 °C for 1.5 min;
final extension at 72 °C for 10 mun. The PCE product was cloned mto TA
cloming vector followmg the mamifacturer’s protocol; this was followed by
transformation. Fecombmant plasomds were prepared from selected
transformants wsing Chagen Mimi Plasmid Preparation kit and were quantitated
usng NanoDrop Spectrophotometer, ND-1000. DNA sequencing was done by
Integrated DNA Technologies, Inc. The nuclechde sequence obiained was used
to identify the bacterial isolate using the Mational Center for Biotechnology
Information (MCBI) gencmic BLAST.

Purification of antifungal metabolites

An extraction of the cell-free supemnatant was performed by addmg CHCL:-
CH:0H (4:1). The moxture was stured for 30 pun and then transferred to a
separating funnel. The bottom layer was drewn off and evaporated to dryness.
The resulting organic component was further extracted with equal volume of
CH:OH-CH;CN and bexanes; the two layers were drawn off, evaporated to
dryness under vacuum and the drned extracts were weighed. This was followed
by flash chromatography of the CH,0H-CH,CN extract. The extract was
dissohred m CHCl; and transferred onto celite and allowed to dry. The celite was
transferred and packed mn a chromatography carindge. At a 18 ml/mm flow rate,
a solvent gradient of 100% hexane to 100% CHCI; to 100% CH;0H was flowed
through the chromatography cartndge over 28 min The sample was pooled mto
three fractions and evaporated to drymess. Fraction 2 was dissolved m 1:1
CH:OH-dioxane and subjected to preparative HPFLC. The mobile phase was a
gradient of CH;CH-Hy0 with 0.1% formic acd The gradent flowed at 15-20%
CH;CHN over 15 min to 20% socratic CH;CH over 20 min at a 15 ml/min flow
rate. The column used was an Atlantis Prep, OBD 192250 mm colomn, Mo
186004026 This vielded five isolated compounds.

Identification of antifungal metabolites

High resolotion mass spectrometry (HEMS) was performed using a QExactive
Phlus (Thermo Fisher Scientific, San Jose, CA, USA). Resclution was 70,000,
and M5/MS was performed with higher energy collisional dissociation (HCLY) at
52.50. Additionally, the 'H NMFE (400 MHz; JEOL Ltd, Tokyo, Japan) was
performed on the 1solated compounds to confirm the stroctures.
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RESULTS
Sereening and characterization of antifangal metabolite

Streak of the bactenal 1solate opposite Candida albicans and filamentous fungz
showed that the antifimgal metabolite secreted into the culture mediwm mhbited
only filamentous fung. Figure 2 shows mhabition of a filamentous fungus by the
bactenial isolate after incubation of the plate for four days. Cell-free supernatant
obtained from centrifogation of the antifimgal bactenal isclate in 1B broth also
showed growth mmhibafion of filamentous funz (Figure 3). The results of heat
treatment of the cell-free, culture supematant showed that the anfifungal
metabolite 15 beat stable because the efficacy of the culture supernatant was not
abrogated by the treatments (Figure 4). Treatment of the cell-free supernatant
with the enzymes used in the studies produced no negative effect on the efficacy
agamst filamentous fung

Figure I. Inhilition of finpal growth after four day meubaton at room
temperature. Inhlabition 15 shown as a straight line, by the antifungal bacterial
isolate “A” moculated on one side of fangal culture. Bactenmum “B™ 15 a non

Figure 3. Sabouraud dextrose agar plate after two day incubation showing shight
inlabition of filamentous fungal growth adjacent to a well that was filled with
cell-free supernatant from the anfifingal bactenal 1solate culture. The inhibition
15 shown as a straight hne and a decrease in the periphery of the fungal prowth

Figure 4. Inhibation of fungal growth opposite wells filled with cell-free culture
supernatants (heated at 95 °C for 30 mun and untreated control “C™). The plate
was incubated at room temperzfure for more than 8 days dunng which the
supernatants m the two wells were replemished several fimes. At the bottom of
the plate is not a well but an accidental agar chip.

Morphological and bicchemical characterization of antifungal bacterial
izolate

The results of morphological and biochemical tests of the bactenal isolate are
shown in Table I. The biochemacal tests were camied out after approcimately 24 -
48 hour incubation.
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Table 1 Marphological and biochemical charactenistics of the anfifungal bacterial
1solate.

Table 2 High resolution mass spectrometry (HEMS) and MS/MS data of the
isolated compounds.

Tests Fesults Compound M+ H] MS5MS Fragments
Gram Stain Gram positive, bacilli Measared Calculated
Capsule stam Positive 1 1951128 1951128 195,98, 70
Motilty Positive
Cheygen uhbization Asrobic 2 1971254 1971285 197, 169, 154, 141, 124100, 98 72,70
Catalase Positive
Chadase Positive 3 211.1440 211.1441 211,183,154, 138, 114, 98, 86, 70
Citrate uhhzation Megatmve
Indole production Megative 4 211.1440 211.1441 211,183,154, 138, 114, 98, 86, 70
Meathyl red Megative
Voges Proskauer Megative 5 2451284 2451285 245 217,172,154, 120, 98, 70
Hydrolysis of:
Starch Positive
Protein Positive
Lipad Megatmve o o
DNA Positive [ N
Fermentation of: e D NH NH
Giucose Positive NN -'N-Trlj.f' A Tl\[ﬂ,
Sucrose Positive | a a [ ]
Lactose Eﬂﬁm - i el ey | ool Pt
Galactose ega a o [
Mannitel Megative A N .
- - | “HH NH
Soitl Negate [eSSUNNIleSSE
I T
Q . Q
Identification of bacterial isolate. ekl Pl e FroL e

A segment of 165 rRMA was amplified using universal primers F21 and B1525.
The nuclectide sequence (1541 muclectides) of the amplified segment of 165
rEMA gene of the bactenial 1zolate 15 shown in Figure 5. The DNA sequence was
compared with NCBI gene bank database using BLAST algonithm The result
showed a 99% homeology of the search sequence with Bacillus amyloligusfaciens
subsp. planfarum stram FZB42. The mucleotide sequence was deposited m
GenBank under aceession number SUB1 3404597 AF-1 EIFT38862.

AAGGAGETEATOCAGCOGCACCTTOOGATADGGCTACC TTOTTACGACTTCACCCCAATCATCTGTOCCACCTTCGE
OB TEGE T TAAMAG G TTACCTCALCGAL TTOGGG TG TTACAAACTCTCGTGOTGTGAL GG EOGG TGTGTACA
AGGOICGEEAADGTATTCACOGOGGCATGTGATOGOGATTACTAGE GATTOCAGC TTCADSCAGTCGAGTTGE
AGACTGOGATOCGAA TEAGAACAGATTTGTGGGATTGECTTAADCTCGL GETTTCGCTGOOCTTTGTTCTG TCCAT
TGTAGCACG TG TG TAGCOCAGG TCATAAGG GGCATGATCATTTGACGTCATCOOCACCTTCCTCCGGT TTGTCACT
GECAGTCACTTTAGAG THOCCAAC TGAA TG L THGCAAC TARGATCAAG GG TTGOGCTCGTTGLGGGACTTAACCE
AACATCTCACGACALGAGCTRACGACAACCATGCACCACCTGTCACTC TGCLCCOGAAG GG GACGTCCTATCTCTA
GEATTGTCAGAGGATGTCAAGACC TGETAAGETTCTTCGCGTTGCTTCGAATTARACCACATGCTOCACCGETTGT
GOGGGOCCCCG TCAATTOCT T TGAG TTTCAG TCTTRCGAC G TACTCCOCAGGOGGAGTGCTTAATGLGT TAGETG
CAGCACTRAGGGGOGGAMAI CCCCTAACACTTAGLACTCATOGTTTALGGOGTGEACTALCAGG GTATCTAATCCT
GTITOGCTCCOCACGCTTTOGCTCCTCAGC GTCAGTTACAGAC CAGAGAGTOGLCTTCGECAL TG TG TTCCTOCACA
TCTCTACGCATTTCACCGCTACACGETGGANTTOCACTCTOCTCTTCTGLACTCAAGT TCCCCAGT TTCCAATGACCLT
COCCGGTTGAGEDGHGGECTTTCACATCAGACTTAAMGAAACCGLCTGEGAGCCCTTTACGOOCAATAATTCCGGAL
AACGCTTGCCACCTACGTATTACCGC GECTGCTGECACGTAGTTAGLCGTGECTTICTGGATTAGGTACCOTCAAGG
TG OGO TATTTGAACGECACTTRTTC TTCCCTAACAACAGAGT TTTACGATCCGAARACCTTCATCACTCACGOG
GG TTGCTOCGTCAGACTTTOGYOCATTGOG GAAGATTCCCTAL TGLTGOCTCOCG TAGGAG TCTEEGCOGTETITE
AGTCCCAGTGTGGCCGATCACCCTCTCAGG TCGGCTACCCATCGTCGOCTTGETGAGCCGTTACCTCACCRACTAG
CTAATGOGOOGCGGGETCCATCTGTAAG TGG TAGCC GAAGOCACCTTTTATGTCTG AMOCATGOGGTTICARACARIT
ATCCGGTATTAGOOCGETTTCCGGAGTTATCCCAGTCTTACAG GLAGG TTAC CCACGTETTACTCACDOGTODGE
CHCTAACATCAGGGAGCAAGC TCOCATCTETOOGCTOGACTTGCATGTATTAGGCADGLIGLCAGDGTICG TCLTG
AGCCATGATCAAACTCT

Figure 5 Consensus nuclectide sequence of the amplified segment of 165 rEMNA
gene of the antifungzl bactenal isolate.

Purification and identification of antifungal metabolites

The CHCL:-CH;OH extract from the cell-free supernatant vielded 280 mg. Flash
chromatography on this extract produced three fractions that weighed 0.20 mg,
19 mg and 220 mg While fraction three had the largest yield, analytical HPLC
revealed that it pimanly contained sugars not shown). Therefore only fraction 2
was pursued firther, which led to the i1solation of compounds 1-5. These
compounds were tentatrvely idenfified usmmg high resoluton and tandem mass
spectrometry (Table I). The structures of the compounds were then confirmed
nsing 'H MME. (Figurez 51 {Supplement 1} throngh 55 {Supplement 5}). All of
the isolated compounds were small cyclic peptides (Figure 6); the
characterization data for each compound were in good agreement with the
bterature (Chen et al., 2009; Nakamura et al., 2006; Stark and Hofmann,
2005).
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Figure 6§ Structures of the five 1solated metabolites of Bacillus amyloliquefaciens
subspecies planfzarum strain FZB42.
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Figure 51 The stucture of cis-Cyclo(L-ProL-Pro) (1) with the MS/MS
fragmentation (HCD = 52.5) and 1H NMR. (CDCI3, 400 MHz).
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Figure 52 The stucture of cis-Cyclo(L-ProLVal) () with the MSMS
frazgmentation (HCD = 52.5) and 1H NMR (CDCI3, 400 MHz).
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Fizure 53 The structwre of cis-Cyclo(L-Pro-L-Ie) (3) with the MSMS
fragmentation (HCD = 52.5) and 1H NMR (CDCI3, 400 MHz).
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Figure $4 The structwre of cis-Cyclo(L-ProL Lew) (4) with the MSMS
fragmentation (HCD = 52.5) and 1H NMR. (CDCI3, 400 MHz).
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Figure $5 The structwre of cis-Cyclo(L-Pro-L Phe) (5) with the MSMS
fragmentation (HCD = 52.5) and 1H NMR. (CDCI3, 400 MHz).

DISCUSSION

Microorgamsms m different environments are in constant competiion with each
other for nuiments and other matenials. As a resulf, some bacternia produce
bacteniocins that inhibit or kill other bacteria species while some produce
flmgn:uialurﬁmg]shtu:melzbuhtﬁ Smmilarly, some fungi produce antibacterial

Accordng to Meena and Kamwar (2015), “Bacillus genns 1s
nmsnﬂﬂedasﬂ!ﬁ:hnﬁfutﬂemdnctmuufhﬂlﬂgmaﬂgxﬁmtml&mlﬁ
that are potenhal inhibitors of growth of phytopathogens™. This statement by
Meena and Kanwar is supported by the cwrent study and by the studies
conducted by Zhao et al. (2013), Beric et al. (2011), Chen (2012), Islam et al.
(2012) and Nair et al. (1002). Bacteria produce antifimgal metabelites that
include different types of peptides (Meena and Kanwar, 2015; DeLucea and
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Walsh, 2000). In their study, Munimbazi and Bullerman (1993) reported that
an 1solate of Bacillus pumilus from a sample of dned fish was the source of an
antifungal agent Two different studies showed that Bacillus ampyloligugfaciens
GAT (Arguelles-Arias et al., 2009) and Bacillus amyloligugfaciens LI02 (Li et

I015) produced secondary metabolifes for the biocontrol of plant pathogen
and for cucwbits powdery muldew, respectively. The anhfungal activity of B.
amyloligusfaciens GAI was due to cyclic lipopeptides swfachn, ttunm A and
fengyein. The antfingal agent produced by the bacterial isolate, Bacillus
amyloligugfaciens subsp. plantarum strain FZB42, in the cument study 15 sinalar
to that produced by B. pumilus (Munimbazi and Bullerman, 1998) m ther
mhibitory effect on filamentous fing and not yeasts, resistance to heat freatment
and resistance to dematwation by bydrolyhic enrymes. However, unhke the
current study where the bactenal antfungal agent was 1solated and 1dentified
Munimbazi and Bullerman did not identify the antifingal agent. In this study,
five cyclic dipeptides were 1solated from cell-free, culture supermatant of Bacillus
amyloligugfaciens =ubsp. plantamom strain FZB42. The five pephdes were
wdentified as: cis-Cyelo{L-Pro-L-Pro) (1), cis-Cyelo(L-Pro-L-Val} (). eis-
Cyelo{L-Pro-L-Ile) (3), cis-Cyelo{L-Pro-L-Len) (4} and cis-Cyele(L-Pro-L-Fhe)
(5). Thas repert that cyclic peptide is responsible for antifimgal activity the
bactenal isolate 15 supported by Magnuszson et al. (2003); the group reported that
the antifimgal actvity of Lactobacillus corymiformiz strain 513 could be due to
Cyelo(phe-Pro) and Cyeclo{Phe-4-0H-Pro) that were identified from bacterial
culture supematant. Whle one of these five peptides, ciz-Cyelo{L-Pro-L-Val) (2}
m the current study was previously reported to have an anfifungal effect, the roles
could be a better alternative to the use of whole bactenal cells as inibitors of
fungal phytopathogens. The biclogical actrve, antifimgal peptide could also find
uses in the food industnes as preservatives, m cell culture and in treating human
dermatophyies.

CONCLUSION

It can be concloded that this study supports previous findmgs that members of the
gemus Bacillus produce antifingal agents. The bactenial 1solate that was identified
as Bacillus amyloligugfaciens subspecies plantarum strain FZB42 produces five
peptide metabolites; at least one of these peptide metabolites (eis-Cyelo{L-Pro-L-
Val) 1s a known and unique anfifimgal agent that 1s resistant to high temperature
and hydrolytic enzymes. Future work is to synthesize: c1s-Cyelo(L-Pro-L-Pro)
(1), eis-Cyelo{L-Pro-L-Tle) (3), cis-Cyeclo{L-Pro-L-Leu) (4) and cis-Cyelo(L-Pro-
L-Phe) (5) and study their efficacy agamst fingi and bacteria.
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ABSTRACT

The amylolytic enzyme plays a very important role in industrial applications. This study aimed to screen amylase producing Bacillus sp.
and to promote its amylolytic activity by mmtagenesis. Samples were collected from coastal mud samples and starch hydrolyzing
isolates were screened. A single 1solate having the highest enzyme activity was idenhfied as Bacillus feguilensis by 165 rENA analysis.
A starch medium was optimized and fermentation peniod studies revealed that the mutant stram (after 60 sec of UV exposure) had
hgher actrvity (868 U'ml/min} than the parental strain (418 U/ml /min} after 36 hours of incubation at 37°C, pH 7.0. It was also found
that amvylase from intracellular mutant strain had maximum activity; on the other side parental strain had maxmmum actvity with an
extracellular enzyme. Optmmzed temperature, pH and salt concentration revealed that the mtracellular amylase from mutant strain had
the maramum activity of 978 UimL/min 985 U/ml'min %60 U/ml/min respectively. Varying the source of carbon in the medium had a
sigmificant impact on enzyme activity. Metalloenrymes hke amylases were reported to have strong activity towards metal 1ons, so
amylase activity was analysed by addmg different metal 1oms in the medium and found that calenm lons strongly promoted amylase
activity and Fe**, Zn*, Cu®, Mg* mhibited the activity. SDS-PAGE results showed that the molecular weight of isolated amylase to be
approximately 55.0 kDa. Our study showed the capababify of mmtant B. teguilensis strain fo produce double the amount of mtracellular

amylase than the parental strain.

Keywords: Amylohytic, mutagenesis, metalloenzymes, metal 1ons, zymogram

INTRODUCTION

Amylases are extracellular enrymes which hydrolyze the alpha 1, 4 ghycosidic
Inkages of starch info sugars. Based on the cleavage site, amylase was classified
mto three types namely a- amxylase, B- amrylase and y- amylase Among them, o-
amylase is one of the significant Industrial enrymes whach are wadely uhilized for
the purpose of brewing, baking, textile and detergent (Gupta er al., 2003). The
biclogically actrve enzymes are immensely present in natural resources such as
plants, animals and microorganisms (Mageswari er al., 20121) of whach macrobial
source plays a vital role smee it can be produced in huge quantity meeting the
demands of the market (Pandey er al., 2000). Bacillus tequilenszis is a Gram-
positive, motile rods, produces central endospore In unswollen sporangia and its
pathogenicity was undefermined (Gatsom er al., 2006). Severzl studies on
ultraviolet (UUV) Lght hawve been reported to be mutagenic m a vanety of
organisms. The impact of UV radiations on alpha amylase producing ability of
Bacillus species were studied earhier and attempts have been made for the
overproduction of mucrobial enzyme by induced omtagenesis (Demirkan, 2011).
The increase in amylase activity after exposmg to UV light may be due to the
changes m the promoter zone of a gene encodmg for this enryme and also the
transerniption of mEMNA comrespondmg to the enryme might have deregulated (De
Nicolaz-Santiago er al., 2006). The mmpact of ultaviclet radiafions on Bacillus
teguilenzis producing a-amylase was studied for the first time and the companison
of mutant and wild (parental) stramn for mmcreased o-amylase activity was
performed.

MATERITALS AND METHODS
Sample collection

Samples were collected from the coastal epvironment in Pudukkotta: district,
(10° 1" 127 Nerth, 79° 13" 35" East) Taml Nadu, India. Under sterile conditions,
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mud samples were collected and the samples were transferred to the laboratory
and stored at -20°C until firther processing. The samples were collected from
three different spots; [I] from the top layer (FDU-1), [1I] from 10cm depths
(PDU-2) and [II] near the trees (FDU-3).

Izolation, sereening and identification of o-amylaze producer

Collected samples were used for the isolation of amylase producing bacteria.
Samples were processed by taking one gram of mud sample suspended m 9.0 mlL
of sterile water and agitated for a mun. 0.1 ml of the suspended sample was
spread plated onto outrient starch agar (2.0% starch, 0.75% peptone, 0.5% beef
extract, 0.5% NaCl, 1.8% agar) and meubated at 37°C for 24 hours. To identify
the amylolyhic bactenia, plates were overlaid with 1odme reagent (0.01 M I.-ET).
Based on the starch hydrolysis properties, isclafes were identified by the clear
zone formed around the iselates. All the 1solates that produced a clear zone of
hydrolysis (Any+ and Amy-) were firther selected and screened for amylase
production. Selected positive 1solates (Amy+) were sub-cultured tence for punty
and pre-cultures were mainfamed in nutnent agar slants (-20°C). Single selected
isolate B- PDU22 was firther identified by 165 B NA sequencing DNA was
isolated using Hi-media bacterial DNA mim-prep kit as per manufacturer’s
protocol and amplified using uwnversal 165 RNA primers; 27F: 5'-
AGAGTTTGATC MTGGCTCAG- 3 and 1492R- 5 -
CGGTTACCTTGTTACGACTT- 3° (Prasanth er al, 2016). Species level
identification was dome af www.ochinlm mb govBLAST/ and BLAST
muclectide sequence similanty with 98% or above was deemed as sufficient for

Inoculum and erude enzryme preparation

Inoculom preparation was dome by moculating overnight grown culture from
starch agar plates mto 50 ml of starch broth and meubated at 37°C for 24 howrs.
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Exponential phase was achieved that contained 3.0X10* CFU/mL. and suitable
volime from this suspension was used for the tests. To prepare crude enzymes,
moculated overnight grown cultures in starch broth were centrifuged at 10,000
rpm for 15 mun and the supermnatant was used as a crude enzyme for the enzyme
assay for defermination of actrvity.

Enzyme assay

The enryme activity was assaved by using the DNS method Briefly, a reacton
mixture contained 0.5 ml cmde enzyme solotion and 0.5 ml soluble starch (1
g/100 ml.- prepared using .01M phosphate buffer) that was meubated for 5 min
and reducing sugar was measured The reachion mixture without crude enzyme
served as a control (Miller, 1959). One umt of amylase activity 15 defined as the
amount of enzyme that produces one micromole of reducing sugar in one minute
at a constant temperature usmg soluble starch as substrate. Lowry's protein
estimation method was used for total protein contfent determmnation (Lowry er al.,
1551).

Mutagenic studies

The grown overnight bacterial culture was centnfuged at 10,000 pm for 15 min
and the bactenial cells were resuspended mn 50 mlhlitres of peptone water and
further diluted to 10° times and dilutions were plated, that served as a control. Ten
mullilitres from the dilufed culture was transferred to another stenile pefri plate.
Mutagenesis by UV rays was studied by exposing the petri plates at different
time mntervals {30s, 60s, 90s and 120s) under the UV lamp. After expesng to pre-
determined fime mtervals, 0.5 mL of bacterial culfure was plated onto a starch
agar plate and incubated at 37°C for 24-48 hrs and further used for enzyme assay.
The infracellular and extracellular activity of amylase was smdied for beth
parental and pmtant strains. To extract the infracellular amylase, cells were
sonicated and centrifuged to collect the intracellular crude ensyme.

Optimization of physicchemical and nutritional parameters

mdependently and indnndually. So, optmization condibons were wused
subsequently for all the experiments both for the parental and mutant strain. For
temperature optmiration, the basal medium was inoculated and meubated at 35,
40, 45, 50, 55°C under standard assay conditions and for every 12 hours samples
were withdrawn to study the effect of the incubation period. For pH optimization,
the culture medium was prepared with vanable pH 3.0 to 9.0 and assayed for
standard assay condifions. The growth medium was supplemented with varying
concentrations of starch (1% to 4%) and also with different carbon sources
meluding maltose, sucrose, lactose, glucose and fiuctose for enryme production.
To analyse the effect of salt concentration on enryme production varving
concentrations of sodmm chloride (1% to 6%) was used in the growth medium.

Effect of metal ions on enzyme activity

Metal 1ons have a strong influence on enzyme produchon and actovity. To
mvestigate the role of metal 1ons towards amylase activify various metal ions,
Fe50,, ECL CuS0,, ZnS0,, CaCl,, Mz50, were used at 25 mM concentration.
IDhfferent metal 1ons were added to the medmm and enzyme activity was assayed
m standard assay conditions (Demirkan, 2011).

SD5-PAGE and rymogram analyzis

The molecular weight of the enzyme was estimated by sodium dodecyl sulphate
mutant strain was loaded along with protein marker m 12% gel and punty of the
protein was confirmed (Laemmbi, 1970). Approxmmate molecular weight was
determined after staining with CBE and de-staining. Zymogram was done with
native-PAGE by incubating in 1% starch for | hour and staining with iodine
solution.

Kinetic properties of c-amylaze and statistical analy=iz

To assess the kinefic properties, hydrolysis by DNS method with different
concentrations of starch was used. K, and V. were caleulated using the
Michaelis-Menten equation. All the expenments were performed in tnplets and
the resultng values were presented as the mean of three independent
observations. GraphPad Prnsm 5.0 sofiware was used for caleulating mean-
standard deviation for each expenimental result.

RESULTS AND DISCUSSION

Izolation, screening and identification of amylase producing bacterial
cultures
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Bactenal isolates producing clear amylolytic zones were mitially identified by
staming the plates with 1odine solution. 16 isolates were found to produce clear
zones 1n the starch-iodine plate out of which six isclates produced =1.7 cm zones
that are considered as significant. Selected isolates were reassessed for the zone
of clearance by a well-diffosion method. Isolates that showed the constant zone
of clearance within 5-6 howrs of mmcubation at 37°C was selected for further
analysis. Isolate B-PDVUY/2 was selected and found to be Gram-positive, motile
and facultative aerobe. It was found to grow at pH 6.0, 7.0, 80 and salt
concentrafions up to 7%. Analysis of 165 BMNA sequence revealed itz 98%
homelogy with Bacillus tequilenziz (ET760402). 165 (FENA 15 a powerful
molecular marker for species-specific identification at the microscopic level was
provided earlier (Tiwari er al., 2014).

Medium selection and mutagenic experiments

Growth curve experiments revealed that B-PDU22 had a steady stahionary phase
after 30 hows m starch broth while other nutnent broths had 24 howrs.

Exfracellular amylase activity was found to have maximmm actvity'productivity
at 36 howrs m starch broth (Fiz2). Mutagenic studies with UV exposure at
different time intervals revealed that after 60 secs of UV exposure maamum
amylase actrvity was achieved in the intracellular enryme (Fig.1). Interestingly,
the parental strain had a maximmm activity of 418 UlmL/'mun with extracellnlar
enryme whereas infracellular enzyme from mmtant stramm had a maxmuom activity
of 868 U/ml/min Hence, the starch broth with the extracellular enzyme from
parental strain and mtracellular enzyme from a mufant stram (60 secs of UV
exposure) was further taken for optmuzation. Simularly, higher actrvity was
observed in the mufant strain than in 1ts parental stram in B. subsiliz (Zhao and
Qirong, 1994; Allan ef al., 1997). In some cases, UV mutagenesis also inhibated
the activity of parental strain that showed lower activity than parental strain
contrast chemical mutagenesis had higher activity (Hag ef al., 1997).
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Figure 1 Companson of amylase produced by parental and wild type strains of
Bacilluz teguilensiz m starch medium at 45°C, pH 7. 1-parental extracellular, 2-
parental intracellular, 3-after 305 of UV exposure mtracellular, 4-after 30s of UV
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Effect of different temperature

Evaluation of amylase activity at different temperatures (35-65°C) showed that
both extracellular and mutant intracellular enzyme had a maxmum
activity of 522 and 978 U/ml/min at 45°C respectively. It also showed that
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merease in femperature gradually decreases the actrvity of amylase (Fig 3.4). The
temperature was also found to have a profound effect on Bacillus sp. In amylase
production (Raul er al., 2014). An incubation temperature of 37°C was optimum
for most Bacillus sp. to produce maximum activity of amylase though some
thermostable amylase can sustamn temperatures up to 45 — 90°C (Sodhi er al.,
2005; Asgher er al., 2007).
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Figure 3 Effect of different temperature on enzyme actvity and enzyme stability
mean with standard deviation for each expenmental result done m tnphecates.
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Figure 4 Effect of different temperature on enzyme actvity and enzyme stability
of mutant strain (60 sec of UV exposure, intracellular). Each mmdividual point 15
the representation of mean with standard deviation for each expenimental result
done in tnplicates. Mutant stram was found to have more enzyme activity as well
as production rate comparing with parental straimn.

Effect of different pH

Optimization with different pH (5.0 — 9.0) revealed that both extracellnlar and
mtracellular amylase were not stable at stronger acidic as well as alkaline
conditions. Alse, pH of the medmm had a strong influence on enzyme activity
(Fig.5.6). At peutral pH 7.0 extracellular amylase of parental strain had an
activity of 538 U/ml /'min and infracellular amylase from the mutant strain (985
UmL/min} had maximum actvities. Bacillus sp. nsed for industnal amylase
production was found fo have optimum pH of 6.0 to 7.0 (Haq er al., 2010).
Varation in pH also indicates the inghation and end of enzyme synthesis
{Friedrich er al., 1989). The meubation period of 36 hours was found to have
maximum enzyme activity (fiz.2) and increase in incubation time decreases the
enryme actvity that mav be due fo an interaction of synthesized enzyme with
other components m the mediom (Kamesh and Lonzane, 1987).
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Figure 5 Effect of different pH on enzyme activify and enzyme stability of
with standard deviation for each experimental result done in tripheates.
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Figure 6 Effect of different pH on enzyme activity and enzyme stabibify of
mutant stram (60 sec of UV exposure, intracellnlar). Each mdividual pont 15 the
representation of mean with standard deviation for each expenimental result done
in trplicates. Mutant strain was found to have more enzyme activity as well as
production rate compared to parental straim.

Effect of salt concentration on enzyme production

Enzyme activity was found to be decreasing as salt concentration (MaCl)
increases from 1%. Though bactemal growth was observed at higher salt
concentrafions up to 7% enzyme activity was inhabited with an merease mn salt
concentration (Fig. 7). Accordngly, the parental stram had maximum activity at
1% (310 U/mL/min} as same as the muatant strain (360 U/ml min).
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Figure 7 Effect of different salt concentration (MaCl) on enryme activity of
parental strain (extracellular) and mutant stramn (B0 sec of UV exposure,
intracellnlar). Each indmidual pemt is the representation of mean with standard
deviation for each expenmental result done m tnpheates.

Effect of different carbon sources

The starch broth was found fo grve maxamum ensyme actrvityproducton. Amy
increase or decrease in starch concentration (1% to 4%) had a lesser effect on
enryme activity on both parental and mutant strams (510 UimL'min and 960
U/ml'min} whereas 2% starch had maxammm activity after 36 hours of mncubation
(Fiz.8). Supplemented with other carbon sources had affected the enzyme actrvity
in that case ghicose and fiuctose gave lesser enryme activity than maltose,
sucrose and lactose (maltose=lactose=sucrose=glucose=fructose). Some reports
found maltose to be a good nducer of amylase activity (Goto er al, 1988;
Narang and Satyanarayana, 2001). In some cases, glucose was found to repress
amylase activity and also glucose was reported to be an mducer (Normurodova
et al., 2007). Varying starch concentration was also reporfed influencing the
enzyme activity (Tiwari er al., 2014).
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Figure 8 Effect of different carbon sources on enryme activity of parental stram
(extracellular) and mutant strain (60 sec of UV exposure, infracellular). Each
experimental result done in fnplicates.

Effect of different metal ions

For the study of metal 1ons, 25mM each of FeS0,, ECl, Zn%0,, Call,, CuS0,,
Mg50,; were used mn the medium at optmum temperature, pH and incubation
penod. Out of which calemm ions was found fo be best for amvylase production
Other ions Fe', Zn®, Cu®, Mg" had shghtly decreased the enryme activity
compared to Ca* ions (Fig.9). It was found that caleium ions increase the activity
of amylase compared to control (without ions) The catalvhic actwvity of
amylolytic enzymes can be affected by mono- and divalent metal ions but this
metalloenzyme has up to six Ca’" atoms at its active site so that can be activated
by caletum 1ons (Asgher er al., 2007; Normuredova er al., 2007).

10004
8004

600+

]

Enzyme activity (U/mL/min)

Metal ions (25mM)

Figure 9 Effect of different metal ions on enzyme activity of parental stram
(extracellular) and pmtant strain (60 sec of UV exposure, intracellular). 1-
Parental strain and 2- Mutant strain. Each mdividual bars are the representation
of mean with standard deviation for each expenimental result done in tiphicates.

Stability of amylase and kinetic properties

Stabibity of enzyme was particularly important for its application m mmdustries.
Amylase produced from B. fequilensiz was found to be active and stable at 45°C
and pH 7.0 that comelates with its gher production rate (Fig 3.4.5.6). Protein
content and amylase activity were found to be strongly influenced by the
temperature and pH, although the temperature was confrolled by incubation
conditions and pH m the medmm. Amylase from Bacillus spp. was also reported
being stable at acidic as well as alkalme conditons (Demirkan et al., 2005;
Demirkan, 2011). Michaelis-Menten kinetic parameters were caleulated to be
127 mg'ml and 197 mgml for Eu and 121 U/ml and 187 UmL for Ve
respectively.

SD5-PAGE analysis and rymography

The molecular weight was determined to be approcamately 55.0 kDa (Fig. 10) and
a smngle band in SDS-PAGE confirmed the punty of amylase produced from E.
teguilenzis. Alpha-amylase from Bacillus spp. was found to have a melecular
weight ranging from 50-60 kDa. A similar study usimg B. tequilensiz reported
molecular weight to be 67 kDa for synthesized amylase (Tiwan ef al, 2014).
Zymogram results also indicated the presence of an amylolytic enzyme that
hydrolysis the starch The clear zone indicates the presence of an enzyme
(protein) in zymography (Fig.11).
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Figure 10 SDS-PAGE results for amylase from parental and mutant strains of
Bacilluz tequilemsiz. M- Protein marker, P-extracellular amylase from parental
strain, M- intracellular amylase from mutant stain. Molecular weights were
represented in kDa and produced amylase was ~535.0 kDa.

Figure 11 Zymogram result for amylase from B. tequilsnsiz in native PAGE that
bydrolysed soluble starch. A clear wiite region around the black background
indicates the amylolytic activity. Lane-1; extracellular amylase from parental
strain, Lane-2; infracellular amvylase from mutant strain.
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Probiotic lactic acid bactena (LAB) are bealth promoting mucroorganisms which are recently been used as food additives and
therapeutic supplements. Recently, there has been an merease of mterest regarding the commercial whibizaton of probiotie LAB stains
isolated from traditonal and naturally fermented food products. Therefore, the present study was aimed to 15clate and sereen lactic acid
bacteria from Lasoda ban — a rare fermented food of Himachal Pradesh for the first time for their probiotic potenhial Total exght

isolates were obtained out of which one isolate was selected based on its broadest antagonistic spectram. This strain was identified nsing

OPEM aﬂ!s;

165 fENA techmque as Pedioceccus pemtosaceus LB-CC. The analysis of acid resistance, bile tolerance, antibiotic sensitivity, aufo-
aggregation and mecrobial adhesion to organmic solvents were established. The results revealed normal growth of P. pentosaceus LB-CC
in the presence of low pH, high bile salt concenfration and ability to produce antimicrobial compounds. No gelatinase and DMNase
enryme activity was detected. MNatural susceptibalifty to the tested amfibiotics was observed. Thus, according to these results, this

probictic strain could be proposed as safe potential probiotic culture and can be exploited for the production of mitraceufical agents.

Keywords: Probiotics, laseda ban, lactic acid bactena, Pediococcus, Himachal Pradesh safety

INTRODUCTION

Health-promoting bactena commenly referred to as probiotics, have been shown
to improve the mtestinal microbial balance and the properties of the mdigenous
microflora (Mattila-Sandholm er al,1999). Probiotics are defined as “Lmve
microorganisms which when administered in adequate amounts confer a health
benefit on host’ (FAO/WHO, 2002). The term probictics refers to viable, non-
pathogenic microorgamsms (bactenia or yeasts) that, when mgested, are able to
reach the intestine in sufficient mumbers to deliver health benefitz to the host
(Hawaz, 2014). Lactic acd bactena (LAB) are ome of the groups of
microorganisms that dommate fermented foods and are potential probiotic
candidates (Guasch-Jane er al., 2005). LAB= are widely used as in a vanety of
food preparations mmcluding dairy, meat and vegetables (Silva er al., 2013). The
species belongmmg fo the group of LAB hke Lactobacillus, Lactococcus
Pediococcus, Streptococcus, etc. and genus Bifidobacterinm are the most
commonly nsed probiotics (Soccol et al., 2011; Saad er al., 2013). Pediococous
are gram positive, coccns, being able to colomize the digestive fract and can
prevent cardiovascular diseases, prevent harmful pathogens from accessing the
gastrointestinal mucosa and provoke immune reactions (Nghe and Nguyen,
2014).

Isolation and screeming of lache acid bactena from naturally fermented rare and
novel food products have always been the most powerful means for obtaming
balance of lactic acid bacteria used for starfer culture 15 entical for the
mamifacture of fermented food products with their desirable texture and flavor
(Sandersz, 2000). LAB are commonly used mn mest probictics preparations due to
being the desirable members of the intestinal microflora and thus beneficially
amend the balance of infestinal microflora, inhibit the growth of harmful bactenia,
promote good digestion, boost mmume function and increase resistance to
mfection (Ahn er al , 2002). A potential probiotic bacterium must quahfy certain
selection critena such as acid and hile stabihify, antmicrobial production and
antagonistic activity and should be preferably of human origm.

Currently, tradiional fermented products are receiving pew attention for themr
health promotng and disease prevenfing'curing effects, Le., probiotic
significance. These probiotic strains are acid tolerant and may be adaptable to
mtestinal condifions and survive the passage through the gastromtestnal tract.
This opens up the possibility to use potential probictc strams from fermented
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food products other than those of amimal ongin that are commeonly used
(Lindstrom er al., 2012). The man objectives of this study were to screen nowvel
LAB from Lasoda ban — a rare and traditonal fermented food product of
Himachal Pradesh for ifs safety by antbiohic susceptibality test, hemolysis,
DMase and gelafinase enzyme production abibify and assessment of probiotic
qualifies that inchide acid-bale tolerance, auto-aggregation, hydrophobicity and

MATERIAL AND METHODS
Izolation of Lactic acid bacteria

LARB strain was isolated from I asoda ban - a rare and traditional fermented food
product of Himachal Pradesh (shown in figure 1) using De Man Fogosa and
Sharpe (MES) broth (Dle Man er al., 1960) by senal dilufions method and
incubated at 35 °C for 24-48 b anaerobically. Lasoda ban is traditionally
prepared from Laseda (Cordia dichotoma) and black gram (Figna mumgo).
Lasoda ban prepared from Lasoda fimts, being neh many medicinal properties
viz. ant-inflammatory, remedying the effects of an mflamed colon and hver,
diuretic, anti-ulcer and antidiabetic properties have been explored for the first
time to 1solate rare and potential probiotic stams. Pure strams, as udged by
microscopic observations for homogeneity of cellular morphology, were
maintamed m 30 % glyeerol at 4 °C. In total 8 1sclates were obtamed and were
further tested for Gram reaction, catalase test, cell morphology and antimicrobial
activity. Isolates LB-CC was selected for firther study on the basis of its
anfagomstic spectum against spoilage and food bome pathogens by using
Bit'disc method . On the basis of 165 rEMNA gene techmaque LB-CC was identified
as Pediococcns pemtosaceus. The sequences so obtained were submitted m
Mational Cenfer for Biotechnology Information (MCBI) to get an accession
mumber. P. pemtosacens 1B-CC registered under the accession pumber
EM251460.
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Figure 1 Lasoda ban
Safety assessment of LAB

One of the most important cnternia for bactenal strains intended for use mn the
food industry is concern for their safety.

Antibiotic susceptibility

The antibiotic susceptibibity was determined towards antibiotics viz. Ampacilling
Angmenting Gentamyein, Cephalosponn, Cloxacilin, Cefotaxime, Cefosatin
Lincomycm, Tetracychn, Amoeoxyclave, Co-timoxazole and Cefurccime.
Antibiohic—impregnated dises (Hi-media, India) were placed on seeded plates and
the zone of growth inhibition was observed after 24h of incubation at 35°C to
detect therr suscephibility for antibiotics.

Hemolytic activity

Hemolytic activity of selected isolate was determined by spot inoculating fresh
overnight bacterial culture on Blood Agar plates (HiMedia) and incubated at 35
*C for 2448 b (Linaje et al., 2004).

DNase production

DMase enryme production of probiotic 1solate was evaluated by following Gupta
and Malik (2007). A clear pankish zone around the colomies against dark blue

background was considered as positive result for DNase enryme production.
Gelatinasze production

Gelatinase enzyme production of isolate was determined by streaking 24 h old
culture on plates confaming MES agar supplemented with 3 % gelatin

Development of clear ones around the colony against the opaque background
mdicated a positive reaction (Harrizan and MeCance, 1990).

Aszessment of probiotic attributes:
Tolerance to Low Acid conditions

To evaliate the low pH tolerance ability of the culture the method of Liong and
Shah (2004) was followed with slight modifications. Buffers of different pH viz.
1,2, 3 and 6.5 were used to evaluate the tolerance of selected isolate for low pH
for 3 b Acid tolerance was determined by companng the final plate count after
3h with the mitial plate count at 0 b

Effect of bile saltz on the growth rate of isolates

Effect of bile on the growth of selected isclates was stadied by the method
Giililand and Walker (19%90). Viahility of cells in MRS broth supplemented
with 0.3, 1 and 2 %5 bile salis upto 8 h was observed by plating 100 ul of culture
onto MES agar plates and meubated at 35 °C for 24 h. Growth of bacteria was
expressed in colony forming unifs per mallibiter (log CFU'ml) and the percent
survival of strain was then caleulated

Survival in simulated in vifre digestion

Survival m simmlated gastric and infestinal jwece was determined following the
method grven by Charteriz er al. (1998). The pH in human stomach ranges from
1, duning fasting, to 4.5 after a meal, and food ingestion can take up to 34 b
Thus, the tolerance was assayed by determining the viable count in simmlated
gastric uice after the incubation for different time mtervals up to 4 b All the
experiments were carmied ouf mn tnplicates.
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Auto-aggregation

Auto-aggregation assay was performed as descnbed by Del Be er al. (2000).
Orptical density (OD) of bacterial cells LB-CC suspended in phosphate buffer
salme (PBS) was set to 0.5 at 600 nm followed by incubation at 35 °C for 5 b
Auto-aggregation % was measured as 1- (At/AQ) = 100, where At represents the
absorbance at time t=1,2, 3, 4, 5 h and AD the absorbance at t=0h (Le 0.5)

Co-aggregation

Co-aggregation ability of selected isclated was defermined by following the
method desenbed by Del Be er al. (2000}, Mrctures were made for the selected
isolate with pathogenic bactena wiz. Listeria monocytogenes MTCC 539,
Clostridium perfringens MTCC 1739 and Bacilluz cevens CRI at 1:1 ratio.
Probiotic bacterial cells and mdicator bactenia were kept as control and were
incubated at 35 *C for 4 h. Absorbance at & = 600 nm was observed for mixture
and each of individual stram. Co-aggzregation % was calculated according to
Handley's equation (Handley er al, 1987).

Antimicrobial activity

Antinmerobial actnvity of cell free supemmatant of isolate was checked against
Lizsteria monocytogenes MTCC 839, Leucomostoc mesemteroides MTCC 107,
Enterococcus  faecalis MTCC 2729 Bacillus cevens CEL Clostridium
perfringens MTCC 1738, Pectobacterium carotoverum MTCC 1428
Escherichia coli 1GMC, Pseudomonas syringae IGMC and Staphylocecens
aureus IGMC. The well with the holding volume of 150 pl. was made in the
center of the plate using well cufter. Samples of 24 h old cultures of 150late were
centrifuged at 12,000 x g for 10 mun, and 150 pl of the supernatant was loaded m
the well and the plates were incubated at 35 °C for 24 b (Kimura e al., 1998).
The antibactenal activity was determined and zones of inhibition were measured
in millmeter (mm).

H:0; production

Chuantifative estimation of Hydrogen Peroxide (H:0:) was done by following the
method given in AQAC (1995).

HFLC- determination of lactic acid

As Pediococcus are homo-fermentative bacteria, major end product of ther
metabolism 15 lachic acid. Lactic acid production by P. penfosaceus LB-CC was
detected by using HPLC (Movapak C-18) column 4%0E mmltwavelength TV
detector, Millenmoum 2010 data processor and Eheodyne injector with 20 ul loop.
Mobile phase used was Methanol : Water {(double distilled) (95 : 5). Standard
organic acid solotion 1e. 5 % of lache acid (Sigma Aldnch) was prepared m
organic solution followed by the samples. The monitoring was done at 210 omm.

RESULTS AND DISCUSSION
Izolation and biechemical characterization

Eight Lactic acid bacteria isolates were obtained from Lasoda ban and 6 out of §
were confirmed as rods while 2 were confirmed as coceuns (tefrad) as revealed by
microscoplc examimation, were non sporulating, catalase negative, not able to
utiize cifrate, no casein hydrolysis, po urease production and no indole
production were observed. On the basis of microscopic examination 1solates were
tentatively identified as Lactobacillus and Pediococcus sp. Out of eight isolates,
LB-CC gave clear hales around the mdicator pathogenic strains using bat/dise
method with widest antimicrobaal spectrum and was selected for further study.
The largest diameter of mhubifion upto 23.6 mm was obtamed against senous
food bome and spoilage pathogens viz. L. monecytogensas, 5. awrens and C.
perfringens, revealing their antagonistic potential and use as safe biopreservative.
Similar antagomistic pattern was observed by Nghe and Nguyen (2014) where P.
pemtosaceus VICC-B-601 showed effective antirmercobaal effect against serious
food bome pathogens Staphydococus awrews ATCC 23923, Salmomella
pphimurium ATCC 19430, Pseudomonas asruginosa ATCC 27853 and
Micrecoceus lutens ATCC 10240. Hawaz (1014) also studies the antinicrobial
actvity of Lactobacillus 1solates against pathogentic bactena wiz. Staphyloceccns
sp., Bacilluz sp., Psendomonasz sp. and E. coli and found them fo show in itro
inhabitory zones.

Analysis of the 165 RMNA sequences revealed that lactic acid bactena 1solated
from Lasoda ban displayed 99% homology with Pediecoccus pemtoseceus DSM
20336 as shown 1o figure 2. The 165 rBMNA gene sequences were deposited in
gene bank under accession no. EM251460 for Pedioceccus pentosecens LB-CC.
Mumber of nodes in neighbor- joining phylogenetic tree are levels of bootstrap
support (Ye) from 1000 resample database. The isclate has been reported for the
very first tme from Lasoda ban- a rare and novel fermented food product of
Himachal Pradesh with a very good probiotic potenfial.
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Figure I MNeighbor joimng phylogenetic tree of Pediccoccus pentosacens LB-
CC based on 165 rENA gene sequence using Mega 6

Safety assessment of isolates

P. pentosacens LB-CC was found to be sensitive to all antibiotic used in the
study (Tab 1), thereby presenting its mmability to show resistance in the presence
of anfibiotics and thus thewr safe status. Isolate showed a negative response in the
production of DNase and gelatinase enzymes as pathogemicity factors. No clear
zones around colonies were observed on blood agar medium. Haemelyhic activity
would break down the epithehal laver while the gelatinase activity would damage
the mucoid linmg. Absence of haemolyhic and gelatinase activity 15 a selection
crterion for probiotic strams, indicating that these bactena are non-virulent
(Marreki and Bousmaha-Marroki, 2014).

Table I Acid tolerance of P. pemtosacens LB-CC

Table 1 Antibiotic sensitrvity of P. pemtosacens LB-CC
5.

No Antibiotics Concentration (ug) *BR
1. Ampacillin (AMEP)} 30 5
2 Angmentin (AMC) 30 5
3. Gentamiem (GEN) 10 5
4. Cephalothin (CEF) 30 5
5. Cloxacillin (COIX) 1 5
6. Cefotaxime (CTX) 30 5
7. Ceformtin (CH) 30 5
3 Lincomyecin (L) 2 5
9. Tetracyeline (TE) 30 5
10. Amoxyelav (AMC) 30 5
Co-timoxazole
11. (com) 25 E
12 Ceforowme (CHM) 30 5
Yo Sensitiviiy 91.66

Legend. S-Sensifive (Inbibited becterial srowih), F- Resistant (Mo efect on bacteral
Exowtit)

Acid and bile tolerance

To be a successful probiotic, a bacterial stramn must resist harsh conditions m
stomach and gut region and must be able to colonize mntestinal epithelom for its
probictic action. In thys study we were able to obtamn isolate that was able to zrow
even at pH 1 (during fasting) (Tab 2). P. pentosacens LB-CC tested for survival
in acidic environment at vaned pH levels showed ability to grow well even at the
mimmmum tested pH of 1.0 for 60 and 120 min of incubation, respectively. Since
it 15 a known fact that they would be able to survive in gut's acidic exvironment.
However, the acidic pH mside the gut would be from 24 in normal condifions
(during fasting it may reach up to pH 1), the orgamisms that could effectively
survive the lowest possible pH are more preferred for use in the food preparations
(Subhashini, 2014). Therefore, in the present study, tolerance to low pH by P
pemtosaceus LB-CC revealed its survival best under acidic condifions.

Incubation time (min)
pH Cell survival (log CFU'ml)* *%0p Cell Survival
i 6 120 180 Alean i 120 130 Mean
7T 2392
1.0 9.90 T30 0.00 000 4.30 (57.88)" 000000y 0.0 (0.00) (19.29)
7447 T1.50 68.2 71.3%
-
10 9.90 T.60 730 700 795 (59.63) 5771) (55.65) (57.66)
9880 96.07 9365 96.17
30 10.00 10.05 980 960 9.86 (83.71) (78.53) (7537 (79.20)
100 100
Control 10.14 10.17 10.20 10.25 10.19 (89.96) 100 (39.96) (89.96) 100 (39.96)
36.16 66.89 65.46
.
Mean 9.98 8.78 6.82 6.71 (72.79) (56.55) (55.24)
Treatment{T= 0355 Traatmant [T)= 0229
Chviges Incubation Time (Tj=0.493 Incubation Time (T=0.198
Txl= 0991 TIxl=10.356
*log CFUmk: Msan of resuis from thres separate sxperiments
#4%, Surcivability = (log CFUml pH | ,, log CFUml pH, , ) = 100
£ Transformed vales (Arcuigs e formation)
The toxic effects of bile on bactenial cells are not well understood, but bale salts 100 @ik
are surface-active, amphipathic molecules with a potent antimicrobial activity
and they act as detergents that disrupt biological membranes (Lebeer er al., 99 wih
1008). The physiclogical concentration of bile salts in the small mtestine 1s -
between 0.2- 2.0 % (Cunmn, 2000). In this study, concentrations of 0.3, 1.0 and 298 -
2.0 % bale salts were used and effect of bile salt concentration on growth rate of g
1solate was studies. The culture when grown m 003, 1.0 and 2.0 % of bale salt =97 -
concentration showed 95.04, 91.6]1 and 91.33 % suraval oo 8 b meubation as E
depicted m figure 3. The decrease in viable cells was observed when the EQN-
concentration of hile salt was increased upto 2.0 %. It was considered that bile
salt canses the increase in permeability of bacterial cell membranes, as the 95 -
membranes are composed of hpids and fatty acids.
94 1
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0,0%

0,3%

L.0%
Bile zalt concentrations
Figure 3 Bile salt tolerance of P. pemtosacens LB-CC

2,0%

Tolerance to simulated gastric conditions

Gastrointestinal tract is the mam location where the wiability of lactic acid
bactenia gets affected and the abibty fo sumave in GI tract 15 one of the mam
desirable charactenistics required for a probiotic. The survaval of P. pemfosacens
LB-CC at pH 2.0, 3.0 containmg pepsin {depicting stomach condifions) and pH
8.0 containmmg pancreatin (depicting infestinal conditions) was observed for 4 b
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P. pentosacens LB-CC exhibited good survival at pH 3 (5.99 log CFU/ml) upto 4
b and retained a moderate rate of survival at pH 2.0 (324 log CFUVml) after 1 h
of incubation (Tab 3). The results mdicate that P. pentosaceus LB-CC may resist

the effects of pepsin and pancreatin durmg the gastrointestinal (GI) transt
therefore could be the potential source for probictic formmlations with effective
delivery in Gl tract.

Table 3 Percent survival of P. pemtosaceus LB-CC m simulated gasine and mtestinal puices

Gastro- _ _ Incubation Time (h) _
intestinal Cell survival (log CFU/ml) Cell survival (%)
Juices 0 1 4 Mean 1 4 Mean _
pH2 98 52 0.0 5.00 4961 (44.76) 0.00 (0.0:0) 24.80(21.38)
pH3 943 770 599 7.70 7347 (58.9T) 56.29 (48.59) 64.88 (53.78)
pHE 10.19 99 80 9.36 94.46 (76.35) T75.18 (60.09) 84.82 (68.21)
Control 1025 10.48 10.64 10.45 100 (89.96) 100 (89.96) 100 (89.96)
Mean 9.91 832 6.15 79.38 (67.51) 57.86 (49.66)
Treatmant (T)= 0.036 Trsatment (T}= 0.003
Chgas Incubation Time (Tj= 0.032 Incubation Time (T= 0.004
Tul=0.063 Tul= 0.007
*Log civ'ml Moan of resalts from thros mm
#+2; Call Survival = (log CFU/ml g2, 3 B/ log CFU'ml pH &.5) = 100
¥ Tramsformed values (Arcsign tramformation)
Auto-aggregation and Co-aggregation
Auto-aggregation was mnvestizated on the bamis of sedimentation charactenistics
and has been shown in figure 4. The sedimentafion rate of 1solates was measured
over a period of 5 b Results showed that P. pentosaceus LB-CC exiubited strong
auto-aggregating ability (99 %). Better growth of the bactena on MES broth than ~ Antimicrobial potential
on MES agar could be the reason for shightly better auto-aggregation of cells
grown on MES broth. The observed auto-aggregation could be related to cell  Lactic acid production

surface component, because it was not lost after washing and suspending of the
cells mn phosphate buffer saline (FBS) Kos er al., 2003).

995 -

1

3
Incubation time (k)
Figure 4 Auto-aggregation ahlity of P. pentosacens LB-CC
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Probiotic and pathopenic bactenia can combme together called co-aggregation
Probiotics are able to co-aggregate with pathogens and will efficiently mhibat and
kill pathogemc bactena as anfimucrobial compounds can move directly on
pathogens. P. pemtosaceus LB-CC exiubited co-aggregative properties with all
the pathogenic strains tested after 4 b meubation at 35 *C. The ability of P
pentosaceus LB-CC to co-agzregate with B. cevens (19.0 %) was significantly
better than that with other two pathogenic strains wiz. L. monocytegenes and O

perfringsns (18.36 and 8.16 % respectively) tested (figure 5.

1
C perncer: |

0 b 10 15 20
Co-aggregation (%)

Figure 5 Co-aggregation ababity of P. pemiosaceus LB-CC wath pathogens
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P. pentosaceus LB-CC was able to mhabat the fested mdicator orgamismes with
vanied zones of mlubibon. The mhibitory actvity of stains agamst pathogemic
bacteria 15 shown mm fipwe 6 Some species of Staphylococons awreus,
Enetrococcus, Lenconostoc and Listeria are lnghly pathogenie to human beings.
The isclated P. pemtosacens LB-CC showed strong bactericidal activity against
these species. Probiotic bactena exhobited inhibitory zones against pathogeme
bacteria in the range of 14.6 - 24 5 mm showmg high mhibitory activity (=1 0mm)
(Savagado er al., 2004). All thys indicated a quite broad antagomstic spectrum of
the strains.

Zone of inhibition { mm)
[ (] [ ] [ ]
[—] L] =] L]

L]
1

VAT, oy

Indicator organizms {padmgens) Ay
Figure 6 Anttmicrobial activity of P. pemtosacens LB-CC against indicator
strains at un-neutrahized pH

The pH and titratable acids in the cell free culfure supematant of P. pemtosacens
LB-CC and were 3.43 and 0.09 %%, respectively. Pediococcus are homo-
fermentative bacteria which produce more than 85% lactc acid from ghocose
baing the major product of fermentation. P. pentosacens LB-CC was homo-
fermentative culture for lactic amd production which was quantified by HPLC
system (Movapak C-18) and has been found to be 7.844 mg/1. after 24 h of
incubation. Figure 7 shows typical HPLC chromatogram of standard and lactic
acid extracted from culfure supernatant of P. pentosaceus LB-CC revealing their
anfimscrobial potential
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Figure 7 HPFLC Chromatogram of a) standard solotion of lactic acid b)) culture supernatant of P. pentosacens LB-CC

produced from the fermentation of sugars, which leads fo the typical low pH of
fermented foods. This low pH 1s able to mhobit the growth of most pathogens
{Boskey er al., 2001). Ribeire er al. (2014) estmated lactic acid concentration
produced by Pediococcus acidilactici Bl4 which was found to be 1.1% and
responsible for the antimmerobial potential of the stram Vodnar & al (2010)
dunng fermentation processes usmmg HPLC and found that probaotic bactena viz.
Lactobacillus plantarum a.dﬁm'edlactk:aﬂiﬂmhaﬁmdmetﬂﬁ.ﬂﬂlgr',
Lactobacillus cazei 616 g L' Bifidobacterium infantis 70% g L°

Bifidobactsrium breve 6.17 g L after 78 h of fermentation resulting fo their

Bacteriocin production

The bacteriocin activity of the probictic isolate was evaluated by assaying senial
two-fold dilufions of acid neutrabiwed and catalase freated culhmwe filirate
supernatant (CFS) against L. momocytogemes and mawimum  bacternocin
production was observed at 18 b of growth cycle with 666 AUV/ml actrvity units
rendening 1ts potential to be used as a safe and efficient bio-preservative as
compared to harmfl chemical preservative in food product. As the activity was
lost after treatment with trypsin, this suggests that the activity was caused by

H:0 production

Probiotic 1solates P. pentosaceus 1B-CC was screened for HyO, production and
has been reported to produce 0.52 g L. Hydrogen percxide is normally produced
by wvagmal lactobacmlli isclates, but may also be assoctated with mtestmal
lactobacill or those living in the environment (Pascual er al., 2006; Martin and
Suarez, I010). This trait is rarely reported m probeotic LAB i1solated from
fermented food products. In this study, P. penfosacens LB-CC has been reported
for the first fime to produce Hy0; as an anfinmerobial agent against food spoilage
pathogens. Thus, this frait may be benefimal iIn improving vagmal health and m
preventing wnnogenital mfections.

Omn the basis of these results, 1f can be hypothesized that the antagonishe activity
compounds (bactenocins), thus revealing ifs potential and safe use as
biopreservative agents m food and fermentation mdustry. Efficacy and
effectiveness of antmicrobial potential of Pediococcus spp. have been studied
widely. Mandal er al. (2008) studied the antagonistic potential of P. acidilactici
LABS against some food spoilage and human pathogemc bactena and proved the
mmﬁﬂmﬁnhmmﬂmbmmdhyﬂEMLe
bactenocin  agamst pathogemie bacternia wiz  Listeria, Staphylococcus,
Streptococcus, Enterococcus and Lenconostec. P. pemtosacens 2A2 and 1A6
1solated from Indonesian local beef exhibited anhibactenal activity against E. coli
ATCC25922 EPEC, 5 nphimurium ATCC14028 and 5. awrews ATCC25923
{mhabition zones 5.5-14 mm) (Arief er al., 2015).

CONCLUSION

Pediococcus pantosaceus LB-CC isolated from Lasoda ban has been evaluated
for itz probictic potential and was found resistance to low pH and bile salis
(0.3%) and simulated gastmc and imtestmal conditions, was able to produce
bactenocin and lactic acid against a3 mumber of serious food borne and spoilage
causing microorganisms. lhe susceptbality fo selected eleven antibiotics,
mability to produce gelatinase and DNase and non-hemolytic nature revealed its
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safe status for firther use in food and fermentation mdustry. However, forther
evaliation of s beneficial health effects on human beings will boost the
application of the stramns in food and pharmaceutical industry.
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