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At Integrative Omics and Applied Biotechnology (IIOAB) Journal, we firmly believe in the
transformative power of science and innovation, and we recognize that it is the vigor and enthusiasm of
young minds that often drive the most groundbreaking discoveries. We actively encourage students,
early-career researchers, and scientists to submit their work and engage in meaningful discourse within
the pages of our journal. We take pride in providing a platform for these emerging researchers to share
their novel ideas and findings with the broader scientific community.

In today's rapidly evolving scientific landscape, it is increasingly evident that the challenges we face
require a collaborative and interdisciplinary approach. The most complex problems demand a diverse
set of perspectives and expertise. Integrative Omics and Applied Biotechnology (IIOAB) Journal has
consistently promoted and celebrated this multidisciplinary ethos. We believe that by crossing
traditional disciplinary boundaries, we can unlock new avenues for discovery, innovation, and progress.
This philosophy has been at the heart of our journal's mission, and we remain dedicated to publishing
research that exemplifies the power of interdisciplinary collaboration.

Our journal continues to serve as a hub for knowledge exchange, providing a platform for
researchers from various fields to come together and share their insights, experiences, and research
outcomes. The collaborative spirit within our community is truly inspiring, and | am immensely proud of
the role that IIOAB journal plays in fostering such partnerships.

As we move forward, | encourage each and every one of you to continue supporting our mission.
Whether you are a seasoned researcher, a young scientist embarking on your career, or a reader with a
thirst for knowledge, your involvement in our journal is invaluable. By working together and embracing
interdisciplinary perspectives, we can address the most pressing challenges facing humanity, from
climate change and public health to technological advancements and social issues.

I would like to extend my gratitude to our authors, reviewers, editorial board members, and readers
for their unwavering support. Your dedication is what makes IIOAB Journal the thriving scientific
community it is today. Together, we will continue to explore the frontiers of knowledge and pioneer new
approaches to solving the world's most complex problems.

Thank you for being a part of our journey, and for your commitment to advancing science through
the pages of IOAB Journal.
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ABSTRACT

Lymphatic filariasis is a tropical disease caused by filarial parasites including Wuchereria bancrofti.
Although bancroftian filariasis causes severe disabling and debilitating clinical conditions in human,
very little is known about the molecular biology of the parasite. The paucity of parasitic material is
the main reason for this lack of knowledge. Setaria digitata is a cattle filarial parasite, closely
resembling W. bancrofti in many aspects. Therefore it can be used as a model organism to study W.
bancrofti. In the present study, the genomic library of S. digitata adult parasites was constructed and
probed with a p Jabeled partial mRNA sequence PCR amplified from a previously isolated cDNA
clone containing a 661 bp mRNA transcript of S. digitata alkali myosin light chain gene. Isolated
positive clones were sequenced and edited by using bioinformatics tools. Though the 5° flanking
region did not reveal any consensus TATA box sequences, a potential CAAT box like sequence,
CCAAT and seven possible transcription factor elements were identified. The entire gene had four
exons encoding 149 amino acids interrupted by three introns of varying lengths of 87, 295 and 69 bp
respectively. Sequences around the splice junctions were fairly conserved and agreed with the
general GT-AG splicing rule. The 3° flanking region consists of three putative polyadenylation
signals with the sequence AATAAA. The gene was AT rich with a GC content of 35%. Southern
hybridisation studies suggested that this gene is likely to be a single-copy gene. Homology search
of amino acid sequences showed more than 80% similarity with Caenorhabditis species and 40-50%
with other vertebrate and invertebrate myosin light chains. Analysis of the amino acid sequence with
the NCBI conserved domain database for interactive domain family identified the protein as a
member of calcium binding protein family as it comprised of two highly conserved EF hand motifs,
and may suggest a possible function in ca® binding.

Keywords: Myosin; Setaria digitata; Genomic library; Filarial parasite; EF hand

[1]7 INTRODUCTION

Setaria digitata is a common filarial nematode that parasitises
in the peritoneal cavity of cattle and buffalo. Though the
infections in natural host are usually non-pathogenic, accidental
transmission of the infective larva to aberrant hosts such as
sheep and goat by mosquitoes results in cerebrospinal
nematodiasis [1]. In Sri Lanka cerebrospinal nematodiasis is a
major setback in goat and sheep husbandry that leads to severe
economic losses especially in the dry zone of the country [2].
One of the constraints in the treatment and eradication of
filariasis is that little is known about the biology of these
parasites at molecular level. Though a number of protein coding
genes have been characterised from other parasitic nematodes

only a few of these are from filariids and only two from S.
digitata [3].

Lymphatic filariasis, a disabling and disfiguring tropical disease
is caused by the tissue dwelling filaroids species Wuchereria
bancrofti, Brugia malayi and B. timori. Around 120 million
people living in 83 countries have already been infected and
1.307 billion people (20% of the population) are at risk of
acquiring the infection in the tropics including Sri Lanka and in
some sub tropical areas worldwide [4, 5]. Approximately 90%
of the cases are caused by W. bancrofti and the majority of the
remainder by B. malayi [6].

Human filariasis in Sri Lanka is caused by W. bancrofti, but the
parasite material is not easy to obtain. Adult parasites that live
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in lymphatics are not accessible and nocturnally periodic
microfilariae cannot be cultured in the laboratory. Presence of
adult S. digitata worms in the peritoneal cavity of cattle
provides readily available material for investigations. It closely
resembles the W. bancrofti not only in morphological and
histological aspects [7] but also in antigenic properties [8]. S.
digitata thus become a useful model organism to study the
molecular biology of W. bancrofti.

Myosin is an ubiquitous actin based motor molecule present in
both muscle and non-muscle cells of eukaryotes. The
conventional myosin of vertebrate skeletal muscle is a hexamer
composed of two heavy chains and two pairs of light chains.
Based on the solubility, myosin light chains (MLCs) can be
further divided in to alkali and regulatory myosin light chains.
The former class can be dissociated from the myosin heavy
chain in high pH conditions whereas the other one can be
extracted with 5-5"-dithiobis (2-nitrobenzoic acid) (DTNB).
The alkali myosin light chain of skeletal muscle is further
divided into two types MLC1 and MLC3. These two types
differ from each other due to the divergence of the amino acid
sequences in their amino terminus and they are identical in
sequence over their C-terminal [9]. Myosin like proteins have
been identified as potential antigens from various filarial
parasites [10 — 13]. In our previous studies two antigens of
S.digitata with molecular weights of 52 and 130 kD showed
strong cross reactivity with the serum of W. bancrofti infected
individuals [14]. When a cDNA library of adult S. digitata was
immunoscreened with the sera of W. bancrofti infected
individuals, a clone designated PCSA1 showed very strong
reactivity [15]. Bioinformatics analysis confirmed that the
mRNA sequence coded for a protein 83% homologous with the
alkali (essential) myosin light chain gene of the free living
nematode Caenorhabditis species. It was also homologous with
a 343 bp partial mRNA of the filarial parasite Brugia malayi
[Genbank: XM 001894833] encoding a hypothetical protein.
Similar nucleotide sequences have not been reported for other
parasitic nematode. Thus by considering the veterinary
importance, immunogenic potential and the lack of information
about this gene in filarial nematodes, the objective of the
present investigation was to clone and characterize the whole
gene at the molecular level.

[11] MATERIALS AND METHODS
2.1. Parasites

Adult S. digitata worms were collected from the peritoneal cavity of cattle
slaughtered at Kandy abattoir, Sri Lanka. The motile worms were
immediately transported to the laboratory and repeatedly washed with
phosphate buffered saline to avoid contamination by any cattle tissue or
blood and stored at -70°C until use.

2.2. DNA Extraction

Genomic DNA of adult S.dlgitata was extracted, ethanol precipitated and
reconstituted in TE (pH 8) buffer by the method described previously
[16] and stored at -20°C until use.
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2.3. Construction of genomic Library

Genomic DNA of S. digitata was partially digested with the restriction
enzyme Sau3A1 to yield fragments of 5 to 12 kb in length. The
fragments were separated by electrophoresis on low melting agarose
and suitable fragments (5 to 12 kb) were eluted using illustra GFX PCR
DNA and gel band purification kit (Catalogue no. 28-9034-70, GE
Healthcare Biosciences, USA).

Genomic library was constructed by using the ZAP Express Predigested
Gigapack Cloning Kit (Catalog no. 239615, Stratagene, Switzerland).
Briefly, the purified genomic fragments were ligated to Zap express
vector pre-digested with BamH1 and dephosphorylated. Ligated
products were packaged in vitro by using the Gigapack Gold111
packaging extract. The primary library was amplified by using the E. coli
strain XL1Blue MRF (Catalog no. 200301, Stratagene, Switzerland) and
stored at 4°C in 0.7% chloroform.

2.4. Preparation of the probe

A previously isolated cDNA clone of S.digitata [15] carrying a length of
661bp mRNA transcript consisting of the 450 bp full open reading frame
of myosin light chain gene was used to generate the PCR primers
(sense primer 5-ACTATACGACGAGGAATTGG-3’ ; anti-sense primer
5-CGAAAGAAAGCAGAAGGAGTATG-3’) to amplify 510 bp middle
region of the insert. The amplified PCR product was purified from low
melting agarose gel and radio labeled with P (Catalog no. NEGO13H,
Perkin Elmer, USA) by random priming method [17].

2.5 Screening the genomic library

A total of 20 plates (132 mm) each containing approximately 2000
plaque forming units were plaque lifted and screened by in situ plaque
hybridization on duplicate colony/plaque screen hybridization membrane
(Catalogue no. NEF978Y, Perkin Elmer, USA) as previously described
with few modifications [18]. Briefly the filters were prehybridized for two
hours at 65°C in the 100 plem? prehybridization solution of 20xSSC
(1xSSC= 0.15 M NaCl, 0.015 M trisodium citrate), 5x Denhardt's and
100 ug ml" of denatured salmon sperm DNA. After discarding the
prehybridization solution, hybridization was performed overnight at 65°C
with the hybridization solution (50 plcm™). This contained 0.5% SDS and
¥p |abeled probe in addition to the constituents of the prehybridization
solution. Post hybridization washing was carried out at 65°C with the
preheated (65°C) 2xSSC and 0.5% SDS for one hour with three
changes. Autoradiography was performed by exposing the filters to
Amersham Hyperfilm MP (Catalogue no. 28-9068-45, GE Healthcare
Biosciences, USA) at -70°C with intensifying screen. Secondary and
tertiary screening was performed as described above and the well
isolated positive plaques were picked and stored at 4°C with 0.7%
chloroform.

2.6. Southern blot analysis

Aliquots of S. digitata genomic DNA (3 pg) was cleaved individually with
five fold excess of four different restriction enzymes EcoR1, BamH1,
Hind111 and Sal1. DNA fragments were separated by electrophoresis
on an agarose gel with a 1kb ladder. A photograph was taken after
placing a fluorescent gel ruler alongside the ladder lane and then
visualizing the bands under UV. Separated fragments were partially
depurinated by incubating in 0.25 M HCI (15 min at room temperature)
and transferred to nitrocellulose membrane [17]. The blotted membrane
was hybridized with the same probe used to screen the genomic library
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as described earlier. The distance of migrated ladder bands were
measured by comparing with the ruler scale using the above photograph
and the locations were depicted schematically in the autoradiogram.

2.7. In-vivo excising and Restriction analysis

Isolated clones were in-vivo excised by using the Bacterial strains
XL1Blue MRF (Catalog no. 200301, Stratagene, Switzerland), XLOLR
(Catalog no. 200304, Stratagene, Switzerland) and the ExAssist
Interference-Resistant Helper Phage (Catalog no. 200253, Stratagene,
Switzerland) according to the single clone excision procedure
recommended by the manufacturer to obtain the Kanamycine resistant
PBK-CMV phagemid form. Candidate clones were screened for the
insert size by restriction digestion with two enzymes, Xba1 and Sac1.

2.8. Sequencing

One clone designated pSMC-3 carrying an insert size of ~2kb was fully
sequenced using MegaBACE 1000 automated sequencing system (GE
Healthcare Biosciences, USA) using universal T3, T7 primers and the
gaps were filled with synthetic oligonucleotides. Resulted sequences
were deposited in the GenBank data bank at the National Center for
Biotechnology Information (NCBI) under the accession number of
GQ227356.1.

2.9. Bioiformatic analysis

The open reading frame (ORF) of the MLC-3 mRNA was predicted using
the ORF finder program at NCBI by submitting the complete cDNA
sequence as query sequence [19]. Amino acid sequences of Brugia
malayi (Hypothetical protein), C. briggsae CBR-MLC-3, C. elegans mic-
3, C. brenneri mlc-3 were acquired by executing an interactive protein-
protein BLAST at NCBI [20] using the amino acid sequence of S.digitata
alkali myosin light chain as the query sequence. Multiple alignment of
nucleotide sequences was carried out using ClustalWW of the BioEdit
software program. Analysis of amino acid sequence for interactive
domain family was done with the NCBI conserved domain database
[21]. PSORT Il program was used to predict the sub cellular localization
of the characterized protein from the amino acid sequence [22].
WWWSIGNAL SCAN transcription factor database, which predict the
common eukaryotic transcriptional elements was used to analyse the
sequence of the 5 UFR [23].

[1117 RESULTS AND DISCUSSION

The genomic clone designated pSMC-3 isolated from the
genomic library of S. digitata contained the complete gene
including the 5" and 3 flanking region of which 580 bp and 541
bp were sequenced respectively. Comparative analysis of the
genomic and cDNA sequences showed that the 450 bp long
open reading frame was interrupted by three introns in positions
76-3, 98-3 and 138-1. The introns positions were numbered by
considering the initiator methionine as codon 1 and the codon
split after the first or second nucleotides were given the phase
number -1 and -2 respectively, while -3 indicates that the intron

1LHHOAB
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directly follows the codon. As observed from many other
parasitic and non-parasitic nematodes [18, 24, 25], the introns
were relatively short with varying lengths of 87 bp, 295 bp and
69 bp respectively [Figure-1].

ATG STOP
87bp, 295bp 69bp
585 bp 222 bp 66bp 118bp Ex bp 551 bp
ON4 ON6
_—
T7
ON1 ON3 ONS

—

ONZ T3
ON2 ON8

Fig: 1. Schematic representation of the alkali myosin light
chain gene of S. digitata: Boxed regions are exons. Protein
coding portion of the genes are shaded. 5' and 3' untranslated
regions are open. Arrows indicate sequencing strategy used.
ON-=synthetic oligonucleotides.

Alignment of sequence around the 5” (donor) and 3" (acceptor)
splice junctions of S. digitata alkali myosin light chain gene
with the consensus sequences for eukaryotes [26] identified that
the sequences around the splice junctions are fairly conserved
[Figure-2] and agreed with the general GT-AG splicing rule of
the eukaryotes and also with those of parasitic nematodes [24].
Moreover from this alignment it was possible to develop a
consensus for the sequence around the splice sites of S. digitata.
This consensus would be useful to identify exon-intron
junctions of other genes that may be cloned from this parasite in
the future.

Analysis of the 5" flanking region did not reveal any consensus
TATA box sequences but, the potential CAAT box like
sequence, CCAAT was identified at nucleotide position -449.
Though there is no data available on the 5° flanking region of
similar myosin light chain gene of other filarial nematodes to
compare possible common regulatory elements, analysis of the
sequence with the WWWSIGNAL SCAN transcription factor
database hypothetically identified seven possible regulatory
elements. Details of the identified elements are summarized in
Table-1. It has been reported that there are some myosin light
chain genes using atypical sequences instead of consensus
TATA sequence [27].

The analysis of the 3" UTR revealed three polyadenylation
signals 143 bp, 168 bp and 410 bp downstream from the stop
codon respectively [Figure-3]. Comparative analysis of the
cDNA clone revealed that the first polyadenylation signal
located 143 bp downstream from the stop codon was utilized.
The molar ratio of A: T and G: C generally known as GC
content is an important parameter of genome in the analysis of
phylogenetic relationship. Filariids are reported to have some of
the most AT rich genome [28]. The G+C content of the entire
gene including the 3" and 5° UTR was 35% while the coding
region had a G+C content of 44%. The introns were A+T rich
(69%) while the 5" and 3" UTR have an AT content of 68%.
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Regulatory element Signal Sequence

Location Number of copies
CBF ATTGG -454, -451 2
CDF ATTGG -454, -451 2
GATA-1 WGATAMS -543 1
H1_ conserved_US AAACACA -417 1
H2A_ conserved_U YCATTC -321 1
Myb YAACKG -461,-374,-299 3
PEA3 AGGAAR -245 1

Table: 1. Regulatory elements in the 5’ flanking region of the alkali myosin light chain gene of S.digitata identified by the
WWWSIGNAL SCAN transcription factor database.

5’ Donor site 3° Acceptor site
) Exon Ve Intron ' Exon
1TGGAAAAGIGT TC ACTA .iiiviiiinnns AT TC C CIAGIG AACAG
2AGGAAAAIGTIGA TATA i T A AT CIAGIA TAATG
STATGAAGIGTI TG TTGT wvviinnennn T T T T T CIAGIC ATTCG
A T A C A A
Setaria
ConeaTs A A GT T .. CIAG
G G T T TT
A C
Parasitic nematode
consensus AGIGTTAAGT T T T AG| G
C T
A G
Eukaryotic
consensus AGIGT A AGT Py Py Py Py Py N C|AG| G
C T

Fig: 2. Alignment of the sequence around 5" and 3" splice junctions. Comparison of sequence around 5" and 3" splice junctions
of S. digitata alkali myosin light chain gene with consensus sequences for parasitic nematodes and Eukaryotes. Py = pyrimidine

- —4
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71
141
211
281
351
421
491
561
631
701
771
841
911
981
1051
1121
1191
1261
1331
1401
1471
1541
1611
1681
1751
1821
1891

1961
2031
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GAATATAATTTTCGATCATACTGATTATAACCGATTTATTCTGATAACAGCTCTACGAGAACAAAATTCT
GTTACTGGTTGCAATTATTCGTCCTTCCGGTCGAATTCGAAAATTCAAACTTAACAGTTGTICCAATTGGC
TGAAAAAAAGAATTCTTGTTTTCTTAAGTGTGTTTGCATACGTTTTTTCCAGTCTGTTCAAGTCCTCTAA
GCAACTGTTCATGCTAGTAGTCTTAATTCCATCTTCTCCTCAGTAATCATCTAGCTCCTATCAGACCTTT
CAGCAATAACTGCTCTCAGCATCTTACAATCATCACGCTACAAGAAGCAATTAATTAGAGAGGAAAAGAA
CAGGGAATGAGACAGCAGTAAATAAGTTAGCAGAGAAAATGAGAAAAAGTGTTTTCAGAAAAAAGTGACA
AATTATCAGAGTAAAAAATATTTATAAATTAGAAAAGTGACTGATGAAGGAATTATTCTGATGCAGTCTT
TGCTATAAGGAATCGGATGCAACATTTGGATGACCCCTAGTTCGGGTCATCTACCATACCTAGAAAGAGA
TGTAGAGAGGTCGGTTAAGTGACAAATGTTAATTGCAGAGCTGAAAGAAATATTCTTACTATACGACGAG
M L I A E L K E I F L L Y D E
GAATTGGATGGGAAGATAGATGGCACTCAAATTGGCGATGTTGTTCGAGCTGCTGGACTGAAACCCACCA
E L D 6 K I D G T Q I 6 DV V R A A G L K P T
ATGCAATGGTAGTTAAGGCAAGTGGAAGTGAATACAAACGAAAAGGTGAAAAACGTTTGACATTCGAAGA
N A MV V X A 8§ G S E Y KR KGEI KU RTULT F E
ATGGATGCCAATTTATGAGCAGCTCAGCAAGGAAAAGgttcactatttctcttcattttgcatcgattat
E WM P I Y E Q L S K E K
gtcttgattggttattatcgaagaacggaattacatttgacgtttattctccagGAACAGGGAACGTTTC
E Q G T F
AGGATTTCGTTGAGGGATTGAAAGTTTTCGACAAAGAGGAGTCAGGAAAAgtgatatatataatgtctat
Q D F VvV E G L K V F D K E E S G K
tttgtatactattttttttaatctctgttgttcaaatttcaaacaatcctggattagattccttaggatg

ttacggagaagagaaaatcaaatcacattttttgggttcggatcacaataatggactttttatactttta
taattcatgtctcacatttacattctttcattgctaacaacgattcaatcgcacaagtcatgattcatga

aaaatcaagcaattaattaatgttgccgtacagataggtaattagtaatgatatgcttaattgcagATAA
I
TGGCTGCAGAATTAAGGCATGTGTTGATGGCTCTAGGAGAGCGTCTGTCAGCTGAAGAAGCAGATGAAAT
M A A E L R H VL M A L G E R L S A E E A D E
AATGAAAGGATGTGAAGATGCGGAAGGCATGGTTTCCTATGAAGgttgttgttgcatcagttccatagaa
I M K G C E D A E G M V S Y E
gcaactgatcattcagaattcttgttcataccttttttttcagCATTCGTCAAGAAGGTGCTAGCTGGAC
A F V K K V L A G
CGTTTCCGGACGATTGAGTCGGTTGCAGTGCTCAACAATATACTTCAGTTCAGACCATCCACACTACGAG
P F P D D
AAAAACACATTCACTCATACTCCTTCTGCTTTCTTTCGAAATGTTCAACTAATTTCAAATTAATTCTTCA
AATTCTTATTTCTTAAATTHAATAAAGCCAAAAATTAGCTGTTGCAATAAAGGAGTAGAATATGTACTTG
AAAGTGAAAAGCTCAAAAGGTCAAAAAGATACGACCAACCGATGGATAATTCCTGGCACCGGATGCATAT
GCAGTTCATTCTCAAAAAACTTATTTGATATCATTTTGCCATTTTTAAAACATCTCTTGTTATATTGGTT
CCAGAAGTTATACTCAGTTTAGCTAAGCATTGTATCTTCTTATAACGTAAGAATATTCAAGAAATAGCTA
CCCCATTRATAAARACTCTATCCGAACAATATGCGTTGTTGCCGACGATTCGTTTCTGTGATCATTTTGT
CTAATTAAACCTAATGTAATTTTTTTAACTCCTGAAAATTATAATATTATTCCTATTTATATATATGTTC
CCGGATTT

Fig: 3. Sequence of alkali myosin light chain gene of S. digitata. The nucleotide sequence of exons and the 5" and 3" flanking
sequences are presented in capital letters while the intron sequences are in lower case. The predicted amino acid sequence, in
single-letter terminology, is indicated below the nucleotide sequences. The potential CAAT box like sequence, CCAAT in the 5’
flanking region and the polyadenylation signal AATAA in the 3" flanking region are boxed. Two EF hand domains are underlined with

a single line
EcoR1 resulted in two hybridization fragments as the alkali
The Southern blot analysis of the S. digitata genomic DNA myosin light chain gene of S. digitata had one restriction site
revealed a single hybridization band in the lanes cleaved for EcoRland none for other enzymes used. The banding
with BamH1, Hind111 and Sal/ 1 while the lane cleaved with pattern of the Southern blot analysis remained same even
- i
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under low stringency conditions [Figure-4] suggesting that
the alkali myosin light chain gene of S. digitata is likely to
be a single copy gene. However, alternative splicing
resulting in several isoforms cannot be excluded.

EcoR1 BamH1 Hind111 Sa1

(kb)1kb

=SpAw» ©

Fig: 4. Southern blot of S. digitata genomic DNA. S. digitata
genomic DNA cleaved with EcoR1, BamH1, Hind111 and Sal1
and probed with *?P labeled S. digitata alkali myosin light chain
cDNA sequences. | kb Ladder (1kb L) was used as the size
marker

Analysis of the nucleic acid sequence of the entire coding
region revealed a full open reading frame of 450 nucleotides.
Translation of this full open reading frame encoded a putative
149 amino acid protein with the predicted molecular weight of
17 kD. Based on the results obtained from the PSORTII
program, which predict the intracellular location of the
proteins by known sequence fingerprints, the characterized
alkali myosin light chain appears to be of cytoplasmic origin.
The codon usage pattern of alkali myosin light chain gene of S.
digitata revealed that only 50 codons were utilized out of the
61 codons. Certain amino acids showed a strong preference for
a specific codon, GTT was used 60% in valine, TCA was used
43% in serine, GGA was used 61% in glycine.

In order to identify similar genes of other taxonomic groups a
homology sequence search was done with NCBI database. A
partial mRNA fragment of the human filarial parasite B.
malayi [Acc No. XM _001894833] showed a high degree of
homology of 90% at protein level. But this protein was
denoted as one of the hypothetical protein of B. malayi
because neither the complete mRNA nor the gene of the
relevant protein was fully characterised. Next to that, a high
degree homology of more than 80% was observed with free-
living nematode Caenorhabditis briggsae.

The alignment of the homology sequences in order of
decreasing homology is shown in [Figure-5]. The homology

HnHoABR
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was around 48-50% when compared with higher eukaryotes
including the avian and mammalian species.

Thus, the alkali myosin light chain gene appears to be highly
specific for nematodes and less conserved across the
taxonomic groups unlike other genes like actin. Analysis of
sequenced ESTs from 30 different nematode species across the
phylum has shown that only about 15% of the genes common
to all four clades of nematodes have sequence matches outside
the phylum. In addition, they identified ~1300 genes that are
nematode-specific found only in most of the nematodes [29].
Myosin light chain genes are reported to show a vast diversity
not only between different genetic groups but also in different
tissues within the same organism [30].

Many of these isoforms especially from the lower eukaryotes
are not characterized yet. In some cases, the transcript of a
single gene is alternatively spliced resulting in different
isoforms [31]. The analysis of amino acid sequence with the
NCBI conserved domain database [32] for interactive domain
family revealed that the protein belongs to the calcium
binding protein which contain one or several of EF hand
domains.

Though the Ca*" binding proteins such as calmodulin, troponin
C, myosin light chains and parvalbumin have evolved from a
common ancestor with four Ca®" binding domains, the NCBI
conserved domain database identified only two domains in S.
digitata alkali myosin light chain gene [Figure-3]. Alkali
myosin light chain genes from other eukaryotes also contain
only two Ca®" binding domains [33, 34]. The loss of other two
domains is perhaps due to some evolutionary substitution of
amino acids in the Ca®" loop, which makes them functionally
inactive. Detail analysis of this domain revealed that there
were four acidic residues among its six ligating groups in the
Ca’" loop to make it functionally active. Ca*" binding EF hand
conserved domain region of S. digitata alkali myosin light
chain extending from amino acids 80 to 112 is highly
conserved with the ancestral Ca’* binding domain of higher
eukaryotes although only around 48-50% amino acid
homology was seen when the whole protein was compared
[Figure-6].

[IV] CONCLUSION

In the present study, we have characterised the alkali myosin
light chain gene of the cattle filarial parasite S. digitata. Since
this is the first alkali myosin light chain gene characterised
from filarial parasites, this will probably be helpful in the study
of the same gene in related human filarial parasite W. bancroffti
specially in designing PCR primers and DNA probes targeting
this gene. Moreover, being one of the structural components of
the cuticle, this myosin and myosin related proteins could be
specifically focused as targets for novel vaccines and
therapeutic agents. Further studies to express the protein for
investigating the immunogenic potential would be desirable.
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C.elegans mlc-3 WT...L I.L... ..... D.... LL..V.---. G....K..D. I......... .QD---
C.brenneri mlc3 .W.T...L LIVLLL. L D.... LL..I.---. G....K..D. I......... .QD---
Taeniopygia guttata mlc ..GN.TV.G. ...... AT.. .KMTE..V.. L...Q.---. SN.CIN.... ..HI.SV--- -—==--
Haemaphysalis ginghaiensis mlc .A.N.QM.E. ..A...LS.. ...TDA.V.. ..HD.AGQV. ED.FIK..M. I.N....... EEQKDK
Rabbit mlc3 ..GN.TV.G. ...... AT.. .KMKE..VEA L.A.Q.---. SN.CIN.... ..HIMSI--- ------
Chick mlcl ..GN.TV.G. ...... AT.. .KMTE..VE. L...Q.---. SN.CIN.... ..HIMSV--- ------
zebrafish mlcé ..GN.TV.G. ...... TT.. .KMTE..VET LLA.H.---. .N.CIN.... .RHIM..--- ------
Chick mlc3Sk.mus.isoform ..GN.TV.G. ...... AT.. .KMTE..VE. L...Q.---. SN.CIN.... ..HIMSV--- ------
Canis familiaris mlcl ..GN.TV.G. ...... AT.. .KMKE..VEA L.A.Q.---. SN.CIN.... ..HIMSN--- ------
Salmo salar m.l polypeptide ..GN.TV.G. ...... TT.. .KMTE..VET LLA.H.---. .N.CIN..V. .RHIMS.--- ------
H.sapiens fast sk.alkali mlcl ..GN.TV.G. ...... AT.. .KMKE..VEA L.A.Q.---. SN.CIN.... ..HIMSI--- -=-----
Fig: 5. Alignment of the highly similar deduced amino acid sequences of nematode alkali myosin light chain mic-3
proteins with S. digitata in order of decreasing homology. The sequences were obtained from the protein database at NCBI.
Residues identical to the consensus are indicated by  dots. Gaps are indicated by  hyphen.
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Setaria digitata MLIAFLKEIFLLYDEELDGKIDGIQIGDVVRAAGLKETNAN VVKASGS-EYKRKGEKRLIFE
Sparus aurata MIEQAEF SACCIECEKEAFGLECFVEDSCVAERCVACIMRALGCHETRKI VIR ILGNESACEMANKRINEE
Pennahia argentat MIEFSACCIECEKEAFGLECFVEDSCVAENCVACIMRALGCNETRKIVIKILGNESACCMANKRINEE
Cypselurus agoo MIEFTECCIECFKERFGLECRIGDSCVAERCVACIMRALGCNFTNKI VIKILGRESAECMANKRINFD

Euthynnus pelamis MAEREARRPAPAPAPAPAPAAGGTEFSACCIECFKEAFGLECEVGDNCVAERCVACIMRALGCRETNKI VHKILGNESALLMANKRINFD
Thunnus thynnus  MAEAEARAPAPAPEPAPAAAGG-AEFSACCIECEKEAFGLECEVGDNCVAERCVACIMRALGCNETNKI VAR ILGHPTACCMANKRINED

Danio rerio EFTACCIECEKEAFCGLECFVEDSKVAYNCVACIMRALGCNETNKI VKR ILGCFSACCMANKRICEE
Trachurus trachur ----------- MAEEAAAAPARASE FTACQMECFKEAFGLECFVGDG] VAYNC VAL IMRALGCNPCNKLI VIKILGRESALCMANKRLNFD
Cyprinus carpio MAGEFSALGIECFKEAFGLECEVGDNEFVAYRCVACIMRALGCNETNKI VKKILGCESALLMANKRICFD
Sardinops melanos MGDAAAPPPARAAPAAPAAPAAGGAFSACCIECFKEAFGLECEVEDNG VEYNCVACIMRALGCNETNGE VKL LGSESVECMANKRVGED
Gallus galllus - MSFSECCICCEKEAFLLECRICDAKITLSC VG IVRALGCNFTHAEINKILCNESKEEMNAKKITEE
Oryctolagus cunic MSFSACCIAEFKEAFLLYCRIGDSKITLSC VEDVLRALGINETNAE VKKVLGNESNEEMNAKKIEFE
Homo sapiens MSFSACCIAFFKEAFLLECRTGDSKITLSC VGDVLRALGTRETNAE VRKVIGRNESNEELNAKKIEFE
Mus mnsculus MSFSACCIACFKEAFI L ELRTGECKITLS( VGDVIRALGINETNAE VKKV CRESNEEMNAKKIEFE
Rattus norvegicus - MSFSACCIAEFKEAFLLECRIGECKITLSC VEDVLRALGINFINAE VKKVLCNESNEEMNAKKIEEE
Consensus

Setaria digitata EWMPIYEQLSKEKEQGT LGERLSAEEADE IMKGCEDAEGY VSYEAEVKKVLAGPERDD
Sparus aurata AFLEMLKEV-DALGKGT LGEKMIEEEICALMAGGECENGSLEYEAEVKRIME Vmnnmm
Pennahia argentat AFLEMLKEV-DSQEKGT LGEKMNETEICALMAGRECERGE VEYEREVKBIMEV-~-—-
Cypselnrus agoo  AFLEMLKEV-DAMTKGT LGEKMNEREILAIMAGGECERGS VEYEREVKBIMEV-————
Futhynnus pelamis TELEMIKEV-DIYQKGTY) 1GEKMSEEEILAIMTGLECENGE VEYEAEVKRIME V- mm
Thunnus thynnus — TELEMLKLV-DTFGKGT LGEKMSEEEICALMIGCECENGE VEYEAEVKBIME Vmmmmm
Danio rerio AFLEMLKIV-DANGKGT LGEKMSEFEICALMGGRECENGY VEYEAEVKRIMEV-—~—-
Trachurus trachur TELEMLK{V-DTFQKGTY LGEKMSEEE ILALMTGGECERGS VAYEAEVKRIMEV-————
Cyprinus carpio  AFLEMLKIV-DAVGKGTY L GEKMIEEEIDSIMOGGECERGEVAYEDEVKRIME V- mm
Sardinops melanos AFLPLLEQQ-DKVGKGTYDEEWEGLEVECRECHGIVLCABIRIVIET) GEXMKECE ILALMIGQEDIRGCINYEAEVKEVNE Vmmmnm
Gallus galllus  EFLEMLQARANNKDGGT LGEKMIEEEVEE IMKGGEDSHGCINYEAEVKBIME V-~~~

Oryctolagus cunic GFLEMLQAISKNKDGGT LGEKMKEEEVERIMAGGEDSKGCINYEAEVKRIMST-————
Homo sapiens 1 GEKMKEEEVEALMAGGEDSHGCINYEAEVKEIMS I -~
Mus musculus L GEKMKEEEVEALLAGGEDSHGCINYEAEVKBIME Vmmmmm

LGEKMKEEEVEALLAGCEDSRGCINYEAFVKHIMEV-----
Consensus D NN DXyz n nnn

Fig: 6. Alignment of avian and mammalian myosin light chain (MLC3) amino acid sequences with S. digitata. The MLC3
specific domain of avian and mammalian sequences and the ancestral ca®" binding domain are indicated in shaded box. n indicates
those residues which form the core of the E and F a helices. X, Y, Z, -X,-Y and -Z are residues which might be involved in the binding
of divalent metal ions in EF hand domain.
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ABSTRACT

The earth surface is dominated by low temperature environments, which have been successfully
colonized by several extremophilic organisms. Enzymes isolated from psychrophilic organisms are
able to catalyze reactions at low temperatures at which enzymes from mesophiles or thermophiles
are fully compromised. The current scenario on enzyme cold-adaptation suggest that these enzymes
are characterized by higher catalytic efficiently at low temperatures, enhanced structural flexibility
and lower thermostability. In the present contribution, molecular dynamics simulations in explicit
solvent have been carried out at different high temperatures in order to investigate the unfolding
process of cold- and warm-adapted homologous enzymes. In particular, we focused our attention on
cold-adapted elastases for which it was previously demonstrated that the psychrophilic enzyme
presents higher localized flexibility in loops surrounding the catalytic site and the specificity pocket.
The unfolding simulations show a slower unfolding process for the cold-adapted enzyme, but
characterized by a greater loss of intramolecular interactions and a-helices than the mesophilic
counterparts.

Keywords: cold-adapted enzymes; unfolding; molecular dynamics simulations; psychrophilic enzymes; elastase; serine-
protease

[11 INTRODUCTION temperature scale, should be characterized by enhanced
flexibility of crucial protein regions in order to compensate for
the lower thermal energy in low temperature habitats [6, 7].
This plasticity has been suggested to enable a good
complementarity with the substrate at a low energy cost. In
return, this flexibility would be responsible for the high
thermolability of the psychrophilic enzymes. The low stability
of psychrophilic enzymes has been demonstrated by the drastic
shift of their apparent optimal temperature of activity, the low
resistance of the protein to denaturating agents and the high
propensity of the structure to unfold at moderate temperatures

In recent years, increasing interest has been devoted to the
investigation of determinants of adaptation to low temperatures
of the enzymatic repertory of cold-adapted organisms [1, 2].
The study of cold-adapted enzymes attracts both fundamental
researches than industrial application for the design of new
biocatalysts [3, 4]. The number of reports on enzymes from
psychrophilic organisms has increased over the past years, and
reveals that adaptative strategies vary among different enzymes,
which use different structural features for gaining increased
catalytic efficiency at low temperatures, reduced thermal
stability and increased molecular flexibility. [1].

High temperature MD simulations turned out a valuable tool to
study unfolding process of several protein systems [8-12]. In
particular, all-atom explicit solvent MD simulations provide
insights into biomolecules dynamics thanks to the continuity of
the trajectory in the phase space and are a useful tool to
complement experimental investigations. MD can provide
further information on the protein folding and unfolding
processes along with elucidation of intermediates and factors
affecting stability of folded and unfolded forms [8, 13-14].

In fact, enzyme catalysis generally involves the “breathing” of
particular protein regions, enabling the accommodation of the
substrate [1]. The optimization of enzyme function at a given
temperature requires a proper balance between two opposing
factors: structural rigidity, allowing the retention of a specific
conformation at the physiological temperature, and flexibility,
allowing the protein to perform its catalytic function [5].

Whereas heat-adaptation seems to be generally related to
protein rigidity, cold-adaptation, at the opposite side of the
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Protein unfolding studies by atomistic simulations are carried
out generally increasing the temperature necessary to overcome
the enthalpic forces stabilizing the three-dimensional structure.
It has been demonstrated that high temperature simulations
accelerate the unfolding pathway without affecting the pathway
itself [15]. The use of higher temperatures over the unfolding
experimental temperatures is necessary considering the
differences in the time scales accessible by experiments and
calculations. In MD simulations at high temperatures, protein
unfolding can occur within a few nanoseconds [15-16].

In light of the above observations, we decided to investigate the
thermal unfolding process of a mesophilic and cold-adapted
elastases by multiple-replica MD simulations. The aim of this
study is not only to analyze specific features of the unfolding
mechanisms of the two homologous elastases, but also to gain a
deeper understanding of molecular basis of cold-adaptation of
psychrophilic serine proteases, which at low temperatures are
known to be characterized by higher catalytic activity [17] and
higher local structural flexibility in the proximity of the
functional sites [6], with respect to the mesophilic counterpart.

[1I]] MATERIALS AND METHODS

MD simulations were performed using the GROMACS software and
GROMOS96 force field (www.gromacs.org) implemented on a parallel
architecture. The enzymes selected for this study have been the
mesophilic pancreatic porcine (PE) and psychrophilic Atlantic salmon
(SE) elastases (PDB entries 1LVY and 1ELT, respectively). For these
enzymes various MD simulations were previously carried out at 283 and
310K [6]. In particular, for both the warm and cold-adapted elastase, we
selected two structures from two different independent simulations at
310 K. These structures are representative of the conformational space
explored at this reference temperature. To reach the desired unfolding
temperatures, solvent have been equilibrated in 4 steps increasing the
temperature at each step (310—350, 350—400, 400—450, 450—500
K), during which the protein atomic positions were restrained using a
harmonical potential. In the simulations, the structures were soaked in a
dodecahedral box of SPC (Simple Point Charged) water molecules and
simulations were carried out using periodic boundary conditions.The
ionization state of the residues was set to be consistent with neutral pH
and tautomeric form of histidine residues was derived using GROMACS
tools and confirmed by visual inspection. CI" counterions were added to
neutralize the system.

Productive MD simulations were performed in the isothermic-isobaric
ensemble (NPT ensemble) at 400, 450 and 500K, applying periodic
boundary conditions and using an external bath with a coupling costant
of 0.1 ps. Pressure was kept constant at 1 atm and the time-constant for
the pressure coupling was set to 1 ps. The LINCS algorithm was used to
constraint bond lengths, allowing to use a 2 fs time step. Electrostatic
interactions were calculated using the Particle-mesh Ewald (PME)
summation scheme. Van der Waals and Coulomb interactions were
truncated at 1.0 nm. The nonbonded pair list was updated every 10
steps and conformation stored every 2ps.

To improve the conformational sampling, independent simulations
(replicas) obtained initializing the MD runs with different Maxwellian
distributions of initial velocities, were carried out for each protein system
at each temperature. In particular, two and four 3 ns simulations have
been carried out at 400K and 450-500K, respectively. The different
simulations have been identified according to different codes.
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The two letters (PE-SE) identify the enzyme, the number (400-450-500)
is referred to the simulation temperature, the roman number (llI-1V)
defines the two different initial structures whereas the last letter (a-b)
discriminates between the different initial velocities.

For example, PE450llla and PE450llllb refer to simulations of the
porcine elastase at 450K performed starting from the same initial
structure but with a different initial random seed (a and b), whereas
PE450llla and PE4501Va refer to simulations of the porcine elastase at
450K performed starting from two different initial structures (Illl and 1V).

[11I] RESULTS

Unfolding simulations of a cold-adapted elastase (SE) and its
mesophilic counterpart (PE) have been carried out in order to
shed light on molecular characteristics of cold-adaptation.

Generally, each protein molecule may unfold via its own
pathway and, though the majority of the pathways are probably
similar, some of them may differ from other considerably.
Therefore, to ensure the validity of unfolding simulations and
that the main traits of the trajectories are reproducible and
representative, it is necessary to analyse multiple trajectories
related to the same system.

3.1. Unfolding profiles

A measure to identify the unfolded state is the RMSD (root
mean square deviation) with respect to a reference structure. It is
generally accepted that mainchain RMSD > 5 A, calculated
using as reference structure the native structure, defines that the
protein is in an unfolded state [18]. RMSD values were
calculated on mainchain atoms using as a reference the starting
structure of the simulations [Figure-1].

The most evident changes in the elastase native structure are
detected at 500K, even if structural changes can be already
identified at 400K simulations. At 500K, the mesophilic enzyme
undergoes a greater structural rearrangement, presenting a fast
unfolding of the structure, after which seems to reach an
equilibrium state. In SE the trend is more linear: the increase in
RMSD is slower and on-going.

Another parameter reflecting structural changes is the protein
radius of gyration (Rg), which is a measure of compactness of
the protein structure. However, it is not sufficiently informative
if considered alone, since in the unfolded state a protein could
still retain some degree of compactness. Therefore, two-
dimensional plot of mainchain RMSD versus protein radius of
gyration have been carried out, also in order to remove the
differences due to the fact that corresponding events could occur
at different times in different trajectories [Figure-2, 3]. Different
colors indicate three different parts of the simulations: black, red
and green correspond to the first 1ns, from 1 to 2 ns, and from 2
to 3 ns, respectively. Some trajectories show an approximately
simultaneous increase in Rg and RMSD in the first part of the
unfolding process and much more complexity after partial
denaturation, whereas others have a complex behavior starting
from the initial stages of the wunfolding process.
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3.2. RMSD matrices RMSD, with the structures of other simulations at the same

) ) temperature (for example, simulations a versus b) [Figure-4]
In order to understand if there are common features in the and with the simulations at the other temperatures but

unfolding pathway, all the structures of each simulations at a  performed from the same starting structures (for example
given temperature have been compared, measuring mainchain  simulation at 400K versus 500K) [Figure-4].
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Fig 4. RMSD matrices of PE. The matrices present the RMSD obtained from the comparison of each structure of a simulations with
the structures collected from another simulation. Both comparisons of independent replicas of the same system at the same
temperature and of replicas of the same system at different temperatures are shown. The RMSD matrices of SE simulations present
a comparable trend (data not shown). The color bar indicate increasing RMSD values from blue to red.

In particular, the RMSD matrices are computed calculating the
mainchain RMSD between all the structures of one simulation
(x-axis) against all the structures of another simulation (y-axis).

A color scale from blue to red indicates increasing values of

RMSD. A blue area means that corresponding structures in the
two simulations have an high degree of similarity.

Comparing simulations at the same temperature, the highest
similarity is gathered in the left-low corner. Following the
simulation course, simulations performed using different
starting structures and different initial atomic velocities, drift
away from each other.

In Figure-4, cyan indicates low RMSD values and structural
similarity is concentrate in the lower rows of the matrices. The
x-axis corresponds to the simulation at the lower temperature,
indicating that at 500K the protein follows the same pathway
explored at 400K, but employing less computational time. The
high temperature seems not affect the unfolding pathway itself
since the structures collected in the initial steps of 500K
simulations resemble structures from 400K simulations, but
only speed up the process.

3.3. Intramolecular interactions and secondary
and tertiary structure content.

The numbers of intramolecular hydrogen bonds (H-bonds) have
been monitored along the simulation time. Even if the total
number is not informative in terms of individual residues
involved in the interactions, it can give an estimation of the
compactness of the structures and the lack of native structures.
It turns out that at 500K the number of H-bonds is clearly
reduced. In fact, at S00K PE and SE has an average value of H-
bonds of 110 and 100, respectively, whereas the native structure
is characterized by 185 and 182 H-bonds, respectively [6]. In
particular, in PE the H-bonds decrease till 2 ns and then
increase again at the end of the simulations, suggesting the
breaking of native intramolecular interactions and formation of
non-native intramolecular interactions in the unfolded state.
Whereas in the native structure SE and PE present a almost
comparable number of total intramolecular H-bonds, SE tends
to lose a higher number of H-bonds that PE in the early step of
the unfolding process. In fact, average H-bonds in the first 500
ps of simulation at 500K are reduced to 104 in SE and 120 in
PE.
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PESO00Illa PE500IVa SES500Illla SE500IVa

Fig 5. Snapshots taken from simulations at 500K every 0.5 ns. Data relative to simulations a at 500 K are indicate. The different
columns correspond to PEllla, PEIVa, SEllla and SEIVa, respectively.

3D structure of elastases folds into two juxtaposed domains [Figure-5]. The starting conformations of the mesophilic
characterized by an antiparallel B-type fold, including some a- enzyme are always more structured in B-sheet, for at least 20
helices. Secondary structure content over the simulation time  residues more, than the psychrophilic counterpart.

have been also monitored, according to the DSSP program

definition [19] as well as snapshots from the simulations
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At 400K, both in PE and SE the changes in the structures are
quite slow, in agreement with the RMSD analysis. Interestingly,
the reduction in residues involved in o-helices is a common
feature of the two enzymes at both temperatures. However, SE
tends to lose a-helices in the earlier steps than PE. In fact, in SE
a-helix content is reduced of more of more that 75% just after
0.1 ns, whereas PE retains native a-helices up to 0.5 ns. At this
temperature systems are not completely unfolded. More
interestingly, at 500K PE unfolds rapidly, in less than 0.4 ps the
decrease of all structured residues is about 30% with respect to
the native structure. After this early event, the secondary
structure composition remains quite stable, in agreement with
the previous indications by RMSD analysis. The psychrophilic
enzyme presents a slower unfolding process with the main
transition appearing in the range between 0.4 an 1 ns. In both
systems, B-sheet conformations, which are the main component
of the native elastase 3D fold, seem to be fairly stable in the
first step of the unfolding process and decrease in the last ns.

[IV] CONCLUSION

In the present contribution, we present an investigation at the
molecular level of the unfolding process of two homologous
enzymes sharing a common fold and a high sequence similarity
(more than 68% of sequence identity) but adapted to different
temperature conditions. Both enzymes present in the first steps
of the unfolding process a loss of native a-helices. At SO0K the
unfolding process is clearly visible: after only 0.4 ns the
mesophilic enzyme has lost 30% of the native structures. The
unfolding process in the psychrophilic enzyme occurs later, in
agreement with a higher flexibility and lower number of
intramolecular interactions localized in the proximity of the
functional site but a higher rigidity of the rest of the protein
structure with respect to the mesophilic counterpart [6].
Interestingly, even if SE seems from our simulations to undergo
toward a slower unfolding process, the regions in the proximity
of the catalytic triads are the first to be affected by increased
temperatures and promote the local unfolding in the first step of
the process.
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ABSTRACT

Laboratory scale experiments were carried out to test the efficiency of the extracellular protease
from Bacillus cereus MCM B-326; cattle dung and commercial bate powder (ComBate) as bating
agents on delimed buffalo hide. Protease treated pelt was free from scud and pigments, clean and
fine grain, white, smooth and silkier with loosen fat. Histological sections of bated pelts showed
greater opening up of collagen fibers with Bacillus protease. The studies indicated potential
importance of Bacillus protease as effective bating agent in leather processing.

Keywords: Bacillus cereus; protease; bating agent; buffalo hide; leather processing

[17 INTRODUCTION

Enzymes have considerable potential in the bioprocessing of
skins and hides for leather production, offering effective
biotreatments particularly for the dehairing and bating processes
[1]. The six processing steps viz. curing, soaking, dehairing,
bating, degreasing and tanning are clearly identified steps in the
preparation of leather [2]. In soaking, dehairing, bating and
degreasing steps enzymes play an important role. It is common
knowledge that, of the various unit operations involved in
making leather, it is only with bating that the enzymatic process
can’t be substituted by chemical method. Bating is the treatment
of dehaired hides or skins with an aqueous solution of an enzyme
to remove certain undesirable proteinaceous constituents [3]. The
main function of bating was the removal of and hydrolysis of the
keratose substance remaining on the surface of the delimed pelt,
i.e. removal of scud. The scud consists of epidermis, hair roots,
pigments, fats, sebaceous glands and sweat gland debris [4].
Bating following the dehairing process produces softer, stretcher,
silkier leather. Bating process acts on elastin and increase
suppleness, pliability, elasticity and feel of the leather [5].
Depending on its proposed use like cloths, car seats etc. different
enzyme treatments may be necessary. Puvankrishnan & Dhar
reported several Bacillus sp. as a source of bating enzyme [6].
Three types of enzymes used as bating agents are (i) pancreatic
protease i.e. trypsin from bovine and swine pancreas glands, (ii)
protease from moulds, fungal origin which works in the pH range
of 3.5- 5.0 referred to as an acid bate (iii) bacterial protease
which work in the neutral pH range 6.2- 7.0 [7].

The present work deals with the application of the extracellular
protease from Bacillus cereus MCM B-326. The efficiency was
compared with that of the cattle dung and ComBate.

[117 MATERIALS AND METHODS

2.1. Organism and chemicals

A strain of Bacillus cereus MCM B-326 used was a buffalo hide isolate
which had the ability to secrete protease. All chemical and media were
purchase from Hi- Media Laboratories, Mumbai.

2.2. Enzyme preparation

The strain was maintained as a glycerol stock at -20°C. 2.8 x 108 cells of
the organism Bacillus cereus MCM B-326 were inoculated into a medium
containing 1% starch, 1% soybean meal, 0.3% CaCO; (pH 9.0). The
flasks were kept under shaking conditions for 36 h at 30 °C. After 36 h the
culture filtrate obtained was centrifuged at 13,000 g for 10 minutes to
remove the biomass [8]. The supernatant was partially purified by
ammonium sulphate precipitation (60% saturation) and the enzyme thus
obtained was used for the evaluation of its activity on casein, azocoll and
hide powder azure substrates and bating efficacy on chemically dehaired
buffalo hide.

2.3. Enzyme assays

2.3.1. Caseinolytic assay

Protease activity was measured using caseinolytic assay [9]. The culture
supernatant (1 mL) was incubated in 4 mL of 0.625% casein at 37 °C for
30 min. The reaction was stopped by 5 mL of trichloroacetic acid (5%) and
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the casein hydrolysis product was measured by modified Folin Ciocalteu
method [10], against inactive enzyme. A standard graph was generated
using standard tyrosine of 10- 50 pgmL™. One unit of protease activity
was defined as the amount of enzyme, which liberated 1pug tyrosine per
min at 37 °C.

2.3.2. Azocoll assay

Azocoll assay was determined using method described by Ensign & Wolfe
[11]. Ten mg of azocoll was added to 2 mL of Tris-HCI buffer (pH 8.0); to it
0.5 mL of suitably diluted enzyme was added and incubated for 10 min at
37°C. The reaction mixture was centrifuged and the absorbance of the
supernatant was measured at 580nm relative to a blank without enzyme.
One unit of activity was defined, as the amount of enzyme required to
increase the absorbance by 0.001absorbance unit under assay
conditions.

2.3.3. Hide powder azure (HPA) assay

Hide powder azure assay was determined using method described by
Puvankrishnan & Dhar [7]. 25 mg of HPA substrate was incubated with
different concentrations of enzyme (0.01, 0.02, 0.03 and 0.04 mL) at 37°C
for 20 min. The mixture was centrifuged and the supernatant was read at
595nm. The graph was plotted for different enzyme concentrations and
absorbance at 595nm. The slope was directly proportional to the enzyme

activity.
2.4. Bating application

The bating action of the enzyme was evaluated on the laboratory scale.
Three buffalo hide pieces (3 cm x 3 cm) were soaked in 300% (w/v) tap
water; dehairing was done by traditional chemical- 10% lime and 2%
sodium sulphide. The limed, experimental pieces were washed thoroughly
and delimed with 150% water and 1% ammonium chloride for 40 min and
then added bating agent- animal dung (1%), commercial bate (1%) and B.
cereus protease (0.15%) separately. All the other operations were
performed together [7].

2.5. Bating efficiency tests

For thumb impression test, the time taken by the bated pelt to regain its
original shape after a thumb was pressed on the grain side, and the
intensity of the impression was noted [5]. The scud (hair root, degraded
protein. etc.) removal by scrapping with fingernails was assessed. The
degree of slipperiness, cleanliness of the bated pelt pieces was
categorized.

2.6. Histopathology of hides

Histopathology of cattle dung, enzymatically and commercial bate powder
bated pelt were studied using a method described by John & Merriline
[12]. The hide pieces were dehydrated with 80, 95 and 100% (v/v) of
alcohol gradients followed by xylene and then embedded in paraffin. The
longitudinal sections of hide embedded in paraffin wax were obtained
using microtome. The sections were fixed on slides using starch paste
containing thymol, which acts as preservative. The sections were stained
using Harris's haematoxylin stain followed by 0.5% (v/v) HCI and diluted
ammonia. The slides were observed microscopically for opening up of
collagen fibers.

[1117 RESULTS AND DISCUSSION

The protease from B. cereus MCM B-326 was assessed for its
potential use in bating step of leather processing. The specificity
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of protease from B. cereus, ComBate and cattle dung with casein,
azocoll and hide powder azure substrates is summarized in
Table-1.

Table 1: Enzyme activities of different bating agents with
different substrates

Substrates and enz¥me activity

)

(Ug'1min'
Azocoll

Bating agents

Casein HPA

Protease from B. cereus 947.69 1935
ComBate 675.95 1180 243.3
Cattle dung 692.93 1725 153.3

HPA- Hide powder azure

From Table-1 it was observed that the ComBate and cattle dung
have enzyme activities with casein, azocoll and hide powder
azure, as substrates but it was less as compared with protease
from B. cereus. Likewise hide powder azure and azocoll were
evaluated for their susceptibility as collagen-rich substitutes for
casein in assaying for proteolytic activity of bate [13]. Various
proteolytic activities of bate were measured in drum liquor by
Mozeersky et al. [13-17]. Casein was a general protease substrate
while azocoll and HPA were recommended substrates for
clastase type of enzymes.

A qualitative assessment of the effect of the protease as a bating
enzyme gave a highly slippery, silkier and clean pelts with a very
fine grain texture. Scud loosening was very easy and the intensity
of the thumb impression was very deep. Taking 22 seconds for
treated with animal dung, 18 seconds for ComBate and 26
second for B. cereus protease to reshape after imprint. These tests
give an indication of the extent of removal of the interfibrillary
material that leads to better opening up of the fiber structure.
Hameed et al. [5, 18] reported qualitative assessment of the
effect of the crude protease from B. subtilis as a bating enzyme
gave a slippery feel to the leather with a very fine texture of the
grain. Scud loosening was very easy and the intensity of thumb
impression was very deep taking 25 sec to reshape after imprint.
Mozersky et al. [17] reported bating with a halophile protease
active in 4M NaCl and found to yield leather with satisfactory
physical characteristics. This high salt concentration will be used
to loosen the tight bonding of decorin to collagen, thus rendering
the proteoglycan more susceptible to proteolysis and removal
from the hide.

The collagen fiber opening was confirmed by histological
technique followed by microscopy. The microscopy of bated
pelts with the bating agents is shown in Figure-1. This reveals a
greater opening up of the fiber structure in the case of the pieces
bated with B. cereus protease than with the cattle dung and
ComBate. Collagen fibers were not damaged because of protease
action and are shown in Figure-2.
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Fig: 1. Micrographs of pelt bated with A: animal dung, B:
ComBate and C: protease from Bacillus cereus MCM B-326
(A and B showed disintegrated hair follicles, C showed empty

follicles)
510 oY )/ df
/ ‘ 4

ia
Fig: 2. Micrographs of pelts collagen bated with A: animal

dung, B: ComBate and C: protease from Bacillus cereus
MCM B-326 (A showed less opened collagen fibers, B showed

moderate opened collagen fibers,
collagen fibers)

C showed well-opened

Scanning electronic microscopy of goat pelts bated with protease
from Streptomyces sp. Gys; reveled a greater opening up of the
fiber structure than the commercial enzyme bate [19]. Ding ef al.
[4] reported histological study of goatskin with pancreatin bates
performing a function of removing epidermal matter, eliminating
scud and cleaning grain surface. Zuo et al. [20] used surfactants
for enhancing enzymatic bating of goat skin. Sirvaityte et al. [21]
reported commercial enzymes LITHUDAC L and Novo Bate
WB for bating of pelts after deliming with peracetic acid. The
results presented indicated that Bacillus cereus protease can work
as a very good bating agent in leather processing.

[IV] CONCLUSIONS

The extracellular protease from Bacillus cereus MCM B-326 was
found to be an effective bate as compared to cattle dung and
ComBate.
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ABSTRACT

Deriving a property of a protein that is unique to it has well known significance since the study on ab
initio model based derivation of protein structure where uniqueness of protein sequence is taken as
the source of specificity of protein structure. In this direction, Heat denatured protein aggregates
(HDPA) of proteins were studied with an objective to derive some multi-fractal markers specific to
constituent protein that may be further utilized to extract information of the seed protein. Since
Ordinary microscopic images of aggregates were analyzed to extract Intensity Level-based
Multifractal Dimension (ILMFD) features. ILMFD features include four different features, perimeter
fractal dimension (ILMFDg), perimeter-area relationship (ILMFDpar), Area fractal dimension (ILMFD,)
and Perimeter-area fractal dimension (ILMFDP,) that were calculated using fractal computations
considering perimeter, and area of aggregate images. Feed forward backpropagation network was
used to classify the proteins using different ILMFD parameters. It was found that ILMFD features
could discriminate the proteins used in our study, that points to their potential to serve as unique
property or marker of a protein. Further to validate the results, the outputs from ANN were clustered,
and the outputs clustered in the largest cluster were found to significantly improve the result in

class decision given by ANN.

Keywords: Heat denatured protein aggregate; Multifractal dimension; Protein-marker; clustering

[17 INTRODUCTION

Protein aggregation has been considered as an unwanted and
unproductive phenomenon in biological applications involving
proteins [1]. It can be defined as a process by which a
homogeneous protein solution separates into two phases
comprising aggregate phase having significant intermolecular
interactions and the other one having dilute supernatant of
isolated protein [2]. generally accompanied by conformational
change of protein, which can be induced by thermal, enzymatic
or chemical perturbations affecting the native folded structure
of protein [3]. But recently several studies have pointed towards
specificity of aggregates to their seed proteins.

Bohr et al (1997) [4]. through their experiment on native protein
aggregate by electronic, atomic force and ordinary microscope,
have shown that the structure of aggregates of proteins are
strongly influenced by shape of constituent individual protein
molecules. Also, from the study done by Taubes we find that
protein aggregates are not as nonspecific as earlier believed [5].

In a simulation study on protein aggregation, Patro and
Przybycien showed that variation in monomer surface property
significantly affects the structure of kinetically irreversible
protein aggregates [6]. Another study indicated that aggregation
properties are affected by structural changes in proteins. Change
in protein structure is found to significantly affect the topology
and energetics of contacts within aggregates and
thermodynamic drive towards aggregation [7].

Recently it has been found that aggregation is a generic
property of polypeptide chains and aggregation propensity
differs with difference in structure and environment [8]. Some
studies have shown that a minor change in amino acid sequence
of protein can prevent or increase aggregation of protein. In a
study done on viral coat proteins, King et al., found that mutant
viral coat protein having a single amino acid change, folded at
low temperatures normally, but at higher temperatures it self-
assembled into aggregates. This aggregation at high
temperatures was not found in normal protein [5]. Another
study done by David Brems et al., on bovine growth hormone,
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showed that mutation prevented its aggregation but did not
affect its folding [9]. These studies indicate that aggregation
may be preprogrammed into amino acid sequence just like
folding and aggregates should not be considered as just a
nonspecific mess.

Taking cue from these studies, we have been searching towards
a suitable aggregate feature that can be used as a marker
showing specificity of aggregates to individual proteins. The
background behind this effort is the expectation that such
unique aggregate based feature should be map-able to
individual protein property, especially structural property. Like
the structural information we draw from protein crystal which is
eventually an ordered assembly of protein and mostly scarce,
we want to draw structural information of protein from its
aggregate which is apparently not so ordered but available for
almost all the proteins. To accomplish this goal, in this work we
have extracted a scale and rotation independent feature Intensity
Level-based Multifractal Dimension (ILMFD), based on mass
fractal dimension of aggregates to study the rough pattern of
heat denatured aggregates [10, 11]. As ILMFD is basically an
aggregate-image based feature, it is quite likely that it captures
the rough shape and texture of 3D-aggregates in its 2D-
projected form. In current work, we have extracted three more
features, to be included in ILMFD feature set and utilized them
in a novel neuro-clustering classifier. This new approach has
shown promise to significantly increase the specificity of
ILMFD feature set to individual protein.

[117 MATERIALS AND METHODS

2.1. Formation of protein aggregates

The proteins used were Albumin, Cytochrome c, Ferritin, Hemoglobin,
Insulin and Lysozyme. Proteins were purchased from Sigma Aldrich Inc.
(USA). Water used in the experiments was purified by Millipore Water
System (Model: Millipore, USA). Each Protein was dissolved in Millipore
water at concentration of 25 mg/cc and kept at 100°C for 15 minutes to
obtain its Heat Denatured Protein Aggregates (HDPAs).

2.2. Procuring microscopic images of aggregates

Suspension having homogeneously distributed HDPAs was spread over
Hemocytometer slides (Model: Neubauer Chamber, Marienfeld,
Germany) and visualized under phase contrast mode of compound light
microscope (Leica Model DML-B2) at 400x magnification. Images of
aggregates were captured using a digital camera (Canon PowerShot
S50) attached with the microscope, at 2x optical zoom, resulting in to
total magnification factor of 800x. For each protein 50 images of HDPAs
at different fields of views were captured to create an aggregate image
dataset.

2.3. Preprocessing and intensity plane slicing of
images

Each aggregate image was converted to grey scale and resized to 1/3rd
of the original size 2592x1944 pixels, to reduce computational
complexity. Background of each aggregate image was made black using

1LHHOAB
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Adobe Photoshop 7.0 to nullify the effect of background on ILMFD
parameters calculated form images. Each image, was split into 10 binary
images on the basis of fixed intensity-ranges by applying the rule that in
a binary image representing an intensity range, only the pixels having
intensity values falling in that intensity range , would be kept as 1, while
all other pixels would be assigned a value of zero. Computationally,
intensity interval between maximum and minimum intensity of a
particular image was divided into 10 smaller and equal intervals or
ranges.

2.4. Deriving ILMFD features from aggregate
images

Area (A), perimeter (P) of aggregates for 10 binary images representing
each aggregate image were calculated at different scales of
measurement (S) using box counting method. Four types of ILMFD
features were derived using Area, and perimeter calculated at different
scales of measurement i.e., box size [12,13]. Area (A) was calculated as
number of boxes covering the aggregate in the image. Similarly,
perimeter (P) was measured as the number of boxes making the
periphery of the aggregate in the image. Perimeter fractal dimension was
calculated as the slope of the linear regression plot between log(P) and
log(S). Perimeter-area relationship was calculated as slope of linear
regression plot between log(P) and log(A) at different box sizes (S). Area
fractal dimension was calculated as the slope of linear regression plot
between measured log(A) and log(S). Similarly perimeter-area fractal
dimension was calculated as linear regression plot between two
variables x, and y where x= log(P/S), and y=(log(A))/2 - log(S) [14]..Thus
each aggregate image was represented by 10 fractal dimensions (one
for each binary image), cumulatively referred to as ILMFD where, D;is
fractal dimension of one intensity level:

D= {Di }zl'(:)l

Thus we derived four different types of ILMFD parameters as ILMFDa,
ILMFDg, ILMFDga, and ILMFDgar from area fractal dimension, perimeter
fractal dimension, perimeter area fractal dimension and perimeter area
relationship respectively.

2.5, Classification by ILMFD parameters using
artificial neural network

Each of the four ILMFD features was used separately for classification of
images into different classes based on their constituent protein. The
classification decisions from different ILMFD features were obtained
using feed forward backpropagation networks where normalized values
of ILMFD features I was used as input vector. ILMFD data set obtained
from 300 images of all proteins, was divided in to training and test sets,
by randomly picking data for 210 images as training set and for
remaining 90 images as test set. Such five training and test sets were
chosen randomly for training and testing the neural network based
classifier. Each training and test ILMFD data was normalized by
subtracting their column mean calculated from respective training ILMFD
data.

Same network architecture was used for all the four ILMFD features. It
consisted of one hidden layer apart from input and output layers. While
the input layer comprised of 10 neurons, hidden layer consisted of 8
nodes. Output layer had six neurons to represent six classes of our
interest. Tan sigmoid transfer function was used in hidden and output
layers. Mean square error was used as performance function. Trained
networks were simulated with normalized test ILMFD feature data for
validation.
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2.6. Classification by ILMFD parameters using
neuro-clustering classifier

Classification decisions obtained for test sets of each protein were
clustered using k means clustering. Value of k was kept as 2,
considering possibility of two types of decisions i.e., correct or incorrect.
Centre of the decisions grouped in larger cluster were matched with
correct decisions of test dataset to validate the decision tendency of
trained networks.

[1lI] RESULTS AND DISCUSSION

3.1. Potential of ILMFD features to classify and
recognize individual proteins

ILMFD
Feature

Training Set
Efficiency of network

Average
Efficiency of
networks

giving Maximum
Efficiency on test set

1HHOAB
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The neural networks trained with different ILMFD features, were
simulated for their respective test sets. To remove the possibility of any
bias, training and testing of neural networks, was done using five
different randomly chosen training and test sets from whole data.
Results for neural networks giving maximum efficiency of protein
classification on test sets as well as average efficiency of all networks
for each ILMFD feature are shown in table 1. Maximum efficiency of
protein classification on test set was found for features ILMFDp and
ILMFDpg. Similarly network-average of efficiencies of five networks
for classification of proteins using these same features were found to
be the maximum among the features selected in our study [Table-1].

Protein-wise sensitivity and specificity of classification using neural
networks giving maximum efficiency on test set are given in Table-2.
In Table-3, the efficiency in classifying a protein using decision
clustering model of neural network outputs (we referred as neuro-
clustering) has been shown.

Test Set
Efficiency of network
giving Maximum
Efficiency on test set

Average
Efficiency of five
networks

ILMFDa 93.81 94.57 £ 0.87 70.44 +3.20
ILMFDp 98.57 94 + 6.96 80 76.88 + 2.65
ILMFDpa 96.67 94.95 +1.37 67.78 63.11 + 3.08
ILMFDpar 94.76 94.85 +2.90 80 75.78 +2.53

Table: 1. Results of classification in percentage for proteins using different ILMFD features of HDPAs

ILMFDa ILMFDp ILMFDpa ILMFDpar

Albumin . . . .
Cytochrome c 64.71 76.71 80 80 375 74.32 63.16 84.51

Ferritin 73.68 74.65 100 75.34 78.57 65.79 100 76
Hemoglobin 83.33 72.22 94.12 76.71 81.25 64.86 93.33 77.33
Insulin 100 70.13 92.86 77.63 83.33 63.89 82.35 79.45
Lysozyme 60 76.25 46.15 85.71 60 69.33 57.14 84.21

Table: 2. Results of neural network based classification in percentage for each protein based on four different ILMFD
features: ‘Sens’ and ‘Spec’ represent sensitivity and specificity respectively

ILMFDa ILMFDp ILMFDpa ILMFDpar
Efficiency 100 100 67 100

Table: 3. Results of percentage efficiency for neuro-clustering based classification for each protein based on four different
ILMFD features

Efficiency of ILMFD parameters to classify proteins is
indicative to their potential to recognize and discriminate each
of the proteins and thus to serve as markers for each proteins.

For this reason we present efficiency-profile of different
ILMFD features in Tables-1, -2 and -3.

-
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3.2. Selection of protein aggregates as study
material

The idea behind this work originated from various studies on
protein aggregates, indicating the specificity of aggregate
properties to their constituent proteins. On the other hand
limited applicability of experimental methods like x-ray
crystallography, NMR, prediction methods like homology
modeling and threading for protein structure determination etc.
predicated the need for search of novel methods for
determination of protein structure and structure based features.
Easy availability of protein aggregates through simpler
experimental set up as compared to protein crystals, encouraged
us to investigate the possibility of deriving some protein
specific aggregate features, which would be protein specific and
could be further used to map some functionally important
structure features like protein functional sites.

3.3. Suitability of
representation

aggregate data

An aggregate image represents the natural three dimensional
texture of aggregate in two dimensional forms [15, 16]. Each
image was sliced into different intensity planes using gray level
intensity based method into binary images where each intensity
level was supposed to grossly capture the three dimensional
depth of the aggregate. At each intensity level four types of
fractal dimensions were calculated. The whole set of fractal
dimensions calculated from all the intensity planes constitute
the multi-fractal features for a particular aggregate image. As
we had considered area, and perimeter measurements at
different scales of measurement, it is quite likely that
information on geometrical rough-pattern of aggregate surface
and perimeter was suitably represented through these multi-
fractal dimension features. ILMFD feature set tries to capture
the roughness pattern of aggregates at surface and peripheral
parts, which may be specific to the aggregates of particular
protein. Thus ILMFD features have potential to be used as a
protein specific aggregate feature.

3.4. Robustness of ILMFD Features

The probable reason behind the high efficiency obtained
through ILMFD features may be suitable representation of
possibly unique patterns of aggregate surface and perimeter
using ILMFD features. ILMFD features capture aggregate
surface and perimeter patterns hidden in various intensity-
depths. Moreover, the number of intensity levels was fixed after
several trials, to get sufficient and equitable representation of
intensity depths. Further studies may be done to find an
optimum number of intensity levels to represent various
intensity depths in aggregate images more reasonably.

ISSN: 0976-3104

HnoAB

3.5. Applicability of ILMFD features

The work dealt with development of a new approach for
deriving structural information of protein by using light-
microscopic images of protein aggregates as input data that is
subsequently processed and mined for this purpose. The
objective of ILMFD based classification of protein was to find a
set of features which will serve as unique structural or
functional signature. As aggregation is generally driven by
interaction of its constituent proteins it is interesting to see
whether this interaction has specificity to the structure or
function of its ingredient i.e., individual protein. The proteins
chosen by us have diverse function and patho-physiological
behavior. Therefore a specific pattern of these proteins was
expected from their aggregates. The capability of ILMFD
features towards this direction to discriminate the proteins
selected for this study is quite encouraging. For enhancing the
discriminatory (i.e., classifying) power a novel neuro-clustering
approach was adopted in which the overall efficiency of
classification was found to increase significantly. Moreover, our
approach utilizes a very simple protocol based on computation
of data obtained from heat-denaturation of protein and ordinary
microscopy. Therefore it is worth investigation to see whether
this protocol may be utilized as a tool to identify proteins on the
basis of their structural or functional families without taking the
help of their PDB structures.

3.6. Applicability of neuro-clustering classifier

Concept of neuro-clustering classifier was introduced taking cue
from the decision making process of human brain. Notion of
group decision was applied using multiple instead of a single
test data. In most cases larger cluster of decisions was found to
represent the general tendency of decisions, while the smaller
cluster was found to represent noise. Centre of larger cluster
was found to be a close approximation of correct class decision
in majority of cases leading to significant improvement in
classification efficiency for all the ILMFD features except
ILMFDp, [Table-3]. This kind of approach may find its
applications in various other classification problems dealing
with biological data.

[V] CONCLUSION

Promising results obtained from this study show the specificity
of aggregate properties to constituent proteins. In the context of
limited applicability of conventional complex methods for
protein structure determination like x-ray crystallography and
NMR, aggregation based methods hold potential to serve as
starting point for development of novel alternative methods for
derivation of protein structural features. Further exploration is
required in this direction to develop methods to utilize these
aggregate features to derive functionally important structural
feature of protein like functional sites which lie on surface.
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Moreover the concept of neuro-clustering introduced in this
work proved to be a very useful classifier to handle complexity
in input test dataset which points possible scope of its
applications in other biological classification problems also.
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ABSTRACT
Improved antiretroviral treatments are still unable to cure HIV infections, therefore chronically low
levels of HIV replication continues in patients. Long-term low replication of HIV leads to
accumulation of virotoxins, which could be a reason for neurotoxicity in long-term HIV survivors.
Nowadays, more than 50% of HIV patients are presented with neuropsychiatric complications,
known as NeuroAIDS. Increase in life-span of HIV seropositives, along with addition of new

infections every year is a real concern for NeuroAIDS as a new and emerging health problem.

Keywords: NeuroAIDS; neuropsychiatric disorder; HIV; ART; BBB

COMMENTARY

Some of the common neuropsychiatric diseases are mood
disorders, schizophrenia, addiction, dementia, epilepsy, etc.
Usually, a combination of neurological and psychiatric
disorders is categorized under neuropsychiatric disorders,
which contribute ~15% of world’s disease burden [1]. In the
recent past, various neuropsychiatric complications have been
reported among human immunodeficiency virus (HIV)
seropositive individuals with much higher frequencies than
their normal occurrence in uninfected population.
Neuropsychiatric complications among AIDS patients are
collectively called as NeuroAIDS. Some of the most common
neuropsychiatric complications among HIV seropositives are
HIV-associated dementia (HAD), HIV-associated
encephalopathy (HIVE), HIV-associated minor
cognitive/motor disorder (MCMD), etc. It has been estimated
that >50% HIV seropositives show signs and symptoms of
neuroAIDS at later stages of HIV infection [2].

In 1981, the first report of HIV infection came from Los
Angeles, USA, where five gay men were infected with
Pneumocystis carinii pneumonia (PCP) [3]. At that time,
neither the HIV nor the AIDS terms were in use in medical
dictionary. The AIDS name was adopted for this disease by
Center for Disease Control and Prevention (CDC), Atlanta,
USA, in 1982. The causative organism for death of these gay
men was discovered by Luc Montagnier (France) in 1983 and

confirmed by Robert Gallo (USA) in 1984. Both of them
proposed different names for the same virus and those names
were Lymphoadenopathy-Associated Virus (LAV) and Human
T-cell Lymphotropic Virus (HTLV), respectively. But the final
name was coined as HIV in 1986 by the International
Committee on Taxonomy of Viruses. Soon, reports of HIV
infections started pouring in from all over the world. Explosion
in the number of HIV-infected patients gave a sense of an
epidemic, and HIV was widely spreading without any
limitations of physical boundaries. No one was immune to
HIV infections; HIV was known to infect men, women,
children and even newly born babies alike. People from all age
groups, ethinicity and nationality are known to be victims of
HIV infections. Spread of HIV infections has been brought
under control to a great extent by now; still, it is spreading and
affecting various communities. The impact of HIV infection to
certain communities e.g., African countries has been
devastating [4].

Statistics about HIV infections, prevalence and progression
towards AIDS are still shocking. As per new estimates by
UNAIDS (2009), >34 million HIV-infected people are living
in the world, out of which >2 million HIV infection cases are
diagnosed in children below the age of 15 years. Although
various effective measures are taken to control the spread of
HIV, it is still an astonishing fact that according to UNAIDS
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report >2 million people get new HIV infection every year
[Table-1]. Additions of such high numbers of new infections
are still making this situation worse day-by-day. These
numbers do not give any jitter, if calculated as percentage of
total world population, which turns out to be <0.5% of total
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human population. But the absolute numbers of 34 million
infected people along with addition of 2.4 million new
infections every year is a serious and real concern for a chronic
and fatal disease like AIDS [5].

Table: 1. HIV/AIDS epidemic till 2008: At Glance*

Living with HIV New
Infection® Death'
— (in millions) —

Men 15.70 1.15 0.85
Women 15.70 1.15 0.85
Children 02.00 0.43 0.28

Total 33.40 2.73 1.98

*. Adapted from UNAIDS Report, 2009. t; Annual estimate

AIDS is the final stage preceded with HIV infections, which
finally leads to the death of patients. Initially, a high incidence
of mortality was reported among HIV seropositives, as there
was no medicine available for HIV control. Later,
azidothymidine (AZT), an antiretroviral drug became the 1%
available treatment for HIV infections. Since then, HIV
medications have achieved marked improvements in their
efficacy, which helped to reduce morbidity and to increase
survival among HIV seropositives. Undoubtedly, antiretroviral
drugs have added millions of life years among HIV
seropositives, when the data is compounded. Nonetheless, HIV
infections can only be controlled and cannot be cured, which
simply translates into the fact that if someone is infected with
HIV, that person has to live with it life-long and wait for its
progression towards full blown AIDS, that will bring an end to
his/her painful existence. Certainly, improved medications
have significantly delayed the onset of AIDS. The new
treatment regimens like highly active antiretroviral treatments
(HAART) have significantly contributed towards delay in the
onset of AIDS. At present, all the available HIV treatments are
far from perfect, because each and every medication and
treatment regimen have their own limitations and side effects.

In fact, the benefits and drawbacks of HIV medication
represent the two sides of the same coin. On the one side, anti-
HIV drugs have enhanced the survivability among HIV
seropositives, while on the flip side these drugs have indirectly
contributed  towards the  appearance of  various
neuropsychiatric ~ complications among these patients.
Specifically, longer survival with chronic infections like HIV
causes decrease in immune-competency of the host, which in
turn increases the probability to be infected with different
opportunistic infections like PCP, pneumonia, Kaposi’s
sarcoma, etc. Still, if we take a closer look at initial findings of
HIV cases, signs and symptoms of neuropsychiatric disorders
are not new. Unfortunately, even initial cases of AIDS had
been reported with neuropsychiatric signs and symptoms, but

failed to attract a significant level of attention, because at that
point of time, priority was given to control HIV infections, and
efforts were directed to develop strategies to prevent its spread.
At present, better access of antiretroviral drugs to HIV patients
have extended their life; as a result HIV seropositives live
longer, but they now face NeuroAIDS a new complication
associated with HIV infections, as a consequence of their
longer survival.

According to some estimates, >50% long-term HIV
seropositives show signs and symptoms of NeuroAIDS. With
this high prevalence of NeuroAIDS, in the near future, we
expect that a huge number of HIV patients will be living with
NeuroAIDS worldwide. Therefore, the burden of NeuroAIDS
to society is expected to rise as days pass by [Table-2]. This
fact can be simply understood from the UNAIDS (2009)
report, which informs that everyday ~7400 people get infected
with HIV, while ~5500 die with AIDS. In other words, every
day we are adding ~1900 patients, which translates into ~0.7
million HIV infected individuals annually.

NeuroAIDS should be considered as a significant health issue
due to variety of reasons: 1) the number of patients is ever
increasing on daily basis, 2) symptoms of NeuroAIDS hit
almost at the prime of age of a human being, i.e. between the
age of ~35-45 years, 3) high costs for continuous supply of
antiretroviral medications, 4) NeuroAIDS patients need
additional medication, 5) usually, NeuroAIDS symptoms
render these patients least productive in their life resulting in
substantial loss of their individual or family income, and 6)
need for a care-taker or care-giver, which again financially
translates into extra loss of income due to active involvement
of another family member, who will assume the role of a care-
giver, or a possibility of extra expenditure to be incurred to the
family for the health care of a NeuroAIDS patient, if they hire
a professional care-giver. These are some compelling reasons
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to realize the importance and adverse impact of NeuroAIDS on
society [6].

Pathophysiologiclly, NeuroAIDS is a result of either direct
HIV infection to CNS/brain or induction of neurotoxicity, as a
consequence of HIV infections. An HIV infection to brain is
an intriguing phenomenon for clinicians as well as for
biomedical scientists. CNS/brain is the most protected organ
system of body, as it is separated from rest of the body by
blood brain barrier (BBB). Even with the presence of
protective barrier to brain, some evidence for HIV infection to
brain was reported from cadaver cases of HIV/AIDS patients.
Still, it is difficult to explain HIV infection to brain, as the
majority of brain cells are not readily infected by HIV. Some
of the most common cells present in CNS are astrocytes,
oligodendrocytes, microglia, perivascular macrophages and
neurons. So far, neurons have been shown to be non-
permissive to HIV infection, which is understandable, because
they do not express the primary receptors used by HIV, i.e,
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CD4 [7]. Microglia and perivascular macrophages express
CD4 receptors on their cell surface. However, rather than loss
of microglia and perivascular macrophages due to HIV
infections, neuronal loss has commonly been observed in cases
of NeuroAIDS. Important co-receptors like CXCR4 and CCRS
are under active search for their role in HIV infections to the
brain. At present, it seems like NeuroAIDS is more of a result
of neurotoxicity rather than HIV infections. This neurotoxicity
may play a vital role in neuronal loss, although the triggers of
neurotoxicity are currently unknown. Collectively, several
issues have been raised that are under active consideration,
such as: 1) Is HIV itself responsible for NeuroAIDS? 2) Is
NeuroAIDS a secondary complication emerged due to long-
term antiretroviral treatment (ART)? 3) Low or negligible
penetrance of ART in brain. 4) Are low levels of persistent and
chronic HIV infection contributing towards development of
NeuroAIDS? or 5) Is it a combined effect of all these
possibilities? The present understanding of NeuroAIDS and its
causes remain still unclear [8].

Table: 2. Predication for expected numbers for NeuroAIDS*

Living Expected Rise’
(in millions) (in %)
Men 07.80 15
Women 07.85 15
Children 01.00 7.5

*; Prediction based on the assumption that all HIV seropositives (including new infections) have access to antiretroviral treatment

and maintain a reasonable healthy state. t; Annual estimate

A low level of HIV replication continues even when HIV is
below detection levels in patients, which can cause chronic
accumulation of different virotoxins and cytokines (pro-
inflammatory and inflammatory). These biomolecules get
accumulated in circulation and may alter physiology of BBB,
which may support entry of these molecules as well as HIV
along with T-cells and monocytes (infected) present in
peripheral circulation. Certainly, it is due to breach in the most
protective layer, i.e. BBB. It seems like neurons are most
vulnerable to any of these physiological/pathological
alterations in brain and they respond to these changes by
neuronal death. Recovery of neuronal loss is impossible due to
the inherent characteristics of neurons, i.e. their inability to
regenerate. On the other hand, microglia and perivascular
macrophages are the only cells that are positive for primary
receptors for HIV infection, i.e. CD4, and they serve as a
reservoir for HIV infection by remaining latently infected for a
longer time, or they retain undetectable levels of HIV
replication. But at some point in time, HIV replication may get
triggered in these cells and they become the major source of
HIV replication in brain, although the nature of that trigger, is
still a question for scientific discovery and debate. A low level

of HIV replication in microglia and perivascular macrophages
is considered as one of the major reason for neurotoxicity,
which ultimately leads to neuronal loss as a major pathological
phenomenon for NeuroAIDS. While at late stages of HIV
infection, active replication of HIV in these cells could
accelerate progression of NeuroAIDS. Therefore, there are
various underlying mechanisms at cellular and molecular
levels to induce, maintain and worsen NeuroAIDS. This
warrants a need for additional thorough studies on the
mechanisms of NeuroAIDS, so that this problem can be
brought under control, before it gets out of hand [9].

Unfortunately, we still do not have either in vivo or in vitro
model systems to study or to dissect the exact mechanism for
NeuroAIDS, as well as to evaluate efficacy of drugs. Under
these circumstances, the world community needs to pay more
attention on research efforts by allocating funding to find the
means either to control NeuroAIDS or at least to improve the
health status of these patients. The menace of NeuroAIDS
requires urgent and important attention before its control gets
out of hand or drain lot of resources in an already depressed
world economy.
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ABSTRACT

Based on the colony morphology and microscopic characteristics, 26 yeasts were isolated from
different sources including brewery effluents. Initially they were screened for their thermotolerance
at 40 °C and only 5 strains were selected. They were later grown in yeast extract peptone dextrose
medium to screen their stress tolerance at five different temperatures; at different concentrations of
a mixture of acetic, propionic and butyric acids; at different pH; at different concentrations of
glucose and bile salts. Based on the growth at different stress conditions, yeast OBV9 was selected
and characterized as Saccharomyces cerevisiae by sequencing its 5.8S rRNA gene and internal
transcribed spacer (ITS) 1 and 2. The sequence obtained was most similar (99%) to S. cerevisiae,
when it was blast searched in NCBI database and showed a separate branch in phylogenetic

analysis.

Keywords: Probiotics yeast; characterization; stresstolerance; animals

[17INTRODUCTION

Yeasts may be defined as microorganisms in which the
unicellular form is conspicuous and which belong to fungi. No
other group of microorganisms has been more intimately
associated with the progress and well being of the human than
yeasts [26]. The most commonly used probiotic yeast in animals
is  Saccharomyces cerevisiae. Yeasts of the genus
Saccharomyces are usually revealed in sugar-rich natural
substrates such as fruits and exudates of trees [20]. They have
seldom been isolated from other habitats such as soils, plant
leaves, and decaying plant debris [10]. Various yeast species
found on grapes and on winery surfaces participate in
spontaneous fermentations [25].

Yeast culture “Saccharomyces cerevisiae” 1is used in
monogastrics and ruminants to stimulate and stabilize the
processes that occur in the gastro-intestinal tract and help to
increase competitive exclusion of undesired organisms in the

digestive tract thereby enhancing the performance of livestock
[26]. The effects of yeast culture on animal productivity are
strain-dependant. So, all yeast culture preparations are not
equivalent in efficiency. This aspect opens a new field of
research for new strains, each being more specialized in its use
[6]. Many studies did not find any difference in supplementing
yeast to ruminants for increased milk production [27] and dry
matter intake [15]. Some of the reasons might be high
temperature i.e. 39 C [12], bile salt concentration, osmotic
pressure and organic acids in the rumen [11, 16]. Normally,
yeast Saccharomyces cerevisiae grows at mesophilic range of
temperature (30°C) and pH. 4.5 - 5.5 [17]. Since the rumen
environment is so diversified, some strains of this yeast may or
may not tolerate and survive. Considering the above parameters,
it is of importance to develop thermo, acid, bile and osmo
tolerant yeast as probiotic. The present investigation was carried
out to isolate, screen and characterize a new potential strain of
yeast with the ability to tolerate diverse conditions of rumen.
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[117 MATERIALS AND METHODS

2.1. Isolation of yeast

Sources selected for isolation of stress tolerant yeast were toddy [18]
collected in hot summer, sugarcane juice [24], sugarcane bagasse [3],
bakery wastes, molasses[5,19,2], nectar4,13,20], soil samples from
thermal power plant [14], fruits such as bananas, grapes, cherries [7,23]
and brewery effluents. These sources are popularly known as good
supporters and have intrinsic nutritional value for yeast growth. The
source samples were serially diluted to ten fold in sterile distilled water
and inoculated on yeast extract peptone dextrose agar (YEPDA, Yeast
extract 1%, Peptone 1%, Dextrose 2% and Agar agar 2%) medium
plates by spread plate method. These plates were incubated at 32 °C in
incubator for 48 hours. After incubation developed colonies were
observed for their morphology and microscopic characteristic. Isolated
yeasts were preserved in YEPDA slants.

2.2. Preparation of inoculum

Equal amount of each of the yeast cultures from slants were inoculated
into 250 ml conical flasks, each containing 100 ml YEPD broth medium
and incubated at 32 °C and 150 rpm agitation in the shaker incubator for
overnight. After incubation, culture medium was centrifuged at 5,000 rpm
for 5 minutes. Pellet was washed with sterile distilled water twice and re-
suspended in equal amount of sterile distilled water. This was freshly
prepared each time and 1 per cent v/v was used as inoculum. After 48
hours incubation, culture broth was diluted several times to obtain proper
optical density (OD<1.0). The OD of culture medium was measured at
660 nm in UV-Visible spectrophotometer (Pathlength-1.0 cm, Systronics
117) and it is represented by multiplying it with number of dilutions.

2.3. Screening for stress (thermo, acid, osmo and
bile) tolerance

To detect the thermotolerance of isolated yeasts, each of the yeasts
(total 26 yeasts) were inoculated onto the yeast extract peptone dextrose
(YEPD) agar medium plates and incubated at 40 °C to test their
thermotolerance. Based on the growth on the medium plates, yeast
isolates were selected for further studies. To detect further temperature
tolerance and growth at different temperatures, 5 selected yeasts were
inoculated into 100 ml sterile YEPD broth medium flasks, incubated for
48 hours at 150 rpm and at 5 different temperatures 30, 35, 40, 42 and
44 °C in shaker incubator. After incubation, optical density (OD) was
measured at 660 nm.

Simultaneously, to detect the acid tolerance, the yeast strains were
inoculated into sterile YEPD broth medium with different concentrations
of a mixture of organic acids [1] (acetate, propionate and butyrate,
70:20:10), 0.0, 0.25, 0.5 and 1.0 per cent, respectively. Flasks were
incubated for 48 hours at 32 °C and 150 rpm in the shaker incubator.
This was followed by measurement of OD of the culture at 660 nm.
Similarly flasks, each containing 100 ml sterile medium with different pH
values 2, 3, 4, 5, 6 and 7 were also inoculated with the same strains and
incubated for 48 hours at 32 °C and 150 rpm agitation in the shaker
incubator and ODggo Was measured.

The selected yeast strains were inoculated into sterilie YEPD broth
medium with 6 different concentrations of glucose 5, 10, 15, 20, 25 and
30 per cent, respectively. Flasks were incubated for 48 hours at 32 °c
and 150 rpm agitation in the shaker incubator. After incubation, ODego
was measured.

Each of the selected yeast strains were inoculated into sterile YEPD

broth medium with five different concentrations 0.2, 0.4, 0.6, 0.8 and 1.0
per cent of bile salts (ox bile from Qualigens) [1]. Flasks were incubated

1HOAB

ISSN: 0976-3104

for 48 hours at 32 °C and 150 rpm agitation in the shaker incubator. After
incubation, ODggo Was measured.

2.4. Characterization of yeast by rRNA gene
sequencing

Selected stress tolerant yeast OBV9 was characterized by sequencing
its 5.8S rRNA gene and internal transcribed spacer (ITS) 1 and 2 [21,
23] by Macrogen Inc. Ltd. (www.macrogen.com) using an automated
DNA sequencer (model 3730XL12-20140-014). DNA extracted from the
sample was further run in the gel electrophoresis and PCR was
performed to amplify the 5.8S rRNA and internal transcribed spacer
(ITS) 1 and 2 with forward and reverse universal primer pairs targeted to
the 5.8S rRNA gene. The primers used in this study are universal
primers ITS1 and ITS4 based on the conserved regions of 5.8S rRNA
gene and ITS1 and ITS2 which is designed to detect wide range of yeast
strains. Sequences of forward and reverse primers are 5-
TCCGTAGGTGAACCTGCGG-3’ and 5-TCCTCCGCTTATTGATATGC-
3, respectively.

2.5. Analysis of sequence data and Nucleotide
sequence accession number

Complete Sequence of 5.8S rRNA gene and partial sequences of
internal transcribed spacer (ITS) 1 and 2 were blast searched in NCBI
database (www.ncbi.nlm.nih.gov) for matching. Based on the BLAST
results, phylogenetic and molecular evolutionary analyses were
conducted using MEGA version 4 [30]. Species relationships were also
investigated by using unweighted pair group with mathematical average
(UPGMA) cluster analysis [28]. The 659 base pair length gene sequence
which we determined in this study has been deposited in the NCBI-
GENEBANK data library and acquired the accession number

(GU229793).

2.6. Scanning electron microscopy (SEM) of S.
cerevisiae OBV9

For SEM analysis, S. cerevisiae OBV9 cells were rinsed twice with
sterile double-distilled water, and distributed on a 12 mm glass cover slip
coated with poly-L-lysine (Sigma Diagnostics) then fixed for 50 min by
incubating in a solution containing 2.5% glutaraldehyde in 0.1 M
cacodylate buffer. The glass cover slip was washed twice in 0.1 M
Sodium cacodylate buffer. To improve the surface architecture, fixed
cells were rinsed thoroughly using 0.1 M cacodylate buffer, and treated
with 6% thiocarbohydrazide. The glass cover slip was finally washed
with double-distilled water and dehydrated through a graded series of
ethanol solutions. It was then dried and sputter-coated (JEOL JFC-1600)
with a gold layer and used for scanning.

2.7. Statistical analyses

The data obtained was analyzed statistically [29] and tested for
significance by Duncan’s multiple range test [8] was accepted at the level
of (P<0.01).

[111]7 RESULTS

3.1. Isolation of yeast

Twenty six yeast strains were isolated from different sources
(toddy, sugarcane bagasse, bakery oven wastes, molasses, soil
samples from thermal power plant, nectar and samples of
brewery effluents) based on their colony morphology and
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microscopic observation. They were designated as OBV1, 2, 3,
4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25 and 26. OBV1-6 were isolated from toddy, 7-9 from
brewery effluents, 10-13 from bakery oven wastes, 14-19 from
sugarcane bagasse, 20-22 from molasses, 23-24 from nectar and
25-26 from soil samples (thermal power plant). The
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morphological features of yeast colony grown on YEPD agar
for 48 hours were off white in colour, circular in shape, convex
elevated with opaque opacity and smooth texture. Yeast cells
were spherical and egg shaped with budding, when observed
under microscope. The scanning electron microscopic picture of
Saccharomyces cerevisiae OBV9 is shown in Figure-1.
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Fig: 1. Scanning electron micrograph of isolated yeast OBV9 showing budding cells under X2,200 magnification

3.2. Screening for stress tolerance and

characterization

All the 26 strains were inoculated into yeast extract peptone
dextrose (YEPD) agar medium plates and incubated at 40 °C to
test their thermo tolerance. After 48 hours of incubation, plates
were observed for growth and only 5 yeast strains were able to
grow. These 5 strains (OBV4, OBV6, OBV9, OBV10 and
OBV11) were later grown at five different temperatures 30, 35,
40, 42 and 44 °C.

To assess the ability of biomass production by yeasts at
different temperatures, turbidity of the cultures was measured.

At 42 °C significant (P<0.01) growth was observed for OBV9
and OBV11 [Table-1].

The above five yeast strains were grown in YEPD medium with
different concentrations (0.00, 0.25, 0.50 and 1.00 per cent) of a
mixture (70:20:10) of acetic, propionic and butyric acids. After
incubation, turbidity (ODggo) of the cultures was measured and
found to be similar in 1 per cent organic acids medium for all
the strains except OBV 11 [Table— 2]. Similarly, all the 5 strains
were grown in YEPD medium with different pH values 2, 3, 4,
5, 6 and 7 to screen acid tolerance. After incubation, turbidity
was measured and at 2 pH, growth was found to be significant
(P<0.01) for OBV [Table- 3].

Table: 1. Effect of temperature on the growth of yeast

Strain No. ‘ ODeeo at temperature

(OBV) 30°C 35°C 40°C 42°C 44°C
4 6.34 6.41 3.99° 0.34° 0.33
6 5.97 6.51 4.24° 0.29° 0.24
9 6.38 6.49 5.15° 4.44° 0.34
10 6.26 6.41 3.88° 1.28° 0.25
11 6.42 6.48 5.73° 4.52° 0.31

SEM 0.11 0.07 0.20 0.52 0.02

Each value is an average of four observations
2 yalues bearing different superscripts in a column differ significantly (P< 0.01). OD 1.0 = 2X10° yeast cells/ml
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Table: 2. Effect of different concentrations of organic acids i.e. mixture of acetic, propionic and butyric acids (70:20:10) on the
growth of yeast at 32 °C

Strain No. ODeeo at per cent organic acids
(OBV) . 0.25 0.50 .
4 6.34° 6.22 5.22 4.26"
6 6.12° 6.04 5.23 4.26°
9 6.45° 6.32 6.08 4.31°
10 4.26° 6.31 5.68 4.12°
11 6.36" 6.08 5.03 3.34°
SEM 0.22 0.17 0.13 0.12

Each value is an average of four observations
2 yalues bearing different superscripts in a column differ significantly (P< 0.01)

Table: 3. Effect of pH on the growth of yeast at 32 °C

Strain No.

ODegeo at pH

(OBV)

2.0

2.0

4 0.34° 2.68 4.68° 6.34 6.41 6.01
6 0.27° 2.26° 4.24° 6.12° 6.01 5.97°
9 3.07° 5.33° 6.12° 6.45° 6.41 6.22°
10 0.282 1.78° 3.88° 4.26° 6.11 5.342
11 1.97° 4.66° 5.01° 6.36° 6.32 5.89°
SEM 0.31 0.37 0.21 0.22 0.19 0.17

Each value is an average of four observations

abcde

To determine osmo tolerance, all the 5 strains were grown in
YEPD medium with 5, 10, 15, 20, 25 and 30 per cent glucose.
After incubation, tolerance at 30 per cent glucose was detected
in terms of OD for two strains OBV9 and OBV 11, respectively
[Table—4]. Five sets of YEPD medium flasks with different
concentrations of bile salts (0.2, 0.4, 0.6, 0.8 and 1.0 per cent)
were inoculated with all the above five yeast strains to

values bearing different superscripts in a column differ significantly (P< 0.01)

determine their bile tolerance. After incubation, turbidity
(ODgg) of the cultures was measured. The significant (P<0.01)
growth at 1 per cent level of bile was observed for yeast strains
OBV9 and OBV11 [Table-5]. Based on the growth at different
temperatures, a different concentration of organic acids, sugars,
pH and bile salts, yeast isolate OBV9, isolated from brewery
effluents was selected as a potential probiotic and characterized.

Table: 4. Effect of glucose on the growth of yeast at 32 °c

Strain No. ODeeo at glucose concentration (per cent)
(OBV) 10 \ 15 20
4 6.44 6.52 6.68 6.23 3.36° 2.04°
6 6.48 6.54 6.58 6.21 2.27° 1.57°
9 6.54 6.69 6.82 6.68 6.31° 4.12°
10 6.34 6.41 6.68 6.28 3.25° 1.85%
11 6.42 6.48 6.52 6.66 6.34° 4.33°
SEM 0.05 0.05 0.04 0.07 0.48 0.33

Each value is an average of four observations
aCyalues bearing different superscripts in a column differ significantly (P< 0.01)
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Table: 5. Effect of bile salts (ox bile) on the growth of yeast at 32 °C

Strain No. ODeeo at ox bile conc. (per cent)
. 0.4 0.6 0.8 .
4 6.12 6.22 3.34° 1.83° 1.56°
6 6.07 6.11 4.02° 2.63° 1.38°
9 6.44 6.49 5.85° 4.78° 3.74°
10 6.22 6.04 3.91° 2.88° 1.51°
11 6.30 6.38 5.13° 4.66° 417"
SEM 0.06 0.07 0.26 0.31 0.33

Each value is an average of four observations

abcd

Characterization of stress tolerant yeast by 5.8S rRNA gene and
ITS1 and ITS2 sequencing showed that it was most similar
(99%) to S.cerevisiae. Nucleotide sequences were submitted to
Gene Bank for accession number — GU229793. The optimal
tree with the sum of branch length = 0.00970218 is shown in
Figure-2. The percentage of replicate trees in which the
associated taxa clustered together in the bootstrap test (500
replicates) is shown next to the branches [9]. The tree is drawn
to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree. The
evolutionary distances were computed using the Maximum
Composite Likelihood method [31] and are in the units of the

=3
E N

7

I

0.0035

0.0020

I

0.0015

00030  0.0025 00010  0.0005

values bearing different superscripts in a column differ significantly (P< 0.01)

number of base substitutions per site. All positions containing
gaps and missing data were eliminated from the dataset
(Complete deletion option). There were a total of 659 positions
in the final dataset. Yeast OBV9 has exhibited an individual
sub line that displayed little phylogenetic affinity with other
Saccharomyces species. Of the 17 Saccharomyces species and
one uncultured fungal clone, 12 species of Saccharomyces
showed a distinct group related to each other displaying levels
of 5.8S rRNA gene and ITS1 and ITS2 sequence similarity of
99% and 3 showed distinct groups with 99% similarity. Based
on this analysis, stress tolerant yeast isolate OBV9 was
characterized as  Saccharomyces  cerevisiae ~ OBV9.

S.cerevisiae NCL98
S.cerevisiae MYCO10831
S.cerevisiae NCL141
S.cerevisiae NCL117
S.cerevisiae NCL103

84| S.Zymaflore F10

S.cerevisiae CBS4054
S.cerevisiae NCL130
Saccharomycete jbra2913
Saccharomycete jbrab11
S.cerevisiae HA1835
S.cerevisiae W36
S.cescerevisiae F25
S.cerevisiae ZP541
S.cerevisiae CBS405
Uncultured fungus clone 94a26
S cerevisiae H9S5K23
S.cerevisiae NNB91
S.cerevisiae OBY9

0.0000

Fig: 2. Phylogenetic tree of Saccharomyces cerevisiae OBV-9 associated with other members of Saccharomyces genus.
Distance matrix was calculated using UPGMA and topology was inferred by Neighbor-joining method based on the bootstrap analysis

of 500 trees
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[IV] DISCUSSION

Strains isolated from a particular region are usually more
adapted to their own climatic conditions and therefore the
isolation of such organism was obvious because these strains
were isolated from high temperature environment (Bakery oven
wastes and soil samples from thermal power plants) and high
sugar concentration as observed in fruits, molasses, nectar etc.
In the present study, Yeast Extract Peptone Dextrose (YEPD)
medium [32] was used for the screening of yeast strains.

Though significant growth was obtained at 40 °C by OBV11,
among all the strains OBV9 and OBV11 were able to produce
significant (P<0.01) biomass at 42 °C in terms of ODgq and
therefore  described as  thermotolerant yeasts.  This
thermotolerance is in agreement with Preeyaporn et al. [22]
where the authors isolated thermotolerant yeast which can
tolerate 41 °C. At 44 °C there was no significant (P>0.01)
growth obtained for any of the yeast strains. Significant
(P<0.01) biomass in terms of OD was obtained by the strain
OBV?9 in the medium with pH 2. This might be due to its high
acid tolerance. Significant lower biomass was observed for
OBV11 compared to all other strains in the medium containing
1 per cent organic acids. The yeast strains OBV9 and OBV11
were able to produce significant (P<0.01) biomass in the
medium containing 25 per cent glucose. Significant (P<0.01)
biomass in 30 per cent glucose medium was also obtained by
OBV9 and OBV 11 compared to other strains. This might be due
to their high osmo tolerance. The growth obtained by OBV6
and OBV10 was not significantly (P>0.01) different from each
other in 0.6 per cent bile salts medium. However, the significant
(P>0.01) growth in 0.6 per cent bile salts medium was obtained
by the strain OBV-9. In the medium containing 0.8 per cent bile
salts, significant (P<0.01) growth was obtained by OBV9 and
OBVI11. Similarly, in 1 per cent bile salts medium also,
significant (P<0.01) growth was observed for OBV9 and
OBV11. But it was not significantly (P>0.01) different between
both of the strains. Based on growth performance in all the
above conditions OBVY, isolated from brewery effluents was
selected and characterized. The gene sequence showed
similarity of 99% with Saccharomyces cerevisiae, while the
similarity was less with other organisms.

Alignment with corresponding sequences of the 17 other strains
of Saccharomyces and one uncultured fungal clone was
performed and a phylogenetic tree was constructed using the
neighbor-joining method. The 5.8S rRNA gene and ITS1 and
ITS2 based phylogenetic analysis revealed the presence of two
branches. A first branch comprising the 9 strains of
Saccharomyces cerevisiae 2 Saccharomycetes and one
Saccharomyces zymaflore were appeared as a sister group while
based on the sequence data and other molecular characters,
yeast strain OBV9 appeared as a separate branch within the
Saccharomyces cerevisiae strains. It is concluded that the stress

HnoAB
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tolerant Saccharomyces cerevisiae OBV9 is a promising
candidate for ruminant probiotic applications.

[V1 CONCLUSION

Since the yeast Saccharomyces cerevisiae OBV9 tolerates
temperature up to 44 °C, pH 2, sugar concentration up to 30 per
cent and 1 per cent bile salt, it is described as a stress tolerant
yeast. All these stress conditions prevail in gastro intestinal tract
(rumen) of animals. Since it tolerates all the stress conditions
present in gastro intestinal tract of animals, OBV9 is a
promising candidate for ruminant probiotic applications.

FINANCIAL DISCLOSURE

This study has been supported by grants from the Department of
Biotechnology (DBT), Ministry of Science and Technology, New Delhi,
India.

ACKNOWLEDGEMENT

We thank our research scholars K. Chaitanya and Vijay Kumar,
Department of Microbiology, Osmania University for their technical
assistance.

REFERENCES

[1] Agarwal N, Kamra DN, Chaudhary LC, Sahoo A, Pathak NN.
[2000] Selection of Saccharomyces cerevisiae strains for use as
a microbial feed additive. Lett App! Microbiol 31: 270-273.

[2] Ali D, Rabindra RJ, Ramanujam B, Rahimi M. [2008]
Evaluation of different media and methods of cultivation on the
production and viability of entomopathogenic fungi,
Verticillium lecanni (Zimm.) viegas. Pakistan J biol Sci 11:
1506-1509.

[3] Amany HA, Neveen SG [2005] An enrichment of xylanolytic
organism with high optima. Biotechnol 4: 49-55.

[4] Carla CC Ruivo, Marc-Andre Lachance, Carlos A Rosa,
Mauricio Bacci Jr, Fernando CP. [2006] Candida heliconiae sp.
nov., Candida picinguabensis sp. nov. and Candida
saopaulonensis sp. nov., three ascomycetous yeasts from
Heliconia velloziana (Heliconiaceae). International J Syst and
Evol Microbiol 56: 1099.

[5] Chandrasena G, Keerthipala AP, Walker GM. [2006] Isolation
and characterisation of Sri Lankan yeast germplasm and its
evaluation for Alcohol Production. J institute of brewing 112:
302-307.

[6] Denev SA, Peeva TZ, Radulova P, Stancheva N, Staykova G,
Beev G, Todorova P, Tchobanova S. [2007] Yeast cultures in
ruminant nutrition. Bulg J Agric Sci 13: 357-374.

[7] Dilmani Warnasuriya, Liyanage AW, Weerawansa GG,
Athauda PK, Jayatissa PM. [1985] Isolation and
characterization of yeasts of some fruits and fruit products of
Srilanka. J National Sci Council 13: 71-75.

[8] Duncan DB. [1955] Multiple range and multiple ‘F’ test.
Biometrics 11: 1-42.

©ITOAB-India

OPEN ACCESS

-
Vol. 1; Issue 4; 2010 37



The IIOAB Journal

[9]

[10]

[12]

[13]

[14]

Felsenstein J. [1985] Confidence limits on phylogenies: An
approach using the bootstrap. Evolution 39: 783-791.
Glushakova AM, Yurkov AM, Chernov 1Y. [2007] Massive
isolation of anamorphous ascomycete yeasts candida oleophila
from plant Phyllosphere. Microbiol 76: 799-803.

Jin LZ, Ho YW, Abdullah N, Jalaludin S. [1998] Acid and bile
tolerance of Lactobacillus isolated from chicken intestine. Lett
Appl Microbiol 27: 183-185.

Kamra DN. [2005] Rumen microbial ecosystem. Current Sci
89: 124-135.

Kathiresan K, Srinivasan K. [2005] Making artificial honey
using yeast cells from salivary glands of honey bees. Indian J
Expt Bot 43: 664—666.

Kiran Sree N, Sridhar M, Suresh K, Banat IM, Venkateswar
Rao L. [2000] Isolation of thermotolerant, osmotolerant,
flocculating Saccharomyces cerevisiae for ethanol production.
Bioresource Tech 72: 43-46.

Kung L, Muck RE. [1997] Animal response to silage additives.
In: Proceedings of the conference on Silage: Field to feed bunk.
North American Conference Hershey. pp. 200-210.
Lankaputhra WEV, Shah NP. [1995] Survival of Lactobacillus
acidophilus and Bifidobacterium species in the presence of acid
and bile salts. Cultured Dairy Prod J 30: 113—118.

Lopez J. [2000]Probiotics in animal nutrition. Asian Australian
J Anim Sci 13: 12-26.

Majeed Ahmad, Razzaque Chaudhury A, Ahmad KU. [1954]
Studies on Toddy Yeast. Mycological Society of America. 708.
Marcia Luciana Cazetta, Maria Antonia and Celligoi, PC.
[2006] Study of molasses/vinasse waste ratio for single cell
protein and total lipids production. Semina: Ciéncias Exatas
Tecnologicas, Londrina 27: 03—10.

Muhammad Mushtaq, Sharfun-Nahar, Hashmi MH. [2004]
Isolation and identificaiton of yeast flora from soil of Karachi,
Pakistan. Pakistan J Bot 36: 173-180.

Pasha C, Kuhad RC, Venkateswar Rao L. [2007] Strain
improvement of thermotolerant Saccharomyces cerevisiae VS3
strain for better utilization of lignocellulosic substrates. J Appl
Microbiol 103: 1480-1489.

ABOUT AUTHORS

[22]

[24]

[25]

[26]

[32]

 ISSN: 0976-3104

Koritha P, Dubois E, Scherensb B, Jacobs E, Boonchirda C,
Messenguyb F. [2008] Identification and characterization of a
thermotolerant yeast strain isolated from banana leaves. Sci
Asia 34: 147-152.

Rao RS, Bhadra B, Shivaji S. [2008] Isolation and
characterization of ethanol producing yeasts from fruits and tree
barks. Lett Appl Microbiol 47: 19-24.

Ravi Kumar M, Adharvana chary M, Lakshmi Narasu M.
[2007] Isolation of novel strains from natural sources for
biotransformation studies. Res J Microbiol 2: 94-97.
Redzepovic S, Orlic S, Sikora S, Majdak A, Pretorius IS.
[2002] Identification and characterization of Saccharomyces
cerevisiae and Saccharomyces paradoxus strains isolated from
Croatian vineyards. Lett Appl Microbiol 35: 305-310.

Rita Sherma, Nangia OP, Gupta M, Sharma R. [1998] Effect of
yeast culture (Saccharomyces cerevisiae) plus growth medium
supplementation on rumen fermentation in buffalo calves fed
high roughage diet. International J Anim Sci 13: 121-126.
Salama AAK, Caja G, Garin D, Albanell E, Such X, Casals R.
[2002] Effects of adding a mixture of malate and yeast culture
(Saccharomyces cerevisiae) on milk production of Murciano-
Granadina dairy goats. Anim Res 51: 295-303.

Sneath PHA, Sokal RR. [1973] Numerical Taxonomy.
Freeman, San Francisco. 573.

Snedecor GW, Cochran WG. [1980] Statistical methods. 7%
edition. The lowa State University Press. lowa, USA.

Tamura K, Dudley J, Nei M, Kumar S. [2007] MEGA4:
Molecular Evolutionary Genetics Analysis (MEGA) software
version 4.0. Molecular Biology and Evolution 24: 1596—1599.
Tamura K, Nei M, Kumar S. [2004] Prospects for inferring
very large phylogenies by using the neighbor-joining method.
In: Proceedings of the National Academy of Sciences 101:
11030-11035.

Thais M, Guimaraes, Danilo G, Moriel, lara P, et al. [2006]
Isolation and characterization of Saccharomyces cerevisiae
strains of winery interest. Brazilian J Pharma Sci 42: 119-126.

Linga. Venkateswar Rao; MSc, PhD, is Professor and Chairman, Board of studies in
Microbiology, Osmania University, Hyderabad having 30 years of teaching and research
experience mainly in the area of Industrial Microbiology and Microbial Biotechnology. The
research interests include understanding the thermotolerance mechanism of yeast strains,
production of biofuel from lignocellulosic substrates, Probiotics for both human and animal
applications. Produced 16 PhDs and at present 12 students are working under his supervision.
He has been elected as a fellow of Biotech research society of india in 2004 and also elected
as fellow of Andhra Pradesh Academy of Sciences in 2006. Visited USA (1999) to present a
paper at Centenary Meeting of American Society for Microbiology held at Chicago. Published
about 60 papers and presented nearly 100 papers in various conferences.

O©ITIOAB-India

OPEN ACCESS

-
Vol. 1; Issue 4; 2010 38



The IIOAB Journal

* ISSN: 0976-3104

Bhukya. Bhima,; M.Sc., Ph.D., is Assistant professor of Microbiology has 6 years of teaching
and 10 years of research experience mainly in the area of Food and Environmental
Microbiology. His research interests include development of stress tolerant probiotic organisms
for animal feed supplementation. Published 8 papers, 1 book chapter and presented more than
30 papers in various national and international conferences. Visited South Korea in 2007 for
attending the HUPO 6" annual world congress. Awarded AOHUPO/KSMS young scientist
award 2007 by Human Proteome Organization at Seoul, South Korea during the 6th HUPO
annual world congress 2007.

Sudhakara Reddy Marrivada, M.Sc., (Ph.D.), is Research Scholar of Microbiology has 5 years of
research experience mainly in the area of probiotics. His research interests include development
of stress tolerant probiotic organisms for animal feed supplementation. Published 3 papers, 1
book chapter and presented more than 10 papers in various national and international
conferences.

Tangutur. Anjana Devi, M.Sc., Ph.D., is a Scientist in the Chemical Biology Division of the Indian
Institute of Chemical Technology (IICT) has 10 years of research experience mainly in the area of
Plant Proteomics and Molecular biology . Her research interests include Understanding the
Proteome of various plants involved in different stress conditions. Published 3 original research
papers and presented more than 5 papers in various national and international conferences.

Yarradoddi. Ramana Reddy, M.V.Sc., Ph.D., is Associate professor of Animal Nutrition in the
Department of Animal Nutrition, College of Veterinary Science, has 9 years of teaching and
research experience mainly in the area of Probiotics and Animal Nutrition. His research interests
include supplementation of probiotic organisms for enhanced feed utilization in Meat and Milch
animals. Published 20 papers, 1 book chapter and presented more than 50 papers in various
national and international conferences.

A
il N

- -
OITOAB-India OPEN ACCESS Vol. 1; Issue 4; 2010 .




	Acknowledgements

