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Appendix (1) Sequence of PCR product of amplification of 16S rDNA by two
sets of primer (B16SF and B16SR) of the Bacillusisolate B1.

ATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGT
GGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCTAA
TACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGCTTC
GGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGG
TAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGATC
GGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAGCA
GTGGTCATAGCTGTTTCCTGAA
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GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCTGA
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Appendix (3) Sequence of PCR products of amplification of 16S rDNA by two sets
of primer (B16SF and B16SR) of the Bacillusisolate B3.

GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGT
TCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAAACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCTGA
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GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAAACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGAA
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Appendix (5) Sequence of PCR products of amplification of 16S rDNA by two sets
of primer (B16SF and B16SR) of the Bacillusisolate B5.

GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGAA

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGAA



http://cbs.wondershare.com/go.php?pid=1140&m=db

Appendices 164

Appendix (7) Sequence of PCR products of amplification of 16S rDNA by two sets
of primer (B16SF and B16SR) of the Bacillusisolate B8.

GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGGTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGA
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GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGAA
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Appendix (9) Sequence of PCR products of amplification of 16S rDNA by two sets
of primer (B16SF and B16SR) of the Bacillusisolate B10.

GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTGA
TCGGCCACACTGGGACTGAGACACGGCCCAAACTCCTACGGGAGGCAG
CAGTGGTCATAGCTGTTTCCGGAA
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CCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGC
CCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCG
GTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACT
AAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGA
CACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGG
GGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGG
TTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCACCGCTTGTGCGGG
CCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGC
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GGAGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTA
ACACTTAGCACTCATCGTTTACGGCGTGGACTACCAGGGTATCTAATCC
TGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGA
GTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTA
CACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAA
TGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGGAACC
GCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAG
GTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGTTCTTCCCTAAC
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Appendix (11) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B9.

CGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTC
TCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCG
CGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAG
TTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAA
CCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGC
CCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCG
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TGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGA
GTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTA
CACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAA
TGACCCTCCCCGGTTGAGCCGGGGGCTTTCACATCAGACTTAAGAAACC
GCCTGCGAGCCCTTTACGCCCAATAATTCCGGACAACGCTTGCCACCTA
CGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTTAG
GTACCGTCAAGGTACCGCCCTATTCGAACGGTACTTGTTCTTCCCTAAC
AACAGAGCTTTACGATCCGAAAACCTTCATCACTCACGCGGCGTTGCTC
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CGTCAGACTTTCGTCCATTGCGGAAGATTCCCTACTGCTGCCTCCCGTA
GGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCTCAGG
TCGGCTACGCATCGTTGCCTTGGTGAGCCATTACCTCACCAACTAGCTA
ATGCGCCGCGGGTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGT
TTGAACCATGCGGTTCAAACAAGCATCCGGTATTAGCCCCGGTTTCCCG
GAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCACCCGTC
CGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGACTTGCAT
GTATTAGGC
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ACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA
TGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTC
GGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCAAATAG
GGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATT
GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCC
CCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCCCGTGTATCGGTGAAATGCGAAGAGATGT
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GGAGGAACACCTGTGGCGAAGGCAACTCTCTGGTCTGTAACTGACGCT
GAGGACCTAATGTGTGGGGAGCGTATATGGATTTTATTCCCTGGGTAGT
TTACGGCTTTTACAATA/IICGGCTGGCTCCTAAAAGGTTACCTCACCGAC
TTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCC
CGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCC
AGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGAT
TTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCAT
TGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT
CATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCC
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AGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTC
TACGCATTTCACCGCTACACGTGGAATTCCACTCGCCTCTTCTGCGTCA
ATGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCTGGGGGTTTTCA
CTTCAACTTAAGAAACCGCCAGCGAGCCTTTACGCCCATATTTGG
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Appendix (13) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B2.

GCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGAT
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGAC
TGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAAC
CGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGG
ACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAA
CGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT
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GAGGAACACCAGTGGCGAAGGCGATTCTCTGGTCTGTTTCTGACCCTGA
GGAGCGAAAGCGTGGGGAAGGAACGGGATTAGATACCCTGGGGAGCC
CCACGCTCTCAAACGATGAGTGCTAAGTGTTAGGAGGTTTTCCCCCCCT
CTATTGCTGGCACCTAACGCATTAAGCACCCCCCTCGGGGGGAACGGT
CGGAAGGTGGATAATCCTAATAATTTTATTGGCCCGCTCGCTAAGCTCG
GTGCCCGCGGTTTTATCAAACTACGA/IICGGCTGGCTCCATAAAGGTTA
CCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGT
GTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTA
CTAGCGATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACT
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GAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTT
GTTCTGTCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGAT
GATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTT
AGAGTGCCCAACTGAATGCTGGCAACTAAGATCAAGGGTTGCGCTCGT
TGCGGGACTTAACCCAACATCTCACGACACGAGCTGACGACAACCATG
CACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGATTG
TCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAA
ACCACATGCTCCACCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTT
CAGTCTTGCGACCGTACTCCCCAGGCGGAGTGCTTAATGCGTTAGCTGC
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Appendix (14) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B3.

TGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGA
TGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAA
CCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATG
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GACCCGCGGCGCATTAGCTAGTTGGTGAAGGTAACGGCTCACCAAGGC
AACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGA
GACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCA
ATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGTTTT
CGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACCGTTCGAATA
GGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGT
GCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTAT
TGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCC
CCCGGCTCACCCGGGGAGGGTCTTTGGAAACTGAGGATTTTGTGCGTAT

TI11°SNSN/NT /YT NIYST A A RARNS/ST T ANANST ISR PSSR NT TN/ TATTANAN AN
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GACGCGCTTTGAATACAACCATGCAAGGCCTGACGTTATGGCTCCAAA
GGGTAGGGGATATGTATAAGTTTTTCCGATTGCGTTTTGGCCTGTGCAG
TCTAGACGCATTGCTGATTTTTTGAGCATTCACTACAGGTATTGGTCCG
GCACCGATTCCTCATAACTGTTATTCCCCTTCTTTACTCCCTGTAAGATC
CCTTCGCGCCACCCGAAC
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Appendix (15) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B4.

TGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGA
TGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAA
CCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATG
GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCA
ACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA
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TGGAGGAACCTAAGTGGATAAACGCGACCTCTCTGT/ICGGCTGGCTCC
TAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTCTCGTGGTGTGA
CGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGA
TCCGCGATTACTAGCGATTCCAGCTTCACGCAGGCGAGTTGCAGACTGC
GATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCGCGGTTTC
GCTGCCCTTTGTTCTGTCCATTGTAACACGTGTGTAGCCCAGGTCATAA
GGTGCATGATGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCG
GCAGTCACCTTACAGTGCCCAATTGAATGCTGGCTACTAAAATCAGGGT
TGGGTTCTTTGTCGGACTAAACCCAACCAGCCACGAGACCATGTAACC



http://cbs.wondershare.com/go.php?pid=1140&m=db

Appendices 174

ACATCTCTGCACAACATGCTACTCTACCCGTGGGGGGGEGGGGGGATAT
CACTCAGAAGGCCTAGGATTTAAGGGACCCGATAAGG

Appendix (16) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B5.

TGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGA

TGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAA
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CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATT
GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCC
CCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGT
GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCT
GAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCCTGITAGT
CCCCGCCGTAAACGATGAGAGCTAAGTGTAGGGGGTTTCCGCCCCTTA
GCGCTGCAGCTAACACAATAAGAACTCCCGCCTGGGGAGTACGGGTC/
CGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGTGTTACAAACTC
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TCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCG
CGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTCACGCAGTCGAG
TTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAA
CCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGCACGTGTGTAGC
CCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCCACCTTCCTCCG
GTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTGAATGCTGGCAACT
AAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGA
CACGAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGG
GGACGTCCTATCTCTAGGATTGTCAGAGGATGTCAAGACCTGGTAAGG
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GCCTGCGAGCCTTTACGCCAATAATTCCGGACAACGTTTGCCACTACGT
ATTACAAGGTGCTGGCACTAG
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Appendix (18) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B7.

GCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGAT
GTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGAC
TGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGCTTGTTTGAAC
CGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATGG
ACCCGCGGCGCATTAGCTAGTTGGTGAGGTAATGGCTCACCAAGGCAA
CGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGA
CACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAAT
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GAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTG
AGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCC
ACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGT
GCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAG
ACTGAAAACTCAAAGGAATTAGACGGGGGGCCCGCACAAGCGGTGGA
GCATGTGGTTTATTTCGAAGCAACGCGAAGAACTTTACCAGGTCTTGAC
ATCCTCTGACAATTCTAGAAGATAAGACGTCCCCCTTCGGGGCAGAGT
GACAGGTGGAGCATGGTTGTCGTTCAGCTCGTCGTCGTAGATTGTTGGG
TTTAAGTCCCCGCAACGAAGCACCACCTCCTGAATCCTTAGCTTGTCAA
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GCCATTCATGTTTGGCTACTTCTGATGGTGGACTTGGCCGGTTGACACA
ACCCGGAAGGAAGGGAGGAGATGAACGTAGAAATCATCTGTCTCCTTA
TTGATCCTGCGTTCTCTCAGCTCGTCTTTCACAAGTCGCAGCAAGTAAT
CTAGATTG//IGCGGCTGGCTCCTAAAAGGTTACCTCACCGACTTCGGGT
GTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCCCGGGAA
CGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTC
ACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGG
GATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCATTGTAGC
ACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGTCATCCCC
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GTATCTAATCCTGTTCGCTCCCACGCTTTCGCTCCTCAGCGTCAGGTAC
AGACAGAGAGTCGCCTTCGCCACTGGTCGTCTTCACATCTTAACGCATT
TCACCGCACCAGTGAAATGCACTCCTCTCTTCGGCATCAAGTCCCAAAT
CCATGAACCTGCCCGGTGATCGAGCTTCACATCAAACTAAGAACGCCT
GCAGACCTTTAGCCAAAATTCGGAAAAGATTGGCCCTACGATACCGCG
CTGCTGCACGATA
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Appendix (19) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B8.

TGCCTAATACATGCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGA
TGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAGA
CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTTTGAA
CCGCATGGTTCAAACATAAAAGGTGGCTTCGGCTACCACTTACAGATG
GACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCA
ACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAA
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GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCT
GAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTACTC
CACGCCGTAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTCA
GTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGGCGCA
AGACTGAACTCATAAGAATTTGACGGAGGGCCCGCACAAGCGGTGGAG
CATGTGGTTTTATTTAAAGCAACGAGCAAGAAACTTACTAAGGTCTGG
ACATCCTCTGACATTCCTAGAGATATGTACGGCCCCTTCACGGGCAGAG
TGAACAGGGTAGAGGCAAGCTGTCGTCATCTCTCTGCCATGAAGATGA
TGGTATGAGTCCTAAAACGAGCAACACACATGGACCTAGGTGCCTGCA
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TGACTTGGCATCTGGAAGATATACTCGTCAGTGAAGCACGGAGTATTG
GATTAGGCTGCACTCACATGACGTTGAACCTGCTACACGGGTCGCATAC
GTCATGACTCAGGTA/IIGCGGCTGGCTCCTAAAAGGTTACCTCACCGAC
TTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAAGGCC
CGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCC
AGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGAT
TTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTGTCCAT
TGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTGACGT
CATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCC
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CAGTTACAGACCAGAGAGTCACCTTCGCCACTGGTGTTCCTCCACATCT
CTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCACTC
AAGTTCCCCAGTTTCAATGACCCTCCCCGGTTGAGCGGGGGCTTTCACA
TCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCATATTCCGGACA
CGATGCCACTACATATTACGCGGCTGCTGGCACGTAGTAGCGTGGCTTC
AGGTAGGTACCGTCAGGACCGCCTATTCGACGGTACTGTCTCGCTACAT
CGAGCTTGCGATCGAAACTTCATCACTCACGCGCGTTGCTCCGTCGGAC
TTTCGTCATTGCGTATATCCTACTGCTGCTCCCGAGGAGCTTGAGCGGG
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TCAAGCCGATGTGGCCTATCCACTGCTCAGGTCGCCACTGTCGTGCCTA
GGAGGCGTTACCCGACACTAGTATGTCCCGAGTCCTGGGAAGTGAGCC
CATACTCACTTTTATAGTGAACTGT

Appendix (20) Sequence of PCR products of amplification of 16s rDNA by two
sets of primers (27F and 1492R) of the Bacillusisolate B10.
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GGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTG
CCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATT
GGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCC
CCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGT
GGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCT
GAAGAGCGAAAGCGTGGGGAGCGTAACAGGACTAGATACCCTGGTAG
TCCACGCCCTAAACAGATGAGAGCAATGTGATAGGAGGTTTCCGCCCC
CTTAGTGCCGCAGCTAATACATTAATAACTCTGGCCCCGGGATTACGGT
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GCAAGAATGACACTTAAAAGGAATTGTCCGTCTGCCCCCAACAGTCAG
CGGATCTTGTGTTTTCTTTAAAACAATTCGACACAACTTACCATCTGTCT
ACATTCATCTGATAATT/IIICGGCGGCTGGCTCCTAAAAGGTTACCTCAC
CGACTTCGGGTGTTACAAACTCTCGTGGTGTGACGGGCGGTGTGTACAA
GGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCG
ATTCCAGCTTCACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAA
CAGATTTGTGGGATTGGCTTAACCTCGCGGTTTCGCTGCCCTTTGTTCTG
TCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGATGATTTG
ACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGT
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CGTCAGTTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACA
TCTCTACGCATTTCACCGCTACACGTGGAATTCCACTCTCCTCTTCTGCA
CTCAAGTTCCCCAGTTTCCAATGACCTCCCCGGTTGAGCCGGGGGCTTT
CACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATCC
TGACAACGCTTGCCACCTACGAATACCGCGGCTGCTGGTACGTAGTAG
ACGTGGCTTTTCTGGTTAGGTACGTCTAGGTACCGCCCTATCGAACGGA
ATTGTCTTCCTAACACCAGAGTTTTCGATCCAAAACCTCATCACTCCGC
GGCGTTCTTCGTCCAGACTTCTTCATGGGGAAAATCCTACTGCTGCTCT
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CTCAGTGCTCGGGACGGGGGATATTCCCGGGGGCGTATACCTCTCAGG
CGGCTCCCT

Appendix (21) Mass spectrum obtained from the MS1 analysis of peak retained at
8.4min for standard surfactin after HPLC analysis.
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Appendix (23) Mass spectrum obtained from the MS1 analysis of peak retained at
9.9 min for standard surfactin after HPLC analysis.
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Appendix (25) Mass spectrum obtained from the MS1 analysis of peak retained at

13 min for standard surfactin after HPLC analysis.

Irtens +VS, 19.2min#1255)
10229
204 y
15-
101
05
0-0||||f||‘|||||||||‘||||||||||| |||||||||||l|“|‘|||||||
20 30 40 500 600 70 iz

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:
1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

Inars

838

4

VG 18 hin#213

10308

TV T
1 1 T T

Lhi Al wy T
T T T


http://cbs.wondershare.com/go.php?pid=1140&m=db

Appendices

185

Appendix (27) Mass spectrum obtained from the MS1 analysis of peak retained at

16.9 min for standard surfactin after HPLC analysis.
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Appendix (29) Mass spectrum obtained from the MS1 analysis of peak retained at
22.4 min for standard surfactin after HPLC analysis.
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Appendix (31) Mass spectrum of B.B6 lipopeptide obtained from the MS2 anaysis
of the peak of [M+Na]* at m/z 1017.
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Appendix (33) Mass spectrum of B.B6 lipopeptide obtained from the MS2 anaysis

of the peak of [M+Na]* at m/z 1045 .
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Appendix (35) Effect of B. B1 lipopeptide on K562 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (37) Effect of B. B1 lipopeptide on Hep-2 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (39) Effect of B. B3 lipopeptide on Hep-2 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (41) Effect of B. B5 lipopeptide on K562 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (43) Effect of B. B5 lipopeptide on Hep-2 cell proliferation for different
incubation times (24,48,72)hrs.

Effect of B. B5 lipopeptideon Hep-2 cell line

100 -
90 -
80 -
70 -
60 - O24hr
50 - @48hr

40 - a72hr
30 -

20 -

10 + rl_i—i—, = ri—, ig
n .

Inhibition rate %

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

L0 |Effect of B. B6 lipopeptide on K562 cell line|

90 -
80 -
70 -
60 -
50 - @24hr
40 - m48hr
30 - a72hr

20 -
10 -
O T T

Yéo Yoo AR A € \

Inhibition rate %

Concentrations mg/l



http://cbs.wondershare.com/go.php?pid=1140&m=db

Appendices 194

Appendix (45) Effect of B. B6 lipopeptide on L1210 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (47) Effect of B. B6 lipopeptide on Lo2 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (49) Effect of B. B7 lipopeptide on L1210 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (51) Effect of B. B8 lipopeptide on K562 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (53) Effect of B. B8 lipopeptide on Hep-2 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (55) Effect of B. B9 lipopeptide on L1210 cell proliferation for different
incubation times (24,48,72)hrs.
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Appendix (57) Effect of B. B10 lipopeptide on Hep-2 cell proliferation for
different incubation times (24,48,72)hrs.
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Appendix (59) Effect of B. B10 lipopeptide on L1210 cdl proliferation for
different incubation times (24,48, 72)hrs.
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Conclusions

1- Ten locallyBacillus isolates were capable of producing biosurfactatit tigh
efficiency that can lower (ST) of the cell fregostnatant (40-43)%.

2- Molecular identification of these isolates shdwibat they belong t®&acillus
subtilis group with similarity (97-100)%.

3- According to TLC and HPLC/MS results, biosurfatt produced byBacillus

isolates were belonged to the lipopeptide famihd that produced bBacillus B6
was surfactin with partial sequence of Val-Asp -leau-OH,
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purified biosurfactans produced b (subtilisisolates B6, B8, B9) were the most
cytotoxic on Hep 2 proliferation with inhibition tea (69.219,86.043,64.6)% at
concentration 80mg/l , while purified biosurfaghabduced by B.B6 had low effect
on the proliferation of normal cell line LO2.

1- Purified surfactin produced by B. subtilis B6 uwes apoptosis in Hep-2 cell
line through mitochondrial depolarization and casp& activation.

7- Optimum conditions for surfactin production tBacillus B6 isolate were
achieved in a medium containing (1%) sucrose, (,88tassium nitrate (1g/l), at
pH 8, 30°C, 180rpm of shaking for 72 hrs. The bitsttant yield was 1.4 g/l of
culture medium under the optimum conditions.
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1.1 Introduction

Biosurfactants are surface — active compoundsyae by a wide variety of
microorganisms such as bacteria, yeasts and fusgnembrane components or
secondary metabolites (Gautam and Tyagi, 2006)y Hne a structurally diverse
group of amphipathic molecules with both hydroghdind hydrophobic moieties
(Van Hammeet al.,2006).

The major classes of biosurfactants include digpicts, lipopeptides and
lipoproteins, phospholipids and fatty acids, polyimesurfactants and particulate
surfactants (Cameotra and Makkar, 2004; Sadftal., 2009).

In recent vears. the interest in biosurfactantsbesn remarkablv increasina
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metal treatment and processing, pulp and paperepsoty and paint industries
(Singhet al.,2007 ; Rahman and Gakpe, 2008).

Biosurfactants have various interesting biologaivities such as antiviral,
antitumor, antibacterial and antifungal activitieslso they can be used as
immunoregulators, adhesive agents, ligands for ibghdimmunoglibulins,
adjuvants for antigen ..etc (Barahl., 2010; Fathabad, 2011).

Among the many classes of biosurfactants, lipagept produced by
Bacillus spp strains are the most powerful ones that possesy rbeogical
activities especially the antitumor activity thatchude the inhibition of the
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carcinoma cells proliferation and induction of {drentiation , cytotoxicity ,cell
cycle arrest, and apoptosis) ( Wast@l., 2007 ; Caoet al.,2009a).

In Iraq , cancer is a growing problem that increasmnsiderably every year,
one of the treatment regiments is the chemothevepigh is hampered by the
problem of drug-resistance, so a call for discov#rynore effective agents to treat
cancer is becoming increasingly urgent , for thisppse, new drugs have being
synthesized and tested (WHO, 2006).

New trials for cancer treatment have been perforhyethany researchers in
various countries including Iraq; these trials uadd using gene therapy,

immunotherapy, biological therapy and bacterialrbgpcts Mulherkar, 2001;Al-
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» |solation of Bacillus spp. from different localities contaminated with

hydrocarbons.

» Selection and identification of efficient isolatesBacillus spp. producing

biosurfactant .
» Purification of biosurfactant to homogeneity level.

» Application of the biosurfactants as antitumor @gen
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1.2 Literature review
1.2.1 GenusBacillus
1.2.1.1 General features

It is a large Genus of Gram-positive rods that win& recognized and
named by Ferdinand Cohn in 1872 , they may ocaglsior in chain, some are
strict aerobes and others are facultative anaerdihesvegetative bacilli are large
(0.5 x1.2 um to 2.5 x10 um) and straight, they fcam highly resistant dormant

endospores in response to nutrient deprivationoéimer environmental stresses.

The maiaritv of venetative cells are mesnnhilethvtemneratiire ontimiim
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solid media, especially if plates are not driedeimove the surface moisture before
inoculation( Duguid ,1996 ; Rudner €t al.,1998).

Endospores in pure culture are regular in sizepestaad position within the
sporangium, in most species they are oval (ellgdiin shape, and central or
subterminal in position. In a few species the spame spherical in shape and in a
few they are terminal in position, when they viewedler microscope unstained
they appear edged in black and very bright andacafe (Holtet al., 1994;
Duguid , 1996; Piggot and Hilbert, 2004).
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Endospores formation is affected by some factarkitiing the temperature
of growth, the pH ,aeration, presence of minerglsesence of certain carbon or
nitrogen compounds and the concentration of théoraior nitrogen sourcén
some circumstances a starvation for phosphoruseqgpopulation density, cell
cycle ( Errington,1993 ; Piggot and Hilbert,2004 ;Goesselsberger et al.,2009).

Endospores are highly resistant to environmentedsst such as high
temperature , low temperature ,irradiation, presesicstrong acids, disinfectants,
nisin, , high sodium chloride concentration etc.tivlea spores have no detectable
metabolism , a state that is described as crypiicbidhey retain viability

indefinitely such that under appropriate environtakoonditions, they germinate
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U1 VLTI LEN UI SPUIANYIUN (| FIIED ., 1900, FIIESL, £ZUU0).
This taxonomic was accepted until the introductidrmodern taxonomic
technigues such as numerical phonetics, DNA basgasition determination and
DNA reassosiation experiments, 16S rDNA sequenedysis , which found that
Bacillus comprise more heterogenous species than scieakigected as shown in
the GC content variation of known specie®aé€illus which range from 32%-69%
as listed in Bergeys Manual of Systemic Bacteripld@986) by Claus and
Berkeley. This indicates considerable genetic dfiygamong species and suggests
that the genus should perhaps be split into seve@e homogeneouaxa , So in

the 1990s the genuBacillus comprises in excess of 60 species as listed by
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Konemannet al.(1997), but this taxonomy is not stable as sequemalysis has
led and continues to lead, on the one hand, teé¢paration of groups of species
from the core genuBacillus to form new genera and, on the other hand, to the
definition of novel genera to allocate new isolate.

Recently, according t&arrity et al. (2004),Bacillus is only one out of a
whole series of genera of aerobic endospore-forrhageria( AEFB) in which it

can be classified as follows:

Phylum BXIIIl. Firmicutes phy. nov.

Class Ill. Bacilli
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on the results of various molecular genetic tealnesq

1.2.1.3 Natural products ofBacillus spp.

Members of theBacillus genus are often considered as microbial factories
for the production of a vast array of biologicalctive molecules with the
potential for technical and scientific applicatipna the other hand, several strains
of Bacillus species also produce compounds toxic to mammaigis (Lugan
,1988; Outtrup and Jorgensen 2002).
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For exampleBacillus genus produce exocellular enzymes (e.g. amylases
and proteases ) that form over one-half of thel wbanmercial enzyme volume
(Crueger and Crueger ,1982; Fogarty and Kelly ,1990), also some Bacillus spp
produce different kinds of surface active compoundkich known as
Biosurfactants (e.g. surfactin, iturins, lichenygW) that have a wide range of
applications , also many strains 8fcillus produce several bacteriocin-like
substances, e.g. some strain®8otereus produce the bacteriocin cerein 7, a pore-
forming peptide of 3940 Da (Oscastzal. 1999, Oscariz and Pisabarro 2000).

Bacillus spp. can also produce a vast array of antibidbias active against

important pathogens such as methicillin-resisté@tphylococcus aureus
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hydrophilic group and non-polar with lipophilic #rathat tend to partition
preferentially at the interface between fluid plsasath different degrees of
polarity and hydrogen bonding such as oil / wateaio / water interfaces (Desai
and Banat, 1997, Rahman and gakpe,2008). The formation of such an ordered
molecular film at the interface lowers the interéhenergy (interfacial tension)
and surface tension which is responsible for thejuen properties of surfactant

molecules (Lin, 1996).

Surfactants are defined by their capability of ®@dg the surface tension
(ST), critical micelle concentration (CCM) (whicls the minimum surfactant
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concentration required for reaching the lowestrfat2al or surface tension values)
, interfacial tension and hydrophilic-lipophilic lnace (HLB) , (surfactants with
HLB values less than 6 are more soluble in the oil phase ; while those with HLB
values between 10 and 18 have the opposite chastic® (Cooper and Zajic,
1980 ; Parkinson, 1985).

The hydrophobic part of the surfactant is a longhain of fatty acids ,
hydroxy fatty acids , hydroxyl fatty acid or alkyl {3-hydroxy fatty acids which
Is usually a C8 to C22 alkyl chain or alkylaryl timay be linear or branched while
the water soluble end (hydrophilic) can be a caydddie, amino acids, cyclic

peptide, phosphate, carboxylic acid or alcohol (Okmmeret al., 1990 ; lin et al.,
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Surfactants under this category are synthesized fretroleum refining by-
products that are found in light cuts (gasoline dmwtosene) coming from
atmospheric distillation and catalytic crackingbgr polymerization of short chain
olefin, particularly in C3 and C4 (Salager, 2002).

They can be classified into anionic, cationic, awotpric, and nonionic
classes depending on the nature of their polarpgngy regarding the hydrophobic
moiety of the molecule, it is a hydrocarbon chainmost common surfactants;
however, in some more specialized surfactants, liigdrophobic part can be a
nonhydrocarbon chain such as a polydimethylsiloxana perfluorocarbon (Van
Ginkel, 1989).
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Anionic surfactants are negatively charged which is usually due sulphonate
,Sulphur , carboxylates , or phosphates groupy Hne the most commonly used
surfactants that accounting for about 50 % of thddvproduction. (Int .2)

A general formula may be ascribed to anionic stafats as follows:

[0 Carboxylates: gH;n.1COOX

[0 Sulphates: H2,:1OSO-X, (Figure 2-1)

[0 Sulphonates: (H,,.:S05- X

[0 Phosphates: {E,,.OPO(OH)OX

With n = 8-16 atoms and the counter ion X is usually.Na

Several other anionic surfactants are commerciaixailable such as
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(o

Figure (1-1) Alkyl ether sulphate as an example afionic surfactant (Tadros,
2005)

Nonionic surfactantsthat lack ionic constituent, they come as a cles®isd with
about 45% of the overall industrial production. ¥ihdo not ionize in agueous
solution, because their hydrophilic group is of @ rdissociable type, such as
alcohol, phenol, ether, ester, or amide (Sarneywaiigon, 1995).

There are two major classes of anionic surfactants:
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[ Ethoxylated surfactants such as fatty acid ethasglavith the general

formula RCOO-(CHCH,O)nH.

[J Multihnydroxy products such as glycol esters, glptdiand polyglycerol)

esters(Tadros , 2005).
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These surfactants are in general more
high pressure hydrogenation reaction to
(Salager, 2002)

expensivedghmnics, because of the

be cardetl during their synthesis.

Mono Alkyl Quaternary System

— _,_.,-o-"--\.._____\_- M“\ﬁf'“ﬁ-_‘_ﬂ‘ "‘--.__.:-"‘"H_

CHy e
e mh_ﬁ@
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Figure (1-3) Cationic surfactan&alager, 2002
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* Amphoteric surfactants that have both positively and negatively charged
moieties in the same molecule such as Alkyl betiakyldimethylamines ,

imidazonilinum derivatives (Salager, 2002).

Alkyl Betaine _
CHy) AT
- o

1
o L\.._,.-"'I
My T - o . .
l‘\,_j,-"ll'w-\. e ‘_rr"n"""hu-’f ‘n._\_'_._‘___-' — - : ~_¢ IIII‘_':,-:.._H/;’

@
Figure (1-4) Amphoteric surfactants (Salager, 2002)

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

consists of zwitterionic phosphatidylethanolamined gohosphatidylcholine, its
mainly used as a pharmaceutical recipient for ddegjvery and intravenous
nutrition (Wang and Wang, 2008).

Gelatin is a high — molecular — eight polymer tbatained through the
partial hydrolysis of collagen with dilute acid loase, it's a relatively poor protein
surfactant, but its emulsifying properties can im@roved by enzyme — catalyzed
attachment of hydrophobic side chains (Dickinsa®3). The main sources of
commercial gelatin are bovine skin and bones agdkpi. It is mainly used as a
stabilizer, thickener and texturizer in food anch rofood applications (Karim and
Bhat, 2008).
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Figure 1-5 Chemical compositioriemfithin (Wang and Wang, 2008)
1.2.2.3 Plant — derived surfactants
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beans, kidney beans and lentils; the saponin cbntensoybeans I1s 5-6%
(Oakenfull, 1981).

Another example are the plants surface-active pret&oy protein is one of
the most important plant-derived protein surfaga®oybeans contain about 40%
protein and 20% oil. Soy proteins are mainly glamiland can be classified into
2S, 7S, 11S, and 15S fractions. Soy proteins aagade in three major forms that

vary in protein content: soy flours, soy proteinncentrates and soy protein

isolates (Iwabuchand Yamauchi, 1987).
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1.2.2.4 Biosurfactants

Biosurfactants are surface active metabolites predwy microorganisms
( Bacteria, yeasts and fungi) when grown on watescible or oily substrates or
both (Arinoet al., 1996; Kiran et al., 2009; Rufino et al., 2011). They either
remain adherent to microbial cell surfaces or aereted in the culture broth
(Olivera e al., 2009; Fathabad,2011). Their molecular masses generally range
from 500 to 1500 Da.( Van Hamnetal.,2006).

Although , most biosurfactants are considered tsdmmndary metabolites ,
some may play essential roles for the survival afslirfactant — producing

microorganisms through facilitating nutrients umalor microbial — host
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biosurfactans based on their composition into dlpats, lipopeptides ,
phospholipids, fatty acids, neutral lipids , polymeand particulate compound.
While Kosaric (1992) classify them depending on their structure namely;
hydroxylated and cross- linked fatty acids, polgseride — lipid complexes,
glycolipids, lipoproteins — lipopeptides, phosppals and complete cell surfaces
while Healyet al., (1996) group biosurfactants into four main categs namely,
glycolipids, phospholipids, lipoproteins / lipopelgs and polymeric. Lastly,
Rosenberg and Ron (1999) suggested that biosunfactan be divided into two
categories: low — molecular — mass molecules, wafthiently lower surface and

interfacial tension, and high — molecular — mas$ymers, which are more
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effective as emulsion — stabilizing agents. The omajlasses of low — mass
surfactants include glycolipids , lipopeptides grttbspholipids, whereas high —
mass surfactants include polymeric and particidatéactants.

1.2.2.4.2 Types of biosurfactants
There are many types of biosurfactants that pratlubg various

microorganisms, the following are some of the uasitypes of biosurfactants.

1.2.2.4.2.1 Glycolipid biosurfactants

The most known biosurfactants are glycolipids ythee carbohydrates in
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* Rhamnolipids

They are generally a mixture of homologous speai@gycolipids produced by
the genudPseudomonas , they composed of one or two molecules of rhamnos
linked to one or two molecules ffhydroxydecanoic acid usually, but other fatty
acids may be found depending on BPseudomonas species or growth conditions
(Figure 1.6)(Desai and Banat , 1997), they haveatiity to lower the interfacial
tension againgh — hexadecane to mN/m and the surface tension t825N/m
(Guerra —Santost al., 1986).
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Also two unusual rhamnolipids, designated myxotgles A and B, have been
isolated from a@Vlyxococcus sp, they have a rhamnose unit linked to tyrosine and
hence to a fatty acid (Ohlendatfal., 2009).

oH oH
O 0 OH O 0 OH
o o
| 1
OH oH o o OH o o o
oH
0
oH  OH
rmana-rhamnolinid di-rha rmnalinid
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Nocardia and Gordonia, different structures have been elucidated pdatityu

in Rhodococcus genus(Franzettt al., 2010). They are composed of Trehalose
(is a non-reducing disaccharide in which the twacgke units which linked
together linked either to Mycolic acids in thdycobacterium and most
species ofCrynebacterium andNocardia (Silvaet al., 1979 ;Gautam and Tyagi,
2006) or to corynomycolic or nocardomycolic iretbase of rest species of
Corynebacterium and Nocardia ( Goodfellow et al., 1973; Shimakata and
Minatogawa ,2000) .
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Figure 1.7 Trehalolipid biosurfactant (Oraizal., 2008)

Sophorolipids
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SLs forms a macrocyclic lactone ring with the 4yedtoxyl group of the sophorose

by intramolecular esterification. (Figure 1.8)

QA DAL
HO -—fo HO F___,CI
HO o HO O
DAL CHz DA CHa
8] 8] CH
0 O (CHz4s  HO —0 (G M2)s
HO HO CooH
‘ OH OH
0=°
lactonic sopharalipid acid sophorolipid

Figure 1.8 Types of Sophorolipid biosurfactants @tha Ju ,2001)
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1.2.2.4.2.2 Fatty acids biosurfactants

Biosurfactants under this category are producenh fatkane as a result of
microbial oxidations (Rehn and Reiff, 1981). Théstty acids are either straight
chain acids, or complex fatty acids containing Qblugs and alkyl branches such
as Corynomucolic acids (Kretschneral., 1982) but the most active saturated
fatty acids in lowering surface and interfacialdi®ns are in the range of C12-C14
because the hydrophilic or lipophilic balance dfyfacids is related to the length

of the hydrocarbon chain (Rosenberg and Ron, 1999).
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polymeric biosurfactant (Rosenbesr al., 1979), its polyanionic amphipathic
heteropolysaccharide bioemulsifier as mentioned(Rigure 1.9), It's a very
effective emulsifying agent for hydrocarbons in &agven at a concentration as
low as 0.001-0.01% (Zosinet al., 1982). Another example of this type of
biosurfactants is liposan which was synthesizedisipng Candida lipolytica , its
composed of 83% carbohydrate and 17% protein wiéhdarbohydrate portion
being a heteropolysaccharides consisting of gluagekactose, galactosamine and

galactoronic acid (Ciriglian and Carman, 1984).
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LI91 ).

1.2.2.4.2.6 Lipopeptide biosurfactants

Biosurfactants of this type possess remarkablaser active properties and
produced by a wide variety of microorganisms sucAgrobacterium tumefaciens
that produced lysine- containing lipids (Tahasaal., 1976), Pseudomonas
rubescens produced Ornithine- containing lipids (Yamane,19&t the majority
of these biosurfactants are produced from sewgraties of the genuBacillus
that can be classified into three families:(Ongand Jacques, 2007).

» Lipopeptides of the surfactin family
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* Lipopeptides of the iturin family

* Fengycins and various lipopeptides

Bacillus lipopeptides consist of a peptide part containinfjl7amino acids,
either cyclic or linear or a combination of thedailevthe lipid part is composed of
B-hydroxy or B-amino fatty acids connected to the peptide bac&borhe
hydrocarbon length of the fatty acids and aminal ammmposition may vary,
depending on the nutrition of the bacteria, anceaffthe properties of the
lipopeptides. The cyclic structure of the peptidet protects the lipopeptide from
enzymatic cleavage and maintains its general stability (Desai and Banat, 1997,

Peypouxet al., 1999; Muthusamy €t al., 2008).
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strains of severaBacillus species such aBacillus subtilis (Arima et al., 1968),
Bacillus coagulans (Huszcza and Burczyk, 200@8acillus pumilus and Bacillus
licheniformis (Naruseet al., 1990; Thaniyavarn et al., 2003).

Surfactin  produced bfacillus subtilis ATCC 21332 is one of the most
powerful biosurfactants was discovered by Arigtaal. (1968) , it was named
surfactin because of its exceptional surfactanviagtits structure was elucidated
as that of a macrolide lipopeptide by Kakinuenhal., (1969) ,Surfactin contains a
heptapeptide (Glul-Leu2-Leu3-Val4-Asp5-Leu6-Leu7)t ,lowers the surface
tension from 72 to 27.9 mN/m at concentration ag & 0.005% (Arimaet al.,
1968).
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The natural analogue is lichenysin A has GIn @sifon 1 and lleu at
position 7, It is produced . licheniformis during anaerobic and aerobic growth,
it was first isolated from oil wells and its struct was elucidated by Yakimov
et al. (1995) and Yakimoet al. (1999), another analog is pumilacidin which has
Leu at position 4, whereas other variations aratkxt at position 7.

Bacillus coagulans has been found to produce several surfactins, foain
components with molecular weights 1007, 1021 ar8b1IDa were separated.

Their structures have been confirmed by spectrocmetnd spectroscopic
studies and by acid hydrolysis. The compounds vi@rad to represent two pairs

of surfactin isoforms in which beta-hydroxy-iso-Cddanteiso-C15 fatty acids are
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acids with a chain length of C14 to C16 (Peypetnpal. 1978, Hourdowet al.
1989). Iturin A contains the heptapeptide Asnl-TAsh3-GIn4-Pro5-Asn6-Ser7,
whereas in the other members the amino acid resioluéhe heptapeptides vary
slightly; e.g. mycosubtilin has Asnl-Tyr2-Asn3-GIn4-Pro5-Ser6-Asn7 (Yet al.
2002).

* Fengycins and various lipopeptides
Fengycins (Figure 1.12) and the structurally simifdipastatins are
distinguished from the other lipopeptides by the/wawhich thep-hydroxy fatty

acid is linked with the polar dipeptide which issasiated with the cyclic
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octapeptide. The cyclic structure of fengycyalo(D-allo-Thr1l4-Glu2-D-Ala3/D-

Val3-L-Pro4LGIn51L-Tyr6-L-1le7-D-Tyr8)D-Orn9_L-Glu10$-OH-FA ) is formed
when D-Tyr8 is connected with amide bonds Beallo-Thrl andD-Orn9 and
forms a lactone bond withlle7. The structure of fengycin A contailsAla3

instead of thé&-Val3 of fengycin B (Volporet al.,2000).

Surfactin family
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CHy
Variants Lenght and branching
of the acyl chain
Esperin®* L-Glu-L-Leu-D-l eu-L-Val-1-Asp-D-I eu-L-Leu-COOH
Lichenysin®**#  L-XL,-L-XL,-D-Leu-L-XL,-L-Asp-D-Leu-L-XL, i-Cyy, ai-Cyq, n-Cpy, i-Cys, ai-Ci
Pumilacidin L-Glu-L-Leu-D-Leu-L-Leu-L-Asp-D-Leu-L-XP,
Surfactin L-Glu-L-XS,-D-Leu-L-XS,-L-Asp-D-Len-L-XS, [-Cy, 1-Cy, 1-C 5, al-Cg

#% the B-carboxyl of Asp, is engaged in the lactone n. linear

5% or halobacillin ' i,iso PN
XL)=Gln or Glu ; XL; =Leu or Ile ; XL, and XL.; = Yal or Ile ; ai. anteiso

XP, = Valor Ile : T
XS, =Val,Levorlle; X8,= Ala, Val, Lev or [le ;: X§;= Val, Leu orlle

Figure (1.10) Surfactin family (Ongena and Jacq@ésy)
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Figure (1.11) Iturin Family (Ongena and Jdsesy 2007)

Fengycins have stereoisomeric composition differémm those of
plipastatin. Fengycins contai-Tyr8 instead of thé&.-Tyr8 of plipastatins and-
Tyr6 instead of théD-Tyr of plipastatins (Volporet al. 2000). While Hathout
et al. (2000) reported fronBacillus thuringiensis kurstaki HD-1 an antifungal
compound structurally resembling plipastatin angyfecins.

Analogues of iturin and fengycin were reported vatliouble bond in the
fatty acid part such as B thuringiensis strain CMB26 that produced an analogue

of fengycin with a double bond in the fatty acidwhas fungicidal, bactericidal, and
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insecticidal, and more effective against fungi thaas iturin or surfactin (Kim
et al. 2004). The fatty acids in iturins were predomthai©16 and C17 (Vater
et al. 2002, Delewet al. 2005). RecentlyB. subtilis strain GA1 was described as
producing three lipopeptides: surfactin, fengyeind iturins (Toureet al. 2004).
Another group of cyclic hexapeptide lipopeptidesitains six amino acids
acylated with 15-guanidino-n-hydroxypentadecanoicid a (bacillopeptins,
fusaridins and LI-F. The fusaricidins (Kajimura aKeéneda 1997, Beatty and
Jensen, 2002) and LI-F (Kuruset al. 1987, Kuroda et al. 2000) from
Paenibacillus polymyxa were fungicidal and antibacterial. LI-F compounds

containing an azole group were toxic to ddY micer@daet al. 2001). The target
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developed.These methods were as follows:

» Drop-collapse method is one of the qualitative radthused to determine
the presence of biosurfactant. Tugrul and Cans(2€05) conducted experiments
to confirm the reliability of the method using pstyrene microwell plate; oil-
coated wells collapse was observed when the culiirin contained biosurfactant
and there was no change in the shape of the dsoptetthe absence of

biosurfactant.
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|*¥ double bondbetween carbons 2-3, 3-4or 13- 14 werereponedtorsome acyl chans

Figure (1.12) Fengycins family (Ongena and JaccR@37)

e Thin layer chromatography (TLC) is also used in lipr@ary
characterization of the biosurfactant where thel ¢ede extract containing
biosurfactant is separated on a silica gel plairegushloroform: methanol: water
(70:10:0.5, v/v/v); this is then followed by using color developing reagents.
Lipopeptide biosurfactant showed red spots in ttesgnce of ninhydrin reagent,
while glycolipid biosurfactant is detected as yeilspots when anthrone is used as
the color reagent (Yiet al., 2009).


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter One: Introduction and Literature Review 24

« Additionally, blood agar hemolysis tests is anotm&thod used; where the
organisms with biosurfactant ability are streaked ldood agar plates and
incubated at 40 °C. The plates are visually moaeddor the presence of clearing
zone around the colonies which is indicative offattant biosynthesis. The
diameter of the clear zones depends on the comtemirof the biosurfactant
produced (Youssedt al., 2004; Ghojavand et al., 2008).

« Surface tension measurement by a du Nouy ring-tgpsiometer is one of
the simplest techniques used. The surface tensemsunement is carried out at
room temperature after dipping the platinum ringthe solution for a while in

order to attain equilibrium conditions. A higheosurfactant concentration in the
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(UV, MS, evaporative light scattering detection, 3f0) for identification and
guantification of biosurfactants (Heytal., 2008).

1.2.2.4.4 Fermentation and production of surfactin

Most nutritional and production studies were donghwbatch cultures,
usually in flasks with shaking , but occasionally small-scale or large-scale
fermentors (Coopest al.1981; Mulligan and Gibbs 1990; Lin et al. 1994b).

A laboratory-scale cyclone column fermentor wasdu$er continuous,
phased growth with feedback control, based on thecentration of dissolved

oxygen (Sheppard and Cooper, 1990). As the eatlglies carried out in nutrient
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broth gave a very low yield (0.1 g/ )(Aringh al. 1968), in subsequent studies a
minimal mineral salts medium, containing MND; (0.05 M) as the inorganic
nitrogen source and glucose (4%) as the carborcepwas defined by Cooper
(Cooper's medium).Studies of the mineral requirgnobzarly established the need
for and the stimulatory effect of iron and mangan@oopest al. 1981).

For continuous operation, a critical nitrogen/fraanganese molar ratio of
920:7.7:1.0 was determined and was found to sustaifactin production for at
least 36 generations (Sheppard and Cooper 1991¢r @ork has been done in the
semisynthetic medium of Landst al. (1948), which contains L-glutamic acid

(5 g/l) as the organic nitrogen source, glucose)(2%the carbon source and a
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has been found, yields being( 0.6£0.8 g /l) (Sandrial. 1990). When they are
used as the sole nitrogen source of a culture medsome hydrophobic amino
acids insert themselves directly into selectedtjprs of the peptide sequence,
thus amplifying the original structural microhetgeneity via the production of
variants (Peypoux and Michel 1992).

Competition with cellular growth is probably one thfe reasons for the
rather disappointing product yields. In fact, in snof the studies the levels of
increase are marginal and are probably due tordiffees in the process conditions,
l.e.physicochemical and engineering parameteraititional factors; conversely,

the replacement of Cooper's nitrogen source anahtraeluction of O2 limitation,
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which redirects the energy efflux into product $a#is, have led to a productivity
of( 7 g /), about 10 times as high as Cooper'sibasld (Kimet al. 1997).

B. subtilis was cultivated under aerobic conditions and aptratures from
30 °C to 37 °C.

de Roubinet al. (1989) study the correlation between the primary
metabolism of the cell and the secondary metabolismg UV mutagenesis, it
was possibldgo isolate an overproducing strain Bf subtilis ATCC 21332, the
mutant ATCC 51338. This mutant lowers the isoc#trdehydrogenase (a Krebs
cycle enzyme) activity to 30 times less than tHahe parent and produces 4 times

more surfactin, i.e. (1.1 g/ I). The decrease aiyame activity can also be achieved
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1.2.2.4.5 Genes for surfactin synthesis

The organization of the biosynthetic gene clustesusfactin was published
in the early 1990s by different researcher gropss(ninaet al., 1993; Fuma et
al., 1993; Nakano et al., 1988).

It composed of a large operon of 25 kb, name#l §figure 2-13), which is
also responsible for sporulation and competenceldpmnent (Nakanet al. 1991;
Hamoenet al. 1994). (Figure 1.13)

It contains four modular open reading frames, ORIA-A), ORF2 (srfA-
B), ORF3 (srfA-C) and ORF4 (srfA-D), the first tieref them encoding the three
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respective enzymes E1A, E1B and E2 needed to nhekbdptapeptide sequence
(Vollenbroichet al. 1994).

The two nucleotide regions for the L-leucine epiasexs are located at the 3
portion of the srfA-A and srfA-B genes. The two eddpolypeptides show
sequence similarities to other putative bacteaeémases (Marahiet al. 1997).

At the end of the srfA-C gene, one region (TE, ¢sierase) codes for an
enzyme homologous to fatty acid thioesterases typehe terminal gene srfD
encodes a protein with high homology to externadsterases of type Il, It has
been reported that SrfD is a repair enzyme, whegjemerates with acetyl-CoA or

with incorrect amino acids mischarged peptidyl iearprotein (PCP) domains
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enzyme, termed sfp, belongs to the superfamily &P4ases that function as
primers of the non-ribosomal peptide and siderophsynthesis via a post-
translational phosphopantetheinylation of thioteatgs (Walslet al. 1997).

1.2.2.4.6 Synthesis of Surfactin

Surfactin as one of the lipopeptide is synthesizgaon ribosomal peptide
synthetases (NRPSSs), they are megaenzymes organizechtive functional units
called modules that catalyze the different reastioleading to peptide

transformation (Stein, 2005).
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Surfactin operon
AT
Glu Leu Leu Val Asp Leu Leu

. > - >

srfA-A sriA-B sifA-C sfrA-D

5]

T

&

Figure (1-13) Surfactin operon (Ongena and Jaci(fy)

Each module is subdivided into several catalytiocndms responsible for
each biochemical reaction (Sielzed Marahiel , 2003Walsh, 2004).
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ribosomal peptide biosynthesis (Walsh, 2004).

(i)  The thiolation or peptidyl carrier domain (80 aa)equipped with a 4 -
phosphopantetheine (PPan) prosthetic group tohathie adenylated amino
acid substrate is transferred and thioesterifiedeumelease of AMP. Thus,
the PPan cofactor acts as thiotemplate and asrasgiarm to transport
intermediates between the various catalytic centEing peptidyl carrier
proteins are post-translationally converted fromactive apoforms to their
active holoforms by dedicated PPan transferasaslfhbotet al., 1996).
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(i)  The formation of a new peptide bond is catalyseddrydensation domains
(450 aa) located between each pair of adenylatimwh @eptidyl carrier
domains (Walsh , 2004).

The linear assembly line-like arrangement of migtipf such core units (i—
lii) ensure the co-ordinated elongation of the mkpproduct.

Mechanism of peptide biosynthesis has been outlindde concept of the
‘Multiple Carrier Model of Nonribosomal Peptide Biymthesis at Modular
Multienzymatic Templates’ (Steig al., 1996).

So the surfactin biosynthesis starts with the dmyleof the first amino acid

glutamate, which is activated by the three-mod@aryme SrfAA (Menkhaus
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L-Leu into the D-configurated isomer by its C-temai epimerization domain
(Figure 1.15). SrfAB incorporates the following ¢bramino acids (Val-Asp-D-
Leu) while SrfAC is responsible for the activatiand incorporation of the last
leucine residue and catalysis of product releaseymjization (Cosminaet al.,
1993; Tseng et al., 2002).
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3. Peptide bond formation by upstream C domain
4. Peptide bond formation by downstream C domain

Figure (1.14) Non ribosomal peptsynthetases model(Int.3)
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biosurfactants, include solvent extraction, adsomptfollowed by solvent

extraction, precipitation, crystallization, cenigiition and foam-fractionation

(Kowall et al., 1998 ; Davis et al., 2001 ; Hsiehet al., 2004 ; Chen and Juang ,

2008) .

The optimal approaches for biosurfactant recovexyedd on the type and

nature of the substrates and fermentation technigone on the type and

physicochemical properties of the desired biostafas (Lin, 1996).
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ratio of hydrophobic to hydrophilic character arehbe, can be easily isolated by
the traditional methods of solvent extraction, pp#ation and crystallization
(Desai and Banat997; Mukherjee et al., 2006).

Membrane separation processes are also well stoteédose downstream
processing steps that involve the recovery, comatoh and purification of the
biomolecules (Muthusanmst al., 2008).

Ultrafiltration is a pressure-driven membrane safian technique for
dissolved and suspended materials based on sizenaledular scale; It is a very

simple procedure and requires no phase changehemwmical addition and little
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energy. For molecules from 10 A ° to 500-1000 Aignaketer, ultrafiltration is
useful both for product concentration by solventeogal and purification by
removal of low molecular weight impurities underdhgstatic pressure (Chtioui
et al.,2005 ).

The major filtration characteristics of a solute passing through a
membrane are usually judged by such parameterseamepte flux, rejection
coefficient, concentration factor, solute yieldpurification factor and hence, the
recovery efficiency (Sen and Swaminathan ,2005).

The recovery process including concentration ardigation of the product

constitutes a major part in the economics of thelalprocess of biosurfactant
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critical micelle concentration (CMC) and hence aaasily retained by high
molecular weight cut-off ultrafiltration membran@htioui et al.,2005 ).

The lipopeptide biosurfactant, surfactin, produd®d various strains of
Bacillus subtilis has been reported to be concentrated and pufioed the cell-
free fermentation broth using ultrafiltration meth@ulligan and Gibbs , 1990 ;
Lin and Jiang , 1997).

A relatively higher molecular weight cut-off membe was found to be
guite effective in the recovery of surfactin, sintdorms micelle aggregates of
about 50-100 molecules at the CMC (Sen and SwahangR005).
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1.2.2.4.8 Applications of biosurfactants
Surfactants are one of the most frequently usedhidads in our daily lives

due to their unique properties, they had applicatim an extremely wide variety
of industrial processes (Table 1-1), in spitehafttthere are many advantages of
the biosurfactants as compared to their chemicaihthesized counterpart as they
characterized by: (Lin, 1996 ; Vollenbroich et al., 1997; Kitamoto et al., 2002;
Singh and Cameotra, 2004; Ongena and Jacques, 2007; ; Rahman and Gakpe ,
2008 ; Xu et a.,2011).

» Biodegradability

Biosurfactants are easily biodegradable and thusicpkrly suited for
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Which allow their application in cosmetics, phareuicals and as
functional food additives (Gautam and Tyagi, 2006; Williams, 2011).

» Auvailability of raw materials
Biosurfactants can be produced from microorganiggnswn on raw
materials which are available in large quantitisti{herjeeet al., 2006;
Singhet al., 2007).


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter One: Introduction and Literature Review 34

» Acceptable production economics
Biosurfactants can be produced from industrial essind by products and
this is of particular interest for bulk productighlukherjeeet al., 2006;
Salihuet al., 2009).

* Use in environmental control
Biosurfactants can be used in handling industmalilsions , control of oil
spills , biodegradation and detoxification of inttigd effluents and in

bioremediation of contaminated soil (Banat, 1995).

1.2.2.4.9 Biological activity of biosurfactants prduced byBacillus spp.
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penetrating into cells, with the lipophilic hydreban chain interacting with the
plasma membrane lipid moiety while the polar amawids in the peptide part
interact with the polar phosphatidyl moieties. Wiegt lipopeptides are able to
damage the integrity of the plasma membrane oteiea selective pores depends
on the nature of the Ilipopeptides and on the phagptds of the
membranes.(Cameotra and Makkar , 2004 ; Singh and Cameotra, 2004 ;Ongena
and Jacques, 2007 ; Fathabad, 2011).
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Table (1-1)ndustrial applications of chemical surfactants aiwburfactants
(Muthusamyet al. , 2008).

Industry Application Role of surfactants

Improving oil drainage into well borg;
stimulating release of oil entrapped |n
capillaries; wetting of solid surfaces; reductjon

Enhanced oil recovery

Petroleum of oil viscosity and oil pour point; lowering @f
interfacial tension; dissolving of oll
De-emulsification De-emulsification of oil emulsions; al
solubilization; viscosity reduction, wetting aggnt
Bioremediation Emulsification of hydrocarbons; lowering [pf
Environmental _ _ interfa_c?al t_ension; metal sequestration
Soil remediation and Emulsification through adherence (o]
flushing hydrocarbons; dispersion; foaming aaqdnt;
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Agricultural microbes such as parasitism, antibiis,
competition, induced systemic resistance [pand
hypovirulence

Downstream Biocatalysis in aqueous two-phase systemsijland

processing microemulsions; biotransformations; recovgry
of intracellular products; enhanced productjon
of extracellular enzymes and fermentatjon
products

Health and beauty producfsEmulsifiers, foaming agents, solubilizefs,
wetting agents, cleansers, antimicrobial agnt,

mediators of enzyme action

Bioprocessing

Cosmetic
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1.2.2.4.9.1 The biological activity of surfactin fanily of lipopeptides

Surfactin and its derivatives is one of the mo$tative biosurfactants that
have many interesting biological activitites . Thean inhibit fibrin clot formation,
induces formation of ion channels in lipid bilayerembranes, inhibits cyclic
adenosine monophosphate (cAMP),inhibits plateletd aspleen cytosolic
phospholipase A2 ,exhibits antiviral and antitumactivites and show
antimycoplasma properties ( Singh and Cameotra4)200

It has been found that Surfactin in concentratmi®0-64uM was cytotoxic
to several human and animal cell lines (Vollenkdncgt al. 1997) and provoked
hemolysis (Dufouket al. 2005).
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Inactivation of enveloped viruses such as vesicstiamatitis virus (VSV),
simian foamy virus (SFV), and suid herpesvirus H\{SL) by surfactin depended
on its hydrophobicity: the C14 and C15 isoforms everore antiviral than C13
(Kracht et al. 1999).

The biological effects of surfactin and licheny#inare probably due to their
strong surfactant properties. However, surfactgso dbrms cation-selective K+ >
Na+ channels in black-lipid membraLM )(Sheppardet al. 1991). Surfactin-
producingB. subtilis strains have high swarming motility and biofilm rwation,

whereas surfactin-nonprodugistrains did not swarm or form biofilm (Connelly
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et al. 2004). Surfactin promotes bacterial cell motion lbwering the surface
tension (Kinsingeet al. 2003, Hofemeisteat al. 2004, Mukherjee and Das; 2005).
The amphiphilic structures of the lipopeptides actih and lichenysin A
explain their ability to form micelles and to paa¢ the plasma membrane but in
spite of all these properties surfactin has no rkaide fungitoxicity which may be
due to the different in the sterol contents of ti@ogical membranes to which

surfactins can react with (Carrile al., 2003).

. The antitumor activity of the surfactin family

Over the past years, only a few studies have exainthe actual effect of
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neuronal differentiation in rat adrenal phaeochroyboma PC12 cells and
provided the groundwork for the use of microbiatrazellular lipopeptide as a
novel reagent for the treatment of cancer cells.

Another studies were conducted by ketnal., (2007) to study the effect of
surfactin on the proliferatioaf LoVo cells, a human colon carcinoma cell line,
they found that Surfactin strongly blocked the ieohtion of LoVo cells by
inducing pro-apoptotic activity and arresting tredl cycle, according to several
lines of evidence on DNA fragmentation, Annexintdising, and altered levels of
poly (ADP-ribose) polymerase, caspase-3, p21WARNCip53, CDK2 and
cyclin E. The anti proliferative activity of surf@@ was mediated by inhibiting
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extracellular- related protein kinase and phospbsitide 3-kinase/ Akt activation,
as assessed by phosphorylation levels. Therefarigcéin may have anti-cancer
properties as a result of its ability to down redelthe cell cycle and suppress its
survival, this study was followed by the work ofCat al., (2009a) who isolate
surfactin fromBacillus natto TK-1 and test its antitumor activity on MCF-7 human
breast-cancer proliferation, they found that th@hiion effect of surfactin was a
dose- and time-dependent and the antitumour activitas associated with cell
apoptosis determined by typical morphological clesng

In 2009 another group of researchers (Weing., 2009) published their work

twhich studied the molecular mechanisms involvedurfactin( isolated fron.
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Biological effects of the iturin family peptideseadue to their capability of
forming ion-conducting pores (Maget-Dana and Peypdi®94). Iturin A and
bacillomycin L provoked hemolysis and released gmitan from erythrocytes
(Latoudet al. 1986, Arandaet al. 2005). Iturin A induced morphological changes
in human erythrocytes (Thimomt al. 1994). Iturin A, bacillomycins, and
mycosubtilin formed channels in BLM (Maget-Dadaal. 1985a,b, Maget-Dana
and Ptak 1990). Mycosubtilin altered the permefbiif the plasma membrane,
releasing nucleotides, proteins, and lipids fromasgecells (Besson and Michel
1989) and lysing erythrocytes (Besseiral. 1989). The lipopeptides of the iturin

family are more active in membranes containing estelrol, such as mammalian
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polysaccharides, and lipids leaked fr@ncerevisae cells exposed to iturin A
(Latoud et al. 1987) while the lethal concentration $ cerevisae was 10-60
ug/ml (Bessonet al. 1984). Iturin and bacillomycin L form ion poresy b
aggregation in the membranes and interacting wihols (Quentinet al. 1982,
Maget-Dana and Peypox 1994, Volperal. 1999). Mycosubtilin formed pores in
dimyristoylphosphatidylcholine (DMPC) membranes byteracting with the
phospholipids, forming a (1:2) complex with choégst, thus stabilizing the ion
pore (Maget-Dana and Ptak 1990).
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1.2.2.4.9.3 The Biological activity of fengicin faity of lipopeptides

Fengycins and plipastatins inhibit phospholipase &2 enzyme affecting
inflammation, acute hypertensions, and blood pataggregation (Volpost al.
2000).Bacillusthuringiensis strain CMB26 produced an analogue of fengycin with
a double bond in the fatty acid. It was fungicidadctericidal, and insecticidal, and
more effective against fungi than was iturin orfactin (Kim et al. 2004). In low
molar ratios from 0.1 to 0.5 of fengycin/dipalmilpigosphatidylcholine (DPPC)
membrane fengycin forms pores and at a ratio 0f66 @t acts as a detergent that

solubilize membrane (Deleat al. 2005).
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2. Materials and methods
2.1 Materials
2.1.1 Equipments and apparatus

The following equipments and apparatus were uséasrstudy:-

‘ Equipment | Company /Origin I

_ Beijing Six One Instrument
Agarose gel tank with power supply _
Company /China

ArvitAanlaviA ChAanan IChina
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Fluorescence microscope Olympus

Gel casting tray Bio Rad/Germany

HPLC-ESI/MS (Agilent 1100 series) wifAgilent Technologies /USA
Zorbax Eclips XDB-C18 Analytical (4.6x15p)

mm
Ice maker Shcnan

Incubator Memmert /Germany
Incubator with CQ supply Memmert

Laminar air flow Jia Jie /china

Followed —
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Luminometer

Promega / USA

Lyophylizer

Sartorius /Germany

Magnetic stirrer

Fuhe 78-1

96 well microtiter plate , 6 well plate

Hangzhoun¥ai /China

Microfuge

Heraeus sepatech /Germany

Variable micropipettes( 10, 100, 1000)ul

Eppend@éermany

Microwave oven

Media /china

Milipore filter unit

Millipore Company

Minicentrifuge

Crystal MLX -206 /Germany
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SllidKkel 1ncupdlul

wvielrtiinert

Tensiometer

Laryee/China

Thermal cycler

Bio Rad /USA

TLC tank

Sigma/ USA

UV transilluminator

Beckman Instruments/USA

Vortex mixer

Qilinbeirer

Water bath

Atom/ Eryland
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2.1.2 Chemicals and biological materials

The following chemicals and biological materialsravased in this study:-

‘ Materials I‘ Company / Origin I

Agarose Sigma /USA

Ammonium chloride(NHCI) Sigma

Ammonium nitrate (NENO5) Sigma

Ammonium sulphate ((NDLSO,) Sigma

Boric acid Sigma
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Etnylene alamine tetra acetc acid (ED 1 A) sSigma
Ferrous sulphate heptahydrate (Fe38,0) Sigma

Glucose Sigma

Glycerol Sigma

Machine oll Atago Company /Chin
Hydrochloric acid (HCI) Sigma

Isopropanol Sigma

Magnesium sulphate (MgSPp Sigma

Followed——>
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Materials || Company / Origin
Manganese sulphate (Mn9O Sigma
Manganese sulphate monohydrate (Mp&gD) Sigma
Manganese sulphate tetrahydrate (Mp88,0) Sigma
Methanol Sigma
Mineral oil Al Dorah oil refineries

Lithium chloride hexa hydrate Nig&bH,O

Sigma

Olive oll

Wuhan for food

Penicillin

Sigma
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Streptomycin powder Sigma
Surfactin standard Sigma
Sodium molbdate dihydrate (Bd0O,.2H,0) Sigma
Disodium selenoxide (N&eQ) Sigma
Sucrose Sigma
Urea Sigma
Yeast extract Sigma
Zinc sulphate heptahydrate (ZnStH,0) Sigma
Aluminium potassium sulfate(AIK(SH Sigma
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2.1.3 Reagents and solutions
2.1.3.1 Solution EA (Youssedt al., 2004)
This solution was prepared by dissolving 25 g of3@gin 950 ml of D.W.,

then volume was completed to 1000 ml in a voluroeflask, and sterilized by

autoclaving.
2.1.3.2 Solution EB (Youssedt al., 2004)

To prepare this solution 100g of (MWEBO, was dissolved in 950 ml of

D.W., then volume was completed to 1000 ml in auwwdtric flask, and sterilized

i AritAAlAvIAA
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CaCb.2H,0O 0.1
ZnSQ,.7H,0O 0.1
FeSQ.7H,0O 0.1
CuSQ.5H,0 0.01
AIK (SO,), 0.01
NaM00,.2H,0 0.01
Boric acid 0.01
Na,SeQ 0.005

NiCl,.6H,0 0.003
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All components were dissolved in 950 ml of D.W.enhvolume was
completed to 1000 ml in a volumetric flask, pH vealjusted to 7 and sterilized by

filtration.
2.1.3.4 Manganese and magnesium sulfate solutiora¢fjueset al., 1999)

This solution was prepared by dissolving 0.4 g of3®.H,O and 5 g of
MgSQO,in 950 ml of D.W., then volume was completed to@@d in a volumetric
flask.

2.1.3.5 Trace elements solution (Jacquesal., 1999)
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EUIA L
NiCl,.6H,0 0.004
Kil 0.66

All components were dissolved in 950 ml of D.W.enthvolume was
completed to 1000 ml in a volumetric flask, pH vealjusted to 7 and sterilized by

filtration.


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Two: Materials and Methods 47

2.1.3.6 Heat inactivated fetal bovine serum (Wang al.,2007)

It was prepared by incubating fetal bovine serurtheawater bath at 56 °C

for 30 min.
2.1.3.7 PCR mixture

PCR master mixture was supplied by Takara complanyas composed of

the followings:

I Component I Volume(ul) ]

TAarmnlata NNIA II I
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2.1.3.8 TLC solvent mixture (Symmanket al ., 2002)

It was prepared by mixing chloroform , methanol aedonized D.W. at
ratios of 65:25:4 (v/iviv).

2.1.3.9 Biosurfactant standard solution

It was prepared according to Symmaatlal. (2002) by dissolving 50 mg of

biosurfactant in 1 ml of methanol.
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2.1.3.10 Rhodamine B reagent (0.25%)

This reagent was prepared by dissolving 0.25 ¢nadiamine B in 100 ml of
absolute ethanol.

2.1.3.11 Trypsin solution

It was prepared according to Seo —yoehgl., (2007) by dissolving 0.25 g
of trypsin and 0.02 g EDTA in 100 ml of phosphatdfer solution (pH 7.4),
mixed gently and sterilized by filtration.

2.1.3.12 Phosphate buffer saline (PBS 1%)
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4 staining outier (o9X).
2.1.3.14 TBE buffer solution (Lemaet al., 1994)

To prepare stock solution of TBE buffer (5x), 54fgTris base, 27.5 g of
boric acid were dissolved in 900 ml D.W., then r20of 0.5 M EDTA was added,

pH was adjusted to 8.3 and the volume was comptet&@00 ml with D.W.
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2.1.3.15 Ethidium bromide (10mg/ml)

Stock solution of ethidium bromide was preparedoatdiog to Maniatis
et al., (1982) in a concentration of 10 mg/ml by disswv100 mg of ethidium
bromide in 10 ml of D.W.

2.1.3.16 Hanks balanced salt solution (HBSS):

It was prepared to be consisting of the followiognponents:

I Component -I‘ Weight (g/l) “

laP-Yall II I
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Napol Uy u.0Y
D-glucose 1.00
Hepes 2.08

Each of the above constituents was dissolved sipar&aC) was added last,
and made up in 1L. pH adjusted to 7,the soluti@s w sterilized by filtration
(Freshney,2000).
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2.1.3.17 Trypan Blue Stain:

Trypan blue powder (1g) was dissolved in (100ml)nkia solution
(2.1.3.17). The solution was filtered by Watmatefilpaper stored at 4°C until use
then diluted 1:10 in Hank’s solution for using @freey, 2000).

2.1.4 Culture media (Fluka/ Germany)
The following media were used in this study

2.1.4.1 Ready made culture media
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TS MeudiTt was COrsisted ol uie 10nowing cornpaseri

Component -I‘ Weight (g) |

KH,PO,
KoHPO,

Sucrose

NacCl

Yeast extract

NaNG;
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All components were dissolved in 950 ml D.W., pHswadjusted to 6.9,
then volume was completed to 1000 ml and sterilibgdautoclaving. After
cooling, 10 ml of solution EA (item 2.1.3.1), sotut EB (item 2.1.3.2) , and
solution EC (item 2.1.3.3) were added to 1 litethef above medium.

2.1.4.2. 2Jacques medium (Jacquest al.,1999)

This medium was consisted of the following compdsen

Weight ()
KH,PO, - 19 |
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2.1.4.2.3Bushnell -Hass medium ( Patel and Desai,1997)

This medium was consisted of the following compdsen

Weight (@)

KH,PO,
KoHPO,
NH4NO;

MgSQ,. 7H,O
CaCb.2H,0O
FeSQ.7H,0O
Yeast extract
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All components were dissolved in 950 ml D.W., befdr ml of trace
element solution (item 2.1.3.5) was added, pH vdfisséed to 7, then volume was

completed to 1000 ml and sterilized by autoclaving.
2.1.4.2.4Blood agar medium

This medium was prepared according to manufactucmmpany (Fluka /
Germany) by dissolving 31 g of blood agar base0ém8l D.W., pH was adjusted
to 7.3, then volume was completed to 950 ml withWD. and sterilized by
autoclaving . After cooling, 50 ml of defibrinatestheep blood was added and

mixed thorouahlv then notired into netridishes.
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(item 2.1.3.6), 100U/ml penicillin and 100ug Staepycin.

2.1.5 Biological kits

2.1.5.1 Genomic DNA extraction kit ver. 2

Takara Minibest bacterial genomic DNA extractionnt ker. 2 ( Takara
Biotechnology ,Japan) was consist of the followstutions and buffers:
« SP buffer , RNAase A, Lysozyme , EDTA buffer , Solution A |,
Solution B, Solution C, DB buffer , Rinse A, RinB , Elution Buffer
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2.1.5.2 Cell titer 96 non- radioactive cell prolifeation assay (MTT assay)
(Promega, USA)

This kit was consist of two solutions:

* Dye solution (colorimetric 3-(4, 5- dimethylthidzdyl)-2, 5diphenyl
tetrazolium bromide)

 Solubilization solution / stop mix

2.1.5.3 Caspase —G10 3/7 assay kit: (Promega, USA)
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2.2 Methods
2.2.1 Samples collection

After removing the soil surface layer, &5l samples heavily contaminated
with engine oils were collected from different fsghtions in addition to Al- Dorah
oil refinery in Baghdad Province from Feb. to AuZp08 .


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Two: Materials and Methods 54

2.2.2 Isolation ofBacillus spp.

Isolation of Bacillus spp. was carried out according to Claus and Bayke
(1986) by adding 4 g from each soil sample to 20omkterile D.W. , mixed
thoroughly then heated to 80 °C with gentle agitator 10 min. and left to cool at
room temperature , then 0.1 ml aliquot was take&m each sample and spreaded
on a nutrient agar plates and incubated aerobit@ll®4 hrs. at 30 °C.

After incubation, colonies appeared with differatapes and sizes were

selected for further identification.
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with Gram stain to study its Gram reaction and splormation under the light
compound microscope (Atlasal., 1995).

2.2.3.3 Molecular identification

Molecular identification of bacterial isolates weachieved according to the
analysis of DNA sequences and degree of similafil6S rDNA.

Bacterial isolates suspected toBaeillus spp. were selected and propagated
individually in nutrient broth for 18 hrs. at 30°t© obtain fresh cultures for

extraction of genomic DNA.
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2.2.3.3.1 Extraction of Genomic DNA

Genomic DNA was extracted from local isolates Bzcillus spp. using
Takara Minibest Bacterial Genomic DNA Extractiont Kier. 2 (2.1.5.1) as
follows:

* Aliquots of 4 ml from fresh culture of each badeér isolates was
centrifuged, at 10000 rpm (4 °C) for 2 min., th&®l aliquots of sp buffer
and RNAase A solutions were added respectively to cells preatipi

followed by the addition of 20 pl of lysozyme smbm and incubated at
2K5°C far 10 min
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obtain pellet.

» Aliquot of 400 pl of solution DB was added, shack#dn contents were
transferred to spin column in filter cup and cdaged at 12000 rpm for 1
minute.

* The spin column was transferred to another filtgs, dchen 500 pl of Rinse
A solution was added to the column and centrifuged°C, 12000 rpm for
1minute.

» Aliquot of 700 ul of Rinse B solution was added amahtrifuged at 12000
rpm for 1 minute.
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» Spin column was placed in a new filter cup, theplGsf elution buffer was
added and incubated at 25 °C for 10 min., centefugt 12000 rpm for 1

minute, then filtrate which containing genomic DMAs collected.

2.2.3.3.2 Quantization of DNA concentration (Manias et al., 1982)

Purity and concentration of DNA solution was meeadu by using
Biophotometer device, by adding 8 | of DNA sampl&2 pl of D.W. in a quartz
cuvete and the absorbency at 260 nm and 280 nnme&asured after calibration
with D.W. at 260 nm and 280 nm respectively, PudADhas an Ago/Aog, ratio of

1 7-1 9 The ennecentratinn nf dniithle ctrand DNA dnindiac mea<iired directlivv hy
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solution (2.1.3.15) was added at a concentratio0.6fug/ml. Finally gel solution
was poured into tray to a depth of about 5mm almlvald to a solidify for about
20 min at room temperature followed by removing toenb from the tray and
placed in the electrophoresis chamber , submergdd MBE buffer (1x) , DNA
samples were prepared by mixing 1ul of the (6x)lgadling dye with 5 pl of the
DNA then loaded in the wells, electrophoresis wasedat 72 wntil dye markers
have migrated in appropriate distance, then gslmemoved and visualized under

UV light in the transiluminator.
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2.2.3.3.4 Amplification of 16S rDNA

Two sets of primers were used as listethble (2-1) to amplify 16S rDNA
sequence for identification of bacterial isolat@stoet al., 200Q Thomas, 2004).

Table (2-1) Types of primers used to amplify th& XYBNA sequence of bacterial

isolates.

Primer type Sequence Size|l Tm
(bp) | (°C)
Mme—_.e - . - 1 — — - - - r -~ 0 ~- 1
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from locally isolatedBacillus spp. as DNA template to 27 pl of a PCR mixture
(2.1.3.7). The initial denaturation step was don@4aC for 1 min. followed by 30
cycles at 94 °C for 30 sec. at 47 °C for 30 sed.atrv2 °C for 1.5min , then a final
extension reaction was achieved at 72 °C for 16. MCR products were
sequenced by Huazhong agricultural company using ISAB DNA
sequencer and the ABI PRISM Big Dye Terminator €y®&equencing kit version
3.1 (Perkin-Elmer Applied Biosystems,CA,U.S.A.). BNsequences were

analyzed to determine the degree of similarity gisihe National Centre for
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Biotechnology Information ( NCBI ; Bethesda , MDAJS Blast system
(http://www.ncbi.nlm.nih.gov/BLAST).

2.2.4 Sterilization methods (Atlast al., 1995)
2.2.4.1 Dry heat sterilization

Glassware were sterilized in an oven at 160°C flors3
2.2.4.2 Moist heat sterilization

Media and solutions were sterilized by autoclavahd21°C (15 pounds/ inth

L_ . AN __ > _
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then wrapped with a parafilm , these plates castdwe at 4 °C for a week as stock

culture.
2.2.5.2 Medium term storage

Bacterial isolates were maintained by streakingnatrient agar slants in
screw- capped tubes containing 5 ml of the medinchiacubated at 30 °C for 24
hrs. , these slants can be stored for a few matthsC.
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2.2.5.3 Long term storage

Aliquetes of 8.5 ml of the exponential phase &f bacterial growth was
added to 1.5 ml of sterilized glycerol in a screwcapped tubes and stored at
- 20 °C.

2.2.6 Screening of biosurfactant production by lodasolates ofBacillus spp.
2.2.6.1 Preparation of inoculums

Single colony of each bacterial isolates was seteeind used to inoculate
10 ml of nutrient broth medium, and incubatedhakser incubator (180 rpm ) for
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tpncate, arna mncupdatea aeropicaily (witout 3angyk 101 £ rmeaiurn arna witn
shaking at 180 rpm for Jacques medium at 30 °Ghi@e periods (24 , 48 and72
hrs.) .Each culture was then centrifuged at 4 2@)00 rpm. for 15 min.

Production of biosurfactant was investigated il dede supernatant.
2.2.6.3 Qualitative screening

Qualitative screening for the ability of local iatds of Bacillus spp.of
biosurfactants production were achieved by two dth


http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Two: Materials and Methods 60

2.2.6.3.1 Detection of hemolytic activity (Banat,493)

Haemolytic activity was detected on blood agar medby streaking each
local isolate on blood agar plate and incubated4dfrrs. at 30 °C, then plates
were visually inspected for the formation of clemmnes around the growing

colonies.
2.2.6.3.2 Oil spreading method (Morikawaet al., 2000)

This method was performed by addingu2@f crude oil to the surface of

water layer in large petridishes (25 cm diameteb0ml /petridish). 10 ul of cell —
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according to Mclnernet al. (1990) using Du Nouy ring tensiometer and by

estimation of biosurfactant dry weight .
2.2.6.4.1 Surface tension measurement

Surface tension for each sample was measured Wibegting 15 ml of
cell- free supernatants for 15 min in a small weighdish prior to measuring the
surface tension in which the reading was recordedh@ moment when the

instrument’s ring was detached from the surfaceupiernatant that immersed in it.
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After calibration with D.W., glycerol and isoprapa, respectively, the percentage
of lowering the surface tension was calculated abog to the following equation.

Percentage (%) of lowering the surface tensionS¥1-ST2 *100
ST1
ST1= Surface tension of the medium or water witlamy addition.

ST2= Surface tension of the medium after cell ghomrtaddition of biosurfactant.

2.2.6.4.2 Estimation of biosurfactant dry weight

Cell —free supernatants were subjected to acidmtaiwon by addinag drops
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Optimum conditions for biosurfactant production thye selected isolate of
Bacillus spp. was determined accordingMakkar and Cameotra (1998).

Optimum conditions included the optima of : carlsource, carbon source
concentration , nitrogen source, nitrogen sourc@&ceotration, dipotassium
hydrogen phosphate concentration , pH , temperaturee of incubation and
shaking speed respectively.

Each experiment was done in an Erlenmyer flaskatoimg 50 ml of the
production medium (Bushnell — Hass medium at pHy7inoculating with 0.5 ml

of fresh culture of the selected isolate , theaskKl was incubated in shaker
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incubator (180 rpm) at 30 °C for 72 hrs. Aftecubation , medium pH, surface

tension , OD of bacterial growth and biosurfactigtweight were measured.

2.2.7.1 Effect of carbon source

Five carbon sources (Sucrose, Glucose ,Olive akn@Dil, Machine oil)
were used to determine the optimum for biosurfagemaduction by the selected
isolate ofBacillus spp. Each of these carbon sources was addeeé fmrdduction

medium in a concentration of 2% (w/v) or (V/v).

N N7 DT HfAnt AfF AAvhhAn AATIivAA AArmAAntvrAtiAK
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production by the selected isolate Bdicillus spp. These nitrogen sources were
added to the production medium in a concentratfdh 1% (w/v) or (v/v).

2.2.7.4 Effect of nitrogen source concentration
Different Concentrations (0.15, 0.3, 0.6, 1, 1.5 &%) of the optimum
nitrogen source were added to the production medatetermine the optimum

for biosurfactant production by the selected isottBacillus spp.
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2.2.7.5 Effect of KHPO,concentration
Different concentrations (0.03, 0.05, 0.1, 0.12, 0.5, 1, 1.5, and 2 g/L) of
K,HPQO, were examined to determine the optimum for biastent production by

the selected isolate &&acillus spp.

2.2.7.6 Effect of medium pH
The production medium was adjusted to differentattues (5,6,7,8,9) to
determine the optimum for biosurfactant productlmn the selected isolate of

Bacillus spp.
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To study the effect of incubation period on thdigbof the selected isolate
of Bacillus spp in biosurfactant production , production mediwas incubated for
12, 24, 36, 48, 60, 72 and 96 hrs.

2.2.8 Purification of biosurfactant

Biosurfactant, produced by the selected isolateaoillus spp., was purified
according to Moraret al. (2002) and Dast al. (2008). This was achieved by
centrifugation of the culture medium (10000 rpm) 1® min at 4°C. Cell —free
supernatant was subjected to acid precipitatioradiging drops of 6N HCI to a

final pH of 2 to allow precipitation at 4°C overhig Acid precipitate was collected
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by centrifugation (15000 rpm) at 4°C for 15 mihen pellet was resuspended 2 ml
of D.W., pH was adjusted to 7 with agitation forngaete dissolving, then
biosurfactant precipitate was lyophilized and weigh From the Ilyophilized
biosurfactant precipitate ,200 pg was dissolvediml of D.W. and filtered
through a Centricon Centrifuge Filter (Mw Cut.of36 KDa) at 50009 .

Retentates were diluted in 50% methanol and éttesgain. Filtrates were
dried at 40 °C for 24 hrs. to obtain the biosuidatt

2.2.9 Characterization of the biosurfactant

~ A A a =1 " ] ] . [] r~ [ ] ~AAAAN
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reaches the end of the upper side ( 1.5 cm frontojne then plates were removed
from the tank , air dried and sprayed with D.Wr detection of hydrophilic
compound®r sprayed with rhodamine B prepared in (2.1.3f@0¥etection of the
presence of lipids under ultraviolet light. Theatele mobility (Rn) of each spot

was calculated according to the following equation.

Relative mobility (Rn) = Distance travelled by the compound
Distartravelled by the solvent



http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Two: Materials and Methods 65

2.2.9.2 High Performance Liquid Chromatography

The molecular mass of pure biosurfactant produgethb selected isolate
was determined by HPLC-ES-MS (electrospray-ionizati MS, Agilent
Technology, USA) (figure 2-1)equipped with an elespray ion source. The
electrospray needle and capillary voltage were apdr at 4.5 and 10kV
respectively.

Other conditions were in accordance with the mactufer's
recommendations. HPLC was equipped with a Zorbdyp & XDB-C g analytical

column (4.6x150 mm; Sum particle size). The mobile phase consisted of two parts
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Wythenshaw, Manchester, U.K.).The capillary voltagas 3.50 kV and the

collision gas was argon.

2.2.10 Studying the antitumor activity

2.2.10.1 Cell lines
Four cell lines [ Human leukemia ( K562) ,Human depmal larynx

carcinoma cell line ( Hep-2) , Mice leukemia ( LD2] were purchased from Cell
Bank of Shanghai Institute for Cell Biology (ShaaghChina) ,while the normal
liver cell line (Lo2) was purchased from cell bank Chung Shan hospital
(Shanghai , China).
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Figure (2-1) HPLC-ESI/MS (Agilent 1100 series) wilorbax Eclips XDB-C18
Analytical (4.6x150) mm.

* Human Leukemia ( K562)
The human K562 cell line was established by Lozmao Lozzio (1975)
from a 53 year old patient with chronic myelogentikemia in blast crisis. The

cells are non-adherent and rounded, in culture #gybit much less clumping
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than many other suspension lines ( Lozzio and looA479). This cell line was

used at a passage number 15.

* Human epidermal Larynx carcinoma cell line ( Hep-2)

The Hep-2 cell line was established in 1952 by Maral. from tumors that
had been produced in irradiated-cortisonized wagnhats after injection with
epidermoid carcinoma tissue from the larynx of ayBér-old male, they form
adherent cells. A hardy cell line, Hep-2 resistsigerature, nutritional, and

environmental changes without a loss of viabilitpdlan, 1954).
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NCI in cancer chemotherapy screening studies. ddlidine was used at a passage

number 15.

* Normal human liver cell line (Lo2)
The lo2 cell line was established from an adultn€limail by Cell Biology
of Shanghai institute of Cell bank of China (letial., 2007) this cell line was

used at a passage number 7.
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Cells were recovered by rapid thawing at 37°C imager bath, centrifuged
at 800 rpm for 10 min. at room temperature, thesuspended in 5ml culture
medium [(2.1.4.2.5) for K562 and L1210, (2.1.4.2®y Hep-2 and Lo2]
transferred to a T-25 tissue culture flask, whicaswncubated in a humidified
atmosphere with 5% CQand 95% aiat 37°C for 24 hrs. After incubation, the
medium was replaced with a fresh one.

Counting of viable cells was carried out using a&ayp— blue dye
(0.4%).Dead cells take up the dye and appear biderumicroscope while living

cells exclude the dye and appear white.
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the cell line from the flask surface by adding 2tmbsin solution (2.1.3.11) for
each flask and incubated in a humidified atmospheth 5% CQ and 95% airat
37°C for few minutes until the cells were round tifen dispersed gentlytrypsin
was inactivated by adding 15 ml of the culture raesince its supplemented with
fetal bovine serum (2.1.4.2.6) and subdivided iwo flasks which incubated

under the same conditions.
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2.2.10.3 Cytotoxicity tests
2.2.10.3.1 Preparing the cell lines (Caet al.,2009b)
Cell lines were seeded in 96 waticrotiter plate for the cell viability study
(MTT) and incubated for (48-72) hrs. to a final centration of 100000 cell/ ml
,then treated with different concentrations [ 2,46832,64 pg/ml] of biosurfactant
in methanol produced and purified from the seledethtes and standard surfactin
for 24,48 and 72 hrs. before testing with kit(2.2)5
In order to study caspase activity, Hep-2 cell lwmas seeded in 96well

microtiter plate and incubated for 72 hrs. to fihal concentration of 20000 cell/
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2.2.10.3.2 Cell Titer 96 Non- Radioactive cell Pribération Assay (MTT assay)
* Method:

A volume of 15 pul of the dye solution was adde@ach well of the 96 well
microtiter plate that contain 100 pl of the trelatells or blank then incubated at
37°C for 4 hrs. in a humidified (5% ) G@mosphere , after incubation 100 pl of
the solubilization solution / stop mix was addeceszh well and left for an hour,
the contents of each well was mixed and finally #Hi®sorbance at 570 nm

wavelength of the plate was recorded .
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The cell inhibition rate (%) was calculated accoglito the following
equation (Wangt al., 2007):
Cell inhibition rate (%) = [(Average absorbance @dntrol cells— Average
absorbance of treated cells)/ Average absorbancentfol cells]x100

Data were analyzed by 2-way analysis of variancth VANOVA- test
followed by Duncan test. Data were presented asimehthree replicates + SD.
The level of significance P < 0.0#s used for analysis of variance test (ANOVA)
(Al-Mohammedet al., 1986).
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reagent.
* Reaction preparation
The following reactions were prepared to detegpass -3 and -7 activities in cell
Culture.
[0 Blank reaction :compose of the following Caspas&10 3/7 reagent,
vehicle solvent of protein ,cell culture mediunttwaiut cells.
[J Negative control : Caspase —-G10 3/7 reagahwahicle —treated cells in

medium.
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Blank reaction was used to measure background ksoance associated with
the cell culture system and Caspase —G10 8agent ,so the value for the

blank reaction was subtracted from experimentalesl

» Method
[ For each well of cells treated with biosurfactéhf(10) equal volume of the
reagent was added and mixed well, then incubated fos.

[ luminescence from the plate was measured by lumitem
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O1 Ccell culiture T1iuia was adaed tnen opservea wimmrescence microscope

(fluorescence wave length (529 nm and 590 nm).
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Recommendations

1- Genetic study on the biosurfactant producer locally isolated Bacillus isolates
(B1,B2,B3,B4,B5,B6,B7,B8,B9,B10) to determine the genetic eements
responsible for biosurfactant production.

2- Mutagenesis of Bacillus B6 to develop its ability in biosurfactant production

using physical and chemical mutagens.

3- Studying the biological activity of the selected isolates as antimicrobial,
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3. Results and discussion
3.1 Isolation and identification of biosurfactant -producing Bacillus species
3.1.1 Isolation and primary characterization ofBacillus spp.

In order to isolate biosurfactant producirigacillus, 45 heavily oil
contaminated soil samples were collected from &tations and Al- Dorah oil
refineries in Baghdad Province, from which 109 baat isolates were isolated .

Oil contaminated soil were chosen for isolatiorbimisurfactant producinBacillus
since they create a selective niche to such migesosms that have enhanced
ability to utilize hydrocarbons as nutrition soufGahmaret al., 2002 ; Rahmaret
al., 2003; Priya and Usharani, 2009).
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according to Collins and Lyne (1985), Claus ankBley (1986) and Fritz (2004)

all these features were characteristicBauillus spp.

Such high percentage Bhcillus isolation (80.7 % of the total isolates) was
expected due to the predominantBaiillus spp in the soil (East al.,2008) and
to the selective isolation method was used thabsaphigh temperature (80°C) on
the sample which will select fdBacillus that can survive due to their spores
formation (Claus and Berkeley ,1986).
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3.1.2 Screening of biosurfactant producing isolates

To detect the biosurfactant production ability lué 88Bacillus isolates, two
detection methods were used , the surface tenseasumements and haemolytic
activity on sheep blood agar medium .

Results indicated in table (3.1) showed that 87tdvad isolates were
capable of lowering surface tension (ST) of thel ¢dete supernatant after
cultivation in E medium, while only 49 isolates weable to haemolyse blood
when grew on blood agar plates. Although some neg#olates with the later

detection method were capable of lowering (ST)hwibticeable percentages
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in E medium, ten isolates were chosen for furthaies named (B1, B2, B3, B4,
B5, B6, B7, B8, B9, B10) as shown in table 3.2.

The ability of these ten isolates in lowering (8¥@s also studied by another
detecting method (oil spreading method), resultstahle (3-3) showed that
diameter of the oil spreading was proportional vaivering of surface tension by

tensiometer, such results were also recorded lyyaRnd Usharani, (2009).
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Table (3-1) Detection of biosurfactant activity measurement (ST) of E medium
by Du Nouy ring tensiometer and blood haemolysshwmds after cultivation in E
medium for 24 hrs.

Number of Percentage of | Number of Blood
isolates lowering the isolates haemolysis
surface tension%?

18 28-30 14 +
4 -

23 25-27 11 +
12 -

40 14-24 19 +
21 -
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L/u I\IUuy (B} IU LCTIHIOIVIITLITLCOI .
Symbol of isolate§ Percentage of lowering
surface tension%
Bl 29.10
B2 29.54
B3 29.72
B4 28.60
B5 29.55
B6 29.56
B7 29.55
B8 28.40
B9 30.00
B10 29.20
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Table (3-3) Detection of biosurfactant activity easuring lowering of (ST) of
Jacques medium by Du Nouy ring tensiometer andsmi€ading method after
cultivation in Jacques medium for 72 hrs (180 rpm).

Symbol of Percentage of | Oil spreading
isolates lowering surface| method (cm)
tension%

Bl 43.3 6.3

B2 42.3 6.0

B3 41.5 5.8

B4 46.2 7.0

B5 44.6 6.5

RA 43 / A 3
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In order to amplifyl6S rDNA for local isolates Bhcillus spp., genomic
DNA of the selected isolates was extracted to pi®va PCR template for the
amplification.

Purity ratios of the extracted DNA samples wer8-1L9) which indicates a
high purity since a pure DNA preparation has exge&260/A280 ratio of1.8.
Which are based on the extinction coefficients wéleic acids at 260 nm and 280
nm (Maniatiset al., 1982).
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Such results were also observed when the DNA samwpége analyzed by
gel electrophoresis, in which sharp DNA bands witected indicating purified
DNA samples as shown in figure (3-1)

The concentrations of the DNA samples were rangyedsn (24-79) pg/ul.
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Bacillus B4, Lane (8)Bacillus B3 , Lane (9)Bacillus B2 , Lane (10)Bacillus B1,
Lane (11): 15Kb DNA landmark ladder

3.1.3.2 Amplification of 16S rDNA
Two sets of primers were used to amplify the 168AD

Forward Primers:

(B16SF) 5TGTAAAACGACGGCCAGTGCCTAATACATGCAAGTCGAGCG-3
(27F)  SAGAGTTTGATCCTGGCTCAG-3

Reverse Primers:
(B16SR) 5CAGGAAACAGCTATGACCACTGCTGCCTCCCGTAGGAGT-3
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(1492R) 5ACGGTTACCTTGTTACGACTT-3

The first set (R6SF and B16SRyvere used to amplify the’ end region
(approx. 275 bp) which was the hypervariant redld¥ region) in thdl6S rDNA
gene and was highly specific for each ty of bacterialstrain of Bacillus
spp.(Goteet al., 2000).

In order to check the specifity of the amplificatiby the useqprimers, gel
electrophoresis wasarried out ¢ shown in figure (3.2 which revealed sgle
amplicon band with proximal size 300 while the other band of about 100bp <

that appeared reflect primers polymeriza.
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(Figure 3.2) Agarosed} electrophoresis for a PCR amplification16S rDNA by
the set of primers (B1&Sand EL6SR) of theBacillus isolates on (0.8%) agaro
gel for 15 minutes, 72 voltac
Lane (1) :BacillusB10, Lane (2)Bacillus B9, Lane (3)Bacillus B8, Lane (4):
Bacillus B7 , Lane (5)Bacillus B6, Lane (6)Bacillus BS , Lane (7, Bacillus B4,
Lane (8):Bacillus B3 , Lane (9)Bacillus B2 , Lane (10)Bacillus B1, Lane (11):
2Kb DNA landmark ladde
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PCR products were purified and sequenced as #liestrin figure (3-3) and
(appendices 1-9) which showed the complete nudeosequence of the HV
region of the 16S rDNA gene.

GAATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACAC
GTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGGAAACCGGGGCT
AATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATAAAAGGTGGC
TTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGA
GGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTG
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with the NCBI data base, results showed thahallselected isolates were belong
to theBacillus species with (99- 100) % similarities with quewverage (92-93)
% ,such results were also obtained by Gaital.( 2000) who revealed that this
(HV) region was highly conserved within the species

Also it was found that as shown in table (3-4) plaetial 16S rRNA gene
sequences of all isolates show sequence similaoitgertain Bacillus strains
mostly toB. subtilis.

One other set of primers was used (27F and1492R)chware universal

primers for amplifying complete 16S rRNA gene Bécillus to identify the
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selected isolates to the strain level (Akhmalakal., 2006 ;Thomas, 2004; 2006 ;
Cerritoset al.,2008).

PCR products for the selected isolates were obdeore agarose gel
electrophoresis. The result showed an amplicon ianeéach one with the size of
1.5 kb respectively ( Figure 3.4).
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the set of primers (27F and1492R) of Bexillus isolates on (0.8%) agarose gel
for 15 minutes, 72 voltage. Lane (12Kb DNA landmark ladder, Lane (2):
Bacillus B10 isolate , Lane (3)Bacillus B9, Lane (4):Bacillus B8 , Lane (5):
Bacillus B7, Lane (6)Bacillus B6 , Lane (7)Bacillus B5, Lane (8)Bacillus B4 ,
Lane (9):Bacillus B3, Lane (10)Bacillus B2, Lane (11)Bacillus B1.
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Results from sequencing (Appendices10-11) showedtth length of the
specified piece of 16S rDNA gene for two isolatBé @nd B9) while the other
eight isolates were partially sequenced due to Iewpcture in the amplified
amplicon so molecular analysis was done by usangjgd 16S rDNA sequences
from the 5 (632basesand 3 ends (725 bases) of first strand to these isosateh
results were also obtained by Thomas (2006).

Alignment of these sequences with NCBI data bagealed that strain B6
show sequence similarity 100% tB. subtilis ( Genebankaccession no.
AB526464.1 and AB383135.1) with query coverage 1088d with the higher

score, other strains show similarities range (96)1% with (41) B. subtilis,
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and Bacillus sonorensis. (Fritz ,2004).

Other sequences of the rest studied isolates h®»® the greatest sequence
similarity to a large number d. subtilis as shown in table (3-4) in comparing
with otherBacillus spp.

Leeet al., (2007) depended partial sequencing of the 166ArBene and
partial gyrA gene to identify a strain oB. amyloliquefaciens , they found that the
partial 16S rRNA gene oB. amyloliquefaciens LP03 exhibited over 98%
homology with mosBacillus species, but the partigirA gene showed greater
homology withB. amyloliquefaciens (95%) than otheBacillus species (less than
83%). While Joshet al. (2008) got 98% sequence similarityBosubtilis as per
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NCBI, BLAST (Genbank accession no. DQ 922951) whkgn the partial 16S
rRNA gene of the strairB. subtilis 20B which was already identified by
biochemical tests & subtilis.

3.2 Selection of the best biosurfactant productiomedia

In order to select the best productiordiador biosurfactant production by
the selected isolates, two media were used; E mediod Jacques Medium
(Youseefet al.,2004 ; Jacquest al. ,1999).

Results shown in table (3-5) illustrated that desgmedium was the best
one for biosurfactant production compared to E mwedsince a high percentage of

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.

2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

Symbol of Percentage of Percentage of lowering
Isolates lowering (ST) in surface tension in E
Jacques medium (9 medium (%)
Bl 43.3 29.10
B2 42.3 29.54
B3 41.5 29.72
B4 46.2 28.60
B5 44.6 29.55
B6 43.5 29.56
B7 43.7 29.55
B8 45.0 28.40
B9 42.5 30.00
B10 42.1 29.20
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3.3 Optimum period for biosurfactant production

The selected. subtilis isolates (B1, B2, B3,B4B5, B6, B7, B8,B9,B10
were propagted in Jacques mam for different periods of time in order
determinghe productionime for biosurfactanproduction fron each isolate.

Results from figure3-5) revealed that maximum yialdg/l) of the surface
active agents produced IB. subtilis isolates B1 ,B2, B6B7,BS and B10 were
achievedafter 48 hours of incubation , followed by droptie yield whicl may
result from the consumption of biosurfactant asdbaon sourceafter depletion of
nutrients in the brothShaligram and Singhal, 20). It was also foud that

surfactin acts agend product inhibor which lead tolower yield Drouin and
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Figure (3-5 Dry weight of biosurfactanproduced byBacillus subtilis isolates

propagated in Jacques medium for different incobaime.
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3.4 Purification of biosurfactant produced by the slected isolates

Combination of techniques were used to purify bifzsttants produced by
the ten selected. subtilis isolates , beginning with acid precipitation of
biosurfactant in cell — free supernatant to ciizea biosurfactant since such
compounds tends to become insoluble at low pH dush&rge neutralization and
protonation of carboxylic acid side chains of aipaor glutamic acids in the
peptide portions of these molecules (Maneerat dedréng, 2007).

The obtained brown precipitates were solubilize@lkaline D.W to retain
their surface active lowering activity followed byophylization and weighing to

calculate the primary yield of biosurfactant (gfilbooth) as shown in table (3-6).
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Bacillus isolates after cultivation in Jacques medium fog optimum period of
incubation.
Isolates Symbol Incubation Partially purified
periods (hrs.) biosurfactant (g/l)
Bl 48 2.050
B2 48 3.050
B3 72 1.625
B4 72 3.600
BS 72 1.425
B6 48 1.725
B7 48 1.250
B8 72 1.875
B9 48 1.025
B10 48 1.100
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For further purification, a two-step membrargafiltration process was
performed for each sample; the first step to reantaw molecular weight
contaminant, while the high molecular contaminargreavremoved during the
second step of ultrafiltration ((Liet al, 1998a, Isa&t al.,2007 ).

Results in table (3-7) showed the yield of purifledsurfactant, Chest al.
(2007b) got 97% recovery of the initial concentratof surfactin by this method.

Table (3-7) Weight of purified biosurfactant frornet selected. subtilis

isolates by two steps ultrafiltration method.
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B9 0.125
B10 0.150

3.5 Characterization of purified biosurfactant
3.5.1 By thin layer chromatography (TLC)

Characterization of biosurfactants produced by tdre selected. subtilis
isolates was done by TLC analysis which was fretiyeeamployed for the
characterization of biosurfactants (Javaleeal., 1985; Mclnerney €t al., 1990).
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Each sample of purified biosurfactant was dissolve@bsolute methanol
and analyzed on silica gel plates by using chlorofmethanol-water
(65:25:4vlviv) as the mobile phase.

Thin-layer chromatography of the purified biosutéat and standard
surfactin revealed white spots when the plate \pasygd with water as indication
of hydrophilic compound (Figures (3-6) and (3-78ame spots were appeared
with the rhodamine B when examined under UV lighdlicating the presence of
lipids in the compounds. As a conclusion, purifiedsurfactants were belonged to

the lipopeptide family.
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Figure (3-6) TLC analysis of biosurfactants progl by B. subtilis isolates
(B1,B2) ,st: standard surfactin

Results of table (3- 8) showed that the relativebifitg (Rm ) of standard
surfactin was (0.6) with single spot. Regarding igolates, purified biosurfactants
from isolates (B1, B2) were separated into thres fanr spots, resprctively, and

biosurfactants from isolates (B3.B7,B8,B5) wereasafed into two spots, while
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(B4,B6,B9,B10) wee separated into a single sp However, almost all isolates
were capable to produce one spot that align wihsihot of standard surfactin
indicating that all isolagewere capable in producing surfa. This fact was also
supported by the lanolytic activity of all the selected isols, a characteristic of
the surfactin (Moraut al., 2002).
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Separationof other spots indicatedhe presence of differe species or
isoforms of biosurfactants which wi detected in many strains Bacillus such as
B. subtilis complex BC1212 that proded four surfactinsoforms(A,B,C and D)
differedslightly in their physiological properties ( Kiet al., 2006. Sandrinet al.
(1990) isolatedB. subtilis S 499 strain thaproduced surfactin and antifung

lipopeptides belonged the iturin family.
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Table (3-8) Relative mobility of the purified suckaactive agents produced by the
B. subtilisisolates (B1,B2,B3,B4,B5,B6,B7,B8,B9,B10) aft&iCI Separation .

sample Number of spots Relative mobility
(Rm)
Standard surfactin 1 0.6
Bl 3 0.4,0.5, 0.6
B2 4 0.1,0.4, 0.5, 0.6
B3 2 0.1,0.6
B4 1 0.6
B5 2 0.1, 0.6
B6 1 0.6
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followed by ms/ms analysis to study the amino agdgquence in the purified
biosurfactants.

Under same purification conditions , the purifiadspirfactant produced by
the isolateB. subtilis B6 were resolved into main five fractions on HPwith the
same retention time as standard surfactin (fig(8€® and (3-9)).

Separation of standard surfactin into several iibast was due to the fact
that natural surfactin produced bB. subtilis was a mixture of isoforms with
slightly different properties as a result of sulbgitbons in amino acids and the
aliphatic chain (Grangemastlal., 1997).
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Figure (3-8) HPLC spectrogram of standard surfatam Sigma-Aldrich

I A1 A Sig=220,16 Ref=350.100 (L0225 HNOOO004. 00 Tl
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subtilis B6.

In order to compare the molecular mass of standamdactin and the
purified lipopeptide, lon extracted chromatogrdi®(Q) of fractions retained in
the HPLC were studied by HPLC- mass .

Results of table (3-9) and chromatogramagpendices (21-30) showed that
both standard surfactin and purified lipopeptidd tree same molecular weight.
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Table (3-9) Results of IEC of the standard surfaatid purified lipopeptide .

Retantion time | Retantion time
(minutes) of (minutes) of
m/z m/z Molecular
peaks of peaks of . .\ _
» [M+H] [M+ Na] weight (Dalton)
standard purified
surfactin lipopeptide
8.4 8.4 995 1017 993.92
9.9 9.8 1009 1031 1007.9
13 12.8 1023 1045 1021.9
16 Q 16 A 1037 1059 1035 Q
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give important information about the connectingatienship of the peptide since
the difference between any two peaks was the miagsedost fragments so the
differences can be used to determine the conneafisome amino acid residue in
a peptide chain (Wang al.,2007 ; Caoet al.,2009b).

So each peak in table (3-6) was furthegrfranted by MS2 which generating
an identifying mass spectrum for each componetitermixture.

The mass spectrum of [M+Nahat m/z 1059 (figure 3-10) showed the
connection of the following amino acids Leu -Lésp —Val ( as a result of peak
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1059.3— 945.7— 833.6— 718.5— 619) while the peaks (7075 594.5—
481.4 — 365.4 ) suppose the connection of Leu- Leu —Asp.

In addition , according to the mechanidnfdmuble hydrogen transfer), the
C-terminus of the peptide was formed at peak 8@hih represent the loss of
Leu-Leu-OH, which suggests that a leucine residue servégat{terminus of the
peptide chain (Yangt al.,2006).

Intens. +MS2(1059.3), 16.5min #1062
X106,
707.5 8147
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revealed the same amino acids connection for thaiest lipopeptide as shown in

appendices (31-34).

3.6 Optimization of biosurfactant production by isdate B. subtilis B6
3.6.1 Effect of carbon source

Carbon source represents an important factor isufactant production;
therefore, several kinds of carbon sources wetedde optimize the production of

biosurfactant.
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than sucrose in increasing the surfactin yield,|éter was better in enhancing the
percentage of (ST) reduction.

Addition of water insoluble carbon source (Olivg @orn oil, machine oil)
didn’t support the production of biosurfactant.

This characteristic for the carbon sources utilmatvas in accordance with
Sandrinet al., (1990) and Kim'st al, (1997) results that found. subtilis prefer
the water-soluble carbon sources especially glydosegtose and sucrose as carbon
sources to produce biosurfactants while, additibthe hydrocarbons to culture
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medium completely inhibited surfactin production . subtilis (Davis
etal.,1999) .

Makkar and Cameotra (2002) found thaacillus subtilis MTCC 2423 was
unable to utilize sodium acetate as a carbon sdorcéiosurfactant production,
while Liu et al., (2009) found that in medium containing olive oiB. subtilis can
grow and produce biosurfactant but was unable ¥eetothe (ST). In contrast,
glucose, sucrose and sodium supported the produstibiosurfactant

When the biomass and biosurfactant productiom8.bsubtilis B6 grown on
different carbon sources wecempared, great variations in the O.D. of cells and

concentration of lipopeptides were recorded. Maximum O.D. values ewer
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As a consequence of these results sucrose wasysiginsly used.

3.6.2 Effect of carbon source concentration
Different concentrations (0.5, 1, 2, 3, 4, 5%) ofr®se after was chosen as
the best carbon source for surfactin productiorrewsed to propagai subtilis

B6 to determine the optimum concentration.
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producing isolateBacillus B6, since the O.D of the bacterial growth dropfrech
1.6 at 1% sucrose concentration to 1.3 at 2%.

Regarding lowering ST, highest percentage was médaiat sucrose
concentration of (1%), while higher or lower conications caused decreased in
the percentage.

These results were in accordance with Hartoto aatddnwidjaja (2002)
who studied the importance of sucrose and its aurasgon in surfactin production
by Bacillus sp.BMN14 in a shaker flask. They found that an optimsunfactin

production with lower ST and higher bacterial mags reached at sucrose
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concentration of 2%, but dropped when the conaéotrs increased or decreased
from that.

3.6.3 Effect of nitrogen source

Biosurfactant production was depending on the gérosource used in the
fermentation. As seen from figure (3-13), inorganitrogen sources were more
efficient in enhancing the isolate for productioh mosurfactant than organic
sources. Also, it was observed that among the arocg nitrogen sources,
potassium nitrate was the best as it caused thmluption of highest yield of

biosurfactant (0.6 g/l) along with highest redotin ST (54%) ,while ammonium

[P A AP [ N | -t TP R PR < -] G-IRGRY R R (RS S - Y R §
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(4.051,4.018,2.045,1.69,1.67).

As a consequence of these results potassiumenitvas chosen for next
experiments.

These results were in agreement with Makkar and&oénma (2002) ) who
noted potassium nitrate salts as a preferablegatrasource for the biosurfactant
production byB. subtilis MTCC 2423. However, Haddad al. (2009) found
itammonium sulphate ,while, Abushady al.(2005) mentioned ammonium
nitrate, and Ghribi and Ellouze-Chaabouni (legsr) mentioned urea as the best

nitrogen source by different isolatesEfsubtilis, furthermore, another group (Wu
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et al.,2007) use a mixture of two nitrogen sources

:ammonium nitrate) in a ratio (1:2) to produce bidactant byBacillus spp.
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3.6.4 Effect of nitrogen concentration

The effect of different concentrations of potassinitrate on biosurfactant

production which was chosen as the best nitrogarceovas studied.

Results illustrated in figure (3-14) showed tha thptimum concentration

was 0.3% for both biosurfactant yield and lower8i§, which drop dramatically

above this concentration while,

biosurfactant production .

lower concentratibad

lower effect on
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3.6.5 Effect of phosphate concentration
Effect of phosphate concentration on biosurfag@atiuction was studied.
Results in figure (3-15) showed that optimum com@dion was 1g/l for
biosurfactant production which decreased when pgiatspconcentration change

above or below the optimum concentration.
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biosynthesis at high concentration is that phosphgression might play a role in
the regulation of surfactin production, which isisstent with the negative effect
of easy utilizable phosphate source on the biogamhof antibiotics and other
secondary metabolites at the level of transcripfioras et al.,1990).

While in some B. subtilis strains, high phosphate concentration was
demanded to increase the yield of biosurfactarfbasd by Kimet al. (1997),B.
subtilis C9 required as much as 13.5%HRQO, for production of high yield

biosurfactant.
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3.6.6 Effect of pH

The pH of medium plays an important role in bioaatdnt production, so to
different pH values the production media was aéjist

Results from figure (3-16) revealed that the optimpH for biosurfactant
production was 8 and the yield drop when pH dee@as increased from that

value.

== Dry weight of biosurfactant

100 ' SR G
30 L 1.4
80

surface

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

1 |3U||\., \U -I-\J/ —illTvutL VI |~JI 1 Vil vivouJuliuavieial i HIUWMLIIUIII LJ: JUMLIITTOY WU, HIUVVII

with 1% sucrose, 0.3% KNQand 1g/L KHPQO, at 30 °C in a shaker incubator
(180 rpm) for 72 hrs.

These results were in accordance with that of dystonducted orB.
licheniformis byAli et al. (2010) and Huszcza and Burczyk (2003) when they
studied the biosurfactant production Bycoagulanse.

Sepahyet al. (2005) found that very low yield of surfactin weecorded
when the production medium Bf subtilis was adjusted at pH values lower than

6.5, and the maximum yields were achieved at agmde of (6.5- 8.5).
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Makkar and Cameotra (2002) found tBatubtilis strain MTCC 2423 was
able to produce biosurfactant in a pH range of-(4(5), although the maximal
yield of the biosurfactant was obtained at pH 72002).

3.6.7 Effect of temperature

Different temperatures of incubation were investdato study their effect
on biosurfactant production.

The optimal incubation temperature was 30°C foisbifactant production
as illustrated in figure (3-17) followed by 37 °@dadropped significantly at 40°C
and 28°C while the OD. of the bacterial growth visiggher at 30°C followed by
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above 40 °GMakkar and Cameotra, 2002; Sepahy et al., 2005).

3.6.8 Effect of incubation period
The surfactin production medium was inoculated wBtbubtilis B6 and
incubated for different incubation periods from B8- hrs, figure (3-18) show that
surfactin concentration increased with the incrdasencubation period up to 72
hrs but surfactin concentration was decreasedtiwlother incubation periods.
Also it was observed that reduction in ST was nghly effected by the

incubation period.
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Fig (3-18) Effect of incubation period on biosutint production from
B. subtilis B6, grown with 1% sucrose, 0.3% KN@nd 1g/L KHPG,, pH 8, at 30
°C in a shaker incubator (180 rpm) for 72 hrs.
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In this regard Abushadi al. (2005) found that there was no biosurfactant

production before 24 hrs,. but it increased umdahed its maximum at 72 hrs.
Above that, no further increases in the concemnatras observed.

Ali et al. (2010) repoted that best incubation time forraigtof B. licheniformis
was 72 hrs of incubation and biosurfactant productivas decreased in other

incubation periods used.

3.7 Biological activity of purified biosurfactants
3.7.1 The cytotoxicity assay by MTT Kkit
In order to evaluate the potential antitumor attivof the purified
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A. Cytotoxic effect on K562 cell line.

The results in tables (3-11),(3-12) and(3-13) r&aakdhat lipopeptide from
B. subtilis isolates (B2,B3,B4,) showed low effect on thelifgmation of human
leukemia (K562 ) cell line during all periods ofpasures, while lipopeptide
produced byB. subtilis isolates (B1,B5,B6,B7,B8,B9,B10) had cytotoxiceeffon
K562 proliferation as were shown in tables (3-1@)14), (3-15),(3-16), (3-17)
,(3-18) and (3,19) with high significant inhibitialate at highest concentrations

which were being decreased gradually as concemisatiecreased too..
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These results were in accordance with @hal. (2009a) results which
showed that lipopeptide produced Bacillus natto TK-linduce significant
reduction in K562 cell line viability in a dose dgment manner at 48 hrs. of
exposure.

It was observed from tables (3-15), (3-16) and §3-that there were no
significant differences at (P<0.05) between intloh rate when lipopeptide
concentrations 240mg/l and 200 mg/l were used frBmsubtilis isolates

(B6,B7,B9).

Table (3-10) Cytotoxic effect of the purified lipeptide produced bg. subtilis
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D,a B,b Ca

80 5.58 +0.535 13.167 + 3.495 7.753 £ 0.645
E,a C,a D,a

40 0.15 +0.05683 0.192 +0.118 0.119 +0.019
E,a C,a D,b

20 0.172 +0.09678 | 0.11903 +0.09119| 0.3424 +0.03704

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differen@®<0.05) between means of columns
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Table (3-11) Cytotoxic effect of the purified lipgptide produced bB. subtilis B2

on K562 cell line.

Exposure
time

~

Concentrations

Inhibition rate% (mean +SD)

24 hrs. 48 hrs. 72 hrs.
mg/l
A,a ADb A,Cc
240 0.24740+0.09787 0.0975+0.1147 0.11613+0.07716
A,a ADb A,Cc
200 0.31703+0.05919 0.1468+0.1274 0.08280+0.05631

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differen@<0.05) between means of columns
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lipopeptide fromB. subtilis isolates (B1,B5,B6,B8,B10) became less inhibitor f

malignant cell proliferation ,this may be duehe tlevelopment of resistance cells

since it was found that some malignant cells caheeihad repair system that

became activated to overcome the damage done lantihemor agent (Ledzewicz

, 2006) or may be the antitumor agent was susdepttbABC transport proteins

which remove molecules out of the cell, thus anrovexpression by gene

amplification for example in these molecules is immportant mechanism for

resistance to various drugs and antitumor agém® (@nd Unadkat, 2005)
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Malignant cancer cell populations were highly hegeneous - the number
of genetic errors present within one cancer cek lin the thousands and fast
duplications combined with genetic instabilitiesoypded just one of several
mechanisms which allow for quickly developing acqdiresistance to anti-cancer
drugs (Loeb,2001).

When all the results of cytotoxic effect exhibitbg lipopeptide from
B. subtilis isolates (B1,B5,B86,B7,B8,B9) on K562 cell line wecompared
together B. B7, was found to be the most effective with IGE@0mg/I for 72 hrs.
of exposure.

While lipopeptide from isolates (B1, B6, B9) afi2b,B8) induce IC50 at

This is a watermark for the trial version, register to get the full one!
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(wanget al.,2009).

Surfactin has also been reported to have an arditusativity against
Ehrlich’s ascite carcinoma cells (Kamedal., 1974), another study on the effect
of surfactin on the proliferation of a human cot@rcinoma cell line showed that
surfactin strongly blocked the cell proliferationhieh was due to apoptosis
induction and cell cycle arrest via the suppresssbrecell survival regulating
signals such as ERK and PI3K/Akt (Kiehal.,2007).
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Table (3-12) Cytotoxic effect of the purified lipgmtide produced bB. subtilis B3
on K562 cell line.

Exposure o
time Inhibition rate% (mean +SD)
-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/l

Aa Aa Aa

240 0.7117+0.5187 0.1762+0.2045 0.1223+0.0558
Aa A a Aa

200 0.7+0.5456 0.1658+0.1254 0.1148+0.1655

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differen@®<0.05) between means of columns
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Exposure o
time Inhibition rate% (mean +SD)
Foncentrations 24 hrs. 48 hrs. 72 hrs.
mg/|

Aa Ab Ac

240 0.24410+0.05604 0.10483+0.08625 0.6378+0.1081
Aa Ab Ac

200 0.28580+0.04655 0.19417+0.06576 0.5567+0.1369

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differen@®<0.05) between means of columns
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Table (3-14) Cytotoxic effect of the purified lipgptide produced bB. subtilis BS

on K562 cell line.

Exposure
time Inhibition rate% (mean +SD)
Concentration 24 hrs. 48 hrs. 72 hrs.
mg/l
Aa A,a A,a
240 83.12 £5.85 91.307 +3.36 85.27 +£2.29
B,a B,b B.,b
200 25.993 +6.655 75.42 +4.958 66.26 +8.793
C.a Cb C.a
160 0.183 +0.08904 17.547 £3.697 1.450+0.268
C.a Cb Ca
80 0.2752 £0.13912 10.513 £3.177 0.1725 + 0.03128

This is a watermark for the trial version, register to get the full one!
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3.No page quantity limitations for converted PDF files.

Concentratloﬁ\ 24 hrs. 48 hrs. 72 hrs.
mg/l
A,a Ab Ab
240 73.58+3.758 92.29+1.066 84.113+0.357
B,a Ab Ab
200 64.1+3.09 89.597+1.974 84.823+1.372
C,a B,b B,b
160 38.31£0.6 77.17746.121 68.36+6.05
D,a Cb C,ab
80 8.547+2.021 20.493+2.532 13.714+3.293
E,a D,b D,b
40 0.0908+0.03904 7.097+0.616 3.377+3.129
E.,a E,a D,a
20 0.06347+0.05484] 0.1315+0.00537 0.09243+0.0479

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns
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Table (3-16) Cytotoxic effect of the purified lipgptide produced bB. subtilis B7
on K562 cell line.

Exposure
time Inhibition rate% (mean +SD)
Concentration 24 hrs. 48 hrs. 72 hrs.
mg/l
Aa Aa A,a
240 85.99 +0.54 90.84 +4.96 90.94 +0.253
B,a A,a Aa
200 77.15 +5.996 87.31 +5.44 86.87 +3.626
C.a B.,a B.b
160 26.443 +3.301 30.273 £3.091 70.907 +2.057
D,a C.a C.b
80 7.813 +4.033 6.53 +5.65 57.17 £1.254
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Concentratloﬁs\ 24 hrs. 48 hrs. 72 hrs.
mg/l
A,a Ab A,a
240 79.103+2.96 89.86+1.65 82.11+0.139
B,a B,a B,a
200 40.42+8.08 61.61+2.99 50.49+0.6
C,a Cb Ca
160 0.023+0.008 11.797+3.939 1.581+0.648
C.a D,b C,a
80 0.908+0.119 4.467+1.569 0.2889+0.1182
C,a D.,a Ca
40 0.130+0.008 0.19413+0.02441 0.152+0.1685
C,a D,a C.a
20 0.0897+0.04753 0.05697+0.05932 0.0187+0.0251

Different upper case letters: significant differe{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-18) Cytotoxic effect of the purified lipgptide produced bB. subtilis B9
on K562 cell line.
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Exposure
time Inhibition rate% (mean +SD)
-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I

A,a A,a Ab

240 71.58+1.45 70.723+1.397 87.52+4.04
B,a Aa B.b

200 60.945+6.739 65.873+2.079 80.91+2.935
C.a B.,a C.b

160 48.307+4.159 48.035+3.939 63.58+2.01
D,a Cb D,c

80 4.133+0.531 10.860+3.762 23.07+0.762
D,a D,b E.b

AN 2 BE2RA+N BN 7 NAN+1 Q1 Q NR7+2 207

30ncentratm\ 24 hrs. 48 hrs. 72 hrs.
mg/l
A,a Ab A,Cc
240 17.54+2.89 55.865+1.6242 28.75+0.22
B,a B,b B,b
200 0.23003+0.04322 21.23+3.23 14.57+0.28

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns

B. Cytotoxic effect on L1210 cell line.
The effect of the purified lipopeptide on malignaahimal cell line

proliferation was studied through treating micekiemia ( L1210) cell line with
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different concentrations of lipopeptides produbgdB. subtilis isolates (B1, B2,
B3, B4, B5,B6,B7,B8,B9,B10) for 24,48,72 hrs.

Results illustrated in tables (3-21) and (3,23eeded that lipopeptides from
isolatesB. (B2, B4) were ineffective in inhibition the grdwtate of the tested cell
line for all the exposure times while lipopeptidem B. subtilis isolates (B1,B3,
B5,B6, B7, B8, B9, B10) inhibited the growth rateda dose dependent manner as
it increased towards the higher concentrations wsitinificant differences at
(P<0.05) as illustrated in tables (3-20), (3-23)24), (3-25), (3-26), (3-27) ,(3-
29).

Highest inhibition effect byB. subtilis isolates (B1,B3,B5,B86,B7,B8,B9)
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mg/l N L4 111D, 40 111>, 1 £ 111D,

A,a Aa Ab

240 87.68 +1.64 93.74 +0.12 54.14 +8.32
B,a Ab AB,c

200 69.297 +8.831 88.72 +£1.98 45,57 +4,1079
C,a B,b B,a

160 44.24+1.834 52.913 +7.437 37.92 £1.133
D,a C,a C,a

80 1.153 +0.508 2.123 +0.799 1.857 +0.4397
D,a C,a Ca

40 0.009 +0.00052 0.0143 +0.02181 0.0201+0.00469
D.,a Ca Ca

20 0.00703 +0.00431) 0.01463 +0.01488| 0.03873 +0.03791

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@<0.05) between means of columns
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Table (3-21) Cytotoxic effect of the purified lipgptide produced bB. subtilis B2

on L1210 cell line.

Exposure
time

Inhibition rate% (mean +SD)

Concentrations 24 hrs. 48 hrs. 72 hrs.
mg/|
A,a Ab A,Cc
240 0.07353+0.02832 0.1681+ 0.1104 0.6039+0.2718
A,a B.b A,a
200 0.15283+0.03682 0.7993+0.1078 0.1171+0.0560

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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ume HITNVIUVIL TALT 7V \llITaAll Low)
Foncentrations 24 hrs. 48 hrs. 72 hrs.
mg/l
Aa Aa Ab
240 60.113 +8.887 72.338 5.8 21.68 £13.025
B,a B.,b A,a
200 1.480+0.156 6.765+1.888 1.5 +0.427

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns
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Table (3-23) Cytotoxic effect of the purified lipgmtide produced bB. subtilis B4
on L1210 cell line.

Exposure o
time Inhibition rate% (mean +SD)
-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/l

Aa A,b A

240 11.09 +4.401 32.18 +7.99 0.3866+0.4223
Aa B,a Ab

200 6.724+5.608 6.61 +2.669 0.1612 +0.1182

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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30ncentrat|on\ 24 hrs. 48 hrs. 72 hrs.
mg/l
A,a Aa Ab
240 84.09+6.886 86.63+2.498 69.35 +13.18
B,a B,b B,c
200 59.383 +4.211 75.46 £3.317 4557 +8.96
Ca C,a B,a
160 36.748+2.539 37.55 +6.11 34.087+3.301
D,a D,b C,a
80 1.003 +0.718 19.68 +2.041 0.887+0.105
D,a E.b C,a
40 0.174+0.17 1.753+0.767 0.329+0.103
D,a E.b C,a
20 0.02+0.02 1.032 +1.429 0.014+0.008

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-25) Cytotoxic effect of the purified lipgptide produced bB. subtilis B6
on L1210 cell line.

Exposure
time Inhibition rate% (mean +SD)
-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I

A,a ADb Ab

240 71.685%5.805 88.51 £3.5 76.86 £4.8624
B,a B,b B,a

200 51.84 +£7.44 82.62 +0.44 61.97 £7.894
C,a Cb B,c

160 37.717 +5.958 72.273 +1.945 53.813+2.564
D,a D,b Cc

80 3.86+0.255 24,717 +1.168 11.955+2.898
D,a D,b D,a
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30ncentrat|0n\ 24 hrs. 48 hrs. 72 hrs.
mg/l
A,a Ab A,a
240 80.38 +2.84 91.22 +1.32 79.71 £2.1905
B,a B.,b B.c
200 68.163 +1.709 80.375 +2.114 46.33+6.675
Ca C,b B,c
160 43.333 +4.748 58.277 +2.33 31.097 +8.815
D,a D,a C,b
80 2.415+0.53 2.875+0.813 0.495+0.49
D,a D,a C,a
40 0.143+0.078 0.272+0.224 0.741+0.192
D,a D,a C,a
20 0.0254 +0.0021 0.0199 +0.01345 | 0.06575 +0.00247

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns
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Table (3-27) Cytotoxic effect of the purified lipgptide produced bB. subtilis B8

on L1210 cell line.

Exposure
time Inhibition rate% (mean +SD)
Foncentiatons 24 hrs. 48 hrs. 72 hrs.
mg/|

Aa ADb Ab

240 39.35+1.81 84 +5.16 71.33 +8.567
B,a B.,b B,c

200 32.97 £0.575 73.8 2.1 48.36 9.7
B,a B,b C,b

160 14.34+4.257 24.826+1.127 20.173+1.728
D,a D,b D,a

80 4.285+1.676 13.863+2.734 3.223+1.011
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:oncentratlc\ 24 hrs. 48 hrs. 72 hrs.
mg/|
A,a ADb A,a
240 86.457+1.662 92.9+0.42 87.36 £1.261
A,a Ab A,a
200 85.24 +1.869 92.04+1.129 84.323 +1.312
B,a Ab Ab
160 55.08 +2.855 86.76 +0.95 87.12 +0.562
C,a B,b B,b
80 1.477+0.376 58.62 +0.666 50.15 +1.463
C,a C,b C,a
40 1.063+0.501 5.593 +0.5391 2.518+1.293
C,a, C,b Cc
20 0.01813 +0.003 1.651+0.257 0.495+0.075

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns
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Table (4-29) Cytotoxic effect of the purified lipgptide produced bBacillus B10
on L1210 cell line.

Exposure o
time Inhibition rate% (mean +SD)

-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I
Aa Ab Ab
240 33.75 +£1.89 79.7 £4.97 74.59 £9.23
B,a B,a B,a
200 8.88 +3.78 17.563 +5.58 6.34 £1.03

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns

Comparison among the inhibition effect of all telskpopeptides on L1210
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B. isolates B2 and B4 had very low effect on the le#l proliferation, this may
due to the fact that several surfactin isoformsailgucoexist in the cell as a
mixture of several peptidice variants (Kowatl al,. 1998; Bonmatinet al.,2003)
with a different aliphatic chain length (Hug al., 2001) that differ in their
biological activity (Seydlova and Svobodova, 2008).

The results from tables (3-30) - (3-39) showed ttedl survival in Hep-2
treated cultures were progressively decreasedimgtieasing the concentration and

it was time dependent as increased with prolongedbation this may explained
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by the release of intracellurar components fronddessls that induce more cells to
die as a results of toxicity increasing .

Caoet al., (2009) found that surfactin froBh natto TK-1 was dose and time
dependent in inhibiting the proliferation of humaneast cancer cell line (MCF-7).

However, statistically , there were no significadifferences (P<0.05)
between the inhibition rate when lipopeptides fr8msubtilis isolates (B1,B3,
B6,B7,B8,B9) were wused at concentrations 240 nagtl 200 mg/l (dose
independent) or between the two exposure times @@ & hrs. of same
concentrations as showed in tables (3-30), (3{3235), (3-36), (3-37) and (3-38).

This may due to the heterogeneity within the turelt line which lead to
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concentration in different manners. Moreover theaielic pathways in response
to each treatment differed from one line to andthen et al., 2007). This fact was
mentioned in different studies which investigatédliéferent bacterial and plants
extracts in treating several types of cell lines Lal., 2003; Al-dulami , 2006;
Darwish, 2007).
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Table (3-30) Cytotoxic effect of the purified lipgptide produced bB. subtilis B1
on Hep-2 cell line.

Exposure
time Inhibition rate% (mean +SD)
Foncentiatons 24 hrs. 48 hrs. 72 hrs.
mg/l

Aa Ab Ab

240 70.917+0.815 86.573+2.026 88.19+0.908
A,a ADb Ab

200 69.863+1.917 86.313+2.293 87.587+1.035
Aa Ab Ab

160 66.8+1.46 81.83+4.713 86.437+0.182
B,a AB,b A,c

80 51.375 +1.082 70.64+4.952 85.287+0.657

This is a watermark for the trial version, register to get the full one!
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Exposure o
time Inhibition rate% (mean +SD)
~oncentration: 24 hrs. 48 hrs. 72 hrs.
mg/l

Aa A,ab Aa

240 8.433+0.41 13.783+3.726 8.043+2.202
Aa Aa Aa

200 5.34+4.831 10.707+3.327 7.96+0.178

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-32) Cytotoxic effect of the purified lipgptide produced bB. subtilis B3
on Hep-2 cell line.

Exposure
time

Inhibition rate% (mean +SD)

Foncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I
A,a A,ab Ab
240 74.685+4.054 87.179+1.555 90.433+0.519
A,a A,ab Ab
200 70.42+8.622 87.133+2.513 89.967+0.047

Different upper case letters: significant differer{f<0.05) between means of rows
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Exposure

Inhibition rate% (mean +SD)

24 hrs. 48 hrs. 72 hrs.
Aa Aa A,a
240 5.613+3.65 4,165+0.346 3.47+0.8485
A,a B,b B,a
200 3.155+3.444 39.335+0.445 0.67+0.00

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-34) Cytotoxic effect of the purified lipgmtide produced bB. subtilis BS

on Hep-2 cell line.

Exposure
time Inhibition rate% (mean +SD)
el 24 hrs. 48 hrs. 72 hrs.
mg/l
Aa Ab Ab
240 52.04+4.8 82.533+0.242 87.097+0.447
B,a Ab A,c
200 28.81+£3.118 73.51+0.339 85.947+0.6
C,a B,b B,c
160 9.93+1.247 19.855+0.474 75.085+4.632
C,a C,a B,b
80 8.233+4.536 7.645+3.472 9.513+2.331
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:oncentraﬂN 24 hrs. 48 hrs. 72 hrs.
mg/|
A,a ADb Ab
240 69.183+1.079 85.963+0.162 88.307+0.359
A,a Ab Ab
200 66.187+1.022 85.77+0.29 87.47+0.501
A,a B,ab Ab
160 65.377+2.228 71.537+4.642 85.003+0.309
B,a C,b B,b
80 30.477+6.751 57.757+7.199 69.219+1.419
C,a D,b C,b
40 3.3+1.748 14.955+3.062 15.46+4.627
C,a D,ab C,b
20 6.36+2.818 10.45+1.852 14.337+3.888

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@®<0.05) between means of columns
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Table (3-36) Cytotoxic effect of the purified lipgptide produced bB. subtilis B7

on Hep-2 cell line.

Exposure
time

Inhibition rate% (mean +SD)

-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I
A,a Ab A,C
240 79.13+2.161 84.473+2.483 90.6% 0.67
A,a A,ab Ab
200 75.257+4.012 80.595+1.336 86.27+3.6
B,a Ab B,a
160 52.12+4.78 74.177+10.842 61.5+4.37
C.a B.,a C.b
80 4.387+2.011 5.36+1.895 22.797+1.798
C,a B,b D,b
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mg/l

A,a Ab Ab

240 74.593+1.979 86.737+3.055 88.91+4.14
A,a Ab Ab

200 73.483+5.137 85.78+2.889 88.757+4.181
A,a Ab Ab

160 72.677+5.596 84.967+3.71 88.357+ 3.886
B,a B,b A,Cc

80 11.710+4.2 28.22+4.992 86.043+1.529
B,a C,a B,a

40 9.820+2.036 10.047+3.605 16.87+5.94
C.a D,a C.b

20 0.106+0.074 0.125+0.046 3.723+0.297

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-38) Cytotoxic effect of the purified lipgptide produced bB. subtilis B9
on Hep-2 cell line.
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Exposure
time Inhibition rate% (mean +SD)
|Concentratio 24 hrs. 48 hrs. 72 hrs.
mg/I
Aa A, ab Ab
240 75.497+3.581 85.78+ 2.889 90.6+0.28
Aa Ab A,C
200 71.575+0.827 84.407+0.802 89.7+0.608
AB,a A,ab A,ab
160 63.843+9.122 74.03+0.4 84.67+1.6
C,a B,b B,c
80 6.16+0.663 20.21+0.99 64.6+7.07
C,a BC,a C,a
AN B AN74+2 Q12 Q QR74Q2 2R9 AR 774+RK Q

Exposure o
time Inhibition rate% (mean +SD)
oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/I

Aa Ab Ab

240 64.083+1.948 84.42+2.421 85.947+0.313
B,a B,ab Ab

200 4.34+0.792 30.96+8.319 59.483+4.75

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend<0.05) between means of columns
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Table (3-40) Cytotoxic effect of standard surfactin Hep-2 cell line.

Exposure
time

Inhibition rate% (mean +SD)

-oncentrations 24 hrs. 48 hrs. 72 hrs.
mg/l

A,a A,ab Ab

240 83.873 £1.872 88.048 +0.512 90.542 +1
A,a Ab Ab

200 83.555 +2.201 88.76 £0.104 88.014 +0.836
A,a ADb Ab

160 79.872 +4.158 87.98 +1.689 87.3406 +0.663
Aa Aa B,a

80 72.031+13.032 79.603 £7.411 78.07 £0.52
B,a B.,a C.b

40 39.142 +8.482 39.573+4.236 56.67 £1.049
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study its cytotoxic effect on normal human cellelirsince it inhibited the

proliferation of K562, L1210, Hep-2 cell lines wikiigh efficiency as were shown
in appendices (44, 45,46).

Results from table (3-41), revealed very low cyxatoaffectivity of this

surfactin on the normal cell line even at the hggle®ncentrations. This considered

as indication of the relative safety ®fB6 lipopeptide towardsormal cells.

Such selective toxicity towards malignant cell §ngas due to the differences in

the malignant cellular physiology such as the gme®f some metabolic factors

that found in the cancer cell lines but not foumd normal cells , like the
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angiogenic promoters and inhibitors (Folkman,20Mbteki et al.,2002). In
addition DNA of tumor cell found in relaxant shajaed the DNA molecule was
found in a unstable figure because the far awaydt the H-bond which connect
the both strand of DNA and this make easy for camnjacto interfere or associated
to both strands of DNA, while DNA of normal cellha strong H-bond connect
the both strands to each other and make it moldestao the compounds cannot
interfere or associated with DNA strand (Belijangd00).

The Hep-2 cell line was chosen for further studiege there is no known
studies about the effect 8acillus lipopeptide on this cell line.therefore, purified

lipopeptide from B. subtilis B6 isolate (surfactin ) was chosen at concentatio
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mg/l N L4 111D, 40 111>, 1 £ 111D,

A,a Ab AC

240 6.9767+2.0011 30.707+5.927 0.6991 +0.228
B,a B,b B,c

200 1.2133+0.9775 6.215+0.377 0.0793+0.013
B,a C,a B,b

160 0.3583+0.2852 0.550+0.043 0.0787+0.008
B,a C,a B,a

80 0.0538+0.0562 0.051+0.002 0.0396+0.035
B,a C,a A,a

40 0.2152 +0.1515 0.4842+0.044 0.1113 +0.091
B,a C,a A,b

20 0.0124+0.0014 0.026+0.003 0.1972+0.1322

Different upper case letters: significant differer{f<0.05) between means of rows
Different lower case letters: significant differend@<0.05) between means of columns
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4.7.2 Mitochondrial membrane potential assay JC-1

In order to study mechanism of action of the padfisurfactin from the
isolate B. B6 in the inhibition of Hep-2 cell proliferationmitochondrial
membrane potential assay were conducted.

Results from figures (3-19) and (3-20) showed gsahdbss of J-aggregates
which represent the accumulation of the membramengate JC-1 dye within
healthy mitochondria when cell line treated wittbécause the dye was bearing a
delocalized positive charge that tend to enter tht negatively charged intact
mitochondrial membrane and accumulate to form Jexgdes which become

fluorescent red while In apoptotic cells, the mitoedrial membrane potential
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3.7.3 Caspase — G10 3/7 assay

Caspase —G10 3/7 assay were used to study thev@meht of apoptosis in
cellular inhibition when treated wifB. B6 surfactin.

Results shown in table (3-42) revealed increasegpase 3 activity with

prolonged incubation with surfactin which indicétte onset of cellular apoptosis.
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B
Figure (3-19) He|@ cell line treated with £ mg/l of B. subtilis B6 surfactln for 8

lhva AanAd AtAainAA ntlh 1M iinAdAr A vAd halt fliiAvrAa~cAaAanrnAaA mAaiAvracnaA ~AlhAviiA ~A
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C D
Figure (3-20) Hef cell line treated with £ mg/I of B. subtilis B6 surfactin for 1€
hrs and stained with JCunderC: red light fluorescence microscc showed *
decreased number dafitact cells with -aggregates, Dgreen light fluorescenc
microscope showadincreased number apoptotic cells that los«-aggregates to
the cytoplasm then diffuse to form green mono(X40).
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Table (3-42) Caspase activity in Hep-2 cell lineated with 40mg/L of purified
surfactin produced b. subtilis B6 for different incubation time.

sample Caspase activity (unit/well)
control 9690.00
Treated cell for 6 hours 24848.0
Treated cell for 12 hours 48367.0
Treated cell for 18 hours 56407.3

MNacnaca 2 anAd ~racnacn 7 farm nart Af affartAr amaernahicrh wwihoan
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fragmentation, Annexin \&taining, and altered levels of poly (ADP-ribose)
polymerase caspase-3 activation, while Ca al.,(2010) found that surfactin
produced byBacillus natto TK- 1 induce apoptosis in Human breast cancer (MCF
7) 1 by caspase cascade activation through immuaif ROS/INK-mediated

mitochondrial/caspase pathway.
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Summary I

Summary

Eighty eight local bacterial isolates B&cillus spp. were obtained from 45
oil contaminated soil samples from different fugt®ns in addition to Al- Dorah
oil refinery in Baghdad Province /Iraqg.

All these isolates were screened for their abfbitybiosurfactant production
by surface tension measurement of cell free supemhafter cultivation in E
medium , which referred that 81 of the 88 isolatese biosurfactant producer ,
while screening depended on the blood haemolydisgitgcon sheep blood agar

indicated that only 49 isolates were biosurfacpantiucers.

-~ — -_——a - . -, - P rp—

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

precipitation followed by ultrafiltration with cemtons.

Purified biosurfactants were found to be membetheflipopeptide family
when characterized by the TLC that sprayed withewat with Rhodamine B, and
all isolates were capable of producing surfactithwor without other types of
biosurfactants depending on the isolate as showedomparison with standard
surfactin.
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Summary I

HPLC/MS analysis of the purified biosurfactant nfrdB. subtilus B6
revealed that it is a surfactin with partial seqeerdetermination as follows: Val-
Asp -Leu-Leu-OH.

Cytotoxicity assay of the purified biosurfactardrfr the selected isolates on
( K562, Hep-2, L1210 ) were tested , results shotlatl lipopeptides cytotoxicity
were dependent on the type of tumor cell line,etyd isolate, biosurfactant
concentration and exposure time

Purified biosurfactant produced Bacillus B7 was found to be the most
cytotoxic one to K562 cell line that caused 57.1##ibition of the cell line

growth at concentration (80) mg/l, while purifiddosurfactant produced by
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finally led to cell death. In addition, the caspamsgivity assay revealed that
surfactin induced apoptosis in Hep-2 cells thaba@ssed with caspase 3.
Optimum conditions for biosurfactants productioanfrB. subtilis B6 were
determined . Results indicated that maximum bi@staiht production from this
isolate was achieved by using Sucrose (1%) v/vota$dium nitrate (0.3%) and
Potassium dihydrogen phosphate (1 g/l), at pH 880 rpm of shaking for 72
hrs. The biosurfactant yield was 1.4 g/l of cultunedium under the optimum

conditions.
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Table (3-4) : Results of NCBI aignment of PCR amplification of 16S rDNA by two sets of primers (B16SF and
B16SR) and (27F and1492R) of theisolates (B1,B2,B3 ,B4,B5,B6,B7,B8,B9,B10).

Primer | B. | Bacillus| Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus Bacillus
spp | subtilis | tequilensis | licheniformis | amyloliquefaciens | methylotrophicus | mojavensis | axarquiensis | malacitensis

B1* 25 68 } 0 2 ) 1 0 0

Bl

(27F) . : . .

B1 This is a watermark for the trial version, register to get the full one! —]
(1492R)
B2 Benefits for registered users: —
(8227F) 1.No watermark on the output documents.

B2 2.Can operate scanned PDF files via OCR. Remove Watermark Now

(1492R) 3.No page quantity limitations for converted PDF files.
B3 —
B3

(27F)

B3 16 £y 17 0 9 6 3 2 0
(1492R)

B4* 29 59 4 0 2 0 1 0 0

B4 18 \ 3 1 0 0 0 0 0

(27F)

B4 15 ¢y 17 0 8 6 3 4 0
(1492R)

B5* 20 23 16 0 6 0 5 4 0
B5(27F) | 48 v 1 2 0 0 1 1 0
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BS 11 o1 16 6 6 2 2 0
(1492R)

B6* 46 41 0 2 0 7 2 0
B6* 47 26 2 0 0 13 6 0
B7* 20 23 16 6 0 5 4 0
B7

(27F)

B7 - . ! .

(1492R) This is a watermark for the trial version, register to get the full one!

B8 -
B8 Benefits for registered users:

é%l 1.No watermark on the output documents. —
(1492R) 2.Can operate scanned PDF files via OCR. Remove Watermark Now
BO* 3.No page quantity limitations for converted PDF files.

BY' _
B10* —
B10 49 46 1 2 0 0 1 1 0
(27F)

B10 20 59 15 0 2 0 2 2 0
(1492R)

*: primer set (B16SF and B16SR), *: primer set (27F and 1492R)


http://cbs.wondershare.com/go.php?pid=1140&m=db

Laaldll

Oe Apladill LG Tgle 435 due £0 (e BaCillus uall sdile ddas dje AA Clie
ol iima ) dblia) 348l Cillaas Calias

ol aud g gal) Cilaiad) 1) 8 Ll e omill cN3all o38 aaes g lad) (e

Loy daiie € e AY O 4d lasad 2ay WA (e JWIE- medium seill lavgl adacd) 2i))
Claiad) 2l o hid e £9 406 L Jlai e aiSl) dlaulsy AaliY) ge gaill ekl
(27F and @byl (e (pag) aladinls 16S IDNA LU e aldie Yl lpad & die g, (ggall

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

%("+-YA) Ly E. medium

criilly Gaalally ol dauly slad) 4l EVal e dpsaal) Gllaiiad) s
Al lagial) Al Lgisile yedal s 2880 Akl Ul sileg S aladiuly Chiiay 2 4uieV
datie Lgil (ot oasll) (Sl pe Lgihylie dieg ¢ B cpaalag )l CadilS L) (andl dunge i€ 3
Dpall g o lolde) Zaadll Glaiull (o o ae mieS ol 53)i0 8ysemy il S35 (<l

sl


http://cbs.wondershare.com/go.php?pid=1140&m=db

uaaldl

Claiall 21N apanl 50 LSl e Jilal) Lahe ilag S lga aladinly Cinagilly danll xie
i) (aball Al waad 5 WS iSle 4l 6 Bacillus B6 sl J g g gpal
. Val-Asp-Leu-Leu-OH Judualls S5 di)a 3 gemy 41 434l

Slo il eVl Ji (e daiidl sl dygall cllaiid] dpeud) Gasd mil ek
ba g o adie) gall cildaiudl Hi6 o «(K562,Hep-2, L1210%sUasd) LA Lagha
sl Baa (gaaall Clatidll 585 e g datinal) Aljall g3 duillayud) L)

i el Unii SV s Bacillus BY Al (e geiiall el (5 pial) il ) Jas gl
OS Lain (O aale Av 5855 0657.17 el bl dpndy o ) K562 Agitajpedl LA

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

Slel o) Bacillus B6 sl Jid (e (5 seall il Uiy Bl o plall 4 o & ekl

E3S Huass (96)) HuSall o ssing huy (8 (Lilae 1.4) Gl gl aladiiaal dal)
(e V) O a4 o s peall i 8y a5 530 jaasS (%00.3) asmlisdl Gl 5 e
Baal A88y5 )0 YA+ Sl 3l Jamang 20 (i 3 ) s A ) A (g e pH 5 Sl HuasS

a.ch \At (pan


http://cbs.wondershare.com/go.php?pid=1140&m=db

Gl 4y ) 540

(ealad) Cad) g Alad) andail) 3 ) 3
O A Aals

polal) A4l

4o gaad) cibudadicall doa ol gl ddladl

Bacillus spp. LSy ¢ dadiiall
Lilsa 41 g jaall

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.

il il
Oyl gt AL pels e s 4
(.:l:w\) (al.u\)

B


http://cbs.wondershare.com/go.php?pid=1140&m=db

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR. Remove Watermark Now
3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter One

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

~1 - re

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR. Remove Watermark Now
3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Three

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR. Remove Watermark Now
3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

Chapter Four

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR.

3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

This is a watermark for the trial version, register to get the full one!

Benefits for registered users:

1.No watermark on the output documents.
2.Can operate scanned PDF files via OCR. Remove Watermark Now
3.No page quantity limitations for converted PDF files.



http://cbs.wondershare.com/go.php?pid=1140&m=db

	Microsoft Word - Appendix.pdf
	Microsoft Word - Biological Activity of Biosurfactants Produced by.pdf
	Microsoft Word - Conclusions.pdf
	Microsoft Word - dedication and Acknowledgement.pdf
	Microsoft Word - english title.pdf
	Microsoft Word - introduction.pdf
	Microsoft Word - List of Abbreviations.pdf
	Microsoft Word - List of Contents.pdf
	Microsoft Word - List of Figures.pdf
	Microsoft Word - List of tables.pdf
	Microsoft Word - materials and meth.pdf
	Microsoft Word - Recommendations.pdf
	Microsoft Word - references.pdf
	Microsoft Word - results and disscusion.pdf
	Microsoft Word - Summary.pdf
	Microsoft Word - table 3-4.pdf
	Microsoft Word - الخلاصة.pdf
	Microsoft Word - الواجهة العربي.pdf
	Microsoft Word - فواصل.pdf



