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Abstract: Levanase (EC 3.2.1.65) is a hydrolytic enzyme whateaves beta-(2, 6)-
glycosidic linkage of levan, producing oligofructawe have cloned levanase gene from
Bacillus licheniformis RN-01 (nRN) and Bacillus amyloliquefaciens 1B (n1B) by PCR
cloning technique with the size of 1,548 bp and1%,bp, respectively. When translated into
protein the genes yield proteins of 515 and 514nanaicid residues in length, respectively.
The deduced amino acid sequence of levanase gemesflicheniformis RN-01 (nRN), B.
amyloliquefaciens 1B (In1B), Bacillus sp. L7 GacC) (GenBank accession number Y12619),
and Gluconacetobacter diazotrophicus SRT4 (sdB) (accession numbet41732) were
analyzed by CLUSTALW 2.1 multiple sequence alignmenrhe deduced amino acid
sequence of levanaseRN andInlB showed 22% and 26% homology wisacC, and 21%
and 27% homology withsdB, respectively, whilénRN andinlB shared 64% homology with
each otherThe genetic distances of levanases lsdB : 0.37558, LnRN : 0.17631, Ln1B :
0.17583 : 0.18304, SacC : 0.42030RN was subcloned into pET19b and transformed into
Escherichia coli BL21(DE3) for expression, whilgnlB in pGEM ®-T Easy was expressed
under its own promoter (338 bp up stream of tlaet stodon) inE. coli Topl0. Levanase
secreted into the culture medium was assayed by BiE®od. No activity was found for
LnNRN, however 94 mU/mL was detected for Ln1B. ThQalysis showed that fructose was
a major product when levan was hydrolyzed by LniiB0 mM citrate buffer pH 6.0 at 37° C
overnight.

Introduction: Fructan is a homopolysaccharide composed of Ddfucanosyl residues
joined together by;-(2, 6) andp-(2, 1) glycosidic linkagesTwo types of fructan can be
found, inulin and levan. Levan is a fructan whiadmposed of D-fructofuranosyl residues
linked together bys-(2, 6) linkage in the main chain wi(2, 1) at the branching points.
Levanase is an enzyme that hydrolyzes levars-@, 6)-D fructofuranosidic linkages,
producing oligofructan and/or fructodeevanase has two modes of catalysis, an endo-type
and exo-type levanase. Endolevanase is an enhahbydrolyzes within the chain of levan,
giving various sizes of oligofructan and/or fru@ass a product. Exolevanase is an enzyme
that hydrolyzes at end of levan chains, giving osilygle size product. Currently, levanase
genes have been cloned frdBacillus sp. L7, B. subtilis’, G. diazotrophicus SRT4 and
Sreptococcus sp.*° Levanase fronBacillus sp. L7 is an endolevanase, in contranst, levanase
from G. diazotrophicus SRT4 and3treptococcus sp. are exolevanasdsvanase gene froB.
licheniformis RN-01 andB. amyloliquefaciens 1B isolated by our laboratory was cloned. The
genes were compared, expressed, and digestion qirathalyzed. The potential used in
oligofructan production will be further assessed.

M ethodology:
Culture conditions. The bacterial cells were routinely grown at 37 ifCLB medium (1%
Bacto Tryptone, 0.5% Bacto Yeast Extract, and ON&#@I). For pET expression system, LB-
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ampicillin (100 mg/liter) was usedt. coli cultures were induced with 1 mM isoprog/b-
thiogalactopyranoside (IPTG) at mid-log phase.iRduction ofIn1B under the regulation of
its own promoter, 3X LB supplement with 1% levarswsed.

Cloning and expression of levanse gene. Chromosomal DNA fronB.licheniformis RN-01
and B.amyloliquefaciens 1B, was used as template for PCR amplificatiomgigirimer sets;
5CCCATGGAGAAGGCAGTATATAAGCG-3/5-CCTCGAGTTAATCGCGGATTGA
ACG-3 and 3 CGCGGATCCTTACAAGCCGCTGAACAAAAC-35-GCGCTCGAGT
ATACATATTTGCATTTTACCACAGTC-3, respectively. The PCR product was cloned
into pGEM ®-T Easy. InRN was subcloned into pET19b and transformed Htaoli
BL21(DES3) for expression, whilnlB in pGEM ®-T Easy was expressed under its own
promoter (338 bp up stream of the start codor). icoli Top10.

Determination of levanase activity: Levan synthesized byB. licheniformis RN-01
levansucrase was used as substrate. Enzymaticlysidravas performed in a reaction buffer
(50 mM citrate buffer, pH 6.0) supplemented witlvdie to a final concentration of 100
mg/mL. The mixture was incubated at 37°C for 1 btal reducing sugar produced from
reaction was quantified by using the dinitrosalicycid (DNS method) Fructose was used
to construct a standard calibration curve. One oihthe enzymatic activity is defined as the
amount of enzyme, generating om@ole of reducing end equivalents per minute under t
above conditions.

Product size analysis: Thin-layer chromatography (TLC) technique wasduse analyze the
hydrolysis product of levan by levanase. The prtgluweere separated on silica gel plates
using acetic acid:butanol:water, 3:3:2 (v/v) as ifeophase. After three repetitive runs, the
product was visualized by dipping the TLC platel&®o sulfuric in methanol (v/v) followed
by heating at 110°C for 15 min.

Results, Discussion and Conclusion:

PCR and cloning result: We have successfully cloned levanase gene fBohcheniformis
RN-01 (nRN) andB. amyloliquefaciens 1B (nl1B) (including its endogenous promoter) by
PCR cloning techniquelnRN was then subcloned into pET19b vyieldinglnRN, and
transformed intoE. coli BL21 (DE3) for expression, whilénlB in pGEM ®-T Easy,
pGInlB, was expressed under its own promoteE.rcoli Topl0. Plasmids @hiRN and
pGInlB and restriction mapping are shown in Figure 1.

A.

BamHI - 6870 - G'GATC_C Aafl-77 - G_ACGT'C

XTol - 6863 - C'TCGA_G

pT/mRN
7193 bp

Neol - 5315 - C'CATG_G
Xbal-5276-T'CTAG_A

EcoNI- 4956 - CCTon'n_nnAGG

PshAlI - 3647 - GACon'inGTC
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/ 52 G'AATT C
4‘ BamHI - 65 - G'GATC C
[

pGinl1B
4971 bp

N7 Nhol - 2006 - CTCGA_G
\  EcoRI-2026- G'AATT C
Nsil- 2083 - A_TGCA'T

Figure 1. Restriction map and plasmid map oflpRN and pGnl1B

Agarose gel electrophoresis analysi®ofpTINRN andB; pGIn1B double digested with
Ncol and Xhol was performed. Lane M is/Hindlll marker, lane 1 is undigested plasmid,
lane 2 plasmid digested witiicol and Xhol

Sequence analysis. Levanase gene fromB. licheniformis RN-01 (nRN) and B.
amyloliquefaciens 1B (In1B) was sequenced and found to have the size 46hp and 1,548
bp, respectively. When translatddRN andInl1B yielded a protein of 514 and 515 amino
acid residues in length, respectively. Amino a@duence comparison of levanse genes was
performed. The deduced amino acid sequences ohdevgenenRN andInlB were
compared with the deduced amino acid sequencevanse gene frorBacillus sp. L7,SacC
(accession number Y12619, GenBank) é&ndliazotrophicus SRT4,lsdB (accession number
L41732 GenBank). The deduced amino acid sequence ah#se InRN andinlB showed
22% and 26% homology witBacC, and 21% and 27% homology witsdB, respectively,
while InRN and In1B shared 64% homology with each oth&he genetic distance of
levanases are IsdB : 0.37558, LnRN : 0.17631, Ln1B17583 : 0.18304, L7 : 0.42030
shown in Figure 2.

0 = e MEKAVYKRI S| LTVCLG FI M FLSVRETEKKGESPDTPEYR 42
LN1B e MARKWPI Al LI | LGAF- LFVGLLPDKSNNSSKTNTKNKPDYR 41
ISdB e MTMTGTVPRSAGWRRL SRRCLPAAFAL L FPLG- APHAADTPQUR 43
SacC MVKWEAKL | LSLSLAVVMAASSAAI SFGASNSSL DTHASL VTQLDSAASEAAEGKSAM N 60
LNRN AAFHLTTPDKVKNDPQK:- - - - < = = = - = - = == <« < e o eoe e o e e e e oo PVYFNGEY 67
LniB AAYHETTPDKVKNDPQK:- - - - - = = = = = = == < s < e omoeoe oo e e Pl FFDCKY 66
| sdB PVLHESPAAYW/NDPNG: - - - = - = - = == == <= o ccm oo e e e e e PI LLDGVY 68
SacC ESAl NSNVTGAKL HGKGRVEVTGEGL RL TSDPQENVVAI SETVADDFI YEADVM/TDPQA 120
LnRN HYYYL YNRDYPDGNGTEWRHAVSDDLVHWQDKG: - - - - = - = = = == == = c o e oo e oo 100
Ln1B HYYYL YNRDYPNGNGTEWRHAVSEDL VHWIDEG: - - - - - - = = = == == =< < c =22 o - - 99
| sdB HLFYQYAPGSMIMWGHPSWGHATSTDLLHWIEHG: - - - - = - = == == == =< o c o e e oo 101
SacC DATLLFRSGEDGASSYM.QLAL GAGVI RLKDASGGEGVLNVERKVEAKPGDI YHLRVKAE 180
LARN e VAI PKYTNKNGDPWEGSVWWDSKNTAGFGKG - - - - - - - - - 131
LN1B e TAI PKYTNPNGDI WIGSVVI DKHNTAGFGKN- - - - - - - - - - 130
1Ry 1= VAl AATPGE- - EI FSGSLVPDPLNRSGLGSTDAPPLLAF- - 138
SacC GTRLQVYWGQQYEPVI DTEAAAHRTGRL GL HVWKIGSAL FQNI RVSDVEGNTLEPI SSQGL 240
* . * % . . . .
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LARN e TI VAVMI QPSANDGKEEQFL W SQNGGKTFKPYGE- - - - - - - - 166
18- S ALVAI TTQPTAKTEAQEQYLWSTDKGKTFTSYSD- - - - - - - - 165
IsdB  ceeeeeeeieaoos HT SVFHDNPAHPDGT QAQSVSVSHDGGFTWRPYAH- - - - - - - - 173
sacC WOPDLKGLKGTGEDGL EAKKVFRNHEADVVL EGDL | LNGQGSAGL L FRSNAQGTEGYAAV 300
e ) ..
LARN e EPVLP- NPGTVDFRDPKVI WDEQDDKW/NMAL AEGTK- - VGFYES- - - - - - Q\L 210
LniB  aeeee-- QPVNK- NPGTKDFRDPKVI WDEQDNKVWNANAEGEK: - | GFYES- - - - - - PDL 209
IsdB  aee-e-- NPVL TL HPDSRQFRDPSVFVWQDGGOW MITVWGDAQLVKLYRS- - - - - - TDL 220
sacC LQGEGERVRVYLKKADGTI LHESRVTYPSQRESRHHLEVKAI GERI Q FVDGYEPAAI DM 360
. N < -
LnRN KEWRYTGSFQTENI G- - - - | | ECPDL YKMRADDG- - TYKW/L GASANGKGTGKPNTYAYW 264
Ln1B KNWHYTGGFI AQQl G- - - - LI ECPDLYMVRADDG- - TTKW L GASANGKPQGKPNTYAYW 263
| sdB L HWBFL SDFQPSGYRKPGVL WEMPTL VPL KL DGNPRATRW/M VSVNPWE! AGGSGVQYF 280
sacC VDTAFPSGYHGVNASSG AYFQDVY! TPYASYYT- EKYRPQYHYSPI RGSASDPNGLVYF 419
LnRN TGSFNGNEFTADEAEP- - - - - < = == == = == - - QWL DYGFDWYAGVTFEDGETNDPYEKRY 308
Ln1B TGNFDGKEFTADQAEP- - - - - = = === = == - - QWL DYGFDWYGGVTFEDGNSKDPLTKRY 307
| sdB VGRFDGVTFTPDALPPPGS- - - - - - - - DPSRYDW. DHGADQYATTLFANTGSGAP- - - - V 328
sacC EGEYHL FHQDGGQMAHAVSRDLI HWKRL Pl AL PWADL GHVVWSGSAVADTTNASGLFGSSG 479
* . * *x % .
LnRN AL AWWNNVDYANRTPTVWKDGENGTDSI VRQI RLKHKGGDRYSLASHPI DQLDELTES- - - 365
Ln1B AL AWNNVDYPNETPTL KNGENGTDSI VRETRL QQQDGGTYSLVBEPVEALNQLTSS- - - 364
| sdB LI GAWDNVDYATDLPTAP- - WRGQVITLPVDI ALKTVDG- HPTVI QTPTRAYEDMWRKKGY 385
sacC GKGLI AYYTSYNPDRHNGNQKI GLAYSTDRGRTWKYSEEHPVWI ENPGKTGEDPGAWDFR 539
LnRN - ADEL DRI EVNGSKTLQ KG- - - NTYQLEADI SWDDL KNAGFRLRESADRKRHI DVG SA 421
Ln1B - TDGTEDKQUNGSETLPI KG- - - DTYQLDVDI SWSDI KNAGVRLRESADHKRHI DVGl SA 420
| sdB VTYGDRNLPQDGRVTI PSRG - - EVLDI RLVLRRGGARRAG VWRETPDGRTGTSVSYDF 442
sacC DPKVVRDEANNRVWMVSGGDH! RLFTSTNLLNWIL TDQEGYGAYI RGGWECPDLFQLP 599
LnRN EGGYSYVNRGFTGQPDSTRTYLESKAPFDPEKK- RVHFTI | VDQNTVEAF| DDGETTHSN 480
Ln1B EDGCAYVNRSFTDQPDKTGTYTESKAPFDGNKG- RVHLKI LVDKTS| EVFADDGKTVLTN 479
| sdB VDGTL TVDRGRSGLVGFSPRFSTRHI AYLAAPGGEVAL HLVWDRASVEL FANDGVLRMID 502
sacC VEGSKKRKVWLM STGANPNTQGSDAEYFI GDL TPEGKFI NDNPAGTVLKTDWEKEYYAS 659
* . . . A .

LnRN LAFPDVNDTG: - - - - = < = == === ne o e e e e o | TLFSENGTAVFENLKI KHL 510
Ln1B EVFPKPEDQG: - - - - = = = = == === e o mm e e e m e | TLYSEGGSAVFQHI El KHL 509
| sdB LI FPPAGSDR: - = - - = = = = ===« = e mm e e e e | SLFAEGGGATI HGLRVAVL 532
sacC VBFSDVPDGRRI M_AWMTNVDYPFSFPTTGAKGQLSI PRQVSLKETEEG RVHQTPI EEL 719
LnRN S 515

Ln1B GSIHP- - < < w e 514

| sdB e 534

sacC AQLRSPVLHI TNREVGDFRRKSAQRDHI RRL 750

IsdB: 0.37558
| LnRN: 0.17631

' Ln1B: 0.17583
SacC: 0.42030

Figure 2. Amino acid sequence alignment and phglogof levanse genes

Deduced amino acid sequence of levanase genes Boticheniformis RN-01
(InRN), B. amyloliquefaciens 1B (In1B), Bacillus.dy¥ (SacC), and G. diazotrophicus SRT4
(IsdB) were analyzed by CLUSTALW 2.1 multiple sence alignmerit

Activity and Product analysis: INnRN andIinlB was expressed i coli. Levanse activity was
not detected for LnRN, however 94 mU/mL was detbdte Ln1B. TLC analysis showed
that fructose was a major product when levan wadiyzed by Ln1B in a reaction buffer
containing 50 mM citrate buffer pH 6.0 at 37 °C nrght as shown in Figure 3. Suggesting
that recombinant levanase frddnamyloliquefaciens 1B is either an exo-type which cleaves
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fructose from the end of levan chains or endo-tgpeyme which can hydrolyze tri- and di-
saccharide into fructose.

@@*‘.‘-o..ﬁ

Lane 1 2 3 4 5 & 7 b 9 10 11

Figure 3. TLC analysis of hydrolytic product of Ln1B

Levan was digested with crude Ln1B. The reactios waried out in 50 mM citrate
buffer pH 6.0 at 37 °C overnight. Lanes 1 to 5glteose, fructose, sucrose, standards GF-
GF4, and levan, respectively. Lanes 6 to 8 are cultoredium of E. coli toplO,
B.amyloliquefaciens1B, andE. coli top10 harboring p(a1B, respectively. Lanes 9 to 11 are
hydrolytic product when levan was incubated withtume medium ofE. coli toplO,
B.amyloliquefacienslB, andE. coli top10 harboring p(a1B, respectively.

We have successfully clonddRN andInlB. The deduced amino acid sequence of
levanasdnRN andInlB were compared with leavanase fr&@acillus sp. L7 &acC), andG.
diazotrophicus SRT4 (IsdB) and was found to have approximately 21-27% hoglwith
the previously reported levanases. We have sucdigsexpressednlB in E. coli and the
recombinant enzyme can hydrolyze levan, producdingtdse.
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