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Abstract

Chitosans are high molecular weight polysaccharides consisting of 1,4-f-linked
D-glucosamine residues and are hydrolyzed by chitosanase. In this study, we
1solated two Bacillus subtilis strains with high activity chitosanase from intestine of
Sebastiscus marmoratus. They were identified as Bacillus subtilis CH1 and Bacillus
subtilis CH2 by morphological, biochemical and 16S rRNA gene analysis. Conditions
were optimized for chitosanase production. The optimum carbon source for Bacillus
subtilis CH1 was 2% starch and 4% fructose for Bacillus subtilis CHZ. The
optimum nitrogen source for Bacillus subtilis CH1 was 1.0% yeast extract and 1.4%
yeast extract for Bacillus subtilis CH2. Chitosanase from both strains showed the
highest activity at 60C. Unlike other chitosanases, the expression of these
chitosanases did not induce with chitosan. The chitosanases secreted into the
medium were concentrated with ammonium sulfate precipitation and purified by gel
permeation chromatography. Molecular weight of each purified chitosanase was 31
kDa. Primers generated based on the N-terminal amino acid sequence was used to
amplify the chitosanase genes. The deduced amino acid sequences were the same
in the mature proteins of the two strains but the nucleotide sequences differed by
1.65%. In the signal peptide region, there is a deletion of 18 bp in the chitosanase
of Bacillus subtilis CH2. We cloned the pre-protein coding regions of chitosanase
from both species into pET1la vector and expressed in E. coli BL21 cells. Induction
with  isopropyl-beta-D-thiogalactopyranoside (IPTG) revealed similar levels of

chitosanase expression in both clones.



F|EALS D-glucosamine©] f-14 Aoz AZd9 nEx tdFaE A FA4ad A
22 ggoR FHI dd n3A 222 719S dolMEs AlFoEHa HA 4

T I (No & Meyers, 1995). 71 E4FS Ao A AZ&A 7150 Hold Aoz &
HAA QAR Tl LIt o] ZolA HA Fe AEA=Ho]Y] ufiEel] H& Al Al
We FuA g ol® Qs #84¢ 7IEA Seunde Axrt dastA HA
a2 AR o RE AR (

orowitz et al., 1957)3% & %3 ¥ (Izume & Ohtak

o
Zgye pasA,

o] AR, o]H3 2AHEA JEA SEludS AAHY A3H(Suzuki ef al., 19

=

b= JEA 29SS e F 9E(Sakai et al, 1991; Seino et al., 1991) &7 o]
UL AA ] Fafsiet. 53], 6 o]} FHEE M JIEAF S B A W
ojt 3E HoluA AEH7HA(Park et
al, 2002), 74 A (Tokoro et al, 1989), 1A (Wang, 1992), &-<etAl(Suzuki et al., 1

986; Suzuki et al., 1992) ol AR& =oAL Ut
Chitosanase= AEAZFEH FY|H & A v g4=2 A don drg g o},
wgol, Ae, 2%, YA Sl 9 YA " rH(Somashekar & Kim, 1996). @ A} 7]

Aol X chitosanaseS-S chitosano] &8 fFE=2%¢1 AHo] thREE ol Streptomyces



N-174 (Boucher et al., 1992)°] 7% chitosanaset chitosans ¢ A g o= wjx|
el A71S vl f=5o]H 31 D-glucosamined 713 <S wol X chitosanase?d &
H 7} o] Fojxthar AFE AT}t Bacillus circulans (Davis & Eveleigh, 1984)¢F Amyco
latopsis CsO-2 (Okajima et al., 1994)2] chitosanase < A] chitosan®l] &3] =¥t}
3 dE A Aok AT Luis et al. (2000)2 Bacillus subtilis 1682] chitosanase &
o] chitosan &%=7} 1mg/ml o]l A <3]8 A3t Histe)

NAEREE EHE e g §4A52 1 gl AS ¥ ol ARG ANAN B
AlZrol AWl AAA Fee]l A vehdt A HTds 9WE S coding

e FHAE vectoroll A x3ste] 54 nAES Fi o duldS Aty A7 =

rlo

lr

[¢]

WHE] HuFojXa . o]z s WHEo] JEE WA chitosanase HA] & &% 0]
3 HT ge gwds 353517 Y8 54 vAES FHdo] o]Fojxal i (Yoon

et al., 2000). ¥ Ao A= chitosanaseE AAFst= HAES £ol9 Yo R HE
w88tal 1 chitosanase®] A, 5424 2 FHd&4 EAES EUE 3 chitosanase

D& 7R o] BAH S 7 EET
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1. Chitosanase #4H] A& selectionS 93 vl ZA L wjF=zA

Chitosanase 4] "AES &2 sl7] 913l Table 19] chitosan WA & A}-&-3}% 3L
Bt o 2 AL8-F chitosan< §31A171#] 2 w9 1%7F S =5 H7bstg o )
A& H& wf chitosano] 7hetet7] wiol wiAlE =3 F FHHo] A&kt d59

2 30Tl A Al Hf ettt

j=s)
==
o

Table 1. Composition of the

solati di - | Solution I
isolation medium. ree solutions
(NH,) ,HPO, 5g
(790 m¢ of solution I, 10 mé of K,HPO, 21g
solution II and 200 m¢{ of solution KH,PO, 09¢g
III) were mixed and 10 g of MeS0,-7H,0 05¢
) ) Distilled Water 790 mL
chitosan was added prior to
autoclave. This medium  was Solution II
' ' FeSO, 100 mg
poured in to plate and inverted ZnS0, 10 mg
after solidification. MnCl, 10 mg
Distilled Water 100 mL
Solution I
agar 12 g
Distilled Water 200 mL




2. Chitosanased &4 =3

Chitosanase 242 Rondle (1955)5 2 W& EW= sto] 4303 Fig. 1o W
MS Ayattt oy EAgHS 4 1 mi7b 1827 AAstE glucosamine 1 pmole
S 1 unite 2 A3FA}. Fig. 19]4] acetylacetone reagent= 1.25 N NaCOs; 50 mlol a
cetylacetone 1.5 mlE 7}ste] &3, dimethylaminobenzaldehyde (DMAB) reagent
© 96% ethanol 30 mlel DMAB 16 g& =<1 % 30me HCIE &33te] mr&Eow

o] F Aoke Abg Aol wEo] Ag AT



Mixing enzyme solution 20 #£
and chitosan solution 480 «¢
]

10 min incubation at 50C
]

Add 1 m¢ acetylacetone reagent
|

20 min at boiling water bath
]

Cooling in room temperature
|

Add 10 M 96% ethanol
|

Add 1 m¢ DMAB reagent
|

Keep in room temperature more than 1 hour
]

Measure absorbance at 530nm

Fig. 1. Methodology of chitosanase activity assesment.



3. Chitosanase #1] VA& £ € 54

Chitosanase #H] P& &3 2 wF

07 =EFHEE 3 T 20% glycerol solution®Z & EFA] 7)1l o] & stock
-70Co B#AsAth 1 F dH-E LB (Luria Bertani) brothell wj<3le] Table 1
o &g wjAe =gk 5 30ColA stFEt sttt midd zh2ke] colony

o] 30T 16417t Aol st g 2ag g
2 AMEEt] 747 g4 SAHE Y Aol 7% dFE2 40% glycerol solution

I 1:1 B &2 3 A8t stockS A x3H )

FEsa 54

By #3359 dygexcl EXHL elsty] Y& LB agar plated] =3k colon
y el #9133, Scanning electron micrograph (SEM) #9& S #59 =
g13tH Y. SEM 95 A% #F9 AAT = LB agar plated] WMFdE o3& 7=

x| 2 05%05 cm7F HEE ZHgt il 25% glutaraldehyde &0 H 5 2 20f A
2/ A E T o] & 1X PBS &fellA 524 = ¥ washingdtal 40, 50, 60, 70, 8
0, 90, 100% EtOH= Z}z} 1A|7H4 e=Al Z ). Isoamyl acetate®t 100% EtOH©] 0.5 :
15 H&E wEoZ g A7 P & isoamyl acetate®} 100% EtOH©] 1 : 1 H]
&2 Wsolx gAow A A 1A 913 isoamyl acetate®t 100% EtOH©] 1.
5:1 H&R wEolx & 1AZF ©@7F mpA MO R jsoamyl acetate & 4ol 1A%t
od FolFAth olE COE ol&ste] HdxA7]L go& 43 F SEMS FYsHA
o}
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¥ 555 Gerjardt et al. (1981)2] ¥Ho| wle} gram staining, spore staining

M

S 393 Jean (1980)¢] "ol uwl#} oxidase, catalase, methyl red (MR), voges—pros
kauer (VP), indole, oxidation/fermentation (O/F), triple sugar iron agar (TSI), motilil

y testZ 3

288 F 759 genomic DNA £
w2l 7 55 7470 LB broth 4 meell FFste] 30ToAM 12413k v ksilet.
%S microcentrifuge tubell ¥l 15000 rpmol Al 5@ 7+ AR5k pelletS 3

]_

3 QIAamp DNA Mini Kit (Qiagen, Germany)< ©] 83} genomic DNAE #]3s}
2 th #2]3 genomic DNAQ] & %3 Unicam UV/VIS spectrometer (Hekios [, Ltd,

ol

38

UK)Z o] €3t 260 nmol Al optical densityS =438t}

16S rRNA F 3 A E 4S5 93 primer #| % € PCR #b-&

GeneBankell 555 o] Q= chitosanases wH|ehE TFE59 16S rRNA A EES vl
A5t F 719 oligonucleotide primer Chi 16S-F (5'-CCAGACTCCTACGGGAGGCAG
CA -3¢ Chi 16S-R (5'-TTGACGTCRTCCCCACCTTCCTC-3')E Bioneer (Korea)®l
T A=A

16S rfRNA A dE& #e]7] 913 PCR WH&<] F volume 50 ut= dtsiom of 1
182l genomic DNAE template® 3F¢] 100 pmole/w! &%) Chi 16S-F, Chi 16S-R
primerS Z+7F 1 w0 H7bska 10 mMe] ANTP 1 g9} 10X PCR buffer (100 mM T
ris—HCI pH 8.3, 500 mM KCI, 15 mM MgCly), 5 Unite] Tag polymerase (Takara, J



apan)E 339tk PCR ¥k&2 PTC-150 Minicycler (M] Research, USA)E o] &3}

Qi ¥b8 24L& FH X denaturation 94Tl A 5%, denaturation 94Cell 4] 30%, anne

aling 60CelA 30%, extension 72TColA 1E37FS 303 ¥HE3} 3L, vhx] ¥ extension
= 72TCeA 103F W83tk vkg A

I

AE2 1% agarose geldll A A7) F3le] &<l

16S rRNA # 34 AE 43S Y3 cloning ¥ sequencing

Tag polymerase©l] 2l&) A 3’2 AE A A7) 98l 3' — 5 exonuclease activ
ityZ ztil Q= Pfu polymerse (Stratagene, USA)E 1 il H7}ste] 72ColA 10E3H
kS Al 7t} o] = AccuPrep Gel Purification kit (Bioneer, Korea)S ©]-&3le] A3}
ow DNA® w%F FA4317] 918t 1% agarose gelollA A7195S AAsTh o] PC
R product:= T4 DNA ligase (Takara, Japan)S Ab&3led Algk@ A Hincll (Amersham P
harmacia, UK)Z Z¥ pBluescript I SK(-) vector (Stratagene, USA)°l ligation 3}%it}.
Ligation W32 pBluescript SK(-) vector 100 ngol 15 ple] T4 DNA ligase buffer (660
mM Tris-HCl pH 7.6, 66 mM MgCl,, 100 mM DTT, ImM ATP), 2 x9] insert DNA,
05 ute] T4 DNA ligaseE Y93 HA o] 15 u7} S %=E g F 15CoA] 16417 <t 1
gation 3}3t}. Ligation AH=2 E. coli DHoaoll transformation 3133t Transformation-<
75 w9 ligation 2H=S E. coli DHSa competent cell 75 ploll H7}stn Lol A 4083t
Hj o3k F 42°Col A 90%7F heat shocks Al71a thA] Dol 287F W% 5 LB broth
750 wWE FH7rske] 37°ColA] 3023t vt widl 75 wE ampicillin, isopropyl-beta
-D-thiogalactopyranoside (IPTG), 5-bromo-4-chloro-3-indolyl-E-galactopyranoside (X-g
al)7} ¥3t5 LB plateo] =3sle] 37ColA vieksldct. ®HA] ik colony & white col

onyE AEE}o] ampicillin®] 2%% LB broth 4 méoll HF3F & 37ColA A a]gslSd

377
o} wi Y-S 1.5 m¢ microcentrifuge tubel %71 15000 rpmoll A 583 A& 51o] pell



etS FH3laL AccuPrep Plasmid Extraction Kit (Bioneer, Korea)S ©]-&3}o] plasmid D

NAE Eg&tgich 22d DNAE 1% agarose gelol] A7 5 38to] &<13}¢ 12 Unicam U

=

V/VIS SpectrometerE ©| 83t 260 nmol A optical densityS &4stth. 97144

=]
w4

2 Microgen (Korea)oll 9& 33 E4% A7|AE2 NCBI®| databaseo] o}k

= sequenceE¥} Bl A5l A o] 83} Th



4. Chitosanase ¥4 v[AE9 A Wz &4
Minimal medium Ax 9@ #FY HZF

gAY A4 wE chitosanase S &2ldlr] Y& NaCl 0.25%, KHoPO4 O.
1%, MgSO, - 7TH:0 0.07%, KCl 0.05% =% st 7|2 wjA S Axs At 435S
83t 7= LB platedl streakingdle] ©@ ¥ colony® dofal o]E LB brotholl A 4

A EikE 3 ocell pellet?he ®of 7]E wjx 2 BGA A ALEsST)

239 v A= 0.3% yeast extractE 11 AAYOoR e 7]E wjAo @AY st
arch, soluble chitosan, chitosan powder, chitin powder, mannitol, lactose, galactose, g
lycerol, fructose, maltose, glucose % sucroseZ Zt7} 05% % =2 H7lsle] Az

0 7b7te) #FE A BEelel 30ToIA 1047 A7 wFele] Bage) dFS

_10_



e FF

A4 WA= chitosanase A4bell 71 73 S@AYS 1 gAYz e 0.
5%7F Y =2 7]HuA]d A e dAYUOE yeast extract, pepton, trypton, NaNOs,
(NH):S0& ZH2F 0.3% H =5 H7bste] Alxzstela 74zbe] w55 ddsiAl 53

o] 30CellA 1041t A&k wieFste] Aol J&F& =AM

249 54 ©wE IF

44 4292 M1 FEd BE 92 ARy gste] ArAL AT SR
WA el 0.2, 04, 06, 0.8, 10, 1.2, 14 %2 =7} HE% 22 229 27 Hvtetn
Zzke] FEE FUSA LT 0TAA 1043 B A WFsn g FEo

5. Chitosanase®] A A

ko
L
Lo
N
=

LB broth 1 # 9l chitosanase #H] 5 30ColA 24A17F v &Fste] 4Tl A 4,000

rpm o2 307 A E s e dts wr FYdte] o] AR o R ALEE)
At

_11_



94 2 T4

Gel permeation chromatography

Sphadex-G100<& A= AR&3t] fraction & 1 me¥ ol &d543 SDS-PAGEE

AlPsll o zHZES- v alEle] chitosanase ©FHA-S A WALt

6. Chitosanased &4 #4]

Y e 2=

19 soluble chitosan 995 w9} @A F chitosanase 5 WE 3|X35to] WkE L2 7}

7} 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80C= FAow 101t RESAIZT 5 Hhg-l

500 WE 7K1 A4S =43

d AAA

AA A chitosanaseZ 40, 50, 60, 70, 80C o)A 10%, 20%, 30, 60% %< 747 =

_12_



o}l % 1% chitosan solution 495 we} ztzte] 2o x2]¥ chitosanase bulS &3

shol 50CA 10#3F wrgaha Z2te] wopglt #4S S sk

7. Chitosanase?] o}m] =4l g £

AA A chitosanaseZ 12% acrylamide gelol| loading 3 % 50 mA°lA 5087F &7

39t A79E F gelg 82 25 mM Tris, 190 mM glycine, 10% MeOH,
0.02% SDSE Z3%3le] wHE transfer buffero] 3#7F ©7} E94th PVDF membrane®™
MeOH 1027 24 tH7} transfer bufferel]l 5%7F ©@7F E=9%tl 3M paper 9ol gel&
2 T3 1 92 PVDF membrane¥® 3M paperE A#H =2 &8 T2 3 blotting &
Aol setting 3kl 300 mAoAl 3AIZF St AF{FE &2 FACH A7 2 F PVD
F membranes wWolW 71338 5/ 55 washingsla 50% MeOH®l| coomassie blue

S 01% H == =9l staining solutiond] 5&7F @23 th7F MeOH 50%, acetic acid
10%7} ¥ =& wEo]3A destaining solutiond] 5%7F @ & 74 &3 EF 2 washin
g dto] Ao AzAH AZE PVDF membraneol A chitosanase bandE Z-e}
ol N-2h opw]ieil A Ao o] &atqinh N-2eh ofn ik A 42 Fakd)

= = il
i FATEGAT 20 o3

_13_



8. Long and Accurate Polymerase Chain Reaction (LA PCR)S %3 chitosana
A AE g2

B. subtilis CHIZ%E #2]3F genomic DNA 50 plol] 574 2 w0, H buffer 6 09} A
e A Pstl 2 wWE H7yske] 37C water batholl A 3417 WA Zi )t ®3F B subtilis
CH2=%E #2% genomic DNA 50 wloll &5F5 2 ul, H buffer 6p02} #|3+E A EcoRl
& 2 0 A7kl 37°C water batholl A 3A17-sqE RESAIZAG Z42e] wES Ab=2 EtOH
A B34& AA DNAT AASH o 557 10 ploll resuspension Al Z T,

Cassette ligation ¥F$
Pstl Altas~z2 Ada% B subtilis CH19 genomic DNA9 Pst cassettes F23}7]
Ty

ke %
gation solution II 75 wWZ WHSA#H 1L, EcoRl Ad+aA= AW B subtilis CH2 geno

genomic DNA 5 w9l Pstl cassette 25 wf, ligation solution I 15 09} li

mic DNA® EcoRI cassettes F-2s17] 9lste] Ae¥ genomic DNA 5 wloll EcoRI cass

ette 25 uf, ligation solution I 15 0%} ligation solution O 7.5 WS ¥HEA|ZTE 24249

2
ol\
S
Y
ot
I3
2,

HE3-2 16Tl A 307 MaAlH o dkg 222 EtOH Hd #4g& A

B8,

LA PCRS 9% primerd A&

LA PCRE Fa317] ¢35t st primers LA PCR™ Kit (Takara, Japan) el 9=
primer C1 (5'-GTACATATTGTCGTTAGAACGCGTTAGAACGCGTAATACGACTCA-3

_14_



)3} primer C2 (5'-CGTTAGAACGCGTAATACGACTCACTATAGGGAGA-3)E A-4-3}
R T2 3] primeres N-Et opn)il AE #48 EQIR 3] multi primer ChiA
F1 (5'-GCNYTNAAYAARGAYGARAARMGNMGN-3")3} ChiA F2 (5'-GARAARMG
NMGNGCNGARCARYTNACN-3)S #1239 th

1st PCR

N

F2he] cassette®| ligation ¥ B. subtilis CH1¥} B. subtilis CH22] DNA 2 s 55
T 325 plell 343t DNA solutiong THERIL ©]E HUTAA 1083 WAtk DNA
solutiond] 10X LA buffer I (Mg* plus) 5 , ANTP mixture(2.5 mM) 8 x, primer C1 1
b, primer ChiA F1 1 w09} Takara LA Tag DNA polymerase 05 S F7F3Ft} WS-
Z712 HZ% denaturation 94CellA 1%, denaturation 94 CelA 302, annealing 55CelA 3
0%, extension 72ColA 287HS 303] HHE3811 a1, vlA| 9} extension 72°Col| Al 53F HE
S3F9 ek PCR ¥H8 % PCR product= 1% agarose geloll 7] &3ste] &2lsl

2nd PCR

Ist PCR productE 5wl 3]Mate] 1 pvhe ARG of 7)ol S 312 w, 10X L
A buffer TT(Mg” plus) 5 , dNTP mixture(2.5 mM) 8 ul, primer C2 1 ul, primer Chi
A F29} Takara LA Taqg DNA polymerase 0.5 S F7Fstdeh whg 2712 % denatu
ration 94ColA 15, denaturation 94°ColA 30%, annealing 55CollA 30%, extension 7
2°ColA 2878 308 W53 AL, whA|9 extension 72TColAl 5&3F Wkg-3kadtl. PCR
HES- % PCR producti= 1% agarose geloll A 7]d535te] 2153 td. PCR products ¢l

3k W o & pBluescript I SK(-) vectorell cloningd}e] Microgeno] 947144 &
AL sk

_15_



Chitosanase 9 FAA ¢F ANEE &1317] 9§ PCR, cloning ¥ sequencing

LA PCR& &3l &2 39 F32¢] L& o]&ste] primer CHR1 (5'-CGCATGTA
TAACCTCGCCCGTCATC-3"), CHR2 (5'-CATATCCATATTGGATCTCCGTTGTGCC-

3NE AZs9 3 genomic DNAS 3 o2 PCR ¥H&¢-S dgdt) w+-3& Ex Tag DNA po
lymerase (Takara, Japan)E AF&3}31 2™ PCR ®¥Hg-o & A8H 42 50 =2 sk e
] oF 1 g9l genomic DNAE templateZ 3] 100 pmole/ul %2 Chi 16S-F, Chi
16S-R primerg Z+7F 1 wA #7Fsta 10 mMe] ANTP 1 ¢} 10X PCR buffer (100
mM Tris-HCI pH 8.3, 500 mM KCIl, 15 mM MgCly), 5 Unite] Ex Tag polymerase
2 5339t PCR ¥+¢S PTC-150 MinicyclerE o] €391, ¥+ ZAL HXx de
naturation 94Coll A4 5%, denaturation 94Col 4] 30%, annealing 60Col A 30%, exten
sion 72Col A 187+S 303 wHE-&}9)aL, »FA 2 extensions 72Tl A 1087+ #¥+-3-3}
At & ALES 19 agarose gelol A @71 B8ko] & ¢l sk vl

3'dero]l AZ AASY] 98t Pfu polymerses 1 @ A 7Fste] 72Tl A 1027 w+-&
Al A Y. o] & AccuPrep Gel Purification kit (Bioneer, Korea)S ©]-&3le AA|st1 o™ D

NA9 s=5 SA387] skl 1% agarose gellM 7196& skt ©f PCR prod
uctE 9ol A AF3 W o= cloning 3t

9. E. coli BL219|A Z&8& 93 Chitosanase coding sequence®] cloning

F #FE2HEH 8% genomic DNAZS template® 3}¢] chitosanase coding 9 &

ZTZ37] 9% PCR -85 3ttt 747zt FZo ALE-% primer= CH coding F (5'-

GAGACATATGAAAATCAGTATGCAAAAAGC-3)¢ CH coding R (5'-GAGAGG
ATCCTTATTTGATTACAAAATTACCGTA-3') ol® E. coli BL21o|A 23 < 93|

_16_



pET11a vectorel]l AFdo] §90]3t=2 primer CH coding Foll &= Ndel siteE CH coding
Rell== BamHI sites 77} 2&3t=5 t]xpdstAth. PCR WS- Hot start PCR %
o2 APstg e PCR HESo] F A8H 2 50 = 9F 1 pgel genomic DNAE

il

template® 3} 100 pmole/w! F%¢ CH coding F, CH coding R primerE 2+7+
WA AH7Eeta 25 mMe dNTP 4 w9t 25 mMe MgCly 3 @, 10X Ex Taq Buffer 5
wh 1831 3 unit®] Ex Tag DNA polymerasesS £33t PCR #+82 PTC-150 M

—_

inicycler® o] &3t 1, ¥H3 ZAL HX denaturation 94Cel A 5%, denaturation 9
4CANA 18, annealing 45ColA] 30%, extension 727TCe|A 1&27+S 303 w351 11,
ulx] 2 extensionS 72TCo| A 5&7F wh$-3litl. PCR products 1% agarose gelol A
A7) F8te] g2l PCR products oA g3t Wi o7 pBluescript I SK

(=) vectorell subcloning3} %3t}

10. pET vectorE ©]| &3 E. coli BL219| A 9 chitosanase @&

229 plasmid DNASF 2& g vector?] pET1la (Novagen, USA)E AT A Ndel
(Takara, Japan)®} BamHI (Takara, Japan)o. = Z+z} A3ttt 2S BamHIS A&
ste] Auksll e DNAE 2 wgoll K buffer 5 w9t 10 unit®] BamHIS &&3ste] 3
0CAA 24 FHEeE vES AT, WhS-o] & 3 1% agarose geldl 7953t &&
AL Fdstar EtOH & &3l A & A o] 50 ub ¥ =% H buffer 5 w9} 1
0 unite] Ndel& &3sle] 37CoA 2A17Hs<k WSS A 7Y, dd® DNAE 1% aga
rose gelo] A7) %E3lo] 213 & Gel Purification Kit (Bioneer, Korea)S 7}FA 1 A
Astg et AdE pET11a¢) insert® T4 DNA ligaseE AF&3te] ligation 39121 ligatio
n HWHS =S 15 W= 3Fal 10X ligase buffer 1.5 pl, pET11a 2 uf, insert DNA 4 w2<
Hol 15TCAA 16A17HE<tE ligation ¥HS-S @33t} Ligation AHe2 E. coli DH5aol tr

_17_



ansformation 3l 2™ transformation 8 E coli DHba competent cell 70 bl ligati
on AHs 7 WE E%sle] dLoA 40E7E wiFstar 42°Col A 90%7F heat shockE

Al 5ol 283F vkttt oldl LB broth 70 ulE 3H7Fshe] 37CAA 3023t w ks
T ampicillin®] £+ LB plated] =233 colonyE WAl ampicillin®] €9 U+ LB
brothel] ¥ %3}t Plasmid Extraction kitS ©]83] wlYH cell®] plasmid DNAE #
3L o] Al WS celldl E coli BL21 (Novagen, USA) competent cell ¢F2 2 tran
sformation Fe] 37ColA ¥A] wiF & colonyE ™A ampicillin®] £¢11= LB broth 4m
lo] FEstach 2 5 37ColA WAl ' wfFsto] wjFde] dR-E ampicilline] Eol3+=
LB broth 50 meoll Alth wjFste] 37T & wjgstHA] o]& 600 nme] &3 %A o
ptical density”} 0.8°] H=Z u]F & 18TColA 3083 wldsle] IPTGE HFT 5%
mMe|] HE& H7Fsttt o] & thAl 18T elA 2041 7HE < sl fste] o d Hd s
=3t wigE cell 50 ml conical tubeo] %7 4T, 3,000 rpmel A 1087 94
gl stttk A5 dS AAG F 10 mM2] Tris-HCL (pH 8.0) 15 mE 7k 3 thA]
FAIA 4T 23 EH7E o)&d cellS FHFATE o] & ThA] 4T, 15000 rpm
oA HAEE st s A2 soluble G AES st o] &kl HHES 1X SDS

Jo

™

sample buffer (4X Tris - HCI/SDS, 20% glycerol, 4% SDS, 3.1% DTT, 0.001% brom
ophenol blue) €02 AEFAA insoluble @A S dolst=d] ALt WHad

oz ko] 3H¢l S SDS-PAGEE £3] A 39
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1. Chitosanase ¥4 A& £& 2 5A

AL HE FHow i Huole] Ao ZRE chitosanaseE #-HEE 2719 &4

ubtilis®t Astst 54 14 5o Atk Fig. 40 F #F9 545 YEH
213 16S rRNA M9 B4 A3= B. subtilis L3} vliske] Fig. 501 Yebleh. 8
65 bpel 16S rRNA A& 4 A¥ & 3 AA #5F9 16S rRNA F32 A 49& B.

ubtilis® 16S rRNA F+4 =z H &3} 99.76% A X stga F WA F52 16S rRNA
A M De 99.88% LA e o5 Aol B w F #F BT B subtilis$t 79
A A AR F 9] colony FEZF A3 2
el fe] 9" gk e Ao SAHAY. 7 #FE B osubtilis®t 22 FAA

© 7 AEe] Bacillus subtilis CH13 Bacillus subtilis CH2E ™ ™3} %t}

12

o
Mo
offt
oX,

AME ApelE HloH,

r—{m
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Strain 1 Strain 2

Colony shape and size  Round Irregular
Margin (edge) Entire (smooth)  Undulate
Color White, shiny White, dull
Texture Moist Dry (or rough)

Fig. 2. Characteristics of colonies from strain 1 and strain 2.
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Fig. 3. Scanning electron micrographs (SEM) of strain 1 and strain 2.

a . SEM of strain 1, b : SEM of strain 2
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Strain 1 Strain 2 B. subtilis

Gram stain + + +
Shape of cell rod rod rod
Spore + + +
Catalase + + +
Oxidase - - -
MR - -

VP T 5

Indole = = -
O/F O O @)
TSI K/A K/A

Motility + - +

Fig. 4. Comparison of physiological and biochemical characteristics of strain

1 and 2 with B. subtilis.
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B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGA
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGA
CCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGA

KRR A AR AR A KA A AR A AR A A A A A A AR AR A A Ak Ak Ak Ak hkhkhkhkhkhkhhhkhkhkhkhhrhxkx

GCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAAC
GCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAAC
GCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAAC

KRR A AR AR AR AR A A A hA A A AR AR A Ak Ak Ak A Ak kA A Ak Ak hkhkhkhkhkhkhkhkhhkhhkhkhrrrhhhhkhkk

AAGTGCCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACT
AAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACT
AAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACT

KKKK AR AR KRR AR A A A A A A A A A AR A A AR AR AR A AR AR AARAA AN ARk hhkhkhkhkhkhk Ak xk

ACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTA
ACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTA
ACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTA

KRR AR A AR A KA AR AR AR A A A A A A A AAA AR A AR Ak kA A A Ak Ak Ak hkhkhkhkhkhhhkhkhkhkhkhrhxkx

AAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG
AAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG
AAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGG

KA KA A A AR AR AR A A A hA A A AR AR A A A Ak A Ak kA A Ak Ak hkhkkhkhkhkhkhkhkhkkhkhkhkrrrxhhhhkhkk

TCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGT
TCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGT
TCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGT

KRR AR AR AR R AR AR A A A A A A A A AR A AR AR A AR AR AR AAAAAA A A ARk hhkhkhk kA kA hk Ak kK

GAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTG
GAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTG
GAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTG

KRR A KRR AR A I A A AR AR AR A A A A A A A AR A A A A A h kA kA Ak Ak hkhkhkhkhkhkhhhkhkhkhkhhrhxkx

ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG
ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG
ACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCG

KRR A AR AR AR A A A A A A A AR AR A Ak Ak Ak Ak kA kA Ak khkhkhkkhkhkhkhkhhkhkhkhkhkrrrkkhhkhkk
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B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

B.subtilis
strain 1
strain 2

Fig. 5. Multiple alignment of 16S rRNA sequences of strains 1 and 2 with B.

TAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATT
TAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATT
TAAACGATGAGTGCTAAGTGTTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATT

KRR A AR AR A KA A AR A AR A A A A A A AR AR A A Ak Ak Ak Ak hkhkhkhkhkhkhhhkhkhkhkhhrhxkx

AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCC
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCC
AAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGGAATTGACGGGGGCC

AAKRA AR AR AR A A A A hA A A AR AR A Ak Ak Ak Ak h kA A Ak Ak hkhkhkhkhkhkhkhkhhkhkhkhkhkrrrxkhhhkhkk

CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCT
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCT
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCT

KRR AR AR AR R AR AR A A A A A A A A AR A A AR AR AR A AR AR AARAA A A ARk hh kA hkhkhkhkhk Ak xk

TGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGG
TGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGG
TGACATCCTCTGACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACAGGTGG

KRR AR AR AR KA A AR A AR A h A A A A A A AR AR A A Ak kA A Ak Ak Ak hkhkhkhkhkhhhkhkhkhkhkhrxhxkx

TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
TGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA

KA KA A A AR AR AR A A A hA A A AR AR A A A Ak A Ak kA A Ak Ak hkhkkhkhkhkhkhkhkhkkhkhkhkrrrxhhhhkhkk

CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAAC
CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAAC
CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAAC

KRR AR AR AR R AR AR A A A A A A A A AR A AR AR A AR AR AR AAAAAA A A ARk hhkhkhk kA kA hk Ak kK

CGGAGGAAGGTGGGGATGACGTCAA
CGGAGGAAGGTGGGGACGACGTCAA
CGGAGGAAGGTGGGGATGACGTCAA

khkkkkkhkkhkkhkkhkkhkkhkhkhkhkhkkx kkhkkkkkkx

subtilis 16S rRNA sequence.
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2. Chitosanase &H] " &S ¥ =40 4

dagdel Be 1

B. subtilis CH19} B. subtilis CH29] ®©49 F /ol wE chitosanase A& ool

H7] 93] &9 starch, soluble chitosan, chitosan powder, chitin powder, mannito

1, lactose, galactose, glycerol, fructose, maltose, glucose ¥ sucroseS Z+Zt 05% T =

= Aol gle 713 wiAd H7tek A& Fig. 6% Fig. 7 UL oW, B. subtilis
CH1ol A= starch, B. subtilis CH2°| A+ fructose’} 7F3 £& &A1& YeEFU I

wad yEo wE z3

Aol w2 golA 7H £ 4S8 YERA B subtilis CHI19IA 2] starch<}b
B. subtilis CH29] fructoseE 7}A 3 chitosanase A4t HA FEE& dolr 7] §3dld
05, 1, 15, 2, 25, 3, 35, 4% sk== A3 43E Fig. § Fig. 99 2] el
B. subtilis CH19I A= starch7} 2% o 7bd $& @45 YebWlal, B. subtilis CH2
o A+ fructose’} 4% & W] 714 £ A4S YeEAT

_25_



control

starch

soluble chitosan
chitosan powder
chitin powder
mannitol

lactose

galactose

Carbon source

glycerol
fructose
maltose

glucose

sucrose

0 20 40 60 80 100

Relative activity (%)

Fig. 6. Effect of carbon sources on the chitosanase production of B. subtilis
CH1. Incubation at 30C for 10 hours. The basal medium alone was used in the

control.
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control

starch

soluble chitosan
chitosan powder
chitin powder
mannitol

lactose
galactose

Carbon source

glycerol
fructose
maltose
glucose

sucrose

0 20 40 60 80 100
Relative activity (%)

Fig. 7. Effect of carbon sources on the chitosanase production of B. subtilis
CH2. Incubation at 30C for 10 hours. The basal medium alone was used in the

control.
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110

100 A

90 -

80

Relative activity (%)

70 A

60

50 T T

Concentration of Starch (%)

Fig. 8. Effect of starch concentration on the chitosanase production of B.

subtilis CH1. Incubation at 30C for 10 hours.
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120

100

80

60

Relative activity (%)

40 4

20

Concentration of fructose (%)

Fig. 9. Effect of fructose concentration on the chitosanase production of B.

subtilis CH2. Incubation at 30C for 10 hours.
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darde B 57

B. subtilis CH1$} B. subtilis CH29] dAY F57Fo wE chitosanase FA S &
ol 7] 98te] AAY yeast extract, pepton, trypton, NaNOs, (NH4)-SO,Z 22+ 0.3%
HEE dide] gle 71E wAe H7e A3E Fig. 109 Fig. 11 YE¥ e, B
ubtilis CH1, B. subtilis CH2 & U} yeast extractoll A 713 €& &4 YeElyAL.

A4 =4 wE 57

Ao we 2ol 7P 2 248

-

Bt B. subtilis CH1Z} B. subtilis
CH29] yeast extractZ 7}#] 2L chitosanase A4t 2 TE=5 Lol 7] $I3t9 0.2, 04,
0.6, 0.8, 1.0, 1.2, 14% s==2 Adst A3& Fig. 12, Fig. 137} #o] YEW Y. B. sub
tilis CH19 M= 1.0%, B. subtilis CH211.4% vyeast extract & u] 7}4 £& &4
B LTt
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(NH4)2504

NaNO3

Trypton

Nitrogen source

Pepton

Yeast extract

0 20 40 60 80 100

Relative activity (%)

Fig. 10. Effect of nitrogen source on the chitosanase production of B.

subtilis CH1. Incubation at 30C for 10 hours.
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(NH4)2504

2 NaNO3
5
?

S Trypton
()]
S

=z Pepton

Yeast extract

0 20 40 60 80 100

Relative activity (%)

Fig. 11. Effect of nitrogen source on the chitosanase production of B.

subtilis CH2. Incubation at 30C for 10 hours.
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120

100

80

60 -

40 4

Relative Activity (%)

20

T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Concentration of Yeast extract (%)

Fig. 12. Effect of yeast extract concentration on the chitosanase production

of B. subtilis CH1. Incubation at 30C for 10 hours.
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120

100

80

60 -

Relative Activity (%)

40 4

20

0 T T T T T T T

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Concentration of Yeast extract (%)

Fig. 13. Effect of yeast extract concentration on the chitosanase production

of B. subtilis CH2. Incubation at 30C for 10 hours.
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3. Chitosanase®] A A

T e vjgdorHE wwlAd S F535le] @HAZ] $ gel permeation chromatog
raphyE ©|-83}o] fraction B2 @S F2e}9ar, 242H9] fraction 72 SDS-PAGE<}
=4S Bl chitosanaseE EQ1stith 2<% chitosanase ¥ A #2 & U 31 kDa
o w uyetutth Fig. 14¢] 2t #5258 AAE chitosanase® SDS-PAGE Z3&
ER LTt

31kDa — |

Fig. 14. Gel electrophoresis analysis of purified chitosanase from B. subtilis
CH1 and CH2 by gel permeation chromatography. lane 1 : marker, lane 2 :
chitosanase from B. subtilis CHI1, lane 3 : chitosanase from B. subtilis CH2.
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4. AAE 549 54
HH 2= 4 dAA

A% chitosanase®] A WkHg =2 F SA35t7] 9@l 1% soluble chitosan¥} chitos
anases 3]Aste] 30TolA 80TC7HA 5TCTH FASZ 10 &< ve & 45 =4
st A3 B. subtilis CH1¥} B. subtilis CH2 chitosanase =7 4 ®bg %7 60T
R T0C7HA &5 Herddo HA vk 2% s A3+ Fig. 15, Fig. 169
YUERATE ZH2FE] chitosanaseo] gk & St ES dotrR 7] 98] B4 2EEE 1
024 Folie & 1 848 FAS A B. subtilis CHIZ B. subtilis CH2 chitosana

AL 50T = Algte]l A el we} =54
w A% &ido] sttt Fig. 17, Fig. 18

se & TF 40CeolA = AHFAo=E QHgsta
st o 60CAANE AlZro] Ay A
| & kA gk A3E eI

[*]

2
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120

100

80 4

60 -

40

Relative activity (%)

20 4

20 30 40 50 60 70 80 90

Temp

Fig. 15. Effect of temperature on the activity of chitosanase obtained from B.
subtilis CH1.
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120

100 +

80 -

60 -

40

Relative activity (%)

20

20 30 40 50 60 70 80 90

Temp

Fig. 16. Effect of temperature on the activity of chitosanase obtained from B.

subtilis CH2.
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120

~ 100

& —— 40T

> 80

= —4—50T

T 60 ——60C

2 ——70C

£ 40

§ —x—80TC
20

min

Fig. 17. Thermal stability of chitosanase obtained from B. subtilis CH1 at

different incubation temperatures.

_39_



120

~ 100

& —— 40T

> 80

= —4—50T

T 60 ——60C

2 ——70C

£ 40

§ —x—80TC
20

min

Fig. 18. Thermal stability of chitosanase obtained from B. subtilis CH2 at

different incubation temperatures.
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5. Chitosanase o}a| =4t A4 HE4]

B. subtilis CH13 B. subtilis CH29] A% chitosanaseE 7}* 3 PVDF blotting
% 1570¢] N-terminal o724t A8 A3 23 & tF AGLNKDQKRRAEQLT=

UEb i o] 2 o]E chitosanase?] FAA IS EAst=d o8 5 o%

6. Chitosanase @7] A€ &4

LA PCRE &3 &24¥ B subtilis CH19| chitosanase coding +A A g2 834 b
p (277 amino acids), mature sequence+ 729 bp (242 amino acids) ¢4 Fig. 199 1}
el 1t} B. subtilis CH29] chitosanase coding 3 A A4 816 bp (272 amino aci
ds), mature sequencex 729 bp (242 amino acids)% il Fig. 200 YEF AT}

B. subtilis % w9 chitosanase 3 A E-2 B. subtilis CH19] chitosanase ¢
oding F+d2 ML FHY d7Ivke] ZolE B o]F ofv| et AR v AS
o ¢k 3] LA AT B. subtilis CH29] chitosanase A A A 42 32712] zto]& H
Pl o] Z oA g vl dS Wl B subtilis® otn| =4 MG B wldle] signa
1 sequenceol| A7t 671 2] olm=ato] A A S BTt B subtilis CHIZ B. subti
lis CH29] chitosanase A €< vl 223 A3} signal sequenced| A= 207019 <7]
ol & R, 6719 ofux=4t ztolE B TE Mature sequenced| A= 12719 7]
zZkolE HA o opmet Ade 9hds] dAsks A3E B ©o]E Fig. 219 Fi
g. 22 Yt
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ATGAAAATCAGTATGCAAAAAGCAGATTTTTGGAAAAAAGCAGCGATCTCATTACTTGTT

MK I SMQKADTFWKZKAAILISLLYV
TTCACCATGTTTTTTACCCTGATGATGAGCGAAACGGTTTTTGCGGCAGGACTGAATAAA
FTMFFTLMMSETVFAAGLNK
GATCAAAAGCGCCGGGCGGAACAGCTGACAAGTATCTTACGGCACAACGGAGATC

E

D Q KRRAEQLTSIF NG TTEI
CAATATGGATATGTAGAGCGATTGGATGAGGGGCGAGGCTATACATGCGGACGGGCAGGC
QY GYVERTLTPDDIGRGY TCGRAG
TTTACAACGGCTACCGGGGATGCATTGGAAGTAGTGGAAGTATACGCAAAGGCAGTTCCG
FTTATGDALEVVEVYTKAVP
AATAACAAACTGAAAAAGTATCTGCCTGAATTGCGCCGTCTGGCCAAGGAAGAAAGCGAT
NNKLIKKYLPELRRLAKTETESTSD
GATACAAGCAATCTCAAGGGATTCGCTTCTGCCTGGAAGTCGCTTGCAAATGATAAGGAA
D TSNLKGFASAWKT STLANDKE
TTTCGCGCCGCTCAAGACAAAGTAAATGACCATTTGTATTATCAGCCTGCCATGAAACGA
FRAAQDI KV NDHLYYQPAMEKR
TCGGATAATGCCGGACTAAAAACAGCATTGGCAAGAGCTGTGATGTACGATACGGTTATT
SDNAGLKTALARAVMYDTVI
CAGCATGGCGATGGTGATGACCCTGACTCTTTTTATGCCTTGATTAAACGTACGAACAAA
QHGDGDDPD SFYALTIKRTNK
AAAGCGGGCGGATCACCTAAAGACGGAATAGACGAGAAGAAGTGGTTGAATAAATTCTTG
K AGGSPKDGIDEZKZKWLNEKTFL
GACGTACGCTATGACGATCTGATGAATCCGGCCAATCATGACACCCGTGACGAATGGAGA
b VRYDDLMNPANHDTRDEWR
GAATCAGTTGCCCGTGTGGACGTGCTTCGCTCTATCGCCAAGGAGAACAACTATAATCTA
ESVARVDVLRSI AKENNYNTL
AACGGACCGATTCATGTTCGTTCAAACGAGTACGGTAATTTTGTAATCAAATAA
NGPITHVRSNEYGNTFV I K *

Fig. 19. Nucleotide sequence of B. subtilis CH1 chitosanase. The

60

120

180

240

300

360

420

480

540

600

660

720

780

834

signal

sequence is underlined, the active site residues are boxed and the asterisk shows

the stop codon.
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ATGAAAATCAGTATGCAAAAAGCAGCGATCTCATTACTTGTTTTCACTATGTTTTTTACC - 60
MK I SMQKAAISLLVFEFTMFTFT
CTGATGATGAGTGAAACGGTTTTTGCGGCGGGACTGAATAAAGATCAAAAACGCCGGGCG - 120
L MMSETVFAAGLNIKTDU QKRR RA
GAACAGCTGACAAGTATCTTTGAAAACGGCACAACGGAGATCCAATATGGATATGTAGAG - 180
EQLTS I F I!i NGTTETIQYGYVE
CGATTGGAT|GACIEGGCGAGGTTATACATGCGGACGGGCAGGCTTTACAACGGCTACCGGG - 240
R LD[DIGRGY TCGRAGFTTATSG
GATGCATTGGAAGTAGTGGAAGTATACACAAAGGCAGTTCCGAATAACAAACTGAAAAAG - 300
DALEVVEVYTKAVPNNIKILIKHK
TATCTGCCTGAATTGCGCCGTCTGGCCAAGGAAGAAAGCGATGATACAAGCAATCTCAAG - 360
YLPELRRLAKETESDDTSNTLK
GGATTCGCTTCTGCCTGGAAGTCGCTTGCAAATGATAAGGAATTTCGCGCCGCTCAAGAC - 420
GFASAWKSLANDEKETFRAAQD
AAAGTAAATGACCATTTGTATTATCAGCCTGCTATGAAACGATCGGACAATGCCGGACTA - 480
K VNDHLYYQPAMKRSDNASGIL
AAAACAGCATTGGCTAGAGCTGTGATGTACGATACGGTTATTCAACATGGCGATGGTGAT = 540
K TALARAVMYDTV I QHGDSGO?D
GACCCTGACTCTTTTTATGCCTTGATTAAACGTACGAACAAAAAAGCGGGCGGATCACCT - 600
bpPDSFYALIKRTNKEKAGS GSF®P
AAAGACGGAATAGACGAGAAGAAGTGGTTAAATAAATTCTTGGACGTACGCTATGACGAT - 660
KDGI1DEKIKWLNEKTFLDVRYDTD
CTGATGAATCCGGCCAATCATGACACCCGTGACGAATGGAGAGAATCAGTTGCCCGTGTG - 720
LMNPANHDTRDEWRESVARY
GACGTGCTTCGATCTATCGCCAAGGAGAACAACTACAATTTAAACGGACCGATTCATGTT - 780
D VLRSI AKENNYNLNGPTIHYV
CGTTCAAACGAGTACGGTAATTTTGTAATCAAATAA - 816
RSNEYGNFV I K *

Fig. 20. Nucleotide sequence of B. subtilis CH2 chitosanase. The signal
sequence is underlined, the active site residues are boxed and the asterisk shows

the stop codon.
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Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

ATGAAAATCAGTATGCAAAAAGCAGATTTTTGGAAAAAAGCAGCGATCTCATTACTTGTT
ATGAAAATCAGTATGCAAAAAGCAG CGATCTCATTACTTGTT

KAhkKkkkhkhkkkhkkkhkkkhkkkkhkhkkkkx*% kkhkhkkkhkkhkkkhkkkkhkkkkkkx

TTCACCATGTTTTTTACCCTGATGATGAGCGAAACGGTTTTTGCGGCAGGACTGAATAAA
TTCACTATGTTTTTTACCCTGATGATGAGTGAAACGGTTTTTGCGGCGGGACTGAATAAA

KAKKK KAKKKAKKAKRKKAKAKAKRKRKAAKNKAKN KAAhAAXxAXkAXhhhhkd *hkhkkkdhkhkhkhxkx*x

GATCAAAAGCGCCGGGCGGAACAGCTGACAAGTATCTTTGAAAACGGCACAACGGAGATC
GATCAAAAACGCCGGGCGGAACAGCTGACAAGTATCTTTGAAAACGGCACAACGGAGATC

KEKKKKEKK KA AR KA KRR AR KR AR KK A KA KA KR AA K AA R A AR R AR kA Ak kA *khkhhkhkhhkhhx*x

CAATATGGATATGTAGAGCGATTGGATGACGGGCGAGGCTATACATGCGGACGGGCAGGC
CAATATGGATATGTAGAGCGATTGGATGACGGGCGAGGTTATACATGCGGACGGGCAGGC

KEAKKKKAKKA KKK KKK AKRKRKAAKR KKK KR AN KA KA AK AR KK K hhkhkhhkhkhddhkhkhkhhkhkhxx

TTTACAACGGCTACCGGGGATGCATTGGAAGTAGTGGAAGTATACGCAAAGGCAGTTCCG
TTTACAACGGCTACCGGGGATGCATTGGAAGTAGTGGAAGTATACACAAAGGCAGTTCCG

KAKK KKK KKK KKK KKK KR KAAKR KKK KR AKRKRAKRKRAAKNAAR KRR R AR RA A Ak *hhkhkhkhhkhhx*x

AATAACAAACTGAAAAAGTATCTGCCTGAATTGCGCCGTCTGGCCAAGGAAGAAAGCGAT
AATAACAAACTGAAAAAGTATCTGCCTGAATTGCGCCGTCTGGCCAAGGAAGAAAGCGAT

KRR KA AR KRR KRR AR KA KRR KA KR KA A KR KR AA KR AR KR KA KA R AR KA AR A A A kA Ak hkhkkkhkxhhxk
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Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

Bacillus

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

subtilis

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

CH1
CH2

GATACAAGCAATCTCAAGGGATTCGCTTCTGCCTGGAAGTCGCTTGCAAATGATAAGGAA
GATACAAGCAATCTCAAGGGATTCGCTTCTGCCTGGAAGTCGCTTGCAAATGATAAGGAA

KR KK KRR KRR KRR KR AR KR AR KR KA KRR A KRR AR KR AKR KR KA KA KA AR A AR * A Ak kA Ak khkhkhkxhkhxk

TTTCGCGCCGCTCAAGACAAAGTAAATGACCATTTGTATTATCAGCCTGCCATGAAACGA
TTTCGCGCCGCTCAAGACAAAGTAAATGACCATTTGTATTATCAGCCTGCTATGAAACGA

KKK KKK KKK KKK KKK KR KAAKR KKK KR AR KRAKR KR AR KN AA KRR A KA KA A hxAhhhk*k* *hkhhkhhx*x

TCGGATAATGCCGGACTAAAAACAGCATTGGCAAGAGCTGTGATGTACGATACGGTTATT
TCGGACAATGCCGGACTAAAAACAGCATTGGCTAGAGCTGTGATGTACGATACGGTTATT

KEKKKK KAKKKAKRKAKRKAKAKAKRKRKAAKAKAEAKRKAK AAXAAXIA X * A hhhhkhkkdhkhhhhkx*x

CAGCATGGCGATGGTGATGACCCTGACTCTTTTTATGCCTTGATTAAACGTACGAACAAA
CAACATGGCGATGGTGATGACCCTGACTCTTTTTATGCCTTGATTAAACGTACGAACAAA

KK KRR KRR AR KRR KA KRR AR KR AR KR AR A KA KRR AA K AA R AR R KA A A Ak kA *khkhhhkhhhhx*%

AAAGCGGGCGGATCACCTAAAGACGGAATAGACGAGAAGAAGTGGTTGAATAAATTCTTG
AAAGCGGGCGGATCACCTAAAGACGGAATAGACGAGAAGAAGTGGTTAAATAAATTCTTG

KAKK KKK KKK KR AR KKK KR AR KR KKK KR AKRKRAKR KR KA KN AA R IR AR AR R K*A* K, *hhkhkhkhkhhkhhx*x

GACGTACGCTATGACGATCTGATGAATCCGGCCAATCATGACACCCGTGACGAATGGAGA
GACGTACGCTATGACGATCTGATGAATCCGGCCAATCATGACACCCGTGACGAATGGAGA

KRR KA AR KRR KRR AR KA KRR KA KR KA A KR KR AA KR AR KR KA KA R AR KA AR A A A kA Ak hkhkkkhkxhhxk
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Bacillus subtilis CH1 GAATCAGTTGCCCGTGTGGACGTGCTTCGCTCTATCGCCAAGGAGAACAACTATAATCTA
Bacillus subtilis CH2 GAATCAGTTGCCCGTGTGGACGTGCTTCGATCTATCGCCAAGGAGAACAACTACAATTTA

KAKKKAKRKAKRKAKRK KA KR KAAKRKARKAKN KA, AA*AAhxAhhhkhhxhhhkrhxhx*x **kx %%

Bacillus subtilis CH1 AACGGACCGATTCATGTTCGTTCAAACGAGTACGGTAATTTTGTAATCAAATAA
Bacillus subtilis CH2 AACGGACCGATTCATGTTCGTTCAAACGAGTACGGTAATTTTGTAATCAAATAA

KA KKK AR KA KR AR KA AA KR KA KNI AR KR AR KA AR KA KNI AR I A A h kA hdhkhhhkxhxhxk

Fig. 21. Multiple alignment of chitosanase nucleotide sequence of B. subtilis

CH1 and B. subtilis CH2.
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Bacillus subtilis CH1 MKISMQKADFWKKAA I SLLVFTMFFTLMMSETVFAAGLNKDQKRRAEQLTS IFENGTTE
Bacillus subtilis CH2 MKISMQ-————- KAATSLLVFTMFFTLMMSETVFAAGLNKDQKRRAEQLTSIFENGTTEI

*kkkk*k KA A AAAIIAAAA ARk hkhhkh kA A A A A Ak hkkhkhhhkhkhkhkhxkhkhkhkhhhkhkhkx*k

Bacillus subtilis CH1 QYGYVERLDDGRGYTCGRAGFTTATGDALEVVEVYTKAVPNNKLKKYLPELRRLAKEESD
Bacillus subtilis CH2 QYGYVERLDDGRGYTCGRAGFTTATGDALEVVEVYTKAVPNNKLKKYLPELRRLAKEESD

KA A A AR AR AR A AR A A Ak kA h A A A A AR Ak hkhkhhhkhhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkhkhrrrhhkxk

Bacillus subtilis CH1 DTSNLKGFASAWKSLANDKEFRAAQDKVNDHLYYQPAMKRSDNAGLKTALARAVMYDTV |
Bacillus subtilis CH2 DTSNLKGFASAWKSLANDKEFRAAQDKVNDHLYYQPAMKRSDNAGLKTALARAVMYDTV |

KRR AR AR R AR AR A A A A A A A A AR A AR AR AR AR A AR AARAA AR ARk hkhkhkhkhkhkhkhk A rk A hhxk

Bacillus subtilis CH1 QHGDGDDPDSFYAL IKRTNKKAGGSPKDG | DEKKWLNKFLDVRYDDLMNPANHDTRDEWR
Bacillus subtilis CH2 QHGDGDDPDSFYAL I KRTNKKAGGSPKDG | DEKKWLNKFLDVRYDDLMNPANHDTRDEWR

KA KRR A KK AR AR AR A A A A A A AAAAA AR A A Ak Ak kA hkhkhk Ak Ak hkkkhkhkhkkhhhhkhkhrrrhrxkx

Bacillus subtilis CH1 ESVARVDVLRS I AKENNYNLNGP [HVRSNEYGNFV [K
Bacillus subtilis CH2 ESVARVDVLRS I AKENNYNLNGP [HVRSNEYGNFV [K

hhkhkhkhkhhkhkhkhkhkhhhhhkhhkhhkhkhkkhkhhrdrhhhhhhkhkhkhkxx

Fig. 22. Multiple alignment of chitosanase amino acid sequence of B. subtilis

CH1 and B. subtilis CH2.
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7. Chitosanase coding sequence9 cloning

B. subtilis CH1, CH22 %€ ®# % genomic DNAE 7}A i chitosanase coding %

guts FZ3lo] pBlueScript SK(-) vectorel]l At¢] 3 E coli DH5a ¢Fo 2 transfor
mation 3}$ 3L white/blue screeningS §3ll chitosanase A7 A€ cellS A

sto] w2 M chitosanase coding FAAE FRIGN ©]E Ndel, BanHIL =
At & pETlla vectorel AZ%3}e] cloning3t e 22X E. coli BL21WolA W3S 9
ot f-H2E FR3AT

[‘

8. E. coli BL21& ©] &% chitosanase &4

pET1la vectorel]l A %% ¥ chitosanase sequence:™= WdS 98] E. coli BL21 cell
o transformation = o] th 100 pg/mé ampicillin 5o A ¥lSHA cell& PTGl <)
18Coll Al 20A17H5 <k induction ¥} H il SDS-PAGEE &s 2@ %o] Flxo] A
o insolubledt @ &3} 37 Fig. 230 WeEbH ATt Dataol = vepi Al &9k Rk 3
0CollA induction A% & wl ©@uldo] insoluble 3 FEIE Yelfo] A4S YehXA
& Skt

l
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(KDa)
97.4 —
66.2 —

45.0 — Preprotein

31.0 — “ Mature protein

21.5 —

14.4 —

Fig. 23. SDS-PAGE analysis of chitosanase expression in E. coli BL21.
Lanel : marker, lane 2-4 : cytoplasmic proteins of B. subtilis CH1, Lane 5-7 :
cytoplasmic proteins of B. subtilis CH2, lane 2, 5 : before the induction, lane 3, 6 :

soluble proteins, after induction, lane 4, 7 : insoluble proteins, after induction
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Zulolo] Ao ZHE AELE chitosanaseE EH3tE F MY straing 2Hgkom

gram positive It 22 chitosan®] gt &Ado] At F T2 16S rRNA A
d& EA% Ay sve] w3+ B osubtilis®t 99.76%, tHE o] = 99.88%

AE BT olflel e Astel A A3} F #F BT B osubtilis®] EedTot o
A7E Bk AR o] ¥ EFE colony B, +EA, @ £ (Datadl

= YUEA 2g) WA ol E B o F 59| chitosanase A D wE

ta ZolE B o5 ZAAE EUE F IFE B subtilis®] MEEF dFEE B

@3t Bacillus subtilis CH13} Bacillus subtilis CH2% "6 3}

TFEEE &40 wE chitosanase A S 913 A3t B subtilis CH1Y

A9 starcholl A =2 AAEI A 71 =& A4S YHEMNA L, B subtilis CH29

i

P

45+ fructosedl A =2 AAEN 2SS Yehldt 1 9ol B subtilis CHILM A
= galactose, maltose, lactose, chitosan powdersolA FEHIA = AE 2 + IdA

3l B. subtilis CH291 A+ glucose, maltose, lactose, galactose S oA FE=FHAA = A
gl 4 AUtk Datadll A= HAAA] SkAIRE glucosamine®] 4% F #F &
FollA AFGET EAo] ofF Ak AA AFEEH A 7= AAA oy gl d&

=%
aE gl ASSAT o5 ANES TP B u) RgH F @M @il o

o

=

& chitosanase AAHS 59| chitosanse A FEIA chitosanol 9l =4
Holx= A= & B subtilis CHIO| A chitosan powderol] ol&] w@e v &2
EEHI 3 e @AAENA =4 FEFHAAAE AS B F AT o= o] F
oA chitosanase AJite] & B 5ol od fFrEojA= Aol ofdrt A7tE]
™ Bacillus subtilis strains-> chitosans 3lat7] $l8 o]& AAbst= 3lo] ofyaL
=

& FA7ME #slstr] f18) kst Ao obdrE AZET Luis et al. (2000) 9]



ol A= Bacillus subtilis 1689] chitosanase 7% #lA ol 1 mg/ml ©]*4<] chitosan
= 37F AN Z& W chitosanase®] Atto] AsjEtia W sty vy Ao WE ch
itosanase A4S &gt Ao A= F FF BT yeast extractol A w5 A}
chitosan®l] ©jg &Ao] £ UElY chitosanase Aol =2 S 9T

7.

B. subtilis CH19] chitosanase mature sequence= B. subtilis 1682 chitosanase se

32

J
%o

quence?} 3+ Jle] A7] ZolE XY B. subtilis CH29| chitosanase mature sequenc
e= B. subtilis® AT 117119 7] #o]E RAY}. AT o] & ofu|wat A=z A3
S w7 #F9 chitosanase o}Pl=at A E ©F B osubtilis®] otv]=AF A A a ¢

3] dXxsleE A3= Bl Signal sequenceE M-S Wl A WA #FF9 chitosa

e

2]

nase signal sequencet B. subtilis7} zZt+= Ao A3 AXsAA T F HA

9] chitosanase signal sequence= B. subtilis®] XTG4 18742 A7|7} A A

9 270 9717k A9 FeiE Rk olEe ARAE WHS W FAX} ofn)
wAbhe] BAG FAH A BAS WY Ao B £ 92 ol Yzwrh

B. subtilis CH1¥} B. subtilis CH291 4] A A ¥ chitosanase®] % @4 2%+= 60T
AL T0C7HA &Aool vYerwth d HgdS dolry] g AdoA 40ToAA= AL
FA AR oY 50TCAA= AA FAE BHIom 60T o] FHE = Algto] Ade w
T A3sHA &do] 7FAskTh ol Luis et al (2000)2] Bacillus subtilis 168<] chit
osanase°| gk Ao} AR ep= Aol

pET vector system (E. coli BL21)S o]§3le] @il 1ty A3 o] o]Fojxon
induction Al 30CelA+= tH-F2] chitosanase’} insoluble ¥ FE|= eI 18C=E
255 W3S u solubledt chitosanaseE ®o] dojd 4 At Abdel et al (200
1)e] Aol A chitinase® & Al 37, 30, 25Col A induction A T Tl o] ins
oluble 3% 3 18 Cel Al induction Al solubledt Z¥}7F YeERg T HaixojA 9]

ki
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V. 8.9

71 EAFS D-glucosamine®] [-14 Aoz 49 uEx gIdiFzE A, A$E59
HF AN F2 AL o) 7|EAbe Wy e g, g 2
FZd2HE A€ 5 AT 7T =2 2945 Uet BuHojg oz 7]
Ehbe] gk H-717hA] Abgo]l wrdatal lnh 7| EARS AR wolk A el &

owe] Zafzk Hastrh dgiA B AN 7 EA

2 BT 5 Qe BAE ol AUFORA BYHOR 0§ FsA Hudt stk

N
,
°
kS
N
M
_|>i
T
fo
k)
1_,

3l
o 4= ole] WO ZEE chitosanaseE W8t F e TFE 2
L FA8s BA4S S8 s485 Adsdet. 1 23 F o
T Al 16S rRNA 7149 =g 7 o
F BT 9% ol dASAT ANk F fdF= colony FH|, &FA, @HdE &
38, chitosanase F71AY oA 2tolE HBPaL B subtilis®] A E TE strainl &
A 7vsked B, subtilis CHI, B. subtilis CH2Z #5391t}

Chitosanase®] = AAE 98] WA o5 #FE55 LB brotholl wFstaom wj

S SRS 2EgALHNOFE ALEFY] 90% ammonium sulfate® T A S A A F T}

tlo

o]Z thA] &9 A71 & gel permeation chromatographyS =3 fraction BE W+l
W, Z}7+e] fraction ©= 5

Ga BExwe & v} 31 kDalo® YeERGTE AA%E chitosanaseES 7FA 1 A Wbg 2

SDS-PAGE$} &A4=4& A3)5le] chitosanase T d & 3Hels}

TE geleda HA wkg 25F E t 60CE YERytth T3 AAE chitosanase]
N-2e oprieit MEE4s sh3ler o] d3E Ed® LA PCRol AHSE primers Al
21ttt LA PCRS 3l chitosanase?] 32 AE &2o] o] Fojxa1, &R1¥ B. subti
lis CH19] chitosanase coding 9471 <¥2 834 bp= YEoW, B subtilis CH29 chitosa

nase coding 971 EL 729 bpzE UEFHTE Eol3 HE& F 52 chitosanase mature
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@71 Lol 12 bpel AFolE HASH ol & ofv| Al AR nupls ul M3 AolE Kol
x| 9k9kt}. % chitosanase] AEZAMLE F7I o= 20 bpel 2FolE H YA ojn|
AP AR aHEElS W 6700 ALE oAt Adrte] AAE FEHE Bl

A8 F479] coding sequenceE & vector?! pET1lacl AZE3 L, o]= E. col
i BL21 W2 & A A3t isopropyl-beta-D-thiogalactopyranoside (IPTG)E 7}A 12 =}
HHS FEstHh 30ToA EFdS FEAIFS W= ABAHE = chitosanase”} insolubl

edl FHE Hol FAS YR &gka 18TCAA EHS FEAHS W= solubledt
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