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Abstract

It was reported that N-acetylchitooligosaccharides (degree of polymerization 4-7)
(GIcNAc)4; have specific biological activities such as antitumor activity and
immuno-stimulating effects. In this study, we aimed to screen microorganisms from a
chitin-rich environment and isolate the ones that can produce enzymes to hydrolyze
chitin into N-acetylchitooligosaccharides. At the initial stage, we used the selection
medium with colloidal chitin as the sole carbion source to select for microorganisms
which could utilize chitin for gfowth. The microbial isolates were further screened by

incubating the culture broth with colloidé'.la-chitiq and analyzing the products by HPLC
| — |

|

and TLC. Using this sereening stra}teigy, \ae obtained ong bacterial isolate that could
Ty | } i :=
produce enzymes to hydrolyze chitin iatd (GlcNAC) 4.5 and hydrolyze chitosan into

(GIcN/GleNAc) 4.6. The bacterial straiﬁ was idéntiﬁed by 16S rDNA sequencing and
phylogenetic classification to belong to Aeromonas caviae and was named Aeromonas
caviae No. 2. To optimize the culture condition for producing higher amounts of
chitinase, we first tested various culture pHs and temperatures and found that the
highest chitinase activity was produced at pH 6 and 25°C. Using the central composite
design (CCD) of response surface methodology (RSM), we further obtained the optimal

concentrations of chitin and nitrogen sources in the culture medium to be colloidal



chitin: 1.098%, soybean flour: 0.735% and yeast extract: 0.74%. The crude enzyme
produced in selection medium went through successive steps of purification including
ammonium sulfate precipitation (40-70%), chitin affinity-hydrolysis method and gel
filtration chromatography (Sephacryl 200). After purification, four major proteins were
found range from 55 to 100 kDa on the SDS-PAGE, and two of them showed chitinase
activity range from 55 to 70 kDa on the in-gel chitinase activity assay. When proteins
from the optimized culture medium were purified using nine major bands appeared
range from 40 to 100 kDa on :the SDéLPAG.E., anq three. of them showed chitinase

activity on the in-gel chitinds¢ actiyitynassay” Moreover; the purified proteins could
\ [~ 1

— | F
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Tt | |
hydrolyze chitin primarily into (G]CW c)'g‘ﬁ:glp'ﬁydrolyze chitosan into
n | ‘i 4
e |
(GleN/GIeNAC) 4.6, ! t , f!
A |

Key words: N-acetylchitooligosaccharides, chitin, chitinase,

response surface methology (RSM), central composite design (CCD)
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1.5. Aeromonas caviae
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8. ELISA Reader
(MRX 1II,Dynex, USA)
9. RUB%H
(Shaker incubator 723, Hotech, Taiwan)
10. PCR F %
(Px2 Thermalcycler, Thermo, USA )
1. e ipois
(Centrifuge 5418, eppondorf, USA)

= T,
.t
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BEE

221 2% AL
a BLE RS PR AR S R

PP Sigma 87 Bk pes ks g0 T4 60 mesh chdF R EFiE o B 10 g
GIE S s RAe » AC 2 kARBEY > ERIWE 20 A48 BB RIS 4L

avipiRd > SERRERT AT 37C e b 4L 4C o ddH0 FHE S

o

oo PR R N E Fok o s (10000 x g 20 min) 8 B A A 0 3oz ddHO
PR o B ISR S FRISR L F AR pH 3 7> 1% Lk
CRERIAN- S T
PR R D P ﬁﬁ(aamw@wau3Mmmﬁﬁ$ﬁga’y
1 g &% 200 mL 2 01Mﬁ@%“ﬂ_’%* Tﬁ#ﬁ]%wﬂ¢4c
'Tﬁ#-f{ﬁﬁu(%MMgJSMm%%$7rM#?ﬁH%J/pﬂﬁﬁ% 600 mL
AT S ;@gf L 71 20010000 % g > 15 min) 15 #747

ik 1 ddHO “v /’D/"$lﬂ7 i %T;\‘ %) 100 TH' ’%Fi—ui’ Sl L DT G T FERA

!'

Colloidal chitin 3g
(NH4)2S04 03¢g
Yeast extract 05¢g
MgSO4 - 7TH,0 03g
KH,PO4 10g
Distilled water 1L
Agar 18 g
pH 7.0

Btk & fhe 3 % 42 0p Colloidal chitin 5 15g * > H 4% &g R & dtnk -

13
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2202 /%7 FAJAREA S A IR AR HE

a. Ak~ 3B &
PP o BEAEBESHES2Z A L RFFE L RERATHFERBEA

= ivi 300C ’
130rpm 2.5 2% 14 X - FEER? A7 ??}é\:"}ﬁ’iﬁ/ﬂ./p PF o K2 R R
1-107 B2 B AR S S ER £ AL > 30C ¢ Ak > P EE

FlA 2 fix 5Pk (clear zone) F °

B3 AR ke Al
Wi R Y T A WS SR R R E B A A 24 B
BAHLIS P 0.004 U 235 &l e 4~ 30 120mM acefate buffer, pH 4 2. 0.5%

B 180l > e 24/ywﬁ;uahrucré TLG FEk fAA 4
| T | |

c. 16SrDNA z A A\ N1 == ||

msmNAﬁaﬁbﬁﬁwﬁﬁﬁmﬁﬁ%-ﬂizwnﬁdu’ﬂwﬁﬁﬁﬁ
FUE AT 0 T TR TR A A feAfE A 4 o Ff DNA (Genomic
DNA) 7 £ 12 DNA extraction kit (GeneMark) % 2~ - PCR & Jiig (20 ul) ¢ 4% :
2 pl 10x Taq buffer, 4 ul 10 mM dNTPs, 1 pl 10 uM forward primer, 1 pl 10 uM
reverse primer, 1 pl Taq (Geneteks), 9 pul ddH20, 2 pl genomic DNA - & #*
Forward universal bacterial primer 530F (5’-AAGGAGGTGWTCCARCC) and
reverse universal bacterial primer 1525R (5’-GTGCCAGCMGCCGCGQG) - PCR #
P Ea R T 4 o] (~995bp) f& » 73 1 Gel Fragment Extract Kit (Genenaid)

(RSN SRS [ SoF - A @1’»#’:—%5'1@?]7\ NCBI 2 BLAST # it » & ®

TR B v A B O o

14



PCR if it 4T

Step Temp Time cycle

Initial denaturation 94°C 2 mins 1

Denaturation 94°C 1 min 35

Annealing 55C 1 min

Extension 72°C 3 mins

Final extension 21 | 10 imins 1
223 g e | || =

a. B ppEiEt p 2 [48] 0 | )
B AR VR Ak B B AR R R D RS

TOREEkiRAS T FerA 2 BRAPIE B 20 ul iRl w2 s 180 nl 0.5 %
Ak A7 Bt 50 mM phosphate buffer (pH 7) » 30 C #EETRAeEr 20 A 4d o
Hru (10000 x g, 3 min) {58~ 50 pl 2.+ iFiR e » 100 pl 48§ edn i@ (0.5 g
K3Fe(CN)s (SHOWA) %> 1 L 2 0.5 M NayCO; (J.T. Baker) ) » 4t 3 100°C
F e 10 ~ 48> 3 R3¢ OD 405 R8¢ 502 0-100 pg/mL 2. N-2 fpj § =it
= 275 % 0 P32 AOD 405 (OD 405 biank- OD 405 qampie) © — B fE# & 125 =4p &

FHEEET 0 F A KEYEST FAS 1 umol B RpE -

15



b. N-acetylglucosaminidase (NAGase) i3 {+2_ ] Z_

FORR e
10 mM  p-nitrophenyl-B-D-N-acetylglucosaminide (DNPGIcNAc) (Sigma) 0.1 mL
50 mM phosphate buftfer (pH 6.0) 0.8 mL
AR (R 0.1 mL
1.0 mL

S

F it 40°C TF s 5 A4t 2mL 2 025 M NaCOy 4k £ fis o
$rrE A 025 MNaxCOs 2 F Jiit 5 % 0 4 o fh2E & #002 0-100 pg/mL

2_ p-nitrophenol # & o - BAtE AP E =2 AP HERT > B A KR

o

PNPGIcNAc # # 1 umol psnitrophenol -2 f5 5% &

224, 30 FLTH (polyacrylamiclfiéigél“el‘ectrophoresis)
Il MW |

a. 3% FT#* (polyacrylamide gélj.electrophoyrés_i_s)

A

A% 30% Acrylamide/Bis solution 37.5:1(C 2.6%) (Bio-Rad)

B %

Tris (Bio basic Inc.) 182 ¢g

TEMED (GE Health care) 0.36 mL

o 60mL -kiAis > 2 HCl # & pH I 8.8 {4k 2 100mL » 733t 4C

Ci%

Tris (Bio basic Inc.) 0.6¢g

TEMED (GE Health care) 40 pl

™o 8mL qkjAE{s 1 HCl 3% pH 3 6.8 {84’k 3 10mL - pri33 4T

16



SDS-PAGE "$48:3:% (¥ =~ mL)

BHG R 125% A3z | 4% EEBWER
A 4.15 0.66
B 2.5
C 12.4
10% SDS 0.1 0.05
H,O 3.2 2.95
APS 0.05 0.1
EX R 10 5.0

€ RABR (5%)

Tris (Bio basic Inc.) ‘ ﬂ_ [~ | ' 545¢g
= |
I '.-’ [ ", |
Glycine (Sigma) | ‘ ""-t'" | | 47 g
[
i J ."“ | ; »
SDS (Sigma) { asF 1] 248 g
: 1

se-k 800 mL 73 f2 » 12 NaOH/Zh pHUG 84-15@ % (T 1000 mL -

R KT

SDS-PAGE sample buffer (1x)

Tris (Bio basic Inc.) 125 mM

Glycerol (Sigma) 5% (W/V)
Bromphenol blue (Sigma) 0.002% (W/V)
SDS (Sigma) 2% (W/V)
B-mercaptoethanol (Sigma) 1% (V/V)

#E pH @31 68 {4 pFE3t 200 #* o

17



CBR %4 & :

Coomassive Brilliant Blue R-250 (Sigma) 0.75 ¢

* 250mL U fRiEfEES 0 £ 4er 250mL k2 SOmL FERE o

CBR % ¢ % :

10% PEfcsr 20% ° p kg i -

b. #+% ¢ & [49]

AT AL 125%(W/V)> 7 0.1%SDS 2 B Tﬁﬁgg_’hr/n\ LAY
7 4% (W/V) B[ jaer=k R REE 7 30 TR &2 R AL 1T &L
~ sample buffer #:#% 100€ > 5.4 ﬁ_%" Bark P ea ok o AT R

100 V &7 %A 2 %ié&ik;ﬂaf}ﬂ%@% /v\éi,i/} 6 0 120V §a 3 if BEA RS

HRAE o AL CBR 45 , é’i‘.’f'/’«‘m?/&%ﬁ 1 h |z
rﬂ-:. ‘1
I " g
ER I S | =
_ "[. M

(1) ## glycol chitin [50-5“1‘]:‘

Glycol chitin %l % 5 ¢ fgf glycol chitosan » # 5 g 2. glycol
chitosan (Sigma) ;3 >t 100 mL 2. 10% -ﬁfﬁt (Scharlau) # - #7373t
22C *E IR o ¥%4~ 450 mL 2 ? fig » ¥ 12 Whatmam No.4 jjg i
Jo 0 Jaik e~ 7.5 mL 2 acetic anhydride (Echo) iR fci53 » 3t T it ®
HELPEL AL R o R LRl XA ] e e B M
2P PR A3 > T gre (10000 X g2 10 min) 0 #% “,fi L S
AT R 2 ) B et o MR IR E 0.02% (W/V) 2 = = -k 500

mL ¢ > %% 1% (W/V) 2 glycol chitin -

18



(2) BygE L4 ¢ 2 (In-gel activity staining assay)
#- 12.5% SDS-PAGE z_ % %8 4 » 0.1% glycol chitin > i* B& @ it
SDS-PAGE z_ § 7cif & 7 A s B 80%E 7 1% (V/V) Triton X-100 (Sigma)
2_ 100 mM sodium acetate buffer (pH 5.0) » >+ 37C # 2 > ze s | pFd ",%
SDS & F-v FiRAR A > B ERIE R 7 0.01% (W/V) Calcofluor
white M2R (MP) z_ 500 mM Tris-HCI (pH 8.9) S = ¥ 5 A 4 £ #9H

IRV IRA - ] PE R SRR AT T LR o E R Y ih glycol chitin A%

B OFE AR R RARPE RSN R S A R L EHT ER
B o
o 'v“ \“‘ “‘
L‘ ': ‘\
‘ "-'I'T’.Ij_"': | f

225 kfER A A4 |

a. Y mEpge i [52]
LI N S RUR PIA. fﬂ\r.)i@—x W) E R TR

PR 7R i 4 » 2-3 xvol. 2 7 i R rin g 14 (10000 % g -
30min) gt EEANK G R ER 8-10 M I PEERE A PR ARER 8 T 2
BpE o B FiRder 23 x vol. 23 k0 RAIng iS4 (10000 x g, 30
min) gt GRS S HPE BEPE o LM AR ER 3T Z B o L

B2 [k AGCie S SR W 0 BT AT o F B AZRACR] 2-1 -

19



f“ _
b kf3 B RBAF L e aﬁ ) 5

kizd- BRpEAS 7 3 -%@ Bb‘f“’ﬂ‘lﬁ‘w%ﬁ’;“‘ a7 o ﬁ'ﬁf‘&

APt e figit glycol chitosan 4p Fe > {8 fde » ®ORAFAL IS 2 H T T Y

s Iml 2K fRS T RPEL BB~ BEAED 10% WEETHR 4
»4SmL 2T ERiS R r EOKEERE TSpl F e 30 A4S (10000 x g
20 min) o BT AR i 0 A AR FIE R BARS L RE RER
P 810 2 BAEE AT ML R o 07 B FRME 4~ 23 X vol

SN MR T Y-S RRCEP S R 4 T

20



c. Bk 4p & 47 (High-performance liquid chromatography, HPLC)
rAF i * HPLC T2 PIEBAFTILE >34, k4% i: SHIMADZU
LC-10AT » #& &2 0.22 pm 3“ /5 2 i "i® g > # * Thermo APS2 NH, &

Phenomenex NH, "g {0 7nd g Acetonitrile: H,O= 73:27/w:# 5 1.0 min/mL >

a2 UV 210 nm 18 (GIeNAc), EL -

d. 5% & 45 (Thin layer chromatography, TLC)
AR TLC T iR EMEA P > 58 o Bk Z8 4 silica gel 60

plate (Merk)- 12 ;i #4p % 1-propanol/water/ammonia (70 : 30 : 0.1) & B #c | P -
B

T

b

BB AR AR R REEEHEA A iR £ 9

FCisvE R OSN & 3iiV4p 2 fenip ~ % » 2545 (80C) » 4r#t 20 ~ 43t

i3
Hgd o
‘ F:’“ | |
226 Btk iEtEey || 4 |
| |
a. MF%* &
P BARE2ZATEF MRS G 2mL 2 AFER A AZEE Y 0 30

C o 130tpm T & 12 [ PR (T fEER &R

b. AZA* BB HRALKFT
MAFER AR AR FH pH BAEAZ R BFRET B RE > 2

EHF T REF A E RGN R A EE o A2 - AR > 30T 0 130 rpm

THE 24 pE SRRTEAAL

21



c. RSM

i% B~ colloidal chitin (X;) ~ soybean flour (X;) = yeast extract (X3) 7 %
oo FRAHA T FREE (YY) 2 B8 B3 A 47~ R aci i ¥ Statistics
Analysis System (SAS) o A 47/ 424c B 1-3 o L1 * = F]3 K3+ (Two level
factorial design) F/2 € & F1F+ {37 FEP2Z BT BEF LB L L 1* AR
fzi% (Method of path of steepest ascent) & 35 B i BE47 e v a8 o Efs | *
® w22k 2 (Central composite design) » 2 = FE 2 BN Fm ik w B d 6o oah 8
Bt o AF %KY Box ER Nen? RS F KRR [53] (B 2-2 ) HIEER
BLeif g PRS- TP R EEET > S R L R e pEdE (Hiw i 1) YA L 6 B A B
FlF Kk Bl ﬂ&«*ﬁ;f*hf@é&« t""dwm:ﬂ £ oot R R

=_F W
z.,’RSM— ‘ %F%‘*m@’Lpﬁﬁim"T

#iEf* SAS gk

GRS A

de
1
X2
0
| 1
40740 -d
4 0 1 4
X1

22



22.7. f & & iv 3 &

a. Frpkdes 3
Wbed 24 LB A dbe (10000 x g 20 4 48) 4%k FR 0 ki
- BT ER e A E T BCZ AR A T Wk R > R R {8 4T
T 1L o e (10000 x g0 20 A dE) AL FIREAKRISEFT -
H I o FRfLdEZ AIKE T - v 3pEF Y 50 mM phosphate buffer (pH 7)

BT RAEASAR R 2R RRY o DHe AR R

b. 32‘,@;&’1 ?\?G"ﬁ'"kﬁg‘/‘i
PER R4S B 15 2 ABTEA 1 RLERFA 2 (6 94.0.025 U/mL & 0.8% 2%

g ?m”@m%’*4C'T'fl’~ ;muﬁw’”w(wmxgwo

A ds) 2 gl FiR LERER A Y -"51'19. ,x‘j\r \ 50 mM phosphate buffer (pH 7) #
%10

e 122 2ot s den b &\ifpra’if/ G ,J 3()"’C T%f};}‘@@f;gﬂ/}@}%—q nyr
\J, IF

7 T

s G 1Y Wﬂ = a,tf?rmz’f@ﬁm%‘r s 2 f
|

—i?]{ﬁ’;’ ’ i};%@}g‘—x %‘:ﬁ‘/ﬁ[ﬁ’_ "
g

LB TS 0 RFT — 2 (e

c. BiiE k= Gelfiltration
*F %+ * Sephacryl 200 (GE health care) %2 &g ™ "4 - B~if & £ 2

P&~ BT R TniE 5 0.5 mL/minc fcf 1.5 B F L84 0+t 50 mM
phosphate buffer,pH 7 (7 0.15MNaCl) i & Tigi7 o b R & 15> PIESF § 2

B f g 2 L% 2 Ultra filtration 10 kDa (Amicon) Ik ¥gi 7 4 45 1 1% -

d 3¢ F2 2 g
AF B2 F-v F T E ¢ * BCAProtein Assay (Thermo) » %3 & 4 d

0-1 mg/mL z. BSA BlZ_m = o

23
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31 BT FAJAEEE 4 A R BE

3.1.1.

3.1.2.

k2 AFKRLAE
FPEF 2 » RS BRFAREE 14218 (B 3-1) 7 #F R 2777 99K

31?53@9ﬂ$%°%V%Mﬁﬁiﬁ“@&%iﬁgéﬁj’@ﬁ
FOALIRVERABEARY T I AFK T ALY 2 Mo
FroA22 8 e Fik by g e diipl v i B2 8 kR R
Bt k¢ Fipll o e T I B S A KR 2
%ﬁﬁ°ﬂéiﬁﬁﬂﬁW%f;§%@§%%’E*%‘“w T fcd ke

EN-S 3 2T L I ;g_gﬁ f# HAAE 2. *x%miﬁﬂfﬁfgm}‘]
ﬁh

A" TRAFL A4

- A T RIS SRS T s S 3R a8 T A i3 5 GleNAc
& (GleNAc), M- H % o A n PR RAEAFERERY
BE 2 AEEBERE 05% 2% &7 7 20 mM acetate buffer (pH 4)
¢ ie® 24 o} pF s 12 HPLC (B 3-3) & TLC (B 3-4) #&RI-kfzA S o
FEET ARREED - L EREST ToREE 2L (GIeNAc)s it 4

th e

24
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medium plate
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GlcNAc
{GlcNAc),
(GleNAc),

(GlcNAc),
{GleNAc),
{GlcNAG),

Fig.3-4 TLC chromato%gﬁ oidakehiii 1?/ ;‘ﬁ‘oducts

Lane 1: Colloidal chitin (0. o S W1th 100% ammonium sulfate
precipitation enzyme (0.012 U) for 24 h in 20 mM acetate buffer, pH 5.

Lane 2: Standards (GIcNAc); ¢
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32. 87 FATRREEE 2 A HkL BT

AR R 2 ETFRT 2 S wEIE 16SDNA A 7> 4% NCBI 2
BLAST i %Li® 5 v“ 443 58 - 16STDNA £ - 5 A3 pEfE @ £ 5 1500 f[%%’?if
Feeh P 7] 0 AT EARY B A RHET 3 RFET L i ke

PRIt B 2 BT o sk Y R IR RGN B RNl B o A
F B ¢ * 2_ universal primer % forward primer 530 ¥ reverse primer 1525 » i&
7 PCR % x#rZ 2 16SIDNA P E » fpm AL B 5 995bp o 11 3f " 454 %8
TARFE T A (S 0 T IR B ﬁ_fi ¥ ’,. {7 gel extraction ¥ TS5 o #-T_5
5% 41* NCBI 2. BLAST % «uﬁ» "J 1‘ }E. EfEL H o IR A o B
Aeromonas § Ffi 16S rDNA _ja qﬁi* m?}ﬂ L& )ii ahgnment score fr identities
AulE 1779 8 99% o[t 4 a%ﬁ#@| E L ARG B 6 E Pl ek
Eﬂ: #g 2 Aeromonas caviag 7 ﬁh[# ﬁ‘t‘ffh—m 5')’5# % (%I 3 Sp e A ¢ T F

T
T I|

th2 & & % Aeromonas caviae b 23 , T!
‘ 1

33 B % e 2 5

331 FS EopEAL A2 EA

UAFEREAREFRAE 4 ) RN £ A ERL B

dF 36 TS LA L FAEIE

/a}

#p (stationary phase) (¥ 16
JPE) AR B o 2R 24 S O EERZARRC L AL

0.08-0.09 U/mL » 2t T3 % hie 2 2 s AR 24 [ PEL A o
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» Aeromonas punctata strain 6. ..
® & Proteobacterium symbiony of .
Q -  Aeromonassp. MCCB 13 |...

9 f  Uncultired bacterium clone MC

LA
c1[40717 &

-
' -_11:5‘ 'l Unc

1cl|40717: 16S rDNA sequence of the chosen bacteria
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_ - 009 =
510 - - 008 £
® g - 007 =
o >
=2 - 0.06 "§
g 6 1 - 005 &
o r@@l'@q . =fi—Log CFU ©
g 4 ) _'%_ % B 0.04 3
£ ' %@-Chltmase - 003 g
3 2 - " activity - 0.02 E
© ,“r-"' - 001 ©
0 . - 0
40
2

=
N

P
¥ 'T"‘""\L':

5
-
i
]

L 2 20 :&?"
._1__-4., ‘(-H‘-'I l..-'

B 3-6 Aeromonas ca m@go#’z %ﬂ;ﬁﬁﬁ_& '—*’ é

Fig. 3-6 Growth and enzyme p rogt?%%e of Aeromonas caviae No. 2

Aeromonas caviae No. 2 was cultured in the selection medium, and the cell number

and chitinase activity were measured every 4 h.
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332 A=d> pH BB ERHERL A2 BE

MAFERAERAGAKR A UBEIEF pH @ (pH5-6~7-8~9+10) & 4
£ B B(25:30~37C) 8% 24h BRI EAT FEL-F%E% (B 3-73-8)
I kfﬁ";/‘ pH Bi 6 2 BRE 25C ahigirT ié?éiﬁxi}ﬁi" ’Fﬁ

fr o ora Ty & A b pH6 82 25°C enif 2T e (A
333 § RANHMERLAZLE

AT ER R A2 § RS T AT L2 32 A REN THRER

#B I 1% (W) EFE - 5’5&‘*%4‘2?7"1 Wi ARAS T TRZATR

Y
v

% (B 3-9) - B2ZR casein £ peptone o —‘F*f p E RPN T TR S ARG 0 2
&

k<B4 &2 :,\.zk’;i- u;kj&,%u“& A %"ﬁ‘?/élﬁ‘_“ i# e11soybean flour ¥
' N

yeast extract # 5 § o o H P yeéte‘?‘ggf \ﬁp Ak EFE R g5 R D

2 % B ¥V EEFMAVE & ,ﬂjuzﬂ » Monreal % 4 4% Serratia

marcescens # A % 7 Jfs. {54] l Neugebautlcq E ﬁl]‘?f Streptomyces lividans [55]
AT T2 R b%}‘ifﬁ,iflt v, yeast cxtraéf FHABAEAY2ZBEEAE
AP RSM 5338 % A2 B2 pF 5 & * soybean flour £ yeast extract

BE ¥R F]SF 0 #F ac 45 0 soybean flour £f yeast extract Z B ik R o

334. §1* RSM £ $ 42 8

A ¢ OATIE 207 RSM 3 jE R IF I Eif it ehz B F]S 5 ! colloidal chitin
(X1) ~ soybean flour (X) % yeast extract (X3) o # ¢ colloidal chitin £3% ¥ %~ &
e ik e o X F TS A R UK o @ soybean flour % yeast extract % ¥ B i

SARF R
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0.14 -
0.12 -
0.1 -
0.08 -
0.06 -
0.04 -

Chitinase activity (U/ml)

0.02 -

Bl 3-7 # F424s pH ug%_\% e rogafing {% @-ﬂé_}zg—: )Erﬁ’i_gg_zg_g

_"l’-"
Fig. 3-7 Effect of initial pH oﬁ%ﬁfﬁnaﬁ: p%%
Yy oy o (S

Aeromonas caviae No. 2 was cultured in the selection medium of different initial pH for

y Aeromonas caviae No. 2

24 h. Chitinase activity was shown as means = S.E.M (n = 2). The data shown are

representative of three independent experiments.
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0.14 -
0.12 -
0.1 -
0.08 -
0.06 -
0.04 -

Chitinase activity (U/ml)

0.02 -

Fig. 3-8 Effect of temperatf%;pn-@ Ase p _d@n@ Aeromonas caviae No. 2

Aeromonas caviae No. 2 was cu[%}%ﬁ@ﬁ@h’ medium at different temperature
for 24 h. Chitinase activity was shown as means = S.E.M (n = 2). The data shown are

representative of two independent experiments.
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J

0.2
0.18 -
0.16 -
0.14 -
0.12 -
0.1 -
0.08 -
0.06 -
0.04 -
0.02 -

Chitinase (U/ml)

Bl 3-9 § maAH Aerégqo@s e Noy2 2l & "f;}f’ﬁﬂyfﬂ‘

Fig. 3-9 Effect of different ﬁz'gg{g'e’(n sﬁtﬂces on@e%r%ﬁk&tlon of chitinase
byAeromonas caviae No. 2 {_ﬁﬁ} eI o

Aeromonas caviae No. 2 was cultured with different nitrogen sources on the base of

selection medium for 24 h. Chitinase activity was shown as means = S.E.M (n = 2). The

data shown are representative of two independent experiments.

1: tryptone; 2: soybean flour; 3: yeast extract; 4: casein; 5: peptone; 6: casamino acid; 7:

sodium nitrate; 8: Urea; 9: ammonium sulfate; 10: none
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a. = -kIEF]F K3 (Two-level factorial design)

Fl# = REF]F R RPITEZ T A THNE T TR (YY) 7 E
B8 o 2 coded level - 3-1 #777 o Bl & &M 2 & (B 3-10) 0 ] *
SAS #4827 ANOVA % #7 > ¥ 1 colloidal chitin (X;) ~ soybean flour (X;) %
yeast extract (X3) ¥t~ FasEtt (Y) ¥ 7 BEF L3 R (F 3-2)» w= Tl
*EEF 2 R EED - e AR AT
Y=-0.1164+0.6334X,+0.5259X,+0.5786 X3
d & %% R°=0.84 Kp o st RSt AT R By ot b I
SAS #ic#83E RS 5~ @ 7% & colloidal chitin=0.88% - soybean flour=
0.515% % yeastextract—0823% 1 (3 33)0 Fu* > {5 A F it A {17
HARSED D R R ’ l:jﬁ‘_ "I_ %E@%ﬁlit‘éﬁﬁ‘n‘ﬁ °

. A REZ (Method of pathrof steepest ascent) ‘

FI#* = R BEFE K F “C@'HWL'SHTt{n (Xy) \soybean flour (X,) % yeast
extract (X3) #3887 %"ﬁmﬁﬁ tf? m# !»1 R R AR E T R A
P B (Method’) path’ of stcﬁest ascertt) Sr RS o Bog 1t i
AR b A e «mzeﬂem B A o 1
it F B 2. & B % colloidal ch1t1n O 88% » 'soybean flour=0.515% % yeast
extract=0.823% % ¥ < gL M E T FEM S T N e 4 W o AT EGE B AT e
T oo AF BV TR Y R F GRS I 2 F]F R E L o8 > Rk
EET RGP AP AT I G
AX=AX5* 0.633/0.526=AX5* 0.633/0.579
R ARISZ L FHRE A AA 34 d Bl 3-11 2R kEHET A0 BT R
fa 5 i¢_coded level % -2 ~ -1 jbpbrd § > 2 H BP0 4ok T2 F 8k
% > tcodedlevel 5 1 22 2 pF3 T g FP AR iR BB

fcodedlevel 5 0 er*fiTede™ KU F Jgd & KI5 DB T Az g o
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# 3-1

Two-level 9 %%+ 4

Table 3-1 Two-level factorial design table

number

colloidal chitinl
&l

.

k

__soybean flour
' _[u.?‘z‘}'{“.:“' ;

yeast extract
(X3)

e

i

a ,_ 0.01%

y T
ﬁor
LT 4

B L00%

10.01%

" 1.00%
=T

T 0.01%

A 1.00%

N

500% -
] Z i

0.01%

I g a W N [U'S] N

et 455-'?:3].\"1@0[%

1.00%
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B 3-10 Aeromonas ca\’@e‘;ﬁo B dl 3 3&‘#@,%73& A EER S
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Fig. 3-10 Chitinase act1v1f$:oﬁ2f 1onasiCaviac N O 2 y*%tlred in two-level factorial

o = I
fz% ’w'zu 15‘_‘ tﬁﬂ
%}@@ﬁmrﬂ

Aeromonas caviae No. 2 was cultured in medium designed by two-level factorial, and

design medium

the chitinase activity was measured at 24 h. Chitinase activity was shown as means +

S.E.M (n = 2). The data shown are representative of two independent experiments.
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% 3-2 Two-level § %% %% 2. ANOVA 4 +7

Table 3-2 ANOVA analysis of two-level factorial design experiment

1 465 | 0. 69| 0.5059| 0.660125
0.Gad402 | 0249535 To2 s 0.0180 | 0.305500

0. Ads3s | | 2. 0.0402| 0.110625

0. 2)dsssll 2. 0.0271|  0.246000

0 forg: 0
H DR 6704 0.2 “og03|  0.3772| -0.057500
G 3 1 0

1 0.80 | 0.4434| 0.049625
1]-0.364249 | 0.252643| -1.44| 0.1832| -0.089250
0 0 0
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% 3-3 Two-level F Zk -2 % 2 Sk~ BRR £

Table 3-3 Estimated ridge of maximum response from two-level factorial design

Uncoded Factor Values

Coded | Estimated | Standard -

Radius | Response ‘rpotf [Co oybean Yeast
0.0| 0.660125 00619044 0.585000 | 0-505000 | 0.505000
0.1| 0.700852 0.535096
0.2| 0.744675/ 10.565629
0.3 0.782373 10596596

] et
—
0.4 0.823325 0627984
0.5| 0.864513 0659766
0.6 0.906019 | 0: | 0.691907
0.7| 0.947925 179901538023 | 0724364
J-_-;;.
0.8 0.990309 0809139 10532710 | 0.757087
L 5] 2 M
0.9 1.033247| 0.086874| 0.846797 | 0.525122 | 0.790027
1.0| 1.076809| 0.092705| 0.884088 |0.515407 | 0.823133

40




034 AR LR KT A
Table 3-4 Experimental design of method of path of steepest ascent expressed in coded

and natural units.

Factor 1 2
Colloidal chitin (X;) 1.181 1.482
Soybean flour (X,) | 0.765 1.015
Yeast extract (X3) 1.098 1.373
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0.2
0.18 -
0.16 -
0.14 -
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0.1 -
0.08 -
0.06 -
0.04 -
0.02 -

Chitinase (U/ml)

B 3-11 Aeromonas cawaeﬁ_g, 2
Ty, N n‘.?::.

Fig. 3-11 Chitinase activity of A@%&%ﬂ "NQ’ 2 cultured by method of path of

steepest ascent design medium

Aeromonas caviae No. 2 was incubated in the medium designed by method of path of

steepest ascent and the chitinase activities were measured at 24 h. Chitinase activities

were shown as means = S.E.M (n=2). The data shown are representative of two

independent experiments
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c. ¥ ¥ & ;# (Response surface methodology, RSM)

d R AT B i B RRAT AT i R {8 0 T d AW &3t code
level=0 ehi= ¥ B 4383t o AF B Eyp Box & A& eh? IR AP %E (B
2-2) WAk IS EF B B O o F AR ERER
Bhefif p BEAE 0 TRELS 2 S ML B2 FEH VAT LA B TP s phe 0
W2 FERBFIF R EE YRR RIS A AR PR
PURALE R E A o R RE A0 A 3-53-6 AT o

LRER A S g % 0L SAS S A 4T 0 1 s A AT 1 5
2 HelE (% 3-7) o RSM = FFit ff= 425540
Y=1.350928+X;*(0.059268)+X>*(0, O6O91L)+X3*( 0.033362)+X,*X;*(-0.108095)
+X%X,%(0.102382)+X0* X *#(=0. O73729)+X3*X1*( 0.032331)+X3*X,*(0.021554)+
X3*X3%(-0.062274) " p ~
Y: chitinase activity, X;: colloida&l gﬁ@ﬁ(g ]s!pybean flour, Xs: yeast extract

17 0= 1 R PR R b W M e e
i B (B 3-12+3- 13 2351 )lo d K KHVJ] E] 3 12 ¥ 3-14 ¥ 4v> colloidal
chitin 4 %[¥ soybean ﬂour fli }{east extiact ‘mf‘ﬁé GEBEF Y e S IEE
7 % B 3-13 ¢ soybean flour 2 yeast extract 0k 27 3 iR TR E 2 E o
d K d o Bl 3-12 & 3-14 A FAp 3 v Hpe f 2 AR ATk B (&
3-8) enBE & TP N EF M kR 5 colloidal chitin 1.10% - soybean flour
0.73% ¥ yeastextract 0.74% o f|* prEif t 2B H KA 2 2 B7 TRty

MERRZAPR TH Y 4B (£ 39
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% 3-5RSM 29 Z& 3+ 4

Table 3-5 Experimental design of RSM expressed in coded and natural units.

Factor Unit -1.68 ) -1 0 1 1.68
r -ffﬂ.FJjE‘: - tft‘.::';:@ﬁm?
Colloidal chitin (X;)| % __;ll,:‘ri'é{'?’ 754:‘},’ ‘ =5!—7‘9 "-'5"-;%- 0.88 1.181 1.386

Soybean flour (X;) 0.765 0.935

Yeast extract (X3)

1.098 1.285
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% 3-6

RSM 2. ¢ w il &30 3- 3% 2 S8

Table 3-6  Central composite design of RSM

Number

X1

X2

ANl n|lhh||WID|—

=l Foll Noll Foll F= R k=]
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%37 RSM 5% 2 ANOVA i 74 17 %

Table 3-7 ANOVA analysis of central composite design experiment

Er
. 0. 997 '@'& <. 0001 1.350928
=
1] 10.059 Grb‘h] 0491 L3827 0.099571
1 060 4 L3701 0.102331
49 .6184 | -0.056049
‘l 0.06325 - 1-"":-231 0.1183 | -0.305086
0. T a1 . 0.2549 0.288962
o r,‘_ ] TaE
1 3729 0.063%‘ 17 0.2709 | -0.208093
11-0.03 -0.38 0.7109 | -0.091251
1] 0.021554 | 0.084769 0.25 0.8044 0.060834
1]-0.062274 | 0.063259 -0.98 0.3481 | -0.175762
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Bl 3-12  Colloidal chitin £ soybean flour ¥t~ ¥z A& & 2 F Jig o' & B
Fig. 3-12 Response surface diagram of the effect of colloidal chitin and soybean flour

on chitinase production
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Y: chitinase acﬁ%\/ L) —— =0A76

Bl 3-13 Soybean flour £ yeastextract ¥t~ iz £ 2 F i & §
Fig. 3-13 Response surface diagram of the effect of soybean flour and yeast extract on

chitinase production
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Bl 3-14 Colloidal chitin £ yeastextract ¥ 37 Fiz 42 &2 5 & o B
Fig. 3-14 Response surface diagram of the effect of colloidal chitin and yeast extract on

chitinase production
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% 3-8 RSM =%z $#ch ~ E3Ep 4

Table 3-8 Estimated ridge of maximum response from RSM

Uncoded Factor Values

Coded | Estimated | Standard

Radius | Response Error | Collidial | Soybean Yeast
0.0| 1.350928| 0.097780 0 0 0
0.1| 1.365147 | 00097461 | 0.107223]0.115443 | -0.058311
0.2 1.377152 |40.096595 d'.iilzq_g@; 0235646 | -0.110624
0.3| 1.386967 | o08F0ss | 0 M6@G | 0358999 | -0.157559
0.4 1394613/ 0.0 ﬁﬁ 57| [0.420445 |\0<484643 | 0.199829
0.5| 1.400103 ”'[T” 5 58 :g M?? 0.642029 | -0.238085
0.6| 1.403a50(80 6121 i 0. ﬁzmz 0.740776 | -0.272895
0.7| 1804662/ Bg275T 0. }5 19910870604 | -0.304737
0.8| 1.403743 | .0556da Mos51964 | 1.001303 | -0.334014
0.9| 1.400713 20, 158515 |« 079342067 1. 132711 | -0.361066
1.0 1.395563 | 0.1866004° 717036240 | 1.264703 | -0.386179
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medium
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3.4. B~ Frps2 i

FE3% Aeromonas caviae No.2 & 3 4 2% 7 B & (GleNAc)ss 2 i (s 0 »
Fr8FIAFER % A8 % Aeromonas caviae No. 2 » i& {75 v 37 HaF2 i
BT AR L 4R A (GleNAch 5 N-o R § M w2
N-Acetylglucosaminidase (NAGase) » "1 |2 2 R & R B 2 BAE o B7 FavL ¥

LA AT L

34.1. mrpises B
AT Y o A gﬁrgﬁ:;&,yl’; 10% ik prfedes B o Rl v
A7 7 Es ~ NAGase 7% ]“iff’ }W LR o F F«”*% ¥ 4 NAGase 7 1430 fi ik 4%
3 0-20% B o m}k«* %*ﬁﬂ;.l;{ % Wxx &Fﬁ’xﬁt—éﬁ”fr'f;fi 40-70% (]
SOREVTS 42 T Nﬁié-Fs‘;E‘\” G MEEETTIs

|t
NAGase ’kﬁ”qﬁﬁvﬁ\éﬁ,w%ﬂf\. fwﬁ“mf:ﬂ o;uz,—gralzaéguw I

Aeromonas caviae No. 2-’,3r & m%‘ ‘ﬁ*ﬁw e *;‘ A ﬁ A w K it 60 kDa &
80 kDa *fiT » i ﬁé*“rﬁ&iwﬂ}m}af;ﬁ 40 70% MHiTAa A Dk (R 3-16) o F]
B A 2T 5 sn A 3 NAGase & 87 FpF o SApses AR ES 2 A o

Y ST 4 R B 0 B H BB e

34.2. B TR
BRGNS R AE Y BT FRLEREEEEST T

- S E 2 B LBAEE bt’%’}ﬁ'lpk.% -z e LEAKER EHEEGL

TFERLLAT ’?ﬁ‘_é; - MR- R R TAI o 2}‘\'?.55?";?' LPlARLE 2.
AT R ST F2 kb FIRA 0025 U 2 87 ’Pﬁ_ﬁgi,’]?‘\? 0.8% "B
Faftf s 100pl cofm™ > 37 FAST S A (B 3-17) 0 42 %
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BT TS BT PR okRs e it e M A e fring

lThis gpor@p- F - &% Zi#=k (50mM phosphate buffer, pH 7) % #ic
Lo A FTREBT FLMEPHL F0 Fadit  AF 7 FRD
SDS-PAGE 1 ** 100 & 70 kDa & > 70 I 55kDa B & 3 & i 39 F

BLoom iR d bt 70-55kDa fTE o BIA pEE AL o (] 3-18) -

3.43. WAE R
M RACER S (50 BT R 3 4 30A 35KDa g2 e g o ke

gk MARS T BB PN I oS RipAR G i

N

BB EREEFE- ’?l”*’”‘“!’ %” *“i?’f ri\” R IR A
= &

Sephacryl 200 & : A\%%ﬂﬁ'fﬂ- : 19 wr I =B ALE L

151 SDS- PAG%HEV ;\ﬁ_w *@éa 35kDa 2 F-i F
g w+g$;\g@p; £7° {"* | L=
M -fl.-a"" =
}w?ﬁw%ﬂﬁﬁa’ %I}ﬂ}fﬁ%ﬁWWﬁ&L“ S L
2 Ja“L,xfﬁq.

vﬁﬁ%@f5u9$»ﬁ@q_ﬁf@tg%%ﬁﬁ%ﬁzsw9%’ﬁ

,-"‘, 1

o

-
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0.4 1 mmm NAGase (total U) 0.2
0.35 - [ Chitinase (total U)
== Protein (total mg)

. - 0.15
w 0.25 S.s
< 73
g %27 ~01 28
° £ 2

017 - 0.05

0.05 -

0 - . 0
10 90 100

Bl 3-15 % & 4o

7 ‘ 3
Fig 3-15 Ammonium sul%@l}

Total protein in culture m%gn e No. 2 was precipitated by

NAGase were measured. The data shown are representative of two independent

experiments.
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10 M 20 30 40 50 60 70 80 90 %

detected by chitinase activity staining assay described as materials and methods.
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100 -
S 80 -
)]
(7]
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(5] 40 -
©
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m 3
0 ,9- .
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:-.._\l::}
[ ] "\':
mt}
r&- 3

B, . * -
actionation ( rzéﬁgl' U) was incubated with different

percent (0.1-1%) of colloidal chitin for 1 h, and the total volume was 100 ul. The
percentage of bound chitinase was determined by chitinase activity analysis of the
supernatant isolated by centrifugation (10000 x g). The data shown are representative of

three independent experiments.
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Protein samples from a'tmi’ﬂonu_l : 4ot nation Y4O 70%) (lane 1) and
chitin-affinity hydrolysis puﬂﬁ{za:sfon-.— lanc 2 ;Wd?l)é sﬂparated by SDS-PAGE and
subjected to CBR stain (a) and ch}tm}se act1v1ty Jstz:llllm'lng assay (b). M, Marker.
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18-28

0.045 - l

0.04 -

0.035 - 29.34

0.03 - 46.52 =+-0D 280

0.025
0.02
0.015
0.01
0.005

OD 280

-0.005

(Sephacryl 200).
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Bl 3-20 % HiGim2 fractions JkHgA 17
Fig. 3-20 PAGE analysis of chitinase, (a) CBR stain (b) Activity stain

M. Marker; lane 1. Protein purified by chitin-affinity hydrolysis assay; lane 2. S-200

18-28; lane 3. S-200 29-34; lane 4. S-200 46-52
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#. 3-10 Aeromonas caviae No. 2 #72 & 2 &~ Fps s it 4 (1)

Table 3-10 Purification table 1 of chitinase from Aeromonas caviae No. 2
syl SO .

JREr= % g | g g
Total pr@tém T(jﬁ‘if-actiﬁd;‘f 5] Recovery
St ‘ : Fold
- (uig) y(fo o1 o)
Crudeenzyme | 210635 r"is% SR 1 100
AS (40~70% ) 1703. 242 248 19.24

Affinity digest 1.3;@ 10.90 9.9
S-200 ' 0. .‘ 51.59 1.3

'$¢:,:;, =

:-".'-;u —*:’ N -3?' E
fe el

* One unit of chitinase activity was defined as the amount of the enzyme that produces

1 pmol of reducing sugar per min.
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30, MAFER A AWM 2 87 Fe-kf2S 7 R@E (chitosan)

Ao B LR TR AP I BT FES KRS
TR LIRS RRB L EPED BT R VRS TR N-
LR F BRI ZERNR G EREL T BEFINREAREZE
pE (B 5-1)° = A% ¢ > Audun & £ ] * Serratia marcescens 2. chitinase B
‘kf# chitosan 224 FF+ 2 FRER2ZEPE & ARV £ (GIeN/GIcNAc)g 14+ o
A A P ATER A AT R4S B] (40-70%) 2 KT FAE KRS
Rppie 2 AP EBHES N-o ief 5 4% (GleNAc) & § 4% (GleN) 2 ¥ 48
LR EM e L iRl ﬂﬁﬁ"?’fé%ﬁ“ H A 5 N-2 ey §priss
G e (GICNAC)n 15 ﬁ% 2 A0BwEe kAT ¢ %P Shigehiro % %
%2 1976 Py SV NI ﬁg’,ea,;ﬁw Wl R b Ao Rl

Hﬂ-" I-I'i'i
BT RPE A AR TR E@}%lﬁwﬁﬂ?;{#@ CiRYET BR ER A

2RI R T i oA R 10 v
s i

BT o 4R F T PR R ,ﬂ%ﬁ&j;i%%u%@%w@’ﬁﬁﬁ
B 4e » = =k o v HPLGE TEC A 1984 (B 52) - § %L+ 5M » 4

FPerEE et 2 B0 FpEv oRiES T BpEA 2 (GIeN/GIeNAC)s
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B 3-21 daplc S gk

Fig. 3-21 The predicted n
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\p "
& =~ 8
&, S
B 322 & mz;’gﬁ%%ﬁﬂ LC (baw el

i "1-
ns f«Rrodhcts from hydrolysis of

?'"
Fig. 3-22 HPLC (a) afrd T ‘hromatogq

colloidal chitosan by chltlnasg, -E”r w Py .*5‘;35" ;.,'.f;“j
(v

‘:-" *

Colloidal chitosan (0.5%) was mcuﬁ';tgqj jmt}} ﬂ@-fﬂ()dl% ammonium sulfate precipitated
chitinase (0.012 U) from selection medium in the acetate buffer (20 mM, pH 5) for 24 h,
and the hydrolysis product went through acetylization and methanol-acetone
precipitation .

a. Green line stands for standard (GIcNAc),.¢ and blue line stands for hydrolysis sample.
Mobile phase: Acetonitrile : H,O = 73 : 27; flow rate = 0.8 ml/min; column:
phenomenex NHo.

b. 1, hydrolysis product; 2, standard.
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36. Rttt A2 Bl s Ry F/37 RBEAF 7

TR BRFCRARFERLE S AFHREI BFCEE A BT ’?ﬁ’
e TRIFERERBERESELSL F TRES T FEBT BB ALY 0 R
Aeromonas caviag No. 2 2 & * B it (22 B & A2 A2 B Fpemi k28~

LR RPEAL P RAFEREE LAAR R -

3.6.1. B fraws i
M3 & A & Aeromonas caviae No. 2 {80 PR il AT R R A A2 B

FoprE 2oz Bl nAg o S mﬁiiﬁ%\ wl Bl kR 2 R HE R 0 T
* SDS-PAGE ‘J‘é'b‘.%@é?ﬁm— =2 (@6 1. 1 vk (4 6-1)0

7 % 5 % 4 R > Aeromonas caviae No 2 ff»li fegd %Z?Lug% BorERp
B R gl Gl o ,L-;_g f_ $?s PAGE 1 100 I 40 kDa 2
BA G 9 B Red I hig it b | 70 S5 BRI BT L

-.r-'

|
"é}'f;p%‘?fu° le« N’T‘—' m—rs,,, v & @gﬁiw»]’{ﬁ,;i

|
BT 4 RRFRAEA BI 2 T e don) 20 Voo T MBE F T T & o B

B @ A 40kDa e s uf
1

Fris 0 BT PR FER I T R rwiep B @S e oy Ao

3.6.2. ka8~ Fas- REAL L7
FlAF Bl it 2082 & Fh3E & Aeromonas caviae No. 2 23 &R E G d Wit

B SR R AR s g g FR ANk
A7 EpEr: HPLC Fand A4 > MR B P §ovd W2 xR ARV AL AP %2 P
HAy - FHRESFR > BRERKEST T & HPLC B *t (GleNAc) &
(GIcNAc), 2 1528 5.7 0y Jh— SEPE 3 4c 2 308 (] 6-2) 0 @ K387 BpEIRA
KfEAPEd et P wBAMRSC R FRAFEF (GleNAchs > 2 {3 R

ER2ZFEPE (B 63)0 ¥ itz dov FkfEad o > JI% B b2 v §F
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kRS FA2 22 (GleNAc), 2 £ GlcNAc v (GIcNAc); (Bl 6-4) » T -k

FR8T BPEL AP 7 NI (GIeNAC)s 2 ¥ it 5 { BB LR 2 B (B 6-5) -
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Bl 3-23 1% i it 32 % A3 & Aeromonas caviae No.2 (57 f s i FRE A1 2. &
7 # % SDS-PAGE (a) 2 =124 4 @ (b)

Fig. 3-23 PAGE analysis of chitinase purified from optimized culture broth.

Protein samples from chitin-affinity hydrolysis purification (lane 1) and gel filtration
(S100) (lane 2) were separated by SDS-PAGE and subjected to CBR stain (a) and

chitinase activity staining assay (b). M, Marker.
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# 3-11 Aeromonas caviae No. 2 #74 & 2 87 FhsH it £ (2)

Table 3-11 Purification table 2 of chitinase from Aeromonas caviae No. 2

1 1[ o IS = _{
\~ kB
A = &
Step Total prth‘fii'rlmr ITc c:ivity Fold Recovety
(mg) D W e, (%)
[ o
Crude enzyme 396335 lf' |1 1 1 100
AS 164887 5+ ob. (23 0.55 22.67
AF 4081835\ 11.5;% L 1.23 12.62
S100 2994365 1B.1 044 1.51 11.46
L\ 17 %
25 A e -
* One unit of chitinase act1v1ty was: ngleﬁnejd as t? ba,monl'int of the enzyme that produces
-\J "'j\.

1 umol of reducing sugar per min.
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200 . S

R ——

(GIcNAC)g

30

chitinase

Colloidal chitin (0.5%) was incubated with culture broth (0.015 U) in the acetate buffer

(20 mM, pH 5) for 1 and 18 h.

1, 1 h; 2, 18 h; 3, standard.
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A210

40

Bl 325 S FEE kRS- % HPLj‘*é-L

Fig. 3-25 HPLC chromatograms of prod uct from hydrolys1s of colloidal chitosan by
chitinase

Colloidal chitosan (0.5%) was incubated with culture broth (0.015 U) in the acetate

buffer (20 mM, pH 5) for 18 h, and the hydrolysis product went through acetylization

and methanol-acetone precipitation.

1, hydrolysis product; 2, standard.
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100 =~~~

10 ] L

A210

chitinase

Colloidal chitin (0.5%) was incubated with purified chitinase (0.0865 U) in the acetate

buffer (20 mM, pH 5) for 18 h.

1, hydrolysis product; 2, standard.
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B 327 B~ FEeokizd ,@% gz =

Fig. 3-27 HPLC chromatograms%?@ct from h:

chitinase

2

e
"‘Pys1s of colloidal chitosan by

Colloidal chitosan (0.5%) was incubated with purified chitinase (0.086 U) in the acetate

buffer (20 mM, pH 5) for 18 h, and the hydrolysis product went through acetylization

and methanol-acetone precipitation.

1, hydrolysis product; 2, standard.
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ARRT RSB G LR

1. AREE> &

*F B T E R E‘J_'rﬁf%j’f%fég‘_ﬂ 16S rDNA z. BLAST L. 5k Bl s 2 &
2 Bk B G 4%1T o Aeromonas caviae i - B ANARY 2 E FREBFC TR L 4

Fil g 2 A G AR T IR Kb RFE RS AR A
Pl ghde o R R kA B A AF S o o G AR o f 1980 & &
Aeromonas caviae i A 2 F7 7 P ZEaR A ,& Faedltrs ig 7 FRET 2 4
mﬁgﬂ@ﬁ,aéiaam 92 > & mk ﬁk&p,ﬂ 92 kDa 4 & % &
Chil - # 2 %] 35 F ”ﬁ;: N e :F"\;}’T % exochitinase 2 &% o
FoRiEA ’?a<4(GmNA@73434ﬂgﬁgng”‘ %m ,% 16S rDNA 2_ ¢ » &
Hoaods BRpdpage s b ug:g[ "%rclfg_l?éé%i? PR

l
| ; '
p:'} 1\Vé
! ) |
F T
o = T, )

o T

B A BEH 6 i
e R R S U A ﬂi"’ﬁﬁ i %:;}H; TR B FRS AT R
Lz ikdp o A2 RSM W A]:E # & @ & FIPF - 3 3 colloidal chitin 4 %] &
soybean flour % yeast extract TR » H &g % 3% 2 2F 4~ Fl2 0 > @ soybean
flour % yeast extract 2. B3] 2 &8 4 FIR| & = 23§ - ¥ i £ %] 5 soybean flour %
yeast extract ¥ A F B2 FHR Y 5 ¥ R wc ¥t - FlF 2 23 v pFE Y R T
F PR o AT A E FEHRE RS & 24 colloidal chitin 4 %[ £7 soybean flour 2 yeast

extract 2. B3] > ¥ e & SAS A2 PR L LT HREZE o

3. B FEAS S

AR LA AR B GIF FREEFIFER X AR E Aeromonas
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caviae No.2 2 87 Fasiit 2 3 - B Rk - (B IS1 » fRdB 48
M7 TR e AT A SRR R T R e 20% E 40 P EATF S
TR Aot o T A A F) S Bt aEseY 2 *# 7 N-Acetylglucosaminidase > *
o Fafir RRpEZR TS FREAERE 2 € REEHALRRPES > &Ea
@ RS M A Fpt 2 ",ﬁ% N-Acetylglucosaminidase ¥ it #_i¢ = w T % +gT
52 R F] o

HMEBZAZEBERZ RS Y ’Fﬁiﬂ it {8 M SDS-PAGE } >t 100 & 70 kDa
% 70 1 S55kDa &7 A iE30 P > & isftR 4 19 70 1 55 kD
HTT g I1A PR EEL o e & 2 Aeromonas caviae A k2 B 7 F A 4p M
Ffﬂ’Eﬁ%miﬁjm&(ﬁéiﬁwﬁ[%’&’mi 55kDa) &7 FpET

AR AR é‘ﬂ‘?’@ ﬂ“*ﬁé?“ﬁ“ T2 RHES R A TR AR RS

Voo Al it A e A Ae.rdmmqs'cawaen No.2 & > AL igie 2
v %?i.aswm‘fi%fiﬁ%%*ﬁ %@T Pﬁf[n- < Mglw Fe ¥ & SDS-PAGE
40 & 100kDa z F¥ 4 i 9 lﬁﬁ\nl?ﬁ 2l ]_E_!IJJ,/WH_j‘L,g b+t 55-70 kDa Hif T
FIAGERT FRELFEE @ 1.+_40kDa TR o AU o T A F R
RAZFRRSFAREAZ ST TR Ao d RFEMEI o AFER
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