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2 ©F ChitinaseZ YA sl AT Serratia marcescens IME& 3k A A| 22 2e] 223}, ammo-
nium sulfate precipitation, affinity adsorption, hydroxylapatite?} Sephadex G-200 column chromatogra-
phy® $3ted A stsdch AR chitinaset 7.1% g3 4229 FAEE vehliglen, A7]|dFA)
ddle g JE 5 9Ulz, SDS-PAGES] o8 24 #A1eke 5000028 viebyteh. HA K chitinase?)
Kot Vooo& 517 mg/mL2} 398 unit/mL2 vjelytc). Chitinase] 444 pHe} 2= 73 50Ccdn
HA QA pHa 70019 50 T ol 3ol &= rAskgdc}. Cu?, Ca®* R Mg & £12848 F7HIAeq HE' o
L¥ EA28A4L A AR} £ cysteinee £L¥4E F7H4)71v EDTA, MIA, PCMB % SDS+ &4
42 AAstdcl sy S0l F MY, Caf', K'e Ax84e o7t 7z} Nat o] 1mM
ol Abe T ol A gAlo] G = giet. & oA YME chitinase 2] 7}A] S0l Qo] 2l Servatia L4 Ar)

ABSTRACT. A chitinase-producing bacterium, Serratia marcescens JM, was isolated from a seashore
muds. A chitinase was purified by ammonium sulfate precipitation, affinity adsorption, hydroxylapatite
and sephadex G-200 column chromatography. The chitinase obtained from Servatia marcescens JM was
purified 42.2 folds with the overall yield of 7.1%. The purified chitinase showed a single band on sodium
dodecyl sulfate polyacrylamide gel electrophoresis. The molecular weight of the enzyme was 59,000 and
the apparent kinetic parameters K,, and V,, for the purified chitinase were 5.17 mg/mL and 39.8 unit/mL,
respectively. The optimum pH and temperature of the purified chitinase were 7.0 and 50 T, respectively
and the purified enzyme was stable on pH 7.0 up to 50 C. The enzyme were activated by Cu®*, Ca®’
and Mg" and inhibited by Hg?* respectively. In addition, Cysteine iricreased the chitinase activity and
EDTA, MIA, PCMB and SDS inhibited enzyme activities. Major cations, Mg®', Ca®", K* and Na* present
in seawater slightly stimulated the chitinase activity.
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MEXE. Chitinase Pitol A}2% Aoz
purified powder from crab sheli®} N-acetyl-D-
glucosamine Sigma+l M &L A-8-3l%t) o] 2]
AH-g 25 Aleke Junseifle}l Difcorlel 93 3
55 AgE AH-siolc)

T 42, Chitinase A4 F39) 5-2]9} uljokol)
AHE-gE Eelg Mz)e) 2ALE FFF 1L A
chitin{purified powder chitin from crab shell, Si-
gma) 1.2 g, yeast extract 0.5 g, trytone 1.0 g, NaCl
10g% Eqom, pHe 8002 z2Rsiald, a4
B x| = &) wiR|ell Bacto agar(Difco)& 1.5%(w
V) F=2 H7Lske] AlR-shelclY g2 FFe)
B3E #1% Al LB wiA| & Ap4-sleich LB o)
# o] AL FF3 1Lel yeast extract 50g, try-
tone 10g, NaCl 10g3 %o ALg3ldc} 7 =
Aol ME = 712 ] AR 30T, 150 rpmell 4
e wjokstd A ztzde] Wikt g Fsid B3 Z
T #)(Hewlet packard, HP 8452 A UV)& ARL-s}ed
ejFeRe) FB= eyl
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ols) etk F2F 7HA R 917} W Fel] Ale]u) ohE
52 2e A8 A FAHA @et 2o
chitin Y27} Servatia 2 o] PEol) o] L=7] ¢
32+ colloidal chiting A zZdhe] gigoF o)
S3= 7o) ¥} AMHe|th 2|ER colloidal
chiting A E3}7] sl HA crude chitin 100
g& HCl 2Lell 7isle] 4TolM 4847 aureied
A3 HZE o8t glass wool filters] «3x}sle]
). o|n) QAL 4T HEol) wbsted WA} colloi-
dal chitine] A= Y412l § 5 N-NaOHE®
F}EE F33le pHE 72 U 2F42 43
AR & F YA Felsted P AU 40
TollA 24X7F AZ F colloidal chitine 2 A}£3)
ﬁr_l_.lﬁ.l?
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tine] E3HR wix)o] HFY F A1) Ao
u}2 chitinase YA3-& AL )k wiok® 16 mL&
3,000 rpmell A 587 R4AF) F colloidal chi-
ting AAstr Y42 F A& 453 15mLE
15,000 rpm2.2 158-7F o}A] fAEe3te] dojl
A}=-o0 & chitinase 4 Aol ©)-8-31<] 2, harvesting<
FAE Lowry ¥l nhd g ako Agst
oJr}® Chitinase 342 Miller W& W3l
Apg 3}l e) 92 = kol 300 pLell 0.5% phosphoric
acid7} E 83 colloidal chitinel 500 uL.# DNS(di-
nitrosalicylic acid) €< 750 uL& 30 TAA 1412}
Akl £ 10T F2oA 1087 7pd3ta o]
uh-g-ol-g 15,000 rpmell 4 1087k €A #-2]3kx 550
nm FFEN A5 S DNS whge=
Raksled chitinase 44d-& N-acetyl-D-glucosamine
(NAG)el ol&ll A F2TAls} vlasle] zAbst
sick. Sodium sulfitet= AbEHE- wp=|3}7] $13ted chi-
tinase A4 =3 Mo Yriste] AP I, N-
acetyl-D-glucosamine®] ¥%7 1mg/mL ¢]4 <
AxsofiE EFFA0] i Yoz =
Aol Aristed VUE Aok

FHY 5. FAFL wIYd 1L6mLF 3k
3,000 rpmoll 4 5E7 U4 -2l F colloidal chi-
ting A Ak 9714 2 4EAE oA 15,000
rpmei A 1087 YA $2¥ F 4FA4L chitinase
Aol peR Qe A-gstela, ol harves-
ting® 4+ 0.5 N-NaOH 05 mL& 7}8ka 100 T
water batholl4) 1087 #7434 AL£g ¥4
Ack 4714 05 N-NaOH 0.5 mLE& 7}3ted FH3t
F 15,000 rpmell A 1587 94 2 ¥ 4594
ok 2 ek & bovine serum albumin(BSA)YE& ETAI
22 A48 Lowry HHe2 233ck” Co-
lumn chromatographyell 2)3te] £3hgl <
gke UV spectrophotometer® 2443t 280 nm
FREd A FA3AL?

&40 Bal % MM, Seratia marcescens JMel
YA ER= chitinased A7) S43le dFE 30
Coll A 2447} vjdg F FHE AL 50
mM Tris-HCl buffer(pH 7.5)e) 23] AX% ¥ 5
mM MgCLE #4% 50mM Tris-HCl buffer(pH
75)0] "etA|F 60 pAoll A 5¥ZF 2g3 BHAIR

GOE:

ot #48 F4 FgNg 15000 rpmell A 2083
YA Rl FAE AANL 2 45dE 2EL
oo 2 Algsidct, ALY chitinases HHA]
7171 913y ammonium sulfated #H7}std 55~70
o 2lo)2] Z3PETol4] chitinased F¥slsich
Ammonium sulfate 2 Mo} 2ja] 2L & 4NYE chi-
tinase unit® 10~ 100 pg(dry wet)o] H%& colloi-
dal chiting A@7}3led 4 Toll4 247t FF mHHA|
7t A F244]3ck. Chitinase”t &A% colloidal
chitin2 10,000 rpmel A 2087 YA F 3
2% colloidal chiting 50 mM Tris-HC! buffer(pH
56)0 HlHg ¥ 30CAA 4217 ZAA)A chiti-
naseZ #4:8}¢lc), Affinity adsorptionsl] ¢J3)] *
2]% chitinasew 50 mM Tris-HCI buifer(pH 7.0)%
v)2) 3347 hydroxylapatite column(3.5X20 cm)
o] 24 s}e chromatographystsict o]ld} v]F %
A AAA7 o FA g FELS 0~05
M NaClZ 24d%= Feifes 22732 20
mL/hre) 42552 7 2 4mly FYsisck
Hydroxylapatiteoll 4} chitinase ¥/4¢] ¥& ¥
B g E4RNS sephadex G-200 column(3.6X 150
emyel] 2% §H YA kS gel filtrationd T~
Pkl oy 30ml/hre) $24552 724 £33 3
mL¥ E¥apdef

SDS-polyacrylamide gel F2|€E. FA R chi-
tinase®) £x}3F-S Laemmii®) W& )43t
A g}del® SDS-PAGE geld 10% polyacrylamide
2 N&3bgm, stacking geleli4] 100 V, separating
gelobA] 200Ve) e 347 Fk £
coomassie brilliant blue R-25022 10%7F < 4t

-2 methanol : glacial acetate acid : H,0& 1:1:8
B2 YUY gezs GYAAGY B2 £Y¥E
Y FEuAe  B-galactosidase(116.000 Da),
phospholylase(37.400 Da), bovine serum albumin
(68.000 Da), ovalbumin{45.000 Da), carbonic anhyd-
rase(29.000 Da), B-lactoglobulin(18.400 Da), lysoz-
yme(14.300 Da)& AM-4-38hdch

a2 7A 3. B8 HAH chitinaseo)
7| Rl N AP E 237 #sle] A chiti-
nase2} 50 mM Tris-HCI buffer(pH 7.2)& colicidal
chitinel 7}sled 714e) HF Fx7} 0.5~50 mg/
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Chitinase £22] 542 HM|. Servatia marcescens
JMo] A4t3l= chitinases A XY R2 Bu)sle
el ol)7] o-Feol AR elkAo 2 RE chiti-
nase® 7] YalH GubRql Fh¥e wgleE
€ A2 2 PA37)7} ¢17] 7] dF-ol Jeuniaux™
= Streptomyces 7t A48 chitinase 2] A A) affi-
nity adsorption ¥} & o)&3}ld Y2 Z chitinase s
Esyoz AR steich gty £ ATl X chiti-
nases A&7 #1351 ammonium sulfate 3,
colloidal chitiine] 23} affinity adsorption, hydrox-
ylapatite columm chromatography, sephadex G-
200 gel filtration g 3] Serratia marcescens JM2.
25 chitinase® A3t M AR chitinase
F4A Ao Ny 3L Table 10 R.2k3stde}. Chi-
tinase 3 ¥-2], AA3t7) $)3bed Servatia marcescens
JM$ colloidal chitine] EF9 wj=x|of} wjoFsled
#4Ee FAE 253 QA F AEAE
55~77% ¥X & ammonium sulfate HA|7) Az}
o 32u] A sigdch. Ammonium sulfate 3 o)
o8l Q& A 2NS colloidal chitindll H7}sle affi-
nity adsorption¥t 23} Fig. 1o vepd ups} o)
40~100 ug Ake)9] colloidal chitin Fx A F 93%
H% chitinase ¥32-& veEligic} ol Jeuniaux
2} Robertsel Cabib®7} B3} colloidal chiting
o}-2%} chitinase?] affinity adsorption®} #-AM§H&
B}, &% chitinase”} F2 colloidal chiting
A4 F-e% F chitinased 3dtod F2)7) A3
Fig. 2% el uvlel o] <f 73% chitinased 3

Table 1. Summary of purification procedure of chitinase

T34} ol Yabuki®} Mizushina!’ 52| chitinase
gakg Rl {Asigith Affinity adsorptioned]
2]3} ¥-e]9 chitinased hydroxylapatite column.2
2 chromatography st 0~05M NaClZ AAlEx
Tkt BIE Fig 3ot el Sic). Fig. 3o viebd
nlel ko] chitinaser ¥-%) #60~ #84 ApolelA
AA s el A7) D97 chitinase ¥3-& sepha-
dex G-200 columnell % A3} Fig. 4o vjepd
uig} zo] B8 H44~ £72 Alo|e4} £ chiti-
nase?} #Z £2]¥%.2 chitinase FA 29} <t
Y o] A e ¢ F sl waky
£ A7 M HAR chitinaseol A ehd AAEE
of 4220]902n 3pE-E o 71%E elydrt Ro-
berts®} Cabib'®e Streptomyces®] chitinases] 3%
oF 59ule] AAxe}l oF 274% HyE-s Q9T
Jeuniaux®& < 9.3v 9} AN} 30%2] H4ES
vk R FARR Al
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o ®
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Fig. 1. Effects of colioidal chitin concentration on the

adsorption rate of chitinase.

Purification step Total volume  Total protein  Total activity Specific activity Purification  Yield
(mL) (mg) (unit) {units/mg) fold (%)
Crude enzyme 120 530.3 956.1 1.80 1.0 100.0
(NH,),S0, 53 96.2 551.7 573 3.18 57.7
Affinity adsorption 29 238 2516 106 5.89 263
Hydroxylapatite 18 24 895 37.29 20.7 9.36
Sephadex G-200 13 09 683 75.89 42.16 7.14
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Fig. 2. Release rate after affinity adsorption.
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Fig. 3. Column chromatography of chitinase on hyd-
roxylapatite.

HHE chitinase2] f£X}&.  Sephadex G-2009]]
ols] HFEAH o g YMA chitinaseS SDS-PAGES
Faslod Fig. 50 el vie} Fo) o WNE=F
g% 5 Qe IF @A A we vy 27
o} 59,000 dalton22 F4¥g ¢ Ach o] AF}F
EFA R 48473 vlng A3} Fig 63 o] o
E72]9} Log Atelol AQWAE A& 4 lol 09
ADZRE B AT ALE-3 Servatia marcescens
JM7} @A 3= chitinases ¥3Fke] <F 59,000 dal-
ton2.& &latgick. AAE chitinase ] 2legel
[ X F7A) 2] Barel] 3l Serratia®) 7ol
20,000~120,000 dalton Ake)e] I Streptomyces= %
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Fig. 4. Column chromatography of chitinase on se-
phadex G-200.

4 A 116 kDa
4 B : 97 kDa
4 C : 68 kDa
4 D 45 kDay
4 E : 29 kDa
<4F : 18 KkDa
4 G 14 kDa

A B

Fig. 5. SDS-PAGE of chitinase and molecular mar-
kers. Lane A: purified chitinase. Lane B: molecutar
size markers.

30000 dalton®] ¥Atgd& Lnsty ekt ot
2] B dell 4] Be|dt chitinase2l 2382 Ser-
ratia®} EAFT FAH¢E B FUct

EAo 7i7 ik, HAE chitinase2} colloi-
dal chiting ¥H3-Al# £42843L 233§ 27 col-
loidal chitin =7} 3 &498) k-4 nlX=
%3 4}-¢& Lineweaver-Burk®3}ed Fig. 79| vehlsdch
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Fig. 6. Determination of the molecular weight of chi-
tinase by SDS-PAGE. B: 97 kDa, C: 68 kDa, D: 45
kDa, E: 29 kDa, F: 18 kDa
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Fig. 7. Lineweaver-Burk plots for the determination
of K, and V., value of chitinase.

Fig. 79 vebhd A2 98 K 3t V= 27517
mg/mL3} 39.8 unit/mLelic). $18] A3z Aeromo-
nas hydrophtladol 21& colloidal chitinoll & K,
Zrel 28 mg/mLe|2= Yabuki®} Mizushina'e}l 2
e} v\ o Servatia marcescens JMe| AAksh=
chitinase’} 33}2o) F&& & 4 Alsich
Chitinase 8 % oF¥Mol| njxie pHe| A&k
Chtinasedl] W% & Aol HA pHel| vz o
8¢ atolR.7] 918 50 mM Tris-HCI buffer(pH 3~
8)2} 50 mM Tris-NaOH buffer(pH 9~10)& AH-
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Fig. 8. Effects of pH on the activity and stability of
chitinase.

3] pHE 3~10 Ao & wH2-N g wlE o2 &k
A2 7k 40 CllA 22417 FF WAL F chiti-
nase #A¢ 23l Fig 8o el o). Fig. 89l
vehd ule} 9] chitinase A& pH M £718
A2 e) Frlelchzl pHT o) 3= dAde) §33]
Zastds Hd ZA%ALS pH 7.0 Jebdeh
Monreal2} Reese' 3 Roberts2} Cabib™ Servatia
marcescens®) chitinase®) Ht§ ¥4 pH7L 642z
B2 7 Ohtakara® 5 Vibrio7} MAbsh= chiti-
nase?} o &4 pHE 6~8 APz Ragon,
Yabukis} Mizushina''s Aeromonas hydrophila®l
A4 pHE 52, 222 Jeuniawe Strepiony-
ces7} A438h= chitinase W ¥4 pHE 52~65
Atoletz M watgict olely A7 FHAEE vind
B 9l Serratia marcescens JMo] ARz chiti-
naset 2 419l Seratia®] o ¥A pHe} A<
$213} pHE el ). 3} Servatia marces-
cens JM#] chitinase?] pH <+4Ae HE3}7] 9l
pHE 3~10 Ael& A 23 SFdo] Enddd
74 40 TN 2A17 B3t W& obF B4 g R
28494 23 AH Fig 90iA2} 7e] pH5~8
Abolel 2} e AL HqFc) ol2j¥t AR
Lundblad'®7} bovine serumeli &43}= chitinase?]
kR AJe] pH30~652hs Hiet #Akslgch
Chitinase #M 9 oM oixle 859 &
& Chitinase®] #A A4 L= F doliy] A%
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Fig. 9. Effects of temperature on the activity and sta-
bility of chitinase.

0~70T Aleloli 7} 2R BL184E 5
8t & Ad Fig 9dl2eh o] £27} 713kl
aje} ELgAe] Frlsl}rl 50 CAAM R E2
B4L BoFgon] 60T 83% AL Ro)
7l 2 o)A R4 HE F43%) oS,
chitinase?] 4 <¢HHYAE ZHESFH]) ¢ 10~70T
Apo]9) ol ztzh 22|17k ok dAeE & b
BEHE-E 237 A7 TS P E {4
sl ot 60T olAfol M EAAel A9 Haix
€ 72 Jelyel ¢)e Monreal®} Reese'7}l B
¥ Serratia marcescens®) AT A LT} 50
T2} U3k Yabuki®} Mizushina''7} B.23F Aero-
monas hydrophila®] 2ANL-E 55T} HAEATh
x4 oy} AL Arrhenius plotale] 43}
AAE A% A Fig. 100] Jepd w2} 7o
chitinase #433}o\ == 41.3 kJ/mole|dTh?
248 24 O|Ro0l| cHet chitinases| P&k Chiti-
nase &iel Wit o27)x) FHo|e] gL &
olr7] 3t ZF 5 <]&€& SmMo] HA A
A E Aol Prlete Aol 24] 7k Fok AR}
the A Eiel X d8e 2AY A3} Table
20l Jeb i} Serratia marcescens JMo) A 4}al=
Chitinaset Cu’” & 8%, Ca®* & 13%, Mg?* & 26%
Ax9 243 4 FUHE vadon, AF'E 15%,
Co™* & 13%, Fe** & 10%, In** & 9% A i=s

to T T T
® ®
-4
E T '\‘\ —
0.1 1 1 4
2.8 3.0 3.2 3.4 3.6

t/T{K) X 10

Fig. 10. Arrenius plot of the effect of temperature
on chitinase.

Tabie 2. Effect of various metal ions on the chitinase
activity

Metal ions Concentration Relative activity
(mM) %)
None 100
Ag" 5 85
Co*" 5 82
Cu®* 5 108
Fe?* 5 90
Hg™* 5 33
In?* 5 91
I, 5 ¢
Ca® 5 113
Mg* 5 126

Yetl Rz, HE' & 63% HE 2 a4 2y

2, Lt 100%2] st Jebido Hgt e

v A sulfhydryl(SH)7 el 242 3l
WO g oA glen, v g g HE' 2
cross linkA|Z e84 BY4131% dimerE 8 A7}
£ ALRE Ras3 gt

Thiol &EHEC! cysteine?] chitinase] A&
Chitinase HA4%A FAlell thiol 3¢EA cys-
teine?] ¥FEE F7}3} chitinase 24 v
X %L PEF A5} cysteine FE7F 5mM
FEA A2 #4o] 3% FIFstdTk o) thiol
3}3HE) cysteineo] chitinase] oA 2 2443+
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Bedzy gz HRAL A3 thiol el
278k Bes} YAk Yo

Chitinase©] reagentsS] Y&, FEA VAo P)3]
reagents®] °38k2 JE3H7] #1351 chitinase EA
ool ztzhe] AHAE HF FE7} 5mMsA Hot
slod E29) RS 2R3k Table 30) vrehigich
Table 3o0 v}ebd ulsp o) AR chitinase
EDTA, MIA, PCMBelle &484& Afjshz 3
£¢ 3l =P PR HAA SDSE chiti-
naseo) & vlAHA YA HEE eI
t}}&ﬁ

Chitinase 8MJof| DIXIE 35 YOIE Y. N

140 T i
(A)

130

110

Relativa activity (%)

Bo 1 1 1
0 5 10 15 20

MgCl, concentration (mM)

120 r —

(€

T

110 |- b

100 ¢ .

Relative activity (%)

90 | 4

80 1 1 2
Q 5 0 15 20

KC] concentiration (mM)

79

Table 3. Effect of some reagents on the chitinase acti-

vity
Reagent Concentration  Relative
(mM) activity (%)
None 100
PCMB 5 21
{p-chloromercuribenzoate}
MIA 5 87
{monoiodoacetic acid)
SDS 5 97
(sodium dodecysulphate} )
EDTA 5 91
(ethylenediaminetetraacetate)
Cystein 5 103
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Fig. 11. (A) Effect of MgCl, concentration in seawater from the chitinase activity. (B} Effect of CaCl, concentration
in seawater from the chitinase activity. (C) Effect of KCI concentration in seawater from the chitinase activity.
(D) Eifect of NaCl concentration in seawater from the chitinase activity.
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