Journal of the Korean Chemical Society
1996, Vol. 40, No. 1
Printed in the Republic of Korea

Serratia marcescens JMO|| 2|%l Chitinase2] HH(2} A

Fi08 - R
Aot Adsietet sets
(1995. 10. 29 A)

Purification and Some Properties of Chitinase from
Serratia marcescens JM

Sang-Hwan lee and Euy-Kyung Yu
Department of Chemistry, Sejong University, Seoul 133-747, Korea
(Received October 29, 1995)

£ 9} ChitinaseS A= AFQ Serratia marcescens M-S 31t A A 5286 £2)3led, ammo-
nium sulfate precipitation, affinity adsorption, hydroxylapatite®} Sephadex G-200 column chromatogra-
phyZ E38le] AAslgdch AAR chitinasex 7.1% 35-&3 4229 AHAEE vehiglon, 7|54
gedwie g d& 4 %z, SDS-PAGEd ¢& &A% Fxpak2 5900022 vieltct. A% chitinases]
K,# V.= 517mg/mLe} 398 unit/mLZ vtelydct Chitinased] 34 pHel &%+ 73 50Ty
2 <14 pHE 7.00]7 50 T o)slel A& ¢Hdsbde). Cu™, Ca*" ¥ Mg & R84 & F7H21 24 Hg' ' ¢}
Lt 24842 JAAIH) =7 cysteined AL 27171 EDTA, MIA, PCMB % SDS+ A4
F4E A ¢ Sl & Mg', G, K'e A484$ oF7t F7H1z oy Nab o] &2 1mM
ol Ay koA &Ao] A Hch £ =FollA FAE chitinasew 2]7}A] Feol o] Q= Servatia A4t

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 Serratia 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 C, 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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o] &<l chitinase7} oj2] Wdel] thfgt 4x @
AHE-E I glek!
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H o oole AR v gl FEY R
T Al EXMu FE uo) wel 2 A 2
o]F H.o|7] wfel oo Ty WL aAd¥r} gl
ek webA chitinased WAMHE W4 EE o4
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&2 F8 97| CaCl, MgCl,, KCl, NaCl =2
FEd wE AA ALgAe] gsiEtyql EAe
i

HE %oy

AHEHARE. Chitinase FArell ApL3 Ajefoz
purified powder from crab shell®} N-acetyl-D-
glucosamine-& Sigma‘} A E-& 218315t} o] 9o
AHRgE E AJek2 Junseizle} Difcortel A 3
55 Aok AME-sigich

25 uljek.  Chitinase A F52] 222} uf ool
AR FElg WlAe 2AE FF5 1L AA)
chitin(purified powder chitin from crab shell, Si-
gma) 1.2 g, yeast extract 0.5 g, trytone 1.0 g, NaCl
10g% =9g.on, pHE 8002 xysigc a+a
vl )= E2]4 wi=jq] Bacto agar(Difco)E 1.5%(w
V) FEE2 AH7Este] At Rl F3e]
B3-S 9% wiA= LB wjA| 2 Abg-slaic). LB o
28] 24L& FH4 1Lel yeast extract 50 g, try-
tone 10g, NaCl 10g& 5o AL83igic}. 7o =
Aol & ofe] 742 Fo] AL 30T, 150 rpmel| 4]
e wjokslm A zbzbe] wigd-& Hste] ¥} @
=A(Hewlet packard, HP 84524 UV)E A}-4-3h
oo FRT 2 Jehfgic)

Colloidal chitin® H|Z=. Chiting F4i ZA el
s gt 25 7R3 917 wEe Abo|i} o} E
Exo) 2hgel o8 gA =R der) ajug
chitin 127} Serratia 59} vl PEo) o) 857 ¢
84 colloidal chiting A28t} Bhrgdog o
43k 7ol Mo Axxelrt. I EZ colloidal
chiting Al=x37] Y-+ HA crude chitin 100
g% HCl 2Lol 7bsbo] 4Coll A 48217 ubsted
A7 PZE o}83+ glass wool filtersl of}ste]
t} ol oJHL 4T FHEol| wubsled WA e colloi-
dal chitine] 4= A1 & 5 N-NaOH=Z
FEE F3p3led pHE 72 243le] 2542 53
AM3a o F A4 Felste] odojal AAEL 40
Toll A 24417} A= F colloidal chitine . Al£-3}
93‘1:]_.1&17

Chitinase 44 =4,

AE2FFE colloidal chi-
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tino] X3 wrlel HEF F HkSA|7S] Aol
w2 chitinase 448 2Abatdch Wk 16 mLE
3,000 rpmell 4 587t VAF2]F F colloidal chi-
ting AAzz AL} F 22 45 15mLE
15,000 rpm 2.5 15687k o] AalF-e]sted deixl
A} ol 8 chitinase Aol o]-4819 2, harvesting®!
FAE Lowry Whiel w& whlld Ao AHgs}
oJch!® Chitinase A& Miller W& W33}
Apg-3lgiTh 9% = Ak2o) 300 uLell 0.5% phosphoric
acid7} 3= colloidal chitine] 500 pLe} DNS(di-
nitrosalicylic acid) £ 750 L& 30 CTollAl 1A13F
ANekafokyt F 100 °C FFAA 1082 7HEdE R o
nh-g-olS 15,000 rpmel A1 10487 A#-2]8k3 550
nm FFEoA] A5 #HedS DNS whe=
A eksle] chitinase 42 N-acetyl-D-glucosamine
NAG) oa) A& Fx:TAIz wlwste] zAlst
odct. Sodium sulfitet= AH3HE Hhx|3}7] 918t chi-
tinase WA =R AR Hrlsted AL, N-
acetyl-D-glucosamine® ¥%7} 1 mg/mL ] <
Ao EFEFAo] XA Hlejvnz =
Aaag AHrlste] HUFS HFsAct

MY . FAZS gy 1.6mlE 33t
3,000 rpmoll 4] 587t €4 £2]& F colloidal chi-
ting A Az o714 & A459S oh4| 15000
rpmefl 4] 1087 94 F2]§ F 432 chitinase
qAe waig T AHEstex, e}l harves-
tings ##+ 0.5 N-NaOH 0.5mL& 7}3k3 100 T
water bathol| 4] 1087} F8d4 HEE F3iA)
Atk o374 0.5 N-NaOH 05 mLE 7}3ted Z313
% 15,000 rpmell A 1587 94 F2]¥ F 454
chul 2lekS bovine serum albumin(BSA)& EFA]
82 AH4ste] Lowry dho2 2A3HE® Co-
Jumn chromatographyel] 2)3te] &3hst whaial A
gke. UV spectrophotometerd AF8-3lod 280 nm
FFdA Atk

E40 23] o HHE. Servatia marcescens JMe]
AAsHe chitinaseE &A8l7] $l3t] #5F 30
Coll A 24417} ik ¥ FAE YAEESA 50
mM Tris-HCl buffer(pH 7.5)° 23 A1H3 5 5
mM MgCLE 8% 50 mM Tris-HCl buffer(pH
75)e] AAA 60 pAollH 583 253t HAA

- fIFE

o}, s Fa gL 15000 rpmel| A 2087
QAR ste] FAE AASLL 2 AFAE 2EL
ooz Abg-slgch A AN chitinased HAA]
7]7] %3ty ammonium sulfate® #H7}sled 55~70
% Ajole] EEFTo|A chitinaseE ¥-¥3lgch
Ammonium sulfate Aol oJaf d& FAN-E chi-
tinase unit® 10~100 pg(dry wet.)o] = =% colloi-
dal chiting A7}sled 4 TollA] 22|17k &t A
71| A &322k Chitinase’} & 2% colloidal
chiting 10,000 rpmel 4 2057 AR F A
A= colloidal chiting 50 mM Tris-HCl buffer(pH
56)0] AHg = 30T 4417 E2AAA chiti-
nase2 343lgic). Affinity adsorptione] <J3f %
2] % chitinaset 50 mM Tris-HCI buffer(pH 7.0)=
v]2] 33 2)7] hydroxylapatite column(3.5X20 cm)
o] #73}e] chromatographyd}sict. olof w]&%
g 2g AAAZ oS FF dYA FEL 0~05
M NaClz FHAEex FuiHoz #3472 20
mL/hre) $&&58 7 B 4mly 2Hac)
Hydroxylapatiteo| 4] chitinase 84°¢] ¥ 31
e #5489E sephadex G-200 column(3.6 X150
cm)dll 273 F HEFA)Z) ok gel filtrationd
gstden 30ml/hre] £&45%2 2 33 3
mL4 F3spf ™

SDS-polyacrylamide gel H7|€&E. AAH chi-
tinased 225 Laemmli®] P& o] 4-3te] Z
Z3lsdck® SDS-PAGE gel-& 10% polyacrylamide
2 A48} 7, stacking gelell A 100V, separating
gelol 4] 200V Aste gz 3417 Fa £33 ¥
coomassie brilliant blue R-2502.2 10¥7F 43
t}-&- methanol : glacial acetate acid : H,OZ 1:1:8
2 Y gfow GAAAGY Balf £HHE
AF FEEIWAL  B-galactosidase(116.000 Da),
phospholylase(97.400 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)& AHg-slsich.

&40 7|18 &%y, Fa2 A chitinase®]
71"l HE H3}H-e FA 3] st AA R chiti-
nase®} 50 mM Tris-HCI buffer(pH 7.2)% colloidal
chitind] 7}3ted 7122 FHFE F57F 05~50 mg/

Journal of the Korean Chemical Sociely
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Chitinase §4-0| §42 ®A|. Servatia marcescens
JMe] Q43R chitinases A ¥4 92 2 Hu)she=
D do)7] ajEe] AAE WY 2NE chiti-
nases ¥7] sl dubdal aade] uyjem
= AH 22 HA37]7} 17 7] dFol] Jeuniaux™
= Streptomyces7} A AFSHE chitinase 2] A A] affi-
nity adsorption & o] 4-3le] = Z chitinase S
ade g Aok apebs £ Qe 4= chiti-
naseE HA87] ¢35l ammonium sulfate %3,
colloidal chitiinel] )%} affinity adsorption, hydrox-
ylapatite columm chromatography, sephadex G-
200 gel filtrationS &} Serratia marcescens JM ..
ZHE chitinaseE A stk " A Q) chitinase
FAA A Nt 722 Table 1] 22F5t¢ix}. Chi-
tinase 2 ¥-2|, AA3}7] ¢33l Serratia marcescens
M€ colloidal chitine] E&= w] x| wjoka}od
AR FAE 239 FgA F AEYS
55~77% % 5% ammonium sulfate JAA]7) Az}
oF 324 AA=dc). Ammonium sulfate * Ao
s 92 & ANS colloidal chitinell 3 7}sle] affi-
nity adsorptiondt 23} Fig. 1ol vehd ups}l 7o)
40~100 pg AFo]9] colloidal chitin FXol A 2F 93%
A% chitinase & %85 et} o)+ Jeuniaux
21} Roberts¢} Cabib™®7} ¥ 33} colloidal chitinS
o]-8-3} chitinase] affinity adsorption®} #AHS-
H9dck & chitinase7t F23 colloidal chiting
YA 27 F chitinaseE 33t &3zl F=
Fig. 2o vebdl upel o] oF 73% chitinase 3|

Table 1. Summary of purification procedure of chitinase

#3814}, o= Yabuki®} Mizushina! 5-¢] chitinase
gag el §Alskeic). Affinity adsorptionell
o)) £e)® chitinase® hydroxylapatite column .
2 chromatographydiL 0~05M NaClE AlE%
T 23S Fig. 3o el e}, Fig. 3o viepd
upe} 7ol chitinasex ¥3 #60~ #84 Apolel|A
A= dcl o 74} o3 chitinase %-3)-& sepha-
dex G-200 columnell FUZ A3} Fig. 4o Yehd
ule} o] P8 #44~#72 Alo]o A 5 chiti-
nase’} #% Hel¥lgd 2 chitinase A 29} )
W o] AdFsla glSE & = ek webd
¥ Q7oA AAR chitinased| A Jehd AAEE
of 4220]9)20 3|5&-L <k 7.1%E Jeldr) Ro-
berts2} Cabib'®= Streptomyces®] chitinase] 7%
ok 59ufe] HAE} <oF 274% IH4gS& AT
Jeuniaux®& oF 9312} WA =e} 30%2) 3FEe
divhs Biae} fARRE dagich
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Fig. 1. Effects of colloidal 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 5.73 3.18 57.7
Affinity adsorption 29 238 251.6 10.6 5.89 26.3
Hydroxylapatite 18 24 89.5 37.29 20.7 9.36
Sephadex G-200 13 0.9 68.3 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 chitinase®] A2k Sephadex G-2009|
ols] HEAo g AAF chitinases SDS-PAGEE
Fa)3le] Fig. 50 Jebd wie} zhe] kel Wi=F
e ¢ glglen XF A A ge) vl A
of 59,000 dalton°-2 FAH& + Uk ] AAE
EFAR §FA)73 vlmg A3 Fig. 63 7o) o]
7]} Log Ale]e] AABAE €& 4 3lo] o]
A2 R B dFo A ALE-3 Serratia marcescens
JM7} WA 3h= chitinasex +AFeFo] <F 59,000 dal-
tone.2 #alsteich. AAE chitinased] F-ApeFol
gk A g7 e Bael| shd Serratia®) 7-telle
20,000~ 120,000 dalton Ake]o] I Streptomycest ¥
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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 kD4
4 E : 29 kDa
<4F : 18 kDa
4 G: 14 kDa

A B
Fig. 5. SDS-PAGE of chitinase and molecular mar-

kers. Lane A: purified chitinase. Lane B: molecular
size markers.

30,000 dalton®] ¥-A}efel& ¥ stm Qs o}
24 B ol Foll 4] 22| chitinase?] H-AlekS Ser-
ratia®] EAFT FAEHE ¥Rl

&40 7|1A Ei32. AAE chitinase2} colloi-
dal chiting ®FA1A E48438 AT 23} col-
loidal chitin FE7} A A4 vE % A=
23 8F-8- Lineweaver-Burk®3}o] Fig, 74l v}ehfigict
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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 Jehd 29286 K, 33 Ve 37517
mg/mL%} 39.8 unit/mLel i} 919 A 3= Aeromo-
nas hydrophilad®ll 21& colloidal chitindl]l g K,
Zko) 2.8 mg/mLel2h= Yabuki®} Mizushina''2l X
2.9} 8| w¥ W Serratia marcescens JMo] PArdh=
chitinase’} 3133o] }&8-g o 4 lgich
Chitinase @4 U oF¥Mof| o|Xle pHE FHE.
Chtinaseol] W& &AEAe] H4 pHell v]X+= o
&g ooty 7] £ 50 mM Tris-HCI buffer(pH 3~
8)¢} 50 mM Tris-NaOH buffer(pH 9~10)& A&
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Fig. 8. Effects of pH on the activity and stability of
chitinase.

ale] pHE 3~10 Ao}E WAL E o} &4
A2 7}sf 40 TollA 2417 F-aF wbgA1] F chiti-
nase ¥A-& 233l Fig. 8ol vehlgich Fig. 8¢l
vehd ule} z2e] chitinase ¥4 pH7} F714tl
AagAe] 7187t pHT o] F= $Ade] 43
Zasigdn Hd a484-2 pH7.0004 el
Monreal ¢} Reese'* 4 Robertss} Cabib®™®s Serratia
marcescens) chitinase2] 4o &A1 pHr} 6483
¥ 38 7 Ohtakara® & Vibriov} AAFsH= chiti-
nase?] o] &4 pHE 6~8 Alojgl Biglem,
Yabuki®} Mizushinallss Aeromonas hydrophila®)
84 pHE 52, 18] 3 Jeuniaux®’& Streplomy-
ces7} A8l chitinase #o} ¥4 pHE 52~65
Apelztm Bmalgich ol2l¥t A7 AASE viud
£ of Serratia marcescens JMo] AAksl= chiti-
nase: 72+-& %9 Servatia® o ¥4 pHe A9
213 pHE el lch. E3 Servatia marces-
cens JM@} chitinase®] pH <H4A& 7 E387] $14)
pHE 3~10 ApolE A2F SFHo) E4LHE
7bsl 40 TollA 2413 Fat WXIRE ohg A4 A
Z2Y4S 2238 A3 Fig. 9049} o] pH5~8
Atelol 4] ol AALE MGt olejy Ade
Lundblad'?7} bovine serumsl] £2)3h= chitinase 2|
b do] pH30~6581 Me} frAbshalch
Chitinase §4 U HorE Mol o|xl= 229 &
#. Chitinase®] A 24 2x& odolrr] A8
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Fig. 9. Effects of temperature on the activity and sta-
bility of chitinase.

10~70C Atolell A 7 oA EABAYE A
ste] £ A} Fig. 9048} Fo] %7t Z7l3hel
gl EagAe] Frlsicrl 50 TAN A w2
B4e BaFglon 60 T4 83%2] BAL Ho)
oot 2 o] Y] Rmol = FH3] AU 3k
chitinase®] 9 IAAL 7HES37] 98 10~70T
Ato]9] el A Zhz} 24|13 F4t dAEE & o
DE284HL AT A7 40 THAE AL A
Flo} 60 C o) e BEAagAde] A9 Ads
£ 7oz Jelygrl o] Monreal®} Reese!7} 1
2% Serratia marcescens?) B8 A LE7) 50
s} 48tz Yabuki®} Mizushina''7} B.31g Aero-
monas hydrophila®] HYLE 55T} frAlstgdch
X th3F 8484 E Arrhenius plotste] ¥43}
AURE 2A% A} Fig. 100 Jehd nps} 7o)
chitinase #4352+ 41.3 kJ/mole] g c}?
Z}E F4 0l20il th#t chitinase2| HE. Chiti-
nase Aol th¥ o7bA] Fe) o] g o
ol2.7] 943l g F5 0]2& S5mMe] HA A
A AR Hrlsle] ol A 247} E-oF wpA &
o A Ao vlXe S AR AT Table
26l ehlelc}. Serratia marcescens JMeo] QA=
Chitinaset Cu?* & 8%, Ca®* & 13%, Mg®" & 26%
Ao Tag B4 FUE oo, AgTE 15%,
Co** & 13%, Fe** = 10%, Zn”" 2 9% 3| &35

10 T T T
® [ J
4
w 1L -
S '\.\‘
0.1 1 A n
2.8 3.0 3.2 3.4 3.6

1/ T(K)X 10

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

Table 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
Int 5 91
I 5 0
Ca®t 5 113
Mg2* 5 126

Helials, He' € 63% HE & Asjdds 2y
I, Lt 100%4 HAAsE Jehdigich Hg' et
Ag e A sulfhydryl(SH)7]ol #Hee sk
Aoz oeld glon, w3k whild AxE Hgt' 2
cross linkA|Z o2 4 #8431l dimerZ ®W3X]7)
= ALE2x ¥augw 9t

Thiol 3882l cysteine2| chitinaseS] &k
Chitinase &84 FAld thiol 33HEa cys-
teined] F%2 %7}8te chitinase &4 &Ale n)
A 2% PAEF A} cysteine FE=7F 5mM
FollA] o] gAlo] 3% F713tsdtt o] thiol
3}3HE2) cysteine©] chitinase2] ZvjAl 2 2432
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Serratia marcescens Mol 2] Chitinase] Ao} £4

HelZy 3 HARAE $1slde thiol 3HiHEel
L27¥chs g A= ek’

Chitinase2| reagentsS] Hg. FATA ol u|A]+=
reagents®) %S HES}7] 935t chitinase EAi
ool ztzte] AHA S HE FTrt 5mMsA ot
spod A9 B4 23l Table 3o ehiddch
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Table 3. Effect of some reagents on the chitinase acti-

vity

Reagent

Concentration

(mM)

Relative
activity (%)

None

PCMB
(p-chloromercuribenzoate)
MIA

(monoiodoacetic acid)
SDS

(sodium dodecysulphate)
EDTA

(ethylenediaminetetraacetate)

Cystein

100
21

87

97

91

103

120

(B)

110 -

100 ¢

Relative activity (%)

90 |

B8O 1

1

0 5 10

CaCl, concentration (mN)

110

15

(D)

100 ¢

Relative activity (%)
[T
53
T

8O |

70 . !

o} 5 10

15

NaCl concentration (mM)
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 KCl concentration in seawater from the chitinase activity.
(D) Effect of NaCl concentration in seawater from the chitinase activity.
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