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ABSTRACT

The bacterium Serratic marcescens QM B1466 produces selectively large amount of chitinolytic en-
zymes(about Img/L medium). Enzymatic hydrolysis of chitin to N-acetyl-8-D-glucosamine(NAG) is
performed by a system consisting of two hydrolases : chitinase and chitobiase. Objectives of this study
included optimization of a microbial host by using chitin particles for chitinase/chitobiase production
and secretion and also development of batch fermentation system for high cell density cultivation of S,
marcescens QM B1466. Also, the influence of chitin source and carboxymethyl(CM) chitin on chitinase,/
chitobiase production and NAG production was investigated. When carboxymethyl chitin was substitut.
ed for colloidal and practical grade chitin, the chitinase activity was increased about 7~10U/mL. In
this case, the ratio of chitinase/chitobiase was 30.03U/3.44U(9:1). The highest amounts of NAG(3.0g/
L) was obtained.
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2 434 ok = D-glucosamine?] Alsho) o]}
sl ofoliabe zhuld), Zojd 2 cjeral
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o2 JAeRastel NAGE AA%E Aol i+ &
A9l Wi olo] whE AcH(40).

Chitin 7}4-28 E4E %, AE, AdF, v4E
Lo A3, 2474 o sty &

Je Ao A giek(1l).

Chiting& NAGEZ 233t dlell= chitinase
(poly-B-1—4-(2-acetamido-2-deoxy)-D-gluco-
side glycanohydrolase, E.C.3.2.1.14) 2} chitobiase
( -D-N-acetyl-glucosaminidase, E.C.3.2.1.30) 9|
Az abgo] Pastri(41-42).

Chitinase= chitin &% 3 2] CM-chitin, glycol-
chitin, phosphoric acid-swollen chitin % chi-
tosan acetate® BFsHA Baste], Azo s
chitobiose$} glucose® AAIstH, chitobiasew
chitobiose®} chitotriose® NAGZ 7}¥si3ict
(43-49).

Serratia  marcescens(50)2}  Streptomyces  livi-
dans(51)9} +e wbAdF % Trichoderma harzi-
anum(52)3} & A, Myrothecium verrucaria
(53) £9] ZHo|Eo] AEE chitinases} chito-
biase& #u|sts Ao 2 BuEy k. T, &
4 A E3h &ael 98k chitin TpeEE £
chitinase® A8t W&ol g4 &ol7} 9le
o0&, NAGY A4 s4kg ¢l g AAe
2z g 3jt}, Chitin £EAE AWAkshes 9|AE F S
marcescens QM B1466& vl A EL& FF
Img/L) o2 chitin &304 £45 Y45t A
uba Ao (50), 44 % chitinaseES FA4 ¥}
A&l chitin®] 7eEalol A B4 vehlis A
2 3y=z 9rh(51). ubHe S lvidansst T.
harzianume) A A& chitinaseE chitin?& A
¥ sMenstelr] BBl chitin®] 2o - saa
Ax2)r} 37102 Fashch(53).
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oic}. z@l7 chitinolytic enzyme<l chitinase®}
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Chitin 2K}t &2

Chiting& practical %9 crab shell(Sigma
Co.) & F93ted, ball-millgk & 180~250um =7]
o qlabake AdE o, 2N HCIZ AHe|styo
crab shell 3¢ 43Ax 7[el 77188 AAL,
IN NaOHZ chaldg A 7ste] 29ich. o] chitin
ol 2% KMnOE 713ted 29 H3E 3z, 1
% oxalic acidatel|s] #&Eshe= KMnO,2} MnO. &
AAsA 44 FHF Z5FF, dde, dH=2=
ARz, AT Azt WA 24 Hejo] AHAH
chiting 93sith. AA| chitin AZA) WL BT 2

oA Aadskgle(54-56).
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CM(carboxymethyl)-chitin& Four-&3 274
Hh-2-o] £ 7}x] whijo 8 A xshoict. FAA A Y
Aze AA9 chiting 47Col4 40% NaOH 44
o] 77X|7F kA7) ¥, 0°Col|A sodium chloro-
acetates 7}t g2 EAIMASE H3H CM-
chitine] A|Z==d], o] CM-chiting ZE2+&
5~647F FAEte] Aake] A ES dgith. T LAl
% CM-chiting Az Adle ZolAdsE 7]
e ZE HAE 4°C o)l M AP FHH(57).

oA AZzE= AAE chiting 115~
120CAl A 40% NaOH &o8oll 127} ubgA}7|
o Zdgolo) A&Hel chitin 49 354E o}
HolA e, s=3uks FHshol 0.2% SDS(sodium
dodecyle sulfate)7} 3% 40% NaOH &4
A kA 7)E A 4Tl A 16~20417F 54A1A A
He 2 FAAAT. o7& 20T oA 16~204]
7b g @22 chiting At} o] ¥%Ze] chitin
& CM-chiting AAst7] 3 FUGARA, &7
2] chiting [PA(isopropanol) o4} slebr]7l & o
7he] chitin®g} [PA E&Eo] FAo] & wrlx
monochloroacetic acid® #4413 7}8 7}2EA|u|
AgE Y3} o] CM-chiting 33t st
22 AHT H, mulstHy ol ES E8 HujA
A fiber el CM-chiting 3%IcH(58).

Colloidal chiting th&3 & Who 2 Az3t
odct. AAF chiting #Ho|2E Ao 2 wHE7] 93
ol A BL 7}8ta, o] HolAEAMS PPl A
o]Fw ] 5~10u19) Ag 4 m2jA 7}, o

(o]
=
o 7pEEAE 9] el exE 10~20CE F4)
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AlFh 8%, EFEE glass woolZ o3l
Algd 498 Aok AlgA S8 AdsA w
HhA|7) 50% ol|ekg-ol]l Fo]A colloidal chitino &
AAAZL. AHE F S5 FHo)o alm &3
2 A Hd FHFFE FAA AEG 3,
F2x Eod A%t A A colloidal
chiting A Z3}%t}(56).

pia ol ] P B

Canada British Columbia University 2] Biotech-
nology Laboratoryo|4] Hokube S marcescens
QM B14662 Za}~= wjeko 2 100mL si=x]o)A]
30CE wliokstgdrt. vl wix|= 1% yeast extr-
act, 2% pepton ¥ 2% glucose 2 w502 YEPD
#j 2] (Difco Co. Ltd) & AH-stgi o, & sfok vlz]
A M= 0.05% yeast extract, 0.1% (NH,),SO,,
0.03% MgS0,, 0.136% KH,PO, 283, chitinoly-
tic enzyme A4S 94§ &4 1.5% chiting A7}

3k5Ack(59).

FaMa

0.8L9] working volume$ 7} 1L 3% @z
(Korea Fermentator Co. mk-250) |4 &4 A4t
< Fdislsly] 98le, chiting Az ste] sl
&g Folr 5 ALk (mass) S F7HA AT

AFu AN 16417 wlekd A(ARZH &3
Aol o Hd) AE UE)& FF9 seed §Ho
2 Tt XA Aulek kel o7t AlE dm
Hitg WS E dlo], A% FANA §27] 71E 3
AlZE, Bi57) 6~16A17F, A=])7] 2047, AbE7)ql
2478 wiekslo] AE Lol W3le] w2 YA
HiLE ZAlslgw, SE LEE g skl 7
T seed 44 1% & 53 H, pH 852 243t
250rpm, 30°Col A 8zt 3L wE F, U4 Eg
(8000rpm, 20%)8te] ZEAE Jghc}. old £
AL 54 A2 EAsch

NAG AfAH

TEXNA J& 2EL F Ak Hudl As
Aeste], 7|AZ A3 2+ chitin A (colloidal chi-
tin @ CM-chitin) 8} 43t oA F4uESX|7bo)
e kA g4 84, 282 2 chitinolytic
enzyme®| chitinase®} chitobiase?] xyAnje] =3}t
ol W2 H) NAG AAtekg EAstodct.
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WA 5% Folin-Lowry method& ©]4-3}9
34k (60). Shimadzurle] UV-2101PCE o)

_i_
$3he] 595nm Tol 4| FHEE SAsaich.
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Chitinase/chitobiase &AIEXN

Chitinase 4] Reissig 59 u]4do] e}
540nme)|4] Micro Elisa Plate Reader(Bio Rad
Co. USA)E AH£3}9d =0l (61-62), 8000rpmel|A]
2027t AAEeste] HE A ¢ chitin B3}
Pl Z25E $2j’F £4F k-phosphate $F54o
° 2 100%) 2Aste] A9 £ 10%2} colloidal
chitin 10%, x-phosphate %4348 80% % 7
Effendorf tubed] 23 37CelA 147} wke-A|z1
T, #e 2o 587 AZAIR) ohg QAR (7500
rpm, 5% )3ke] 248194t} K,B,O;-4H,08} DMAB
(p-dimethyl aminobenzaldehyde) 2 4] WA x| 71 &
540nmol A FFEE At T4 1=
37CAA 147 59k NAG 1Imge 2412 4 9)
T &40 oFo B At

Chitobiase &AL T4 8ME Tris-maleate 9
Z844(pH 7.0)22 3A3ste 0.375M Na,CO,d)
¢Jztey  PNP-NAG(p-nitrophenyl-N-acetyl-4-D-
glucosamine) ol 4 #2]5+ PNP9 k& 450nmel)
A FAsAT. 44 1 s 37T 1087
PNP lymol& elAlZ = gl 549 ko7 A

s
A3t 9 1

Chitinolytic enzyme M40l D|x|&= chitine| QJX}
Fo19 METo| Hat

Chitinolytic enzymeg AJA3t7] 98, S. mar
cescens QM B1466°] 3% x1ek wjokx], wljoky] u)
of ®AsloZ chitin (practical grade chi-
tin; 2444 chitin) 1.5% & AH&3c}. o|m, chi-
tinolytic enzyme®] A4S Eol7] $is) 2+ wjok
7lebet chiting] 442} Z7)15 ch2 A o] 847k uy
b, Fax BAHL SAsgded, 2 ARE
Fig. 1o Jepfigic}. Fig. 164, v A& wjokd] 9
g chitinolytic enzyme 2] A& et Yo 24 180
~250pm 2.7]9] chitin Jx}7} 743 Ada}gic).

S. marcescens QM B1466< 16 X)7-%9} ujokgt
seed §Ho2HE 3,6,9,12, 16, 20 2 2447} il
Foll 2ste] AZ W= F wiskA7) &, 180~250m
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Fig 1. Effect of chitin particle size on chitinase
production for a batch fermentation of
S. marcescens inducing with 1.5% chitin
at early-stationary phase growth. 1L fer-
mentation, 30C.
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Fig. 2. Chitinase production for a batch fer-
mentation using chitin(1.5%) as sole car-
bon source at various initial cell density.
Parameter is pure culture time(3, 6, 9,
12, 16, 20, 24hr) before inoculation for a
batch fermentation.

lz} =7)9 chitine] 1.5% S A x| 1
% JZ2sto], FPLETANN 947 HEVTA 2
719] AE U= wWisr} chitin 234&0l )& 4%
£ chitinase 8402 2438 AnE Fig. 24 vet
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Wit

3~242)7} wiekel o7t 7] AE UE W3}
AoiA 3A17 =} 6417 vkt 27) AL W=E #
L g4 Ao, diok 7dM e 23.6U/mL, 22.0U/
mLE Hd #&4¢ Jelhligdy, 9, 12, 16, 20, 24
A7k ¥ 27) AE Hxo FExe e vk 8
Ao &4 Aol 19.3, 9.9, 14.9, 16.7, 14.3U/
mL o2 27 @ g4 A9 ¥t U
t}.
wehA, B4 BAE $18he stadal glucose of
Aol chitine] 1.5% ##% wazd AF=He S
marcescens QM B14669 z7] AE 2z W3
83 &4 A4 "WrEA A4E 5 oo Fig 2
of o5td 3417 2 6417 vk AE Zxr) 73t
=2 chitinase 84024, 3 ¢4 54 4AHYE

¢ < it

NAG MHol| o|x|= 7|22 F&

S. marcescens QM B14662] wjofo 2R A
= chitinase ¥4 &AL T4 HHEA]ZH(incuba-
tion time)®} 7] (colloidal chitin @ AAA chi-
tin)e] #4724 9jch. Z(crude) chitin 23|
E4E chitin £2F 72 FAGo] 7HrEae] &
e 7=t colloidal chiting tj¥-% wl= A s}
25z AAA chitin® A3 seEs s
(50). LEFo] WAL chitinases} chitobiase=
717 ojare]l Earh A NAG A4 A
& 2 ApolE ZA ot

a2 NAG A4E 98 7149 Ad-9e 38
& Qx} HB, chitin®] 444 SR CM
(carboxymethyl)-chiting #|Z3s}e] 7|02 A9 §
4£4¢ AEsgd. 44 F=Aed CM-chitin
Az whe] oe} 29 EAHS(HE, EAEHE
7}A9 chitin 28 Ea9ke} hpdavt oA
t}. B ofFo 4= CM-—chitin® 794 ¥H3-(water
system)3 E-dA whS-(isopropanol system)o
2 77 Azt

27 AZ UxE 3AF £ wokstd 2, o]
A& Raze] 1% FEs2 180~250um 7 =2
719} chitin(1.5%)& Bt4Yo R 3o 7U7 Wa
} & 2E4E Balsldd. o] 2i4 0.1%9 #F

!

Al

0

A 2 BFAdACA 247 A2E 784 CM-chi-
ting 0.04, 0.08, 0.1% 2] ¥= W=H 714 A}
Fatgon a4 AR BFR s B B4
€ FA4shdio
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Fig. 3. Effects of hydrolysis and various con-
centration of CM-chitin on chitinase ac-
tivities during incubation time.(T=377C,
pH=6.0)

Fig. 3ol 4] e} wle} 2bo) £ 71x] 714 257}
7N1A FEI} @R a4 Ao} Ugren, Fo
Aol 4 Az=% CM-chitine] &4 42 A)7ko] 605
d o 2 FEeA 28] ol ¥ BAL B
§4 HES A7k wlel F9A ] CM-chitin(0.1%)
& FA43] s sl A Aggs o
T A3, 7 dAY CM-chiting 7}23)7} ab
SHA WstEgic). o] Ao st FAA A A
Z% CM-chiting 714 0.1%Z4 A3 o2y
NAG A& 3A 717 4 ok

m2tA] CM-chitin, colloidal chitin, Z#&A chi-
tin(practical grade)$ 7]|A%% 0.1% % 3o 1
A kg Akl w2 Fa A Wil NAG A4
A< Fig. 49 Yepisict.

Fig. 4o M=, 24 b Al7bo] Z715lo|| ale} 2t
7+ CM-chitin, colloidal chitin, Z#4) chiting 7]
AR AMZE 03 F24 4o Zrastdd. CM-
chitin 2@ colloidal chitin& 147} &4 uFso
73] Baslel 5% B Fol= NAG7 10.0
mg/L 2 4.0mg/LA Zb2 A= o, FAA chi-
tin S5A)7F vk Fok &4 84 2.0U/mL #3ld
ofsf 2] 2.0mg/Le] NAGE A&ttt NAGY
A4 &= CM-chitin& 52.04g/U - hro]3, col-
loidal chitin®  29.8g/U-hr24 uelyon,
NAG #Aeke CM-chitino] colloidal chitinel] »]
| 2.58) o] F7te Ao E etk =8 CM-

fol

Korean J. Biotechnol. Bioceng.

3s

0|

r

CM chitin liquid(0.1%)
Colloidat chitin (0.1%)
Crystalline chitin(0.1%

pAN of
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Chitinase activity (U/ml)
8
Producing NAG (mg/l)

Time (hr)

Fig. 4. Variation of chitinase and producing
NAG with time during hydrolysis of
chitin.(initial concentration of chitin : 0.

1%)

chiting 7142 A4% 79, NAG A4ee Al
Z 1.75mg/LE, t}& chitinA5L 7|42 A48
< W9 AzFg NAG AAzkal 0.5mg/Le} v)ws)
B 38 o|Ak =3kt

2382 NAG A4S 98l4E CM-chiting 7)
AZ AREEE Zlo] 7h4 aeH9e o 4 gl

AL

Chitinase/chitobiase ratiod]| 2 NAG Al4

Fig. 20l 25}9, S. marcescens QM B1466 7))
9] chitinases W& 7~8UR|o] 1 HAo] g2
etlle], 27] A Z "xr} 347 3 64]7F wlokat
ol thE AZ UEE 713E wRo WA 4o
3.

Chitin2 chitinaseol] ¢]8} 2% (chitobiose) o)
4o 2 FalslH, chitobiased] ¢]3) w339 NAG
2 E3HHch(63). web $2 chitinased FA®
gk o}ue}, chitobiase®) #4g, chitinolytic en-
zyme A4 717F Tk SAstod NAG AAlekzlo)
AT 2k s,

S. marcescens QM B1466< 164]7F wulokst
seed §AodlA 1% HF3l, 3, 6 2 9|7 Fa
ZY7k vk AZ UEE zh= wjokadl g, chitin 1.5
%7F 23 iR 1% AFste], 2k wkE 7)o 4
chitobiase #4& 23 AAE Fig. 5o TA|39d
o}

Fig. 5ellA=, &4 A4 717 7dR)o] 2b2h 54
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Table 1. NAG production according to the ratio of chitinase/chitobiase for chitinolytic enzyme pro-

duction.
Ratio and Culture time(3hrs®) Culture time(Ghrs®)
NAG[g/1] CM-~chitin® Colloidal~chitin® CM-~chitin® Colloidal-chitin®
Enzyme Chitinase NAG Chitinase NAG Chitinase NAG Chitinase NAG
Production : production : production : production : production
Time[days] Chitobiase [g/L] Chitobiase [g/L] Chitobiase [g/L] Chitobiase [g/L]
1 0:0 0 0:0 0 0:0 0 0:0 0
2 0:0 0 01:0 0.02 40:1 0.05 05:0 0.01
3 55 :1 0.35 8.1:1 0.51 08 :1 0.07 5111 0.45
4 67 : 1 191 64 :1 182 6.1:1 172 52:1 1.46
5 72 :1 2.21 61 :1 1.86 75:1 2.16 52:1 1.51
6 75 :1 230 72:1 227 56 11 243 49 : 1 2.14
7 87 :1 3.00 69 :1 236 49 :1 2.74 39 :1 2.20
8 63 :1 1.70 80 :1 2.16 34:1 1.59 40 : 1 1.88

* Initial cell density during culture time : 3hrs, " Initial cell density during culture time : 6hrs
¢ CM~chitin (0.1%) by homogeneous reaction in water system, ‘ Colloidal chitin (0.1%)

8 3o
Tnitia) celt density Tnitial ce density
1H ® 3w O 1w
= o 6k 0 sh 41258
A 9w
E A 9w S
26 £
fAl 420
Z st <
E 5 <
2
é s J1s é
g T 110
21
45
1|
° . L ' 0.0
0 S0 100 150 200 250 O 50 100 150 200 250
Time (hr) Time (hr)

Fig. 5. Production of chitobiase activity and
NAG in batch fermentation using chitin
(1.5%) as sole carbon source at initial
cell density.(3, 6, 9hr)

#Ao] R AASAEH, Fig. 204 FA)H
chitinase @Aat= deo2 Jelygr}. 7] AlE
2z} 9471 o, chitobiase #AJo] 3417 2 6
AZkel Aol v|shed Zbzb 2w F L4w] o] EA
A A =] et

NAG AL, 7] AZ W=7} 3, 6 9 97
o4} wE 748 72+ 2.30mg/L, 2.20mg/L ¥
1.97mg/LZE viebytct.

o] A= chitin®] 7}ERalo) Holst: chiti
nolytic enzyme#|= chitinaseg} chitobiase7} 4tz

2Hg3lo] o|Fojzlm, o5 FAv|Eo| sleEs
o] #HE AHEq NAG A 48 uage
Table 19 A3}o} dx|ghc}.

Table 16|+ F%7] 3X|7¢3} oi4=7] =7]4l 6
A1 T 7z wjokAl) A E U g o]4-3le chi-
tin £ 7}5Esle] 9%k chitinase?} chitobiase
A Wt 2 NAG A4S EAlsd. digr)
Z7] 621 wjokH FF5 o83l T4 NS T
o] chitinase?} chitobiase?] Bvj7} 5:1& chitinase
7} chitobiasee] wls| &Alo] Yom 2 chitin® +
Zo| A 51,4 Aol gt gloje] Eodo] AgstA
%o} chitobiose| ko] A YRS & + ol
oh =g 310wk A dTof ojF 54 A
Av] 9:1¢ H|3Fed chitobiase T AAAle] 2.17U/
mL © F&elx E73n NAG A 9% @
< A#E Jepdrh zpdA A 2359 24
T a2 vyt 6:1d W 59 Al £33 chi-
ting 71 W] NAGE Lsjdches Ru(41)9=
ApolE B4t

Monreal# Reese?] Hbdl| &std, colloidal
chiting 7|22 shed, ZE49 uH3EglS o,
NAG AJAreEe 0.6g/LE 22522 uk(50), Table
Lo} vepdl wle} zro}] CM-chiting 7|AE 3l4l&
o] NAG A4teke 3.0g/L, colloidal chiting 7)
AZ 3 dols 2.36g/LE FA ebddh

ojake] Zvtel w2y ME W7} seed §Bo0 B
B AE8lo] 3217 wjokA)R) dF FAo] A A
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Aol Agslx, FAAA AzH $44 chitin
=9l CM-chitin® &£ NAG AL 98
5 7)1-o] d 4 912 & + Utk

S. marcescens QM B1466 FF+= chitin 23 &
2 (1Img/Lmedium)& Aoz =4 AAAZ
T 3t TFE4], chiting N-acetyl- #-D-glucosa-
mine(NAG)e 2 i4A 7I¢E8E & o chit-
nase?} chitoblased ¥ 7}7] 7}p8s E4LAS F
A, B AdAFdide o] FF9 chitinase/
chitobiase 448 ¢3}F chitin Yzt=7]el gl
Mstet, & LEANA o] FF9 AX U wjok
of @ F &4 AAY HIE 2kl NAG A
AHdel FdE Alzsielct. ob&#, chiting} CM-
chitino] chitinase/chitobiase AJA8|2} NAG AA
ol mAe d%E HESHEY, CM-chiting col-
loidal ¢ ZAAA chitin Al ARE#E o,
chitinase #4& oF 7~10U/mL Z7}A|ZAch. o
7% ¢lej], chitinase/chitobiase®] B]= 9:1&
A NAGS| AA=e] 3.0g/LEA A dehytct.

2 A
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