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Summary

The chitinolytic enzymes produced by Pycnoporus cinnabarinus were separated into one
fraction of chitobiase (EC 3.2.1.30) and two fractions of chitinase (EC 3.2.1.14), C I and
C1I, by DEAE-Sephadex A-50 chromatography. The two chitinases were partially
purified to free from chitobiase by Sephadex G-100 gel filtration and DEAE-Sephadex
A-50 chromatography. The chitobiase was purified in an electrophoretically homo-
geneous state by CM-Sephadex C-50 chromatography and Sephacryl S-200 and Sephadex
G-100 gel filtration.

The optimum pH of C I and C II was 3.0 and 5.0, respectively, and that of chitobiase
was 2.3. C1I and C II were stable in the range of pH 3-8 and pH 4-8, respectively, and
they were inactivated completely at 60°C. The chitobiase was stable in acidic pH range
of 2 to 4 and below 50°C, and it was inactivated completely at 70°C.

The chitinases hydrolysed colloidal chitin, glycol chitin and chitotetraose without
formation of N-acetylglucosamine, but did not hydrolyse chitotriose and chitobiose. The
chitobiase did not act on colloidal chitin and hydrolysed not only chitobiose but chitotriose
and chitotetraose to form N-acetylglucosamine. Colloidal chitin was decomposed into
N-acetylglucosamine by the joint action of chitinase and chitobiase produced by Pycnoporus
cinnabarinus.
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U, Aphyllophorales \CHWWT * F F —CIEWHHRNC ZHE LTS,

#5130 Mg T Aspergillus niger’®® | Streptomyces griseus’” ¥ X U Vibrio sp.''? 15 &
AEOMEMESF F — ¥ REMEBHL, Zhoicks+7 v OFBBMBERSLITLE. F
T, Y Kk DR OBEERRO L 8% S W T8 Pycnoporus (Trametes) cinnabarinus
AT, ABOEETSE+FF—¥EF T —¥2HMHL, ThOORRNERTERN,
*F Y OMRICDOVTHRE LICHERITOWTRET 5.

B K&

BEAE U7z Btk i3 Pycnoporus cinnabarinus IFO 6139 TH 5. AHFWR v 4 v 3
MEEBH BV va —= 1 BEEUHELEHT 25°C, 100 MHEE L. BAR% Smm® 28
MR (V2 m—2R 4%, <7+ v 2%, Bfkx ¥ 2 1%, KHPO, 0.5%, MgSO,+7H:0 0.05
%, pHb5.5) 50ml 24t 200ml =77 23 cHEmML, 30°C T6 HMIRE SH#LA. CO
R 1ml ERMEEESEL (Frva—-22%, ~7 3%, BRz*x20.5%, (NHp:SO,
1%, KH,PO, 0.5%, MgS0,+7H;0 0.05%, pH5.5) 50ml Z&Lr 200ml =17 7 2 2 iICHEML,
30°C T6 HMIEL SRR LIz, COEBEAREPHBRKE LTEMALL.

s qufEAFFUBLUES 54 a—nFF viE, Sigma thill+ F 95 Jeuniaux O
FHE® BEOTFE - pOFEY KV ZhZh#ARLE. by v RE(CETREREER
L, NN-97xFr+tEF—2 (FPEF=2), NN N-F)TEFNFFP)A—2 (F
FREY)A—R) BEENN,N,N-71+5T7%xFrF+FF54—-R (F+7F74-2) &,
* F v OERINKS B Sephadex G-25 itk 5 5 v A" ZHNTHMRABM LI, p-=tw 7=
=-N-7 % Fr-B-D-7 v a4 3 = F (pNPGIcNAc) i3 Koch-Light #8TH%5. #7427 m
< + 7 5 7 4 —iCi2 Pharmacia #t#5® DEAE-Sephadex A-50, CM-Sephadex C-50, Sephadex
G-100 ¥ X * Sephacryl S-200 % f#/ L 7z.

£FF—EEROAT 0.5%3 04 #r+F ¥ 1ml, Mcllvaine #¥% (pH4.25) 2ml %
YUmER 1ml 24U RIGH% 37°C T204 MK & 5 Kistk, 34 MAWR L TRISZ #1E U7k,
0P EE (9,000 rpm, 10 min), RIS 1.5 ml D 4@ b % Schales IROK ™ ZH T
WL, N-7xFrrsrays vBRTERbLUE. COXHTES 1 pmole ® N-7F s n
a3 VICHNSTARTHEELERT AMART 1 HALL L.

+ PE7—EEMORIE  EEEUTH bt —=2%kid pNPGIeNAc ZHWTHE L.
FPEA—2ERELTEHEAE, 4mM FrEF -2 01ml, 0.1M 7 = VB - HREH K
(pH2.3) 02m! LE#M 01ml % 37°C TIOAMRIEH, £KTS N-TFrrrvays
v 8% Reissig 5O HHE" TERL, REOMMEWNE L. COBEENEEIBROUE%Z
FBEBICH W,

pNPGIcNAc %5 &3 58412, 4mM pNPGIcNAc 0.2m/, 0.1 M 7 = ~ B - HiEk i T
(pH2.3) 0.2 ml & %M 0.1 m/ % 37°C TLOAMKIE#, 0.2 M NaCOs2 ml ZMA TRIs%E &
kU, ML p-=+ w7 =/ — % 420nm THEFER L. T D%MTHES 1 pxmole O
p-=bm 7= —nEERTIMARE LR E U, COBRENERIBEROMEORRITHE
Al

AVRVEDER & vr¢ 7|3 Hartree OFE® KXk FMmET7v7T I vEEEEE LT
SERUK. T, h547u< b0 774 —CBOTIE 280nm OWEEZREL £ v 7 HE
Z2ERb U,
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v v BEERICHA D L7z 0.05% Commassie Brilliant Blue R 250 T 50°C, 3 Befjfeta L, 7% BB T
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NR=)R=o0O3rT57 4 =% WHEAM No. 51 ZERAL, =72/ —n:xz &) —n:
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G-25 7 4 (6.0x50cm) Z@EUTHEME U, BulERERMKIE LS ) v BRSMHK T Pt L
DEAE-Sephadex A-50 1 7 & IClh& & &, [ UBER TOE Lictk, 0~1MNaCl THEAREE
HEBEHET 7. ZO#RIZ Fig. 1 IKR L. #3557 —¥i203M 3L 05M © NaCl 7
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Fig. 1. Separation of chitinases and chitobiase by DEAE-Sephadex A-50 column
chromatography.

Protein (1,679 mg) was applied to a DEAE-Sephadex A-50 column
(50 400 mm). The column was washed with 0.02 M phosphate buffer,
pH 6.0 and eluted with a linear NaCl gradient (0 to 1 M) in the same buffer
at a flow rate of 65 m//hr. Brackets C I, C II and CB indicate the fractions
of two chitinases and chitobiase which were pooled. —@—, absorbance
at 280 nm; —QO—, chitinase activity; —A—, chitobiase activity.
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Fig. 2. First gel filtration of chitinase C I on Sephadex G-100.
The chitinase fraction C I (Fig. 1) containing 141 mg of protein was applied
to a Sephadex G-100 column (26x 830 mm). The column was eluted with
0.02 M phosphate buffer, pH 6.0, at a flow rate of 20 m//hr. ——, fraction
pooled; —@—, absorbance at 280 nm; —QO—, chitinase activity; —A—,
chitobiase activity.
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Fig. 3. Column chromatography of chitinase C I

on DEAE-Sephadex A-50.

The chitinase fraction CI (Fig. 2) con-
taining 189 mg of protein was applied to a
DEAE-Sephadex A-50 column (16x200
mm). The column was washed with 0.02 M
phosphate buffer, pH 6.0 and eluted with a
linear NaCl gradient (0 to 1 M) in the same
buffer at a flow rate of 30ml/hr. ——,
fraction pooled; —@—, absorbance at 280
nm; —QO—, chitinase activity.

Fig. 4. Second gel filtration of chitinase C I on

Sephadex G-100.

The chitinase fraction C I (Fig. 3) con-
taining 90 mg of protein was applied to a
Sephadex G-100 column (26 x 980 mm).
Elution was carried out with 0.02 M phos-
phate buffer, pH 6.0, at a flow rate of
18 ml//hr. ——, fraction pooled; —@—,
absorbance at 280 nm; —O—, chitinase
activity.
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Fig.1 c#Hohic+ 7 > — €4 CI 3R At (Amicon ¢ x 75 » 7 4 v 2 — UM-10)
THHitk, Sephadex G-100 IL X B35 v A& T -7z, TDRERIT Fig.2 ok 5Ky, ¥’
BICEY FFF—FEIPSKEIOF P ET —LEEERCENTE. FFF—EHEHD
TRV A D T i, B DEAE-Sephadex A-50 itk 34 5 27 v= 75 7 4 —% Fig.
1 ERIBEIEEMTIT>72. TR Fig. 31tz Lz, ClL i3 Fig. 1 o8& L REEIC 0.3 M £+
D NaCl BETHEHBIN. EEOBNESZED THRAE®, Sephadex G-100 TH S v Aifh
211D & Fig. 4 iR o, Cl BCOBMTH 7 —€lMESZIUL-72DT, K
BRE#RKE UTUTOERITHM L.

CII $ CI LIS AR TH®AIT 5 7. Sephadex G-100 it k545 v ATI3 CII & CI
EEIEE UM EIE N Iz h3, DEAE-Sephadex A-50 itk 37 v~= 175 7 4 —CBWTIT,
Fig. 1 o84 EFEIC CII 12 05M £ NaCl #ETHE B I .

FFF—¥ORMDHERIL Table 1 1/RT X Hic, CI [JUNE3. 2% THiGdEL7.44%1c, CII
3UNHES. 3% T H G P A345. 91T s - 7z

Table 1. Purification of chitinase from Pycnoporus cinnabarinus

Total Total Specific
Step protein activity activity Yield Purification
(mg) (units) (units/mg) (%) (fold)
Culture filtrate 15,500 651 0.042 100 1.0
s e o 2,600 410 0.158 63.0 3.8
precipitation
Ist DEAE-Sephadex C 1 393 52 0.132 8.0 3.1
A-50 CII 310 135 0.435 20.7 10.4
Ist Sephadex CI 269 42 0.156 6.5 3.7
G-100 CII 101 129 8277 19.8 30.4
2nd DEAE-Sephadex C I 125 33 0.264 51 6.3
A-50 CII 50 88 1.760 13.5 41.9
2nd Sephadex CI 68 21 0.309 3.2 7.4
G-100 CI1I 28 54 1.929 8.3 45.9

F rET7—EDRER

FLET —CORBMTIE, MNTHEET > RAREMBRBLEL, ¥F > —€¥OHAELH
R ICTi %2 tidT, Sephadex G-25 T X 3 Jitti, DEAE-Sephadex A-50 ik % h 5467 u~< 735
7 4 —&fTW, F FET =X CB 21372, CB (3#4#i#, Sephacryl S-200 2 T# 5
HBEFfr-72. Fig. b BZDHRERLIZDDT, F 7 —+ 3 void volume D#1.342D fir (&
WKE i E Nz, BEHEOMNES 2B D TEME, 005M 7 = v EEEK (pH4.2) TE#L L7
CM-Sephadex C-50 7 7 A IR X H, REBHED 2 v 7 HEHEME, 0~05M ® NaCl TH
WA AT > 7. Fig. 6 lIKRT LT, #F Fe7—+13 03M 35D NaCl #4 5 Tl
Nt TOIEHESEEDTHEH%, Sephadex G-100 ITX B 5 v ABAEFTL, KM+ b e
TG E U, KBBEET 2 7 BRKEIMICE—-TH 7. (Fig. 7)

FET —EORBOER T Table 2 1IK/RT X ST, INE 13.7% THIEEIH 1,260 -
7z,
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Fig. 5. Gel filtration of chitobiase CB on Sephacryl S-200.
The chitobiase fraction CB containing 76 mg of protein was applied to a
Sephacryl S-200 column (16 x 950 mm). The column was eluted with 0.05 M

citrate buffer, pH 4.2, at a flow rate of 5 m//hr. —— fraction pooled; —@—,
absorbance at 280 nm; —A—, chitobiase activity.
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Fig. 6. Column chromatography of chitobiase CB on CM-Sephadex C-50.

The chitobiase fraction CB containing 18 mg of protein was applied to a CM-
Sephadex C-50 column (16x 190 mm). The colunm was washed with 0.05 M
citrate buffer, pH 4.2 and eluted with a linear NaCl gradient (0 to 0.5 M) in
the same buffer at a flow rate of 9.5 mi/hr. ——, fraction pooled; —@—,
absorbance at 280 nm; -—aA-—, chitobiase activity.
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PHREM W #il% 48 pH o % #i# T 25°C,
SHFMIRER %R, Th X h DR OEAFEME N E L
#EAs Fig.9 ©h 5. CI 12 pH3~8,CII iz pH4
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AU 15 BB U, SRR P& JI5E U7z 45 2 A
pattern of chitobiase. Fig. 10 TH» 3. #5+—+¥13 CI, CII & &t 40°C

The purified chitobiase (about U LETHEEMEFL, 60°C T2lickimEL, CII A
3.5 pug as protein) was used. Details BT L TRRARETH -7z, ChitdLlT+ e
are described in the text. 7 — %13 50°C £ TRIERDOEFAED SNITH - 7n
A, 70°C TRAICKIE L.

Fig. 7. Polyacrylamide gel electrophoretic

Table 2. Purification of chitobiase from Pycnoporus cinnabarinus

Total

Total Specific Yield

Step protein activity activity Purificatior:

(mg) (units) (units/mg) (%) (fold)
Culture filtrate 16,808 564 0.034 100 1
Ammon i sylfsts 2,109 727 0.360 129 i)

precipitation

DEAE-Sephadex A-50 106 298 2.81 51.2 83
Sephacryl S-200 23 226 9.62 40.0 283
CM-Sephadex C-50 2.8 138 49.29 24.5 1,450
Sephadex G-100 1.8 77 42.78 13,7 1,258

BEENEM FFF-—XIKLBFF v, FILHELOFEK, BLUF 4 ) THEEDS
7 TR hs Table 3 TH%. CI LW CII L bicandf FrsF v bkkHEEKkD
74— nFF LR L, CHEFF o Elbics by blEibICHMRELI. 12,
WRELGF LT P74 —REMRUID, F L F)A—20F [ — 2 ITIEAEA LIS 7.
FFF-—XRELBINSHEDHRICENT, N-TeFrrray voARiz4LADOH
Bipote. FPET—XILXDF b4 ) THEBOSRE L U2z 4813 Table 4 IR U7z, + b
ET7 —XR3F e —2ZROIHPML, ELF I PIA—2DF I F 54 —REHRLT
N-7TxFrrray I rE2EKLE.

FFF—ERCKZFF Uy ODR

TUAFNFFUEFFF-EELRFLPET M, BXUFFF—¥EF T —¥%
BUFFF—CREMESE, BRUEABABBBIU N 7eF A/ v a3 v BEREL



B KR 45505 (1981)

Relative activity (%)

100 a 100 |- b
80 80F

60 F 60

CII
40F 40
CI
o
20 20

pH pH

Fig. 8. Effect of pH on chitinase (a) and chitobiase (b) activities.

Chitinase and chitobiase activities were measured at various pH values and the activities were
expressed as a percentage of the maximum activity.
C1 and CII: pH 2.00-2.50, sodium citrate-HCl buffer; pH 3.00-8.00, Mcllvaine buffer.
CB: pH 1.25-2.00, glycine-HCI buffer; pH 2.33-4.36. sodium citrate-HCI buffer; pH 4.95-6.58,
sodium citrate-NaOH buffer.

100F a 100 f
80f 80f
1
601 C1 60F
cu
40+ 40k
20 20
1 'l L L
9od 6 ‘8 10

12

Residual activity (%)

pH

Fig. 9. Effect of pH on the stability of chitinase (a) and chitobiase (b).
Enzymes were preincubated at 25°C for 3 hr in buffers of various pH values and the residual
activities were measured under the standard conditions.
C1and CII: pH 1.40-2.20, sodium citrate-HCI buffer; pH 3.00-8.00, Mcllvaine buffer; pH 9.00-
11.00, Atkins and Pantin buffer.
CB: pH 1.23-4.02, sodium citrate-HCl buffer; pH 4.89-7.12, Mcllvaine buffer; pH 8.00-9.00,
Tris-HCI buffer; pH 10.09-12.81, glycine-NaOH buffer.
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Fig. 10. Effect of temperature on the stability of chitinase (a) and chitobiase (b).

Chitinase C I and C II were preincubated in Mcllvaine buffer of pH 3.0 and pH 5.0, respec-
tively, at various temperatures for 15 min and chitobiase was preincubated in sodium citrate-
HCI buffer of pH 2.3. The residual activities were measured under the standard conditions.

7ekERid Table 5 ICRTEY TH S, +F F —YHMTEBAHEOLERDO S BAD LN, F ¥
T—EHMTRan s FrrF oL R LEL . CHICHLTHFFF—ERTIE, B
BWEEBIT N-TeFrrvay s UBERL, EEHOKRESE N-TxFArrlray i vT
brLEZ SN,

Ioanf FuFdrFresrFr—¥EMELRB3+FFr—EREREESE, HREBRYE ~—
WRe=rm= b 7574 —-CE>TRIE L. TOHR%Z Fig. 11 It/R L. ¥ FF—F¥iILkB 2

Table 3. Hydrolysis of chitin and its related compounds with chitinase

Reducing sugar produced

Compound Concentration (pmole/hr/mg protein)
%) CI CcII
Chitin 0.250 0 3.9
Colloidal chitin 0.125 9.1 51.8
Glycol chitin 0.125 15.7 60.3
Chitosan 0.250 0 3.4
Glycol chitosan 0.125 0 0
Chitotetraose 0.250 1.7 8.2
Chitotriose 0.250 0 0
Chitobiose 0.250 0 0

The reaction mixture consisting of 1 m/ of various compounds, 2 m! of Mcllvaine buffer of pH 3.0
(CI) and pH 5.0 (C II), and 1 m!/ of enzyme solution was incubated with shaking at 37°C for 1 hr.
The amounts of reducing sugar and N-acetylglucosamine produced in 4 m/ of the reaction mixture
were determined with N-acetylglucosamine as a reference compound.
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Table 4. Hydrolysis of chito-oligosacchrides with chitobiase

Relative rate

Compound (%)
Chitobiose 100
Chitotriose 46
Chitotetraose 28

The reaction mixture consisted of 0.1 m/ of 4 mM substrate,
0.2 m/ of 0.1 M sodium citrate-HCI buffer, pH 2.3 and 0.1 m/
of enzyme solution. The reaction was carried out at 37°C
for 10 min. The relative rate of hydrolysis was determined by
measuring the release of N-acetylglucosamine.

Table 5. Hydrolysis of colloidal chitin with chitinase and chitobiase

Reducing sugar N-acetylglucosamine
Enzyme (p#mole/hr/mg protein) (#mole/hr/mg protein)
CI CII CI CII
Chitinase 9.4 50.7 0 0
Chitinase
4 Chitebintg 12.9 69.7 11.2 58.3
Chitobiase 0 0 0 0

The reaction mixture consisting of 1 m/ of 0.5%, colloidal chitin, 2 m/ of McIlvaine buffer, pH 4.25
and 1 m/ of enzyme solution was incubated with shaking at 37°C for 1 hr. The amounts of reducing
sugar and N-acetylglucosamine produced in 4 m/ of the reaction mixture were determined with
N-acetylglucosamine as a reference compound.

BAXNVEFEFCONMBERMIFEICF FEA—-2THY, CII T+ r5Fr54—2, CIO5 I
BRE#% N-TeFrrrvay I vOEEBED SN, chitdlTFFFr—¥Rickban
AZNEFF YDOR/IRTIE, N-TxFrlvay I vyOENERLK.

z =®
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574 —2RANT, FFF—¥ES CI BXUK CII &+ re7—¥HEMHEEL, CI X
L X CII i3X 51t Sephadex G-100 ® DEAE-Sephadex A-50 Zf T # [ €7 — ¥ %2 5841C
BrEkss U7, Ch%T Hydroxylapatite Itk 37 u= 75 7 4 —Ii3, Aspergillus niger*,
Streptomyces sp.2? I & U8 Vibrio sptV 2 EMEYHE*F F —CORBBICBWTHHTH S L #
HEINTVSE. COFERBEONEOET »E L ARROBHMICEATSES, ¥, Z0
RATHEOEHICHREBE P 572D T, AMRETRE—LFFr —¥EMRBBESLT L.
AHEOF*F+—€1ZCI &LCII kKAMESh, WEEFKIE Sephadex G-100 i€k % 5 v ABTIIZ
BR—AEICE I Nizd, DEAE-Sephadex A-50 itk 37 n= 17574 —TCREN-ZE
HpEThABsh, FLBEROBECBVTHEOMIKIHESBD I, Cho @O+ 7
F—ERTAVFA LTHEZLBEIONSEN, SOCEROBEUET>THLIIT L.
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Fig. 11. Paper chromatogram of the hydrolysis products of colloidal chitin.

The reaction mixture consisting of 1 m/ of 0.5%, colloidal chitin, 2 m/ of Mcllvaine
buffer, pH 4.25 and 1 m/ of enzyme solution was incubated with shaking at 37°C
for 1 hr or 5hr. Chromatography was carried out on Téyé Roshi No. 51 paper
with the solvent system n-butanol: ethanol: water: ammonia (40: 10: 49: 1, upper
layer) and the spots were detected with diphenylamine-aniline reagent. S, standard;
1, N-acetylglucosamine; 2, chitobiose; 3, chitotriose; 4, chitotetraose.
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pH &5g i3, pNPGIcNAc i3 3 B-N-TtFr~F V4 I =X —¥DZEH 5 DHE?® itH
PLTUW. KBEODF I €7 — (3 Streptomyces griseus'® R Vibrio sp!? D # F €7 — € TH
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AU N-TxFrrvay s vEERLE.
AEOFFF—¥RavAFvxrFy, 77543 —-FF Uy BLUEF T P74 -REFRL
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ERBIEF A —2THote. ChITHLT, FrET—¥idavs FrdF VITERET,
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