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Mitsuro Isamara® and Kazumasa Samuzu® : Cultural Conditions
for the Production of Cellulase and Hemicellulose by the
Brown Rotting Fungus, Tyromyces palustris
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BV S e — A BEEEAE, (RTERE, iy —S BT EICEMGTNELIIC
o1, ) ) ko —ZOIVKARIETE, BEETEEL VT —¥, ~Ier7-—HiRd
OEBREIKDFRENARICHETSH 2, BE, BEMED 5 —ht Trichoderma [&, Aspergillus
&, Irpex lacteus %ip > TRMITEE XN, KAMIKGEOBREICS 24, X OBRITHRAC ZEL £V
5 —VEELT AWERORFR, RERSEENICHEINTV 3, RARATAH LT 2 8EDMRIA
HEREEEEN, BHOZ 4 PRI VABERE, BERHFEEXCREGRICSHEING, ZhET
2, AEESEOEET SV —H, ~1tn5—FRACDOTRIEDFEMICRETINT & 1319
-9, B RSECRESEICBEL TORRIRE LD TIE,

BAEBHEICE 2AMOBHICED ¥ X 5 RBBRENEENS 59,

(1) Y 7=ribhiAHHREROSHERSERBRNICHRL, V7=V ERSHICERET
%o

(2) BREOHOBRKT, AHEHE (tro—2) OBEQAELAMICETIE, BHOETLEbICHE
BEEO VO - RSRFITHET B,

ARETRBABITEA Y X7 4 7 OEET 2HHERIKSEER L ERSGOBRBEHLPICL,
BEEHEOEN S —¥, ~1 V5 —HEEDORHOEBEREEZCLEENE L,

2. =® L
21 8 B OB
A AT XT 2 Tyromyces palustris (Berk. et Curr.)) Murr. #f3 0507 2 U,
2.2 & & B %X

20! OEWEEGL Y »— 77— F v F— (AEBE(H MSJ-UNL, BREE 0D 1K, REBI7 7R3
TH— BRI AR A A D X5 F X EEEL, 6~11 A, 26~27°C TIFRMICHER Lic, EAMI
EemidkEAK 11 b7z, Sva—2R 20g 7P 10g 4—-Abx+R1lg, 7+ KP 5g, KHePO,
1g, NagHPO, 100 mg, MgSO,-7H;O 500 mg, CaCls 10mg, FeSO,-7HgO 10mg, MnSO,-4H;0 1
mg, ZnSO0,7H;O 1mg XU CuSOy-5H0 2 mg poBRINT BV, HERICHFEPH £5.01C
W LI, AAVRFEAS BRIV —REGUEHTIIY 2 VBEZERL, pH ZEIRIC BETIE50
T, Efick 5Tk 1N NaOH o Fick b pH Ofli@EH A2,

23 BR R EE

BRI DN TR IR Ui,

2.4 HBXOHEN

HREOHENBER BEZEN (6°C) T -7, BARBRTIZ, BBETH, IIFR L B
L, Eitkiz 5! D 1/10M Bifg - Bl H V) o 2B &K (PH 5.0) 2ERLTHE I F4 ¥ —THERL,
BENBERA RN U, BEEETIE, 7.5/ 0 1/10M Bl - BER - b Y v ARER (pH 3.8) A
LT7 ay 7 ROEMERE D FAF—TERL, BEihichESN R Uic, BEERP LD
HRFR S MANERRAE, X UEREED > ORERERE TAENHMT Ve =Y 4T 0% M
flic L, —Eei@ek, S008Ik 0BT E ML, LEE PROKICEREL Y VEREHICAL
T, BRAKICHERA A VBRSNS BET, B4 KO U TERERD 2o REINIOHEE
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FHORERE BONETRE LK, wo—7 74,5~ (T1avi, U.S A, SESTFE S 000
EROCTHER L. BEINCOARRRZERSERL, BRERRE LT, WEERD O ORBAMEERE
BRAHREE S JUERERD> > ORBREZhEhEB .

2.5 AIELT—EEROER
*v5 Vidy 54 o8 (Betula platyphylla) 2, ywva<v+vid hJ=y (Larix leptolepis) »
LENENEE LW, £y 5 vy vae v VREBEOBERICERLEOLOT, BTOH
HICED 0.5% BEREATH L, +v5Vid, 0.5g % 40ml OKCBEES¥, BT 15 20HM
#l, BRALKEKSE Li-tkic 0.166 M O - Bl b U v 4B K (pH 5.0) TAE%® 100m/ &L
tro Fae v+ vOESIE, 0.5 2#F® 3/10N NaOH (20ml) K@i+, 0.125MEMTLE%:
100m! & Uz,

2.6 BEEEORE
Cx-eN5—+#, *+V5F—¥, wvF+—¥BIU I Vvavs—+¥Rd, HvRF¥iFrevo
—~ % (CMC, Ft#higk, B :0.53), *v 5, Svaey+viUp-=to7-=r-8D-Sn
avy ¥ EHEE) 22hEhEEEL, 0.5% £E (pH 5.0) 2m!/ ICEM S REOERE 1/2ml %2
MZ, 40°C T10~30 A V& = ~N—+ g Y LIk, H5k L7-B5TH% Somogyi-Nelson 33 TE&
Lizo Crenv 5 —€EHR, L ERBREICFR GEEFR No. 51) 10mg, MR 10mg, M/10 B
-EEER S MY U AEEE (PH 5.0) 10ml AAh, =/ —OREBBT40°C, 4h A vFa~x—bLl1,
KRGk, FikhoBRTH% Somogyi-Nelson 2k CER L. BROEMERA, 40°C, 30201 ¥+
2=V a VT 1lp BvOBEEERTIBREE 1B EEEL

2.7 SDSAYTHIILTIESFIL - 25TBRAD
AU X5 2 rERERSOSTROSFOID, 7 7EKKEGEE (7 b —it, SJ-1060 - SDH &)
kD 0.1% @ FF Y i b ) v s (SDS) 2&E 108 ORY T2 VAT I FF L, +)R—=7Y
v VBB (pH 8.3) AW TEBR KB 2T -7c. BEEORAKB T X BRICHEBLI1IZTINTS
v JEERL, T¥HBRTHBL,

2.8 A#AYX T4 HERERER X3 H T2V RAEINA—ADIKIE
BRIk, LERBEIC Ty koo —2 200mg, HBEE 50mg, M/10 BHER - FiER
P YUY ABERK (PH 5.0) 10ml ZAN, &/ —OREBTLC, 48h 1 rFax—rFHTLiCLY
Fote BIGE, GADI 7 AT 4 vE —TIKSREERABREICHANL, AF<wVFnern—2
DEE RS SIKMREE R I, TR B O R IR O HRICRE - THHT L,

3. MR ELER

3.1 BEMLAREEECLERLT—F, \ItAT—ENEE
AAUXFErDRNTF—¥, ~NIENF—FOEEKRZITERSRTE LT, SRR, KEED
BHEEBEE, 4 V7T 2—¥—, $ho pH£HE8EIONE, 20T, BRAOLBEEEED 27 E
LT, EERK:108, REFE: S/ Vva—22%, 4 VFa—¥%—:7FKPO0.5%, BIUEHD
PH&ELE LT, #5pH: 5.0, BE GG pH: 2.02HEL, FThOORTEEHREIEI CLICX
D, AEHBEIDERERS I, LI, KMo pH RRLEECRFLEALON, HAFHLHEMICR
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Lo

AE 8 HOERDOHERML RO Bk, BEAHEEBERD RE% Table 1 [RL, BERNE
i, SAa—REEUEHMTR ZORMBYE LT Y vEREERT 20TW, o pH 28 LIS
BE E&ENo. 1£2) i, pH M 1.4~L5 i ETHIRICET L7z, ¥5% No. 3~8 Tit, Tkl %
B’INT % 2 &ick b BE pH 2 2.0~2.95 DHEAD EDHEI D ET LW ESic 2hehdm L,
AL LUERAERRORED S5, FRNTKEEETAI AT X7 2 7 REEL L BRORYEEZHEK
AFBLTHE EpBHoN, HBRORES XUEMORKIHS D OBBRORER, pH
ZHIE LR TREE LD - R BAIC A~ TRENIC.E Ucts, SHOR(E pH OfF (2.0~2.95)
DOHETIRE S ICERIBITP 57,

BH1c EDHEBOTT, HBERBERTREFLE U THEE No. 2, 754U 8 (Table 1 BR) 0
WoEREE pH oFl, EEFERBICRLINBREOE(LEL NN Figs. 1~3 LRLK, 0T
NOERICENTS, AAVXF27rR37va—R (FhiRd+ve—2R) LEPMEICHEE L TEREU:,
HORBICLD v vEIEHICER S pH ET LA, pH 2B LA - iR (Fig. 1) T,
BEPHR1LAKETET L, pHORD IR, BHZva—2BETOER (Fig. 3) 2RV TEDH

Table 1. - E~ DREEBEHTCHEOINLAZF VY X T 5 rOEBRORE

Yield of crude enzymes from various submerged cultures
of T. palustris. '

. . Yield of
No. of Culture Culture medium pH condition Yield of crude
: od crude enzym;
peri R . enzyme |per carbo-
culture Carbon Inducer Inorglamc Lovaast Flrﬁal hydrate
(days) | Source salt p P (mg) used (%)
1 6 2 0.5% 1. 50 1.80 | Extra*1,612 0.4
gfc Hardwood -
meal Intra’ 344
2 11 2% 0.5% 1, 40® 2,15 | Extra 3,225 0.7
Gle Buna KP Intra 378
3 10 2% 0.5% 2,00 3.25 | Extral12, 307 2.5
Gle Buna KP Intra 396
4 10 2% 0.5% - 2.00 3,10 | Extra 14,307 3.0
Glc Buna holo-
cellulose Intra 563
5 9 2% 0.5% 2,95 3.05 | Extra 14,410 3.2
Gle | Buna KP Intra 1,382
6 9 2% 0.5% , 2.30 3.25 | Extra 8,224 1.9
Gle Buna KP Intra 1,100
7 10 2% 0.75% a) 2,00 2,90 Extra 24, 350 4,6
Xyl Buna KP Intra 1,722
8 8 0.5% | 0.75% a) 2.75 4.10 | Extra 6,159 3.1
Gle Buna KP Intra 1,677

* Extracellular crude enzyme, *x Intracellular crude enzyme.
a) CaCl, (6g/20liter) and CoCl, (40mg/20liter) were added to the basal medium.
b) The pH of the culture medium was not cotrolled.
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Thote FWa—RDORDYVICF Yo —2EREFELE LTHANWLEA (Fig. 2), ZOBUAEENS IV
2—2L0&S, pH OHMNBERLIZD, EBRONEL/ Vva—-20BELOEMLT. VT
—¥, ~NI1eNF—HELY T v —YREENELICER SN TS TFRPICHEL, £h
SORMEOENARBERIEREAESEELTLERNL SR EALELTC EMED OGN, L
BT, BEOHY, BBRP:-T, EROVHRENEACERTHSLEEI 6N S,
BEcORFERKETELNEEANBROLEY (HBER 1mg &/ OBRENR) % Fig. 4 IKRL
tzo ¥ pH 2B LI - 72858 (No. 1 & 2) TR, Cx-2n5—¥, ¥v5+—¥, =v+F-—
¥ OREEESEHMERL B HRTENMETS 720 BIC AV 5 F—¥OFEHIRELL L5660
foo BEHICEY pH &40 T TR, AHOSERSIOMRC BET5BRROEESIHISNLD, b
ZNREEINTS 2R o 0—8 pH £H0-DIC KETI0E Bbh 3, s-7vavy—+ii,
o pH £4CBEFERL BE—EOLAMKHD, Srva—2D0RbDicFvyo—R 2RERE L
B4 No. 7) &, 50% BEEMMED SN, M) aFrBORKEETH, B pH Ters—
EREETHEOKHUT, -7 vay £~k pH 3.0 L TORG THRENCESDIHESG 20 %
1REETZEBEINTNE®, 49 X525 084, F)aFr-BERABENIC s-7rvavy
—RED pH £ETO—FEDO VNNV TEEINTY, V57N pHEHCRGBHTHD, iy
O pH 24T 5 itk D 2 OEERRE L HEINI, G2V 7 —HIRDVTR, TRTORESA
BEENCx-LLF—EPAT VT —F LR L TEBIRICBOEE L~ viEH -7, KB No. 7 L8
T, AFVRTEr DL T —CHRERRIZT IV —AMELEZE LT, EHoRERTHE I 1o
—2%&Fva—RAERETEL No. 7) TRV —AEEERETIHE (No. 8), IS MY aFw
ZBDEN T —EDEECEDTH S EBEIN TN LI v b LAy Y AL EBIEREL L
TEMICMA N, TREOBHRIEC-tr5—+H, Cx-LN7—HLHIKBEDLNUE» -1,
AATRXZ 2y OREKEREP S Boh REAAHBROSDS R) T YAT I Frr - 27 78R
kB OREE Fig. 5 KRlz. D8y v (Mo7 b —2a) QLM< FR, THESSZOEETH
Y, HERERHIBEIABICL DEBES VTEBESNE, LHPOTHBE LA, BEEAEOB
BNEND, A4V XF2rORBNMEBRRZIOET»S 172 To BEVSTFERTES OEAYL
DHERINTVACEBRD b, T, SHBRETERAY —YORRKOZRS L1525, HEKICD

——== —-——== Fig. 5. FRMSHKAERPOOXAVRXT 2y
— T )y ——— HEAHBED SDS-RYTI7 U7 I F
———= :::; 7 VBERKE

—— ———— SDS-polyacrylamide gel electrophoresis of
——— 3 - _; the extracellular crude enzymes from the
—— o - aerated submerged cultures of T. palustris.

Tracks 1~8 contain the crude enzyme from the cul-
ture of experimental number corresponding to the
track number (see Table 1). Arrows 2~5 show the
migration position of standard proteins ; 2 : Bovine
— e oy am serumalbumin (67,000), 3 : Ovalbumin (45,000), 4 :
1 2 3 4 56 7 8 Myoglobin (17,800), 5 : Cytochrome C (12,400).




— 160 — WERHABBTIR#E HIB0S

WTRENL T,
3.2 EREEICEZENT—E, "IEAT-EDEE

T, AXVXFETIRRBYFHYNBEU 75~V OBHTERRB 20% LT BRI D,
B En o - 20RBLEMET UkhY, BEBSOIKEARBRETera—-RAORERBT BRE
KAREZT D EEZBR e ULHULENS, A3 T9XT72rDRFERT, Cx-kLF—EP~1 &N
5 —PREENERRICRB AN, KRt v —RIKERT S G-k s —€i3, EEE, BEAS
Nigpotce €2 T, RARTORPFRHFICENEEZ SN IEAMERC L -TIZIRXT 5 C-
N T —EPELESNSOPED, FTREAREBOERPMERTICLCL ST G — ¥R
DN 5 OB RO NI,

AFYX 74 rOEBERTO, EREHDOHEMRORBE LXUERY 71 V" HOMBRELICR
BYERHAMOFEEE Table 2 [CWRL, [REMMOKESICK 2 BRME RIS RS OIKA BREHR
s 3 RIGHEE LS BET 20090, BE, Bk TWHELLI~I e -2 2K THE LBREE
W—DORREETIERERICI > TAZ Y X7y RECHMEL, HROFBL & SICEBEMIBER
RiICTELRICHEbNIe TRy &3 D, 9 BHOERTEREY 77 v ORBI O 58% ZHE L7,
Table 2 OEER, Tt ro—XEGBBIVI/5—V V) 7=VERIECOVTR, ERBRAECEETH
TH2AF Y X7 2 rEARDERERELL P o7, A4V X525 DEET SMKIBEROEBA
2, VRS 35T > T 3O TS0, BROEM~DRELRDRICWZ 570, HEOH
Hiziz pH 3.8 OBREFREEA Lz, BEERICL2EBRONERII, EEPMBATERENLD, +
e —AOMRESONMRBETLTNELHON BRI 49~63 BT, DEDETLR,

AU XFE2rOERERPLEBONILEHEBRDO Cx-EN T —+, B-I NIV E—H, ~IkNF—
¥ DLiEWS Fig. 6 i, Cr-2n 7 —¥iEl% Table 3 KR LI, SHBEEATFRICERAIEEL,
BE  BROLERMN 1T roh o TRROMERIZIERBIORRIAHES 5N D 6 BRIERDENK
BT, HEREAEBLLTE Crens —¥DBERED LN s Tzs Cx-kVTF—¥, -7
way g —¥, ~1en7—¥HEREMICK > TERET, ENTN—EDOLBEEERL 2D, &K
EHoOHBRIHBELT, Cx-+0 7 —¥OLBEHIRBRNICH L (Fig. 4 3, Cx-&r 35—
YOREHNE L - nBHCDOVTIE, KEEBRT I/ Vva—-2BEEZNITH Cx-& 75—+ O Wik

Table 2. AV X352y OEBEBICED 2HABREDNBBLIUEREY S H VN
HoMERELickiZTEREEOZE

Effect of culture period on yield of crude enzymes and compositional change
of steamed shirakamba wood in a solid state culture of T. palusiris.

Culture Yield of Weight loss Holocellulose Klason lignin
period crude enzyme by decay content content
(days) (mg) (% (%) (%)

0 — 0.0 73.4 26.7
13 620,7 25,7 55.6 41.2
25 795, 4 32,3 50.9 44,8
38 832.9 37.8 46.2 49,3
49 541.1 45,8 38.3 56,1
63 457.7 58,0 28.6 66,8
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PRLNE RO SIS ST T L p 22:3,?; B CM—Cellulase, [ #—-Glucosidase, Xylanase
5, EHMOREFMR CEEEEZAET Units/mg & Mannanase

B0EFOEFLD G, BLAEREAR
OMERCLZbDLEZ SN,
HI=wvhuokro—R EHEE L
T, BBEREEDSSOHBEICL-THS
TV OERERS (v u—R, F V3T
Yy FnawvF ) BEDREICMK
SREND O MEF L7 #E & Table
4 TR Ut KA BEHD 7 va—2z
O—Fixrva<wrF v onRICHER T
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BELTHELAE®, #5<yFnen PR .
o — X DK ERIR, FAREE,LD Fig. 6. A7 9 X5 4 r OEBEEN BN
MEEoLEERER

MR LR 18~24%ThHY, &5
R DAERIZ L — 21~ 3%,
F ¥ 7 v H70~100%,
28 40~60% TH D & HEE SN,
WF—BICETAROAATXT 4 it
ERFRICBH{IEL ~ T ero— 25

rvawvFy

~3IE

Specific enzyme activity of crude enzymes
from solid state culture of T. palustris.

Table 8. FF U X354 r OFEBEE»SES
NI HEBERO kv 7 — EiEK:
Ci—Cellulase activity of crude enzymes
from solid state culture of 7. palustris.

WAL T B0+ ERBA R EEA L Culture period I-gdﬁrﬁg'si;a;ge Specific activity
TelEZOoND, HEL VBN, (days) (%) (units/mg)
wva—2, LIRERESEAN 25 5.7 0.0103
o025k D bBNTOHEES TS 38 6.8 0.0126

SHINA O . " 49 5.9 0.0103
BB S, EMEOKERICE - 63 58 00110

Table 4. FEUEEHPSOAF Y X572 OHEBRICEBH T =Yk

o 1 a— DMK

Hydrolysis of karamtsu holocellulose with crude enzymes from a

solid state culture of 7. palusiris.

Culture Hydro- Sugar composition of hydrolyzate f:,fé?}ate‘i decomposition
period lr);stlz Gluco-
Man Ara Gal Xyl Glc |Cellulosel Xylan mannan
(days) (%) (%) (%) %) (%> (%) (%) (%) (%)
25 18.2 38,9 5.3 4.6 25.3 25,9 3.2 71,9 39,8
38 23,3 44,2 2.2 5.7 26,5 21,4 2.1 96.5 57,9
49 23.9 46,0 3.1 6.1 26, 4 18. 4 1.0 98,6 61.8
63 23.9 45,0 3.1 6.4 22,9 22,6 2.5 85,5 60. 4
Liquid
;:\Iulture 22,7 46,3 2.7 4,8 20,6 25,7 3.4 73.1 59,1
0. 3

a) Based on the assumption that glucomannan is §-(1-»4)-linked linear polymer consisting of D-glucose

and D-mannose residues in a molar ratio of 1: 3.
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THRONHEBETO eV - ROSBEORA LR BDON > & /o, EREERHISOHBERO
Cx—t )V 7 — S OLBEBRER, O OHBRLD b 2~ 3HFE Aok, ko —-RDRHEEZ
ALBEINT, AFVXF25ORBRIK Cren 7 —ERRINT B EERE LR,

AAY X5 2y OHBROFRICHT EAPH =Yk n e o — ROBESBORELS, A4V
X7 2 QELET DMK REHRRICE C BREPRL, BEARSHOER VSV TOKREIVR—2
DERICIE, BRSO HiOy/Fedt RiC & 2 BILIERSY - S pKILGMRIBER OIER D b LR T HIEHER
REF T -OH 7 Y nic & 2BLIEAW L EHERNETFOBRE LT 3R EESEL Sh 5,

it |

4. %

9 ~14 B DERE L~V OB THIERM, REMME DI, 50% L ELOERRELEC THARN
HAAOXFETDOLNT —H, ~NILNF—EEEETIDOERFGERF Lic, REBELT
Tna—APFyu—REAUREERTE, HORBICLO Y 2 VBIEHICERIN/ DT, Cx-+
WF—ERANI N T - FOEEROHED DIIERD pH AL L4 2.0 LI EIRHBT 52 &5
HETH 1o B-Inav s —¥RERFRCBERELS, TLEHICEY pDHRGETTS —ED v~
TEESN . BEEBCL -T2 7 —EBBONEDL - 12DOT, KRATORARBICENEE
2O ZEBEREICE > T Cre Vv 7 —¥OEEZERAY, BEHEREPLOHBRICI Cx-2v 57—
YR OLBOE LD bNch’, BWKERED D OHEBREAR Crir s —EERML T,

E i3

APRICH D, BB CHREEEBEED - L OREAREZBERRICESRELET. /1 &
ERICBILUTT I - HERTRICHELZHLE T,
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Cultural Conditions for the Production of Cellulase and Hemicellulase
by the Brown Rotting Fungus, Tyromyces palusiris

Mitsuro Ismnara® and Kazumasa Suimizu@

Summary

With reference to the production of polysaccharide degrading enzymes by the brown rot-
ting fungus, Tyromyces palustris, the conditions of the submerged and solid state fermentations
were studied. The following results were obtained :

1) To produce and maintain high Cx-cellulase and hemicellulase yields in the submerged
fermentation, the pH of the medium had to be kept above 2.0 by addition of alkali.

2) p-Glucosidase was obtained in a constant level irrespective of the culture method and
the pH condition of the medium.

3) Cellulase of the C;-type was not produced by any fermentations, even by a solid state
fermentation in which the crystalline cellulose of the medium was obviously utilized, suggesting
the possible involvement of non-enzymatic factors in the fungal degradation of the crystalline

cellulose.
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