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Mitsuro Isumnara®’ and Kazumasa Samazu® : 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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Enzyme activity, OD 660
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151 c2F ==~
3 A
;‘ RN S-Glucosidase
12F % \\Xylose 'Y
S i /A\
= 0
oof £ . \A
5 Xylanase
M
06k [s) & annanase
§——o——o
/ — 00
M 2 CM-Callulase
03 <. 8/
\\\ /
hY
o+ of - St
1 1 1 1 1 1 L 1 1 -
1 2 3 4 5 6 7 8 9 10:
Cuiture period, days
Fig. 3. A& 9 X352 7 OHAEE (No. 8) KB 5BERDERE
¥ pH ZAt
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Thoto FNWI—ZADORDLVICF Vo —AERERE LTHVWEES (Fig. 2), ZOBUAEENS IV
a—2k0EL, pH OHEMBERLEYD, THBEOREL /S Va—-ROBREL0VEMUT, €17
—¥, ~NIkNF—¥ELU -3 v - PRIBEEREAIERIN TS TFRDIIEEL, £h
> OBEDEMNNBEBEREEIESEALTOHEERL R EAEEL LB ESED SN, L
B-T, BROFY, £EBIKE-T, BEROVMPRFBEIKEETHILEI NS,
BxORBEGETEONCERAEBROLEY (HBER 1mg &0 OBREN) % Fig. 4 ICRL
foo 35O pH 5B LIS - o858 (No. 1 & 2) TR, Cx-2nvs—¥, $v5+—¥, =vFF—
¥ OBEEMIEMERS B HRTEWMETS s oo B FVFF—-FOEHREL AN
Yoo BRNCEL PH &40 T Tit, AHOEZHRS OSBRI BET IMEROEESTHINGD, &
ZNREEINTY £no0—B0 pH £40LDIC KETI0LEBbN3E, - vavi—+il,
B0 pH SKACBEBRRE BIE—EDL vk D, Fna—z20RbhikFvo—-R2RERE LK
B4 (No. 7) 0, 50% BEEMLBED SN, M) 2Frv<BORKKEETE, BV pH TerJ—
ERBETHHDOEHLT, - rav sy —+id pH 3.0 UTORG THRENCESADOMHNEZT 20 E
FREETALEHMEINTNE®, 249 X5 25DE4, P aFr=BlidBle - rvavy
—FRMEN pH £ TH—FDO VN TEE IR, V7 F—-EB pHEHFICRIRBTHD, K
OPH 2HWT 5 LItk 2 DEEELSE L HEINI, C-v 7 —FILD2N TR, TTOREKSA
HBENCx-ELT—EDALI V5 —+ E BB LTERICENEE L ~vich -7z, % No. 7 &8
T, AAVRFT A DL T —PHERRRT /S va—RHELZRLT, EHORERETHE I/ 1o
—2AkFoa—2REBTES WNo.7) RSNV —BELZETIE (No. 8), XS MY asw
2BDEN T —EOEERBNTH L EHEINTOEELa v bR T AL EEBIERE - |
THHUCINA 7285, FhoDOBHRII Cr-enF—+, Cx-2A 7 —FLHADBOILh o7,
AAVRT Ry OBREEREP S BN FEAAHBROSDS R T7YAT I Fra . 27 78K
KEOREE Fig. 5 KR U7, SEY )V (HD7 v—2) OLEd<A FR, FTHHFFROBETS
Y, FERRRHIBIAB LD BES Vv TEBEINE, LHPOTHBE L, BRERHOB
BirE»S, FF V25 OEENAMBRRIOETTLS 1T ETO BEOVSFRRETES OEAL
SHBRINTV3 L E8BD ok, ik, SHBRMTER Y —YORKOZERS LN S, #kico

=== o= Fig. 5. [FRMISBRAERPODAA Y XTF & T
— T T e = BIAASEEREE D SDS-RYTI IAT I K
—_——= fongmgmnp—t 7 VBRIKE

—_—— ———— SDS-polyacrylamide gel electrophoresis of
—— - — — 3> — _; the extracellular crude enzymes from the
— A — — - aerated submerged cultures of 7. 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 5 6 7 8 Myoglobin (17,800), 5 : Cytochrome C (12,400).
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WTRENL TV,
3.2 EREECLIENT—H, NIEAST—ENEE

WHT, AFVXTREIIRELBYFHYRBEU A7V OBHTERRY 20% 2T BE» D,
BFTHA S o o — 2O RILESET LiEY, RERE DICEARLBRET v a—2ORERES DRE
CMBEZ T BT EEBTo LipLEAD, #FYXF 27 OBKERT, Cx-env7—EP~1 &N
5 — PREAAEBRIRABINY, BRI/ —RERT S C-2vs—+¥id, FEE, BEEX
N otce €T T, RRRTOBHEFIGINEZIONIERBERCL-TAAYXTEIPE G-
VT~ EPEEINL DT, TREDNEBROEBMMERTICLEE TG —¥RS
PSEINYT 5 ODELBRLARN I,

AXUX7 L OEREETO, BEESD OHBRONEL LUERY 7 4 Y B OMREICK
ETEERMOEEE Table 2 [WRLZ, KEMMOKETICX 2 BRLE SRS OIVKI BRER
T A RIGHEE LU QT 50, K& Bk THEbli~Itrvn—XEKTHH L REE
H—DREFETIEREBCL - TAZVXFFrRECHFEL, BROEBRL & DIEBEHMIIER
HRicEaicHb: 7ay 7 13D, IBHOKRTERY 74 v/ ORMY O 8% EHR L.
Table 2 DERER, KU VI —ZABGBBRCI 55—V V- I 7=VEREOVLTE, BRRECTIN
TOBALY X2 rBERKRDEREREL L P ofce A4V XT 4 rODELT 2K BEROEEA
i1, WIhb 3 HEICE - TV 3D TR0, BREOEM~ORELRIRICWZ 5700, BROM
Hicid pH 3.8 OBEHEFEA L, BRERCL 2 HBRONER, ERPMBETRERELD, +
A0 — 2 ORI ORBBET LTS LH 0N ERIAM 49~63 A TR, PEOETLR,

A9 RXFR2rOEREEL LBONEEHBEDO Cx-EN T ¥, -7 VAV E—F, ~1ENVT—
YORERE Fig. 6 i, Cr-kN 5 —EiGi%s Table 3 IR, KABRELFRICERSELIBE,
BE  BROLEN 1, o TFROMERZIERBFORBRNIBES LN D 6 BRIKRDENK
Micl XEh, REREEEL LTS Cren 7 —dOEERED NPT, Cx—kNV T —¥, g-7
NAVE—H, ~1ENVT—¥OERRMICK > TEAET, ENETN—EOLFEEERLIH, BEAHE
B OOHEBREIHBELT, Cx-+wa5—YOlEkIIGERMcmELx (Fig 4 3R, Cx-E1 75—
PORENE LI - BHICOVWTIE, RERERTS va—-RBEEMA TS Cx-k 7 —¥ O LiEH

Table 2. A9 X5y OERERICEDT 2ABREDNBBLIUEREY I H U/
M OMBRE LI RIZTEREEOEE

Effect of culture period on yield of crude enzymes and compositional change
of steamed shirakamba wood in a solid state culture of 7. 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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O EEQ KRB NP > T &
5, BHMOREFER CEEREEET
B2ELORTLD G, LLAERFR
ORBREZBDEZEZ SN,
HSevhueru—R2EHEE L
T, EEEESSOHMRCISTHT
<V OEHERS (kv w—2, F¥ 37
v, Saaw v v) BEDREIMNK
FEIND O BE Lo #5R & Table
4 KR LT, KA BEHO 7 va—R
O—PR IS va< v F Vv OSBICHRT
BEULTHELE®, #F5<vkren
o — 2 OIKSHEERR, BERERPFLOD
MR LR 18~U4FBTHY, 5L
RADHERIZENO—AHB1~3%,
F v 7 v T0~100%,
5 40~60% ThH 5 & HEESIH,
WI—EIERTIRVIFTIXI25Z
HEFRICBH{IE L~ o — k5
RN T 3 OISR BN R A L
feEEZbNB, HE LV MICBNT,
wva—Z, EICHERBHEANT L
oKD BN THEERT ST
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22:&?; B CM-—Cellulase, 00 f—Glucosidase, Xylanase
B B Mannanase
Units/mg

100
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70
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PAAIRAAAARLAREALAA RN
0

Culture 13 25 38 49 63

period

days days days days days

Fig. 6. 2279 X5 % r OREER»H LB NI

HEBROLEREE

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

Table 3. 49 X542 rODEMEENCES

NICHEERD G-+ 7 — EiEH

Ci—Cellulase activity of crude enzymes
from solid state culture of 7. palustris.

Culture period Ig%’dffﬁg?lsa;ge Specific activity
(days) (%) (units/mg)
25 5.7 0.0103
38 6.8 0.0126
49 5.9 0.0103
63 5.8 0,0110

Table 4. FEHERHPLDOFFI VA7 Fr OEBRICE A5 =Yk
o 2L 8 — 2D IR

Hydrolysis of karamtsu holocellulose with crude enzymes from a
solid state culture of 7. palustris.

Culture Hydro- Sugar composition of hydrolyzate E:;cgl;lated decomposition
period lr);stl: Gluco-
Man Ara Gal Xyl Glec |[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 26.5 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
culture 22,7 46, 3 2.7 4,8 20,6 25,7 3.4 73.1 59.1
No. 3

a) Based on the assumption that glucomannan is §-(1->4)-linked linear polymer consisting

and D-mannose residues in a molar ratio of 1: 3.

of D-glucose
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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,
KEIZBHRKEED/ M 4 v AEBEHEO— L LTiTbhc, (BCP84-V-1-12)
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Cultural Conditions for the Production of Cellulase and Hemicellulase
by the Brown Rotting Fungus, Tyromyces palustris

Mitsuro Isuinara® 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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