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Abstract

To utilize several species of hard wood as raw materials of feed products,
fermentation characteristics of cellulosic substrates to single cell  protein
was investigated, and results were summarized as follows.

Among the microorganisms investigated, Tricoderma viride was selected
as one of the most cellulolytic.

Mixed culture of fungi did not show a synergistic effect on cellulose
degradation.

When the fungiwere cultured at 28°C for 7 days in a medium containing
wheat bran 25g, cellulose 0.25g, proteose peptone 0,025 g and tween 80
0.025 g, cellulotic activities on carboxy methyl cellulose and filter paper
reached maximum at 12 hr.

The alkali treatment resulted in increased degradation of substrate from
13 to 18% when treated with enzymes for 12h, and reducing sugar forma-
tion increased with decreased size of substrates.

Glucose was a very good feedback inhibitor of the enzyme from T, viride
than that of xylose.

When the substrate was rehydrolyzed, hydrolysis rate was 31% to redu-
cing sugars within 12 hr,

Quantative anlysis with HPLC showed the ratio of glucose to xylose in
sugar syrups as 1.77 to 1.

For the purpose of producing cellulosic-single cell protein from the sa
wdust of mulberry tree, 15 strains of xylose-assimilating yeast were isolaed
from 42 samples of rotten woods and compost soils and examined for their
ability to utilize xylose. Then three strains were selected by their strong
xylose -assimilating activities.

The cultivative condition, the growth characteristics, and protein and

nucleic acid productivities of three strains were investigated.
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The results obtained were,

. Wood hydrolysate of mulberry tree was assimilated by 5 strains of

CHS-2, CHS-3, ST-40, CHS-12 and CHS-13.

. The optimum initial pH and temperature for the growth of strain CHS

-13 were 4.4 and 30°C,

. The specific growth rate of strain CHS-13 was 0.23h~! and generation

time was 3.01 hrs at the optimum condition.

4. CHS-13 strain assimilated 81% of sugar in wood hydrolysate.
5. CHS-13 strain' was identified as Candida guilliermondii var. guilliermondii

6. When the CHS-13 strain was cultured in the wood hydrolysate containing

yeast extract, L-protein content was increased with yeast extract concen-

tration.

. The L-protein and nucleic acid yields from wood hydrolysate were 0,73

mg/ml and 4.92x 102 mg,/ml respectively.

. An optimal nucleic acid content of CHS-13 strain was observed in the

medium containing 0.2% of yeast extract,
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Table 1. Medium for isolation of xylose-
assimilating yeast

Components Contents (w,v %)
(NH,),S0, 0.6
MgSO 0,1
KH,PO, 0.2
K,HPO, 0,03
NaCl 0.1
Xylose 4.0
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RNA (10~ % mg/ m€)= 3.5 absorbance (260 nm)
-1.5 absorbance (232 nm)

R 4 EE
1. KEER —HRED
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22029 YL 656 ~70%7 i, Ao Al
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2P A5 vste] 2ade ok 15%hAERS
ok 20 % AE =& ¥ Jehuglith
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Table 2. General Composition of Biomass

Composition . Crude Crude Alcohol Hot water
Moisture Cellulose Lignin Ash benzen soluble
Speciman Protein Fat extract substrate
Hyun. T 10,1 2,0 2.2 66,4 24,9 2.1 5,2 6.1
Italy. T 9,5 1.2 1,7 65,5 27,1 1,5 7.5 3.9
Mulberry. T 10,0 2.3 1.9 70.8 23,1 1,3 3.9 6,5

* crude cellulose :

2. Cellulase BEFENE(L SR ABAAT

Bl &3t AEetolA Y HEE WiEslw
2 BREE WA HHAEKQ Aspergillus
niger, Irper lacteus, Trichoderma virideZ-
#& 28°Col4 79z sl HEMWE of
AL mEsly JEARGd TLELLE AZF,

Cellulose + Hemicellulose + Pectin.

o] & BEFRe T FT4AH KMEE WEsts] 4
& o& 3t g de4ddE .

{1} mERE pH

NKE#® pH = 0,05 Me] citrate buffer 2 4
BLAA BEERS W 39 Fig 13
vk & 3Kk 25 pH4~504 2o @

A€ vehligla 2 olstst ol delAe 84
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Fig.1. Effect of pH on the Activity of
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Table 3. Comparison of Enzyme Activity
from Several Fungi Strains

Activity (Units X W03/ mg)

Kind of
Fungi A, niger I lacteus T. vitide
Substrate
Salicin 550 112 644
CMC 107 85 118
FP 24 31 40
Cotton 0.8 0,78 0.66
Xylan 444 195 666
Pectin 111 490 570
Protein 3,66 X 1,42 X 3,9x107*
107 g 10°%¢ ¢/ mg

(at 50°C pH 4.8)
EHEE A3ome ALdAx HKH BEEE

o] HHBYS ¥4 Ytk 2HEE BREKE
o o2 A A. niger, T. viride 55°C 9},
I. lacteus 45°C & £ & %3l 50°CR 3}
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4L Bl BE 7 A A ttis T, viride
o MENEN =%t olot 2 T. viride
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o He e s, aaEE, 54
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#%ot 2eslgen, T.reeset QM6a 8 2 Wo|
%‘—16) Thermomonospora curvata 60)%0\] u)3}
qx ¥ad 3 Astgch

R

z

s

'3 100 ¢ ™ o

< i 8 . t

NI B '\:

b1 a g
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El 'J/o .

= 70[ o .

© 60 b o A. niger
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3 A ..

K s o T, viride

< A . \ .
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Fig. 2. Effect of Temperature on the Ac-
tivity of Crude Cellulase from
Three Fungi Strains ( Half m¢ of
the enzyme reactioned on 50mg of
filter paper at 50°C for 1hr)
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Table 4. Synergistic Effect of Enzyme
Activity in Combination

Combina- Absorbance Synergistic

Strains . ;o0 ratio (550 mm) Effect (%)

A, niger QA) 15 60
L lacteus (1) 20 80
T.viride (T) 25 100
A+1 1:1 18 72
I1+7T 1:1 23 92
T+ A 1:1 25 100
A+ 1 4:1 16 64
1+T 431 22 88
T+ A 4:1 24 96

3. Tricho derma’| 9ikot= Cellulasejftta}
EEPN 5

Fig. 3 ol A9} o] T. viride o K#rsfifol] w}
B MR4E MENEE 48P &R G MC
AEAHEE 96 Rige A HEE xolxn, 2
F A7e] A wHeld 2 #mE JehiA
e wlsl, F.P. 4@hEs 72 28T
HRE 2gom 2% AAs g EmE =
olvh, azlm® olo} e BAL muHsly T,

viride & 7 Q5qk 1A B Fol YRl
ZF4E gl BER EAsA
3 g 43\ 6
%ﬂ = < S—0—=0
= 5] \ ol e
2.',;;2 —g,/;u& - "
Sgg“me \ v 5
ENSIIAN Lo |
R :
How [ 2o
as.ligw {14
s2 ozl
[aFle] =
=2 |33 | -
|
1 23 4 b5 6 7

Time (days )
Fig.3. Time Course of Cellulase Produc-

tion and pH during Cultivation of
T. viride.
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I 1AL BT 45 80mesh & st
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(1) FIRBEHE
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o vzl oF 40 %2 }AFY HEME JstAT
$ke} (Figed). oj¢} g FRC2A: NaOH
o WIREST MY 443 AAAE AAstz,
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FolFo] Tlzdg £EA7|H cellulose E#7
%-3}9}, carboxyl grop 7 saponificationo] &

Jumly swelling 5o ERE+ Aoz 5
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Fig. 4. Effect of NaOH-treatment of Mul-
berry Tree Powder on Cellulase
Hydrolysis.

(2) HHBEA =2 Bt

BEY BES 1%( w/v )2 333t BE
o BES 1~4%7= Dt &BEE 24
3 Hims] B fERe Fig b Ao §F 1%
REBEEANAE 12850 KEE 3290 0,65
mg &EE oV 4 %olAE 1.2mgo] XS
o] HEME Bmsta A £lE A3 e
wms oy, W Zhgsl = ( Hydrolysis
Rate ) & HERoll= 1%2 EHHEAA # 18%
b Beger Aoy 4 BERAAE W
7 %8t z &= o} FEMMoT EEMEST
Foix| A4 i AslHE 45 Atk
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Fig.8. Inhibition of the Cellulases by

Varions Sugars



38
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z=w, nlkek o] o} o] £ S REMNoR
RE# o2y LHAAT F Adv FHiolvdt &
27F ks S w2 399 AL sH5A
T 4 A F59 £ F Ak

6) —xREREEBHE BEAEL B8R

BlLES] #Re vol, KHd BEES REA 7L
Rl BB Ay Folt LY o] )
£ FIge 44 9ok 2el=2R g9 it
WS Aot ) orm 1284 Fob MRA
HE stad cellulose REBEES of4] 190°C
o4 30%7 drying3dla 1247t ball mill-
ing & 8§ & M2 BRI 12417 KEARD A
% rehydrolysis T2 3tger, oj9f W23t 4
& control TelA & 1243 BEREE 3 H
BRHES A 60°CdA AzxF o4 Hzg ¥
%5 st AsAZk.  elw control T2}
rehydrolysis +& ¥|§t v}, rehydrolysis T
dAE oA EEES 12,5 %7t 3oz Azs
4] u|sle] control T4 &= & 3 %utol

o 2 AskE gy,

azl22 Figd o4 ¢4 & vhel o] ¥
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Fig.9. Hydrolysis of the Substrate which
was Once Digested.

5. B¥ERE AR BEST

(1} TLCAA
A7) e} e K tka) £ BELHRE B
FERBEEAG 1,6,12 br ]2 TLC plate §]o] A

Asled AAMH L FHE Biomass T Yv] BEE
Hald Fh-E 2 4R BL glucose o] xy-
lose 7} Sl4-£9l& Fig.10& &3 ¢ otk
ol®l 51,5, 8s ¥ £4%& 1,6,12A709 BHENF
e uhe KEH ( hydrolyzate ) o]t}.

o A
. . . . B -
Cell, Gal. Clu. Xyl S, 5,

Sa

Fig. 10. Thin layer chromatogram of sugar
produced from biomass at 1,6,12hr

2) TLCAH%Z

o]9} #o] Jehd glucose 9} xylose &
golus] $8 Fig.lizt e Koy A&
e Fol spottingsta, I, S3h7kzol &4
dhasl 892 #RERsle], DNS Hko s A&
#B  glucose : xylose 9] w7} 1,53 : 184
glucose & &8o] @Wakeh
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=
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=
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Fig. 11. Composition of Sugar Syrups.

(3) HPLC A%

o] % ©h4] Fig.12 g} go| HPLC & Sojet %
F AL #q) s L A} glucose : xylose = 1,77
;19 @4 vk & HPLCHAx 344
o] mEHME{LWolA TLC e} ¢7re] glucoses}
o Be oo iMsgich o] AL Hoz v
Fo] 54 HE{LHoIA et 3] xylose £
ofo] AzArch o] MG enE o|F EMs}

o glucoset E& xylose F{br} "THER H#k



39

= Ast SRUc R 4EWEo] 94 felskl € AL ¢ 4 Atk

INJECT

solvent

Fig.12. HPLC chromatogram CH,CN_ /H,0(85,15) 1.5 ml/min

Carbohydrate Analysis.

6. XyloseB{tit BEGo| BE

Table 1. k2] He|-8 oA 1 =} 48 bk
T Austed nES Aol ol 4skgeh 13
Ao A Fow 48 BEHKS YPX (yeast extract
peptone-xylose ) #iho] 4 &4 Fo] ok5 3 CHS
-2, CHS-3, ST~21, ST~40, CS-18, CS -6,
CHS-12, CHS-13, CHS-159] 15 BikE
Bikslgl vk ®% 23 Aol A BB WS Table
18] 228 HHiol A agar & BRAMRY Hidfio] R
g #5F, o)F CHS-~2, CHS-3,ST-40, CHS-
12, CHS~13, CHS-15 §#k7t % #kkel Can-
dida tropicalis NCYC 478 3} Hi#ts| 2w ©}
4 9531424 Table 5,604 & < 9ot
Table 5. Turbidity at 520 nm of the

isolates in YPX media

Isolates 0.D
CS - 33 0,781
CHS - 2 1,76
CHS - 3 1,881
ST - 21 1.87

5 1.32

6 0,88

7 1,375

ST -40 1,54

CS -18 1,76

10 1,76
CS-6 1,749

CHS- 12 1,87
CHS- 13 1,925
CHS- 14 0,825
CHS- 15 1,705
Candida tropicalis NCYC 478 0.531

lucose

Attenuation 8X

Table 6. Turbidity at 520 nm of the isol-
ates in isolating media

Isolates O. D.
CHS- 2 0,41
CHS - 3 0.52
ST - 21 0,17
ST - 40 0.265
CS -18 0.169
CS -6 0,25
CHS - 12 0,415
CHS- 13 0.66
CHS - 15 1,30
Candida tropicalis NCYC 478 0.062

BERYZ A BHLEAA S &HT TT EE
ol Table 19| ¥iirh whadl e BAR sz 4
FES MY MY EFES BN &
F+ Fig.13 3 2ok

2.0
of
B
a6 !
5 Lo
[
2 |
S/ i
e 1 ! |
: ﬂ
5 ] cCCCCCCt
&) Ccs s ccC ¢ .
H HH
F§ETTSS B
5 5 21 4018 6 12 13 15
Isolates
Fig. 13. Cell growth in the final screening
( =— ;wood hydrolysate,/

— ;wood hydrolysate+isolating
media except xylose)
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B# Bhol4 CHS-2, CHS-13, CHS-3 &

¥} control gtkql Candida tropicalis NCYC
47831 WER: BREKEAY BrHglew a5
3T M4 CHS-13 & Ewslgle o
2o RE KA CHS-13 E#kE FABIAC

7. XyloseB{ti RIkBER2| FIE

DBk A xylose kil b4 A3 @
B24 CHS-13 & Bwesia HEW BERWH

(1) BredEpy REEN &4

Aot REEE +#ol4 #Eg CHS-13
o JWRRER BB K@ Table 73 e},

H3Fol ke EAEslglo o Miflge A Hpge=

’3~7ﬂm BEgew malt extractold] K%5#E

B cell £7lo] EHBRRo) A3lgem ring g
3 A5t th. Potato dextrose agar 5 <

Dalmau plate culture ¢4 pseudomycelium

< Rt

£ RS AESI
Table 7. Morphological and cultural characteristics of isolate
Characteristics CHS ~13
Form spherical, in groups
Size 3-7¢m
Pellicle formation ring
Agar slant echinulate
Broth uniformly turbid
Colony : form circle
elevation umbonate
margin entire

Dalmau plate culture on PDA

pseudomycelium developed

2} 4By it

CHS-13 Bigke] SHBH B2 4 wh4d
9 Asbs-e 2597t B controlm}  Hisl
o] £Fe] FHA A& positive 2 3¢k B4
e MiERE AL Duhram -2 #R¥ste gas
BaeAEE 2Hslglon ethanol R{LHEBL &
B - Bol 477t A8 =2lq flBst o =k
KNO; F{t#5-& control 31 £FEES HiEks}
Qov BEM HEE BEEY £FS BEsiddh

Arbutin 73RS colony 2] Rl qHzo]
et positive (+), F4o]d  negative (-)
2 ZA5g

By &ge A petri dish 9o iodine#®
#S £l WElA Y Lugol o2 9431 A4
o2 colony7sl EolEw Aol =YL A
AL Bw s e Aos Flwsidrh

Eeo| &4pREe R5ER colony Higo] FophdA
o positive 2 shHslgom urea KR
FAES Christensen’s urea agar of 25°Coj A4
57 Aol o £TAel vehim
(H2 BASLH E¢ o RBS PAYEAL
2o} 4YEALRE BAT + Yo A
AL (B & Jehdsh

Litmus milkul-2.2 25°Cel4] 2~4341 7} 5%
Fehd A Aol el BES WERnt. o4
SRR Table 83} o),

Table.8. Physiological characteristics of
isolate

Characteristics CHS-13

Fermentation
Glucose
Galactose
Inulin
Lactose
Maltose
Saccharose
Xylose

Assimilation of carbon compounds
Cellobiose
Galactose
Inositol
Maltose
Melibiose
Lactose
Raffinose
Saccharose
Trehalose
Xylose

S S o

+ 104+ 4+ 1+ ++++
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Characteristics CHS -13
Splitting of Arbutin +
Hydrolysis of Urea +
Reaction in Litmus milk usually

coagulated
Assimilation of potassium -
" nitrate
Assimilation of Ethanol ~ (weak )
Growth on 50% (w,/w ) Glucose- +
Yeast extract agar
Production of Acids -
Production of Starch-like -
compounds
Glucose, galactose, saccharose & Riff5}v]

lactose 2} trehalose & =}3}sl=] &%),
potassium nitrate 5 ¥{t3lx] F3le urea &
mKGE T Qo EHE £l feow
arbuting 23 34

Table 7, 8 o RS KBS KR £R
24 AoEw cell Bofg Tols MIFR K
fEsle] PDAw x| Atol| 4 pseudomycelium i
£3 + 9dgoH, sucrose, galactose, saccha-
rose 3 B#E3 = slow arbutin 2 233}k

Lodder2] “The Yeast” ] standard desc-
ription 3} wlws]A A2 odxlslmz CHS-13
H#~= Candida guilliermondii var, guillier-
mondis 2 53 =it}

8. XyloseB{LME B¥R}o| MBI P 4

(1) ®Ee g2

HERBEST BREF v BES BEE
Hslel pH 4.4 o4 BEE 5°C 23 oz 3}
o 15°~40°C 2 |Efiste] HBLFES WK
5= Fig., 14 9} 7},

%, A% CHS-2, CHS-3, CHS-13 B
®E Bl A 55%Es 28° ~ 35°C fES &
EdA 433 £8E 2o 30°C o} 4]
mES] £FEE 2yt

2) pHel g&

Bsnel ¥ pH7b H#k 4o mlA < BES
B®ifsl7] Slslel BWE 30°Co4 pH 3.8~ pH
6.4 2 zgsle] @S £FEE AT #HRe

53

g 06

a

i b

- O —_—

] O/ /. so
é’ // ® — O [ ]
S 0.4t O ] /D

o 0

2 e — \

s [ 00O a
=

‘%‘ 0.2 ‘ B

& 15 20 25 30 35 40

Temperature (°C)

Fig.14. Effect of temperature on the cell
growth of isolates at pH 4.4
(6—0;CHS~-13/ +~—— ; CHS-3/
a—a; CHS -2 )

4,0 4,4 48 5,2 5,6 6,0 6,4

g
a
(=]
N
[Ne]
: 0.6l L0 TG
e . ™
—g 05 > /‘,[_) -1 \fd\\
— a” o0
© ~al-~0O
@ 0.4r RN
c 2
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P 1]
E3 4 . -
o
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Initial pH
Fig.15. Effect of initial pH on the cell
growth of isolates at 30 °C
( o—o ; CHS>-13/ «—- ; CHS-3/
o—o ; CHS-2)

Fig. 15 ¢} zt},

pH 4,4~ pH 5,2 o] 8} EHA 43T &
FS xgon, 53 pH44d4 mES &BFE
£ 23k

(6) £FHH

Bkl CHS-13, CHS -3, CHS -2 #i#ke
B flask gE#py S HMM e Fig 163
2,

W 465 Bk AY &£Fol A=zsigies o
% 13RI § A8 #mstged 25+ A
o RE HEskU dAskch Sl DRI
E9 A7 HERE vt CHS - 138K #
=0,17h™!, G=4,14h o] glo s CHS-2g#kY
p=0,15h"', G= 4,68ho]gyon] CHS-3H
el p=0,12h"t, G= 5,94 h =4 SEHEEk
% CHS-13 gkl AdAzge] 74 #es
T Ak
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Fig.16. Time course cell propagation of
isolates at 30°C, pH 4.4, 120 strokes
/min ( o o; CHS -13 /
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(4) SEERE HEie) Flask %49 HE
- .
eyl CHS-13 H#he flask R4 o) B0F
HWRES dotns] Hstd 30C, wEpH 4.4,
120 strokes ® 592w HEWEEL Figl? 3}
%},
A& AEM7tx] 2R 79 BAE R4x
2% 10EMZAR 2§ £28 oty oF
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Fig.17. Growth curve of CHS-13 isolate
at 30°C, pH 4.4,120 strokes, min.
(5) Fermentor %ol Ao ik &7
dhiRel EEEE
#egt CHS-13 2 jar fermentorol 42
E£FHE 4317 Siske 30°C, ¥H pH 44, 600
rpm, 1.5 vwvmeo 2 Eigk 5¢ fermentore]]g]
B 4WEE Fig 183 2t

HEK THEAXE £Fo] A9 gdged 2
5 BEM7A 48 fBmstdz 2% —eEst
At ERE BE TEMAX A =5 gt
7t 2F BAZAA A% £2F wgles 1
T —@sld e

Z2719 £HEERL HY S AHgd &
Hale % 8= 13mef Hitkel £HAA: &
#R WES cell o R#pel ket BEA &
Fsle =slch olsje] CHS-13 Efke #=0.26
h™!, G=2.63hojglx HEMEEKS 73 %3k

- 3
]
N
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3 g
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Fig.18. Growth curve of CHS-13 isolate
at 30°C, pH 4.4, 600rpm, 1.5 vvm

9. Yeast extractBIIZEO| EA|
O|X= A&

=x=1

F{L#ko] yeast extract T EEH T ZHmsle
pH 4,4, 30°C, 120 strokes ofj4] BRI&EEI &
Bl ulxe BES #Gid MRe Fig 19,20
3} 7

13 ~~

12 ; 656%

ll} .

—— =3 (=]

op e 8w

9 O 5| E
T 8 ~ - 4v4°'l
a 7 T SR
—_ 6 3535
] a 3
k=) 5r u2<
o 4 231z

3} ,2 24

2t 1 1

1

0,05 0.1 0,2 0,3
"Yeast extract concentration (% )
Fig. 19. Effect of yeast extract concentra-
tion on the growth of CHS -13
isolate.



43

PR o= jas Protcin AR sl AmE nged AN
E o ol AY Bt fgley RNAGES 0,2 %
& L7 ~ g—2 (@ E W EmE nelebh 2% Zasdn AL
: _/ }o Bi{t# o] yeast extract FHMEo] 0.2 %7ix|
2 o | & mael mel mel C/No| wobxl fRe 4
@ LS —~ 05 o
2 /. 5 AEth
2.4 - |, B RNAARE feewel ME W, HobE
< T Hl e skl sBEeS C/No) ug
51 lo1 +3 @matchka she) ks e MRl RNA
& ) SRAMOl A £EoA Hpel @ C/N %
0.05 0,1 0.2 0.3 o] 8:1o)g}x &5k
Yeast extract conc (%) " .
Fig.20. Effect of yeast extract concentra- 10. Effs ZAHS! AN
tion on Lowry ~protein content v
of CHS -13 isolate, (1) SEesfo] W+ EAH 48 "=

2
LHAM B vhsh el yeast extract W maarfyg) Wewe] Lowry - protein &
7k 0.05 %o A 0.3 %7tx| Mol whet Lowry g g£ML Fig. 21 9 2}

1.4f —3.9 0.7
— | /9/0 8\0 \8 -
g i —
g L2f 8‘\\ 0'6;
€ 1.0 8 {os &
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8 0.6 588/ 0.3 &
3 i / -
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Fig. 21, Time course L -protein content of CHS-13 isolate
Bfffo] w2 Ei#S] Lowry-protein &RE 10

it SERE Mol 1IEEMA BAAES
Bgen 23E —gstchl 19BM  Lys ol / \o
Wpst ek, : /o \

(2) Hepsido) BRAR "l PE g

ARBoA L Fleck and Begg %) %3} ,§ 06 O\
4ic}. Shimadzu double beam spectrophoto- g j lx
meter UV-200 & {Efisto] Mgt B4R spe- < |5 8
ctrum-g »w Fig, 22 9} 2o}, 260 nmeld] F 0.4 VO
o] peak, 235 nm o4 #H4 peak E Ro Fo

280 nmol| 48] EEHE peak & nol| ot B 240 260 280

W 1 h
o] & 2ee U+ Ytk avelength (nm)

- 3w Fig.22. Spectrum of the nucleic acid extracted
) i1 o
HIel Wite] BRMARA 1A PES from CHS-13 isolate by Fleck & Begg

method
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Watsts] Slsled 30°C, pH 4.4, 120 strokes 2
Z243le P ZREET HEd #Fe Fig
233} 7+

e SRFESE Bmsle 12 Rl BRAE
B aEe vgor ¥R A48 B
EHre »ych

ARBAAE A (2UF, &4, 0l 25
g ) 286 FIMEL § MEMeE ks

o AMBHL# ( wood hydrolysate ) & nlE%
aAE HEsle yeast & HFEsle HHER
gpEd] Wt FAEsty ok

ko B EIEMES) MRAMOl TRI BERR
o HRES AMELESE 4ol g Aol
o HEEAES BEY AEA A% HREA o
Folzxlof & o]t

6} 6} 112
g
2 5L~ 51 FD-D_D‘D_D‘D {110
a 60
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g 475 4t ()
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Fig. 23, Time course nucleic acid

m =B

SR A7 o] fulo] 2] HW=x Xt
RS FBT BioBez BEMEEAE 45
3 ERHL Eie] B HpEn 27 KBS
g #Re otefsl Zeh

Aspergillus niger sm-10, Irpex lacteus,
Tricoderma viride sm~6 3 E#2 A Ezelo}lA
DEE W] & R Tricoderma viride sm-
6 o HEA A ke,
898 sels Azl o SHE LR (Synergistic
effect ) & Bolx 9k},

T, viride sm-6 2] EEBHR H& 4Hi
MFE Wrl el 49024 proteose pep-
tone, -+ 54| (inducer )24 Tween 80, cellu-
lose® ZMMEA HEMM Hkol vehto
o]9} e uix|oA HsFEEF C. M., Cellulose 9}
Filter paper B3] BENEL 120hr of 3o

0] 5& combination

[e]

content change of CHS-13 isol‘ate

Exlje 3 0o
Ko MRS KiEAA EtEe £pstedl
CelA RUBEE T HEEL WEZT elE F40
%9 U7 B/ME R93, =3 HEENTF A
1% 3T BmESEE v3ed 253 5
9] e KEWmH 42 BEAAT sl feed
back inhibitionsl A& el leh

KA rehydrolysis Alol= oF 31%Y &Y
o WHES Rgch olx BELKS AW E B
B glucose : xylose 2] ko] 1,77:184] glucose
o opol siskeh,

71 B EAEE £ET Her W4
E 5], o8, EoFEo 4239 4 528e xy-
lose #tsl4) BERE 13 EHKES Awslglos] 2a9
BREEKRZA 3 EEKE BRI ol 2
o REREBH REd AdHE HRe ohes A

1., Bk CHS-2, CHS-3, ST-40,CHS
-12, CHS-13 Eitk7l BML#S 2 Asiste ¢
sket
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2. AERE%D CHS-13 fifke] £FE/L 7+
2 okFslgen 27 34 pHy 4.4 05teH
B@EREEs 30°Colgich

3. CHS-13 E#o] specific
= 0.23h7! generation time -2 3,0lho|gc}

4. CHS -13 ke BEHENAEEL 8l %ol

5. CHS-13 %o BResn mE#n Bt
< 34T =R Candida guilliermondii wvar.
guilliermondii & [gs glvh.

6. CHS ~ 13 itk 3 ¥i{biko| HEAZE A
Lowry - protein g+%2 0,72 m¢/mf o|gjow,
yeast extract ZMsle] Ki#HF yeast extract
BEST Bingdd wet BEOE aRs Emsig

7. CHS-13 Hitke] RNA 4o 4,92x107°
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