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Induced mutation in Acrophialophora sp. for increased cellulase production was carried
out using 3 methods: ultraviolet (UV) light, N-methyl-N’-nitro-N-nitrosoguanidine (NTG)
treatment, and a combination of both UV and NTG. Mutants were screened on CMC agar
medium containing cycloheximide. Top 10% cellulase producing mutants were then tested for
cellulase production ability in liquid production medium in comparison with the wild type
Acrophialophora and Trichoderma reesei QM9414 at 30 and 40°C. Acrophialophora mutant
strain UV10-14 exhibited an increase in exoglucanase activity, doubled that of the wild type
Acrophialophora and quadrupled that of T. reesei QM9414 at 40 °C. Optimization study to find
appropriate conditions for exoglucanase production in Acrophialophora mutant strain UV10-14
revealed that a culture medium containing 3% CMC as the sole carbon source, 0.08% ammonium
sulfate as the nitrogen source, with an initial pH of 5.0, at 40°C, gave maximum enzyme activity

of 0.076 U/ml.

= a - s
§279 nalulainedinw aellataaasdnysnm.... 9 D Y Koy

e
= a 4A4 aan ] 3
meaT - ﬂ"lﬂlla'ﬁﬂuﬁﬂ.....f.‘%f;f........‘}é.f.{,..?.4’....................

- il o ' -
Tnsanu 2542 AMeiaTaaTINUININTIN LS ?“%



fiaanssudssna

Insiinufaiuiiéniegdnlulddedlasnrayansfanmaadae

Fimdrwannureunszam fhumannasd as ninn Ynnendael 01913dfiginm
Inenfinut ‘ﬁ‘lﬂ'n;mﬂﬁﬁﬁﬂ%'nmuﬂ:ﬁﬂuu:ﬁ'uﬁlﬂuﬂ':ﬂﬂﬂﬁﬁw 9 anenIuldnTInLTY
Usudlineniwusaiuitimysolnniau

vanTLUIBUWIZANL TRamERIIt yne Ry ewnditinmiudls
nsoi e FouuzsthuszdnSndaiulsloniagebsdadmidy asasuldan:
nndufislunmiudgudlinsawsdeiuilwaysolinndedy

PaNTILYBLNTEAML SEIEITINT) gRam Aviudu dssrmnsiums AlE
nonmusshlimaiupudisinodwdaiuibisyafnnteds

PenTILTBUNIERM 819738 AT AUFRAN 2euvews nssunas Aildnganld
aunzhlunaiuyud i fisufaiuilisuysalnntein

'unn'ﬂmlauwsxqmﬁmﬂﬁﬂﬂuﬁaqﬁﬂmnﬂumﬁ’i'ﬁ’mqnuﬁ‘mﬂ'ﬁqnﬁ'm
anaaanifiang A uaz Was A 1‘1njmnLﬁ'ﬂLﬁau.a:HﬂTmﬁwmﬁmﬂuﬁﬂﬁ'fﬂﬂﬁ
TFwddsAnsasanawinmiwusaiuiiGeasdluded

vhoga drwidrvensuseunszgmbatunsen ua:mwﬁﬂﬁ’amnﬁm e
siumyutswiaua:iatlansenin amewinmiiwifariuildiiagaasdand



qsUYy

UNARL DNV oo

UNARLANIWINING W

e

TIARATTTTULTEIT I ceeseeeeeeeesrsesesssesssessssnsens R ———

S b Y13 I\ |1 P————
S PV 13117 e TSR

-
*
*
-
*
*
H
*
.
.
*
£
.
"
"
"
*
*
.

2. NMIATIReNATI.........

wnnsybasife ot SPRRRRRLE LA 2o b e = o PSR - 5

b L3 il 3 azw = usa e
3. mqqﬂmm (TR T8 e TR 5 (- W TRTR TS o b o T TR prr— 29

g i L R - "V ——— et 37

5. AT AN INARDD e,

U 71

6. MTUNAMINARDIUBETOLRUBUME covvooevcesessassssssisre s ssssssssesseeees 81
e 11T r 1 o R e B

TP PP T 85

T I A s o e v e v v § Ml wn n n m o 19 i ey sttt sy s e 91



o
TN

10

11

8ISUANTN

VSN oM TaglaaIWABUAEHEINAI G VBIRTD..ooeeeeevere s
&
anumunTalumMIHaaew il uagIaaIUAUYDY Acrophialophora sp.usz

B o
moviuEnaefldanniInany Acrophialophora sp. FIUAS
AT NI UM, seeeeessses sttt s s ess e s ene s eee s

anurunsnlumskdsewlsfisagaaindurssmeiuinasildanms
viulpmevintlaslduassaanlilonn douuazndammarauay
Bl T T B Y = e
ﬂ*:raumm‘m'lummﬁmau"l-nﬁwaﬁmm?uﬁw 04 Acrophialophora sp. WAz
suiuinmef ldnmsnang dcrophialophora sp. 18 NTG. .ccccsvscess
7" unit of enzyme odlon lellanaassgalundazasdisznannas
Acrophialophora  sp. mnﬁuﬁﬁaﬁuw:muﬁuﬁnmuﬁ‘lﬁ%’um‘:ﬂi’uﬂ‘gamu
TS A T TR R T T e LT SO
anusansnlumskaaowllimagiasiudues UVI0-02 uszaewug

5 o
ﬂﬂ"‘lﬂﬁ\lﬁﬁﬂﬂﬁﬁ‘mﬂﬁﬂ UVI0-02 871838 NTG. ..o

"

il z L -
17374 ﬁ"lﬂ"l'fﬂh-l.ﬂ'ﬁ‘:ﬂﬂﬁ Lﬂu1'ﬁﬁ1.‘]fﬂﬂlﬂﬂ"lmﬁl“‘ﬁ B84 UV10-07 WazEEWNT

NAUATFNNNENAY UVI0-07 G188 NTG..oosoeeeeeeseeeeeee e ceensse e
1 unit of enzyme Yool T TAGIARUARZEIALITEN augaqﬂﬁﬁﬁm'lﬁmn
ﬂ”l!jﬁu‘t_l::ﬂﬂﬂﬂﬁﬂ%ﬂﬂ‘{ﬂiﬁ‘ﬁﬂﬂﬁﬁﬂﬂﬂ#ﬂ 397 Weunu Acraphialophora sp.
Wae Trichoderma reesei QM9414'luLLﬁiﬂ:aha‘s:u:nm'lum‘nﬁ'umga,,..,.

71 unit of enzyme Ba3LaWLT exoglucanase Aindaldan UV10-14 fipadae
WWBIATTUBWANI ..ot
#1 unit of enzyme V831 exoglucanase NG lda N UV10-14 MAnelay
19 CMC AR IR T T UOUAR TIITTUIN F.ovoooooooeseeeeeneseneessseess s

i = ol ar =
# unit of enzyme B0l exoglucanase IHAA 167N UV10-14 A 1ABadan

unas ulanaudna g

Y]

40

42

48

51

52

58

65

66

67



o
ATTTHIN

12

13

14

15

16

17

18

19

FITUYAITN (68)

#1 unit of enzyme a3Lawl sl exoglucanase AN AN UV10-14 Midnalan
1% ammonium sulphate (Euunsalulasiaufanudutudng 9. e,
#1 unit of enzyme vadlowlaal exoglucanase AINGA1#3 N UV10-14 Aidnalnn
1Fuen pH G:z.lﬁuc-mq ......................................................................................
@7 unit of enzyme 2210w 13 exoglucanase ANAA'ldN UV10-14 A paf
UL ... BRI ooty nssss s soanmanens
mﬁmﬂ:ﬁﬁhﬁ-ﬂuLurJs"dmuﬁf:|'mﬂ'1m?n'l.unwmﬁmmuhﬁmamaﬂ%uﬁu
W89 Acrophialophora sp. Lhﬂf:ﬂ’”lﬂﬁwfﬂﬂﬁﬂﬁﬁﬂi’:ﬁﬂ%ﬂﬁﬂ‘lﬁﬂﬂmﬁEilmul'liﬁ
l‘iﬂ‘ﬁkﬂﬂ%ﬁﬁuﬂdn'ﬁﬁ Acrophialophora sp. ﬁiﬁmnnﬂﬁ'ﬂ%’uﬂgu seuilanly
L AT Y TR U
mﬁmﬂ:ﬁﬁ'ﬁﬁﬁﬂ;Ju.ﬂﬁ*ﬂﬁquﬂqwmmmlum?mﬁmw‘l-ﬂﬁLﬁﬂﬁLﬁﬂ%uﬁu
W8 Acrophialophora sp. u.a:ﬁﬂﬂﬁuﬁﬂmﬂ#ﬁﬂ?zﬁﬂ%mﬂlummﬁmau‘l-nﬁ
LTRRLA AU UGN derophialophora sp. AldnMsULpameRuaeld
mﬁLﬁﬁ::ﬁﬁiﬂﬂ-fﬂuu.'ds*ﬂ:?-:mmmmuﬂmlumm’ﬁﬁmuhﬂﬁﬁ@.ﬁﬁ%‘uﬁu
Y83 Acrophialophora sp. uﬂ:saww"u-q’nmuﬁi‘:ﬂszﬁﬂ%mﬂummﬁmmu"l-ﬁﬁ
\IAQUAETUAUGININ Acrophialophora sp. ﬁ'lﬁmnnﬁﬂ%mﬂqam pwuilanly

LEIBanT L laEahuAy NIG

MFUATIERAIAINNLTUSIU unit of enzyme 188U exoglucanase NHAR

¥aananeufnans UV10-14 1ua1m12gas production Hilunasnfuau

= . ) ul
MFIATIERAYA9I3LI5159Y unit of enzyme 1891911137 exoglucanase NUARM

Iananuiugnans UV10-14 1us1m1sgms production #11 CMC iHluunds
- woow
mivauna MU 9

..............................................................................

wih

68

69

70

102

102

103

103

103



o
AN

20

21

22

23

AISUTANTN (d0)

MFAATIEIANAI UL TIU unit of enzyme 18D exoglucanase NHER

IfananeRugnane Uvi0-14 lueunsgas production filuuaslulasian

N13LATIETAIA9INLL T unit of ENZyme aadLailasl exoglucanase findn
Idananefugnane UV10-14 Tuamnsgas production HluanTufloudaa
- . =l I

TR R OB T RIS T R PTG 11T, K eSS

MMFIATIZTAIA13UU 79U unit of enzyme 18918 15T exoglucanase NNAR
THannaneRugnant UV10-14 18 M1 AT production NUFUAT pH 1Tud U
Ll A VAV L NINON W e

= - ) - & .

NNFAATIENAIATHLLTUS9U unit of enzyme TB918U T3] exoglucanase NHAR

a . a o a A =
W naneiugnane UV10-14 e mnsgms production Miniangmn

T LT

104

104

104

105



-l
ITTWM

o =1 on o L2

=]

10

11

12

13

14

15

16

ssU AN

. E . 4
ummqn"lmﬂm'mmwmﬁ'umﬂumﬂgﬂﬂs ....................................................

n) gaslassaduluansveasaglas
) ansoemsdaidosdruosluanana LAl agIag. e
G G R L L T LT T T

Tuenauaalnfin .. L e

thymine-thymine-cyclobutane dimer filAaanmsanpdussdanslloaa...
MITONUTY thymine dimer 108NTTUARMTARBIIFUReenreeeeeeeeeeeeeee
L LT T Tl LT 1 TS
FATIATIRFNTIANAYEI NTG oo seesessesseasensnaseseeeneos
msdamgdafaliiviuanniudadannmssmihbiiiamsnansdens

L%EIT'I ACropRialOp RO oI i ssaestntstosesntebtaysassursasssssnnnnssssiisassnsnannasaasas snnnnaann AR ER R
r- - 5 § B A w
@1 unit of enzyme 'naaLau‘l-wmagmﬂgaqmuﬁﬂ:au dusznaufindalaan
» - e e AW weas "

Acrophialophora sp. muwm;maauuﬂ:muwuqnmﬂﬂ'lﬂmm':ﬂ'mﬂ‘{mﬁu

WUTTATFUSITRATI LB i
' A & P - a Fal w
7 unit of enzyme 20318 |3 exoglucanase ag@finGa I mmnenoWuinls

TunmsuBoufieu uﬂ:rﬂuwuﬁnmﬂﬂﬁﬂqmﬂﬂwﬂjﬂﬂmﬂm 353

11111111111

1 unit of enzyme VB 3La L] endoglucanase gagafinGaldvinnnanaRugn
IlumsuBoudion weneiugnmofiafigefitiingldenms 355.....

@1 unit of enzyme VBILOW LTI P-glucosidase goqﬂﬁnﬁﬂﬁ’mnqnmﬂﬂhﬁi
Iunsufeudioy wsenoiuinaofiafigafiiudgeldnnms 3 9. .........
AN unit of enzyme va1an leflangiasudazasdsznaugegafindaldan
Trichoderma reesei QM9414 AALITAGUNDS 30 DITNBABF..orvrrorrvreeen

o . ¥ o
#1 unit of enzyme V8318w 18] exoglucanase findaldan UVI0-14 1RBId
PRIATTUDUAT Guoreoooeecereeescessssesessessssssssesssessssssessssssssssesssssessesssssssansesases

10
11

17

18
19

29

49

61

62

63

65



mwd

17

18

19

20

21

22

FTLTLAN (d0)

i . o W o e

#1 unit of enzyme Y2 91aW 1] exoglucanase AnGaldan UV10-14 MAvalas
A J b b i

14 eMe luwundsefuanfinnuidududns g

; . - S
@1 unit of enzyme Ba3tawlml exoglucanase AnAA1FN UV10-14 MiRpade
unas wlasiaude g

L) . J - i :
@1 unit of enzyme WUaILaW 1] exoglucanase AiNAA 16N UV10-14 Aildoslay

o * Ld i .J A - i
14 ammonium sulphate (Thuunaslulasaufianudududrs g

r * J L o i ;

#7 unit of enzyme Va31a% L3 exoglucanase NHAA L991n UV10-14 Aiduslay
USURN PH LU UAN G eesssossssmmsssssressmsseeseesssssssssssseseessessssemmensees
' - " A A B j =
71 unit of enzyme UB 38U 13} exoglucanase AnAa'ldaan UVI0-14 AGoaf
gunpiidg g

.....................................................................................................

NITHINAIRUIATIT Mo nisseesisssssans s

A

66

67

63

69

101



o
unn 1

un#

waglamiludmsznaumdnvasrinwadlufisuasiwmesznaudunidng
mnﬁ'qn'lﬂan (Fogarty, 1983) lauwuiilunneg "1'|Lﬂﬁﬁiﬂﬁzgnﬁﬂﬁﬂnﬂuﬂmmﬁm
wfina 10° Alandy  (Ame  uazeniz, 1996) Sodulddusaglamiuunds
nivensrmaundmilmaniilsudadensuan il s idwailuszozomsudud
'lur_q'ﬁﬁgﬁ (Kuhad Kumar W8 Singh, 1994) r‘ﬁmuﬁmﬂﬁuu'[umqaﬂ-i’u-ﬂ’auﬂammg'[aﬂ
'lﬁlﬂunﬁﬂﬁmﬁqmﬁwﬁai‘lmanﬂnar ﬁ'mi"Junﬁmﬁmﬁﬁﬁm’mnmuua:ﬂqmﬁﬂaﬂ%
elugasmnTsy et Wsiiummdulumsudouesnesed  Tusduioed
e handiu mmdunid ofFme emsaniusziadlineieg Telasdmnaziom
PTWAN (Goksoyr W8z Eriksen, 1980) iiludu sausaslunmwi 1. mstiapaauiaglag
'lﬁlﬂufnmqmﬁ'm'] wu foaitsslfiewlllumehu i cmannandirfieldemed iz
ﬂﬁﬁmﬁlﬁﬂﬁu‘lﬂﬁanwuw IdnRnfue iU TN uss idatRe lidsnansznude

§IWIANDY (Kuhad Kumar U&= Singh, 1994)

wraalas

4

HMnT IR RDREaR s e inIoweu el

4

nalad
o
BINTING HmnTzuawms | |dwnmuawnan| | dmnsuaums gwIaRd
i al
MR wissuwdsilan
qﬁmﬁﬁ
- - - -
mnail nnpziiln Tisfwaadifm
snlfEue
ol

& -
LHELWERY SR

M 1. wwamnskdasnsassuiiilwssslas (Raimo, 1990)



wnlofimagaminszunewlnfidudoulsznsudmenlminadyataios 3
Hiai9IuIIunU Ao exoglucanase 138  cellobiohydrolase 38  P-1,4-glucan
cellobiohydrolase (EC. 3.2.1.91) ﬁwﬁ'ﬁﬁﬂﬂﬂﬁmm-ﬂﬂﬁfﬂﬂ Taodhdafinuse p-1,4-
glycosidic 9MNUABFM non-reducing WinAaAmigahoihusalalulasuaznglaauns
4 TAANT0IRD endoglucanase Wia P-1,4-glucan glucanchydrolase (EC. 3.2.1.4) i
ﬁﬂﬂﬂammﬁmg'iﬂﬂ Taodrdaiwuss B-1,4-glycosidic Tugmiiilu amorphous Tapazidh
aavuszadngy  ldndadusigarhonanidwralalulosuazldnglasaunedmu uas
woulmiviiagarnofe B-glucosidase 3o cellobiase (EC.3.2.1.21) vmifigsssanoisls
lules ldnfarimrigareiunglos Rys waz Mandels, 1980)

qﬁun’%ﬁﬁmu'ﬂﬁﬂﬁauuﬁﬁﬁu Bad wasm mwsneAaeulrdioagesld e
gusssafidny lunmldionlsfisagiasdosamoiraglaaife  dunulumsndaenld
\IRgLaRADUT19§9 (Kubad Kumar Uas Singh 1994) mu‘lﬁﬁvﬂagmsﬁﬁ'ﬂ%ﬂ%ﬂ%qﬁmfu
AR \NTOT Trichoderma reesei Fatpulgmuumine olUgATIMNTIN wAWuuNY
fzldnglamdundasmeman  nsvldiwalalulomiundnimefamlng  vofiilasn
ynanuswsnlunsuiaenled B-glucesidase v ladapuazlfiseimsdesaaudy
‘hﬁiﬂnﬂignﬁufﬁwwﬁmﬁmﬁqmﬁw (end-product inhibition) ﬁuﬁﬁagnﬁua’?ﬂﬁmnﬂna
Huea (Alberto Owen WRE D'Souza, 1991 ; Sterberge Vijayakumar W8 Reese, 1977) 77
mansnlumsrdaonlmiiangniusilfitenses 7. reeser maiisniuguasie
aﬂ'\aﬁ!ﬂun’ﬁﬁﬂﬂﬁ'ﬂiﬂﬂﬂiﬂuq'ﬂa"mnﬁu (Esterbauer Steiner W&% Labudova, 1991) @4
ﬁunﬂwwﬁuﬂfsﬁmuﬁuﬂw*j fiflssEmBamganamaun 7. reesei 30idudnms
i#anwilsfinaule (Jana Ghosh was Singh, 1994)

Acrophialophora  sp. Lﬂm‘gaﬂﬁ'ﬁ'ﬂLLun'Lﬁmnu"irmuJﬁnﬂﬂuﬂ'smﬁLmI (dgave
sisalana Perrine.) sansonanienlofisagaldlnlfnuiguansiylddfigunns 40
somuoaiden  Suihwdefidendrmuiauiaminzataiidamailuiavidelfluge
SIWNTIY (WILNW UMW, 2538) WA Acrophialophora  sp. Tiaausnldannsssumiu
wundianuliatosuasdssAnimwlumsniaewlodanas Wafuliidwaauwn
Toomlamfindnonmassmsnaaewlelld Tasdanldamsuacnmisiminzauda
mwTyuamIEnianauesgaunil  udmafiunaniadaditagninialasan
mmm‘lummi’*wnanﬁwaqqﬁuﬂiﬁ-‘ﬁugnﬂiuQuTﬂuﬁu (Sikyta, 1983) davudhdasns
Wnandaligsdun Jedfstiulqemeiulilidnonmddu  dufanslfudyeiud
mugumskdneuled Wennsondaeulofldgin Tasiinmmfudpiuidoiu 2
8lnnjq fa midadaiuuasnmInay (mutation) (Lloyd, 1986) TanUnfud33fiufRus



Finazdumssnih iiAanisnanslasnisldsduasasiad  iwnadudsmsnmladne
A [} ¥ L] L7 ﬂrﬂd 1 k2 ] 1 ]
'Lmuﬁ’auqamn \FodnlFanertan (Sikyta, 1983) HanNAGINLITINNINALaLNIe

o . . L ) - ' . o
\{i89 (continual genetic modification) 8199zBIIRIAPRIUNTENTUTEENTMIWAWAT
2 "
daInIgaanndelu (@3Ru plinus, 2527)
av &, 4 ar ~ ¢ . wal
st NIzweneulTU s eWuiuad  Acrophialophora  sp. Wianuy
. sl 'Y “ g v oa X ad A
mmmlummauamm&nag‘[aﬁ‘lmmu MumsrnildtiamInaensdn 3 95 fa M3
s o -9 s A A s -3 .
snildiAansnanusussdan Llawwandanuenindu 254 wlwuas mIsnui i
AANINAUAIBETILAN N-methyl-N'-nitro-N-nitrosoguanidine (NTG) uazm3zniiliie
L r-Y_N Lo - | L 7] a (] Qe L7 z r-1 Qe r-1
mMsnanuay 2 Funufemslfuassan lawmaunumsld NTG mntudenatian
o §Fdd ar o e ' -~ ] A =
eWuiniidnanwange IIMAFIUW IR FUAaNINAaLaw lrdidall iNawllu

e A) '

dayadugrudalflunmihlunawlslwdgasmnssy
s 3
Ingilsraea

P a w & wel :
\WarSulysmuwutuay  Acrophialophora sp.  Wdliamusmansalumstesaaie
ad - ' a 3 o gd o Y
iraglastuussnasaummMIsiminzandansndaenlodvasmeiuiiliud s
I k. ; dl o [ 1)
wallludayaugmnazih lutszyndldludigaamnsudaly

—
Usslarinarairezlasy

& Acrophialophora sp. mnﬁuﬁfﬁﬂ%’uﬂga ud? Ssddnunmwlumsnaaienladios
SIECIEES Lﬁaﬁﬁ‘lﬂi’lm‘ﬁeqmamn‘sw laggasludmvasmsandununisniausslal
deliiAatlymmenafisnuiineden ‘é'nﬁ‘:aﬂ"atﬂmt.mms'lunmﬂ‘é’uumw‘?ﬁ@lmoms
Lnﬂmuazmmﬁ'}mmﬂﬁagha 'I.ﬁ'l.iluwﬁﬂﬁmﬁﬁ'ﬁﬂmﬁﬂuﬁomrﬁmﬁ wonINHLITE
setlgminiazaurassszussaadunulunsidassslunwdey

PBULVAINWIVY

muﬁﬁ'ﬂﬁ‘lﬁ&jaﬁnmmsﬂ%’uﬂ‘;emﬁﬁufmaa Acrophialophora sp. l@g¥inmInany
v e = war ey a - cadd a & 4A4 X
MuE  saalusznslifidhuiunnell  lasmamaseuguan@idiiiaduiioiis
. P A v R
Acrophialophora sp. U%MW1T CMC agar lagiIouifisusmavadily ihalwnsudsdng
] o A e Qs o a = & a
mwlumsdassmoisaglasuasmoiuinliudldiumeiuiite snduddausnan

ar P =l E 4 = ar  ar f
FaSanomenleaing 3 components Bnass Fuflumsiadnumwlumsdessmeisaglas



[ L] aF .l - " s et 3 x‘ o =
atheaziBon uWibuifousswihsmeiuiiviunsldfumowudian sniuhaoiugi
s el [} J ] = i =
tugslduasldnonmwlunsdessaosaalasgefign smimazdieg ldun anuiiu
nia-aEudu gungdl sfleuazanaududuvosundinmiven slaussanududuvas
' wd a .
undalulanan imnzandemsndaewlolisagaadaly



=
uUnn 2
MMSAS291aNA1S
dauidsznaulwimadng

AnduwndmdnenasssumalssnmilsuinfionduanlFlalwilusosaman
i ae da y - - . r - s o
fu aenufirdaduundamsdszneudunidundslnginadgluewne  dudsznoundn
[ ] - - - .. ad
voIRT AU 1waglad (cellulose) tafiraglas (hemicellulose) uaz@niiu (lignin) Boiilu
i [ A a . - - - a & .
Fainafiuandaiulifuivriiousznasiieiod lavssimin g matnandn
dssnavvasNoriadia g m'l.*rﬂ.ﬁmm:ﬂuﬁumuuﬂﬂﬁlﬁﬂﬂ*i:Tumfgqqﬁl dududas
™ ] . ol - & .
nuansuslnsiaisvesfituaz Bunudwlszneudwg AiluiTinYg @8 (Inagaki

WAz Phillips, 1989)
iaRlad (cellulose)

waglamiudrwlsnauiifianniigalueadie womariieaduesfemnsia §
mihfitavinlifisilasseoudouss  desihimdiiimdunstn lazanwid
gonginduss liszmoludiariezmodmulng  ewladluhamouysdlimansodes
aaole wadvssTomllumsthofinnmnemmis (Maglione James usx Wilson, 1997) In
sysum@ar liwuieag laalugBaszuddnazwusiuiuiniiu waiiiaglan Ml (gum) NN
Taumu (pentosan) WnHAn (tannins) 'lusiu (lipid) uszE IO (colouring matter) (uen
(Cowling uaz Kirk, 1976)

anumslaaivveslmanaisaglag

waglamiumsUszneudssimmilulanse  (carbohydrate) Milulwdusnani-
154 (polysaccharide) Uszn aulydolaanavas &-nalag (D-glucose) luguiie-d-nglaln
T (B-D-glucopyranose) wantlutana 3o afwilulassairendognld udaclaana
Juiudiussnalad@in (glycosidic bond) TimTusuezasuduniefl 1 Ausdueu
pzapudhumion 4 vasluanadall asenmalansenda (hydroxyl group.-OH) 189

L] .4 Il - al L =) J‘| L") Lo
ASUORAIALIN 1 ag'lua’iwuumum (beta) SaFTonWusEiti Wuszid-1.4 Tnale



i (B-14 glycosidic bond) lasUuuvysansiadossvasmios d-ngles asaglu
ﬁ'nwnmgihﬁﬂg (chair-form) LLﬂ'ﬂ=H"I'.'_I'llEl-ut"]iEEIﬂEﬁl:l%ﬂuﬁﬂﬁuﬁﬁﬂﬁuﬁ:1ﬂIﬂTLiu s
Fosmvasluanawaglasianwmaiumduasyliduusdon wuiﬂﬂgm‘smﬂﬁ'ﬂﬂﬁa
{CH,0)-, \{ia n ﬁﬂﬁﬂu‘mﬁmummﬁ-nﬂ'[ﬂﬁﬁmuﬂﬁﬂ's:nauﬁ'mﬂu'[mm'?ﬂa U
mi.'m-naaﬁ—ng'[ﬂﬁ‘l'u.mumagiﬂﬁ"lzimmmﬂﬂuﬂﬂmuﬁ w3 ler uddszananlddndaadl
s mauann asue 15 19 14,000 wiiag (Cowling Waz Kirk, 1976) udilasialuazwy
Wwiuegf 3,000 wiag fiminTaanadaud 50,000 9 2,500,000 (Norkrans, 1967) (MW
2.)

n.)
H  OH ® ch,0H
HO ® 0
OH H 3 H H H )
H H 0+ OH H
o] ©)] @
CH,OH = H OH _In-2 CH,OH
NONREDUCING REDUCING
END GROUP END GROUP
.

. fu:%\vﬁf _ =

"]
mwi 2. n) gaslasadulaanavasisaglas

v.) anwasmssaiusdasluananglealwaaglas

nnguanialumsszmolumsaeaolodonlsesenladueaisaglas - s
wissiiavassaglasamadinmmiszanlaiy 3 ofia fe

- waavh-toag [ad (o-cellulose) ﬁamﬂﬁ‘[ﬂﬁﬁ‘lﬂﬂ:mu'lumia:mﬂ-mﬁ pa'la-
avonlodduin 17.5 wefidud faomaniivas

- fid-1waglas (B-cellulose) Aaiwaglaafiazartldlumsazalmdvalaasan

i = i
Toduiutn 17.5 iwafidue fignpiiies wssswsnanaznauldiulusmsasanaid
smwiilunsa



- unuain-Lmaglag. (y-cellulose) fatraglasfissawldlumacaulmdon’le-
ason lodutu 17.5 wWadidud figngiives Tasazmwldlumsazaunsa ussaansn

anaznawlalasltuaanasad (Paturau, 1989)
Yianongagladlnizaiade 9

3 . P - o "y e & y
Snmwaswaglasludmdrs g vasfioun sxfiinndasuandranuwly duatiuh
[ a Ll L] ) A ] A .1 1 el
suilurrialauaziulnuesfis Medlinowsaglaainuluiivsiiod g duaas

Tuansnafi 1.

-l ; n -
o397 1. Hnosaglaslufvuazdind1o g vosis

pilafy FIUAY 9 TBINT Wanowraslaw
Govaslagiwin)

1172 WN&Y (hulls) 42
13 (straw) 30
dmlan e 18
W13 (straw) 40
Wnaw (hulls) 51
v AULRY (hay) 32
waan (hulls) 51
thals W4 (straw) 34
TIIUNRE W (straw) 40
F1alna i (stover) 36
9 {cobs) 28
fundes AUUNI (hay) 31
waan (hulls) 52
Ay wWaan (hulls) 49
the BIELLYRTED 60
wuly 91
§19% (stalks) 35
day Auun 42
W udae (bagasse) 48




- ' ]
a7 1. Wnousaglaslufivuasdandn g vaaks (de)

TiaNT HIUAN ¢ DR Banmaaglas
FovasTapimiin)
SR MnuWa 25
dudanari Fudamus 30 -
AnLLiuds 36

madesaatsasdiznauwaglaa

n'miaz.tﬁmuLﬂiﬁ@ﬁﬂﬂﬁanﬁ&ﬂi‘hmung'[ﬁﬂﬂﬁﬂm’nﬁ'u'lﬂmﬂqﬂmaamﬂﬂ'[ﬂﬁiﬁ
uR lflEIE}ﬂi.'tE]Uﬂ'ﬂ"ll.lEIEi“h'.lﬁ!-ﬂil‘ﬂﬁﬂﬁﬂﬁm'iﬁl'lLﬁﬂ%ﬂ'ﬁ]:ﬂLﬁmﬁﬁﬂLﬁﬂ‘]ﬁ‘ﬂﬂﬁ‘[ﬂﬁ WAT
fﬂ:m'ﬂHﬂﬂﬂﬂtﬁﬂ%ﬂiﬁsnwrﬁﬁﬁmﬁmﬁﬁlﬁﬂﬁmzﬂiznﬂﬂﬂﬁm nglag walalules
uasladlnusanlsdaiiadng g mateuisaglasmansoinld 2 38lngl g fia

1. MIH8AIBFE1TIAN (chemical hydrolysis) iTumTtinadnsriasaionia
wiamsazaudn faanfeUfisemaiaeiusslnaleddn ssniemfuauduned
1 uaanian (oxygen) Smidasifindiuathemuysolesldihmaluianaifiss da ngla

mitasdmsanalimaunsouthlaiiiy 2 5% fe

1.1 MsHaduNT@ (acid hydrolysis) Wil ldiilu 2 nszuumsfa

- nrzvawniwuulalyBifies (homogeneous process) WunTELIUMTALE
nIaur 1w n3alalasnagIn (hydrochloric acid) MIONIATAWIN (sulfuric acid) HARA T
Iimlngfishaanglas  willdaiReedasiinmuennsaflfaansmiraraiawily
181 uaxmsqniawmm’%aaﬂa
- NTAAUMITUULLEMaLTTlUE (heterogeneous process) LHWNTEUIRMTA

Inseathasewrinlfisenfigumniigenin 180 ssruwaidus wanssenarldivaglaad
gansiilassaiduduloag

1.2 M3BLAIAI (alkaline hydrolysis) mazaenieuls Aemvasawlmdny
laavanlodi@orn whidwlasziin (ethylene diamime) uszusnluiiis (ammonia) 1ilwueu
mildmarmeaalumsdon ssibimevasiniuoamlsdruss TaoufismiliAadu
1ﬁ'ﬂqmuqﬁgaﬂnmm 160 - 180 pamumaLiys uazdsdldoandiawdriwlulfizoams
HLHURH]

ﬂtuwmaan'm.'tErunmm'huar'mﬂﬂtfuﬁu'huﬁﬂﬁﬁ'imwﬁﬂ%uﬁawﬂ"mh fin
tszanm 1520 wifi udfidTfywiwnang 1w gunsalflddemudannandunia-dogs
Fofimmdowioums UFiTennafitmisuiindadlignmgiigs Sadaaudldinlu




. . ' @ a & ) Y Y , A A a X
§auTaInaNUdaut gy Bnninsdeasamadismaaiimeldnnasuiinglasiiialu
J P Q@ :i ] =3 =3 = dl A 1
vwsmezliisenunsenldlumsdessais  iadussdsznausiiedunlidasnns
[ a - ar A)
LTU Lﬂafiﬁ'iﬂ (furfural) Lm:"lam‘sanﬂ‘ﬁ'tammwa%ﬂm (hydroxy methyl furfural) #anaIni

=l e = oo e ] A Q- e 9 s =l e
muafifimusaifedjitonuassznavdudwniuisaglasldaas duifeUfitem
mitissamadimafiazianudnmzianzal (specific) diaglasdn (Blazej Kosik
LR Spilda, 1990)

1 . . (e a d da
2. nMstaaalatawlysd (enzymatic hydrolysis) tawlodiflulusdusfianiieanas
- o & P @ v A . aan 3 € o ' o ao P
1§ FAaadn9du LNavnminfise (catalyst) URATeNMelwerss towladilludausjisend
a A o o ) aaa o )
fihszfmEawgs lunmzmahnufimanzanszeusaial §izeldiing 10%-10" i
2 ] a aaa = vt & & o v & 6 o ol o
Warfisunudfiseni lifiiewladifiuaase wennniewladiilianuduw:
Rzl ¢ o aaa = i £ L0y a e gdl va
(specificity) AOFUFLAIN (substrate) IuUHNTemie 9 tiuu vldnfadmsinladiana
a o, '3 @ A & a dda sl &
U3gnTgs widienlafazgnaiuszatmeluiwasvas&alidia (invivo) udfisann
snmsananlFnuldisuiduiiioagmeluwsas (Prescott Waz Dunn, 1959)
TastawlofAlsluufidmnsdenagloaine ewlafioagias (cellulase) B
' ' o & " " i o
daulngjazldnnizen (fung) uazuuafiiFe (bacteria) Madassmpdmotaulsdisagias
= A o L) B 1
dhidtndanadunznzasahieulodisagiasiuassznauisaglasadnaunn
lagazlirnfitentumsduiluandas failildhaanglasidauthanignt naln
1 & o -3 ] o =I =] Adnal -9 =3 _ &
madesamenduinllagnetng  lunmzfganglundnaiidiamansanigidulald
A S A = J 1] W 1 ) -2 . 2/
Ujfsenifedud liguusiuazlidssnsamanilunsa-dvadiuss  Soliduiudedls
A ] a ¥ d a A Qe 1o = - - a' o =
mausAfiananumusanisnanseuuazidads livibiiRausRunufunadausn
Cpld

LA g'l:aa (hemicellulose)

LaﬁLﬂ:mgiamﬂu‘a‘uﬂ%z‘lmsﬁwumnLﬂué'uﬁ'uﬁﬁaﬁaammmﬁnagTaa fanwoue
\Huwadiwed (polymer) vaniaainulas (pentose) (Robinson, 1977) Hygmunniiiu -
luan (D-xylan) Alsznavdasiraalolas (xylose) nane 9 luianadanudswusz -
1, 4-lnaladdn dusaslumnd 3. moweiwaivanafisaglasdanwuiiwaninails
ilos TasdsznaudisInduasaan lsdnanosfiaUuiu (Ericksson Blanchette W8z Ander,
1990) 'loun

- iwulaumy (pentosan) saulwajifulouanuazozsuun (araban) Watiludasas

o ¥ a = da P~ '
1avhana lalaguazaslug (arabinose) louswdussndlagluatioaglasannninas
ol
AU



10

- 1onlwuew (hexosan) MM QLIMUNKULY (mannan) NUAALAY (galactan)
WRENQUAY (glucan) ANFIAL

- TnaglsTud (polyuronides) druunilumssznavvasnsalndylsfia
(polyuronic acid) wazywunIaylsfia (uronic acid) Uuagdan Nidyfaianglsia
(hexuromic acid) 15w fid1-A-ngalsiia (B-D-glucuronic) uaz Ddr-A-unnylsdia (3-D-
mammuronic) 1WA

Hauandvvassiisaglasiueaglesfio mowafiwefvasalisaglas §
anwnsiufsfmaannniusslonummesnewefivefiunh  lasferwom

Uszunme 40 wiapnglag (Kirk, 1983)

H H
H 0 H 0
H o
H OH H \
H ]| CH H 0QA:
0
0
i
tH H OH H
CHO HOH.C H
H OH H OH

i 3. gaslesaadrevesiad 88188 (Ericksson, Blanchette 8% Ander, 1990)
@niiu (lignin)

Wuamsznaufiflayluftrsessanvnimsglasusziofiosglas  wuldludom
TR TUTIFOIUAE middle lamella maqﬁwﬁ;ugaﬁq gymnosperm WRAZ angiosperms fern
UAY club moss HONANTEINUINEIMYBS vascular tissue uAANTWlIWLIUATHAN mosses
lichens W8S algae Tﬂﬂluﬁ'ﬂﬁéauagﬁzﬁﬁnﬁmﬂﬂmﬁnﬂau uszaziuiuFe 9 ilafiwud
Ju anfiugndnareflasnszuiumsiidoniy lignification Tasluianavasdinfivazunsn
agflutaa TN cellulose fibrils uszapusdadivnaglaw anfiuinuludmanty
mnﬁazﬂw1I’aﬁtaﬂamn'n:i']aaﬁ’unmﬁ'ﬂﬁﬂmﬂ-ﬂmqﬁuﬂ?ﬁ TnsasFovesdniiu 1
sUsznavaslsinGn (aromatic compound) vIaFonduilu HludnweRiwes (phenolic
polymer) TaulinianAfialnaiwu (phenylpropane unit (396 UUUUEY (random) fivda
#Wuoa (phenol unit) 919 LluMBlada (guaiacyl) wIolTTune (syringyl) Aauanslumnd 4.
'ﬁ?‘hu.ﬁ'J,iﬂnaﬁﬂﬂuﬁ:ﬂﬁ’wﬂﬂmaqﬂﬁnﬁu n'ﬁaLﬁﬂn'm"ﬁauﬁm:ﬁi"lﬂmﬁqaﬁﬂﬂ*ﬁunu

1 i & s A = A ) - ~ e
Tlumheiuea  orafedusziuefuoulusnmiboniemelumenediwa$fdssnauiy



11

duluanadniiu ildEnduiilasesdrofiudouse liacsanh wdsansaazawldluim
- - i -l

dazapduniduisiia 1w Tuensuaanialun uan (methanol) Niau uszlums

azanolodsylansenled (Ericksson, Blanchette WaS Ander, 1990)

o
CHa0-L-CHaCH oH
HC=0 =

HOGCH,
HE 3
I 1
HG—0 CH.
B e 6 F
ﬂ_““?i H‘I:_
|corbamyarere]-o-o c-0 @
3 % A Rz
[ OH
H;'CQH;
OH oM [o-¢] Ry Ags Hi p=coumary alcohel

Ry =OCHy Ry H: conileryl alkcobol
Ry Ay OCHy: sinapyl slcahal

=l a
N 4. Iulﬂf}ﬂﬂﬂﬁﬁﬂﬁh (Kirk uaz Farrell, 1987)

onlmlianiad (cellulase)

mydnsmahomaesewlsissgaaduimied a.a. 1950 Tasaunfgiuves
Reese UATATAT AIRUMS

Cellulose —T-—b Reactive cellulose —T-———h Cellobiose —-—T-—b- Glucose
C, f-glucosidase

e o ' a
sunAguigaliiduh waglasgndesdaoewle] ¢, TWAadu reactive
cellulose dannanlm] ¢, flazdavamvawinfimaglasfitheanmstassaeues ¢, 1w

naoihuaalalules  MamuefiihujiffifielumoseniadussefunidSomansn

avimeulddsnszriummatuedl  linnuihewlslissgesdsznanlde c
a & e w

war €, nasnnuwaalalulesgaiinluanauwnadnazdudwmadnasdid il wnad
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paagiunid uaziawladiidn-nglading (B-glucosidase) axtovimalalulalinauiuib
aanglawea 11

lunmdenn lafimsainwuewlodiasguaafingaldain Trichoderma viride wuh
pastaznavusazsulWrafiuanad e nauaRgmuas  Reese  URzAmz  Aawui
wuled ¢, sadhvilfiSomumaglas mn-lfunﬁﬂﬁmﬂﬁtﬁa%m:g}nﬂauﬂmuﬁanﬁ’w
el ¢, wazfiwuhmahemsssewlodezgndutsdnndeimeigeiofiiedn
Touawlesd p-glueosidase azpndudimahamudaunglaanon Mliifamsazauvesian
Talulaatu dawalaluleath-lududimsdnansiiawled ¢ uas ¢, daly (Bricksson
Blanchette WAz Ander, 1990)

asddsznaudas LHH‘I'HﬂLﬁ'ﬂg T

a A '
mnmsAnssuesewlefissgeafinialdnngen  wuitewlfiwagies
P § & .
dwewloindatumoluassranfudd  mnuwesdaaddaseananmenanivad

(extracellular enzyme) uanmnﬁﬁ’awuimau‘lﬂlﬁmﬁgmaLﬂmau‘lmﬁﬁﬁumunaﬁﬂs:nﬂu
(multicomponent enzyme) lavasiiasdsznavvasiawlodonaias 3 o vinewmiwnu
faiifin (Beldman LAZATLE, 1987)

- Exoglucanase W32 cellobiohydrolase W38 1,4-B-D-glucan cellobiohydrolase
(EC.3.2.1.91) ¥imihildas ﬁﬁﬂulﬁﬂﬁIﬂﬁIﬂﬂﬁﬂﬁﬁuﬁ: B-1,4-glucosidic 9MNUA8F M non-
reducing loiwwalalulaauaznglasnsdm

- Endoglucanase 138 1,4-B-D-glucan 4-glucanohydrolase (EC.3.2.1.4) Ynwiifitian
spiaglaslandnfiiuss B-1,4-glucosidic Tuduiiilu amorphous Tasasidhdariug:
anvgy Idialalulembunfadueindnuacldnglasbuinedm

- B-glucosidase W30 B-D-glucoside glucohydrolase W38 cellobiase (EC.3.2.1.21) ¥h

"y e
winfdasamoiaalalulaauss cello-oligosaccarides TWiMmilunglaa (Fogarty, 1983)
winldhnmadessmossglaslasewloliragaslildniaiusigarhoiu

x L") LT [l - an
n;&'[ﬂﬂuu AosanAumIiinuiunusenouladathiion 3 v

amantiAnasanlulinagiad

iﬂnn"rjﬁnmﬁﬂﬁﬂﬁrﬁwﬂqmu'l-nﬁunﬂﬁmﬂ wuingsgasiiiu  glycoprotein
L al Lo W ] i g Lo
Usznaudinlustiuuazanslulomraludamaiu 1 de 1 uﬁwun'{umqﬂﬂ'::mm 30,000

L™ ol Hi A [ N J
fl9 60,000 aad Hamsuidlumsszaohldd laidaams co-factor wWinlanzing lu
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s e o - [ = il = =l
msgwhU iz lasmliewlsdwagaainialdnngsund sxligumplinmunzay
il e - - 5 [ 7 Y .: L3
Tumsvew Uszunm 50 asmwaidos UNLIRYRUNIENUTDULNITUR wonI N Lo
ARIRFIITAUAIIUADRUIANTFY nudannuiunTa-a19 (pH) Tugranhalszano
4.0-80 uszAINUGDEIAL oA sumaiuinssumanIafiviasmaiidni o uas
4.0 ssmLmalteR ouramatnt) wianulaedT freeze dry winasnaznausmoazdlau
ﬁﬂLﬂﬂmuﬂﬂ1ﬁﬁﬁﬂ1ﬁgmL§ﬂﬂmﬂuu"ﬁ (Ryu W8T Mandels, 1980) atnalsiaauian ol

rll i, n 0 - L ¥ T 0 B L

wagiaafinda ldamnyRuniddsiianudensslgmaniadns 9 uandiulids

msnssgunasmsiudomsriemasonled

lasmluausmlngondhlvinesglsmiludnmzduenlodssganfisisia
= ' - ol M ™ | ¥ Wb e [ B me w‘:- al '
\AE" u.ﬂmiﬂﬁfﬂmﬂumm’luﬂ:n'mﬂ'm'lumm-muw'smuummﬂmm‘lﬂ'lﬂ aatudaly
ﬁﬂﬂ:ﬂﬂ‘l‘ff’tﬂuminﬁﬁumiﬂ'}'"lal.*nﬂn;mﬂ“lﬁ wawUEIaaaul IS uay 1y na
CHELEE gFlaplalp Rl MY Lnﬂn'nﬁ'm'ﬂﬂgmﬂ‘lﬁ uanamnuuiissaduisuso
nszﬁ’unwai’wuﬁagmﬁ‘lﬁﬁﬁﬂ URala® (lactose) EAEY (salicin) toalalulos waz lava
Ts (sophorose: 2-0-D-gluco-pyranosyl-D-glucose) nnmsnaaasnud Tavalse @aanséa
; § J i J- W [ - b -
uawﬂuagnung}'[ﬁ ahfialusznnanstooranouila) E*.“"Il..l"l‘iﬂﬂﬁ:ﬁﬁ“ﬂ"ﬁﬂ"ﬁ’ldl‘ﬁﬂﬁmﬁqﬂ
. [ ] - " L "t - J e s -
aninaoalalulosia 200 win !.L'HlthM'iiﬂ'zﬂvlﬂ"l"]‘['ﬁﬂﬂ‘[ﬁ'ﬁnﬁ‘]umuﬂBdﬂﬂﬂ"l‘iﬂ“&"‘ldL"ﬁﬂE

- P | - o -t -

\RF I UTTIUTG l.w'nzmvm:a:fuﬂmm'i'l'a\:mum‘smal.'naﬁmﬁ‘lumummuuﬂm-ﬁﬂa‘lu
Ta® (Mandels, 1960)

FWMTUMIIUEIMIATuaszuLLaw Lo VIRGIAEUW  SpNdUIRIoLEIm

o ol A & a Xa - o B oA a &
YDIFVSHARN A NLANUINTUAINRD B-glucosidase 'i]:gnnuuamuﬁmmng'{ﬂﬁmwwu
i - = \ v e - . - o o al
uazsanatutIatadaiiies Aevin i luszuuinsezsvueaasla lulasfiviu Taufiis-
| e oas - i e
Talulamezifludrduganssanmefiowlsd endoglucanase URz exoglucanase #o'l1) vinlw
- - e olom X o ]
fnmsdanmeiiewlnilosss UfATnfieduisfsuszm qah*na;a (Siu URZ Reese,
;“' ol .J - L7 W
1953) “anNIMNULIUFITITNIN protein reactants niu halogens [‘lﬁm‘l Cl T BrB) Tﬂ‘HE
L i, L= z " e L] .
WIn Lm:ﬁmﬂmLmﬁamﬁﬁnnuuf.lamfﬁﬂﬁwmmu"l-nﬁmﬂgmﬂﬁ'imwnu wATHAv9
w b sl - P ad o . T
EI"'I"SEIULH'ﬂHHﬂHUEI-JTl":Tﬁ"lﬂ’lWllEldI.E‘vl‘l'imL'HﬂﬁI.ﬂHﬂﬂuﬂuﬁuﬂﬂlﬂﬂﬁ{lH'!I'lﬂﬂl-lﬂﬂl.ﬂ‘»ﬂ'ﬁﬂ
[ o - al & -

\RRLARAIY LTu ﬂﬁtﬂﬂ'ﬂﬂﬂmﬁ'u'ﬁ'u 0.034 1aTidud IuadugINTIRIwDsIow

J £ -
\RRIARTINEAIN  Cellulomonas sp. W0 15 119 50 11Jo35uUd (Prasertsan Uz Doelle,

, - o

1986) 1% Thermomonospora fusca WU Pb™ uge Hg' fianududu 1.0 mM fualums
- & T & 4 - ™
ﬂﬂﬂanﬂiﬁﬂmwmmu‘l-numnwaauﬂzunnmnumwm"lmmuaﬂ ethanol TAHAYINIA

1J1:E‘ﬂ%mﬂhmﬁﬁauﬂmmjmmu’lﬂﬁmngmﬂﬂﬂmﬁa 15 WofTud (Ferchak Uz Pye,
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= e
1983) &Ml Aspergillus terreus GTC 826 nglaafianuidudu 05 wafidud ndvilinalu
L o l't'
manssduliisanaiuonlodisaguesldd (Al uas Sayed, 1992)

M1IN&A1E (mutation)

femsiasuulasluddvuesusmislanaisvasmsiusnssulufsfidialifia
Tnnanmsssumatesdeli@@atug  wsemsAonulasfiiatuiacdassunsadne
naaluggmmamld Tasialuudansnaeiwhaduld 2 wy femanmufifaduas
AUTITUTIA (spontaneous mutation) Felaptnfudsiidanlumaniafideudredn faf
wouni 1 ludwaad wasmsnaofifaiilasainmsldansniin (induced mutation)

MENANEVNINATHIBIAIMNEITHNTIA

minmeiietwasmusssunais Senmmasdwldtasanniailomatat
ni 1 ludwssd 1a uml..ﬁq'uaqmﬂﬁﬂmmmu*’ﬂmaqmumswﬁfm AT
9N cosmic ray (ionizing radiation) W38LAA tautomeric shift VOILUXIUFIIAYVDI DNA 79
wwdafinsdanse’ DNA %u'lmjﬁa:tﬁﬁmﬁuﬂmm base luae DNA Aa'ly (Cess
Waz David, 1996)

m‘mmummqﬁuﬁﬁmumumﬁﬁu wuhiimuapulumaiaduldailae

L. qﬁuﬂ?ﬁﬁtﬂ%mﬂxﬂuﬂgluﬂizmnwaqqﬁuﬂ?ﬁxfuﬂamﬂﬁnumnﬁamﬁﬂn'ﬁ
nmﬂ'lﬂ"ﬂ'}ﬁluuﬂﬁ'wmm*xm‘irg (generation) miLﬁmﬁnm‘mmﬂ%ﬂﬁﬂ:tﬁmﬂuﬂﬁuﬂ?ﬁ
nanufieaeziiu sensitive mutant 7ladommiad) punninarljiue laverahvife

= = ol

m'mﬁnmaa-i;ﬁuﬂ%zﬂﬁ WInaNLNimiu resistant mutant AOVRUNTINABAFIVITONUNIR

4
-

danmzn g uszidesiunddnaomaiiinaindmon fandumsuemeiugues
whurddnanoliifuniu ildldgRurisnmelnifidemauailmianumudani:
A 9 e

2. lwtrsmasmaingdvlavesiurddiu wuihnnmeaaieinldluduaau
latunauniliszwinonmaeiy (gowth cycle) Talommvssmufiamanmuasdudy

b ™ e e & . }
MURTVBINTINERUE WnRadduaTisesmsveeiuilaness Tamaluns
) - azl J
damsnangnaziunaudie



d ‘ L [-] -
AINAIELRDIINAITNT NI IKLNANISNAY

iiasnnlanmavasmafiagdunidnanolassrumailonmi aawldiapun 39
fnslsasineliifiansnmets WarhltiAamaasuulsossfinanudvesmie
nINAe mmmumﬁ:tﬁﬂ"ﬂru'lﬁqnai:lwnaa DNA fiagluaiundd ngugoesmsifians
nauiilasnnasidniliAamsnaiufe

1. msrgsnihldiAamsnans v wewlsdvimuanaunsaulivieunier
Titfianau/aoundaedl active site Ynltowlmfiu g fuszanimwlumariuitedu

2. sranamblwiRansnasenaduailiiiensulfouusslu structural protein
W38 regulatory protein W38 functional RNA 1T tRNA #38 rRNA Uuarildifiannuie
WA LUNITZUIUMTUUSTWE (translation)

3. e liiien el g duueausdulugmans operator gene lu
Touloseudinsiaouurss #a%n active repressor protein Lisansnfessuiusudile
Tiinmsgaezd mRNA Tdeegaannune uedw

aruESelum i mutagenesis 1% e aqm‘ﬂﬁﬂﬁ':ﬂumwﬁm%aga WA ANz
Fmsunndn 1 silelumssnih wienFonih masmihldiiamsnaidn (repeated

mutation) (Aida WAL, 1973)

mM3InansAl8uasdans1lalatan (Ultraviolet light)

- J L L L Lo |

wsdaaT hilawadluwusantmibitfantsnane ‘I.unslmaamﬁm Tan

a mad E m ovm s AW, e — A @ ooaal e 0o
'na‘mmaanmumﬂmaﬁ'ﬁuﬂﬂ'luuﬂnm (nonionizing radiation) ﬁaLﬂu‘i’&Hﬂ‘luﬂﬂHlﬂﬂ

wd s L ") [ L ‘J L = L ") aad l:: ] J [
hza Indsrmalsaniisanuanale u.ﬂ=1.|mwmmm‘lum'mzslﬂ:ﬂ'mmmﬁ Tadu

-' L L A- - - Y e [l =
physical mutagen ﬂ'l'n'ﬁmh'luLnﬁmﬂiﬁmﬂﬂuﬂu’:ﬁﬂﬁmwga fouldiuatransvna
wzdouazazanlumssnib ifeam e laidluwedned  madenldtanalums
" ’ | al

AUUFY  TTHZWRNTINUREILFILAZA VT UIRILEIANaIMN:  FUafiRwmTansuLEs

o J e andl - J L " W L W
sans Lilawadawigilulalafiszmusnussiumafouulssldsietaon  viu

- N - il - J a

frlafvasruniriiavzvuall wiofuealalaftomudouudsaly wisarusunsnle
misarlafenesanossimIo lintseFase duau Safisubusidsa llowaunly
nuteng  Tasawizedwbalun aSuauliulameiut  (strain  development)  U&3
W ™ - o - . e - s o
aans Llawanduseinimwlumstmiliifiemsnes  deailwussdaa llowman
i e ) a4 € . B - i i .
UaauwaIUan N IUTNAMNETINRURUYIINY ADBETZWING 200-300 wluwuas ue

'F'I‘TII.I[I"I']'FIH“I.I.HGTIlﬂuﬂxﬂu‘luﬁ‘lﬂﬂﬁ’l‘lﬂLﬂﬁﬂ'\ﬁﬁ'ﬂ"lﬂjlﬂﬁﬂiifﬂ FATTARNTIUETIARY 2537
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wilwaas niuanueiniud DNA mmmﬂﬂnﬁuﬂﬁuuma.ﬁ':’ﬁhﬂﬂumqmlaqmﬁ
logage Mliifannufaundunmy DNA Taoliluglwidau 2 TuanafiagBaiuu
a8 DNA @i Imadeudanudiourslaiaun (covalent bond) 1Aiaiilu thymine-
thymine dimer (dimerization) #WAAIIWMWA 5. W30 thymine-cytosine dimer %38 cytosine-
cytosine dimer Fyamanfaldludandm 211 wieendmmannnmaialaweiun
8 DNA 1dtiuudhldiiamsdiadaves double helix lawiogd nsifalawade:d
HadanI3R0edI109 DNA nTsviusslnawifdiawvhlilaweslamursawsnean
INMU FINALW thymine WaanInTUGND adenine VBIEY DNA ﬁagmaﬁwﬂ'ﬂu‘lﬁ \ia

DNA dasmidassdidednsiinalndrugouury Saenavildifansfienaia 9nms
thienuagvalidhanunud

0 0] 0
CH, CH, H,C

Nl ,/IN\
=S/ €Y

~o

N N

Thymine Thymine dimer
MW 5. thymine-thymint-cyclobutane dimer AilinaINMIRoFIoLEISaaT 12 lolan
(Davies, 1964)

uav s bitianisnansleslfussdanslalame dawlngasifiemsnanouuy AT
— GC TN INANYLLL transition base pair mutations WAZANAWY transversion base pair
mutations frameshift mutations WAE deletions ’lﬁm’uﬁ’u (Davies, 1964)

envinUnfvasiuaiiinanussdanlilowmail sansnvildnaufugsnm
wu'le Tapsdsfnrirunsatsussdasm llowmaudrldaroiy visible light (usataa
ATMWEINAYK 300-450 Wi lwans IGuuILAn ussrnuasanglatsaaw) dnngmsal
fi3unin photoreactivation Fadasadoianlmyl photolyase 1t tewlaitazynsmlan
Husaiumnizdu nminandnaalawe fdatuliesennaaiululwaefve s
wW3hdn lawefunnin 80% 1udluy  (genome) 393 cross link ALARRINUE
sanmlolowan sxmanTaLAa photoreactivation ¢ TzuUMITauLELl lWTanuRanae
dmdiinsuaumstiduaslinumsnmoias  lummassstadammoulilialosh
iunansioumsaan b lawauds Tefuusefidanuenaniulugig visible light viud
aouddudmianoussdaanlaan



1)

AssUIBMITFaNLTNNTAa lalwasiw sursauteeen taillu 2 wuy fe

[ i e L . . ‘:I [ . . A‘
1: NTTUIUNISTOULTUNA 89 LBUES (photoreactivation) LU8LNA thymine dimer TW
towlassl photoreactivating w3atawlarsl DNA photolyase 92 lUinzNignuniiafiiie thymine

3 n:?’ a ' P v a L v \1 rn: ¥ o a a2
dimer LLa:Lau‘l‘num:gmuummw weldiluanszduidiauloifidhiaewusznia
52WiN4 thymine 88N YW thymine sansaLdgniy adenine vasmsassthaldinidouidy
& o , Aa o . =
nuwenlmifiazngasanluimn DNA duwikinfAauUnd wldluianazas DNA

Un@diautdy (Brown, 1992) GILEAI LUNNN 6.

5 3 B R R R R R R R R R R R R R R
»
I I LTI I I ST I LI IS IS I I IS I I I I I I I I I T I I I I IIII I I I I I I I I I I
5' B e 3'
Y b e i s =
5 ' A T L A A N A A R A R S 3 4
P 3

= ' o w o
MWA 6. NITONUTY thymine dimer 1AEATZUIUNINABILTURI (Brown, 1992)

2. nsrLIMMItauusailidaslfugy (dark repair W38 excision repair) (Tlu
m:mumvﬁammu‘[umqa‘nm DNA fifiaun@ina 9 11 lapazaasiuvas DNA Fawne
wisAaUn@eanll Meoanlodrfiadng uazaziimsivaiuses DNA ﬁgnﬁammn
Ehuﬁgne'\'maan B4 WIIAA thymine dimer 2% asiliowlwal endonuclease WUy
thymine dimer  Wnz@awuszIzwihwhmauazWesinasen  anviwewlsd  DNA

° v A a a a & 5 a \ ' - ar @ I
polymerase I a]:*m*nm*nmumﬂa'[a“lmmgnmmummmamwngnwaan"tﬂlmauyim
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uaziaw loal ligase LI TONEIUVEI DNA N11G5UNITBNULTNINNL DNA §18LdN (Devlin,

1982) AILRAIIUNIWA 7.

s
At
T T s

5 B3

] -
3 e A g S o A A o o A P LT L R S R,

B T e R R e -,

e e e o e g

MW 7. MIigauusuiuna N L daslFuas (Deviin, 1982)

Tasmludsslfussasamhlawallusdningusn  lumsvinlwiAanisnans

Lmzta‘iaﬁ'mﬁan‘lﬁqauﬁﬁmuﬁuﬁ:ﬁﬁaammé‘z Asursariuisni Aan snanasn

- o e e a a a o a = “ o w
an  levldssunusstniefiodu  wu  msld NTG  wasnfidnistninelsugs

aaas lalawaa
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ASNAEAE NTG

N-methyl-N"-nitro-N-nitrosoguanidine (NTG) (Duasusznaunmaei ﬁgm

(Y e P - L o [

Tuana CHN,0, uasiigaslasaidouaaslumnd 8 wminluans 147.1 azaeile
g 4 HaRnTudalinfaas yAnaomnal 116-118 avmimadisr aansagnildifians

nany led lugredanudunia-dresenig 69

O

l
L
H,C}—N—C—N—NO,

=
A 8. gaslaTaaieluianaues NTG (Crueger W. Ua¥ Crueger A., 1984)

[ » d‘ Ar = 1 &
NTG u"Jum1amwaammtrml-ftﬁ'mmn"ﬁﬂmﬂluna;waa alkylating agent
o = LY i [ & P F " ol W s ﬁ
nisyldnuan e nmuuefiGouansesn  wnsiumsnsnddiiensnanufil
e - P o " TR i " B
ANUTUUSIFININNFA T'FlEl'ﬁ:‘.UﬂIIWJJUﬂﬂ'ﬂ“Lﬂﬂﬂﬂ'mmﬂ:umﬂﬁﬁﬂ-auﬂ 1 wgw‘lﬂ'lﬁnu
- ~ o oA . { N : ¢
H170U9) 14 o lMAANINAIUWLY transitions base pair substitution transversions base pair
substitution deletions WAXWID frameshift mutations (Carlton WA Brown, 1981)
q =l =l ) -
nqum‘mﬁﬁmu (functional group) '1.um*:|.mmqu'um alkylating agent f@

' - - = -l - - -l ' - A -
nHuLeNTaLRZIINTS Famunsonasnfontyld misfingiantaniaunsa edhudy

\ = A P i "
aﬂw‘ﬁmaqmjm base lWAE8d DNA WU a:maﬂuﬁwmﬁ’wgﬁwﬁmmmﬂu base WARAL

N - -J . e Fe Y d [ -l
Tiia Aohdumislulasiauviosandiau mnﬂﬂauﬁﬂwamgﬂaﬂaunﬂTﬂuﬂﬂ Tauvn

T [P T ol y B gy - ¥ ' ¥
1mnﬁm-m.|ﬂnﬂnwnm base nﬁﬁganﬂamﬂﬂag uaziinanWoaudaNTTaNuTY DNA

o ol W PR T | - e

UL error-prone BULHBIVIINMIENENYAARTNFAIUNIIBUDDY base  TlAnilfiTiow

Isiwnnlutigin imneiivssininmlunmsinihbiifansnmogs Waldmoldnn:
=
MMuzEy

mMahauwes NTG dasiimsuanddsesiiguanididuwassmihidifiannaiy
¢ NTG ssnuanduilu nitrous acid IWatnimadlumisidiunsa Tasawzat
folu 01 M Ha dawmlunmefidiuie NTG szuandegemaiuils diazomethane
(CH,N,) #iihu strong methylating agent udaidunualsfosimadlunmsimiliifa
nmainmelun Tasgmhldiienmadanidsds 1 wiliiuws aﬂmfwﬁ'nﬁﬂﬁ’ﬂmnﬁtﬁﬂ

o - X a 5 - = .
n’mﬂﬂﬁuuﬂﬂdlmma:.,_Juﬂwn|.1.|mJnﬁ'lmr.mwm's‘i'\ﬂaumma (W 9.) (Sikyta, 1983)
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N
€N | j\” Guaninel

N~ NH,
Deuxyribnse—h- dR + Amwating agent

N
</‘ | NH | Ethylated guanine

dR-OH Depurination Tautomeric shift

J = v e o A et . -
mMwh 9. m"fmuwaaﬂa'l'ﬁnuLuanﬂﬁu%qLﬁfﬁnnnmnﬂﬂmﬂﬂm'snammu
Al NTG (Sikyta, 1983)

bilusuume DNA Aamawdouudasly madamgdafsesifafidumislulasion
MIDDENTIIUVDIUAUARSTHA fa N’ U0J adenine N’ UDY guanine O° U89 guanine
0" 183 thymine Wa: N' 289 cytosine (Goodenough, 1984) nﬂmﬁauﬁ'ﬁumamgﬁ’aﬁﬂfuﬁ
Ha'[ﬂuﬂnainmﬁuﬂﬁﬂ uasfinamedandamsdasusy DNA lasvihlWnisgauusuiia
ATUAANEIA LAY 90% VaININANE MINAEdIl NTG dnifia transition base pair
substitution WL GC —> AT mysnihliiiamInansdas NTG su fisussans NTG u
8198288 Tris-maleic acid pH 8.0 -ﬁqmﬂqﬁ 37 emiaidnd 1iasan NTG eansoudh
urumlefldatnimnds dniulummasssnslinamedl NTG asdudaiumlasle
athaauysol (Wszinm 15 wif) \orwi NTG amdh Uiy DNA fifhdsdnassdaies
14829 replication fork NTG a:ﬂﬂ'.=="a'mimwmnﬁqﬂ'lum':ﬁi'l.mﬁﬂmmmu dhanly
Inunicfigadidalinisutod (Carlon Was Brown, 1981) Tadumanfidrdyusansls

NIG uswsmihlWifenmmay Aeanudutu Tasanududuues NTG fawn
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Hﬂm._mnnn anjuu Jnuu;ms
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- -l - - =
wafiiudsanuaistafiestisdias  sxwuslaiifiamanansliuddmanann  fias
J- R - J & L 5 i L]
anududuifiouldfeanududuivihdalsililefidudsanagsznitg 0-50% lavfioy
FanunwnivzassladGudutssunm 1x10° slafdalafifas

e o o L
JTHIDENINEIT DS

Cai Buswell Waz Chang (1998) 189 Volvariella volvacea ﬁmﬂmﬁmﬁﬁuui’u
Yssmuium Wuidssluemisivan (lenaaiowleyd B-glucosidase Tanldundamivan
@199 % Ao Sigma cell lactose CMC cellobiose uax nglas laslifuen@ifves
wloligege 18 1.4 155 225 uaz 0 U/mg MWL wasiavhluvh FeLc Taols
aadul Mono-P HR 5/5 wuiil 2 asdtlsenaufia BGL 1 uss BGL I uasiiloiaiadu
nﬂmuﬂ'nﬁ'ﬂﬁu?qﬂf WUTNAN specific activities 189 BGL 1 uax BGL II dduilu 61.7
WA 43.9 U/mg Tawnnuiunsa-gefimanzauees BGL I BYIENIN 6.2-7.4 &I BGL
1 Bgj32WiN 5.4-6.6 lanaIalatanaas BGL 1 iy 158,000 uas BGL 11 il 256,000

Svetlana Mark uas David (1997) 14MAa8UALIES Trichoderma reesei RUT C30 In
PIWIIAET Lﬁanﬁmau'l-uﬁmagmﬂ wuhnnaSyvesduloesll 2 wuufie primary
mycelium W8 secondary mycelium IatiawlwfloagiasasHanaN secondary mycelium
uaztowlmfiwagiarazgaduadiy particle 189 substrate UiATNAATUALagTasitaz
anaudiawmaglasgnitiion  vefaliaplhslslulasusznglamiudadudimenia
owladisages  innslaiaBunowsssslalulamdaaiumswinmuid S

paaiwalalulemfnandntaniviniu Ei'mngiﬂaﬁuﬂmﬂﬁluﬂm-nﬁtytfu wuhiifFuan
vaunglaagativ 1.2 niudatias Bafitialiannwaftesduds mardoenladisagasld
AbdEINasser Helmy WUaz ElGammal (1997) ldfnwnifeminga white rot fungi 3
ﬂ"lF_I‘I-'T‘I.Lf A8 Phanerochaete chrysosporium NRRL 6359 P. chrysesporium NRRL 6361 LRz
Coriolus versicolor NRRL 6102 snnagauanamansalumnfaiawlodisagias leuau
WA (xylanase) UAS NGANUF (glucanase) Taedaany3u104 reducing sugar AAadu Tan
Bomnigaly  basal media wuﬂﬁaﬁﬂmuaﬂéﬁﬁﬂamﬂ-ﬁﬂﬂﬂmﬁﬂgaﬂqaﬁa P,
chrysosporium NRRL 6359 rrmfmhm*mu.'ﬁasiqmf‘uauﬁtﬂumuﬁ’aqmamﬂnﬂmﬁ
ey laun louaw wdosiidmmstiuamn mudey Wi dedalne wnay
wifand uaz cellulose powder TWBaNm 0.25-3.5% (wv) Taemuidadning smdand
dumaSusmmuasheduumsimfusuiiminssudonmsndnewloihy 3 ofia

] L ¥ . ll" " ) " i
'[ﬂﬂmfmuLﬂunm-maﬂmmzﬂuman'rmﬂﬂmu‘l-nﬂl.-nngmﬁﬁa 5.5 Waltvstauasen
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anuiunsa-ae 6.5 Ifaldmusasfidmmslsuanmn a'r‘mngmmmfmhmﬂmﬂumﬁ—
@mﬁmm:auayﬂwﬁ‘da 6.5-7.5 uﬂ:‘l-liLﬂumﬁfi"m‘nuLﬂﬂﬂﬁ—@iﬂﬁmmzﬁuagﬂuﬁn
4.5-5.5 lunnundsmfueu Taoldszozalumsidsagorsdu 7 u

Mahesware UazAoas  (1993) ldvhmsfnsnsndaenlefissgiasnigen
Trichoderma reesei  latlfwhadnadfitmmaliuanmuaslaiimnsdSuanwiin
undsnnfuen muldnmsfimunzsulunsudafiafidfanuiunsa-dradudwriniy 55
goangil 35 ssrnraBow sspsalumstude 12 3% wuhdlovheteafiiwns
Uiuammiuunsdsmiveusliduan@ifiveaenled CMCase uax FPase ganimsly
wstmman s wmnsUFuamwiisansinriuants 52 uaz 74 wedidud ey

Okeke Wz Obi (1993) ‘lﬁ'ﬁ’lnﬁﬁnmnﬂ:ﬁmm:mﬁ nn‘rxnﬁmau‘mﬁtﬁﬂﬁlﬁﬂ
MBI Arthrographis sp. ﬁﬁ'mun‘lﬁmnﬂmﬂunﬁn wugmnpiuazannuunse-
Fauduimanzsufe 30 asmwadys fi'm'nmi‘Jun*m-ai"mﬁuﬁua%i‘lwﬁ'm 5.0-6.0
TaoiinTea¥nIouas microcrystalline cellulose (MCC) Ainmandudu 1 waofidudiiu
wndsniuau - mwundslulanaufimnzaufia  NENO, fimduenadudiu 02
wafiiud lapazlidnandidvanowlsd exoglucanase endoglucanase uas B-glucosidase
FIFALIND 2.10 8.33 uaz 3.89 U/ml AWEAY WONIINAEINLBNINMTAY tween 80 71
anadutu 0.1 wWofidud mansarhltduesdifvesanlein 3 slafiathuiin 2.54
13.37 uaz 5.97 U/ml Muday

Ali uRz Sayed (1992) ldfnwmsmugumssinewlsfiwsgasainiden
Aspergillus terreus GTC 826 wuiilalfundsaivaniiily nglaw lalas uas walaly
Tow Anaduiugont so Sadnfudefsddas masfwienlefissgasazgndudsld
fl9 57 64 uax 25 Wafidud audéu

Schafier WAz  Toledo (1992) ldAnwmandmenlufioagiasanidon

a Ey X ol ¥
Trichoderma reesei lapmininuuudaifias lwawsndvadefifiaalelamuassd
e = = g al i LY
Ussnauman wui"ll.é‘imﬁﬂ'ﬂumm‘sﬂhnfﬁLimy‘lﬁ'ﬁﬂqﬂ'luﬂﬂma‘lﬂﬂﬂﬂuﬂﬂumu

T 1 wWofidud Taoidy sordose atliiaGufissduanududu 03 wadidudifuunas
arfueu laslifnosaadiviny 4.54 Alanfudegnuaiiues lumasfivmnzaufe
saruiunsa-ananiniy 40 uatlieh FPA activity 0.69 wiae laifssluamiigas
Wears wifldnenudunsa-aenseam ALY 3.5

Keskar (1992) lfinsnisndaianlmfisagiasuazanumansalumstasasy

-y 5 .
L-ﬁﬂﬂtﬂatﬁumau‘l-ﬁﬁt-nﬂgLnnmnmﬂ Penicillium janthinellum WU T M8y $1977 was

v o ¥ o bl e -
$1dma Aenuduty 4 wefidud Lﬂuwmﬂﬁuaunﬁnqﬂﬁ-\munﬁmamau‘hﬁvﬁﬂ
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alad laulW FPase CMCase uaz B-glucosidase (YU 45 3.2 usz 4.5 Usml awday Tag
FhﬂTu.nﬂuniﬂ-Gmﬁmm::ﬂuiummﬁﬂi.au'l‘nﬁwaﬂmmfa 3 Tile Ao 4.5-5.5 usilovi
mynaaawladludmanuwe 14 fas wuinBesusoudaewlsd CMCase FPase uas
B-glucosidase lAFIgAfia 60.0 5.0 uaz 9.0 Uml awiay lasldszeziamlunmmin 10
MU uﬂ:wudﬂtﬂaﬂwmu'l-nﬂmﬂgmnﬁnﬁm'lﬁ‘hlr.iauﬁmuﬂﬂﬁﬂmﬁuazmxmumaaﬁ:
rhumstiuamwuds Iddnsdninmlunsdesemogaga 57-58 wefidud waelwin
manglasmilunSaiueinan melwom 48 7w flgmnd 50 ssrmomGos

Bastawde (1992) '1.5‘1’ﬁ’|mwﬁnmm':Hﬁmmu‘l-ﬁﬂwagmﬁmm%nﬂ Aspergillus
terreus wu'hl.éﬂi:m%m”uazuﬁamu"l*nﬁwmﬁmﬁ’tﬁ‘gaﬁqﬂ fal% cellulose powder tilu
wnasnsuan Taondaionls:d endo-1,4-[-glucosidase FPase Uaz B-glucosidase jlﬁﬁ-dﬁi!i‘l
WAL 144 13 WA 10.0 Uml aadney sauuves lulasiouflivanzsudmumanga
wowlmidny 3 siiafa NH,Cl NHH,PO, unz (NH,),80, awéeu Tagdnmzfmnzauln
mawaaewlming 3 shefemanuiiunse-aarity 5.0 dmiuawlsd endo-1,4-B-
glucosidase FaNubunsa-darvinny 6.0 damiuiowlel Frase uazdnanilunsa-ang
aglutne 4.0-4.5 dmivanlad p-glucosidase 'Emmhrmﬁqmwgﬂ 40 samuaardoa
1981 8 'Tuﬁ"'imﬁrmﬁqmﬁqﬁ 28 psrrnamidos wam 14 T wsndaviieulmifinaale
ﬁ‘lﬂﬂaunmumaﬂanﬁa §18 NIZAENTBY TR uazWwINIWUThEINTndauaaY
ioaglanle 50 wefidud moluae 48 $alus

Abrha W% Gashe (1992) ‘lﬁ‘ﬁ'ﬂmiﬁnmmﬁnﬁmau‘l-nﬁmagmﬂmm%aﬂ
Cladosporium  sp. wu‘hﬁm:ﬁmwumm-mium-mﬁmau‘l-nﬁuﬁagtmﬂ'lﬁgaﬁqmﬁaﬁ‘
oMc Aismandudu 1 wefiduduaz KNO, it 1 wefidudiiuumssiulanau
wonINRSINLIIaIRY tween 80 Anmudutn 0.1 Wediudeziioyhividamiiany
mm'm‘lummﬁmau‘l'ﬁﬁlﬁgmﬂﬁﬁﬁu 1.5-4.5 i1 malamazlummanfimanzay
fin Aenadunia-aaGududl 52 figoonndiaglugae 2023 ssmwwaBos samms

] - - 3 J F - x -
e 150 sowmn?t Taodpadaliuscoziam 73 srsowlsiinaaldtusstis=ans

| rY al ol oo
mw'lum*:ﬁwmgﬁgﬁtﬂauunqmw_ju 60 sdTRToE  heanuiunia-dravianu
5.0

Gashe (1992) 1ﬁ'ﬁ1ﬂﬁiﬁnmﬂ11ﬂﬁﬂlﬂu1'ﬂﬂmﬂﬂ;Lﬂﬂ"i'lm%ﬂ‘ﬂ Trichoderma sp. A-
JH Lo ] - 4
001 fifiausnldannasilondnwu l.-‘:'fauqummmlummny'lﬁﬁhtmﬁamfuau
nnoia 1dun CMC stover card-board avicel N3zaenIod Wianduiad nghua:
Y - & & & ' s =l ﬁ
Wiad winandaeulodiosgiamiu undinfusufiminsaufigafanszenunsas
-l -
fieruduiu 05 wWadidud Tamfeseeniaiewlsd CMCase FPase uas B-glucosidase
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Ifgega 1670 180 - uaz  49.0 Uml awmdduuszunsslulaonfivmnzaufigane
KNO, fAnmududui 0.6 wofidud eilodouiu NH,Cl U8z urea Annuutudnan
WONMALIWLAT MY tween 80 TrzeuaiId® 02 Wesidud wanldniu
sansnlumsuiiaienlsd CMCase FPase Wz B-glucosidase gﬁu 2.6-23.0 2.0-60.0 Uz
3.8-1225.0 henudeu ﬁ¢ﬂﬂuagﬁuuﬁﬁami’uﬂuﬁ1ﬁ Taumasfimanzaudansnga
owlide  dranuiunia-saGudui 5.2 ﬁqmugﬁﬂg"lmm 28 BARLTRLTER DR
MIuLn 150 saL/MN ahuLau'l.-nﬁﬁn‘ﬁﬁ‘lﬁ"‘fm:ﬂﬂﬁ:ﬁﬂimw'lumﬁﬂﬂugaﬁqmﬁa
Uafioompdl 60 sssisaiBos Asnanuiiunsa-saniiy 5.5

Gomes  WRzAmAE  (1992) 1ﬁﬁ"1f‘l"ﬁﬁl‘lmT'r"ﬁﬂﬁE‘Ilﬂu\l'ﬂﬁL'ﬁﬂELﬂﬂﬂ"lﬂl%ﬂﬂ
Trichoderma viride BT2169 Tﬁﬂtﬁualuaﬂﬁwgm*: basic mineral (BM) latnlSusnanuiiu
nsa-anaduduily 55 w'.u*hqmmqﬁuﬂ:‘::ﬂ:nmﬁmm:ﬁu'lum-mﬁmmu%ﬁ FPase
Uaz B-glucosidase A 32.8 aarimaidos IFszuzamlunsy 144 $9Tu3 usz 31.1 sarm
waiBus 1szuzaanlunsuin 170 99210 Tasdl sulphite pulp fanaududu 2 wofidud
\uunssefuan Tasazlien unit of enzyme 0.5 Uaz 3.37 Uml awdeiy ievmande
ludamdnuwa 5 8as Tl sulphite pulp Feradudu 2 wefidud Huunss
aduan WudidamazliWe unit of enzyme vaatowlasl FPase uaz B-glucosidase LYy
0.61 Uaz 2.72 U/ml sy ustdiafunmuiduduues sulphite pulp (il 6 o fifud o
1% unit of enzyme 154 3.0 uas 2.4 ¥ anudaey

Macris Uazatuz (1989) larnniimaninenladivasiasuaz B-glucosidase 8t
SouuusnianiBe Neurospora crassa WY solid state Wuindlaldvhathaean
dhumsfuamwiiuund s fusuussfudioms mineral  salts sz liiFamauIn
Waaewlual cellobiohydrolase CMCase Waz B-glucosidase WWHIEN 6.1 969.2 unz 169.4
wihodenfugumam mudey moldmalumaasiimensands demuiiunge-
F@M 6.0-7.0 ﬁqmﬁqﬂ 25 pamraldus

Jin usz Toda (1989) @ANWNTIHAYEY wrea KHPO, yeast extract Waziwaglas
fiam‘mﬁmnu'lmﬁmagmmam%aﬂ Clostridium thermocopriae WUMTRUAMUTY
TuD8d urea 90 2 10 6 NFUALAAT KHPO, 91N 4.4 1w 5.0 nSudaiag uazaanu
\TNTUTB yeast extract 3N 6.0 11w 4.0 niudedaT axtruvhlvmsnaaewladfifuiv
W 1.6 v (370 0.60 1w 0.94 wa) wazmslE  cellobiose Lﬁ‘.ﬂtmuﬂmﬂgiaﬂ‘m
MIRBITET Aianudutu 10 wefidudlidsnadomanfaaulmlissqiaaudachg

1o udduRuUTawaY cellobiose 151% 50 (Wafidud wuﬁmmﬁmau‘lﬁﬁmﬁgmm:aa
adathITIaT
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Gomes Uazamiz (1989) lddnwiansdlsznavlusmndsadofimunssudans
wamawlnfimaguasluion Gliocladium verens wumsldwatmanaudutu 2
wWofdud uazil bacto-peptone finnaidudu 2 wefifud (NH).HPO, Aamuidudu 0.14
wWofiduduas wea Anmandudu 006 wWadifud Tuasslznavluewndsuselas

L} a - i oms v A - LY
'!J“Jﬂ"lﬂ".l"ll.llﬂuﬂiﬁ-ﬁﬁld LIUAULYIINL 5.5 'i]:ﬁ"‘ll'l-'.L‘!I]'EIT'!mu‘ﬁﬂﬁﬂﬂlﬂui“ﬁﬁl'ﬂﬂﬁtﬂﬂ‘lﬂ

gogalaulyi1 FPase Uz B-glucosidase 1YL 0.33 uaz 1.52 Uiml @aineiy

Soundar W&z Chandra (1988) ldausnifavnanluthideduunidoud wuinin
Humicola grisea Fb %mi‘]umuﬁufﬁmmm’l&‘ lignocellulose \iuunasniuounle lap
Anwundsmiveufiiiumsdmaniaaglasrion laur cellulose powder avicel nyzatw
nIsauaimily  nszammitiRefu NITAMMUNEDY  NIZAMWATY Uaz CMC lapwui
cellulose powder HuunsamSuanfimanzaudemaiyvenduloinniigauassninly
nEaawlmiAlWAonf3fuas CMCase gaﬁqa 7.40 U/ml 9% avicel 1A#1 FPA won@3a
usz PB-glucosidase gﬂﬁqﬁ 0.148 U/ml U§z 0.163 U/ml SIUNTEemewindamuyilien
Avicelase gaﬁqﬂ 0.050 U/ml mzmuqnfim'lﬁ’fhunﬁﬁﬁﬁmmmu'lmﬂ xylanase gqﬁqn
5.14 U/ml uﬁi’nﬁlmﬂ’nﬁﬁauﬁ'ﬂaﬁﬂmum Es'aﬁm'mﬂﬂaumumiamfuau'lm.iﬁtﬂuna:u
VBIFTIWIN lignocellulose uﬂur'ﬁqﬁﬂmfiauﬁ'ugn'lﬁuﬁ muNzw? Waendaiss unau
Wit udas weannde 1977 holocellulose 1@t holocellulose LinunsInTTUDUN
manzaudammsiyvaadulsand §a  sunsmnaouundaniy aufisnihlvnaa
owlmiflweuan@3ftues CMCase usz FPA activity gaﬁqﬂﬁa 1.926 U/ml ugz 0.15 U/ml
auiay Tasen FPA activity Aildiudeatviiuumsaniusuiu holocellulose M
Frmiulieuandddvasanles’ B-glucosidase §971gM 0.030 Uil usztudonliruend’
Avaaowlmd xylanase gﬁlﬁqﬂ 4.16 Ufml 1iioh crude enzyme ananaznaudowsy luiioy
TaLNA 60% (wiv) sy Iktawlanifien specific activity ga%u 13-17% lunn< oulms]

Kawamori  URsA®ME  (1986) ‘lﬁ‘ﬁnmmmﬁmau‘l-ﬁﬁmﬂgmm-nm%aﬂ
Trichoderma reesei WOIANIWIA 5 805 laoldmudaoduunssniuon wuiimudas
fenududu 4 wefidudiy mlniSanmansosdaewlosiiuendiavasawle
carboxymethyl cellulase (CMCase) §4§@ i3 100 U/ml

Acebal WAsAMME (1986) 1ﬁﬁnmn"ﬁﬂﬁmLEﬂiﬁﬁlﬁﬂﬁlﬂﬂan%ﬂﬂ Trichoderma
reesei QM9414 lagldvWstmadiiuundsniuon wu*im%aﬂvm‘i:y LﬁuTn‘l.ﬁ?ﬁﬁqﬁtﬁa
TdwatnmafthumslSusmmwaasiimamanm uAvsianumuInlumInia
Lnu‘l-mfmnﬂLaﬂ’lﬁ’gaﬁqﬁLﬁai-i’ﬂﬂatﬁ*m‘ﬁﬁr-i'mn"nﬂ-'fuarmﬂﬁ"aumnﬂﬁtﬂmméa
ﬂﬂﬁﬂu'[mﬁﬂﬁ'ﬁﬂuaﬂﬁﬁﬁmﬂﬁﬂ 666 WUILABNTURFURLATN
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Sandhu W& Arora (1985) "I.@TﬁnmLau'lﬁmfuﬁagmﬁﬁmﬁﬂ”lﬁmm%aﬂﬁﬁ'ﬂLLzmvl.sT
ndenuasdmaIon1anme (Dalbergia) Miiday %aﬁgﬁlﬁué’ﬂwﬁﬁaf?ﬁu 4 Biia
fa Thielavia sepedonium, Thielavia terricola Chaetomium cellulolyticum W Acrophialophora
nainiana 10uWUN T. sepedonium MWenuandifvasewladgefign 18.0 1U/ml x10° luiud
6 LOINIRE T. rerricola Wirnuanddauasionlodgefign 18.0 TU/ml x10° Iwiudt 9 289
MNABY C. cellulolyticum 'lﬁ'ei'm,aﬂﬁﬁﬁmaomuvl-nﬁgaﬁqﬂ 18.0 TU/ml x10” lwiufl 9 va9
MRLY UBZ A nainiana 'lﬁ'fi'm.aﬂﬁ"‘:ﬁ‘ﬂml,au‘lmﬁgqﬁqﬂ 17.0 TU/mix10® 1w3udi 9 va9
m3AB uanmnﬁz‘i’awuim%av;nﬁmmﬁmau'lmﬁ B-glucosidase ‘lﬁmnﬁqm'lui'uﬁ 12
anuIu T, terricola 'ﬁlﬁ'ﬁhuaﬂﬁﬁﬁmmLauimﬁgoﬁqﬂlu'?uﬁ 18 Tanduan@ifuasnnay
ﬁuﬁﬁi’m"lﬁgoqm:agluﬁw 4.0-5.0 TU/ml x10°

Tan Yeoh Waz Tian (1985) ldvbiewlifildsasnsadoaia i andausnwited
mm‘mnﬁmau‘lmﬂm&gtaa‘lﬁ wut%laﬁ’oéu 3 9fia f8 Fusarium roseum USDB 0005

Curvularia lunata var. USDB 0006 W8 Trichoderma hamatum USDB 0008 1@ 8Na§aUAN

_- a A’ ) - | Er-T-m" ﬂ‘-:
mm‘mlunﬁnamau‘l«ﬁﬁwagmalmzﬂummmzma wuhmnaiiueadidasannng
3 7iia uallanagauluszaunananNaAsaInLin T, hamatum USDB 0008 1%Na positive T@

A o A’ ] ¥ o ol
1 uazlahanissluamsnaanuinsuendifuesianlod exoglucanase uas P-
A Qeed g nl ] r-y-w-1 A =3
glucosidase flafiendrann uduand@dfuasanlemd endoglucanase gﬂﬁﬁ 0.47 mg/ml NHAA
v & a a a o ds o o
Tevaalas Tu 5 Auusnuas 0.50 mg/ml Audaleranlus lwiun 6
v a L ar ol ] A e
Basil (1984) 16¥INn13nane conidia Va9 Alternaria alternata $IBTIRUNNAN LN 1WH
= & X A & 4 € & & o
anumsnlunskiaeulodioagiasgsiu lasdadansefiadidudsen 10% ldae
a F g as - @ as -
WUEnaNIEu 5000 sewud Renunldnasey 39 MuWus iNanasauanuaanIale
= . L o & ' oA Aa aad L3
MINAA B-glucosidase InAulasiassluamisina wuhlaisaniisnuendiduesionlas]
. & y o g - Y a oW o w & A “ g
B-glucosidase FIUUNIELWNUT 4 anuwud Tallag 1 muwm;n‘lmﬂmﬂa's AamuWUg
" G‘ L L 2] e ol
M7 lagwuin crude enzyme 169 4. alternata M7 WaUan@IAv89 CMCase UaT B-
. -J ] a -3 o A o ﬂi 2
glucosidase FINFALNINY 19.3 U/ml UaS 2.5 U/ml AUNAU UALUBUN crude enzyme nle
Y - ar oA a e = W and
Tuanaznaudrsuauluisudanafidnduaa 20 uas 80 wosidud awldduandddues
; - o ar 1 A o I
Laﬂ*ﬁﬁqwmﬂu 74.9 U/ml U8z 8.7 U/ml auday watdlarinlUs unssuiunng freeze-
drying AUBAAIRITRANINRD 29.6 U/ml sz 3.5 Uml ausau lasn?lawlsd p-
. = A, [ g L ' = a a g
glucosidase  vzlinmamli@ linufounnin  udiewlsd B-glucosidase Andalean 4.
= 2 o Y = Ve ar
alternata M7 3 half-life maemu"lmhqmmu 60 65 LAT 70 BIANTALTORLYINAL 3.5 M0

< o _ o 4 ' ] - A a &
1.8 731 uaz 10 wifl anusdy Faflergannninewlasd B-glucosidase findialdvnise
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- A 1 - L2 o 1 - o
NTRADU LTU  Thermomonospora sp. 3990 Lo Nawlwa] B-glucosidase NWAA N 4.
P a o -
alternata M7 WUNTURNBIUSNIY thermostability §9
_ - - X Y.
Warzywoda Ferre W& Pourquie (1983) ‘laﬂnmmsﬂmﬂ;o IR EalWinane
A am‘mﬁmau"lfﬁﬁ'vﬁagl,amm Trichoderma reesei WU31 whatman CC 41 cellulose 3%
1] A A =y
Lmmm%’uavmmm:aunq@ﬂ,ummamau’lﬂﬁﬁ
2l ¥ & ¥ Aﬂl ]
Rao UazaAmhe (1983) la@N®IUNEIANTUAULAZUARY I LaTaUNRINERUABNNT
= a o L 4 ‘r e . .
nAaewlodiaagies Tugmwmamadinuuy solid state §eNTaT Pestalotiopsis versicolor
laslfunasmSuaundunseauniseful s udas Wisdnuasst AR IumMsUsy
@ = L3 ] o & ] [ 3 =
MW (pretreated) snalmdsulaasanled wuhmuseaiuunasafuauiivnanzauly
n’ziwﬁmau"l,ﬂﬁﬁwagt.aﬁ muwdﬂﬂmLwﬁmm:au‘lumw'ﬁmLau‘lmﬁﬁﬁagmaﬁa
KNO, finnuidindu 1 niudafusmiasn 10 n3y
Kishen Harvey Waz Charles (1981) l@finwuwASmsiiunandalunisssnaiowlesf
- . e : y
VIRALAE LTULTRJLAT LA B-glucosidase Va3LB8d Trichoderma reesei RUT C30 @28N1IW1
. - . y , g
Mz g Mnansrudamsnfaenled laswuihlumsfaaseliianusunsalung
Ha@uau’lcnﬁvﬁagmmza: B-glicosidase FaNganulu 2 uusnamzmadssfimunzsuie
- - . e . &
nsiigsanaamnl 31 aveiaaides drenuidunsa-dnariitiy 4.0 nasnuuag
ﬂ%’uqmﬁgﬁlﬁmﬁwmaglmm 25-28 sdFTATER AN TunIa-aNYiNy 5.0 ud
1 &) 1 . A ﬁ:’ a 01; ] ]
dosmuquinNnuiunia-degaielafuganmminlidinit 6.0 wnzeadonalw
J = =y 1 ' [ 1 s‘
lnlminndalafamaioanmnll  fuadesifudvasundsmsuaniimanzanlums
t}' A' [ — ] ] e o, —— P>
LRELTALYINAY 2.5% lagwuinundinsuaunlien EP activity §9N§Afa Solka Floc 58989
W nElu avicel W8 lactose FITANYINAY 3.1 Uml 2.9 U/ml WAz 2.4 U/ml 9u§eL walumas
MIuaund 3 siainags ﬁﬁﬁumau‘hLméam%uauﬁﬁﬂmgnﬁaﬁﬂﬁ%ﬁn‘[wwﬁ
v a ¥ . 4 v aad o ' ¥ &z
HIWNIRNNAENTALASUTURM WG 861959 IRaanfdddninunsdsansuauns 3
- & o s ' “ &,
FRALEANNBLA. 2.0 U/ml wanaMBEINLIT tween 80 0.1% HANNUFINTOIUNSTUL 6N
. . L 1 A =) 8 ]
FPA activity MAaaasldee dmmizimanzanlunsniaowlsd xylanase 1w wui
[ A A’ si L] [ 0 [l Q-
unsdTUaUMIRINEaNAa Solka Floc 10 g1 lapiRssfidanudunsa-saviiy 5.0
gomndl 25 DIFTAUTURUNZLAN proteose peptone 1.0 g/l 89 lUeae alwduanddduas
& e
tawlmal xylanase §971§@ 114 U/ml
Sadana Shewale W8 Deshpande (1979) 1ednwdSounay Sclerotium rolfsii WR2
as =l a5 @ ar I = [
mﬂwm::nmzmQnmnmmﬂumaaﬂﬁlﬂal.aﬂ 1um'maﬂLau'lmfvﬁagmﬁmummigm
X . A = e
NM-2 U8 NM-3 '[m;mm‘lun"nmu’mqmﬁgm 29-30 aveiaalTuE WHua 14 9% Wy

NEeRuEnaulAe unit of enzyme goniauiutaadulunngasems Taolien Fra
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gaﬁtgm 1.60 U/ml uszlwey CMCase ge'ﬁqﬂ 185 U/ml wawuiluemnigas NM-3 ¢ p-
nitrophenyl-B-plucosidase UAZ cellobiase ﬁaﬂmﬂﬁuﬁ;ﬂaﬁﬂlﬁﬁﬁ unit of enzyme G‘iﬁﬂ‘iﬁﬁ?ﬂ
ﬁ'm‘fe?aaﬁu

Mandels James 4% Richard {1871} 15?1@!516011’1 conidia U4 Trichoderma viride QM
6a WIDLGY hi gh energy electrens (24-million electron watt) 18 kwl‘uzﬂ'll 84 spore
suspension LamBaniafifudsoadt 0.05:0.20 megarads :niwhandesluunssnivon
#na 9 Teun cetiutose 0.5% glucose 6,5% cellobiose 1.0% lactose 1.0% WAZ starch 0.5% lag
L‘gm’sun-‘ra:wshﬁqmugﬁ 28 3@ ITMTIY W 14 T wuhundiefuauinanzauda
m‘:mﬁmau‘l&ﬁﬂlﬂnﬁgma’amﬁa 2 st A cellulose 0.5% laslen FPA vasmuWug

ANG mta:msjﬁufnaﬁmﬂu 2.30 U/ml W82 4.95 U/ml au&aL
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Fanaunsal indinmel uaziBaninmside
Wanlslumsiee

£ " o 11.- - - ' L3 %
L. V887" Acrophialophora  sp. Tifmuen s n@uuFaoalgnihmesuimon &

.- -l
aauunlay Winw nuuuia (2538) (MwWH 10.)
& s § = -
2.\187 Trichoderma reesei QM9414'|.a1uafmnmﬂmnwﬁawuﬁqﬁuﬂ?ﬁ

anUwipinmmaaiuazinalulad (Bangkok MIRCEN)

"] &
AN 10, LD Acrophialophora sp.
n) anwmelalail %) ABVB young conidia (x40x2x4)
) mature conidia (x100x2x4)
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&
'mqqﬂmm

L wiasansumdannlalaien $u D-6900 UV 254/366 183138 DESAGA
Heidelberg, Germany

2 !.ﬂ"':'raai'ﬂﬁ'ln'ﬁﬂﬂnﬁuuﬂa (spectrophotometer) J44 NovaSpec 4049 189131
LKB Biochrom, England

3. Lﬂ"ilamﬂ'muﬁ‘ua‘mnqﬂ (Incubator shaker) $% G 25 U31¥W Scientific Co. Inc.

4.\ BILg 8Nl (Incubator shaker) 289131 Lab-Line

5. wilaitanmudnlasia (Steam Sterilizer/ Autoclave) V893N Ta Chang Medical
Instrument Factory, Taiching, Taiwan

6. 189 MMWILY (centrifuge) Model universal 16 489130 Hettich, Germany

7. S19AIUAUGUNAR (water bath) model $S40-2 Amibient U89135M Grant
Instruments (Cambridge) Ltd. , England

8. imunugungil §u ES EA 109U30 OMROM

9. fOUAWIAUGY (Hot Air Oven) 4 US0 790,387 18ILFHN Memmert

10. 1038959 2 Fumils $4 U4600P V3L38M Scientific Promotion Co. Ltd.

11 1938959 4 Funils $4 Mettler H10 89135 Scientific Promotion Co. Ltd.

12. insediasamnuiiunsadns (pH meter) ju ion analyzer 255 789 131

Corning, USA

AN

ailineidmiuassna iAo
1. wonluiflsudaina (NH,),S0, (Calro Erba Reagent)
. carboxymethyl cellulose (Sigma)
. HIENADAR (veast extract) (Difco)
. TWHY (agar) (Difco)
. wunfiBuyTaWa (MgSO,) (Calro Erba Reagent)
. unaiby lalasiaunasina (CaHPO,) (Fluka)
. corn steep liquor (Sigma)
. tween 80 (Fluka)

b= I B I = Y . B

. WWaTATANG (FeSO,) (M&B)



10. TIATRNA (ZnSO,) (M&B)

11. WIINURTALNA (MnSO,) (M&B)

12. Tnuaadnaalsd (CoCl,) (M&B)

13. avicel (Fluka)

14, nTzA¥NIBNLET 1 (filter paper no.1) (Whatman)
15. wanluiiiyluiasm (NH,NO,) (Fluka)

16. 38 (CO(NHL),) (Fluka)

17. peptone (Difco)

18,18 ENIEMBENEUAH

19. WhetafidwnsUSuamnéas 10% NaOH
20. cycloheximide (C,H,,NO,) (Sigma)

21. fungizone (amphotericin B } (Squibb)

iRl dwiuiadiuaadldnasianlas

1. congo red (C,,H, N .Na O.S,) (Merck)

2. lnAsunaalsa (NaCl) (M&B)

3. Imn@ouluga e (NaHSO,) (M&B)

4. 3,5-dinitrosalicylic acid (C,H,N,0,) (Fluka)

5. lo@uaInunsdoumsing (COOK(CHOH),COONa) (Calro Erba Reagent)
6. D-salicin (C,H,,0.) (Fluka)

7. A-nglAg (D-glucose) (Merck)

8. Wuaa (CH,0) (Merck)

i lrdmiuessussazansiived
1. Im@oylaasanlud (NaOH) (Fluka)

2. NIATAIN (C,H,(OH)COOH),) (M&B)

3. nnlalasaasia (HCI (Mallinckrodt)

4. Tris (C,H,,NO,) (Sigma)

sunadouluam (CaNO,),4H,0) (Fluka)
6.lululwunsm@suviomna (K,P0,H,0) (Fluka)
7. TnunmBounaslsd (KC) (M&B)

8. laslm@nndiasn (Na,CH,0,H,0) (Fluka)

31
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SR I mSunsinenans

Tulaslann@iiu (C,HN,0,) (Fluka)

AsANHKRATINY
1. mstSulyeangiuglaslgduasdaasllaiaa

L1 e Acrophialophora sp. ml'ﬂruouummmﬁagm PDA (Mm%
awan n) e 7 T hledidy (conidia) wviuiuarsazaualas (spore suspension) f
flamuwwiniuies sUefFudurindy 10-10° sUsideliaffas @28 0.01% Tween-80
NIBIUAIINILNG 4 TU %1ﬂ1fuﬂﬂm1ﬂ¥ﬂ‘1ilﬁﬂﬂ‘;:&ﬁ 0.1 findans indode (spread) &9
uumm-ﬂ,{arﬂm%ﬂgm CMC agar (mewuan n) #isussuves 20 lulesndy
cycloheximide wafiafifias vimwbhwaiesoussdaam bhlawafifanusm efwus
254 wiluiaas laolifiszozviinnundium 30 wufiwes uazlFszozualunsanouss
danrlalaaadnag tu fis 5 10 15 waz 20 wift lasviimanases 3 41 sndwidei
I8luuafiosngd 37 sssnimaiFos wiw 3 u

12 shifemfidadenldenda 11 auAeneseummewuiidany
mm‘mlumﬁuﬁ-amu‘l-ﬁﬁmﬂgmmfuﬁuiﬂmﬁmmﬁaqm Taminluifpauusmaiss
e eMc agar Tﬂuﬂmﬁaﬂﬁa'ﬁ'ﬁqmﬂqﬁ 37 DIFLERLTHE UI% 3 W% FMIneasd 5
d1 nsuthansesiudas 0.01 % congo red Y 1wl wddeeenda 1M NaCl
92105107 clear zone MNUUTAANUNT1IVBY clear zone uazaManFwveslalail lum
ansdmsznisemunisedlalafinuamunaves clear zone

1.3 ﬁ'mﬁanmuﬁuﬁnarm'ﬁ‘lﬁuﬂﬂﬁ’iﬁmaamu’iﬁﬁgaqﬂfuﬁu 19 iioya
MNA1IWA 2. suBsufisudansmszniaamuntveslalaiiuazanuniives clear

b

i s e i - L o om an s s
zone iammuuiAlWdandmiionge Wafisuiumoiudasdu

2. nrmadsuANMERgsBasEERRE e iumMsUS U e aeinglanls
uasdaasilalalan

- -
2.1 ﬂ"lﬂ“mﬂmfnﬂ'm UVI02 UVI07 UVI0I4 UVS20 uR: UV522 fida
a1 - H - .J - =) ") ¥
WRanldanda 1.3 41 subculture 5 A5 ﬂﬁ'lﬂmunqmﬂqu 4 pamumandon lapilaanuly
Tld50uss wu 3 18ou

& - &
2.2 MU T9nda 2.1 37 subculture 80 5 973 30 lUnasauany
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aunTnlum sy eycloheximide finmuidudu 20 lulainiudoliadtas Tasmanaos
UUEWMS PDA fifl eycloheximide Ainmuttudu 20 lulasniudadinifng CLELHOEE

23 ufarands 2.2 mmaaumwmmm'lum‘mﬁmaﬂﬁﬂmﬂg
lastuGuaAtMInaansta 1.2

24 fvsanamanaiissasmeuinguaui@lunmsdwnu

= L A T =
cycloheximide e TAULTUTW 20 .lﬂ‘[ﬂiﬁik}ﬁﬂlfﬂﬂﬂﬂ‘i LLH:ﬂﬁﬁﬁmmTﬂluﬂ"ﬁHﬂ'ﬂLﬂu‘l'ﬂﬁ

B .
L’ﬂﬂﬁlﬂﬂ'ﬂuﬁu
3. mulSmlysasvinglasly NTG

3.1 Yowian Acrophialophora sp. mﬁmunmmmﬁﬂgm PDA (Tuiam
7 A hadadinviiiluesazseseinaanuwnuisussslediGudwrnny  10%-10°
qUoiAefNaffns @b tis-maleate TWINES (MANWIN 1) NTBIHMEMNILNG 4 T4 an
fsasaeavefin 0.1 fadas wiadluasazany NTG fiasanlu tis-maleate 1WiNaS
anudududag 1k fa 625 100 150 200 250 uaz 300 lulaTnTudaiiadaas win 30
Wi ﬁ‘qm‘aqﬁ 37 asenmadng muldnmazidt helefundemsemiaiines
(Marwan 1) Uneanide ﬂ%’uﬂ’smmqaﬁw’lﬁlﬂu 5 Safdasdoiiafnenige
mﬁmgamuua’m*ﬁtﬁmt%agm CMC agar AddmnFIa 20 lulawnFu cycloheximide
Aoiiaddns Tauvhmsmesas 5 4 mmfuﬁmﬂaﬂe‘:’iﬂﬂu'li’ﬁqmﬁgﬁ 37 avmwaldoa
UM 3 U

g ﬁ‘um‘:ﬁ'mLﬁﬂnaﬂa{ﬁag'luﬂﬂmﬁ'uiwnm NTG Ailfidafidnd nsat
somvasmladant o1 wefidud Wemlefsantanmeiudie congo red WAI39
fsananawaranals edadonlalailvesmimusonin oulmllaagiaalaun

3.3 viBamfisausnldanda 3.2 mLﬁaﬂmﬁaumﬁmﬁanmuﬁufﬁﬁ
anumanIalunakdaeulodiosgesliffnugae lasdiiiummasasswdoniu
9 1.2

3.4 fTﬂLﬁﬂnmuﬁ'ufnmuﬁiﬁ“uaﬂﬁﬁﬁmmmu‘l-nﬁgaqﬂfuﬁ’u Tamhdaya
IR 3. sisuflsudansuszniennunhereslalaftuasanuniieues clear

L

e a ‘E‘Fﬂ. e i al . A . 0 w
Zone lﬂﬂ“"lmﬂ'ﬂ“i ﬁﬂﬂﬂmuﬂ'ﬁﬂqﬁ L3 alﬂﬂunumﬂwuqmmu
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4. m3daidanaeingnansibivaadidvasanlmigega

wdenisadonldnnde 1.3 Adumamasauanaadios suassuuamisuds
g7 PDA 1w 7 Tu dalmeidulolifuwne 1.0 X 10 wufiues 9mam s Fu ldas
Turmariauie 250 dafaas ﬁqumﬁﬁmmgm production (MANKIN N) $IUIN 100
finfany Tagmmaesss 3 47 bl lwelasudwuuaiuquamngll #
AMMITITOY 150 FoUdowH Ngmnad 40 ssrusaBbmiuim 12 Fu Ranianaws

X P )
denfimansnaaewlylissgalagge Weifioui derophialophora sp. WlElums
e E

Anwndoly

5. Mmadiulpaminglanlfusdansillowwasinnu NTG

5.1 ﬁwmuﬁuﬁﬁ'ﬁtﬁan‘lﬁmnﬁa 4. whnmmaassda lasbhanvuiy
msazapslaifiiamanwuinessdediBuduriniy 10-10° alefdefadfas @ wis-
maleate tinla nassimhrmng 4 Tu gassasapalafin 0.1 Jaddas winolums
ANl NTG fianuidudusdnag fufia 50 100 150 200 250 uas 300 lulasniudafiaf-
fasuu 30wl ﬁgmuqﬁ 37 ssmmador  dhadafindedruwamwatinad
Unannidadiunasganulii 5 Ssddasioiminefinanigs infeidaasun
ewnaRLNTagas CMC agar Afldunanuas 20 WIATNTY amphotericin B AaliadanT
Tavhnsmases 3 41 nsdwiidedladluuslidgomyi 37 ssmwndos win 3 1

5.2 miwkigenenda 5.1 symaseummoininianumansalums
nisewleliagasldiBnugige laoduummanssswdoanude 1.2

5.3 dadenmunuinmefiliuandiduasewlmigogadudu Tashdaya
NI 6. waz 7. sfufisudandusswinanuniuvedlalaiiuazanunie

e

i . . . " [ e &
283 clear zone iflammuiuEAlidandmiidga Wafisuiumoiugasdu

6. MIAGIRBNAEENRENAN s liuaadiavostanlesd gogalagulFamiisy

NU Trichoderma reesei QM9414

6.1 W83 Trichoderma reesei QM9414 sasuLEAuTa 4. Tag
\Besflgnnd 30 uss 40 aseruanides
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-3 -J b ] e a L= J ‘l Lo a1 o
6.2 ihwaf ldunSouisumiduandia FIFANULTETIN AaLAan laen
. - g v - - A a s rrr
299 1.3 3.4 Wez 5.3 NHMMTFSNTaA I TMIALINUTD 4. LW umaﬂmﬂwuﬁ'ﬂﬁﬂqﬁ‘lﬂ
-
Flunrmanssrudnly

4 - &

T m‘sﬁn HIWINTIEVLRAIN 5“”1-““11 HAa® lﬂﬂ‘lﬁﬁlﬁﬂ ﬁ LAdgadrn s E s
™
Wugnany

7.1 msrnsTiauazaMuTNTuTimansaTaaInTuau

tﬁuat%ﬂﬂhﬁmmnv production udllAuutassiiavasundsmiuou
Hu CMC  avicel nizesniss @ Wt usz fenszens anadiudu 3 %
I..l'l-'iﬂ.ﬂﬁ"l{‘l]ﬂ“ Iﬂﬂﬁ'\ﬂ'}'ﬁﬂﬂﬂﬂd 3 'I:i;"l 'i"lﬂ'!fu‘ll"ﬂﬂﬂ3.]l%lﬂ.“lﬁéﬂwlﬁllhﬂ']ﬂﬂldqmﬁﬂﬂ ﬁ
aMada 150 seudewfi onnnd 40 aseiaaiBos ihioa 12 fiudladnn 3 T
ilfensifinoeuloiiosges (Mmanwan 2)

18 L%ﬂﬂ'lugﬂimmi production filungamfuauu CMC sway
diuduues cMcC fimanzan Tagmsiinsnfinnududu 5 s:dufia 1 2 3 4 uas 5
wWafidud Taevnmisnesss 3 0 ia"m'lfuﬂ"t'lﬂﬂuLgiﬂmﬂ"}mmﬂ'm':mlua‘mmﬂﬁ f
ANu37 150 saudauwf anmndl 40 ssrwaifos e 12 M udatann 3 u
e nsiinoewladisegies (manwan 9)

7.2 nsfnwriauszanududufiasnsanuasund s lulasias

Lgﬂﬁlé’ﬂﬂlugﬂ'imﬁﬁ production Aiflnasniuewin cMc 3 wefidud
udwasnuassiievesunadslulasioudiu  ammonium sulphate ((NH,),SO,) ammonium
nitrate (NH,NO,) urea (CO(NH,),) usz peptone AN dud% 0.08 afidud lulavian
Wuwunaslulasian  Tasvhnsmesss 3 40 ﬂ’lntﬁlﬂ"l\lﬂﬂHi.%ﬂ.ﬂl.ﬂ%ﬂﬂ’ﬂti’lﬂ'ﬂ.lﬂl]
goangil Annuda 150 saudawft poanndl 40 aseiamiBus (huom 12 T fiud
agamn 3 W hlfAeseiiinnueulesdigasies (maswan 1)

Lgﬂ¢L§aﬂ1uEH1ﬂﬂﬁﬂi production Aiundsmuawiin cMC 3 wofiiud
uazlunavlulasowiuwanlafloadaa s mnenududuvsswenludioudawai
mwnzan Tasinsfinmfieanududu 6 s2dL @0 0.04 006 0.08 0.10 0.12 usx 0.14
wesidudlulasian Tasvmanesss 3 40 mnfuﬁw'lﬂﬂm%ﬂ'lum"maruahmuqu
gunpil fnnu$r 150 seudaui goannd 40 avruwaidos 1uas 12 W o
g 3 3 hlAiesziilnoewlodissaes (manwan @)

I1G460 202
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7.3 mafnsanuilunsa-ad (pH) Gudurasemsdoaia

Lgﬂdl.%ﬂﬂ1.u§ﬂi'€l’m"ﬁ production Aiflundsmuawiiu cMe 3 Wefidud
wazdunaslulasauuuenlufioudama 0.08 Wadidud Tavdsu pH Guduvasomns
dada Wi pH (BURUAINY 6 520U fiD 3.5 4.0 4.5 5.0 5.5 uas 6.0 Mmudeu Tay
yhmmaaas 3 41 miwkliindeluedosutheugugunad Aanmda 150 seude
wifl ananpdl 40 asmwarBos (Huen 12 W iudaathmn 3 W e sl
owlodiwagias (Maxwan 1)

74 m‘xﬁnmﬂ‘mnqﬁﬁmmzﬂuﬁamsﬂm%a

L‘érﬂm%aﬂ'luga-rmm-s production Aiffundsmfuamiln eMc 3 Wefidud
wasiiundslulaseuinuenludflioudama 0.08 Wesidud Taousu pH Buduvasamns
Woaga Wild pH Guduwindy 50 liiudslwedesuiuuumusugnmnd 4
gomildnnu 5 szdufia 25 30 35 40 uax 45 avelALEioa ANAEITAY 150 sauda
wifl iwas 12 W Tasfiudaathann 3 34 shmamases 3 dn v A eivewlesd
\IAGLAN (MARUIN )

™ & = &
8. mileTsilanlminismsialSuamanaiarsninatn

myaTeiniinoesenleidaeiT fiter paper activity (FPA) @aABnisuas
Ghose, 1987 (MARWIN 3)

MR Ui saw el Endo-1,4-B-glucanase ft3T carboxymethyl
cellulase (CMCase) A33BM13089 Ghose, 1987 (MAXUIN 3)

myeTmsimUBinaueewled@isds p-glucosidase AMNTTNTVE Sternberg
uaz AN, 1976 (MANWIN 3)
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1. msﬂ%’nﬂgamaﬁ'uaﬁaﬂ‘h?'umﬁ'am'flﬂmaﬂ

o A‘ ar . Q- o
NNITNARBIMINANTETEURUT Acrophialophora sp. moussdaalale
l ] a a ar g = a" a g I o oV v
WBANTZEZIAA g N ‘l@lmuwuqnmﬂmﬁu 47 sewug woniduaoRuinldnnns
awdsumsanitlilawauiu 5 wifi 31 soRus win 10 Wi 14 FURUT WU 15 uaz
20 Wil agWaE 1 MBRUT Taslidaauszoziia lunslasuussaaa i lamaSusany
[-3 a - A =1 Mﬂl A d
faufa Nvzuza 5 wanl e UV05-01 89 UV05-31 szziian 10 wifl Wada UV10-
- P = wal = A
01 89 UV10-14 52821081 15 WA 1¥Te UVIS-1 uasfiszaziian 20 winlisa Uv20-1
auAaL
ﬂ‘ o 8 G r-%
Wahmewuinaeny 47 mnwuﬁfmmﬂaUmm‘mmmmhmwamau‘lﬁﬂ
& - o e =
\TaLaRTUA® anaiinisnanasia 1.2 1auanaugasluasen 2.
5 4 z
a3 2. anuEanIalumMInGaaw IR LI IUEY V89 Acrophialophora sp. WRTEY

ar A k5 Qe ar
Wusnaef ldann1snans Acrophialophora sp. SIBUE saallawaa

s anuninIves anunwvadlaladll  Sanswad
Wla Lﬂsﬂ: a (cms.) L%ﬁ’ ¢: b (cms.) (b/a)
Acrophialophora sp. 4.38 4.10 0.936
UV05-01 2.60 2.34 0.900™"
UV05-02 2.47 2.24 0.906"
UV05-03 3.31 3.12 0.944
UV05-04 3.04 2.78 0.912"
UV05-05 3.22 2.93 0.910"
UV05-06 3.58 3.30 0.918"
UV05-07 3.72 3.42 0.920*"
UV05-08 4.57 433 0.952
UV05-09 3.64 3.40 0.934'
UV05-10 3.32 3.13 0.942
UV05-11 2.36 2.07 0.876™"
UV05-12 3.48 3.40 0.918"
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- - =
a7 2. anwaansalumandaeulodisaguastudu 189 dcrophialophora sp. Wazay

e A [ A B ¥
wuinasfldanmsnay Acrophialophora sp. frausdaniillawaa (de)

auuE AMUNTI784 anunradlalafl  dandwad
wlmady: a (cms) \a81: b (cms.) (b/a)
UV05-13 2.47 2.26 0.916"
UVO05-14 3.55 3.34 0.942
UV05-15 3.38 3.13 0.924"
UV05-16 3.40 3.17 0.930'
UV05-17 3.22 2,93 0.906"
UV05-18 3.64 3.42 0.938
UV05-19 3.56 3.17 0.910"
UV05-20 3.70 3.18 0.858"
UV0s-21 3.58 3.28 0.936
UV05-22 2.62 D23 0.870™"
UV05-23 3.85 3.56 0.924"
Uv05-24 382 358 0.938
UV05-25 4,23 4,00 0.948
UV05-26 430 3.87 0.902""
UVo05-27 2.57 2.34 0.908"
UV05-28 2.85 2.60 0.910"
UV05-29 3.09 2.83 0.914"
UV05-30 2,69 2.44 0.890""
UV05-31 2.50 2.23 0.888"*
UV10-01 435 3.97 0.912"
Uv10-02 3.87 3.25 0.842°
UV10-03 3.40 3.20 0.940
UV10-04 3.24 3.04 0.938
UV10-05 3.78 3.46 0.914"
UV10-06 4.44 425 0.940
UV10-07 4.04 3.12 0.772"
UV10-08 3.13 2.91 0.930'
UV10-09 3.22 2.95 0.920%"
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A = 0‘-: kg
AINN 2. AN mmm‘lumma@nau"lmfmagma‘uumu WD Acrophialophora sp. WRZRE

as A 9 as . '
WuEnanefldnnsnany Acrophialophora sp. fruussanitlalawne (de)

SEWUT AMINTVBY anunhavaslaladl]  samdwais
2laade: a (cms) 1a8: b (cms.) (bla)
UVv10-10 4.09 3.78 0.922%"
UVv10-11 3.34 3.06 0.926"
UV10-12 3.56 3.34 0.938
UVv10-13 3.98 3.17 0.934'
UVv10-14 2.93 2.11 0.716"
UV15-01 4.29 4.02 0.936
UV20-01 3.37 3.12 0.928'

NANYIAG MANBIAINUNLANTNUANGIINY RUNBDIAaaTEIMARLUBIANUNTI
=g @ i ar 1 a g al [ o 0 = oas
lalafidaanunivuasielanldnnue AzENaNUg Nuandnuadnaiing

TR

A HINsna

MNNTIN 2. Lﬁaﬁ'mﬁanmuﬁ'uﬁ"nmﬂﬁ'lﬁ'fimaﬂﬁ%ﬁgm%umﬁqmu 10% 21N
mﬂﬁ'm:fnmﬂﬁlﬁmLmﬂﬁ"’iﬁga%un'jﬂmﬂﬁ'nﬁﬁeaﬁu "L@Tmﬂﬁuﬁfnmuﬁgaéu 5 suWutAe
UV10-14 UV10-07 UV10-02 UV05-20 sz UV0s-22 lddamawads 0716 0.772
0.842 0.858 L&z 0.870 MUSIAU

2. MINaFaUANAETgTsEIANKE e TUSussaenuslag T uae

aans1lalataa

mnmsﬁ'\mﬂﬁuﬁﬂmﬂﬁaﬁ'qﬂ 10% ﬁ‘lﬁmnm‘sﬂ%’uﬂgamr_lﬁ'mﬂ@m'].ﬁum
o hlalaa ‘lﬁmﬂﬁufﬂmuﬁeﬁu 5 suwud ldui seWug UVIe-14  UV10-07
UV10-02 UV05-20 ez UV05-22 3 MARBLAMALEAsaNdEn1snasasda 2. wuiine s
moRuidinalqusutalumidiunu  cycloheximide fianuidudu 20 lulasnsuda
ERRIr]

Lﬁaﬁﬁmuﬁuﬁnmuﬁﬁ 5 suRufnmasauauaanInlumMInGaewlsdiang
lwRTUGUMIAEMMAReTa 1.2 WU 5 maﬁuﬁ:‘lﬁmé’mwmumﬁmmn@hﬂﬂmn

= — o =
59 Ng'ﬂ q@ LWEd 0.022 a3 LLﬁﬂdluﬁi‘ﬁ’N N 3.




40

- . L . e W w
a3 Wi 3. anvaansalunniaewloiivagiaatudu ﬂaqmuwuﬁnmuﬂ“lmmnn"n

Yiulpmoiuilasldusdsanllawe deuuaznaimmasouanuiaiios

VOITBRUT
AWAUE | Plate i | reumMINasauANMEDYS | wismmeseuanatios
SaTE (b/a) | DATMEINGAY | SaTEIn (ba) | BaTIEIMIaRY
1 0.73 0.71
2 0.79 0.71
uvlio-14 3 0.65 0.72 0.74 0.74
4 0.72 0.80
5 0.69 0.73
1 0.74 0.72
2 0.78 0.81
UV10-07 3 0.78 0.77 0.78 0.78
4 0.77 0.81
5 0.79 0.78
1 0.85 0.586
2 0.81 0.54
Uv10-02 3 0.50 0.84 0.84 0.84
4 0.81 0.80
& 0.84 0.85
1 0.87 0.87
2 0.87 0.87
UV05-20 3 0.84 0.86 0.85 0.86
4 0.86 0.85
5 0.85 0.84
1 0.88 0.85
2 0.94 0.24
Uvns-22 3 0.88 0.87 0.90 0.88
4 0.83 0.90
5 0.82 0.89
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TR 3. aminlihddanduaiotonuamaimmasauanuaiaTUas
meovug Ienlndidseiwann A UVio-14 fifanunanasTeIsaTIEIARDTIBULAY
MAIMINATOUAMEADT 0,02 UVIOT SfAnunandivasdnmamafonouuasnas
nmassUANERDT 001 UVI02 Miflanunandersidandimaiuionuasnainis
NAFOUAMUETIET UV0520 haifinnuuandiavaidamaimaionisuuasmainsmasoy
ATALRTET Uar UV0522 Tifauuandusdnd e R aunasnainmasaun

VEDET 0.01
5 m:ﬂ%’uﬂ;umnﬁuﬁ‘[ﬁﬂf NTG

- al
MMINARBIINIINABVBITINUNUE Acrophialophora sp. §78 NTG Nia
L. " W L [ - t. _.n‘." Lo - L €J1v L
l.'lﬂJ'ﬂ'Wﬂ"H"] i 1ﬂm&ﬂuqﬂﬁ1ﬂ“ﬂﬂu 4185 H’Iuwm‘r u.r_lmﬂumuwuqﬂ ATINNITULDA
TUANY fin 62.5 100 150 200250 waz 300 lulasnTudoiiafaas NNy 1264 666 1046
- - F - = i
586 417 URT 206 muwuﬁﬂ’mﬁ’mu WaR TN e TuATaand@Ind 0.1% FRan
@ LY > [ T ot
mmuwuﬁ'ﬂmummmuﬁ'm NTG anurute 250 uas 300 lulasniudoliafifias Jail
- e e g - -
wafifudTaayinny 0.08 uas 0.04 Wafidudaudeu ‘lmm’mmuwuﬁﬂmu 623 Ay
L2 L™ i .J. d L L B =4
WHE WRIVINHITIINIINIMIATRINIFNYNTIAYILAIE congo red lmantnaadan
- E A o ol & :
muwuﬁnmn‘lﬁ’mm 142 muWug wonidumoiuindummaodn NTG anudy
[ T e = el L
du 250 lulnInTudaiiafans 34 muiuf lashiTaawanuduiuses NTG Fuamn
o e - A [T
§9UAD N250-001 9 N250-034 UassuWuinAmMMINA i NTG anadindu 300
L ™ ] B e B g
lulasnTudaliadfing 108 mowuf TasliBaawanududuves NTG Fosmudauda
N300-001 §13 N300-108
- B ;A e = &
WahmoWugnaiens 142 soRufumasaumianuaansalumniaiewled
E w il . =
Lraglasiuau Muitmimaaasda 1.2 Tduadsuaasluaisifi 4.
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A a £ o
a3 W7 4. anumanInlunsniaewloiioagiaaiudu 189 derophialophora sp. WRZENY

ﬁ'unfn e lANNNINENY Acrophialophora sp. §18 NTG

SN ANNNTI289 anuntavedlaladll  samdiuiady
‘lﬂﬁmﬁi ¢: a (cms.) mﬁﬂ: b (cms.) (b/a)
Acrophialophora sp. 4.38 4.10 0.936"°
N250-001 3.18 2.98 0.938
N250-002 3.59 3.38 0.938
N250-003 3.46 3.26 0.940
N250-004 3.53 3.33 0.942
N250-005 3.63 3.43 0.946
N250-006 3.35 3.14 0.938
N250-007 3.52 332 0.940
N250-008 3.59 3.36 0.936
N250-009 3.22 2.93 0.910"
N250-010 334 2.98 0.892°
N250-011 3.31 3.05 0.924™
N250-012 3.65 3.44 0.944
N250-013 3.07 2.85 0.926™
N250-014 2.61 2.28 0.874"%
N250-015 3.04 2.79 0.918™
N250-016 3.62 3.39 0.932"
N250-017 3.49 3.26 0.936
N250-018 3.376 3.09 0.914"™
N250-019 3.46 321 0.926"
N250-020 3.41 3.18 0.934"
N250-021 338 3.11 0.922™
N250-022 3.30 3.06 0.928™
N250-023 333 3.13 0.940
N250-024 2.70 225 0.830°
N250-025 2.99 27 0.908°"
N250-026 3.00 270 0.844“
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J .l z b
aTefl 4. anwanansnlunsuiaewlsdivasiasiudu 189 dcrophialophora sp. WaEaY

- W w ¥
wWunanufi leennsnany Acrophialophora sp. 7t NTG (#8)

FIUWUT AN NIves anunfuvesdlaladl  dasduadn
"Nl].ﬂ'mﬁﬂ: a(cms.) Lﬁﬁﬂ: b (ems.) (bfa)
N250-027 3.54 3.34 0.944
N250-028 3.59 3.33 0.928"
N250-029 4.08 3.70 0.904%*
N250-030 435 4.11 0.946
N250-031 436 4.11 0.940
N250-032 3.94 3.57 0,904
N250-033 4.24 4.20 0.952
N250-034 3.96 3.54 0.910%*
N300-001 3.66 3.45 0.946
N300-002 3.20 3.96 0.926"
N300-003 3.58 3.36 0.942
N300-004 3.30 3.10 0.940
N300-005 3,37 3.17 0.940
N300-006 3.44 3.24 0.944
N300-007 428 4.04 0.950
N300-008 3.58 3.38 0.940
N300-009 3.60 3.30 09025
N300-010 3.26 3.06 0.940
N300-011 3.54 3.36 0.948
N300-012 3.28 3.08 0.940
N300-013 3.22 3.02 0.938
N300-014 3.62 3.42 0.944
N300-015 3.49 3.30 0.948
N300-016 3.38 3.19 0.944
N300-017 3.16 2.97 0.940
N300-018 3.64 3.43 0.946
N300-019 3.51 3.26 0.932"
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' 5 ¥ .
a13199 4. anusnsalunsniaienlolioagiasuudu 1849 Acrophialophora sp. Uazay

a =V o !
WuEnauN ldNnsnay Acrophialophora sp. #3t NTG (si@)

TRUT ANUNTNVBY anuniwuaslalafl  Sansuais
wlsadey: a (ems) 1aR8: b (cms.) (b/a)

N300-020 3.51 3.25 0.922"™
N300-021 3.40 3.20 0.940
N300-022 3.45 3.25 0.940
N300-023 3.44 3.24 0.940
N300-024 3.25 3.04 0.938
N300-025 3.43 3.23 0.940
N300-026 3.46 3.28 0.944
N300-027 3.44 3.23 0.940
N300-028 3.38 3.19 0.944
N300-029 3.67 3.37 0.918™
N300-030 3.46 3.27 0.944
N300-031 3.27 3.07 0.938
N300-032 3.50 3.28 0.936
N300-033 3.44 3.23 0.940
N300-034 3.54 3.33 0.940
N300-035 3.52 3.32 0.940
N300-036 3.54 3.31 0.936
N300-037 3.61 3.40 0.942
N300-038 3.50 3.28 0.934"
N300-039 3.53 3.23 0.914™
N300-040 3.40 3.20 0.940
N300-041 3.54 3.33 0.938
N300-042 3.54 3.32 0.940
N300-043 3.52 3.29 0.934"
N300-044 3.50 3.28 0.936
N300-045 3.52 3.30 0.938
N300-046 3.55 3.35 0.944
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- il L3 a“ .
ATV 4. 'F'I']"lllEI"'II.I"ITI_'Il'Liﬂ"ITHﬂﬁllﬂﬂmﬁul'ﬂﬁﬁlﬂﬁ‘ﬂﬂﬂ'l-l Va3 Acrophialophora sp. WRTHEY

ﬁ'ufnmm‘f'lﬁmnm'mmu Acrophialophora sp. 97t NTG (@)

EUWRE AUN 989 anuniwuedlalafl  dasdiuads
1111ﬁmﬁu: a (ems.) mﬁ t: b (cms.) (b/a)
N300-047 356 3.36 0.944
N300-048 3.27 3.08 0.938
N300-049 3.49 3.29 0.942
N300-050 348 3.16 0.898""
N300-051 3.51 3.31 0.940
N300-052 3.38 3.18 0.938
N300-053 3.42 3.18 0.928"
N300-054 3.52 3.31 0.942
N300-055 3.46 327 0.946
N300-056 3.20 2.76 0.860°
N300-057 3.52 3.33 0.944
N300-058 2.56 1.93 0.752°
N300-059 3.45 3.24 0.940
N300-060 3.36 | 3.16 0.940
N300-061 332 . 3.06 0.920*
N300-062 3.42 3.20 0.934"
N300-063 3.18 2.98 0.938
N300-064 2.69 2.47 0.920™
N300-065 3.08 2.57 0.834°
N300-066 4.49 4.00 0.888°
N300-067 4.71 4.49 0.952
N300-068 4.60 4.39 0.946
N300-069 4.79 4.50 0.934"
N300-070 472 4.46 0.942
N300-071 3.13 2.92 0.936
N300-072 348 3.27 0.938
N300-073 3.48 3.27 0.912"™
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i — z ko
a3 WN 4. anuaansalumIndaenloiioagaaiudu 189 Acrophialophora sp. WSZENY

Wusnaw ldann1snany Acrophialophora sp. 68 NTG (di0)

fEWUT AMUNTNIVB anunavaslaladl]  Samdwads
29laade: a (cms.) L&) b (cms.) (b/a)
N300-074 3.5 3.35 0.934"
N300-075 3.41 3.13 0.918™
N300-076 2.50 2.10 0.842%
N300-077 3.46 3.25 0.940
N300-078 3.53 3.33 0.940
N300-079 439 430 0.930"
N300-080 3.23 3.01 0.933"
N300-081 3.61 3.41 0.944
N300-082 3.45 3.24 0.940
N300-083 3.47 3.27 0.942
N300-084 3.46 3.24 0.934"
N300-085 4.55 4.26 0.932"
N300-086 4.52 4.20 0.926™
N300-087 475 4.50 0.944
N300-088 4.63 4.40 0.946
N300-089 473 4.40 0.926"
N300-090 3.66 3.24 0.884°"
N300-091 2.74 2.44 0.892°
N300-092 3.08 277 0.898™
N300-093 3.50 3.23 0.924™
N300-094 3.54 3.35 0.946
N300-095 2.36 2.21 0.934"
N300-096 3.17 2.98 0.940°
N300-097 3.96 2.80 0.918™
N300-098 3.51 3.29 0.936
N300-099 3.61 3.40 0.942
N300-100 2.76 1.80 0.656"
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= a &
307 4. anusInIalumIHAaew sl TagIaauud 189 Acrophialophora sp. W8TRY

Q- A e 9 1)
wWusnanufldnnsnay Acrophialophora sp. 1t NTG (618)

AUNUT ANV arunevaslaladl  samdmady
leﬁmsﬁ: a(cms.) mﬁ ¢: b (cms.) (b/a)

N300-101 3.28 3.10 0.938
N300-102 3.42 3.20 0.932"°
N300-103 3.31 3.09 0.930"
N300-104 3.28 3.04 0.924™
N300-105 3.36 3.18 0.944
N300-106 3.48 3.28 0.940
N300-107 4.40 4.12 0.936
N300-108 372 3.21 0.864°"

NG MIENHIMIRVNLENALANANNIY RUIBTIFDATIEIRIRRLVBIANNN T

= 2 AV e ' o ¢ A ' a- [ o oa
IﬂIﬂu@] E]ﬂ‘l’i&lﬂ’«]’m‘ﬂad‘}dlﬂﬂvlﬂﬁﬂﬂLLG]&:@’!EJW“Q NUANEANNUDEINUE

o A

FAWBINNRNE

M 4. Li‘iaﬁ'ﬂLﬁanmuﬁuﬁnmuﬁlﬁmuaﬂﬁ%ﬁgaiﬁum%’]mu 10% 37N
mﬂﬁuﬁnawﬁlﬁmLLaﬂﬁ"‘aﬁgﬁuniwmuﬁ'wﬁf@‘i%aﬁu 'I.@Tmﬂﬁ'uﬁ:nmuﬁagu 6 aunutHa
FEWUE N250-024 N250-026 N300-058 N300-065 N300-076 Uz N300-100 Waoadm
1aR8 0.830 0.844 0.752 0.834 0.842 U8z 0.656 MINFIGL

4, m'a‘ﬁ'mﬁanmﬂﬁ'uﬁ:nmzlmﬁuaﬁﬁfj?m astanlwaigean

PMUAMINARBIANITIT 2. (HaRnTanandmaiaud uRenaoRuE
nmuﬁﬂ:ﬁ'amnﬂﬁaum’mmm*m‘lumw‘é‘mau'lmﬁmagLaﬁ'l.m:é'uwmﬁﬂﬁga‘gu 5 &g
wuf ldui UV10-14 UV10-07 UV10-02 UV0520 sz UV0522 lasulsuifinuiy
Acrophialophora sp. TiawUSuLFamaWRug o Ham’mmu‘rsn‘l.um‘mﬁmau‘lﬁﬁwagm ;e

' '3 a o =
q@iuuﬂﬂ:ﬂﬂﬂﬂ?:ﬂﬂu ﬂﬁllaﬂﬂ1uﬂ"lﬁ\‘]ﬂ 5. BARAWN 11.




A 1 1 a z L s A Qs Qs
@77 5. AN unit of enzyme a3l Tl TAYIARFIFAUARZEIAUTZNOUVBY Acrophialophora sp. SnpWUTAIGUUATENEWNUENTLN lATUMIUTULS

muuilasldussdaanialoaa

I Cellulase 1 unit of enzyme YBIUAREFEWUT (U/ml)
W) Acro UVv05-20 UVvo05-22 UV10-02 Uv10-07 UV10-14
exoglucanase 0.021 0.019 0.064 0.041 0.029 0.076
3 endoglucanase 0.317 0.143 0.218 0.254 0.097 0.183
[B-glucosidase 0.022 0.030 0.072 0.046 0.084 0.118
exoglucanase 0.039 0.049 0.060 0.028 0.041 0.051
6 endoglucanase 0.334 0.276 0.252 0.357 0.590 0.325
[B-glucosidase 0.027 0.044 0.076 0.053 0.189 0.076
exoglucanase 00003 0.057 0.059 0.040 0.011 0.060
9 endoglucanase 0.358 0.273 0.296 0.683 0.445 0.361
[B-glucosidase 0.045 0.070 0.018 0.124 0.102 0.065
exoglucanase 0.011 0.043 0.037 0.023 0.024 0.049
12 endoglucanase 0.432 0.225 0.104 0.735 0.623 0.400
B-glucosidase 0.015 0.084 0.016 0.164 0.119 0.081

Acro 8 Acrophialophora sp.

8



0.8

0.7
0.6
= 05
E
2
P 0.4
S
o 0.3
(0]
ks
= 0.2
=1
0.1
0

[ |

I@;—;
1€ d

f O Acrophialophora sp.
| O uv10-02
B O uv1o-07
j ' O uv1o-14
f X UV05-20
/ UV05-22
b |
v

Exoglucanase

Endoglucanase Beta-glucosidase
Enzyme

&

' ' d a o a 'Y a N we
MWA 11. 61 unit of enzyme 'uaetau‘lmﬁmagmagaqmmzaaﬁﬂ‘s:naumam"lﬂmn Acrophialophora sp. SNEWWEAIdUUATINEWRUTNABT LU

ﬂ%’uﬂgamﬂﬁ'uﬂﬂ olfugsdaai bilawaa

C}

6V



50

nnHamInaaaslunswi s, WWUEERRENEE UVI0-14 1A unit of
enzyme 28910 19187 exoglucanase §9figm 0.076 Ul lwiufi 3 smeiuinans Uvio-07 1w
#1 unit of enzyme 184 1aWles] B-glucanase gafiga 0.189 Ui luiufl 6 uszmewuinane
UV10-02 11 unit of enzyme 283 1wl endo-glucanase §afigm 0.735 Uml Twiudi 3 34

t e i b ] s I: ] L
farsantng 3 modufadnsnenedidas NTG udmowud Uvio-14 uu lajsta
-] e ‘ o
slafiallaansahwnansdnszaunileld

5. malfunlpasvnglaslduasdaasillaaadniu NTG

IMHANTNARBIATTIA 5. ﬁ'atﬁﬂnmuﬁuﬁ:nmuﬁﬁﬁqﬂ 3 uWut fa UV10-02
UV10-07 uaz UV10-14 mﬂ‘ﬁjﬂgamuﬁ’uﬂﬁnmﬁﬁwm-ﬁnmﬂ-ﬁ'ﬂﬁw NTG USRS
uvio-14 higFeadef Selimwnsnhuwihmsnanodrlaen

HamMIMasaImM I saseiug Uv10-02 ddn NTG fiamadududneg i
'lﬁ'muﬁmfnmﬂﬁﬁuu 23 auiug wniflusowutildananududuanas fie so 100
150 200 250 uaz 300 lulasniueafadies il 15 6 ua: 2 pWuiaE G Tapd
AMUITNIUYEY NTG 200 250 uas 300 lulasndudaflisdias ldwuifisladiednsaanun
Winlalail Tﬂﬁ‘lﬁ"ﬁaa“luﬁuﬁnm:11.1!:iﬂ'1um'lul.1'fm'fwm NTG (Steaufiaufomenug
neefiimnanansddie NTG anududu so lulasniudeleddes 15 auug %o
UV10-02-N050-01 19 UV10-02-N050-15 muﬁuﬁﬂmnﬁm“mﬁnmué}ﬁm NTG Ay
vindu 100 Tulasniudafladfias 6 muiug 1WBs UV10-02-N100-01 i3 UV10-02-N100-06
un:muﬁuﬁnmuﬁ unsnansddan NTG amudvdu 150 lulasniudefiaffns 2
oug Widie UV10-02-N150-01 9 UV10-02-N150-02

Lﬂaﬂﬁaﬂﬂﬁ'ufnmuﬁa 23 @uRufumasauw I NuEwIn N IHEaew s

E L] L b e J
iIagLeRTUAL Amdminasasda 1.2 lansduaadluarnadi 6.



<)

= = & w e gt
ANTIN 6. ﬂﬂumu11ﬂ1“ﬂ1'sﬂﬂﬂLﬂu1mﬂl'ﬂﬂﬁlﬂﬂuﬂumﬂﬂ Uvio-02 uﬂ:mu‘ﬂu?ﬂﬂ‘lﬂ

AlgomnIng s UV10-02 $9a78 NTG

Mg anuniNay anunteveslaladi  Samsmeds

'1-:!1.Hm§£|: a (cms.) m'a‘n: b {cms.) (b/a)

UV10-02 3.87 325 0.842"
UV10-02-N050-01 3.36 2.84 0.844
UV10-02-N050-02 3.18 2.85 0.892
UV10-02-N050-03 3.24 2.89 0.892
UV10-02-N050-04 3.11 2.70 0.870
UV10-02-N050-05 3.35 2.96 0.886
UV10-02-N050-06 3.15 275 0.870
UV10-02-N050-07 3.24 2.81 0.866
UV10-02-N050-08 3.29 3.00 0.908
UV10-02-N050-09 3.32 2.80 0.842
UV10-02-N050-10 3.16 2.67 0.844
UV10-02-N050-11 3.48 3.08 0.888
UV10-02-N050-12 3.56 3.14 0.880
UV10-02-N050-13 3.85 3.45 0.896
UV10-02-N050-14 3.35 2.89 0.862
UV10-02-N050-15 3.46 3.25 0.942
UV10-02-N100-01 3.61 2.68 0.742"
UV10-02-N100-02 3.58 3.00 0.842
UV10-02-N100-03 3.38 2.65 0.784°
UV10-02-N100-04 2.98 2.29 0.770"
UV10-02-N100-05 3.16 2.56 0.784"
UV10-02-N100-06 3.28 2.56 0.778"
UV10-02-N150-01 2.86 2.46 0.856
UV10-02-N150-02 3.22 2.80 0.868

WaNEMe  SsnwsRRiANALANINY% wnbsindansmadtesanunia

I [ a " .ph'Lu $h0S w g e . e -
¥l ﬂ%ﬂﬂﬂ':l'\”ﬂ?‘ﬂ'ﬂa'ﬂq'ﬂlm ﬂ'il"tﬁuﬂﬂ.-mﬂﬂ“‘q YILATAIN WA HE
AAEIN SN
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.‘ L) bt i z’ AH —
PINATIN 6. ITWUTWES 5 H""I'E.l'r'l'l:l‘lfl.ﬂ"l'l-l“ ﬂMﬁﬂHﬂ“ll.l‘ﬁﬂHﬁﬁH L
oW A - a
oulaiiwagearuduldgadundiaeiug Uvio-02 AesuWugnany UV10-02-N100-01
UV10-02-N100-03  UV10-02-N100-04 UV10-02-N100-05 Uz UV10-02-N100-06 ¥
famdmaiie 0742 0.784 0.770 0.784 LAz 0.778 MAdAL
Hy i ' a .

nnMmaaashimInait UV10-07 d1dan NTG finnudududeg fu ldans
. &> . " . " " e
Widnanensdu 127 mewud uniuseiuiildnnanudududieg fa 50 100 150

e N T B e A ™ -
200 250 uaz 300 llainiudadadfios iy 81 uas 46 muuiawday Tasfinnudy
Juwas NTG 100 200 250 uas 300 lulasniudafiadiny linuhiislsdiviyeavuiula
d ol v amdl - el o
Tafl Tasligamovuinanslndawamududusey NTG Foamuddufemeiuinme
.rlt 1 o L L i () & ud
frwmInaedndas NTG anmdudu so lulawniudeiafaes 81 mowui 1Woe
a e, z

UV10-07-N050-01 £19 UV10-07-N0S0-81 uazapwufnaefiriumsnaiadieiy NTG

a A e el
anudndu 100 lulaniudadadfes 46 sowug We UV10-07-N100-01 fis UV10-07-
N100-46

- ™ ¥ e - U

Wahamewuinaony 127 mowuiumaseumianuamnITalunsHEaLaw L

ooy ok a o
iwaguartudu muiimimaassde 1.2 lduaduaasluason 7.

ol - £ . -
a1 7. anumansnlunndaenlalioagiaaiudunas UV10-07 uasmewuinaie
i a H
fildanmsnaiy UV10-07 $7M7n NTG

Calin | amunaved anuntvaslalafl  dandmiads
20lauadie: a (cms.) \af: b (cms.) (b/a)
UV10-07 4.03 3.12 0.772
UV10-07-N050-01 3.05 2075 0.902
UV10-07-N050-02 3.25 2.91 0.894
UV10-07-N050-03 3.22 2.89 0.890
UV10-07-N050-04 2.98 2.64 0.858
UV10-07-N050-05 3.34 3.03 0.908
UV10-07-N050-06 3.15 2.81 0.592
UV10-07-N050-07 3.04 2.68 0.882
UV10-07-N050-08 3.20 2.92 0.910
UV10-07-N050-09 2.94 2.57 0.876
UV10-07-N050-10 3.23 2.91 0.898
UV10-07-N050-11 3.28 2.88 0.880
UV10-07-N050-12 3.44 3.07 0.892
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E :‘ b -
Ei"l"l'a“"‘ldﬁ 7. 'FITIl.lﬁ"IH"I'ifIl‘L«II’I"I‘iH ﬂﬂlﬂuhl‘ﬂ'ﬁbﬁﬂ'gmﬂ‘ﬂuﬂuﬁlﬂd uvia7 uﬂ:muwwﬁfnmu

Aldanmsnans UV107 $1ehe NTG (wg)

muﬁ'uf

ANUNNITa9

29l&afy: a (ems.)

UV10-07-N050-13
UWV10-07-N050-14
UWV10-07-N050-15
UWV10-07-N050-16
UWV10-07-N050-17
UWV10-07-N050-18
UV10-07-N0S0-19
UV10-07-N0S0-20
Uv10-07-N050-21
Uv10-07-N050-22
UV10-07-N0S50-23
UV10-07-N050-24
UWV10-07-N050-25
UW10-07-N050-26
Uv10-07-N050-27
UW10-07-N050-28
UW10-07-N050-29
UV10-07-N050-30
UV10-07-N050-31
UV10-07-N050-32
UV10-07-N050-33
UV10-07-N050-34
UVI10-07-N050-35
UV10-07-N050-36
UV10-07-N050-37
UV10-07-N050-38
UV10-07-N050-39

UWV10-07-NO50-40

3.65
3.30
3.40
3.25
3.47
3.27
3.36
3.27
3.56
3.42
3.52
325
3.30
3.13
2.83
3.36
3.44
3.38
3.26
333
286
3.25
3.70
3.29
3.28
3.24
3.34
3.22

aunenaalalait

-
Laae: b (cms.)

- i o
BATIEIULAAE

(ba)

3.35
2.96
3.16
2.80
2.71
2.87
2
3.03
3.36
3.22
3.30
2.87
2.96
2.68
2.56
3.14
318
3.15
2.93
3.12
2.41
2.90
3.28
3.09
2.96
2.89
3.10
2.89

0.916
0.900
0.932
0.862
0.848
0.880
0.868
0.928
0.940
0.942
0.936
0.882
0.896
0.856
0.904
0.936
0.926
0.934
0.900
0.940
0.842
0.892
0.882
0.940
0.900
0.892
0.924

0.896
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AN 7. ﬁ'mliﬂmm‘lunﬂﬂﬂ?rl.au‘l'nﬁwngmmuﬁwm Uvio7 uﬂ:&ﬁﬂwufnmn

ldnmInans UV107 dndas NTG (d8)

54

AUWUE anunves anuniveslaladi  Semarwads

2laaie: a (cms) \aa: b (cms.) (b/a)
UV10-07-N050-41 3.21 2.71 0.842
UV10-07-N050-42 3.63 3.43 0.946
UV10-07-N050-43 3.32 2.94 0.886
UV10-07-N050-44 3.36 2.96 0.876
UV10-07-N050-45 339 3.19 0.942
UV10-07-N050-46 3.52 3.26 0.926
UV10-07-N050-47 3.40 2.97 0.872
UV10-07-N050-48 3.22 2.92 0.910
UV10-07-N050-49 3.21 2,89 0.898
UV10-07-N050-50 3.30 3,02 0.916
UV10-07-N050-51 3.05 2,78 0.910
UV10-07-N050-52 3.34 2.99 0.898
UV10-07-N050-53 3.56 3.36 0.946
UV10-07-N050-54 3.07 2.85 0.924
UV10-07-N050-55 3.36 2.81 0.836
UV10-07-N050-56 3.25 2.78 0.856
UV10-07-N050-57 2.61 2.28 0.874
UV10-07-N050-58 3.63 3.24 0.890
UV10-07-N050-59 3.52 3.26 0.926
UV10-07-N050-60 3.52 3.30 0.938
UV10-07-N050-61 3.36 3.07 0.910
UV10-07-N050-62 3.38 3.15 0.932
UV10-07-N050-63 334 3.07 0.918
UV10-07-N050-64 3.41 3.17 0.928
UV10-07-N050-65 3.29 3.03 0.924
UV10-07-N050-66 331 2.92 0.880
UV10-07-N050-67 3.17 2.83 0.890
UV10-07-N050-68 3.35 3.15 0.942
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AN T ﬁ']"lumuﬂﬁﬂj-un"l'sﬂ ﬂ‘ﬂlﬂu‘lmﬁlﬁﬂﬁLﬂ 2l u'ﬁuﬂl 21 UvV107 LLﬂxﬂ'—'lUW'W[iﬂ HE

AlenmInas UV107 51énp NTG (dn)

CH T amuntwves | anwntoveslalail  samdmwads

wlmafe: a (cms) \afE: b (cms.) (b/a)
UV10-07-N050-69 2.99 2.72 0.908
UV10-07-N050-70 3.53 3.33 0.944
UV10-07-N050-71 4.38 4.20 0.952
UV10-07-N050-72 3.31 2.96 0.894
UV10-07-N050-73 3.07 2.70 0.878
UV10-07-N050-74 4.24 4.05 0.938
UV10-07-N050-75 3.08 2.71 0.878
UV10-07-N050-76 3.40 3.20 0.941
UV10-07-N050-77 441 4.25 0.940
UV10-07-N050-78 3.27 3.03 0.926
UV10-07-N050-79 3.16 2.73 0.862
UV10-07-N050-80 329 2.94 0.892
UV10-07-N050-81 3.14 291 0.924
UV10-07-N050-01 3.17 2.93 0.926
UV10-07-N050-02 2.94 2.69 0.914
UV10-07-N050-03 3.79 3.47 0.924
UV10-07-N050-04 3.26 2.93 0.896
UV10-07-N050-05 3.02 2.80 0.928
UV10-07-N050-06 3.51 3.29 0.936
UV10-07-N050-07 2.98 2.60 0.868
UV10-07-N050-08 3.22 2.80 0.868
UV10-07-N050-09 2.53 2.28 0.902
UV10-07-N050-10 3.49 3.11 0.892
UV10-07-N050-11 2.66 2.43 0.914
UV10-07-N100-12 3.38 3.07 0.908
UV10-07-N100-13 3.28 2.98 0.908
UV10-07-N100-14 2.68 2.35 0.874
UV10-07-N100-15 3.31 3.05 0.918




56

al . 4 =
TN T ﬁ':l"luﬁ'-luq'ﬂﬂ.un"nﬂ ﬂﬂlﬂu‘lﬁ]—ﬁlﬂlﬂﬁLﬂ ﬂﬂuﬁ“ﬂ]ﬂ'ﬂ V107 LLﬂmeW“‘qnﬂ"ﬂl

Al mmInans UV107 $19hn NTG (din)

uvug anunivas aundwveslalad]  Sandmeds

2lmadn: a (ems) \0fD: b (cms) (b/a)
UV10-07-N100-16 3.11 2.70 0.870
UV10-07-N100-17 3.58 3.30 0.910
UV10-07-N100-18 3.44 3.24 0.942
UV10-07-N100-19 3.36 3.06 0.906
UV10-07-N100-20 3.43 3.18 0.926
UV10-07-N100-21 372 3.42 0.920
UV10-07-N100-22 3.38 3.09 0.914
UV10-07-N100-23 3.28 3.05 0.926
UV10-07-N100-24 3.20 2.78 0.866
UV10-07-N100-25 4.18 3.93 0.940
UV10-07-N100-26 332 3.13 0.942
UV10-07-N100-27 2.78 2.48 0.894
UV10-07-N100-28 3.09 2.84 0918
UV10-07-N100-29 3.26 2.96 0.904
UV10-07-N100-30 2.83 2.79 0.914
UV10-07-N100-31 3.14 2.92 0.926
UV10-07-N100-32 2.99 2.74 0.912
UV10-07-N100-33 3.36 3.02 0.894
UV10-07-N100-34 3.18 2.89 0.888
UV10-07-N100-35 3.45 3.25 0.930
UV10-07-N100-36 3.46 3.20 0.924
UV10-07-N100-37 3.46 3.21 0.924
UV10-07-N100-38 3.72 3.44 0.926
UV10-07-N100-39 3.28 3.00 0.914
UV10-07-N100-40 3.26 2.98 0.914
UV10-07-N100-41 3.43 3.22 0.940
UV10-07-N100-42 3.33 2.93 0.884
UV10-07-N100-43 3.51 3.28 0.936
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al - E -
aTwh 7. anumansalumsnaaeulsdiasgiaaruduues UV107 uazauininas
AW o f
flanninats UV107 $7678 NTG (da)

g anuntsuel anuntuvaslaladll  Samaweds
wlaiady: a (cms.) 12 8Y: b (cms.) (bla)
UV10-07-N100-44 312 2.81 0.914
UV10-07-N100-45 3.80 3.52 0.926
UV10-07-N100-46 3.18 2,78 0.880

= iy H =4 ' e
MANTIN 7. WuhmInang UV10-07 $1dan NTG wk ldwuirfisewuslad
anwsaninlunriaenlsfisagestuduldgonhmeiuiasdu uvie-o7 way
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Trichoderma reesei QM9414

nnMInaseuaEw I lumsnanoulrlisgesluudazasilsznay  vas
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moiuinmsifauonldnnda 13 33 usz 53 '[ﬂmuﬁuumaunumuwm;mm
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Acrophialophora sp. Wat Trichoderma reesei QM9414 YILR HIANATITNARDITD 4. lasiane
- ™
Pgoemndl 40 usx 30 ssmuraifios Tdaanumansalunsuiaenlodissaaslusad

; as - o
Usznoudng g auansluanen 8. wazmwi 12, 13. 14. 15,



A ) - ] :I =3 @ o A:I a e 5 el = e
@N39N 8. A unit ofenzy:me=nmmu’l&nﬁwmgmmma:aeﬁﬂa:namgaqﬂmam‘lmmnmﬂwuiﬁ:nmﬁﬂﬂ'mﬂ'gevlmnﬂminmUm 3 9% WBuny

1] I : J
Acrophialophora sp. W2 Trichoderma reesei QM9414lul,ma:moszu:naﬂumsmmt"ﬂa

1IN fiN unit of enzyme VBIUARTENUWNUE (U/ml)

('51%) Cellulase Acro Tri40 Tri30 UV05-20 Uvo05-22 Uv10-02 UVv10-07 Uv10-14
exoglucanase 0.021 0.010 0.071 0.019 0.064 0.041 0.029 0.076.

3 endoglucanase 0.317 0.004 0.350 0.143 0.218 0.254 0.097 0.183

B-glucosidase 0.022 0.004 0.059 0.030 0.072 0.046 0.084 0.118

exoglucanase 0.039 0.005 0.084 0.049 0.060 0.028 0.041 0.051

6 endoglucanase 0.334 0.030 0.228 0.276 0.252 0.357 0.590 0.325

B-glucosidase 0.027 0.008 0.065 0.044 0.076 0.053 0.189 0.076

exoglucanase 00003 0.021 0.216 0.057 0.059 0.040 0.011 0.060

9 endoglucanase 0.358 0.011 0.503 0.273 - 0.296 0.683 0.445 0.361

[B-glucoase 0.045 0.015 0.100 0.070 0.018 0.124 0.102 0.065

exoglucanase 0.011 0.006 0.131 0.043 0.037 0.023 0.024 0.049

12 endoglucanase 0.432 0.020 0.379 0.225 0.104 0.735 0.623 0.400

[-glucosidase 0.015 0.036 0.060 0.084 0.016 0.164 0.119 0.081

8%
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AN 8. A1 unit ofenzyme mﬂ\']Lﬂiﬂﬂfﬁl‘ﬂﬂgLﬁﬁLLﬂﬂza\iﬂﬂ'ﬁ:ﬂauﬁ@q@ﬂ“ﬂﬂylﬂaqnmﬂwuqnaqUﬂﬂiﬁﬁ?-ﬂ‘l@mqnnq'jﬂﬂ’iﬂﬂﬂ 3 7% tnyuny
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Acrophialophora sp. WRE Trichoderma reesei QM94141%LL@]ﬂ:‘ﬂ’ldizEJ:L‘J&I’II%T‘I']‘EL&EIM%S (aa)

X0y Cellulase N unit of enzyme VBILARTENLWE (U/ml)

(W) N250-024 N250-026 N300-058 N300-065 N300-076 N300-100

Exoglucanase 0.033 0.051 0.032 0.056 0.055 0.050

3 endoglucanase 0.200 0.162 0.274 0.353 0.293 0.343

[-glucosidase 0.069 0.030 0.034 0.065 0.053 0.081

Exoglucanase 0.023 0.024 0.009 0.013 0.008 0.018

6 endoglucanase 0.168 0.068 0.177 0.195 0.109 0.154

B-glucosidase 0.051 0.027 0.046 0.046 0.042 0.044

exoglucanase 0.017 0.015 0.044 0.027 0.016 0.011

9 endoglucanase 0.105 0.048 0.189 0.291 0.099 0.200

-glucoase 0.056 0.036 0.041 0.058 0.038 0.059

exoglucanase 0.008 0.005 0.020 0.026 0.006 0.027

12 endoglucanase 0.087 0.028 0.181 0.289 0.087 0.181

B-glucosidase 0.070 0.091 0.027 0.046 0.043 0.058
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@139 8. A1 unit of enzyme madtau‘lfﬁmfﬁagmamazmﬂﬂi:ﬂaugaqmmacﬂ"lﬂinnmawugnmﬂﬂﬂiuﬂ'ga‘lﬂmnm‘mmﬂm 3 3% auUny

1 1 A’ A’ 1
Acrophialophora sp. WRE Trichoderma reesei QM9414 Tundazrsrzozmlumaiesie (dea)

M Cellulase @ unit of enzyme VOIULARZFIUNUE (U/ml)

(W) UV10-02-N100-01 UV10-02-N100-03 UV10-02-N100-04 UV10-02-N100-05 UV10-02-N100-06

exoglucanase 0.040 0.012 0.031 0.014 0.062

3 endoglucanase 0.292 0.295 0.342 0.308 0.235

B-glucosidase 0.061 0.061 0.039 0.066 0.036

exoglucanase 0.004 0.006 0.004 0.006 0.004

6 endoglucanase 0.255 0.204 0.207 0.237 0.181

B-glucosidase 0.078 0.057 0.058 0.064 0.071

exoglucanase 0.009 0.023 0.015 0.035 0.005

9 endoglucanase 0.316 0.211 0.287 0.211 0.237

B-glucoase 0.046 0.043 0.058 0.043 0.088

exoglucanase 0.006 0.034 0.006 0.023 0.003

12 endoglucanase 0.251 0.199 0.263 0.175 0.270

B-glucosidase - 0.051 0.038 0.071 0.036 0.133

Acro 78 Acrophialophora sp.
- d &
Tri30 A8 Trichoderma reesei QM9414 Y1LAEN

a 4 &
Tri40 918 Trichoderma reesei QM9414 NEREN
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Uv10-02-N100-06
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N250-026

N250-024
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UV102NTG1006

UV102NTG1005
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N250-024

Uvos-22

Uvos-20

uvio-14

uv10-07

uv10-02

Trichoderma reesei QM9414

Acrophialophora sp.

q

d (e 5
anysudsala

3 A
ﬂ"lﬂﬂ@ﬁﬁq’

YU LASRIUWNKIN

o

=

o
57 b lwnnsidI oL

AIMNNNFIELNUIN

ar

q

d a @
RIFANNAA b

L'l

mwfll 14. @1 unit of enzyme YadLaw sl B-glucosidase

as

&
NN 3738

63



0.6

0.3
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0.3

0.2

unit of enzyme (U/ml)

0.1 —

Exoglucanasa Endoglucanase Bela-glucosidase

i N ‘ £ -
MW 15. f1 unit of enzyme ananlmliagiaausiazefLizznougege findalden
-
Trichoderma reesei QM9414 TREIT QUMD 30 BIFNTALTON

7. msdmnamzivanzan ivmasamenlsliagiasuasdasnmeiugnais

7.1 MIAnwriiauasanuTRTu s sITBILRE I TUaY

vnanTMesssnnuEIInlwmIHaaewlsdigagealussdunaia  Saden
MERUENANY UV10-14 wrwunsserFusuiimanzanlunsuiaiowland exoglucanase da
1 TaelSundsnTuounsin 6 wiia fe hedaftumsliusmudsdimenaiuny
maadl avicel caboxymethylcellulose (CMC) NTz@1¥NT09 LHBNTZAN LAZEE WUIUMES
mfuuuﬁmm:auﬁqn fio CMC Jo9maunilu avicel 1HanTzens  nazemnIess v
dfsmmIlusmwnenahutumaed wedd Taolwen it of enzyme wivi
0.076 0.066 0.037 0026 0.025 k& 0.010 U/ml Maddy dausaaluaafl 9. uazmm

71 16.
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P> : d a v 4 e
@TWAN 9. A unit of enzyme VBILA 2] exoglucanase NHAA LAIN UV10-14 NLEEIML

UARINNTUBUA

C-source Unit of enzyme 2adiaw Lol exoglucanase (U/ml)
Fufi 3 Fufi 6 fuft 9 Fufi 12
W12 0.004" 0.025" 0.023 0.004"
Avicel 0.007" 0.045" 0.066° 0.015"
CMC 0.076" 0.051° 0.060" 0.049"
NITAWNTDY 0.008" 0.017* 0.026' 0.010’
\enszew 0.004" 0.034° 0.037° 0.021"®
Cal 0.002' 0.010™ 0.006" 0.003"

WAL AONWIMANWANNUANFANINY NAwDIFafsLanfIAVaILw Ly

ﬂi - . °/ ) " ] s
exoglucanase NWAA 191N UV10-14 laglFundsnfuaudn g uanedranu
at Il E A BINIFGa

0.08

0.07
H vihvdin

0.06
= O avicel
E
S 0.05 — Ocme
% ]
E‘ 0.04 == O nszpunsaa
@
E 0.03 =] = O denszae
.E == B
> 0.02 .= - : B

0.01 i :f 1

il ' I |

3 6 9 12
Fraz9aT lunITLNEe (Tu)

= ' 2 a a [ a4 o
MW 16. #1 unit of enzyme VDLW LT exoglucanase INEA 1§30 UV10-14 ALReae
UMEINTUEUAN 9

NNuaNIMUAIATuauinanzgaSian CMC amsemuduTuIaIuRE
ansuanfimanzaadanskdaiowlesd exoglucanase daly TaelFarududu 1 2 3 4
uaz 5 wafidud wui'm*nul.{l‘uﬁuﬁmm:ﬂuﬁqﬂ fia 3 Wodidud sasasnuilu 5 4 1
uaz 2 wWesidud laalwen unit of enzyme iU 0.076 0.018 0.017 0015 uas 0.010
U/ml &9 aaugadluansefi 10. wazmnd 17,
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o ; da vy o & v
@139 10. A1 unit of enzyme 2adian losd exoglucanase NNAa 9N UV10-14 Niaeslasly
[ 1 J L L 1
cMC luunasnTuaunanuitutudrs g

CMC unit of enzyme U ILaw Laa) exoglucanase (U/ml)
(%) Fufi 3 Fufi 6 Fufi 9 ufl 12
1 0.004" 0.003° 0.003* 0.015°
2 0.003* 0.003" 0.004 0.010°
3 0.076" 0.051° 0.060" 0.049"”
4 0.005" 0.005° 0.005" 0.017°
5 0.005" 0.005° 0.004° 0.018°
vangme  msnwimRuklanfiuendwiu mansfsiuadsuan@iavasanlsd
exoglucanase findaldan uvio-14 Tasldunssnuau cMc Aanu
LBUTUGE umn@haﬁuamaﬂﬁuﬁ'\ﬁ'tyEiommﬁﬁ
0.08
0.07 P
- i EcMmc 1%
:.% 0.05 e o _ ‘ £ cMmc 2%
E; 0.04 O cMc 3%
E A I CMC 4%
§ 0.02 Ocme 5%
o | _H
ol M=l T meel S i ‘ELJ_ =

3 6 9 12
13
seazian lunsUNde (1)

o \ " a a o o & )
NN 17. 91 unit of enzyme 2atan Lol exoglucanase udalaan Uvio-14 Niassleasls

& ' = v e
CMC LHuunssmnTuaunanudududnd

7.2 mifnssfiauazanuiduduiivmancsuvasunsslulanau

daldundsmiuanuazanuidudusasundsmivanfimancauudy  Saham
unadlulasiaufimanzandomnaaionlssd exoglucanase doll Tasldunaslulasiau
@199 'lér ammonium sulphate ((NH,),SO,) ammonium nitrate (NH,NO,) urea (CO(NH,),)
unz peptone Tiamuidudu 0.08 wWefidudlulasion Wuunsslulasian wuiuns

= o -l o & =
1“Iﬂflﬂuﬂl“u'1=ﬂuﬂﬁ;ﬂ ﬁﬂ uBUI&ILufJU‘HﬂLNW IR Lﬂlf[mu LLﬂqutﬂﬂu‘lu
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L@ uaz yise Tatl¥dn unit of enzyme WML 0.076 0.033 0.029 UR: 0.018 U/ml AN

b bl A
Gyl aquma'l.ummﬂ 11. WAE NINN 18,

- i & - . w
@379 11, 1 unit of enzyme BataWlM exoglucanase AranIwa N UVI0-14 Adtedan

unaslulasiaudnag
N-source unit of enzyme vaaaulwd exoglucanase (U/ml)
Fudl 3 Tufl 6 Fufl o Fufl 12
ammonium nitrate 0.016" 0.024" 0.020"® 0.029*
Ammonium sulphate 0.076" 0.051° 0.060" 0.049°
urea 0.018" 0.007 0.016" 0.015"
peplone 0.020* 0.011™ 0.009" 0033
NAING FneIIRURLENALANG9tY winfedeiowanfidvaanlsd
exoglucanase KA AN UV10-14 TanlSundslulanande g uansraiu
athefiindrdyfomoatia
0.08 A

0.07 -—|= I R
0.06 | g &t

D Bmmonium  nibrato

5, 0.05 : \ - — O ammaonium sulphata
@© y

E b

5 0.04 ' ' - Ourea

-]

'% 0,03 - - — | | O peprone

0.02 4

0.01 -

3 8 9 12
srozanrlumninde @)

(L3 L3 ; L
WA 18, 61 unit of enzyme 1318w 193] exoglucanase IKAA W3 N UV10-14 MiRBIAY
unadlulasiaudsg

Tinuamamunas lulassufmunzsuSafion ammonium sulphate B MIAINY
wtuvasunas lulanawimunzaudomsniaenlod exoglucanase wisll Tasldamu
iutw 0.04 0.06 0.08 0.10 0.12 WAz 0.14 LWafLTud ﬁUﬁﬂﬂHLﬁHﬁ“ﬁlﬁHTtﬂuﬁqﬂ fin
0.08 wWafidud sosasunilu 0.14 010 006 0.2 uaz 0.004 WoTTud laulie unit of

enzyme WML 0.076 0.040 0.032 0.027 0.021 UAT 0.018 U/ml MudIAL AIuaaIlu
ﬂ"lﬂ\'.lﬁ 12. ll.ﬁ:fﬂﬂﬁ 19,
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X ”
#131971 12. #1 unit of enzyme VoWl exoglucanase Anaaldan Uv10-14 AR lnels

ammonium sulphate tuunas lulasaufiemaudududni g

Ammonium sulphate unit of enzyme VBILOW 103 exoglucanase (U/ml)
%) Fufl 3 fufl 6 it o il 12
0.04 0,013 0.018*' 0.017* 0.015™
0.06 0.010° 0027 0.008" 0.009'
0.08 0.076" 0.051% 0.060" 0.049"
0.10 0.032°" 0.016™ 0.018* 0.0147
0.12 0.019* 0.010" 0.021" 0.017*
0.14 0.035™ 0.009" 0.036™ 0.040"
WNELWG sBnEITARIAN AN mnsfraaousnFidveowls
exoglucanase MHan e n Uvie-14 laolfundslulasiau ammonium
sulphate finTNITUTUAN 9 uandsiuatiibddyBamesda
0,08 .
0.07 DAl B 0.04%
— 008 — — ||On.06%
5. 0.05 [~ - — | o.oe%
g 0.04 Oo.0%
5 003 — : Do.12%
g 22 D i :_ ('I O o.14%
0.01 - \ - ‘
0 t ol

G

a

Tr.‘EJ:v:m'I.mmjmiﬁ i)

' = Ca ™ e -l w
MW 19. 1 unit of enzyme V83U exoglucanase MHAA 1IN UV10-14 Miaps lagls

. ' - ¥
ammonium sulphate 1 Huuwndslulasiauiinnudutudne g

- a8 &
7.3 NIAN pH (FuAUTIBIaMITALILTE

a e - ' r ' - .
u.'ﬂ1ﬂm1=“i“ﬂ'}=mﬂﬂqu‘“ﬂqFI"I“Jﬂ“llﬂ:ll“ﬂﬂi“Iﬂ'ﬂﬂ“uﬁ"l ﬂ-ﬂﬂ"lmﬁ"lﬂ"'l pH

- r ol i - ' [
Guduvesemnasadenmincaudaminaaioulad exoglucanase doll Tao5u  pH

- o X -y w A
GuduvaamITRosa 1R pH (SUAUANY 6 750U AiD 3.5 4.0 4.5 50 5.5 U8z 6.0
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WU pH -ﬁmm:ﬂuﬁqn fin 5.0 9a9n30ulu 55 6.0 35 4.0 uas 4.5 [aulidn unit

of enzyme LYINML 0.076 0.054 0.046 0.019 0.017 WAz 0.013 U/ml aNfaL Asuaadlu

-l
#190971 13, uazmwd 20.

1347 13. #1 unit of enzyme Yo atawla] exoglucanase AinGa ¥ N UVI0-14 Aidnalaw

USusin pH (Gudueing g

PH unit of enzyme V84 towlmad exoglucanase (U/ml)
Gudu Fufl 3 fufl 6 Tuf 9 Fudl 12
3.5 0.016™ 0.006" 0.019° 0.004
4.0 0.017" 0.008" 0.008" 0.005"
4.5 0.007° 0.009* 0.013" 0.007"
5.0 0.076" 0.051 0.060" 0.0049"
55 0.054° 0.009" 0.016" 0.007"
6.0 0.046° 0.008' 0.031° 0.009"
WAEIAG FsnwITARLENTILANGw nuneRdaRuuanfifusew s
exoglucanase AHA 1N UV10-14 AlBuslauUiudn pH Gududngg uan
dnsiuathaflibddyiamasda
0.08
MT ElpH a5
E . 5 OpH 40
% i om e ém [ OpHas
E 0.04 S - o= Opxs0
t—g oo o Oprss
S - B pHeo
~ R et ] e
] mill PEE il T

3

sruzielunnide ()

12

o
TN 20, 7 unit of enzyme 183184 1413 exoglucanase fitidaldan UVie-14 Midpalay
UFusn pH Bududne g
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- - - W
Feldnnsfimacauvasundsmiven unddlulanan uasdr pH Guduzes

& =
pmILataEaus %aﬁwmﬁnmmqmﬂQﬁﬁmm:wﬁammﬁmau‘lﬁﬁ exoglucanase 7D

i J [ ke el
ol Tﬂt.l‘.l..ll.lI.%Eﬂul.ﬁiml.'nﬂﬁuﬂuﬁﬁﬂﬂﬂqmﬂqﬁ figunndidnanu s sedufa 25 30 35 40

uaz 45 ssmnuafus wuhgnmpdfldlunmindefimnzaufigeda 40 asnaados

sosnaunilu 30 45 35 uar 25 ssmwalBus laulWen unit of enzyme ¥iNAL 0.076

0.024 0.012 0.012 UAZ 0.008 Uml aud e eausaslua1snefl 14, uazmwd 21,

a51971 14, ¥ unit of enzyme Vadtawles] exoglucanase AnGFN UVI0-14 iAEed

aonnilang g

gmmgﬁ unit of enzyme 'IJEHI.E'HJ‘!]‘I.T exoglucanase (UJ/ml)

) ui 3 U 6 Tuft 9 fudl 12

25 0.006" 0.008° 0.006° 0.008°

30 0.015™ 0.024 0.015° 0.017*

35 0012° | 0009 0.006° 0.006°

40 0.076' 0.051° 0.060" 0.049"

45 0.005° 0.006" 0.012" 0.012"

wngmg  manwdmRuiiAnfiuandiu nansfdiadouen@iduasienlel
exoglucanase NHAA AN UV10-14 ﬁl.'ﬂ"uaﬁqmnqﬁii'u 9 UANFENNUDEN
S dmesia

0.08

.07 ] —— — e D)
— 006 & - [l 25 degree C
% 0,05 - - B30 degree
% 0.04 [ 35 degree ©
g 003 0 40 degres C
G 0.02 [ 45 degree C

“ Tl L olH 0 ab

Jrials alt il

3

5]

a

srozaalumninde ()

12

MWA 21, #1 unit of enzyme ¥03tau sl exoglucanase fitda o n UVI0-14 Tiapafi
aunnila g
4 ol
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1. m*:ﬂ%‘uﬂgamﬂﬁuﬂﬁﬂiﬁum aams b lawan
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Wwdu dinduadlunaanss 20 Gadaes hliadmganduussfinnuomniu
540 wiluiuas ﬁﬂﬁﬂﬁ‘lﬁ’ma%’ﬂanﬁ'Nwm'wfhm‘sgmnﬁuumﬁ'uﬂ'imm%manﬁmﬁh

=
uaaalumwh 22.
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1979 ANOVA

al - £ . - & B e
aTef 15, myeTsimamuudasemusannlunssiaewlaiiosgaarudu
L = J -
W83 Acrophialophora sp. wazanpninaefiflsziniamluntsniaowlad

x’ L] J L5 e -
\YRGUNRIUAUFINT Acrophialophora sp. i leanmiiilyemuinglaols

uFIDaNT LI lawan
SOV DF ss MS F
Treatment 34 0.3408 0.0100 17.27
Error 140 0.0813 0.0006
Total 174 0.4221

" significant at 1% level

CV =27%

-y ¥ Y t: »
a15199 16. mﬂmﬂzﬁ'ﬂﬂmmuﬂmﬂum-mmm‘m‘lun"rsHﬂmmu‘lﬁﬁmﬂgmmmﬂu
— al s & & . &

VDI Acrophialophora sp. ua:muwuﬁnmamuﬂﬂﬂﬂﬁnﬂw'l.ummamﬂu‘l-ﬁn

£ e i o4 i - "™
\TRQLARUUAUGINTY derophialophora sp. il nmMIUiulpmevuglasls

NTG
Sov DF 58 MS F
Treaums-l.'.tt “ ;;‘” — 1}_646? 0.0112 16.77
Error 236 0.1569 0.0007
Total 294 0.8036

" significant at 1% level

CV = 2.8%



.rll i ] r- o
aTef 17. myeTsdianuulslssenueansalumaniaew lsdioaguaatudu

183 Acrophialophora sp. Wazaneuinaefiduszimsmwlumndaewlsd

E o i [ " e o
\TRGIREUUAUGINT Acrophialophora sp. TildNMTUTLYRmsRuTlasld

LEIHRAT L Lalaaduny NTG

S0V DF 58

MS F
Treatment 5 0.0268 0.0054 3.98"
Error 24 0.0323 0.0013
Total 29 0.0591

" significant at 1% level

CV = 47%

-l = ' ol
TN 18, MTIATIERAIAMULLTUTIU unit of enzyme v8310U 11T exoglucanase NIWAR

Idnmmoviuinas UV10-14 luam1gas production Miflundsanivandrog

SOV DF SS MS F
Treatment 23 0.1023 0.004 127.86
Error 192 0.0067 0.0000

Total 215 0.1090

" significant at 1% level
CvV = 23.4%

ol = . = i o
AMTNA 19. MTAATIEAATANUULTUTIU unit of enzyme VaILOW 1T exoglucanase AiHAA

" [ - = i
1.m1nmuwu1fnmﬂ Uv10-14 'lumwrsgm production 113l CMC 1iluuwna

- =l e L5 '
ATTUBUNAITULTUTUAT ¥

S0V DF 58 MS F
Treatment 19 0.0267 0.0014 17.42"
Error 40 0.0032 0.0000
Total 59 0.0299
" significant at 1% level

CV = 53.2%
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ATNNA 20 NMIAATIEAAIAMURUTUTIN unit of enzyme Vo ILaW 193] exoglucanase AitiA®

a e o '
Tdnnaewuinae UV10-14 luamnsgas production Miflunaslulasiaudra g

S0V DF S8 MS F
Treatment 15 0.0557 0.0037 5034~
Error 128 0.0004 0.0001
Total 143 0.0651

Ll

' significant at 1% level

CV = 30.16%

- .
AT 21 MIAUATIAAIR AU unit of enzyme Vaataw sl exoglucanase AinA®

e ﬂ ol bl
ldnnmpiugnans Uvie-14 luewnsgas production Aifluenlutondana
Wuundslulasaufienududiudneg

S0V DF S5 MS F
Treatment 23 0.0188 0.0008 6.94
Error 48 0.0056 0.0001

Total 71 0.0244

h significant at 1% level

CV = 43.50%

- - i o s
#7722, MIAeTERRR AL unit of enzyme Voo LT exoglucanase IHAR

a s Y - e
Tdnnmowugname UV10-14 1up13g@7 production 71U pH (udu

@149
SOV DF SS Ms F
Treatment 23 0.0943 0.0041 80.16
Error 192 0.0098 0.0001
Total 215 0.1042

" significant at 1% level

CV = 31.83%



o = T . -l -
AT 23, MTAATIERAN1IULLTUTIU unit of enzyme 10318W 113 exoglucanase NHE®R

- e - A - -
'1mﬂnmuwu1:fnmﬂ UV10-14 luem3gas production fitinTefigomniieansg

SOV DF sS MS F
Treatment 19 0.0258 0.0014 20,09
Error 40 0.0027 0.0001

Total 59 0.0285

' significant at 1% level

CV = 39.60%
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wisfgn  wawe Aadeiudl 6 nwamdmon wa. 2516 AiSonda
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