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Investigating the influence of cellulase enzymes from mutated isolates of
Trichomerma harzianum and Trichomerma viride on biodegradability of cellulose I,
Igand 111

Askari, H. !, Shahbazi*!, S., Bagheri?, Kh., Amirlou?, F.
1. Plant Protection Department, Nuclear Agriculture Research School, Nuclear Science and Technology
Research Institute (NSTRI), Atomic Energy Organization of Iran (AEQI), Alborz, Iran.
2. Biotechnology Department, Faculty of Agricultue, Zanjan University, Zanjan.
3. sshahbazi@nrcam.org

Abstract: Two strain of Trichoderma (T. harzianum and T. virid) and their mutants were used for cellulase enzyme
production. The Avicel, CMC, BC and Whatman NO.1 filter paper, were used to cellulase activity assay. The carboxy
methyl cellulose (cellulose 111, CMC) and bacterial cellulose (cellulose I, BC) were produced by chemical modification
of Avicel (cellulose Ig) and fermentation of sucrose by G. xylinus, respectively. Their chemical structural properties were
investigated by FT-IR, XRD and SEM in compare with Avicel. The molecular weight of cellulase enzymes were studied
using SDS-PAGE. The SEM image of substrates, showed more delicacy of BC fibers relative to Avicel and CMC. The
diameter ratio of BC to Avicel is approximately 1/30 or less. The FTIR spectroscopy and XRD assessments designated
that the produced CMC is carrying a carboxylic group and its crystallinity is 81.84. The crystallinity of the Avicel and
BC were demonstrated that the crystallinity index of Avicel (89.15%) was more than that of bacterial cellulose
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(66.44%). Both species and their mutants varying amounts of extracellular proteins produced in the fermentation
medium. In T. harzianum and its mutants, the highest cellulase enzyme activity, respectively were showed in Th M7 and
Th M6 and in T. viride and its mutants, the highest enzymatic activity of mutant strains, respectively was observed in Tv
M14, Tv M15. The results showed that bacterial cellulose is a good substrate for total cellulase activity assay, because it
has the highest enzyme activity in compare of filter paper and avicel. That signs accessibility of cellulose Ia for
biodegradable in compared with cellulose I.

Keyword: crystallinity, Avicel, Bactrial cellulose, Cellulase enzyme, mutant, Trichoderma

-

dadia
Foko ojlos (ol o3z (lsie & mizren 5 0ll (o b Sil 5 (LS Jobe o)l 53 (ol goby Sl ol
sad olo dlie Jislo Jlz Joke lp A ek (Canon & Anderson, 1991) sgs o Cgwme 3 o )6
g a5 ool (FN) P slosign b o 56l5 (sl o pumy Juls a5 | ok atian Jolite Sloogas lls a5 el
by eizres slo g5 (nl 058 (oo SBL Canb o Lﬁ-"-‘ Sl ggi cpl il ad)S 18 S0 LS 50 (s5lse
"Native" Jslo oloie 4wl o | Jolo Sz e el 40 048 0 oy Gluconobacter xylinus s s
a5 Cool (FN) B osle wigw b o5el5 silge jué slo oy Juli 11 sk (ROSS €t al., 1991) 542 ks
o obml | lsle ol Jlass b saze (el illins S 51 am b 2atS e (0500 > 50 G XYlINUS Lowogs
Foko olowd lo 5l wlys 0 9 998 0 il Jle ol Joku o)l o T Jole (ROSS et al., 1991) sgs
08,5 o odg b S gla 550 by atux p ok o ol (Haigler & Weimer, 1991) sgs oy 55 11
w0 Bygegll 93 52 3l polie Jold o jlslo aen Jlo cal b 05 (oo Bt LS 5l I ole aSll o
3 ok 5dg,0um (gl (e ke (eduzn (ool (Sld pins I ogle) o3¥oele (SUgiyama et al., 1991)
ShSe¥ske glo 7,8 Lawgi Vsl anles (o 1) 55605 ools sla wxly adsi 5 wisS (oo oo (555laS Sl
sla 48 s 5 o adgs Trichoderma z,i sls 455 3 Myrothecium [Fusarium .Chaetomium 3
sla 4555 ol oo Yol oy 4 0l 55 Aspergillus sla 55 5 Justin, 1989) Penicillium L So
== 3 Cel TA(CBH 1) 5 Cel 6A (CBH 1) Jsls (3¥5,0u4m5ke) LS55 35T 90 JBlas LoyosSs 5 7,1
Cel 61A JEG V Cel 45A Cel 12A (EG 111) .Cel 7B (EG 1) .Cel 5A (EG 1) oLz 3Ll ol5 ol
oo Mg el s ol Cel 3A (BGL ) 4 Cel 1A (BGL ) Juls 5la;6555-B 90 cyizen (EG 17
o o351 5 aiwd dw ;o ool 3dg,0ue anl 3 o Job 4o (Grishutin, 2004; Foreman et al., 2003) sus
o 9 (Lynd etal, 2002) wus” o Joe Pl 2S5l (W3l 355 9151 5 LUl ol gl Vg m5sles)
il ol edliul sy iaes sl mpl le e SIS s ST 0gs e ol SIS e 4 anlE sl
Sl ] as an j2 (953 (o0 ke G Olyie @ el 45) SouSy L o jSles 05h e Wil oo Suls 000
o dazme 53 (63351 slsls 51 gty (nl 50 Sl (o0 5350 Fge soul sy wnld G sl S5l
5 (T. harzianum 4 T. viride ) L,ssG 5 7,6 calizee o 4565 5l ooliiwl b ) oolaiwl b g 00ys,5 oolitu
ok ol il ol ges 5| ol clad 65 o5l sl 03,8 g Vsho sl el slo cibise
Hobo Slsze 4 CMOC) Jolo e (w555 5 I sk lste 0 A) sl lla sk sz 40 BCY L s,
3 Poko Jbws S e 9 oleowd OS5 g bl jo OB .as eolaiwl (FP)Y o)les opaily blo dels o (M
5 (Teeri & Koivula, 1997) 5,135 o 15U 55,000 lp olge Juwiln p a5 ol ools plis 5ok olge

VY axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(LS 4 (5539Li8” 0UiR Y3 I FAE (g dsf To-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

6))...»...4 daxlas 6‘)4 ‘) ‘;P P ‘54.‘).:] u.JLvﬁ 6)..5 o)‘..bl 6‘1.' IR ul.?:u‘ sz.lji...u 0‘9.0 O p...n.....mo Ml&a
3591 o o2l

W gy 95

S5 lS Jolw adgi

o 1A eolil 050 Vsl 03T Colled ioni 5 Yslu sla w3l adg lp S et Olsie 4 saSslS sk
VE Se sl WIV) 7 AD S yiandsi ) dnsl 55 (JmgD) Al koo (0S jlocs (o lomsgy S 0361S gk 0,28
3,50 mpl lawg Slol 4 a5 gem6 4 oS oy Lial8l ol 10 gadelS cools b cd S plxl F°C o cele
Lo paiz 9 o Blo 655 poy ©f S Sl osliinl b sl slge cnal b jless Ayl dw 20,257 )18 ool
YE Sae sl -Ve TC oo 4o 6aelS itS s duop O 90 4 dul> ool PH U 0o 5 it Jlade O
DY-NYD e o5l b 5 00,8 Sts el FA e (sl golozel o8 S 31 oozl b g 030, dazie el

i olewl 9,50
Hobw o (oS 92,5 adgi

ool 3 Pk e (oS58 0y 0,5 ool lobe Juie S5 ads sl (JsD) oAl ok |
Sy 5 eoliinl b sadgs Jole e (onS50,S N(DS) dlseinl a0 i sl (VA£Y) Othmery Kirk s,
Jite S92, il cdlad ns gz (CMOC) sl Jste (nS92,8 5 0 pens (2005) ASTM ol

A0 3 soliul (CMCase) ;¥slu

by ek addgi

aJgs sl Gluconobacter xylinus xSt 5l ob =S Jeko 595 2 Yoko wapl o, 5es 046 oy p jolate 4
5 Goxylinus st w88 )13 eolil )50 Vsho mol cdlad (it (glp 5 90,5 olizal (L ST sl
ko 00,5 4 PTCC 1734 o los oy ol inio 5 oale slo g olosls 655L 5 2,6 (9SS 35 5
Cslos 55 ol YF S 2y e 3 (g5ko Lalls 5 i (T010) iS00 5 s (Sgmago gy s 2251
AY-VYD e o3l b g wo)F S el FA Soe sl goles! S S 5l oolaznl b g 005 )5 desie -V
(Shahbazi et al., 2014) os oLl g, Se

1 . Degree of substitution

YYD axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(LS 4 (5539Li8” 0UiR Y3 I FAE (g dsf To-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

9 Hohmsw Jio (oS 91,5 Jouns o HLiS g 5w i 2 9 XRD GGT(FT-IR) 50,8 395k (2w Cind
LS Jobe

oo Juto (S90S gl jog 5ilag S oy 9 XRD ST (FT-IR) 508 (yg0le (w2
Qb5 )13 aalllas 8,90 (Vo) F) S g ShANDAZI g, olol » b SL sl

Yok 35T ogs

SN g (K oS Lidgs 09,5 (yguenSdS — Lig g <ilige) T. Viride  T. harzianum i s alo>

3 8 «wdleojlac B i) j0 6,5 g9l MYG agar coiS lame (59, p (6] aad (55,9laS 00Siidghy 2ldé olge

6,18 4,5 YA PC glos 4o g o ool ceisS )BT 2 10 0 5 Ve o 55905 d 50 0,5V« jedka o,lac Y/

SPOrEMI™ ooz b (5 pemsl ysmmilimsms 5ol S5l 059, i slo oy 51 b Jolona 51 onliiul b .ainys ,§

OlSen s WEN gy (ool 35k w31 wdsi )5 aad Gregials (g08) Jlod J5udS oY Sloslial L) oY= -
A adg (YD)

o251 Cdlad i s TEM lazmo 53 Gudlgi (Joloo £ (g Cald (55 o501

SBsd mlejl .8 3 aloul (VAVE) 0,585, bg, 5l eoliiwl b TEM lose SBBgs wolo o uiigpn (5,5 ol
able o (mg.ml'l) od o 50 05 o o g e 1050 )T colaul wald diged laie 4y ] TFM
o)bu‘ d.l...wy JS )yﬁlw 9 )lew JMA @59.); ‘))l-AAA-JjT Lgl.b rg.)).!—l U.JLL‘B Jué)f Ml?m TFM M .la.\m @L‘Bjﬁ
LY aily (Bl B2 5 b Sl Hobe ok Jite (oS35 o s] slol g 5| o ST 3518 Joie 5,5
(Nidetzky and Steiner, 1993) s (s x5 o5l o Jasbiw! Hlgie 4 55915 g DNS g, 5l eslazl
Solel LT

Solel s ;0 Sl g, @ o (. Kile awslie g ANOVA) il lg 5JGT 5l soliiul b linlej] zls ads
S5 a0 SlislesT ads g cd )5 alosl (V8 Lol png) SPSS 1581 6 5 5l soliiul b (s bl 50T .85 plowl P< +/+ 0

G g gl
3 ol Ly ¢y gl iy oS a9 FT-IR Gisall 3 oaliind Ly W) sy gou (ANAT ) oL 098 iy 2

XRD

2 Y a5 el sad esls lis VmA S s Jeke e oS5 5 b SL Hske sl FT-IR o525l
olas el Lite nSse,S 5o VEVY CMT g aeve emT s ons el il iyl 1) b Slaems S S LsL
3y 2 e sk G Slaweg S (nl 09d (e Sl oS Sl ol e (S9SNl sla 095 oaums

w5l (oo ok e (nS50)S a Jos] e (ot Jios saims ol 5wl 955 (Lol o

YY# axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



Yo ac goxo
b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(S A (6339l 0UKiRY Y I TFAL (Caligudyf Fe-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

—— 120
Z \"’_.\'\ '
41 b i i 100 1
{ ) \ ]
\ , \ N/ \
3 \ AL ' \ ! i
g \ I\ i) ~ 80 i — Avicel
Py \ f ! | n S o
g \ A K < | — -Bacterial Cellulose
g \ / f", i % 60 | --- Carboxy Methyl Cellulose
s i
3 W/ g
g \ \-...,/-
’ — Avicel
— -Bacterial Cellulose
--- Carboxy Methyl Cellulose (a
4000 3400 2800 2200 1600 1000 400
Wavenumber (cm) Angle (2-Theta °)

ok ko oS35 3 2 555L Pl e Juuzsl] XRD 55 (0) 5 FT-IR g piSpmsl @) ) JSC

5 @Sl Pobo cJusl Jols Vsl o5l codlad (tomis ;0 oolitul 9,50 glal g XRD (558010 -D IS
e 555 5 b sk sl lal s gl Sl w2 (o QLA ) Slsbe Jte 558
ko oI ol o ools las VD Sy o T s g ad 6115 o3Il XRD 9051 (sla ool 51 ooliiul b gk
ols yles 1,002 5 10T 101 slo Ob5L a0 bgsyo s 5 @ YY/OYC g V8/8-° AN o Lol Sy aw b SL
saalie 002 5 10T 101 (sla b3k 4y bgsyo s i a0 YYIVAO g VENO° NVFIPAC o Jssl jo Lol sl S
adl oo b ol Jb 5703 5l o5 Junsl 5 b5 sk sl diges a5 o)l ol Vs Sledlbl ol o
Sy a5 s o lis |y s wiges (ygenlidlins S ol XRD 663 o Sy 5 mlaw (Yan et al., 2008)
A3l oo hOMVIAE L FPIEE U AND e a4 polis cpl ek e cS9S 5 ol SL ek (Jaans
AL 5l Sl alerd glo GRSl 50 olo (nl a5 955 (o Caely Jouisl @ Zond CMC a8 (gl 5

g
(SEM) ¥ shas cullad (5 18 0510 (ol hay gau ) (4 9 585 G g8us g Sa (s

Al oo Pske e (nS5,S 5 by ol ¢ hassl (Suislsdyee il saias lis i g4 Csb Ay Jso
WSl o alizee sla | uugw )0 (Su5elg8 90 ISl onias (ylis pglas

(XVerr L5 )3) Hokw Juo (omS92,5 (€) 2L 255L ok (b) cJumm gl (2) (g8 oSy ySmo yguai ¥ S5

VYV axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl BT g e 50 5l amd (5598 0 )5 :tulen Hee




Yo ac goxo
b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(S it (6359Las” 0uiRg S 1AL (ulgudsl To-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

w3l oo T ) sl a4 cons LS ek sle 4, Culis ol oad ools flas ¥ USE s a5 jshilen
G ol 3l oo sl 2l 50 2bSL Heke sla e iy CdLb saims las a8 (FAY UM 4 \Y PM)
5 @ @Sl Pk FK LS5 o D 58 Y S o sy K00 slo b o 00 55 )t ) & el (Ses
oo b ol nal gl (0 L slo b )l aSTiz s (oo i 355 Sl Jus] jlanslie jo 1) 6 U
2 lg oo LS Jsbe slopnd iy CBLL ol coliial jig )8 Lawgd Jeasl b dalie )3 youly Gl a5 092
bl 2l Sl sk 5,38 36 3T b eled ) gl gl eizes 5 ol @iz cd b S 5l (liosas

D)lo 1y 093 Sis 59 plp Ve B ol ()l byl 5 7,6 bawgs oolal

x6000 SUM ————— x6000 Sum

SN

/N

555 als (0) 5 sl (@) (g ST gSang ySonn sl ¥ S

Cillga sld Azl ja M sba sl a5l cullad g ol g A (il B (pual

Sy s 3o o e TR s Lomo 5 e s MGIMI) b ¢ 5555, il £-2 IS5
e WS glls /40 g)bl mlaw 4o s diges adS sas o plas T. harzianum ¢, o 1, ;s gl g
g H0 cud p 4 odd ddgi g cdale YL aS ol las STl g, b puSiles anolie g o (s kel Ll
Dgad )0 (iiep Hlime (p yeS g Wog Th My 9Th Mg .Th M1g .Th M1s . Th Mg .Th M1 .Th M13 ¢l»
| o] cibige o laz 5 T. Ve g5 Jobo 75 iy uilé amlio ¥-D JS5 0y0,5 saslie Th Mig
aolin 5 009 (glel Lo ime BT sl)ls /00 g o] mhaw ;o Ll iy 4565 g o wlax 4 aas e lis
TV TV Mz o @50 j0 iy @ o0d algi ety Slale o gV a5 0l (las Sl (39, 4 Wil sle (Sl
geedd lass (o ok )5 s Gl (o yieS g 068 oo cdaline Tv My 4 TV M1o TV M1 TV M3 (M1
wlaz 5l (S g 09w MOIMI CNAAY I /-0 o 51 cpufigp Ol (yliae 0db oo TV M21 cilbige 6
25855 oo 0 TLViFIdE )6 iy 65 L annlin ;0 1) (Jsho )15 g 5l (6505 polie cilige la

YYA axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl BT g e 50 5l amd (5598 0 )5 :tulen Hee



Yo ac goxo
b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(S A (6339l 0UKiRY Y I TFAL (Caligudyf Fe-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

0.15 0.25

£} ~
0.12 _{. 0.20

5 oa1s

Protein concentration (mg/ml)

aaaaaaaaaa

hm2o [T
Protein Concentraion (mg/ml)
(=] (=] (=]
8 & 5
v e —
v [
v M5 [ R
v M6 [ ——
v M7 [
v [
o P e
\ [
2 [ e —
3 [ —
Weeeo %
5 [ R
¢ [
7 [
8 [ e —
9 [
o [

|
0.09 . -
0.06 ]
0.03 H '
0.00 : :
sgg3g8se TIE
£ £ £ £

ianum
T. viride

harzi
T.
T.
T.
T
T
T
T.
T.
T.
T.
T
T.
T.
T.
T.
T.
T.
T.
T
T.
T
T.

o |.V||'fut-: W) g 1. HAIZIANUNI (d) G ow>g § oL go W alas 48 (mg/ml) ‘sJ’J.ﬂJ C)U» REryY) chld awolio F SO
-5elS Jolw g9l TFM juosii bnmo (B9 o

Lol cibse slo wlax o (T viride 5 T. harzianum  z,B) o>y ala> il sl cdled 5.5 ojlal
@ AT wd (655 ol M aily Blo S5 (gl Sl Hske sl Jte (S5 (sl (Sl g 31 ool
@lo w3l Collad (6,5 ojlail Lisg; FPase Vslu Jb sk CMCaSE 5 Dlussl slo w3l collad Sl s
Sl oSls alin O IS8 090 oo plmil sl g slsb i Jly S gl g 5l oolial b 53U515555]
SBss mle o 1y ol cilige slo wla> o T. viride o T. harzianum _i>g 2,6 UMl 56484551 o0 51
Bog bl o e S lyls /0 gkl mhw 0 by diges adS ams o olis |, TEM jss e
35,5 ssalie TR M9 5 Th M18 .Th M10 .Th M8 cilise (sls ayla o 5UlS 51856551 w31 cenllad o 5V
Th coibige alaz ;o o3l ol Glie 5 b 090 ke OIYY JIYID« 51 5L 405438 cdlad ol poss oo
sle vl g Toviride isg 7,6 o 50 o3l 558T culdled (e cp YL Cpizes .03 odalie M14
JNVEF 5 656l 5351 cdled Ol e 00,5 saalie TV M18 7,6 cilige alos o b o] cilige
O UK .038,5 ssalie TV M9 cilige alan jo s3L6l8 551 codlad (e cp 5 b sl e 008 U/MI
iy 7B TRM s e g3 wle o 1, (CMCase) LS elSsnl il culld o Sibe awlic
Shlo 10 skl maw ;o s aiges adS s o Gl |y o] cilige sla wlas o T. viride 4 T. harzianum
Cibge sl wlax o iy 4 (CMCase) LSS snil oyl cudlad o YL wogr sylel o me OS]
b g e OJOA UIMI JIYIVY Jlais 5 ool cudlad olpae .00 5 ssalie Th M7 3 Th M9 . ThM10
5l @3l Cllad VL izmen 005 ssalie Th M16 cibise wlaz o 5Ll 5l o5l codlab (e oo 5
s TV M18 .Tv M15 .Tv M14 Tv M16 cibge sl wlas ,o sy a4 (UMl (CMCase) 5Ll ol8 5ol
MPT Codled aisly oo lid 09> 3l 1) siog 7,8 w}ﬂ codled 5l 6 5YL polie a5 s S sanlie TV M17
RS g pxie £V UMD JIYIXE 5 o] cilige slo aslas oT. viride z,6 ,0 (CMCase) ;L1 gl5 ol
ol olS (63¥ske e 8,5 csalie TV MB cilige alas 0 (CMCase) ;LIS olSgul aupl codlad
Lo 35 Kanli (gl sges 31 S oo Solled (s jslate as Senl oy 5SS 5 oIS 5lS 5587 oS5l g
ol s g ol eslanal el Bygel g (Jlan S A5 g0 p ol 053 LSl o a5 o sosled (il

VY axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe




Yo ac goxo
b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(S diudd (839Lis” 0AKERY 5 IFAE caigud Fo-TA)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

SBss wle yo 1, (FPase) Js 5¥slo wopl cudld Sl amslio 8 JSi 08,8 oL UMl o>, (FPase)
ads ams o olis | Ll cibige o alas o T. viride 4 T. harzianum _isg z,6 0 TFM s e
Bogr (5 kel Sl e SN glyls /00 okl maw ;o lo diges

16 16
Avicelase o CMCase S FPase D Bacterial cellulase " 1 Avicelase [ CMCase FPase 1 Bacterial cellulase
12 il 12 {
= g B —_
z =
5 10
Z Z
z 8 s 8
T T
o : i M
v g | §
E N & B R i E©
g \ N § R 4 g
o 4 N (18| ml X W
EAEER
SERIESER]
SESERER 2 N
£ ) & &
SERIESIER] 3
SESEIER 3
0 3 N N N o0 Al
E o N m o= oM o® N ® AN S oA om 2o mzooe s o= oa e 4 N m %y
g ===2:=2::2::z:= $£§$5$$f%T$TE=s:E£E¢EE=
g £ £ £ £ 5 € £ £ < R T T R I SR
B K K K F F F F F F L EOE OE E E E E B E E B ¥
5
- =

T.

3 eolisw! b T.viride  (b) g T. harzianum (a) g8 dug 9 <ilign o alus (UMID) oos 3T cadled pufilue dug lio O S5
T8 il called Giovas cuz b ySL Jobu 9 W eily (Blo ALl (CMC) olw Juio oS358 cJumssl (5l piamiguo

(9l Pokw 59> TFM pos buomo (B9 qalo 50 oo adlgi (Jolw
saalie Th M18 3 Th M10 .Th M9 cilige slo alox jo sy & (UMD JS Vol ool codlad o 5L
T. B o S Yslo M)'ﬂ ol oy o lad 093 5l ciog 7,8 (50..{}3] Codled 5l o YL polie a5 0o )8
wlax 50 FPase ol cudled o iaS 090 pize VoV UIME JUF/Y 51 T cibge slo alas ¢ harzianum
TV MI15 cibge sl wlax jo cwip a0 JS 5Vsho il cadled ole o 5L .00 5 saslie Th M16 cilige
Glises sl asloaz e 4o FPASE ay il colles oliee s 5 sunlie TV M10 5 TV M17 Tv M14 Tv M8
ssalie TV M21 cilige alazx ;o JS ¥Veko mpl cudld lime op S 09 pise Ve/0Y UMl JIv/YY )
T Gios @l 0 1 ebSh dske Glimas 2 ¥sko @3l colad (:Siko aslio mls O S 005
olis sasglS Yoo sol> TFM joass lame SBgd e yo 1, o] cilige slo asla> 4 T. viride g harzianum
@ Vslo o3l Cdld Gl op YL isg kel Sl e B glyls /00 g)lel mhaw yo mls adS aes e
uiml JIvivs 5 3¥ske a3l cudled oliss ol 0,5 ssalie TN MG s Th M7 cilige slo alax o cus s
iy A ol dlad YL 0g e VWYY UIMI J10/OY 51 oo 5T codlad ol il e 2090 puiiia VYV
cdld 5 omb 8,5 ssalie TV-M3 3 TV M2 Tv M16 Tv M15 Tv M14 cibige sla aslas o
colled (6,5 o5l 0,5 samlive TV M21 ilige wlax jo oL aSL el glyiungun 31 oolaiwl b 5Ygla M}j
ol ol aS ol lis Koo slal sge b awslio o 1) codled 5l 6 5YL polie oL iSL ek 5l oolatwl b gou sl

= .

9o 4 Holu LSl aS ol cpl 5 (S el S co s5b oo ey 0 getee 2B Hobe Ggmel il S
Sl S 4l Ko (S0 9958 (o0 oyt mul bawg Slol @y oS cal Bjgel 4ol (S 0gd (o pedls 4L

VY axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe




b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(LS 4 (5539Li8” 0UiR Y3 I FAE (g dsf To-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

oo oo live LSLQ gs.u.....w )‘ GH»L..A p.e[.% oJJ)BT p&‘)ﬁ &9..05.,0 u.!‘ .oo)f < )..Jﬁ)u\...m p—')-'T Ja.wy ‘5..79..: L aS el
65§.” Z,UL" U"L""" » u\.u.vl.u < (SILA-A-AA-')S ‘5‘>|9; 6‘)‘0 )...m...a oole U—l \5).»5.‘ Sy LS'M L )JB)M ;‘ 9 Sl
sl 09 (2L Sl sk 5 sk Jete S5y Jomisl &2 B2y i & Ggamsliellins S l5ee 0239k XRD
Clld 65 ol ey (053 oo ol 35 pbugyien b S SySes Pahe Geimes &) s)bs
(Sl B 5 VU panlpllines 5 f5m w0052 gk cygialzs yoals 51 (siatly 4,0 ST 4T, b oolisal LIS IS 551
a5 Wgd (oo g Al il > sbeo Sles aily (LS 6l5 o55T) bajYg aumgmsle (Maki et al., 2009)
s S sle Js¥se (S 5 Ssmshe S wiSa (e 0oy sl S (F) BgasilS slasil (Ses Ll
Sl (T 53 Jslome Slyiss olyie & CMO) sl Sl sy (itin & jlsbo Jite (oS35 oS
G3;39505 sla il oLl lS gusl aST > 00,5 oo colisiwl ol oo 0dusls CMCase a5 ;LIS olS gl codlad prns
a5 ols las FT-IR mbs (Karlsson et al., 2001)auss o Solay &jgam |, JsSge J3lo (F)) B
D 355 (o ocly 005 (53, 1 shie b ol sl o5 W3 (on (T3S 5o 05,5 SIS oo e (eSS
5 B g0l S @ i Jsge slo 0,y j0 Ssliwly mSUl andls cle 4 &l 6lr Jsle 10 ady 558 o el
S5 ol sl 1y pmas ol ol 45 il ALES gy Sl S 5 g L 5] (6508 oy 5 il Jslono
& 355 55P g U515 55T GU IS sl sl o 5T celad ol S 5¥sks 05l o conlio Lol 1S il o lad
sk alewgs Jos 5 ol 2l 555000 ipd o s S sk 555008 Sl s i D9 o A2
(1410) Koivula 4 Teeri lawg a5 ail e Vs umgngle g bl elSguil  Sins s o, Slos 4y w3l
Ll sl WSLaS o sloo Sloe b (65Vske slo bglsee ool codlad (pond gl ol 00l jg 50
S Sk o5 oI5 (Lt lts T eslited a5l o b5l Jsbo 5 o SIS b ) 030 slal s
5 Blo 5L awslio ;o eyl cdlad YL aS] > ail oo IS V5o b s slp 095 (Sl g
5 6 3ly5s SIS e 53¥5k (slo i Sz 5 Jsbual sk (o3 355 o0 oLt 355 311y sl
Sleogar ;50 Cov bl 581 5 bl elS ol o (65 pmmw 4250 090 o S5 Yslo codled (5,5 ol
cdld polie oyog YU (Zhang & Lynd, 2006) wsl oo SlaS 5 cand 9 ol lade iolesl bl b o aoga
1 LeydsSe s @l slo S abowgy w3l adsi 5 g yun 6lp 55 Jemily (2LSL 35k o5 ols Las BCase
Sl Ol Gz (356 (Sis g Ggb e Sl 90 0 0 dxg BB Sl Slaogas gl aST> ail e )l
o e (Sislse B 5 Sy a8 VL gl gl JsSse sle 15, y1aF Culii b g6 b

sl

&Ll
[1]. AA. Klyosov, Cellulases of the third generation. In: J-P, Aubert, P. Beguin, J. Millet, editors.

Biochemistry and genetics of cellulose degradation. London: Academic Press (1988) pp 87—
99.

YY) axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(! 4 (55395 0uiRg 3 IFAL (g dsl T-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

[2]. AA. Klyosov, Trends in biochemistry and enzymology of cellulose degradation. Biochemistry
29(1990) 10577-10585.

[3]. ASTM, Analytical method for determining Degree of substitution in the Product, Document
CK-GO6 Edition, 05 (2005) D-1439-03.

[4]. B. Henrissat, H. Driguez, C. Viet, M. Shulein, Synergism of cellulases from Trichoderma reesei
in the degradation of cellulose. Bio/Technol 3 (1985) 722— 726.

[5]. B. Nidetzky, M. Claeyssens, Specific quantification of Trichoderma reesei cellulases in
reconstituted mixtures and its application to cellulase-cellulose binding studies. Biotechnol
Bioeng 44 (1994) 961-966.

[6]. B. Nidetzky, W. Steiner, A new approach for modeling cellulase-cellulose adsorption and the
kinetics of the enzymatic hydrolysis of microcrystalline cellulose. Biotechnol Bioeng, 42
(1993) 469—479.

[7]. C. H. Haigler, P. J. Weimer, Biosynthesis and biodegradation of cellulose, Marcel Dekker,
New York (1991).

[8]. cellulase enzyme activities in biomass conversion; Partl: comparison of cellulose la, I and
1l. Intl J Agri Crop Sci. Vol., 7 (8) (2014) 442-453.

[9]. H. van Tilbeurgh, G. Pettersson, R. Bhikabhai, H. De Boeck, M. Claeyssens, Studies of the
cellulolytic system of Trichoderma reesei QM 9414. Reaction specifcity and thermodynamics
of interactions of small substrates and ligands with the 1, 4-beta-glucan cellobiohydrolase II.
Eur J Biochem 148 (1985) 329-334.

[10]. H. van Tilbeurgh, M. Claeyssens, CK. de Bruyne, The use of 4-methylum-belliferyl and
other chromophoric glycosides in the study of cellulolytic enzymes. FEBS Lett. 149 (1982)
152-156.

[11]. J. Karlsson, M. Saloheimo, M. Siika-aho, M. Tenkanen, M. Penttild, F. Tjerneld,
Homologous expression and characterization of Cel61A (EG V) of Trichoderma reesei. Eur |
Biochem. 268 (2001) 6498-6507.

[12]. J. Stahlberg, Functional organization of cellulases from Trichoderma reesei. In Doctoral
thesis. Acta Universitatis Upsaliensis.

[13]. J. Sugiyama, R. Vuong, H. Chanzy, Electron diffraction study of two crystalline phases
occurring in native cellulose from an algal cell wall macromolecules. Macromolecules 24
(1991) 4168-4175.

[14]. L.R. Lynd, P.J. Weimer, W.H. Van Zyl, LS. Pretorius, Microbial cellulose utilization:
Fundamentals and biotechnology. Microbiology and Molecular Biology Reviews. 66 (2002)
506-577.

[15]. L.T.Fan, Y-H. Lee, D.R. Beardmore, The influence of major structural features of cellulose
on rate of enzymatic hydrolysis. Biotechnol Bioeng 23 (1981) 419- 424.

[16]. M. Srisodsuk, K. Kleman-Leyer, S. Keranen, T.K. Kirk, T.T. Teeri, Modes of action on cotton
and bacterial cellulose of a homologous endoglucanase-exoglucanase pair from Trichoderma
reesei. Eur ) BioChem 251 (1998) 885— 892.

[17]. MM, Bradford. A rapid and sensitive for the quantitation of microgram of protein
utilizing the principle of protein-dye binding. Analytical biochemistry, 72 (1976) 248-258.
[18]. P. Ross, R. Mayer, M. Benziman, Cellulose Biosynthesis and Function in Bacteria,

Microbiol. Rev. 55 (1991) 35-58.

YYY axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



b b 9 (§319LS pole 50 (Sldud (539U 8 ol Lo pwleds cyaosle>

(! 4 (55395 0uiRg 3 IFAL (g dsl T-T4)

The 4™ National Congress on Nuclear Technology Application in Agricultural &
Natural Resource Sciences (19-20 May, 2015, Nuclear Agriculture Research School)

[19]. P. Valjamae, V. Sild, G. Pettersson, G. Johansson, The initial kinetics of hydrolysis by
cellobiohydrolases | and Il is consistent with a cellulose surface - erosion model. Eur J
Biochem 253 (1998) 469 — 475.

[20]. P.K. Foreman, D. Brown, L. Dankmeyer, R. Dean, S. Diener, N.S. DunnColeman, F.
Goedegebuur, T.D. Houfek, G.J. England, A.S. Kelly, H.J. Meerman, T. Mitchell, C. Mitchinson,
H.A. Olivares, P.J.M. Teunissen, J. Yao, M. Ward, Transcriptional regulation of biomass-
degrading enzymes in the filamentous fungus Trichoderma reesei. ). Biol. Chem. 278 (2003)
31988-31997.

[21]. Palma R.; Zuccato P.; Himmel M. E.; Liang G.; Brady J. W. Molecular Mechanics Studies of
Cellulases. In Glycosyl Hydrolases for Biomass Conersion; Himmel, M. E.; Baker, J. O
Saddler, J. N., eds. Glycosal Hydrolases for Biomass Conversion. ACS Symposium Series No.
769. Washington, DC: American Chemical Society (2000) pp. 112-130; NREL Report No. CH-
580-29519.

[22]. R.E. Kirk, D. F. Othmer, Cellulose (2nd ed.). Encylopedia of chemical technology (Vol. 4).
New York: Wiley (1967) pp: 593-683.

[23]. S., Shahbazi. H., Askari. T., Naseripour. M., Moosavi-Nasab. M., Bakhtiyari. The synergistic
interactions of Trichoderma spp.

[24]. S.G. Grishutin, A.V. Gusakov, A.V. Markov, B.B. Ustinov, M. Semenova, A.P. Sinitsyn,
Specific xyloglucanases as a new class of polysaccharide-degrading enzymes. Biochim.
Biophys. Acta. 1674 (2004) 268-281.

[25]. S.P. Shoemaker, Jr. R.D. Brown, Enzymatic activities of endo-1,4-h-D-glucanases purified
from Trichoderma viride. Biochim Biophys Acta, 523 (1978) 133— 146.

[26]. T. Reinikainen, The cellulose-binding domain of cellobiohydrolase | from Trichoderma
reesei VTT publications 206 (1994) ISBN 951-38-4644-x

[27]. T. Teeri, A. Koivula, Cellulose degradation by native and engineered fungal cellulases.
Carbohydr. Eur. 12 (1995) 28-33.

[28]. T.M. Wood, KM. Bhat, Methods for measuring cellulase activities. Methods Enzymol 160
(1988) 87— 117.

[29]. Y-HP. Zhang, LR. Lynd, Toward an aggregated understanding of enzymatic hydrolysis of
cellulose: noncomplexed cellulase systems. Biotechnol Bioeng, 88 (2004)797-824.

[30]. Z.Yan,S. Chen, H. Wang, B. Wang, C. Wang, J. Jiang, Cellulose synthesized by Acetobacter
xylinum in the presence of multi-walled carbon nanotubes. Carbohydrate Research
343(2008) 73-80.

[31]. Z., Wen, W., Liao, Chen Sh. Production of cellulase by Trichoderma reesei from dairy
manure. Bioresour. Technol. 96(2005): 491-499.

YYY axio 639LeS WY guazo (6,045 g (2108 pluo g 5y dide g L sl ]| Sy 50 (gl dud (559L3 0 1,15 iolen j9mxe



