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Effects of Endoglucanase and Exoglucanase from Trichoderma viride
on Brightness and Physical Properties of Deinked Old Newsprint
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ABSTRACT

Old newsprint was deinked with endoglucanase, exoglucanase and their various compositions from
Trichoderma viride. The yield decreased with an increase in enzyme concentration. Especially, it was the
lowest in the treatment of endo-exo mixture(1:1). It may be regarded as a synergistic actions of the
cellulase components. The brightness was the highest in pulp deinked with endo-exo mixture(1:1).
Maximum brightness was observed when 0.5mg/mL of the endo-exo mixture was used. The physical
strength increased with increasing concentration in exoglucanase. But, it decrease with increasing con-
centration in endoglucanse and endo-exo mixture(1:1). Also, we investigated the yield, brightness and
physical strength of endoglucanase in combination with exoclucanase(12:1, 8:1, 4:1, 1:1, 1:4, 1:8, 1:
12). Maximal deinking conditions, obtained at a specific optimal ratio of endoglucanase to exoglucanse
are as follow ; 12:1 for yield, 12:1 for brightness, 4:1 for tensile strength, 12:1 for bursting strength,
and 8:1 for tearing strength. These results indicated that the deinking depended largely upon the action
of endoglucanase. Exoglucanase was occupying more than 60% of the total crude cellulase contents.
Therefore, the most effective deinking must repress the action of exoglucanase.
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Table 1. Enzyme activity and randomness of endo I and exo II purified from T. viride cellulase(10).

Enzyme Specific Activity(IU mg™') Toward Degree of Randomness
CM-cellulose Avicel H3POrswollen cellulose AQ/Reducing sugar

Endo 1 176 0.0095 12.1 264

Exo II 009 0.0171 5.2 0.05

o] 7ls o] Fo3 FA ol

FHTol| Tl BZ AZ g AR Fopell F4 A
of dulstElojrly glow, B3] &5 XM
F4 o]fol AT AFEo] d¥ EruEHm Qlr(l,
2). °o|F B3| 2 548 wXE 2Esd ¢
Ao FAE o= Az FEY £ glon) Yz
WA 7)]E WlEch Aoy d md
g #EL Afa THrE s Es (cellulase) of 23
Afa BdollMe) YESA 245 od= Yt o
g qh chiAe] Bab 7ol gste] o]Fojx=
o, celllulose® glucoseE E-#A)7|= 71pEs &
29 cellulase= BFaLZ A 7|Ad w2 R
8l Z40 me} 3552 HRo T RO = car
boxymethylcellulose(CM-cellulose) 2]  7}-E35
o] 9% endoglucanases(EG), Aviceld E3&%
o] 43 exoglucanases(CBH), p-nitrophenyl-3
-D-glucoside 9] £ a)5o] S48 Bglucosidaser}
a7350|th(3, 4). Wood &+ McCrae(5)d] &3},
endoglucanse+ cellulose® §%2+¢](random)& 3
Asto] w344 k7] (nonreducing end) & 9HE
3, exoglucanasetr B|3UA Uhr|E T A3} o
cellobiose s AAA|7)H, HEH o2 Fglucosidase
o] 2J3} glucoseZ cellobiose”} 2 =}, =3k en-
doglucanase®} exoglucanase®] synergismel] 2§
s Rass drh(6-8). AR i kR
A Aol B 2 ARt gaAse} 17 2F
o o}Fofzlct. $)= cellulased] ¥, AA
cellulase ] celluloseol] o3t &=t 7 7lpRaure
mechanismol] i3 $& ¥ & g v} QJu}(9-12).

2 T, Trichoderma viride2¥e 23} en-
doglucanase ¥ exoglucanase’} o] =9 &F
of loid &F w7l ET &, WA 9 Eely
Ao oudt JegE v|HEAE do} BT, N}
EEAQ 95w e ol ¥ Zlol.

AE Y Py

A M2

A7)
U JURARN A 7R AE2A] (19954 114
3A)E IXIem(UIEXAZ)E g} TA] AHEE
A AHgEEdth o] AlEZAE & (moisture
content)o]| 11.23%, 3)%-(ash content)o] 2.86%
o} it
i

Cellulase= Trichoderma virideo}4 22]® Mel-
celase® Algslgdom, endoglucanases(Endo I,
I, M 2 V)¢ exoglucanase(Exo I1)$%} 72& F
2 cellulase A&-E<] Bio-Gel P10, Bio-Gel P100,
DEAE-Sephadex A-50, SP-Sephadex C 50 %
Avicel PH 101& o]&3} tjokgt chromatography
H4& Esto] E2l5g4rh(10). Endoglucanase®
A 712 A&l endo typed endo I, exoglu-
canaseZ2A= exo I & AF2-3lolon Exlske 7}
7+ 52,0003 62,0000]1%) 1, activity2} U3 (re-
ducing sugar)el tjgk HE WHIH(M)E ehi=
T2+ % (degree of randomness)= Table 13 7
ot =3 &4 o2 Lowry 3 (13) 02 Al
93, ojuf FZMAZ A bovine serum albumin
£ AH83H4dd). Table 1olA £ 5 e 743} 3Fo)
endo I & CMC¢ H.PO,-swollen cellulose$} 722
H|AAA cellulosed] & activity® Role g
Al endo typeo]™, exo 1= Aviceld} 22 AH
A cellulosed] FL activity® Vehlls Ay Al
exo typedg& & 4 9l =3 CMC(carboxyme-
thylcellulose) o] 7hrEafioll QloA] o] jgh
ATl SAolld, el digt HeHzs)
exo I[Er} endo 1 o] wi$ =4 Jeh)z i),
o|= endo 1 o] celluloseE randoms}A 7}
AAE ZE vl

HE U

ol o3 25

AET7] 50g(H77]1E) < 0.05M sodium ace-
tate buffer, pH 5.0 &-lel] Yo Hx 2w7} 3%
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Table 2. Repulping and floation conditions
used in deinking by enzyme.

Consistency | Temperature| Time | Air Flow
(%) c) (min) | (L/min)
Pulping
6 2 -
Conditions 3 >
Flotation . 45 7 7
Conditions

HEE A% & TF3 27 (TAPPI standard)<l
A Aggstolch. gL A5 28] 120 stro-
kes/minell A 55CZ 1At 5ot E4HE Hzg
=2 APAA AH=2E flotation cellel] ¥ o]
Table 29} 722 2702 &EAZich QoA £7
3} endoglucanse, exoglucanse®}, endoglucanases}
exoglucanase®] 1:1 &2 = 12:1, 8:1, 4:1,
1:1, 1:4, 1:8, 2 1:129] &3x= A% (mass ratio)
o] B FAE olfHlen, a4 HFE FEE 0.1
~1.1mg/mLo]gic}.

b RF-A] 2k 1% AFE 80 mesh 2= 7ol 4]
AYEA 2 ARE AAste] vl YA =
2 AAY E, o 20% A F5A7 ol
o A5 FEE oA e SRl FAT B F
che Ao elstel S Ausheich

FE(%)=

Cello) £99 Fzoy— 3435 A AAL S |
Cell] £ 9= 3

#9999

AIE7AE 0.05M sodium acetate buffer, pH
5.0 glel] Yo Bz 57} 3% EHEE 24} F
287 APAg £ enzyme FHZEEE 0.5mg/mL
2 aAA|Zith. zlEkr] £ollx 120 strokes/minZ
55CellA aade A7 web Mg £ e
Bgsled BAZE Ao FUF(TRS)&
DNS ¥ (14) 2 2 glucoseE EFEAZ dlo] &
epsict.

FHRY A2

TAPPI standard T 205 om-88¢l] &3}ed F4)
e Az3tden, ko] B¢ A= AZ7|
A 105 CE 1AI7} ZxAA AFSstg o, Fako
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80g/m*e] it}

WA 24
Azg $222 WAE 544 JET B
Hunter #AE 54718 ol§3to H4=g 27

et

FHe] 224 2= 5%

279 Fo]Z 20°C, RH 65% ZA|A] 244]7}
o]4k #x& ZAHAZ & TAPPI standard ¥4]o
2 A= (T494 om-81), 7= (T403 os-
76) 2 Qd7% (T 414 om-82)% =A3 &
ol Ao R QAAF, HFAAF, AGAFE AHES
Adct.

QA A4 (N.m/g) =653.8 x QA7) /Fak

Hd A4 (Kpa.m?/g) =98.07 x =735/ HF

ol A4~ (mN.m*/g) =9.807 X 16 x Fo] 1342 3}

385/
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Endoglucanase, Exoglucanase, % Endo-Exoglu-
canase E&&(1:1)2| Mzlof o5t H|H Sof BT

Endoglucanase, exoglucanase, % endo-exo-
glucanaseZ§-8(1:1, mass ratio)o &g =x =&
2 % 99 3o A0e BE BUY9) ke Fig. 1
3 Atk 5 A% 1242710 endo A B9
o]l A veptont, 2 o]FHEE exo AR
2o #dde] A4 Jehdt. ols ol AL &
EMo2 endo ¥ Ea4s FE v|AXAM B
of st maA 2A9) AR FEE A
A7 A, 2R AHA o] FutE] YFele
7trid $50) E3tbEe o2 A7bEd. Exo 4
T BaE T2 2AA 24 activity & Zhe 84
2A, 27l 7MFEAEET}L 2, A7) Al
of Wt ZAAe] F7hge 2 AHo R endo A&
B} #AF9 ofeo] A vepd A& & 4 it
g & EFsAE A ol AAY
B g4 Jehsd), ol oln| Rug =%
8) %1% endo-exo A E-E-9] synergism A9
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Endoglucanase, Exoglucanase, % Endo-Exoglu-
canase EEHE(1:1)0] 80 olxl= &
Fig. 20l Ueht 73 o] 549 $57} 27b
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Fig. 1. The concentration of reducing sugars in
the waste water of the deinked pulp as a
function of hydrolysis time. (@) Endo-
glucanase, (M) Exoglucanase, (A) Endo-
Exoglucanase mixture(1:1).
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Fig. 2. Yield of deinked pulp treated with en-
doglucanase, exoglucanase and their mix-
ture(1:1) with different enzyme concentra-
tions. (@) Endoglucanase, (M) Exoglu-
canase, (A) Endo-Exoglucanase mixture
(1:1).
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Fig. 3. Brightness of deinked pulp treated with
endoglucanase, exoglucanase and their
mixture(l:1) with different enzyme con-
centrations. (@) Endoglucanase, (M) Exo-
glucanase, (A) Endo-Exoglucanase mix-

ture(1:1).
=74 Jdebgom endo-exo EF HE Fak %
o o &o] YA veputth Exo ¥ 549
fo] B& 7L, exo A F4LE olv BaH

(5)3} zto] FAAXEo| cellobioseo|tt. & exo
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cellobiose &2 Helll7] dol|, o]aldH-of
o] AtdoZ HA AAHE}. 2222 endoo] o
3} cellulosed) F2+9] ZTH0 2 A7|= w489
¥ exo® AMF A4 AHA AA Afo £Alo]
Ao 2 F7] wifo] $Fo] B R A7
th. =3 endo-exo £ A& lojAs FEo] A
A vehe 5527t 271858 45 F43] Za
o}, ol w27} 74l Wl synergisme] 57}
#to endo-exo A& FFAHEo| o 7lpEal ol
FolA]7] WEal Ao Az}

o2 o ox . > K1

Endodlucanase, Exoglucanase, 2 Endo-Exo-
gucanase Z8H2(1:1)0| eHM o] o|x|= Y8t

Fig. 3o vehd 7z} 2o} 349 Hxo w2
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BT exo AES 3T AS WD} FAEE
AL 2 ¢ gled, ol olF £459 AL 3
o] w}Z synergism EFE & F glom, 0|59 X
Aulol we} WATs} Zebd 4 95 o4y £
Endo-exo &% A& o2 g 7L, 5= 0.5mg

= 0.

/mLARE S57h 27l we} WSS} 27k
i, ¥= 05mg/mL o439 srelds 238 7
agth ol a4 AY FaFEI A
ool I WAEs} 957 Fadrke 712 BT
o} AARTH(15). o= E4 ST ZHT o
o oS 2ol ke oA QA 27
Fol 32, ulAd= A, 222 cellulose 7+
hydrophobic interaction® l3}o] Alf-a7} A
S5A @7] wFe Rog A7, ofn] X1¥
73} 7ro], cellulose, cellulaseel+= hydrophobic
part®} hydrophilic part(16)7} 9led, o3
hydrophobic ®= hydrophilicgh wlA| = ¢4z} 7
9] interaction w%ol, WAL} 7Frgkchy AJzb
& olrh. =3 endod) exoF ©ELE AHHL
ERrTox WAL aE BolA| ¥e 7
4y A EAFE olddAde uHd=d
Z7tso] MAEE LAY olEE dE2
2 AS olzigt dato] YehtA ¢7] &
o2 A7tec). & endoAEE4E v AAA
random3}A 7l A7), exo AAEEAE
94 gt B2 & cellobiose S| 2 7HpEaA17]7]
o Fo, o5& 5o R AT Aol vldAdF
o why QlE wAdAYATE o] ol
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Fig. 4. Tensile index of deinked pulp treated with
endoglucanase, exoglucanase and their
mixture(1:1) with different enzyme con-
centrations. (@) Endoglucanase, () Exo-
glucanase, (A) Endo-Exoglucanase mix-
ture(1:1).
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Fig. 5. Burst index of deinked pulp treated with
endoglucanase, exoglucanase and their
mixture(l:1) with different enzyme con-
centrations. (@) Endoglucanase, () Exo-
glucanase, (A) Endo-Exoglucanase mix-
ture(1:1).
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Fig. 6. Tear index of deinked pulp treated with
endoglucanase, exoglucanase and their
mixture(1:1) with different enzyme con-
centrations. (@) Endoglucanase, (M) Exo-
glucanase, (4) Endo-Exoglucanase mix-
ture(1:1).
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domaine] SQle ZoZ <#yoeny, binding do-
main®] 7]5-& celluloses] tgh F2 7)58 o}y
2} celluloseE H3d Exas 7%g 712 Ao
AT 9Uh(18).

Endo £33} endo-exo &§ 8ol 23t Zald 7}
EE 529 ¥ B0 Gt 2F gave
HolF9edl, o] endo H¥ %%"i g 7

$E7} 271242 endo 4% 2AH B3 A2
o} AAMY FHO peeling off Z&ol 23k AT
of uke}5}(19) ) Z7bo) I3 AaaAS) 2E A5t
o] 7]1®l o2 AztEIr). wd o]k HA o]

23170 ol o3k Folo) st WAyl 7|ls
€ 22 A7 Aok & endo AR S5 o
Folo] 284 #Are ¥ Aoz Aziy
=g EFAEY AE Aste Oltus(20) 5o
A5 A% o] endo A¥9l %l Aoz A7
o AR 24 % 05mg/mLE AAR 34
A Aot AEE e & 5 . ol
g 5ot 2409 559 BAY) glee g

o]

e
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Endo-Exo 1:1 ZEZNE0| 8, WA, 9
21 AT n|xl= A&

A 4ol Hu AT E Folws BB g0
F 549 2AuE &) A 549 HE X
EE 0.5mg/mLE TAHA|7|1, endo HEF} e
Aeiae Hsks|E 12:1, 8:1, 4:1, 1:1, 1:
1:8, 11122 WH3}A7|HA &, wiis 2 Fg
FEE 5743 A7) Table 3°ﬂ el gl odul
Ho 2 T. virided) 7% 345 7+ A¥we Bals
B exo ¥ Bavt ARk vlgo] ANAHE 1
29 60% (wt%)olAtelch. wa Bwe] <)td
(12), 7trEa&2 exo AE 49 vy} 2& A
2o (endoiexo=1:2) ZA vehdo). 2} &=
of lejd, B AdelA yehd 235 B, vz
A endo AEFAY oko] g u g, WAL o
=2 A st w4 Jehdd 2 ke B9 el
2t Endo-exof] ul7}, $&2 1211, WAz
12:1, & 7% 4:1, B9 2z s 12:1, .'111]_1_
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Table 3. Effect of endo—exoglucanase mixture on yield, brightness, and physical properties.

Endo-Exoglucanase Mixture Composition(mass ratio)

12:1 81 41 1:1 1:4 18 112
Yield(%) 9238 916 90.8 89.7 883 89.1 90.1
Brightness(%) 60.2 59.7 584 542 507 50.0 58.2

Tensile Index(N.m/g) 117
Burst Index(kPa.m’/g) 106
Tear Index(mN.m¥/g) 63

Physical Properties

119 124 11.3 104 110 11.5
9.8 9.2 9.6 95 98 92
69 6.7 54 5.0 48 49

2 g0] FolAe Aoz 74", =3 endo-
exo?] EAu|A FE|H ZATst A Jepde A
& endo-exo A% #ETaL 27 sl A3,
F AR EAuA "o FAGY ko] &
ohlz, d¥E exod FuA3} ALoT g H|E
HAo] Z7tw 98E w|Ae Aoz AZE(17).
°IF ZAERH Zae A FE glei4 endo
e Fe4% 4 F Utk F 258 F2 endo
Aol 2ste] o)A exo o] Bt EA
& A%, 2o 22y Aol B2 AEE 2S5
grie AL 2§ ol w2, BAR 2 &
Q) &ho] o]Fojxtte AL & 4 ik 18
2 F4d 93k 29 #E A] crude cellulaseE
AL4Etod &F2S & uf, crude cellulasedll= exo

So] 60% oS AR U7l "EA,

=]
L

rlo n

[ oo 4

$ 317] YallME exo RS BFL o A
AA A Aok s}, welH exo AEEANA AhAe
2 z+43}9 inhibition¥ £ & EAEL YojFo
2H exo AE9 zH2o] dAE, B} F&AH &
E& 71dE 4 9lg AHolth

o

ERS

AL XS Trichoderma viride2%8 2% en-
doglucanase, exoglucanase®} o]E2 &3+8(1:1)
o2 BEAZ] & 455 0 &, W4s, I
2 g oo} Hstth $&2 229 ¥E F
7holl wpe} Zags Ho F4en, 53] endo-exo
EFE (1D o2 HPE 3¢ v dolxld). of
+ endo-exo®] A% HEFALol dF 7irdaEd
Z7F W2olet Aztdel. WAL= endo-exo £
(Do HPE o 74 £4) Yelkdon, 3
i e 24 FE 0.5mg/mLellA depyteh. =g
exoglucanase 2§t ZldAe 73 G2 k2
HBoiFolch E8]d 71E o 9)oJA& exoglucanase

Z A #E A% 7 =4 Jepded, 4%
of w2t 34 Aert S7hee B F9d. 28
7 endo®} endo-exo EFE(1:1)e 2 xays A
S w2 u pFAFE BAFAc. 22z
endoglucanase®} exoglucanase®] Z=3H(12:1, 8:1,
4:1, 1:1, 1:4, 1:8, 1:12)¢ oMY &, ¥H
T, 2 By BEE do} o, Hd 25 =
72 endoglucanase?} exoglucanase®] v]7}, =&
o dlME 4:1, WA= 12:1, B AEE
4:1, 99 Zdr = 12:1, 291 g 7tEE 8114
wjsdcl. = endoglucanaseA]¥-o] exoglucanaseXd
Luch ge o wan ) Eejyal ert w4 e
U g ¢ F Uk ol AREYH 25 F
& endoglucanase®] actiond] FZ 2o|&gche= 7l
& oF 4 9leirh. crude cellulaseo| 4] exoglucan-
ase7} 24A|5HE B1E&-E 60% (wt%) olAteltt. 13
52 Br} E¢Hq 2Fe] o|F4x|7] ssiHE
exoglucanase?] actiong QA A|AFolo} & Hg
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