5 g0 e

allly §3sll glhad 8 dsc Linll dypanll dyadsll
INDUSTRIAL BIOTECHNOLOGY IN THE PAPER AND PULP SECTOR
L TYOLE PO TN PPPRIC PPUPPIR JEEURE SO PUS EWPR LTI

Liisa Viikari, Stina Gréngqyvist, Kristiina Kruus, Jaakko Pere, Matti Siika-aho, and Anna Suurnakki

Introduction Zedali (VY , V)
A 31 G O asTs o I Y e Leliza V1 Gp el (] 1 SULI dols ans
il 53455 sddr Sle 3ot T e G sladlly ol I3 e ST olotis dad 8305 5o
SLWI debs wrl iy delall oda arly I Dol Slsmall Ja3 55 pldl 31l plisanl oYL
O Sl ozt salazl Jels godl o o0 3 Al Eels o3,y 4l delio IS 4 5 Ll
il J) o) s s dleadl els] G ) &L wut BV o ) ol a5 05 ¢
U el Jaiss el £3Lo] Z Y Jusdln s Bl 2S5 ol o1l 31 55 de i e
LSl e o i 20 il 3 JeSes OF s ody sl BUaly BUYI ol
(S 38

It ey s 558 i Gl U dslis Al Ll e 8 ]l OIS
gl Aol Sl N1 e Y1l Jlad) 3wl cblasYl 2l o 2all ool gl
SV sl o s LS oy S YT DN ¢l DY Sl ddl 5 ¢ Gl G Sl 00 plaseenl
A AY Gt GG Ly S AW e ay vl AI5Y A ) SVl e SN
G Pl 1l 5 g et plaad 8t il Wl a3t 1L T (gl oYl
e e 06 A VN ASLAN S b1 i) oS 5 ook b 2 Ll Il sl V) ol gl
03 o) VY o Bl i po A1 oI Andid) o L5 vl oS 5 i ok e JU

¢Vy



@bl i flwﬁiyw\@j}ucﬂzﬂl §4¢

il s b 5a5 Ge b o sl B Sl bl e b e € Ale (LU G Pl ST aslas
‘,«;J\a&ﬂ)@hm(,maug@.zi%mna;\)p\coﬁéll;?@k;,wﬂwwyow
A3ls dege ddhos 25155 oo S (e Lailas ol sl Gealll (6 522 Aaisess S o Lo
Go) nd) Bk las 3 dxy RIS I\l BUS Y1 3 gkl a Z22 L Oy (e Gyl
At s Bolasl 8 b Ganlll (g 22 e A 0 OF Sy ke s

oo Sl e B2l Slownll s tdh) e 3l 2 WL e 80 LisT) (8305 (T Ao las G gy
Vs Gosls Il olme ) ot AL 2 Y1 s Sl LWL e dablll Lo 5!
sy Ll IRV g s il il edn Iz 6213 e S 5b U 55 s I
S G315 51 e S 5 AN Loddl A oy Il LY e Uy Dl LI
Sl GlE SV ol gdll dolay G (I3 o sy deliall G L] Jo sl o
LGl e il el 1 ol Bland 5 o SN de 55 e Lo BUINT s i

Sl dsls 3 Dudl Ll e ol 6y gt sl Sl pela) 5 S Sl y s il
o el AW e Gadatl) A0 LslasV) & el il Sl b ST ol e dus 3T 085 .5, 1
Ll 1 /5 2SS loald 2L &y 2l il Lao 058 &l el Bhas (6 50
e OF s ol b oy o el 63 g o5 053 Bualoal 8153 Lo ety s Lgtlal 5 lons O 2
Bagedl ol adls dhaasall Sl N2 G a5 O o M e Bl &b ) ol ks
cbrll Ll (§ (oSl 5 LI

I ol 5ad Y e b ) s ol Slbes ] e bl ol 591 D3] 0]

o YA L e el s sliadl 1 b e Jsadl 2 @

SUIYT s go ddlro s 83 53 LS e ST Lo Bkl 2 @

el e Blandl 5,08 3 led O gb 0 b ol adN Oz @

dnzs & lall (g e do Y slnall Jshinn prs S SloS Gl 31 S5 2 @
NPSPPIS (JNRER IR TR

SlelonsS Laltswul (] BLEYL ST Lk ST ot G 2kl Ol 31 pliseal 0
oSz (V51 (35 JSall) (SO Sleaf0l A1 ey ST Sl S8 5 e e I 5o cilenll
SV pland Gagdl el b e SUSU L s@l& ol sl ds U ailas sl2)



10 Al G s 8 ool k) )

(o pasliast o SN L plteal oy s o 531 L3LaSI) Loy Y1 5T ooy 51 A4 LLL
A 1t Sliglal) Ll SUINI o s N SUY 1 IN15 6

SleSI ol G dlie 508 55 g Ul Ledde danny 1 sl e Bl j3liae 055 )5
pUh 5l Eolt s (gl & k) Al sl (3 s 531 S (655 M1 o eades L ezl
a5 A5l a3le 6152 o o Ja )l Blian o sgdl Bl gl Blanall o sgies 8 258 3 Al L
Y 3L DBl o doeld 368 LSl U ol S LT a5 Balodl Szl e S U Ll 545
(bl e b by (slasS 3l ge s ¢ il 5585 ) & skl Blall 8 SUWI sl JisZ Gob e o 4]
O, Y 5 S Akl ol el sds G s 10 Loyl lall & b 22801 (6555 Gy

KPN)
? EXINAT
. ¢
é""‘.‘l"‘” 83 931 Gt —
J5Y Ml -
Hih A
N : : oo
Ll M‘&EY-{’J‘
sl i : S5l -
5 -
a2 - : &
N ) s Sl WY1 -
| 25
Sl Y ]
Loamall SLIYI
b gl -
S| el -
Sy LYl Sloel mﬁ,&;l-t%;uli‘..gw
VG, - R Bl wbles —
i) g — Lall ol -
\_ s M- i S A i S

oM N Bl g Y1 il g5 B lsa ¥l 53 . (1), 1) 3 Sl

Enzymesfor the Pulp and Paper Industry &, ¢}l s Ul dslia) e 31 (VY , Y)
) Sl 31 Al o 3k plial S 16 intl 311 55 o bl 5l sl
S Jolis ST 88 (15 e e 5N e JS ol ol s 5l Sl les
o o5 g ey Ll ga Ol Sl (e - 3 s el e Sla Y1 s oo



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl 1%

st ZL,U QL;F & 0S| (".’J"l r‘.b:;;»‘ f}.e.m c’lﬁj 'BJ:’.S 8 ) s 3.«\.»5;‘}1\ Q\dfy M\ C)L:S’Y\
Sl a8y ol D5l Yl de sdazall 5aSYI Sl sagas BUT o sU
o gl Slmall o W5 W liay e VT i) IS Slasl sie &)l ) 55l
A G b Jamd st Sl 3l sles Jadll o5 055 Bl GBI G il ol 5 ol
G 53 gl 51/ sl o3 s (Ll Sl gLl (6T) Al dladl g o AIWI & 51l

.@,J\,g.,w@;@aw&;i;umu\(s)\,;\

Cellulases &l yd gkundl (V1 , Y, 1)

I N S YV PRI T PR oo | BN AU B POTPEWVEN IR PPN
Gl LI G e el ST s 8as e 5 il S sl g s T= £V by Sl s e 05y
253N O o 5 g0 sl Sy ) 50 sl St 3l 20 5 g o1 5Ll Dl (535
G5k dedie bl o 5l g2 I V] ST Rid (oS5 e moans A1y plS-L das L
iz 8 A3 gl Sl e o) il ot O Gy L) BT 55500 8 s A
S s s e 8 BN Lams 2JL1 Jlus Sl

3Lt T3y s &5 o sobon sl 3110 (3 o glin 351 dpoad) Sl sa (g o1 5 55l
Sl 50 g sl s ((EC 3.2.1.4) ) 5318 plor— £V —liy—50) ] Lgtinad (5 Kay Al ol 5l sae s
Ssmdedl Sy 52 A Sl d sl (EC 3.21.21) @l s S sty ((EC 3.2.1.91)
S5 2 o S el SO ol (8 s I Sl 51 (2 55 skl Jdh Sl e mllly
el gl ¢ gy Lo o s 5 ol JRdll e 85,40 5 gl gl Aol DUl ¢ sa2 0 VAT
S 358 sl s Jons L7 Lslis Gl manls Gl o dunlys ) goledd Aol a5 o ol
A5 s g lomad o 320 5 =l U e 5 ) sl ST 8 5Lkl e GBUL e s J&is
STF

O3S Vel sdae oS 5 W 0,5 Lo dsle Laall 4 ladll ol 3518 sl 5u3¥ 15 ol 53 50 g0 gl
Syt 52,8 Ly s I 5T (CBD) s o) gebon Jayy I (1) Jasly ity el o 5 S 300 505 0
Ol s 155 .4y L1 el sl s Jo ol 51 edd JolSTI bLacld CBD U x> 2llas [0 < €] (CBM)
o5 45 [T CBD Il Clé die msdly JSCiy S5 (551 550 sl R Cy CRCH TRV SWINWN |- PRt

z



§\Y 5 Gl § el

gl By ad osb M b sl il slad U2 e adl T e GLINT s 3 Aol edis CLaSul
Wle Vo e 8T ) 85l eVl 0 SLls Ll alesd By o0l mod on ol
.(http://afmb.cnrs-mrs.fr/~pedro/CAZY/db.html)
oo Ll g U s Ray3) olbsle e Ll Al Sl bl 3 s
Lehhd 8555 LginanaZ pids oy ¢ oliall i) G oSt Tl odin oy & ol YOI
Syl SLasY Al wlal Bl &) L3l @ s i atlasy a5 Al AW
WL 08U Al 5 o ol jead a-b) ) S5 (ool a3 L Fo (S g Lo 3G L] 3y
Sl gy b o I 0550 dpll ol Y1 ag OF Lal Sy  oall 2ol il dasall
RPN PPN PR U{ i F M PE JCH PRI CCHgUA U5 P QRCH 5+ N PP s [ [ WOy v e
o o 8l (o s sme S5 Y 38n bl s o o s (50) (8 Jool o dpplonl) 3 sl 0,5
(e N1 5T Lo o oSGI A L fonns ‘y)i;\;} Hual) 4 hadll SV 3 e )

Hemicellulases <! 5 gdunadl (VY , Y, Y)

Lalul &bl olas VI (g 22 Lo s Ctdhl 15 o pabans (o 0t ST L 0ULe S 1415 030 51
i85 slom (g3 Wi= om0 am mo b3 51 sb5m g3l Sl s o 055 1 O e
Al dhal gy A ON 2 pams g8 sl J2a=0- 8 o Ly Al Jad Sl sazy
535 do JonSoutbl dope 51/5 Y 0 SU 83 3 S Sam sl 55 (YO))-0 A ST
55 Aot A5 Wgm s o 5 Ll n OULeSS A 0,80 il olas Y1 s Y 05 S
855 & AL O 13 pos Izl b oy 015 (D3 5,58 o o= O E= gl ] g (nlll 2
) e ¢ o3 5eb s =1 GLBT s 5558 plar— (o W= o 0= 8 Gy ¥ (Y 5 STl
2l B s e Jossle S m oy Wiy e (68 3 per ) Gl G2 OULe S Sl SV
Josla sVl U Wizl oo Al Jplasbmgoby olisgs (80)-by
0 JPRU G PP PN PP PR TSR PN YES PR WPAPRRS (o8 S el Ol st

e e s dlS eb da b 5 e bl USG50 e G Gl S g
oar Do et O B i) S pan et s L Jied) ole e
Al Rl Bl S e B A LS o Jre 1 g5 ps AT g S



@3LaBl #lniy flwﬁiyw\@j}ucﬂzﬂl SVA

Ghos I 1S 2y Gl bl LI 5 ) O30 301 e 35 cSa s [V T Ll 510
R EEWN]

U3 b I £V — (ol Lails 3 S sl ol (EC 3.2.1.8) 1 5350 5 551 544
S35 (1) 5 )+ Al LS5 ol o5 Sl s pom o gt U] 53l lame oz
Ol domy L3y [V Vo] 50l Sl Jlg Lol [AT 093U Lol JUg L) s 28 5N 01 Gam O
Ol by dai ¥ 2V pgan Lo SUIVL Lo 1O ool 253 e 35 Ja Sl V12 yamy
ooy VYT QU GUT e St Jue & e s 6T 53dsebdd T O35 Tl )1 sl
bl DB gy S e Al pl 5T LS e 5506 Leao 5 o5 A1 5005
S Il 3 el e 8l ) LSl Lmes A1 ol 31 e sde i 55 055 sled] ool
Gt SN s m $edl Ml n el plasa N1 ) ooy 8 ) OF ] e ST 5 el
5l daeall SV G bl L bl

Aol s o3 il slile— (gl Laly - Sl il Jloedl (BC 3.20.78) 53lLe 551 58
UL SV «bble S sl e Gl o Lalad 0,55 1 addesdl ol Sl < bU 2 )
OF gy D3l e 38T dilse 6 a5l e sz Ll SUGUI 53y .Ul oS sl oSN
Aodl Sl 3V e oS (33 g A U Jile SV Lall samte oS 5 &) s Lo s e 50U
Sl ) S Jlnll e Jaly o b e aasd o el 3iE U2 e 52 )l OF (6l ¢ )
o SUYL L3 1 0Bl S bl e s Lo 3 sSUIAN o 530U e 32 CBD I O 5 L[V € VY]
e Sl e OLLe oS Il asle dozng 5 L1 0] 5L (6 gl QUL A< Lo )36 5l dland) OF e 02 )
55U 1558 s sy LT 0Bl S S 112 s D T eVazall a5 e IS5 Jlozall 2 s

Wl dal yy fg 1 OBl S Sy O Sy A S e el G S
55 (EC 3.2.1.22) 55 55V r -l 5 ((EC 3.2.1.55) jpy 3 ol =Wl 5 (EC 3.2.1.131) 55, 55 ol
e 0555 LV (EC 310.72)l el Bacl 5 o) sosodly s 1 Y1 ¥ izens 315
s A1 & o g V) Jelidl sl Jo o Jonll do 5,56 AU Sle gaandl 325 I Sl Yl
26 Sl PV e Jaib 5 sae s ol UL Sl I el g A1 s ol B aly S A1 Sl 5!
Jais N gl e e el ol 3N ST O ells mas dacldl & ped sl Lsle I 2l e
o g2 sV Je il Jasl



$14 Ul G plas 8 deliall & 5 d) Lozl

& e Ll 5 N ESLAN R O skr (3 5 5 gebommndls vl Jas 5 AN &Ll ol ) Joots

S 3 50l ) 58 S b i ) Y o gy SN oo ot 5 ool Y S 0
b Joladl s Lnaa 5 VAT dal s Jl oda Moy 0T 0y 01 5o ptal oo g SN 53l 55
s Eieie 2l S JAIm (3= om0t Lam Sl e orle ) Gl S sS S1
els ¢ sl s O Jrra ) o ] Jro e Y S pdn S e A s

Transferases & 5 aus! A1V, Y, ¥)

cdydall ol Sdd Aol ol 51 g0 Bupdr 45 OLS gl ol U dmasell Ol 13I8 gl 501 fais
o 5ol VAT 55 U G b dlazal bl e (3 Ll (301 OS5 5 g ol OF Sy I
b O gl 55 e 251 055 Jle o 5 J& Je 506 (XET, EC 2.4.1.207D1S sl 51 511 505 55l
s ol ) e Sl Sl 0T 5 065 OISl o1 e e ol SC Jre ol
2055 LY 0T gibl ol OIS o 55 s Lol Bl ST 5 «llS plar =il o ST s Vs 0,
LSS 3 o BT i (3 018 b 1 o 30 e ] g Sl i 5] 5 3
Je3 55 Il 5o XET (8 £l 8 )@l s s LYY YV ol 5 L5 58U s 10 ol
DYPTGUY Jotnd SIS 4] o 5311 0B ¢ ool ey Yo,

Lignin-Modifying, Oxidative Enzymes el duad) s4uS 5l oo ¥ (VY , Y, £)

G Jrey Al oo Ty Ve Sy ilamio 85 55k 2 (g e adn 52 Sl
sl e Sl S el ol sebenocdls S5 sl o Sloder 52 SV o 2 8 paan
£ o ool Qs e G vl (0 sS5 Cili2 y  Jd ooS 5o 55 ¢ iy s ¢ ol o
52 ilall OLas Y Ly Jewblr ol 5 e Lal] Gl cotdl (6 22 ol 3aelis ST 5 63 et
353 Sl ol 06 JlasSOl el (S 5 e DS 01 3 65 - Jumiy el o sy Sl o L]
Sl ¥ pozed L5, e Oradd OB G 5 sedomradl s 5ol sl oSt e Baall Ol SV G sa0y
o5 e ) &gl ol lale Yo e Y A ) Al Sl 3 Al cf a3 L Al
el 13]G LS e il s M o 51



é:L&\C@)f\Mﬁ:@w\@j}|@Zﬂl §Y

el JE 8 5les el ey (A0 L 25l 58 ) ol S 51 ol S 51 ot
O 3 denS 5 09 «(MNP, EC 1.11.1.13) ol ol S 5 09 «(LiP, EC 1.11.1.14) ol & 0S5 0
Jxe e 0 .L:MST G ) dxeill Wl 3N VIS 5 ((EC 1.10.3.2)1 55 5 «(VP, EC 1.11.1.16§¢ se
sl Sl b L A1 (EC 11.3.)d158 skl 5008515 (ARO, EC 1.1.3.7) Lo,V I pnsdl 1S5l
Al G Bkid) e o8 I Lo LY 8] Adk LS 5 ol Aol Rl ) S o Jlab s (Yl
A gl sl s 3l b s patlaas 3 8 Sy o S 5l ol 31 O s AU Lle
OB 0 AIYN dtte s il oV Sl sardls b1 2336 LS g B U T 6203 s
T il g UL ews Sl 3SDI 5 ol 0 5!

by Gyl uall Sl 50 L jme o oS Ao ] 3aB Il S A BV s ol 5
Srd s xmdll e Sl ¥l eda fos S e Sl shall 15 Y (@5 was iy hall OLS A e Lehos
Als

Bl @ Lelss ) By b GralJ duall ol 531 davl 5 i) danadedl d dnclall o
vl el ) ey S Sl YT edd 5ulSYE SNl (o5 el 3L R ausly Ll e & 5
LAl I el J;J:.{ Ovald s s S Cas Ll G gl s gl Aol ol 5T o gl U3
G ganll oY (g 5abl denST B3 gb 5 Gkl LY 0T LIP W o g, bedl dnST G 535 Iyl Jos
b el ) ) s SO Ao 1 VA5 LYV YT MNP U odadl 5 52ld 2AL 1M
GUss e uly a5V Sle gazedl ST 550 sl e sbeall ol 3panS 5l s Sl SN ]
el L U G el

Per oxidases <l yudeaS 5 nl (VY , Y, €,1)
Blosl 0S5 LS 5 dhd e od Slisy oo P, MIP, VP (endl] i) ol 5ok 5 o)
e e 0 SO AT T AT I3 e Sl AT oS G g pokebl ST G5 Lol
5155 el Sl J oSN U5 3 g Al Jolis Bl sl 50T Lo 3,06 LiPs . g # Y1 ol S 5 )
2505 - JomS 5ol s Jo s 435518 G5 LiP b 8 3l e lidl ey A ) by & ) vl
Slall &l 3 o5 U chaaiis s Mol () 4 5l 8 Gealll CS1 5 3 8558 G sl JSCes
LYV ESNE CoSI s L o) aall ol b e STl e LiPS I s 5 05 455 [YAT 22 oLl )



$Y s Gl pllad § delall & sl 422l

Jlsdl @ B aL LiP I Y oYl o o 5 [ (VAT abie g5y ) om0 S R 5 5l e LiPSS
2P ol I YT e el doar U d Lpodane (3 ilS 5 Al e
Tl G s Tl ] el (MNP sl e o ) S5 ) 4S5
el Sans 3V om0, 2 i 5 0Vl Rl G ol e dss o a & sl sl
S5 b il e Oy S o S jalels il s blayl wuss of el
L sl i oMelidl e de g Ao gaz Suf s B 5Rd O 4SS (i gdll Caddl oS5 el
ST eplemd el s (V] o A1 5 5 a2l |S) LiPs I e 6 polall Ml & Lie Sl U] (5352
SNl 35 . s bl ST 553 BLSJ O gk Azl s 0 padl) 43 541 58SV 5505 el s MnP |
o5 5 LYYT A pdll e Cpll) o) 5 o 5nSTMNP I ety O padl (e subazall 43 5401 508!
G el s o L LT E YT OV o s ) Gl Aol S i ame (3 MNP (s
D07 Cnedld Aol ol kS ) ¢y 8t ESSS s 52 ol oS sy s | 550 o5 265
L0l el g 1S ety gy sl 3 B Lo el b sue Lo Leanns VP 1 OT sy OV 2
S 520 5 A N Jo bl Lo ) dnmnasal) jalast wad Ll o VP U Bl kil Y1 Sl
A Laisay Wo) Jelidl blusl e do e G pot 3T (Lo 5,06 o5 e 25 s 21 & il
Joton g5l = xS Wl Gy () sl s & pdl) Galll Ll s ¢ el QU5 8 L (15
N sl s (oI o Ll 5V 5 ¢ oS il 2515 Sl 2l 5 (o 51l J oS35 o(KTBA) Sl 5
Bl e B 8] Sl S 5l ol et OF 2581 055 . U S 5 )bl Aoz
LYV T aansH s Joladl lawy bLo,Y ez 8150 s AN iz 51 45l

Laccases &) 5 SMI(VY, Y, ¢,Y)

G Lo gt Y1 S 5SSV Sl 3l el 5 s Al G L Sl 2 1SS
G IS5 LS Gans e Y bl G als G e Lal a5 (a1l ol s
O G esell) Gy o A Bl (3 ge s W &SL) 5SS 0T S3 065 o 25 oL
r\@i 23555 cpeadl I3 G Lo ST by sae Wy Gealll L G Sl kil G ol s DL
L0 =FAT So1,a¥1 IS 5 o 2l Y



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl s$YY

bl o s bl 1 g0 & ulowd 53 T e (g 5o ol Oime Sl 5l a1 S
s oyl bV s ksl A i)l LS M 80ST jises s Joladl Lo o) danl s dnanaies L O
plswind s Ay 053] 5] AL Lelels blusl @lpsW waS 5 &paall 6 Sl Lan
Sl (e Geall) saaST (e Sl S 8,05 ey - gl 05 JekeS A oS Yl
s daasdl e VoM lid) o L5 mdses s Ganlll 5 1yl G padl 0 S5 2 ol
Ml s ¢ oS stoolll o oz g5 sV o W 05 S 853 By 3 ) o5 O (S
LeVT5 01
Logs 3 doloy e ([E6-6Y] U 3l 5 dobe Ll ol 3SOI oST 5 e Sl
Ll Ly gin o Lelolis DLyl @l 55501 L aeS 5 ) Alade NIV 15 Y U3 oy . i
2 al 3 SN A ys 2 (L8 80T (AW & A1 Slomnd Bl (3 Jarw Il p phe LS| ns
Lol &z eluall g pmadl o i) L)l b i3SIy il LI e ceanelll Jolowd

ol 2

Enzymes as Process Aids 4lesl! J SldelueS Sl NI (VY , 1)

Ol (OG5S 15 O (61D 5 o selacbl s 50l n Lall 2l GUT 0 S5
R CEAN I WIS S TN [RCHUCPRPE B WAL SR % R SPCH [PV S IFCIR P PR P JEC AN AT
130 05 61 gl 5T (2l 1) 318 g Ll ¢SSl oSVl & G (3 el SO
OL U By 280 8 gy Lt 5 50 golinmanl 6 55 ool o5 - BLIYI o il g 78+
LS Aalall GLI SLATs &3basTl o1 CileZ cale s TEVT e 80k ¢ 351 ol
Jord 25,0 5T Lelag AL GUIYI e 85l 23S0l LI Tolsist Y1 STy TlesS s
oSar A el e Sl Y1 Jas et (I3 mo ¢ SleSIN QI ol Ale Sl 5!
A LEAT g sl SN L) d o ) 8o A1 pLadls dn¥1 elandd s 3560 6T el ) s
e daaiits s b S Ly 51 AL W lael Sy

el Sl gl I Gyl G g (B Sl Y plselY alaa ) gkt o5 U
Sl o 55 b gy Sliladll il 3 Bl 615301 (V) ,1) o35 Jsudl Chays 25U
obsl &g I



¢Yy

S5 G0 s § dpslinall & b 2o

Soly Al idles G ola Yl olinks (M), 1) o3, d g

bl

ozl ol dlendl 51 g5

J...h:.“
en

oS 82 3 ol 5 il

g',\..:'.;-‘ (6,) it s
AP

S 5N Jabs

Ol 55590 s sl
<5 I

ks G Bl s 5
(TMP) SSI (6,1 &
SUYI D5 0805

A ) il

LW el Je blad

Lanll G (S

52 sl 5]
dalzz ol 5l

Sl gmal slisl
Bl gmal L slasl

Qe G5 finanais loiie
B

il S Gl L

AN RWEPTICG]

by + 7SN

S b 5

Olaolll 31051 e

SSSM I A

5 U s sl ST

3 gold (g st Mol 5 56 ST
Loyl

3oL Ll 2SS

5503
b‘}p + JmS)U\
ab‘:“‘")

e Sl ol
sl o 5

SN U o

Lanll G (Sl

55 sl 5
PPN T

Caind| et
G125 Joas Lok

Gl islis

Lanll G (Sl

daliz o 5
c»\}:lc.ﬂ

A O sl
B R TS

S ¢

Lanll G (S

o
=]
SV

Ol 5l

CB.,H K5 LW ool
Sl Jort3 5,08 5
G,

agﬁé%jﬂbu‘ﬁ‘:bﬂ
e

v>=.':.J\ QU)Q@;S

oLLS g ol 5 ]

el o

Sl & pdl Y
(E-XA“J;J\ QQMU




é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl §Y ¢

Pulping I oMl (VY , ¥, V)
Chemical Pulpingﬂlﬁjl.:q.:s S oMl (VY ,¥,0 )

bon) Tl Lelor Jorl (0 o im0 o2 OUIT s o il QU1 oMol
Aol gy i) ST g o A1 o ) Gl peslinall L1310 025 o) GoMswnal idee (3.8, 1 o
B g ped 1 e31S Blos a Ul 3Ll A1 odiena B2 by A3kaSOI 1) e el
gy (gt B s Wem110) LW 614 Do cddledls (1 E-VY g5l (33D AW
Vol o il w318 b dlas IS Ll oSl las I 3 seengl) (S o
ekl Jple &5l Gais Luse c@aSU1 ol U Gy ekl Jske 3 ol kol e o5 &3]
UL 58 bl o dame I3]0 &l CLasYI 55l SUT e ML OB e o34 &5 2002
Dyl gl ) 1S Blas (3 ] OV 1 £ Uy 3 (liSn 5 L 31 S o Mbenad IS llZ
fr s o e UG LoV O e Ll 2l OO 3 slacS a2 s pall ot 3 23 s
(21,5 LI IV s ) g SAl Gl J sy 58 S s e

Uass o 0550 om0 o 5 055 SUIVT Lo T 3o Griomelll oLl 35Le] o5 O30 31 4] BLSYL
48 5 o shacdl OF sy I3 Lo 8o 5 oy g0 SUI= el LS T jie ASCn €5 o schoncachl ]
(5 o samachl D31 035 QWL o Sars SUYI L Sl b ) &ty ) ST Jle el 550
o iekas 3 o STl Rl ]l o Detal () 23 5 6034 )1 ol

Thos 3L O il (3 A3LasSTl ekl slse JLasl 2L3) GLb sde il wE A
AR Sl B peas (oS s slens ¢ polana¥Is SLESYL alh (Sont keSOl (Al oSl
Ol ALy ndl (5 Alasd sl o 5 (5 ) A W AW ol ol (5 el S
S w5 ol e Sla B Daal e et 36 dslens AL oy s I
oSy el 3 sdnedl A3 G o Sl Y1 OT s ey A5y L asLaSTl S ML
S35 LEQ] sl sall Gt G p oo sedl) S s ALl 835 e 5,081 U ool 3 skl
Ang dor g5 oot 3 Gl s I el o s dntd) Lo sV Gy 2N &3] ] deetdl o
ol Dl Byl Ay Llsl ST 0,0 QU OF Gy 3Y Ableadls 0L Lodsnn|



SY o Al G s 8 ool k) )

M echanical Pulpingl.ins&:.c Sl oMl (VY , ¥, Y)
de Lsdl GOl s Y (780 () bl gLl ez 1 ¢ SO I pisnny
Thond ot I gl g Wl el il 50l & el ailadls 2aS0l plisy) me ot
Al 310 ol iUl L) dlandl ol 3 22l Bl IMgal oo ddl a LSS oM
sk e Bl 228 WL a s A5 SlelaV 1 BU el (3 55V 83l ey DU plasena
(,L;J..\ S s op &2 Bl e dold Gl -] 5 . oY Bl Ule s 408 wlles
Bl b sl & ped | il Syl (VYY) (o35 IS s g5 il |3 & g 2] G b e

ASS QI oSl dlas

S Y e Gielall
S il 1Ll
=86 Toas s el LG MEst
SlapIl e A » ou,s;ll I
oo M ags
=P

SIS A oMl e § B b g3 & gl 2l s . (1), Y) 3, S8

Sl QN oMl SIS QI oMl Bakadl s I & ) il Sl das i3 (Ul

ST a5y [o7] by S plaswaly sl o adls LY 0] ol ladlly ot 36, e Bl
Oodl CUNad e o doznd day i) Bdas gl o35 [oV=08] Sl 31 e by 2221 ASGISIN LU
L}C)b)ﬁjuﬁzjw qffw é@&c&a@#\uﬁ&w‘ VS} q‘*L«ﬁJ\ (’\J)J.«:)U 3.3.3}]4.” oda
Js s 45 Lo BUl INgzal Jlar] oy A=0 s ollas g e N &5 5710 (Y gy ULl
o b Gpead 555 I o) A SO padl U O 5 IS bl jad o al e
SUYI a1 wladl p Sl a2 CBH 11 s OF sy LOVTCBH 151 50 s lldl (e lads
o5 S & padl pastadly Wl s Jo LU 55 SUYI a5 anSy Cidd we ey
iS5 o U seadt Ll 1315 . CBH 11 i las s 231 35 1 s o e il 0T (6 Sl



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl YT

ol 3 La 55 slall ol el 11 BNV Lgd ol 1 oyl (3 205V oy 51 AL 22
Loveet]

562 Sl sl et G0, il b e sasly w5 e J el La o3 eV 35V G
bl 36 Y dg SV Godas dee el aUall b 55,05 055G 5 [0 0] Ll Bl o el
e el BUI G i UL Ll sl s Ul pr s A oo Yoy Y1 £l 3 ke
o Jsadl (55 361 cpn B 1 1 ) 51 0] b o e 25 85k (o Y i 025
g)\qdj\gé(TMP)Zileﬁ\é:J@‘é)\}|9ﬁ|c)wcc$)&a'/.70) Ve om b ilall 3 ol 5
L1 =087 Sl 3 M1 T e s sl 5l el jasIL el 1 Gl Cndhl G365 adas Lgh o5 I
SV e g dwll ol Clall cadl 36,0 (TEM) 8L G s Seall olul s el
Gags Blb ol s Gt Sy Sy il SHI (A LUl olles me &5l 3201 T
gl U3 Sl YL 36 ks 3 e

oo ol 8 Ll ole sy i ) AN O el Aol ol Ul plasend Sy s
NRECIFCIRE STA (RN W SR NTUR SN U PN N St RS A R EER
2 S LIYTOUL 8 gl it LI 83 g et Lol () 55 59) Resinase )1 5 aowtows
SLatVI e 42 L el 5l plaseraly 8oL Ll oy ST o 2kl 1 531 e 2301 0 gl OF
w258 83l peland) ho Baidl sl Sl BLAL 31 gzl b gl -l s ) DISCte 5
Lro—ayllig

et (SN Lol s S 5 Sl 3N el o5 ai Gildl ol 31 ) BLaYLS
50l S dblee o LTV T sl 0l Aol Dol gV el SKay oS
Ol Lyl |8 i Byl O ) Ll il V1 111 s OF Uiyl ey s GUINT ) bl
L G e dile g1 T ik bas 2 LVAT Y 51 15] 3 Vb 055 (LMS) 551 Jaus s ol
Gl DS ams J15) ik (S 1 Y15 S ™ Lo sS (HBT) J 55l s (oS 000en=) 225 &
3o lasS (NN O pal s L) s Loaddl ol ) ALl 8 ) g pten gied) U3 3 L €0 pald
Jolad) U 8 LTI 35 alassls QO (5 o G 3 )1 o 3 oo 15 Bk Lall oda a5,
IREYJEVISE



§YV 5 Gl § el

Bleaching ..l (VY,¥,Y)

Jadl ol o SloSIls SES G Olasllls 001 jaslast o] Gl ol o
AT 58 pluialy Gl o Bl o ol 2 o o JWLs (SO G s aile e
G357 M Al e SO DY ) el St ¢ Lo QI Gy oo (101 51/ 5 G 504
L3 1) Y Sle Sanll b NG vl e s 55 o) 5 05 01 ks 03 ¢ ghall dn LI
3 JSLa ] 42555 TlaS Gl oS o 2l o ¢ oMoz ks 3t 5 L BUH 0301 o
e (3 awSlnals ko JS0 il L2 o5 Gl s G Ale sy £ s Jloudl
.[\]u,a:x:;\w;m\.x,.sigujws‘wgﬁjicoj;ﬂ\jgwﬂr\mp&\f

o AU 2l s ale e 5T Ske Landl Lee reod Sl BN plieal (S
cperlll ol 3 35 A6 AV Ol 3¥I 1 Sl e SN e ol CNELE Gt
8 5le Jomg UGS daguns ol 50 ke 018 5L o 5V el (5 T a0,
el e

Xylanase-Aided Bleaching 55Ms ;1 susbunes el (VY , ¥, Y, 1Y)

ool 3 Bl o Lol 25N (g ) il kel 5 5350 B lonay SlacSU U1 G5 0]
5 5N il o 55005 el 3 3l 3518 5530 0 oty Gl LU sl G Ll LY
e 1781 3 85 2B Gl ) e (8 el oSl LG e 2331 Lsleo SN el ) e
SV Lo 11 vl L0 OF 731055 5530 1 8o lonay el (3 S 5Ls S sl 20 ST s ¢ Joly
=0l S| e o O I A1) T a5 5Lkl OV o) e 0 585 50 ) i ns a2 ol
il S BUT e ol 30 1 el g O D151 O1 83 W5 LYY V2 T OBUNI G ol jun s S
s M a3 Sl O e JS e Uk Jee s VYT il ok S5 Gl
SN ey ol 3 rei‘ 2O 8 go Ll 505 5 a0 0380 Y Lo T ] e S0

o2 3l g Il o i by KA Gam OB AslS By e gyl oS A s
Hotis Wl e 1 0580 oS A IVIT QU LS 035 = 5 5y U ebimia 1y 5053
o o Lolo s LAY G b (8 Rl o Izl 5 SUI Giaod | G ol 1B (3 & g
AL O 3 50 oo S A D) e 536 3] T o 5 o o5 Gl sl Aol 5 56 0



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl SYA

o S5 WS (35 e M 0 ey (U 5l Lol WLt 01 s o5 st W1 5531 3.0V o
IVET Llonll 0dn Joolis et 55 Gty I ¥ 805 0l S oy ol 2l I 3 L5 52 S
S JBTUS 135 ) 550 ek lae o gy 51 5 Sl oy Jbzed| 035U &5 51 D15 (63555
LT L) o O ey L 5 il 20801 ) el el s o

G Db 0585 Sl LU O s 05 5 2315 o it 61 3T e 5500 S kelnen ) 331 5
A5 oo 305 0 s S V0T ptsdl U 5 e Jally oz sy ¢ pil) BN 515
O 1581 o5 el s [VAT Gl BN 5500 ) 350 b Gl 035 o o & eST1 5 & Jadl)
IYVI N L 505 o Gl o505 3 AL 28T 0585 OF (Kay V) ALY e 30 31 s
1 (XBD 5 CBD) O 15 5 sl oy N2 Banel gy SN ] o 530 1 ay J 0T ey L OV o
LVAT 1535050 Gl 8sliS 50505 (3 590

SlisleS Dognal oo doeld SN pliizal Gy b e Bl Al LG plisnal Sy
des pased) Gandl Jodos g 5 do Slo BV e 22U 51 a0 e L led! QU O 85 ST Lol
Sl o A 50 1 o e il ¢ ol 0,81 a5 ool e A el (g 22
Ao 3 7Y 0 iy Jatid) 5 IS S8l Ja gze 5 (63525 -5 58U e aazall Landl blS oo
Lol /1Y =10 oty S STy k) ) 70V 0 oy AU 5 ST I3l ki T all 43
el olidase 3 (AOX S

o A5 (ECF) SIS i oy W) odlell S 3 Tielo ol 50 30 plasad o ¢ 5
G U5 e 835l 85001 g By 5V 8 sl 15 oy L WL (ECF Ll (TR Ls 5101
G oS S plaseal pde Al el Ol o) Sanidl Sl 3N pltsciul a5 5 5IST) 1T
SV Bl Jo Aol s cObaalll raoety praad Lol o2 Loy 51 85k 550 0,85 (TCF dlls
IVAT Lol IS 3 Oy 5 332 5

G Sl 5V LUV J sl el ol 3 Taan Yo g picty 0¥ 00V ple e Tl
G 5o Ll AW & il o e SlaST) ol Adas Gy b pldy il S R ke LIV 2ns
S & o Bmlie s Lo 3 Sl dor 5 (Wl g Loy Y1 B Laol) ol s s gog 351
;ﬁ,w Al O (Ve v =8 i B yas Vo dy Bl B ) Bl A g BJL) &N d s e
Al e b ST Sl Y50 Y e BT Y e oVl 5y I Lol



§Y4Q Ul G plas 8 deliall & 5 d) Lozl

AU Gl Graddl g 723 S oy a3 (1Y, ¥, Y, Y)
Delignifying Laccase-M ediator System for Direct Bleaching
doo 228U DY 2 Ol Y Je stezall sV oy SLaSO G S Jan ) O

8 AU Gl g5 2 b s ol o2 W1 01 Sliild Sl vl s 5 Sl 51 Sl
Ao 23acS 3L 30V 55O pusicey (LMS Il g gie 3 (LMS) 551 Jaes ol a Lo 25V
Jols Ly gl o5 Y1 Ll 3OV Ll ceaddl 145 aess of Lilo) ey
I35 55 S asden=) 5 (ABTS) (b sihue= 1= 55U 30 ] Y = 51T Y Ll s
M3 o 6 AV Lo 51 e eSOl iy 05 03 G5 5 LAY AT Haus 3l 5eS (HBT)
Sy ) il Jam s e day NHA JI 5,2 NHA I ope Zinie 450 850 5T (NHA) pidsla| S 34a=0)
i s N-OH Ole ez o dled SV dlass 51 51l (6 24 LoBale s [AE-AYITEMPOI 5

Lt Yoo s aaiene Hla g1 3151110 555 0F iy 55l lond) Lsluasl By 0555 o s
S S S5 S b B A gl Sl e sie GLasST o5 (Gl L (g ) Pl AL
Lise o5 OF o8 (A5 Cnanlll oo Bamtll @Y sdl) Gy b JSC20 8 52 511 s 151 e )
eIty el s (ol 5 cojiguw‘v\)wvumgdfugs;\ Jois s [AOT &slasil 4l g
s bl Gam s (il S=UUN Gams ol e SWTeEY S O gy e Yl
i SV O g st Y5 da oy el O s 5 coda G oo L ol S 5 el bl
Ao 11 I BLEYL 5 TAY ATT O gl ol G| Sz V1511 U2 5 el 35 0 JSTLMS
s I Oslall US| e Jie ol e b Aoy 3l 5o 5Lz C@@Vscgmj?ﬁ[& A3\l
Gk oo U ek g5 U aul s 135 LA AT ST G b e Gl cp sl I Lo g 522 O
Lar-a: ] Cass |y 5550

O x5 5 LAE1 T8+ 3] oy 2o 0555 5501 LoDVl day il 5 B 01 3
5Kars L90 CATT 053531 il o 5T SV el 6555 st L] Jlotzl s 1556 0 556 LMS 1 s
LMS JI auds 5N il Oy C‘J-" I e Saedl LB G oladdl e w3l Lo d sad
Nl e 055 sy Ao o 3 IMS I Gy 53 511 e (g o OF 5 35 L4V (4] myleslly
s SV o 13105 (LMS I ] BLoYL LAAT i gl 83U 13 e 55 1 S oy 5y Lo e
Trday Loy P A3loSI) B2l e 0 5 (HOS) 5,0l Ao s 58SV plas Jro ol YL 3oLl
LV e e Q8] eSO QU oS Jol e o)



é:L&\C@)f\Mﬁ:@w\@j}|@Zﬂl $Y

Paper Making & o)l dsbuae (VV, ¥, Y)

G0 &S le 3 Lo W5 el L3LaSTN S b1y ) e 35l 555 o 055l sl
Slbes s moelly il s clardlls el K55 e Bole 5, ESle (g 52 (055l slue]
ESL G N b e eilais B e Jo535 G oLl o 88 e ) &l Ly Jral) B0
2B DI e ol o 3o ) Sl o g0 & pllas IV SN 0555 .5

Sl ¢ SO ¢ JloaSI I (3 5,0 debs Lasliast fodad Slg 31 plabeal Saus
Il e GUE AL D) O all 83l &l () G Lhl e doal) Olg 31 pliseal das o 55
Jeaidl o5 255 LU SUT e s Jo lo 5¥1 5,058 I Alend) Sl dadl e JlaST)
OF dr g [V ) AVI Ladl e 51 ol col 5 QI aslas e s 401 ool 1 ) BT dal s
o o ol i) e wdl e 56 (5 m Wb e (CBH) (gt Lo o2 sSULAN (om0l 53 00 5 sl
Azl o B jaslias QWL s dsla 8 gam & 5 U1 CEG 11 ol 5 ¢(EG) 4 JI ol 3318 sl s Y1 5
oS EG 113 EG 1 (g5 Lo 3 5801 A1 o 3318 lar 500l ginall 318 ) adblas OF dz s S
PSSl s S Dl jatlias Gl o awdi c3 1 5 S5 58 Dl el A6
Leall GUYI G (3 Lol 635kl b 5l sebedl GBUL ol 530S gl 5531 Al 1 Loy 25541
LV T dsladl g

Bl palast sk e o5 a5 301 ALG e CBH | gy Lo o sSUIAU N1 Y1 S5 5\
Sl sl 5 0 S aslT &yl 5 sl 3155 [V 0 Y] Ll 3 ECFIL Lol sl il s )
Sl Ol 05555 .00 &Sk Jrdis G o Bkl CUNEALE Greoed 5 sloa =5 s LI
Gogll mlae OV an @ Lol bl Gand ol ol Gl ol s and dlie oda
Ykl Gl b dols Gle d] 5l e & goll Ol pasinedd Ul pliasen1 2t
ddandl 3 @ Soudly sy SN AL LWL G b

Sl oy Gyl Bolis (3 ot ($AE 58 SLBAI iyl ol plienal o Jolad) a5
S oS5 s oLl pltseaal cpa a3 Gy Ao Zod s il oLl I3gnal Jad Gy 2015 22
oy 0l el peliaddl o Lol DESIN 0585 5 idanll ols (3 (DCS) &5 41 5 2511
VY s Lo Llaadl ols 5SS DCSIN g 522 S35 . 3IUI el s cbliaeddly 3 Sl oz
lanl ol 2t & sllall LS LT s 5 (3550180 5 5 G 5



$Y s Gl pllad § delall & sl 422l

DYV YT 70 e el G2V el GO Cllall s 5L 2L OF a5
(Ladly B ol go 5 Bl Y1 ol g 5 L) &yl Sl 3 s Jo d pmad) oyl
plaeial Sy LV OA ) V] STl e Gioeball (6 e Lo SN 5loell (3 G VT oS (e s
By D081 SO Y Bee ole 3 s A 510 e o UllesS T ol o LU
s b ol S SUYI Lo Glass Sl pie U iz sl Il Ol s OF e A cdoay 5Y1 adLnal)
Joel w5l Aol TMP 1 ols (§ 3 g2 b1 UL S o oSVl gLl oS ) ot Saus
O a5 .[0] ol QUL sS ) o Yl olegot 38 Lo 15506 055 (s lls o ins] OLLe 5S Sl
G 51Nl Obsdll (alisal d] o3 0L Bl OBLeyS bl e fzVl dogaz 635
LV TOUYT e 0Ll S Jlanld

Recycled Paper and Deinking ;L1 @135 0 5 95 slall 3, 1 (VY , ¥, €)

o Wl Syl &3, 1 sl eciomall deldal sl e JSCt o fndl G pldenal g
pesp 'CL,J‘}H RERER=L PR EEWN RN cpor Fedl 341 e B L4 B RE POV R PP
oo SN e L3l bl Sl s aab o LT AL G ol dels G aelisual Bale] o OF 13
el e kol s ol a1 2ol s el 31 bl s aS 5 A las oy padk! G b
el Lulys o3 a5y L Ml ey Mall o 2l Go gl SUT e bl Jlaiil e (3 Alab 0555
Sgmlls el pdl Sl e de SN AL E @l Y IS5 G pelnnedls Sl il 2
DNV elealls o elos anall

58 el g IV g i Jlaiil Gmed G Sla s g ST e el (S
Joo s 5 S Aol ol 5N plisal, SUYI mlasl o A ol Slas¥l 22 b
3 &l Wiy g oMl Al 51 ) BU JUE 50 b e T el Sl T ol sdadl ol el 5 s LI
Sl 2 SV o T cLeadl 22l s el B oy 51 Joeill O 0 531 ekelna L1 215
o VAL G olo 3 plaseal s 2t LY DL G b e L3N (4G 6 eS 055 A1 !
de il o g2 )l Ml elis 851 By 31 Slidadll ST cn sl g oo ) G )
Lol Gl



@l i g plkine yod helall & bl L2l SYY

a5l wo Bos I S 1" ao NI Haul s 0 55 sl 601 e i Ll s
SN Cakall Jlasl (o 3,501 AT 3:US e iy iyl le 35 o ] RS el O e
33Lall L3Sl 5l k5 ool Jalpo s e s et oy Lo oM (g 22 OF Sy s Lan Ll
o 25 aalll 1 wliaaledd muly Gl e pains 53l a5 «(PVA) Sl Jod dpdl Sl 580
Lol eluall 5 gl § Ul ety s PVA (e 5ol Lo (6532 I o 3] pameinns o
IVt

Slime Control M!éé:dl(\\,\‘,o)

WM g S Ko il A foond O (g5 &y gkl L2813 oSl Uz ol g 2 Sl 5V
I cn el 3T 55ms Sl ey il LS e T el pdon s ST Ol s clispdl e (Gl
C}TUL&S\Q\MUQ‘};}jﬂ\@ﬁiﬁ.&;ﬂogwM\QL{Q}}H&QL&M%)}B\QU;-L&U
L AN B ECH IR AR W I W [ U PR VR S RN B VS et [ S WS VY
LVAT o el sl Sl Sl p il 55 (3 il

e O ol mas 2 ped | £22Y) S Lo 805 gl Aldowd) lg 31 e Sl O 5 3
s ey 3 Al s0e o Slb 2 Lo danas SlaoW g p goetdl (§ @ Soutl] i Wl Lo lual) ol
555 el LAV ld eVl ety i Lo A= S old Jo o & 2l gy 55 ghas
LAY =1 AT 8251 o L b o bt 5

Other Applications s &I Sl (VY , ¥, %)

SIS o sl s 5,05 Aol § il A pa p eI SYLLST 235 0 185 0]
S o el I i e o Ll 0S8 SILSYI ae (S5 Cadl e g S
AR b ey e e s IS AILSY an ST 5 pladl Gl e AW Ayl s s 5 0S Y
SlasYL VLS VI D) 3 5550 A Vsl g el s el p e I VLY 1)
SVLS T Jro (VLS s Aol syt ol 51 Ll 05 055 AUl 4 A s VLS 53U Al
830 b Slladll (e (IS o s I SN s el 1A G 5 S5 VLS 515 S S
DVYYT ol SVl el b il gl 5 cp sond S5 ety | U5 3 Ly el 1 3



Sy s Gl pllad § delall & sl 422l

Enzymesfor Product Design <l>ezd M Sl YOV, 8)
Enzymatic Fiber Engineering LW dau Yl AwaidI (VY , €, Y)

5ot - SEK s JleasSIl I o IS ddid 1l Sl ks Llad Sl 5Y1 dnanaZ 0]
e B 53 5l ey 315 A5 LS j/@;y\ Sl 2l 5y SUYT lanY o Sl foadl pltsenad
Sl g T OF el e s bl Calesd Gl s atlas oLisY of GUNI atlas
Ll Pl plasenal ol GLNI Joaws oSins 1S ST e dasld) dsleall 3 g0 GbULI ST o
Aol e 5 Sl ol & 5

Functionalized, Value-Added Fibers dea)l HLaLI 1L JI BLYI(VY, ¢, Y)

Blall dedll astbas Jls| Go b e Bnddhl e SN T Cdh plaseal (§ sapdr BT b 05
al gy G oy 51 oSN e SUYI o a1 ol g gl el LA L OUIYT )
Sl 0585 Gl (ol o) peogocdls o) gedl el 5 0B Tall o e 5 3L Sl Y
ST sty ez LI SUIN 3L 3] i 0580 Ty U oy ey 315 SV S 5o 6 s )
e pormoll ol LU Aol B yizaS Gronlll plieal Lo 5o 1 doy 5V a5La SN AL G b
v (ol S 5l 51 Sl ST e S 3l ol 31 ass LV Y-V YT ) ) sad ) Ll
2 A S ST gdlls SIS e I Jelidly pnlll e g 2 A1 SUYT G elad
Lans Lty e Lo G52l edd ol Jolidl DLt s DV YA VYV &3 5308 ST & 23 G52 10555
bl 5 el el LSl s 5 paddl e o el wud O Sy b (56 Jolss Jan @j
055 bt SUVI Gl 5 3 AoV 8 skt o (GUIY o Lot 1) oda Gl o o855 - eonadll
SN Blall Ll jalas Jlts| pa Coudl

o5 5 O jatlas i S Aol EkaS Uy alss SCa ¢B shi) ooy 51 0 sS) Any
ol s & SUNT 3 elandl el el el 353800 e ) ptiall ISl il
023 NV e oSl el (O e o Y1 i 51 OB IS o s LAWY=V Y AT GUIYI
Je o BiB ) Gatladl (e e gine Ao gag Jbts] (SRey cabay; o O ) S UL G b
Sl et U ¢ oo I S ol Sald slall bledls el oo Joladl dnb s il o (JUll
i ol 55005 LV Y TV YFT GLISU Ll s sl olis) o 2aslall 3, 4ll delis jailias (o]



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl sy

oaibadl e Bkl mhudl Lanad a ol oSl Gl oo 85Ul (ol Y1 e Lot
b 2dl,9) el Lo & gl GUINT Calie o (Sag s - B e LIS deglt 450 5401 5 2505
ol &y bl odys (Landl 5 iz LI TMP Iy CTMP I ¢ L2l

sl o) skl ol fo Bids 5 ole pot Jary oy SN o 8 plond e 5T e dd s
Sl S o s o el 1 3DV E VP OBLS Loy ) 5T LliaS Haall U1 51 51
Pl sl (XG) (e sl Ol Il U] Lees S5 dms (XGO) &sl-Y1 OIS o 5y 1
olf ok Jiw Jdle Sl b SIS o 5 1 O] G5 L(XET) 55 580 il 5= 53] OIS gl 5 5
el e FI SU gl gl 1 olasel 5ok e OUN ol mlandl b Gy ) 5) sl
sl I 35 w3V a2 Qa1 8kt (30U gl 5 1 Judls plowdl Blef 5 35 XET I 5ad 5 . SLIY
S S b e ALl 51 o5 S e Sy S L 53U S e Bt S
DIWo VT e lydon 50 S Jote ] L5 s 83,08 8 o o2 5l o) 55k

b oV B3 e S de ) oty Vs Wle 550 bl O 5l 5531 ldnil 0 5505
Sladl paswal Ly O o b I S G Sl (A O3 (BLYE Bl A s
B e Ladl Q1 0 sl 430 Ol Ky 25,501 piliall Ble 343 ey 018 515
OV B a1 & A SUN plaiil 055 G lall il 35 bl hansl Lo 25LaSl 51 52
Sl 1 G b e SN el e 5LasTl Sole gazdl (o dal s G pot o] d ol s
DIYYT o5V Ao 5 | Gy 1 dels ol g5 Gy 1 sk 43y Jall e plussal ) a3 03 S

Biorefinery Concepts & g1 8Ll (....aLn.a (\Y,0)
i yot (U] & gl ST o &5V L oE o o ol sgio  a ALalSLl &y slinall O]
Ll Gles sl Lad el 3 |y colaidl Ciliz ey &yl Glall wad gl Szl e
5 Rl & gl Sliaad) s N Subly & gkl ATl 3 b S wear e Bl JorT e oy b
Lok s 68 S 5] OB ddS 3 b 0 & b Lo Boslill ol s & gl BUall plisenal s 315585045
UL ) &5 5) sl sl oL 51 L1 35 ol o s gine s sag Y ARISE Dlab 5 oty
(o Il Sl e a8 sdad Wil oS0 W GUYI bl bss o leals Toas (35l

OV o5, S 3 58 15 chanased) s oS



¢Yo

15 G5l s § doeall 4 ) 220

adoetl f\i—l SR

v

Jelowll 25 ml rutiaall i 5 Y1 dlolall

v !

N\

Ot | LY & g A s 4
. ORI G Y133 A
el p p
; LlaSU 51 /5 LlesU 51 /5
3.\.1.&4-‘ .5|".“ LW"-.‘J‘ ﬁ)\.ubﬁ‘ cCJL:S,U cd;‘,a.._.“’.:.“ “_AL,WI a,{,.\l Ao\uln.(.ll

) e s (V1) o5, S

L e 1l oF oKy et lE lllans Uy &pdl idly (g ad | o) s oS
a\sgw&aﬁ;;xpﬁw@ﬂm}\&g&gai.\gwp,mupmww@t&gg@?
R T Rt U R S U P W [ A R P R P I P PSP e
52595 3 Y OuNly dagll Dol s el ) (i 558 0 s pumll (5 al ool Uiy L dpsliasil
:\,..M.JL» SQL;CWQJOL ;\f.f:ao\j‘ Z\Ja..:.ﬁd 3.3.,\2;’21\ )l )JL.QA dl dfbﬂ‘ CM:’J .SJJQJ.H sl )JL@‘
ZJ.ALLU.AJ.{;Ucdj.’ﬂ\MTQUQUL&Q\UAJJ\.E:»JQuu\uﬁdyﬂ\ﬁjﬁssbl&}u&dyﬂ\
sk pa (U o e o g1 28 5 ) gelan gl 2 e STl gl dngs o) A b
G ) AN sl g sy (La) e Zasti) Jasln g1 (6D Lol 301 oo lonold QU1 plasecaV e (655 5
Blall ol e 5 Cdl e Lol Sl Sl 5T LIS el 1 e J5YI L 3 ol
DS (G pdls 555 b S S asle) Slan g U L el &) AU S sy Laal
LAY BN ML T d sl ) s ad
3*53»&&j%ﬁ\obﬂbo\ﬁ,}\yM\@M\Q\;J&\HM\O&j
oo eVl Sty k5 S Sl e JSU i s AT gy g Goudly  oladadl



é:L&\C@)f\MﬁZ@w\@j}|@Zﬂl $Y' Y

Sl s ebdably eodall s (A2 N1 (8 Lalaszal s o) bl jatliast ias 5 IVl ey
B g sddr o) sl o 236 LLacS 5l ge gt o Saus A YT BLall @)l Sl ST (BUIY
I eI i) 5 g plenal Sy |S Ol 31 adeloay 31 pliseinly Ranases Sliv o3
O s Olelis g Al sl Ol el crL\w‘j ol SN g oladadl Gz g LS
ol 5o 5 SO 33l 515l s cdaodUl sl ol limal sael I cliad) ST i . Jeened!
G 835l S ol BLAL dadll e g5 Ll ot S i 5)1 23401 5155 5LESYY
i s Sl s 85 shate s Bl Sllas ) gl 1a (533 Gy AN (#1515 el

(S Mol ALG 5 Mol st (0 5, anST G gl (le Blas dod I3 Ol )

Conclusions esl>=Leaw NI (VY , 1)

Gy 5 U] 635 K Glls Ll dsls  3aslas ol 55 Sl 51 el oz (Ll
QLY DG cola Y asle Landl Bl olidedl fesss  LsleS sl Bl Iolgzal
O ol (gl o bl il Llas Jol o 15 OB cple JSiins . o) G (Sl (il
:\;\?Q.;J\g,uL;;@;yww\g}moi%¢gw\gw\;;;:dﬁ:uo,xoi&iyj Ly
dolo (§ Slo FpN sl Sliglad) OF sy il 85 g i 093 Dbl Ll se ] g0 35 Ol 5 &l
Pl Sl iy daasdll Slrmoll OUN a5l faadl dlg a5 Gpw Gl I
SUYI bl B8 e LAY w5 Daas (23 pe Gyl SULI Cadl) 2550 sl sl
SIEARCOPURY I [PRENPER [ KIS [N A UPRE{ SN 5 WA PPN SN - A0C1 B 9 R PRER P
Sl VI G s 3 pall e s & gl L) delia) Lad oy olidard] o Db &y o 3y a5
Sl lebs GlS 5 BV il crdl Slebs fo U 3 01 (3 Bdatll 45 )yl gl
Bkl GlaaYleda e La o3, 501

References C"" Al
O'Sullivan, A.C. (1997) Cellulose: theructure slowly unravel€ellulose 4 (3), 173-207. [V]
Hult, E.-L., Iversen, T., and Sugiyama, J. (20@haracterization of the supermolecular structu [Y]

cellulose in wood pulp fibre€ellulose 10 (2), 103-110.

Stahlberg, J. (1991) Functional organization of cellulases ffoithoderma reeseiPhD Thesis [v]
Uppsala, Sweden.

Van Tilbeurgh, H., Clayssens, M., Bhikhabhai, R., and Pettersson, G. (1986) Limitalysistof th [¢]
cellobiohydrolase | fronfrichoderma reeseSeparation of functional domaitEBS Lett.264, 223-227.



SV s Gl pllad § delall & sl 422l

Tomme, P., van Tilbeurgh, H., Pettersson, G., van Damme, J., Vandekerckhove, J., Knowles, J. [o]
and Claeyssens, M. (1988) Studies of the cellulolytic systefnicfoderma reesedM9414 analysis ¢

domain function in two cellobiohydrolases by limited proteolysis. J. Biochem170, 575-581.

Linder, M. and Teeri, T. (1997) The roles and function of cellulose-binding dondaB®technol57, [1]
15-28.

Linder, M. and Teeri, T. (1997) The roles and function of cellulose-binding dondaiBstechnol [Vv]
57, 15-28.

Teleman, A., Harjunpa4, V., Tenkanen, M., Buchert, J., Hausalo, T., Drakenberg, T., and Vuorinen[ A]
(1995) Characterisation of 4-deofyt-threo-hex-4enopyranosyluronic acid attached to xylan in

kraft pulp and pulping liquor by 1 H and 13 C NMR spectrosc@aybohydr. Res272, 55-71.

Irwin, D., Jung, E., and Wilson, D. (1994) Characterization and sequendehefraomonospora fus [4]
xylanaseAppl. Environ. Microbiol.,763-770.

Gilbert, H. and Hazlewood, G. (1993) Bacterial cellulases and xylada&en. Microbiol. 39, 187-194. (V]
Sakka, K., Kojima, Y., Kondo, T., Karita, S., Ohmiya, K., and Shimada, K. j188&leotidc [\ )]
sequence of th€lostridium stercorarium xyn@&ene encoding xylanase A: identification of cata

and cellulose binding domairBiosci. Biotechnol. Biochenbty, 273-277.

Rixon, J., Clarke, J., Hazlewood, G., Hoylamd, R., McCarthy, A., and Gilbert, H. (1996) Do the rlonY ]
catalytic polysaccharidbinding domains and linker regions enhance the biobleaching prope
modular xylanases®ppl. Microbiol. Biotechnol .46, 514-520.

Stalbrand, H., Saloheimo, A., Vehmaanpera, J., Henrissat, B., and Penttila, M. C168&5g ani [ VY]
expression inSaccharomyces cerevisi&accharomyces cerevisiae of Taichoderma reeseip-
mannanase genec ontaining a cellulose binding dopi. Environ. Microbiol.61, 1090-1097.

Tenkanen, M., Buchert, J., and Viikari, L. (19%nding of hemicellulases on isolated polysacchi [ ¢]
substratesEnzyme Microb. Technolly, 499-505.

Sabini, E., Schubert, H., Murshudov, G., Wilson, K., Siika-aho, M., and Penttila, M.)(2000 o]
Crystallization and preliminary X-ray crystallographic analysis @fiahoderma reesdi-mannanas

from glycoside hydrolase family Bicta Cryst. D56, 3-13.

McCleary, B. (1991) Comparison of endolytic hydrolases which depolymerise 1,4-beta-D-mannan[3,5]
alpha-L-arabinan and 1,4-beta-D-galactarEmzymes in Biomass Conversigal. 460, Chapter 34ed:

M. Himmel and G. Leatham), ACS Symposium Series, Oxford University Press, New York, pp. 437-449.
Coughlan, M. and Hazlewood, G. (1993)1,4-D-xylandegrading enzyme systems: biochemi  [\V]
molecular biology and applicatiorBiotechnol. Appl. Biochemly, 259-289.

Spanikova, S., and Biely, P. (2006) Glucuronoyl estekasesl carbohydrate esterase produce [ YA]
Schizophyllum communEBS Lett.580, 4597-4601.

Grishutin, S., Gusakov, A., Markov, A.V., Ustinov, B., Semenova, M., and Sinitsyn, A.P.)(2004 4]
Specific xyloglucanases as a new class of polysaccharide-degrading er2iguokisn. Biophys. Ac

Gen. Sub.1674, 268-281.

Hasper, A.A., Dekkers, E., van Mil, M., van de Vondervoort, P., and de Graaff, L)E002 anev  [Y+]
endoglucanase fromAspergillus nigerwith major activity towards xyloglucanAppl. Environ
Microbiol., 68, 1556-1560.

Kaku, T., Tabuchi, A., Wakabayashi, K., Kamisaka, S., and Hoson, T.)(2@@®@n of xyloglucar [Y ]
hydrolase within the native cell wall architecture and its effect on cell wall extensibility in azu
epicotyls.Plant Cell Physiol.43, 21-26.

Rose, J.K., Braam, J., Fry, S.C., and Nishitani, K. (R00% Xth family of enzymes involved  [YY]
xyloglucan endotransglucosylation and endohydrolysis: current perspectives and a new
nomenclaturePlant Cell Physiol.43, 1421-1435.

Brumer, H., Zhou, Q., Baumann, M.J., Carlsson, K., and Teeri, T. (28&#ation of crystallin.  [YY]
cellulose surfaces through the chemoenzymatic modification of xylogluc#mm. Chem. Socl26,
5715-5721.

Hatakka, A. (1994) Lignin modifying enzymes from selected white rot fungi:ugtamh and role i  [Y ¢]
lignin degradationFEMS Microbiol. Rev.13, 125-135.

Arbeloa, M., de Leseleuc, J., Goma, G., and Pommier, J.-C.)(P9B2valuation of the potential [Yol
lignin peroxidases to improve pulp&appi J.,75, 215-221.



L_S’L‘:‘;‘CL?'J)("MWZZ‘:;M‘SU?MW‘ SYA

Paice, M., Reid, I., Bourbonnais, R., Archibald, F., and Jurasek, L.)M8aB8ganese peroxida [Y1]
produced byTrametes versicoloduring pulp bleaching, demethylates and delignifies kraft pApp).
Environ. Microbiol. 260-265.

Kondo, R., Harazono, K., and Sakai, K. (1p®teaching of hardwood kraft pulp with mangar [YV]
peroxidase secreted from Phanerochaete sord-624.Appl. Environ. Microb.60, 4359-4363.

Hammel, K.E., Jensen, Jr. K.A., Mozuch, M.D., Landucci, L.L., Tien, H., and Pease, E.A) (1993A]
Lignolysis by a purified lignin peroxidasé. Biol. Chem.268, 12274-12281.

Piontek, K., Glumoff, T., and Winterhalter, K. (1993w pH crystal structure of glycosylated lig [Y4]
peroxidise fronPhanerochaete chrysosporiuah2.5 A resolutionFEBS Lett. 315, 119-124.

Poulos, T.L., Edwards, S.L., Wariishi, H., and Gold, M.H. (39@8ystallographic refinement [Y-]
lignin peroxidase at 2 Al. Biol. Chem.268, 4429-4440.

Hofrichter, M. (2002) Review: lignin conversion by manganese peroxidase (MnByme Microt  [Y'V]
Technol. 30, 454-466.

Kapich, A., Hofrichter, M., Vares, T., and Hatakka, A. (1999) Coupling of manganese peroxidiseY ]
mediated lipid peroxidation with destruction with nonphenolic lignin model compounds and 14C
labeled ligninsBiochem. Biophys. Res. Comm@s9, 212-219.

Hatakka, A. (2001) Biodegradation of lignin, Biopolymers. Vol 1Lignin, Humic Substances ¢ [YY]
Coal (eds M. Hofrichter and A. Steinbuchel), Wiley-VCH Verlag GmbH, Weinheim, pp. 129-180.
Martiné z, D., Larrando, L., Putnam, N., Sollew@elpke, M., Huang, K., Chapman, J., Helfent  [Y¢]
K., Ramaiya, P., Detter, J.C., Larimer, F., Coutinho, P., Henrissat, B., Berka, R., Cullen,
Rokshar, D. (2004) Genome sequence of the lignocelluloses degrading, éhnggssporiunstrair
RP78.Nat. Biotechnol.22 (6), 695-700.

Martinez, A. (2002) Molecular biology and structdoection of lignin degrading heme peroxidis  [Yo]
Enzyme Microb. Technc 30, 425-444.

Camarero, S., Sarkar, S., Ruiz-Duefias, F.J., Martinez, M.J., and Martinez, A.7.&86@ption ¢ [Y1]
a versatile peroxidase involved in natural degradation of lignin that has both Mn-peroxidase and lignin
peroxidase substrate binding sitJ. Biol. Chem.274, 10324-10330.

Perez-Boada, M., RuiRuenas, F.J., Pogni, R., Basosi, R., Choinowski, T., Martinez, M.J., P [YV]
K., and Martinez, A. (2006 Versatile peroxidase oxidation of high redox potential aroi
compounds: site-directed mutagenesis, spectroscopic and crystallographic investigation of three long
range electron transfer pathwaysMol. Biol.,354, 385-402.

Thurston, C. (1994) The structure and function of fungal lacciBesobiology,140, 19-26. [YA]
Bao, W., O'Malley, D.M., Whetten, R., Sederoff, R.R., and Stahmann J1@98ccase associal [Y4]
with lignification in Loblolly pine xylemScience260, 672-674.

Leatham, G.F. and Stahmann, M.A. (1981) Studies on the laccdsentiius edodesspecificity [£ *]
localization and association with the development of fruiting bodigSen. Microbiol. 125, 147-157.

Youn, H.-D., Hah, Y.C., and Kang, S.0. (1995) Role of laccase in lignin degradation byravhitef ¢ \ ]
fungi. FEMS Microbiol. Lett.,132, 183-188.

Bertrand, T., Jolivalt, C., Briozzo, P., Caminade, E., Joly, N., Madzak, C., and Mougin, C) (24 ]
Crystal structure of a fouwrepper laccase complexed with an arylamine: insights into sul
recognition and correlation with kinetid3iochemistry41, 7325-7333.

Piontek, K., Antorini, M., and Choinowski, T. (2002rystal structure of a laccase from the fur [ ¢Y]
Trametes versicolaat 1.90-A resolution containing a full complement of coppkrBiol. Chem.277,
37663-37669.

Hakulinen, N., Kiiskinen, L.-L., Kruus, K., Saloheimo, M., Pasem A., Koivula, A., and Rouvine [¢¢]
J. (2002) Crystal structure of a laccase fidglanocarpus albomycesith an intact trinuclear copg
site.Nat. Struct. Biol.9, 601-605.

Bourbonnais, R. and Paice, M. (1990) Oxidation of non-phenolic substrategpanded role fi [¢0]
laccase in lignin biodegradatioREBS Lett.267, 99-102.

Bourbonnais, R. and Paice, M. (1992) Demethylation and delignification of kraft pulpabyete [ 1]
versicolorlaccase in the presence of '2a2inobis-(3-ethylbenzthiazoline-6-sulphonate) agplAppl.
Microbiol. Biotechnol. 36, 823-827.



$Yq s Gl pllad § delall & sl 422l

Stenius, P. (2000forest Products Chemistrfed. P. Stenius), Finnish Paper Engineers’Associi [ ¢V]
Helsinki, p. 350.

Suurnakki, A., Heijnesson, A., Buchert, J., Tenkanen, M., Viikari, L., and Westermark, U) (1906A]
Location of xylanase and mannanase action in kraft fidrd2ulp Pap. Sci22 (3), J78-J83.

Richardson, J., Wong, K., and Clark, T. (1998) Modification of mechanical pulp using carbohydrte ]
degrading enzymes. Pulp Pap. Sci24, 125.

Jacobs, C., Venditti, R., and Joyce, T. (1998) Effects of enzymaticeateaent on the diffusion  [¢+]
sodium hydroxide in woodlappi J.,81, 260-266.

Akhtar, M., Blanchette, R., Myers, G., and Kirk, T. (198)vironmentally Friendly Technologies [oV]
the Pulp and Paper Industifeds R.A. Young and M. Akhtar), John Wiley & Sons, Inc., New \
pp.309-340.

Hakala, T.K., Maijala, P., Konn, J., and Hatakka, A. (J084aluation of novel wood rotti [0 Y]
polyporesand corticioid fungi for the decay and biopulping of Norway spriiee@ abies)wood

Enzyme Microb. Technc 34, 255-263.

Farrell, R., Hata, K., and Wall, M. (199Rdvances in Biochemical Engineering/Biotechnology, [0Y]
57 (ed. T. Scheper), Springer-Verlag, Berlin, Heidelberg, pp. 197-212.

Bajpai, P., Mishra, S., Mishra, O.M., Kumar, S., and Bajpaj, P.K. (2066 of enzymes for reducti [0 ¢]
in refining energy-laboratory studiegappi J.,5 (11), 25-32.

Pere, J., Siika-aho, M., and Viikari, L. (2Q0Biomechanical pulping with enzymes: respons [00]
coarse mechanical pulp to enzymatic modification and secondary refiiaippi J.,83, 1-8.

Pere, J., Ellmén, J., Honkasalo, J., Taipalus, P., and Tienvieri, T. (2002) EnhancementrejetMP [¢1]
refining by enzymatic modification of pulp carbohydrates-a mill studiatechnology in the Pu

and Paper Industryeds L. Viikari and R. Lantto), Elsevier Science B.V, Amsterdam, pp. 281-290.

Zhao, J., Li, X., Qi, Y., and Gao, P. (200dkaline peroxide mechanical pulping of wheat straw [ov]
enzyme treatmenfppl. Biochem. Biotechnoll12, 13-23.

Pere, J., Liukkonen, S., Siika-aho, M., Gullichsen, J., and Viikari, L. {1996 of purified enzymes  [0A]
mechanical pulping, ifProceedings of the Tappi Pulping Conference, Nashville, TN, October,27-31
TAPPI Press, Atlanta, GA, pp. 693-696.

Pere, J., Ellm é n, J., Gullichsen, J., and Viikari, L. (20@#pregnation of chips with enzymes [c4a]
enchanced mechanical pulping, paper presented af"theednational Conference on Biotechnol

in the Pulp and Paper Industry, Durban, South Africa, 10-14 October, pp. 27-28.

Peng, F. and Ferritsius, R. (2008lechanical pulping with pectinase pretreatment of wood ¢ [T+]
paper presend at the International Mechanical Pulping Conference, pp. 335-340.

Hoddenbagh, J.M., Meyer, V., Petit-Conil, M., and Tolan, J. (2007) Reducing chimgegnergies k  [T1V]
enzymatic treatment of hardwood chips prior to refining, paper presented attlthinté®nations
Congress of Biotechnology in the Pulp and Paper Industry, Abstracts, Madison, Wisconsin,-June 10
15, p. 53.

Fischer, K. and Messner, K. (199Reducing troublesome pitch in pulp mills by lipolytic enzyr  [1Y]
Tappi J.,75, 130-134.

Mustranta, A., Fagernés, L., and Viikari, L. (1995) Effects of lipases on birch extradigs.J.,78, [v]
140-146.

Mustranta, A., Spetz, P., Holmbom, B., and Buchert, J. (20@datment of mechanical pulp ¢ [1¢]
process waters with lipasJ. Nordic Pulp Pap. Re2, 125-129.

Blanco, A., Negro, C., Borch, K., Minning, S., Hannuksela, T., and Holmbom, B.)20@& contrc  [10]
in thermomechanical pulping and papermaking by enzymatic treatmgpita J.,58, 358-361.

Zhang, X. (2000) The effect of whiteater dissolved and colloidal fractions on paper propertie  [11]
effect of various enzyme treatments on the removal of organic compdPpt®ap. Can.101, 59-62.

Karlsson, S., Holmbom, S., Spetz, P., Mustranta, A., and Buchert, J. (2001) ReactiMiggmete [1V]
laccases with fatty and resin acidgpl. Microbiol. Biotechnol .55, 317-320.

Gutierrez, A., Del Rio, J., Ibarra, D., Rencoret, J., Romero, J., Speranza, M., Camarero, S., [TA]
M.J., and Martinez, A.T. (2006) Eymatic removal of free and conjugated sterols forming

deposits in environmentally sound bleaching of eucalypt paper poyxon. Sci. Technol40, 3416

3422.



@bl sy pldis 5ol sl & dl Lol §5

Gutierrez, A., Del Rio, J., Rencoret, J., Ibarra, D., and Martinez, A.T. (2006) Mmiphilic [14]
extractives in different pulp types can be removed using the laccase-mediator gygierulicrobiol
Biotechnol. 72, 845-851.

Kantelinen, A., Hortling, B., Sundqvist, J., Linko, M., and Viikari, L. (1p28oposed mechanism [V +]
the enzymatic bleaching of kraft pulp with xylanaséslzforschung47, 318-324.

Yang, J. and Eriksson, K.-E. (1993se of hemicellulolytic enzymes as one stage in bleachingo [V ]
pulps.Holzforschung46, 481-488.

Buchert, J., Carlsson, G., Viikari, L., and Strém, G. ()996rface characterization of unbleac [VY]
kraft pulps by enzymatic peeling and ESG#lzforschung50, 69-74.

Vuorinen, T., Teleman, A., Fagerstrém, P., Buchert, J., and Tenkanen, M) @&86tive hydrolys  [VY]
of hexenuraic acid groups and its application in ECF and TCF bleaching of kraft pulps,
presented at the International Pulp Bleaching Conference, Washington D43-51.

Zhang, X., Nguyen, D., Jiang, Z.H., Audet, A., Paice, M., Renaud, S., and Tsang, A.BR&xhinc [V ¢]
of kraft pulp by a commercial lipase: accessory enzymes degrade hexenuronic acids, paper p!

the 1@h International Congress for Biotechnology in the Pulp and Paper Industry, Abstracts, N
Wisconsin, June 10-15, p. 28.

Suurn & kki, A., Clark, T., Allison, R., Viikari, L., and Buchert, J. (1996) Xylanase-and mannand$¢¢ ]
aided ECF and TCF bleachintappi J.,79, 111-117.

Patel, R., Grabski, A., and Jeffries, T. (1993) Chromophore release from kraft pulp bydpurifé1]
Streptomyces roseiscleroticxglanase Appl. Microbiol. Biotechnol.39, 405-412.

Clarke, J., Rixon, J., Ciruela, A., and Gilbert, H. (1997) Family-10 and famikytahases differ i [VV]
their capacity to enhance the bleachability of hardwood and softwood paper/AnphsMicrobiol
Biotechnol. 48, 177-183.

Rixon, J., Clarke, J., Hazlewood, G., Hoylamd, R., McCarthy, A., and Gilbert, H. (1996) Do the fonA]
catalytic polysaccharide-binding domains and linker regions enhance the biobleaclpiedigsao
modular xylanases®ppl. Microbiol. Biotechnol.514-520.

Suurnakki, A., Buchert, J., Niku-Paavola, M.1., Pere, L., and Viikari, L. (2B8@ymes in pulp and pa; [V4]
processingln: Enzymes in Industnaehle W. (Ed.). 3rd ed. Weinheim: Wiley-VCH, 232-244, 437-439.
Bourbonnais, R. and Paice, M. (1992) Demethylation and delignification of kraft pulpabyete  [A ]
versicolor laccase in the presence of 'Za2inobis-(3-ethylbentzthiazoline-6-sulphonat&dppl.
Microbiol. Biotechnol. 36, 823.

Call, H.P. (1995) Further improvements to the laceasdiator system for enzymatic delignificat  [A Y]
and results from large-scale trials, Proceedings from the InternationalCiNorine Bleachin
Conference, March 5-9, Florida, USA, Paper 4-3, 16.

Amann, M., Candussio, A., M U ller, R., and Frey, V. (2000%itu generation of mediata-nev  [AY]
concept for laccase-catalysed delignification of kraft pulp, paper presented &&RR Pulpin
Conference, Boston, USA, November 5-9.

Amann, M. (1997 The lignozyme process coming closer to the mill. Proceedings fro  [AY]
International Symposium on Wood and Pulping Chemistry, June 9-12, Montreal, F4, pp. 1-5.
Freudenreich, I, Amann, M., Fritz-Langhals, E., and Stohrer, J. (1998) Undergtatidin [A¢]
Lignozym®-process. Proceedings from the International Pulp Bleaching Conference, Helsinki, June 1
5, pp. 71-76.

Eggert, C., Temp, U., Dean, J.F.D., and Eriksson, K.-E.L. j1@%96ngal metabolite mediates degrade  [A©]
of non-phenolic lignin structures and synthetic lignin by lacd&sBS Lett. 391, 144-148.

Camarero, S., Ibarra, D., Martinez, A.T., Romero, J., Gutierrez, A., and del Rio, J.Q.R2p@e6épul  [A1]
delignification using laccase and natural mediaterzyme Microb. Technol(, 1264-1271.

Gutierrez, A., Rencoret, J., Ibarra, D., Molina, S., Camarero, S., Romero, J., del Rio, J [AV]
Martinez, A.T. (200y Removal of lipophilic extractives from paper pulp by laccase and lignin d

phenols as natural mediatoEnviron. Sci. Technol4l (11), 4124-4129.

Bourbonnais, R., Rochefort, D., Paice, M.G., Renaud, S., and Leech, D) (R@0Gition met: [AA]
complexes: a new class of laccase mediators for pulp bleadfzippi J.,83, 68-79.

Gamelas, J., Pontes, A., Evtuguin, D., Xavier, R., and Esculcas, A. (2007) New polyoxometdiat8 ]
laccase integrated system for kraft pulp delignificatBinchem. Eng. J33 (2), 141-147.



8 s Gl pllad § delall & sl 422l

Balakshin, M., Capanema, E., Chen, C.-L., Gratzl, J., Kirkman, A., and Gracz, H. Ri@8igaching ¢ [4+]
pulp with dioxygen in the lacce-mediator systemeaction mechanisms for degradation of residual i

10" International Symposium on Wood and Pulp Chemistry, Yokohama, Japan, vol. 1, pp. 572-577.
Sealey, J. and Ragauskar, A. (1pFundamental investigations into the chemical mecha [4]
involved in laccase-mediator biobleachin§.|8ternational Symposium on Wood and Pulp Chem
Montreal, Canada, pp. F11-F14

Poppius-Levlin, K., Wang, W., Tamminen, T., Hortling, B., Viikari, L., and Niku-PaavolalL.M.-[4Y]
(1999) Effects of laccase/HBT treatment on pulp and lignin structlirBsip Pap. Sci25, 90-94.

Chakar, F., and Ragauskas, A. (1999) The kismet of residual during LMS delignification kdyyighkras [ 4]
pulps.10th International Symposium on Wood and Pulp Chemistry, Yokohama, Japan, vol. 1, pp. 566-570.
Poppius-Levlin, K., Wang, W., Ranua, M., Niku-Paavola, M.-L., and Viikari, L. (L8dbleachini [4¢]
of chemical pulps by laccase/mediator systems. Proceedifigthe TAPPI/Biological Scien
Symposium, pp. 327-333.

Pfaller, R., Amann, M., and Freudenreich, J. ()988alysis of laccase and mediator interactior [40]
the laccase mediator system. Proceedings of tHet&rnational Conference on Biotechnpjoin the

Pulp and Paper Industry, Vancouver, Canada, pp. A99-A102.

Viikari, L., Oksanen, T., Buchert, J., Amann, M., and Candussio, A. J1@®®nbined action « [41]
hemicellulases and oxidases in bleaching. Proceedings of the 10th International Syngro%uoo!

and Pulping Chemistry, Yokohama, 7-10 June, vol. 1, pp. 504-507.

Oksanen, T., Suurn & kki, A., Sch 6 nberg, C., and Buchert, J.)(E®f@@t of carbohydrates on1 [4V]
properties of reinforcement fi bers. Proceedings of10th InternationaSymposium on Wood a

Pulping Chemistry, Yokohama, 7-10 June, vol. 1, pp. 440-445.

Freudenreich, I., Amann, M., Fritz-Langhals, E., and Stohrer, J. Y18@8national Pulp Bleachii [4A]
Conference, Helsinki, Finland, pp. 71-76.

Call, H.-P. (2003 Use of new enzymatic delignification and bleaching concepts for the treatr  [44]
highkappa pulps and for “ cold cooking ", TAPPI Fall Technical Conference: Engineering, Pul}

& PCE & |, Chicago, IL, United States, October 26-3@PPI Press, Atlanta, GA, pp. 277-288.

Call, H.-P. and Call, S. (2093New generation of enzymatic delignification and bleaching F [ * *]
Assignee/ Corporate Sourdeulp Pap. Can.106 (1), 45-48.

Oksanen, T., Pere, J., Buchert, J., and Viikari, L. (1997) The effdsiobbderma reesaiellulases ar [+ Y]
hemicellulases on the paper technical properties of never-dried bleached kGtlplase 4, 329-339.
Kantelinen, A., Sarkar, J., and Oksanen, T. (2000) Application of enzymes in production of netealsé aY ]
high density papers. paper presented at the TAPPI Pulping Conference, Boston, USA, November 5-9
pp.240-246.

Thornton, J. (1994Enzymaticdegradation of polygalacturonic acids released from mechanic [\ *Y]
duringperoxide bleachindglappi J.,77, 161-167.

Thornton, J., Eckerman, C., Ekman, R., and Holmbom, B. (j198&atment of alkaline bleacr [+ ¢]
mechanical wood pulp with pectinase, US Patent, 5,487,812.

Reid, I. and Ricard, M. (2000) Pectinase in papermaking: solving retentiolemsin mechanic [+ 0]
pulps bleached with hydrogen peroxiEnzyme Microb Technd?g, 115-123.

Reid, I. and Ricard, M. (200Pectinase in papermaking: solving retention problems in mecr [\ 1]
pulps bleached with hydrogen peroxiEnz. Microb. Technol26, 115-123.

Ricard, M., Orccotoma, J.-A., Ling, J., and Watson, R. (R@®ctinase reduces cationic chen [\ +V]
costs in peroxide-bleached mechanical graélekp Pap. Can.106, 84-88.

Ricard, M., Reid, I, and Orccotoma, J.-A. (2005)tP@se reduces cationic chemical cost [\ +A]
peroxide-bleached TMP: a paper mill trigdPulp Pap. Can.106, 78-83.

Paice, M., Reid, I., Bourbonnais, R., Archibald, F., and Jurasek, L.)M8aB8ganese peroxida [\ *4]
produced byTrametes versicoloduring pulp bleaching, demethylates and delignifies kraft pApp).
Environ. Microbiol. 59, 260-265.

Lobos, S., Larraondo, L., Salas, L., Karahanian, E., and Vicuna, R.)(0988ing and molecul [\ +]
analysis of a cDNA and the Cs-mnpl gene encoding rgamese peroxidase isoenzyme fron
lignin-degrading basidiomycet@eriporiopsis subvermispor&ene 206, 185-193.

Prasad, D.Y., Heitman, J.A., and Joyce, T.W. (}®%&ymatic deinking of colored offset newspi [\ ]
Nordic Pulp Pap. Res. 2, 284-286.



L_S’L‘:‘;‘CL?'J)("MWZZ‘:;M‘SU?MW‘ $sY

Jeffries, T.W., Klungness, J.H., Stykes, M.S., and Rutledge-Cropsey, K) @8@#parison of enzyr [V\Y]
enhanced with conventional deinking of xerographic and laser printed waste papgrs.,77, 173-179.

Welt, T. and Dinus, R. (1995) Enzymatic deinkiRgog. Pap. Recyclingl, 36-47. (VYY)
Morbak, A. and Zimmermann, W. (1998) Deinking of mixedceffpaper, old newspaper and vegetab [\ ¢]
based ink printed paper using cellulase, xylanases and lipasgsPap. Recycling;, 14-21.

Zollner, H.K. and Schroeder, L.R. (199Bnzymatic deinking of nonimpact printed white office p. [V ¢]
with a-amylaseTappi J.,81, 166-170.

Spiridon, I. and Machado de Andrade, A. (2005) Enzymatic deinking of old newspaper @bP).[ V) 1]
Pap.Recycling 14, 14-18.

Patrick, K. (2004) Use of lipolytic enzymes for stickies conématyme technology improv [Y\V]
efficiency, cost, and safety of stickies removal program. Paper Age, September 22-25.

Verhoef, R., Schols, H., Blanco, A., Siika-aho, M., Buchert, J., Lenon, G., and Voragen, A. (PO05\]
Sugar composition and HR analysis of exopolysaccharides produced by microbial isolates

paper mil slime depositsBiotechnol. Bioeng91, 91-105.

Dykstra, G. and Stoner, M. (1997) Bmzes and biodispersants. Proceedings of the TAPPI/Biolr [\ 4]
Science Symposium, 117-124.

Van Haute, E. (1999Biodispersant and enzyme treatments. A new approach to deposit contrc [ VY * ]
presented at the Proceedings of53rd Appita Annual Conference, Rotorua, New Zealand, ygp2
575-579.

Covarrubias, R. and Jones, D. (2005) Optimimeymatic stickies control developments, p [VY )]
presented at the Annual Meeting of the Pulp and Paper Technical Association of Canada (P
A107-A110.

Nilvebrant, N., Reimann, A., de Sousa, F., Cassland, P., Larsson, S., Hong, F., and Jén [\YY]
(2002) Enzymatic degradation of oxalic acid for prevention of scafiray. Biotechnol.21, 231-238.
Grongyist, S., Rantanen, K., Alen, R., Mattinen, M.-L., Buchert, J., and Viikari, L. (2006) LacdaseY’]
catalysed functionalisation of TMP with tyramitéolzforschungg0, 503-508.

Chandra, R. and Ragauskas, A. (2002) Evaluating lacedalsed coupling of phenolic acids [VY ¢]
high-yield kraft pulpsEnzyme Microb. TechnoB0, 855-861.

Chandra, R., Lehtonen, L., and Ragauskas, A. (2B@dtification of high lignin content kraft pul [VY¢]
with laccase to improve paper strength propertiebatcase treatment in the presence of gallic
Biotechnol. Prog 20, 255-261.

Chandra, R., Felby, C., and Ragauskas, A. (2004) Improving laccase-facilitated grafting [of YA ]
hydroxybenzoic acid to high-kappa pulgsWood Chem. Techna?4, 69-81.

Thurston, C.F. (1994) The structure and function of fungal lacédisesbiol., 140, 19-26. [yyv]
Gianfreda, L., Xu, F., and Bollag, J.M. (199%ccases: a useful group of oxidoreductive enzy [\YA]
Bioremed. J 31, 1-25.

Felby, C., Pedersen, L.S., and Nielsen, B.R. (1997) Enhanced ghasi@n of wood fibres usi [YY4]
phenol oxidaseHolzforschung51, 281-286.

Felby, C., Nielsen, B.R., Olesen, P., and Skibsted, L.H. j18@htification and quantification [\Y'+]
radical reaction intermediates by electron spin resonance spectrometry of Etehsed oxidatic

of wood fi bres from beech (Fagus sylvaticappl. Microbiol. Biotechnol .48, 459-464.

Felby, C., Hassinboe, J., and Lund, M. (2002) Pilot-scale production of fibreboad#shy lacca: [ VY'V]
oxidized wood fibres: board properties and evidence for crosslinking of ligminyme Microl
Technol. 31, 736-741.

Huttermann, A., Mai, C., and Kharazipour, A. (2001) Modification of lignin for the production of fewY ]
compounded material&ppl. Microbiol. Biotechnol .55, 387-395.

Brumer, H., Qi, T., Baumann, M., Carlsson, K., and Teeri, T. (28@#vation of crystalline cellulos [ \YY]
surfaces through the chemoenzymatic modification of xyloglutakm.Chem. Socl26, 5715-5521.

Teeri, T., Brumer, H., Daniel, G., and Gatenholm, P. (2007) Biomimetic engineering of celldlds&¢ ]
based materialS.rends Biotechnol25 (7), 299-306.

Gustavsson, M.T., Persson, P.V., lversen, T., Martinelle, M., Hult, K., Teeri, T., and Brumer [\Y o]
(2005) Modification of cellulosefiber surfaces by use of a lipase and a xylogl
endotransglycosylasBiomacro-molecules (1), 196-203.





