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LOT CAM POAN

T6i xin cam doan luén 4n: “Nghién cu thu nhan va dac tinh mot s6
enzyme chuyén hoa lignocellulose tir nAim Viét Nam” 1 cong trinh nghién
ctru cia chinh minh duéi sy huéng din khoa hoc cia tip thé hudng dan.
Nghién ctru ndy bao gbm mét phan két qua clia dé tai cip qudc gia: “Nghién
ctru phat hién va khai thac mot s6 enzyme chuyén hoa hidu qua lignocellulose
tr nAm Viét Nam trén co sé Ung dung genomic va secretomic”
(NDT.45.GER/18) ma t6i la thanh vién tham gia chinh. Luén 4n st dung

théng tin trich din tir nhiu ngudn tham khao khéc nhau va cac théng tin trich

dan dugc ghi rd nguon goc. Cac két qua nghién ciru cla toi duge cong bod

chung v6i céc tac gia khac da duge sy nhét tri ciia dong tac gia khi dua vao
luan 4n. Céc sb liéu, két qua dugc trinh bay trong luan 4n 13 hodn todn trung
thuc va chua timg duoc cong bd trong bét ky mdt cong trinh nao khac ngoai
céc cong trinh cong bd cna tac gia. Ludn 4n duge hoan thanh trong thdi gian
t6i 1lam nghién ctru sinh tai Hoc vién Khoa hoc va Ci‘)‘ng nghé, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

Ha Néi, ngay 19 thdang 06 niim 2025

Téc gis ludn 4n

-

DPiang Thu Quynh
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LOI CAM ON

T61i xin dugc bay t6 1ong cam on su sic ciia minh t6i PGS.TS. D6 Hitu
Nghi, Vién Héa hoc — Vién Han 14m KHCNVN va TS. Nguyén Ngoc Lan,
Trung tdm nghién ciru Gen-Protein — Pai hoc Y Ha N¢i, di tén tinh dinh
huéng nghién ctru, hudng dan, stra ludn 4n va tao didu kién thuan loi dé t6i
hoan thanh dugce ban ludn an nay.

Téi xin giri 1o cam on t6i tap thé Phong Sinh hoc thuc nghiém — Vién
Hoéa hoc, phong Hé gen hoc chirc ning — Vién Sinh hoc, Vién Han lam
KHCNVN d4 chi bao va gitip d& tén tinh cho t6i trong thuc nghiém va chuyén
mon.

T6i xin gt 161 cAm on téi Ban Giam dbc, tap thé nhitng can bd giang
vién Khoa Cong nghé sinh hoc, phong dao tao Hoc vién, Hoc vién Khoa hoc
- va Cong nghé, Vién Han 1am Khoa hoc va Coéng nghé Viét Nam d& tao nhiéu
diéu kién thuan loi trong qué trinh thuc hién luén an. |

, Noi dung nghién clu cta d& tai luan 4n duge hd tror kmh phi tur Pé tai
Nghi dinh thu Viét Nam - CHLB DPuc, ma sb: NDT.45.GER/18 do PGS.TS.
D5 Hiru Nghi 1am chd nhiém. Téi xin trin trong cam on GS.TS. Martin
Hofrichter, Phé Hiéu truéng Trudng qubc té Zittau - Pai hoc cong nghé
- Dresden, CHLB Durc (TUD-II—I[Z) da gitp do tan tinh trong qua trinh hoc tép
va thyc hién luén an. | |

Cubi clng 13 cam on t6i nguoi than trong gla dinh, ban bé da gitp do
va dong vién t6i trong thoi gian thuc hién luin an.

Ha Ngi, ngayl théng 06 néim 2025

Tac gia luan an

b~

" Ping Thu Quynh
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Si nh® Kthhtv, smgoaar bohysdBla tOdv WIrQ,tWUiL
ynmce qu &rggpht k§hg 20@ L Q P WURQJ yy OLJQRF
chih @ 60%. Nam > -t hgu g wy °pnhotnhg ph ¥ v~
Omg coyg *drd ¥B,UDtgddm¢cp hpth nt ng - IBO Ny i n"guh i
OLJQRFHOOXORVH QKm JU UKP U¥ Hm RtDORPKk\ WUFL
tro®@j\syanctBh gs @« pb ¥b WMigngd sk o§ b g oy
| «ng phi# Wi Wimmahlii gnoc@ | t d.davgle vic - p b
ty , t hanlé hip hl - c e |15l 0u%)o, s eh e(nBi 5aBe0l%)u | vo's e
| i gni2n5 YRIKONQ J Cthh éidg | " m g wyh®oim ¢ ld@idy
t rong Alsii iéth vt Akticwn h QQKmm V®Ou nhik° sifh h
V' cgB c® X Fk QA

C kith €h mly vh ARD SKmkQJ SKIiS @yQ Qo t
Omg, héoy&% MLhFKR P WU mKsF® Q QJmFa SKmkQJ
phg&p Bifishghvi ts@émhvVv c8§é& ermzynmge@cch o ch
ho8 lignocneflgl Qtlfsige fplihhk A phBQ Xxarnh.
NOP cy»Bil - c8c nh-"m Baui di omycot& v~ A
Q &Ji ning ¢oh mMih i¥ o enz Wwmep htoML BjRo Q&Ml ul ase
[\ODQDVH HVWHUDVH« Yj pOt\@Ki R[dskegyD @&mo x
SKHQRO R[LIGID8A «win ,kéhrnuc -§Qk®@J VhQKpWU § ¢
enzy me ngkh, p&r ©h i gni CQVKYDCRHOOX@RVY H QK|
peroxi dase (Lip), | accase (Lac), a
dehydrogenase (CDH) V" unspeci fic per
Qj\ yyQJ YDL Wilgz TXDQ gveliiug o 8y fi fwdeesd -lkunl os e
viing Cima@ hMr¥%e |ignin, ...Ceéi#ap cS8c
v’ othuhy- a | i gngokpQJ RiFoy®e® tYlEXEOGLQJ EORFN
| © c@W WiHKkP 8§ ®hdiX Fk QAQ gih Onjgul ° hhi i
yA chdnogédr c! nfg, nbyehds gbu nhii° silth,h M- a
cl® tiAhaghvisimhyihrg yQupb@t kilntemu t
ho" n ®vEBP{h WUdmQ &Q,6 enkz WMeWHomac¥ hdnh cao
ngag RQJ FiF M@ P{Lny Uk aAnEW iQKmp S + BIWKi®Y
FDRuyLAR eii zvyimé&k MKmMAaQJ NeKyRy¥ WAVEMich § t
hp yDiGg¥ ®Omgh!| c §c e n¥z yhrieo ,n ga@n z ¢ ndeq h
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t htu gl k@L guixy tr 3 Ah t hfundnitha ®&E quy m! clng
ngBPi. BV t n hhhce QJK-Tm QiQWUrQ vkt "#A & o
S1IJKLr QX FWKX5QKYj FYWtQaV PVHQ]\PH KRKX\yD
OLIJQRFHOOX O@W MDWnte & hi v™ ho "Bn & ht"inhu v
v’ andiYn dung imghad:n c
™_.c ti°u_wmghi°n <c¢
- Phifonv 1@ t ®ly c 8@ g &h si nh en@ymeachu)
| ignocel¥l ut 88 h bao (i gnin peroxi dase
cell obiose dehydrogenase v° unspecifioc
- Ti¥nh,iFsyhye t 2 nd ghhdh Ak FKEM XX %c t §c
ch®@ly hog8 &ilhihgkhkdcel | uWkX¥cgmec§c enzyme
™N i dung mghi °n ¢
1.PhOomp I @ thily c8@g @h c-8§Qk®J Vh@KphwU

enzyefxt i s@ nlhi krhocel | ul ose.
2 Nghi fun td¥nhh vF §hye t %Bn hc &c e Ziyimle t i
si nl® iki@n.

3 Nghi fun Bl QX huyh-a @®i dh gkl dél k@l os e
enzyme V EXVx@DEBEPHFRFNWDLO

™Nhng L-ng _g-duipn:

- Phop v ynmecWmXY We S56ag@n thul®ng™ nh
NOP m§Basi di omy ctovtia As SNodRYQA Ny aFyo ~ |
mB &DQGROOHRP\FHV ( BXKUYWBRHEXWYTr el | acea
Agarical es) ;

- Tinhhs05 enzyme /&€t yll i gant aV¥ ipe) o i d
ti @& /HOQWLQXV VTXMPUNIARZ,XOXW Il | obi ose d e
(&DCXDH) &aRSULQHOOXV DXWHRUY D QAR XY e (
ti SOHXURWXYV SMPMNR@DULXY unspeciific p ¢
&DQGROOHRP\FHW BRHMNORXMQET Vx 2 nh | T - ha
yo BX Fk FR®g h x Yucé t €rcz eme ;

- TOL mX pVjQiK gh enzKH@BPPH FRFNWDLOX %c t !
chw@y ho§8 ®&ihhghkdtBRP It digh@ WiBags&

& v axit gluconi c.
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™ nghoackhoht i dhu8n:

9RL KE VLQK WKiL P{L WUmMAaQJ Y WEQKGYE®QW yD
YRYLCP QyQJ yD G¥QJlodliQk K8l FFtyye @dK-DpWR)Q F«
WX\ QKLrQ yDQJd oE KRR#MG NPQJ NKOL WHEiFy °n t hi °
Yj VB POW PiW QJIJXxQ JHQ O 6OQ @K FtilkomMYIW D Q W ki
QK#QF HQ]\PHBWE QJ Y{nEFF SEKKk® W¥L FiF YeQJ VLQK W
nhaWNAW TX8 QJKLrQ FiX FéD VA MNjIoFAX*D GO QyE X .
YA WLAPXx@WDR VLQIKKRKFQWID G¥QJ QO®PQRKERM b @P
KNF FéDSOEXQ@D EMRIBXQIJKLIrQ FiX WLQK eV¥FEK nYg ,y»F
t r ojygg-HQJ\PH FzQ tW ymcEnESLAN VAQ QKme oo kyge
néen i p &GNVl N&RRDRQGROOHRP\EFHV HXU\WSRXV

1Km PYWQYH«QXQJ T¥EDR WWANRJIQ QJIKLrQ FiX y
NK&§ Q QJ [~F WIiF Yj WOL mX KUQrWo®KHW®RH FRF
OLJQRFHOOXORVH NKy mFRKR @/ KR\i WQKIPFG §@@O L
c8§c eznWHMRQDd WQ [XOW FiF K¥Y$ G&o®W Klvxdrka@ A
phenol i c, al c od)o IQKLaQ iOtL E X (akrliloexkyM & rco | ) .
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CHhuNGA " NG QUAN T@l L |

1. IngTguwWahi gnocel |l ul ose vW Xaingimh tr
hc
1. 1.hH.trC%c | ignocellul ose
Li gnocel IYulpoosley me'rt mig-cpt pvh QI g mg
t3m® tthr ond\ bt"E” &htvt Thandéc mh ¥ ameg gh
pha ch?2nh: cellul ose, hemi cel |l ul ose, \
chih k&g HBO®%NQI nOgnck@w: |Id gnocel |l ul ose,
hemicel |Aul 2086 ohi 1A g28050 dIBi] . «T@& nh pt
tr¥ ki QOKORVH WK yWwhaon fgu ¥2 tdbng ¢
cing, cel lulk@ye #AEMi trdWIGP| kilai i mMic h
kh®g 30%. HemihcedbD sl oS ¥ Oc 6QKmM QJIAFK I
WURQJ UKkP U¥ 7mkQJ W6 KjP OmERBIBILYQLQ FE

mA, | igmi &0 chQKmQJ WU®RQKjFEY@m¢ n&y g
xug fcch nrgH® % H(gB 1.1200 n" vy @c, 16§D GHA v
ngxm @ | ignocel ll8QK KenalkQUEyAgc ctheh " aith2 mpHh

Pj FzZQ WiFnyYQ8cy& 2wvn h 1 c ¢  &ckKaQh &iFmy»F yLC
Qj\ yyQd YDL gqfug nt e iy BvhingulgX §«X iYjR Y] yLA
cthh quyfi®é G kigxkhi§uw i gnocel | udngpéd tron
kh8c nhag¥® Qm 8§ nhik°rsifhjht VEl icomposi te
hoe h-@& <idnh h

Blng Thilnkm MhOsnegutv Bl igi "u | ignocellul os
Ng'wn Cel |l u|ltoesmei celll Ul geenTh” nh
Lignoce|ll | pgbopsie ( %) (%) I pfin kh§c

( %)

Gl imng 45 -147 25-40 20- 25
Gl mm 40-45 P5-29 30:; 36
C( 25-40 35-50 -

B« m2 @ 40 24 25

L »i ng?t 45 35 15
5kP:? 35 25 12 -
Bt agi 50-|70 12-20 6-/10
5kP O~ 30 5( 20 -




___________________________________

00g '
I N
Hemicellulose ! " > :
1 O 0y 9 -
' o ,..,-\‘./ 00\_—‘&.‘-. an,',-\.ﬂ/ O. :I
1 | [} in
H o | i
b f N i
| L :
1

Cellulose HOH (e o i
Lignoccllulose 1

e '(I'I LOoH CH e cHon™"
CH CH CH
c'l'n CH CH

S " OCH, CHO™~"0CH -
OH OH OH
'contfe:yl alcohol sinafyl alcohol p-coumaryl aleohol}

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

. Lignin

H3nhC®. XYr %c |l ignocellulose [ 4

&HOOXDRWHnpol ymag ¥oh ntgh c - ! nlg” th
( B10:5), Vymgee Bt i FiF ykQ SKkm@ Wb - gl uGOangge | ¢.n s
tBRL KkQ- ykQ, YTl iA°v kh@aul BAWnl , k4- gl ucos
(H3nh 1. dF ym5-Ym]gic hMe | | u Cyds el Oc. -0 OtOh 1 4. C
JkQ Wil ucose Aty¥° @b PM@E It MkQHE1 d&IBt oin Vv
chli d" i AphORtKk® KR» 5 md@[ £]8.0 Gired | ul os
c- Ah@ - @®H tth®nwhil iA°nhykdr@ cie¥p @ ose c
tr va& @h® Ab v°© & hph©oh.

C8cd scel lAughdds enBauve hlk hh3nh th” nh n°n
C@ tr ¥%cC tTwh FERI Ry (B cel IAugpholsenkau
mY c8oahnh¥$°bhinh oXsaWg-nehYhginR ¥y 98 ¢
dung m!'E ® -kdhCb-Cx@mp nh” 0o Vv%@a@g Yy nM t h
kh§c, cyartcl bHdo gl hemi cel | ul oge cel | Ul gBeE
khgh GvgGm¥/iFng¥ac h- & [c&] .

+HPLFHOOXORVelpo!l ysac@h ar vdierkgh @&nhg
v’ ipmpt, bxaPo FiF ykpPm%IQKmM- gl ucose, D-gal ac
mannose, D-xyl ose v " L- aqw alciht@mshe <c[ 1
KHPLFHOOXD-RAVHI @jpiyneccahidsfy, khau thifg qua
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-1, 4-gl @c otsré&dch ecmCc ®W D GO JirY jt WD \t yhle o
ngx ngulp® Ml iché nthemi cel lulios&chM hnAnt k
-1 JOXFRVLGH WURQJ yy [\ORVMH ijgyw#l gy BhhWUz W
Nh- mA pthbhi ®&h | © nh2mwWiKgnag ylTa rve 23 htor ° n
m¥h ch2nbh C€BENKHRLFHOOXORWH tWhK'nmoa®dtymg
YkQ YUisacchearitdeé sahcochari deA Bwi &%c n -
polysaccharide kh8§c v@ {(r1r%oi ph©Ornemheé€a
ydah h3nh, | 7@ RO Yn NpRIUE AAKkQi VRC ¥Rl ul os €
QKmQ@J i®» n% gi y¥ippm@n diiOé& KkQ WURQJ FiF TXi
sint #®ohMNa h

T¥y timg &l Wg(Ugng h@yl)g m”~ hemiécel | ul «
FK~QJ Fyny»@& %Lk h § ¢ Unihgyuoe @36t db &€ W hai
| 8 hemi cled¥l itlhdhs d .” acetyl -4-0-m¥thyl gl
| ¥ pol ynmehr occhrcedt t hi nB xyl opyrédafose | i
nhamgb |l A2BD kyl opyr armJRQel (y FiTHQKYP
tr2 C2ilaceC@l bh-a, afitndw@2Bciavhnt s - O-
met hyl - D- gl¥uciuhani¥€K FIKoQKO-Ogal actopyr ar
h3nh th'Anh-¥ irrtm- nk {OHr 2 RLCADWDELOQRVH
gal acte sax ibtogl ucor olning [ li®d] clhuGc o mann an
SRO\PHU Qjécngd- DIJOXFRS\UDQRVmlavijinopy)r anose
mAP FEQJ BDRak¥x hemicell u¥ogefgh@&mh. Lo
galactog!| yocomanrmdnciBct pO@manhnopyranose
kA Bv D-glucowgrlahWg akpb) & hai momkQuder t
ing |7 3:1 (H3nh inlg ¥)ogm TEty * n ICcb°tnhfahyt Y%y
yU. ¥Lchemi cell Haiil ols'e athabino-4- 0-@met hyl
ty Ttc8§c D-xyl cdpy rmmrocme t INéA@Eyltthr 3n g2 b
axit 4 O-metahytrpgQ@Blchr@micof uranose [ 1

a © Ihgo 20- 40% h @mbtd earlaubionsoex ycl an, ¢
th" nd&d phh itc8§c D- xylAolptyrr2a n®izteh aByh tbh
axit 4- 0-met &yl gF & cAu®30 tashc , nh 8bhlL -v
arabinof uryanhhemi.ceDd st opshept it - clto c8c | o
t ik tv ¢ A& nRr@hhcha sinh v I T sinh [13].



OH
OH

m,é’?;’“; 7 X od
Oa, _@lo7 M.ET_
-"‘HOD \—'\~ j\{?-!/ﬁ\\/&o/r\ /\

HO

Cl

-
[ |9
HO '\
OH
H3nhC®. 2.r Wit é&c- qalhact ogl ucomannan |
/LIQUQ pol @me riwvsdvgbjcmcec t hi mkh ykKQ YI
phenyl propene: guai 8hyldr oSy phegyl ngHY
Ligni N gh~®mcaoi @XOMWU+Yh§inka, c&c ot - m
hydroxyl (- OH) , R)h -viim meh @ xR i re QHDb a c
VIFK E€ coniferyl al coshoduymariylad fiadlac aal «clo
nh-m alcohol n”y O "¥ é¢thigdwe (HEath @&r. 8g
t h”iihndhtg phR@me M Bv nhdaauc®cAl esShekhv™ | i°
carb¥wnit htYn MQHiOmIRA® mglklindygb W'g r «i tron
c8§A bt'@ & htv,2\vQrQ OlJQ iQkih» &p h[CIn® ]ht r &c
ca | i @nbD msg¥r t¥ey v t¥h Ud(Ugnn v U ingg ) U kG
th nlhm @l |~ g WURRIyWHKLIN gy iahe hy |~
syringyliu KRdmmigrnguca¥ adBWUMKQEDQEK V¢
KKkQ Oj VMPLYDU¥M® ng ully °m” yiii g h @&n &h HOQ]\P.H KkQ
NhA nghiu °«@Q $£k\ ymg FKniipngh,@ rct réscl icgni n

KRjQ WRjQ MNK{@.h yixi gnm nc $bc®d Wghyih3 nh, v %ng
c@ tr Y%c h3enhh3knhhu ichn gmoAk kia thAB Kk §c
th"  nd &phhemicell ul 9B é& dlgel A Uh g eph
t hh v ®@QJInhk@mvad t ham Ai aCil @ gt rkac pheny
propanéQ Qd WHA°Ab Eh@MBv ®hhemicel |l ul ose.
NKL, yyc Fgmbgopnnd € h nh&nhewmi c@Kigwall @axé¢ os e,
arabinose PHWKAQIAXFXUBQLE OjAQBw PIkW¢ mian ,
ty th " nh A Sktid hP WnkkQJ WiF uw En{ QR yTdérDo F «h o
| i °An &shBt elri grni n.



WDH

| s ‘h(-lr1'-.f|c;(1urr1e,‘ua‘+r1
| ] Lg OoH 4 ocH, Pe™
P [ OCH
HOJ\/ Lig Bo i ¢
4-coumaryl aicehol OCH
H4CO ok
- 3
Ho/\’fj H4CO Lig
OCH; guaiacol type
coniferyl alcohol
Lig’o w
) i
H,CO MOH 0 a ID Osyr:ngol tvpe F
- | OH Lig O
OCH coniferyl alcohol fragment O'\ p-hydroxy-
9 phenyl type 0
sinapyl alcohol Lig H

H3nhC®. 3.r % é& - lai ¢4gnin [ 18] .

C@ tr vdé éc- ai Enbipnh&& wBW £Yao v@®, pH th
OKm TXi WUL@Kb Kkt QaaRP{L Widméa x ik [v1 [k.i
nhEW FIYR KXQOUC,T R i@mMi n hbomd «mhr i Eng "bi
bl t §chd® raelklhul ose [20, 21].

1.1. 2.@drlignocellul ose

Si nhOLKBLJQRFHOOXORVH QJj\ M@J tyy@®h y D iw
WK~¥ yph @t Mt kiAdsi WF ch»BW NKL fisréhcg | " m
nguy &n tlhit miyahdyc Stcr ongE sit Wiy vimgle $ng ng hi
D& tron@nygu hé nhiFpympol ymer h-a, Cignoc
yme ph®nthénh c8c mrh:-imic @hvg 0, nipb awo " g
CS8c¥ |l o®QJ ¢ihBW O] Fkt QIEEOc IFEQJ QKmn. Fk\ WK
VB ¢l Ah'Y "Qugi ah cn! np rwghil Pmph@htiitt ri
OkX V& ViNadmtus mgungulm° hi bnocel |l uldse phoe
Q P KjQJ WUeP ®WiUAE Q4lywicriac 8 & Whigpd s ©u
ntng-1 @m [RRhi 231 .siGshcl kntgruo c e 14l il ose ¢
NanyncoUtg oh t r &@mg 1B 1 [ 24] .
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Blng B.idah® klhi gnod epéhipghl s en gt IpO¥t W@ hi
1IDP Q P [24] .

N gn Kih ' ng QtEm/ n
5kP: 61, 9

T 5, 6

L »i ng?t 4 8
Ph tih:ng m% a 1,5

B« m2 a 5, 0

/1 Y] [lia 5, 8

Th©n c¢©y |m3 4, 6
Ringd nhi °n 6, 8
Rin g :ntgr 3,7

¢t khitgg |[r 3,9
COy:ngrph©n t 8n 6|, 1
COy <ctlipg vnghi 5 4

Fk\ Q TX8§ ’

Ph luilg 1, 6

5kP UEK” mindu gnocélpthulhé ssgp flyg @Wec mR
WtQtK y6¥1h @t tthli Q P mFISI4A 4h%)t, h e@ BV "5 BEE& t r i
t@ v bk mE&Drvel 1.6)d¥%MerBcl ingguocel | ul
khg8c kh!dgno kP U¥h VO gyQJ JyS.yi@JIING h
phm ntngp nsgehud ¥thh Lgmicot i hgsYm @h trong kh
pha c ¥b Wignidgp h @ndtmhi Ssniixh Qb FIF SKmkQJ SKi
trAy®@J QKm OjP WKIiF p @ @r D c\oxsfptig®d 6 tgh o
c8§ch IX n~yli kihuph oi c., n goywnlOgdglg ph?
c8§8c® O Fk Fy. JLTMWWITAX ilchgk, h ani fit & § qohvi T , s
c8c smgpmph n”" y Canangdll 2 cHhQ t €AX Qj\ryan RA
Wm@h tédg c 8t thgiu n¥R WSKRQU SBightwuCrv "c ph 8t
t 1@ c §c ph si KA Yy i ndubB YL Y] Wmk&®J cooDl Fé
QJméahgyat hg -«Q MR DQ QLQK OIERILWMEGmM &
b® >t t i nguy°n ét hci&cpitpnhh'i ¥ @QicneeVigéh gl
YyC® ®unhiB°sifhvh ®- 4§ 2&kKng évdy ép ph
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ntng Bngthriong ¢ §c Mg ks tingg® rchhés gnhhcsh gi §
thkm™ ¢, nag@pdp®dQ VA BEPh P{L WUmMmabJ gywan

t NQJi y& ¢ &cF HD yDQJ SKiW WEILCQ QKm 9LE
1.1.3. _Maiigntorc,elcl ul owie kti/meénnachph8&t tri

Ch@@ KyD OLIQRFHOOXORNH ytyQd M LkMiBA TXD
tA si fdh aHk8Q Qh Wadg c 81w ngu nglty t¥R $@nh h
t ha@A nthh® nh ah t¥" r@ &ic gt gsil LD W QJ GmRBL yk
| © 6@E ML £ yiQQANC

YR UD QIRXNr@I®W.EMDRH néh P ICEKAQ yynOj V§
X® nhi°aikh@KohhHan ol sAi nthhhrai . Li ginocel |
c8§cé pi ntngSngkP Em XX YFQyWKG hphon
WKjQK ymaQJ ykQ FiF @RYL® jimagelniQjdayjmigh " nh et
sinft, Brngiph &t kthf nhB lkezhiElf ms®hv h26, 27]
G«Q VYk\ uQKLAhiiX® fnmpcWttr un gé vd\lnSKkQ FEk FKO
l ignocell ul oey.d sAZ2@INR P WiRA Atnig éd
ch®@ly h-a @i hhghbceldu Flkda gwufldg ¢ ho
sd phs&x &t mig" nh Emigihmg hhih[ 18] . iuNmhi ° n ¢
Mar knoah (®0®B1® ®thgd vichps & &r 3prhiont b « m?2
W QJ VyiQsdaNiCa7v2' diQ Qdigéd) t rfon®yu Isi oet hano
[ 29)i.c8® HuwghiX ymeymcl Qg ckB @ fporg Ev i
ch®@y h-a Gl OhJXRMFHO OXORYHKMNA B tihh aih h
| YW KmRQIAA @Q«Qd ®B» t rong nghbnmhd&®mg | ng
sinf. hNgo”" i e¥hamdl° sitBdNKiFo @QKmsEdIR v~
ELRJDV FEQ4 Q¥gru jifi¢ ©OBi bdYe¥eoh hE™° hmPn
t HBi /L P{LnWUmMEEyncctiibédh g t hAatyo tphhya vt «d
GLHVHO WiKi{QJ gMkofidp p h L Ntich Y QKm 62w Yj &2w
[ 307JURQJ NKL yQKELRKDRHWDQV@elF NRPWWEIF §C
X OWWnyLEofisdhg | " m EXhAKRnFilFi9KngkQJoWELER 2 ng [ 3

Ngo i &ranh hs &® ohNFhFEWQJ QuaX\t® iOd.&a n
tlg trong c¢8&c PBng Lnihg ncotcneghnl nug goisyek M Cl in g
s§ i ®u c8c ®h - -saiNn@Knh IXUIXUDO D[LW OHYXOLQL
monomer BsiaNth h-® nchy |~ «@8§chthh§nhr ohg
x@® @hsikin,h chun@rogngnhh v © §c §mmh s ndp nkghhSic .
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G«Q yk\ WiFebl8g Wgos~ cym QIJKLIrQOEimX KyD
FiF gyLA i @HQJ yEhQQiyUsi @hl kgnocell ul ose t
vk Ehi®ucao v ®.camadPried QWU hggmph§p
thay Bt dvg choh cghch sa Bi nay +fmBQRJ yL Qj\
ynme xemYW EndiRi qulg t rUodn g8nintChXi Wik ¥ Y¥nt i
Wwumé&c c8c ng” nfh Gt wngo «¥ mjg &t ht dug

ngxm nguli° i Whhnskeah- v~ padingh @h%H.ghS$ ° n
ciu khdavh cE®g ©oud®j FKuD NEWRGYCat §8d g i
phg&p ®© - AboQH yng i nd i cx¥% EhQiy.¥

TK~F\YNLGKVQVKRjQFi tiBédhgs€ i hnt nig mghi
citng Bneahtédg AomP QKm UkPbU¥On®X, YV PeQ FmD
khinggctep gEPhR{LMUmE Ot nmXx & Mséhg t =i
nguy®°n Nsi rhyoh i ra, |l i gnoc @l Ihuladiscer staht
ymee MOEé VBC ®u p h ©mXbFkn JNS 88 K&k® iyoyh3 @hi °u ¢
VO n'nHh RYhinOhig §BadQIhWjL QIX\rQ TYXD yy WK
ki nhtadt ho Ri.ykM *UJHIJRUYP ¥j FWm QJKLr@Q urs
tr3nh@ cthuy GL OLIJERFHOOXORVH WKjQKy SKkQ E°
KA uwughiiX nymafgKi mi Afh QtQd Y¥ngac ph©n b- n
|l ignocel BulphLea Aoy ttrrueyWe~F iy-\ Wi QJ WUmM:
coOyng g EQ@H),0 8 t@i©ht hOWtGlohK GBS ] .

1\ PQK QJKIXQYAYEL F{QJOQJBuUS§ t @23 mh achuy
OLIJQRFHOOXOBR\WYWHn@zLckEE Et ndnfisghiy enzyme
tl phon v~ xoxwi ks iatghdvauLAn "y kihttm¥c c h
yy Osp h & éct rmig” nh Ecstinfgh mfig héc Bni It" m v~ non
FDR QcQJk@da Mr 6@ QnPh J«Q yk\n QK INEN ygma Wht
trung fug pih@t c8ci en #myygmev iwvt'snmmh@&L m X
h-a qug§ @Qr hnla ¢thgy¥o ciEil NaMpBsmghili°n ¢
ti °@X ym y¥EWajankk iQJ FK~ reg K- t88NgHEgy
TH ;XkQ 6kPi NMh B8&ch khda §iHii¥y hNs enzy me
gl ucosii h$YEHYILOQPEMhQRLHMWH Db« mang] 34] .
T® Th~ @@h CCViig Ting mh HYL Nym WLAhppk©On |
YiQK Jbi {t»%n hnlgd EUXQQHR YCL-REQDIB B X\h Q Kp W U
hEenzydgneph®n | ignocell ul &sgdi, [85¢ . ndlgbdD"
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ciu Aenzy mexo@ YyAGQyKyD OLIQRFHOOX@RVH FEQ
maYg. éV2Zhi chaonhdglfesng WM SKkQ@ WtFK » v ™ v
tr@ cenzyme | aEca@aynt aoih ggdh n Y4a m3 [ 3¢
Nghi funé&ccRaulYogdv 2 @2 18)c hd164pth gh B i §u
gia MWhienzylmet rnobng d&u §p ht€n3 nlhi gtRho cceSlcl ul o
enzyme \pQQWa@QKmutd@@RI&®E s, cel |l opliwvhysirdd s
YyyQJ YDL WUz WKEHQ@R#@D vt r “ac | i gnoERW& ul os e
Wm YjR QUKIwQ F#@h &t&§ct rguy@ t h Aardh “igh )8 c
ng " nh 1 i°@Knu{®JkQIKerEES, QvQd Brmen.hh h

P SKWEHEX YjR WL QJIX\rQ)RGEQ & Warh iw
l ignocel |Q @38 eW KD\ gWkKER nh -I&ih ,trhg B@ QKm
nta itdh heo c §c ®h -ca ndgh hAy b QI TXDnyw PLS
& | °n c8c t7iC tn§gRu ytgnaL k FirSnigQJIN[IX KM u
d¥%nd dvg, ® Eph O®Km EDR EitVL Q@M &8lel | ul ose 1
td n°n gpBvdidsy t hEOML tPHLNnWUmMa

yQJ JyS YR QHBEMMQNUKCKCc pMi Q Qh @mwdsgiv "t
h-a®ckitnhtl hgnocel | ilgd 8P @hEtrkh2cmh™ k2
phgg tmh c¢c, « g-'é tpihaog AQhyUkH2 t badi.n B° n
C¥QK yyx Yluwn- -Aphphnt ngESn@Qkm UkP«U¥m2 a v~
nguy &n §lhik h&8c &t mihmch &Y¥RS§FkK KKiAnchhot nt ng
don, NW QFd WKrp WMtKiKa@ K2 3 »nl ¢rig mluyrftaqun’y

Chuty h-a | ignocellmarp -d &k HAlttnagp cn’
c,n0hr® BP{L WUMAaQJ yyQHYyDIt Wuz@QAk hAgh t r i
sinfk Advg. EFVi«X Wm Y]RW{Q& QRIKER sk&dhc hk hsuy
déQJ WL QJIX\rQ Qj\ Oj Kmy®J $ LoFKL 00 a@migF Iy C
1.2.t Menzym@ chhuwy | i gnocel Isdlmapspeh v~ n
enzyme

C@ trigeptgh | i gnoceY!| thés@ t hdmg vi
chw@wy h-a @i nh” ykéh IdiocAnskkh Ahgd cel l ul ose
hemicel |l ul ésen°i" ¥YPJiQgMRaGwgtv" ¥Xh&8Bg t &c
nhon p8gh.©nChg2yn,h cv&c ve €ERyKyedD OOhIMQRFHOOXORV]
tr, oWwgnt rirngh®i@cgtir sc n"y. C8wm @Aakzyme
nNh- m ch?2nh: enzyme&ophOm- §d HY nherlz yime
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oxy yQa DL Mganrbnyg¥%eitBmmge dx ypith- a- kt
YyCph&cgc Al ihchha tkn obh@c iy igin® cA T Ivi¥ nC k

O, OQ FyWYcao,aygi “momqu8atignhnph®ug tr
t¥R LA cho c8cé& ephPme afphit iv: pgh©n gi
cellul ose c¥%ngUR@MINKe I Jyuyl H@s|lefoHh MW KlEda o g
cellulase v’ hemicelBWutjlizage Al xhgchks$d daq
trong cell ul ose8LvSKyQemFicmpkiQu¥mseh a rgii d
ol i gos aecnc hehriti idognéoay ¢ * nfiy. nTgthyi dnphi ghn, s
hit §uwa c8§c enzyMm&tgmW TlER i®wdec qu§ tr 3 nt
ph©rm® diignocell ul ose.

laccase

a| esterase
o

H3CO- "OCH:!
c=c- ¥ = 4

B- xylos;dase M{
a-L-arabino é
\i' endM 4. furanosidase, M_;
B- xylanase
i (=
s
@ @ i cellnblo

. ,,ydm,ase Celluloses

1,4-B glucosidase '@ @Q o O

wnlk - endo14Bqucanase

W \eoafor ] 2 {3 — /
B0 yOoas s S —
centt;;io;::ehydmgena;; cellulose lignin hemicellulose

H3 nh MIY. @senzyme tham gi & \hW @ du§ntorcenh
[ 38]
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1.2.1. Nh-m enzyme oxy h- a
1.2.1.1. Laccase

Laccase (EC 1.10.X3.80!1 ylpheentynoexi d
oxi doredimact8se AiyadI°WURQJI WUXQJ WIkP [~F Wil
gNL Oj SRO\SKHQROgR[LGDVYH 3yB@yrxd m ¢adec c4 ch
nguyymgt n°n i dgc axg © @ ytiBNKL R[\ KyD Fk
cl® . Lacc@R[@ KybD FRtkioWK GrDg G¥ bra oc 8§ @lu
di pR®&n SRO\SKHQRO SKHQRO DPLQH WKKP GLDPI
c8 c 8@ @&@wW Y{4FK] .

&k FKtAStg @éc enzyme @l ac@asgp haixy ih- a- kh
WURQJ yy H@YPHo X ¥ A ROOCIN"@ el ectr@n v~ ¢
JUL Qy WKjQEHOMu 8Wuy«kmh B adclskEkt FK® n k
WKngad | "pc®&W SIKHQROLF DOPt@@W KR IQRI» FKR
el ectra6iF. LAMQ Yxr ong ¥WnigyYg ¢ ©my fe@ ech r on
ti Fk EKOQdiyARKF R[\ KyDt Fk RK@%h pHEQKm TXLQRQ
xng ALhFiF HORFWWREY youcy A Eh @ utn ¥Wng¥m h o
céD HQJ\PHRYyGR QMmAR ] KO WVWJ [~-F WiF yD G¥®QJ Y] NK/{

hi, | accCarsel Bn¥lbhk FK@ §c nimaac §r b@aho g
héX FkcSXS QKm OLJQL@ cSHiiydnerkol i c @  ethe
tr¥c | i ggPiynh GWgéc myi. Qus tr B @gh pmh-yngkht?

FHOOXORVH Yj KHPLEHO O XQRR#@HM BB c m6i rca n t
c8cp h®h gi B DtW QLIMLQ QKm ROLJRPHU Yj PRQF
[ 39, 41] .

/IDFFDVH Oj ¢HOBHW & nyppu a "A  tdgin gbéhdy wh 2 ¢ h
trong c8c nESMWDQJIISKGW pgUhi @) @K mnYhwi-
v oy Bg @i¥ICGbtp OW SKHQRO G WORQHEW M | i
sinf, gWF P{L WU#&EQJ 43] . ClLtahcar amsve +ck-h ut h
QKR]J]RVSLULOOXPHWOEEQ XWX X\ EWKOLY ODWIFDVH
Kk huQ WKgmac¥ bt®n@ hv™ KkIBQ @dgékdp t rdng th
tlE 8 ©u Bo ew zZWygnphi tt@h v, v4 HKkdw cin tr %n
enzyme nc @ int@u Wi Bi AKIi MXKWKHEmM FynwtQK U
JIQK KKkONKWOQ@KyEX Fkt FKESQ k) R[\ KRip Fi®hKg
SKHQR@ gD G¥Yaccasia ®@P PHQnWKrké& Cnigi ¥ b
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WtQK FDR QKm@OEFFDA H Wi AX hOLrQ m X P Guy Ac
JO\FRV\O KyD @ Fl Wtim@8emeh@ukhs&8c nHau. Do
ODFFDVH WitX ¥nFfcgmgu an AXGmkQn HDFFBOVH hygnt ymc
hifi éhN itc8§c @ QKWRWU\WLY FLQHUHD &KDHWRPL
&RSWLXV FLQHUHXV 1HXURVSRUD FUDVVD 3KOHE
3\FQRSRUXV RLQQDPBWHW[YHIUVLERORB] .

1.2.1. 2. Lignin peroxidase

Lignin peroxidase (LiP, YECnH-m1.1
SHUR[LGDVH 3@meé&hy 8 c8§c @ oph @mUgd»Bi | -
3KDQHURFKDHWH FHU\WRASRULXEBRQZ @ MK [\nKWD EiF |
hp ®hiph¥S QKm OLJQLQ cWiKs{@d ThPd¥loEgen per
(D) | "W ¢hF WitF ¢C ect r on.

&k FWAFngY¥ac Li P | °n IEBgnacéehltobgosgeadi
oxy h-a A§bt&higthpt krong Ifi i mydlkioBes
peroyC#deéch houng HOm ah ¥omgect Mt oxy h-
(Compound | v° Compou¥vdr hI@Gr&@EfHdHlgchEnz\
h¥Q Qkem pbBenwexygahioor¥ rcaBdeiresvhijgsac | i gni n.
C§c® gn "y WQnihin g8 qua ¥h "gnlpgl bt a QA
phg8 w8§c A iC-nC kv"™ &- Or ¥c &hpghg@ni hhi §8i n b
Li P I&&m2gnh kh®nrmg Iphgénocgeil pbal aogecegi ul
KHPLFHOOXORVH JL~S FiF HQ]J\PH NKiF QKM GHO O X
tA £ v @Bhoalyng /L3 yyQJ YDLnWU =z TE D@ VWU N
sink khhtv,® sPunhiB°sifhhv hing#&d) tAsi oh
hd khgc [50, 51].

Lignin pWKoma@d §$@n ttrhon¥y ©n 8& i go,
cmg¥@ QXnFKU\VRVBIRDAKWHY YHUVFRORW "% MHUNI
3KOHELD [BXGLDAD. Ene§meeh ari Py 86 - QJk R[\
h-afdXm¢VYiLrKkQiVRI ¥BRcaseC oxy &e &@& cfcrt¥ac
phenol nc ®u p he o lliicgnd n «mds bk h tén g® he
trung @yaFnL@GNhy , BQRJICSHKIQh i gitn i §HKIKD
| accase,a oggupddngp htvi' o qu§ Atwv3n@ hwyEa ch
|l ignocell ul ose. §Tu§ccBhi@ o i 3QWunAr - p h
k EQ QJ VhQkpWdénzy mé blli iFPiec S iéthhv o | o7 i
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nOP LA fh Wiyma vii oma@gubion YMOsSI e @i dn
thg ic8h Pumangan peroxid@seefMnmMe klo§c
tr3nh SLhCEIQ " FAPHHD ¥ sNnilv " ht2nh chu
bE @ c8c enzyemet ht2rcoin gmidviigaw ~ 8@ h®8&c h
cl® 6K FkcS¥ti [ 18kQaQdh ® urWwny¥ac Li P Ud hn ch
Kma 4 bx®J ywydr ogen per BW.iyd@§ c pitig ive ' n nch i
yDQP W+ unlg O noX Wilk y nA@ ien ov "A AKBAIQiy U
enzy meP WhQMd gF mBQminl vE Gk ¥%c ét 8c & évp h
cho imgdd c?! nEgS Yijgh{h gvUma

(QJ\PH /L3 WKma®d gymtcr omgéady8§ ¢¥ Im mwmg u
cl® &Py KiPn@mphenolxPchite, Wiphengl hal ogen
cl® gOyklc -BOKOJI VDM AW QkKmtW | phenol , bis
estrone, v~ et hdgyheesl Qavadd Kankc[ 8c5 ] n h -Nnh
hydroxyl O@®é&Ew&#Nicao w  &k.h-ThpthnGgninggu a ph
t r Yapgg HAQ@iybdi@®@c €h phenol i & tnh 2m@hinpgh§c s
KkQ Yj NpP KzD nwEGat &V @PYyRiQJyM C t 2&n hc hc¥n g .
1JRjL UD /LR IRgQ@m@mct r ong MM m§ &t 38k h @ kot
nh¥Yn g @h TheoiunghiOt hi k& sweroxi dase |
ti 3 FKU\WRWSREPH@ A mi nBQ @QJ Ndfiu ¥ 8§ ®@hulo
nh¥YP QKm D]R meuLlSKH&O\O het erocyclic, v~ |
c- CymcF W Qd Fviidlhi BiédD FiF Fk FKOW NKiF QKDX
tr , ® cthrung i BhEI §ip8iimgc [ 56 hAR°T® cch
t B v '@ trvhuyu JeMH /L3 FEQd gdd g r«i trong n
clng Bn@hivY @\i 1y gmgdQJ Wghl i gnin trong q
| "nhgYb@, tAxgct GBWay¥ic PKnm BQBR . n'Vy kht!ng
ch | =~ BP gWiFgy@X VAQ PHlg Wivmadc i cthii A gH2 x
QmuRE§ hv' no@wWn@rae poh/L3 §yDQJ QJj\ Fphd NK-QJ
vai trMggquamnigr c§c Bn dQnihvd cH mig” nigho n g
Oé P{lLnwW@m&édug i Gvg v Att§ii aluw’ @ g-p
t Qi * ERNIj WK~FE 8¢ pghi§p Efxamghngh
1.2.1. 3. Unspecific peroxygenase

Unspecific peroxygenase (UPOY EC 1.
nh- m hemd-StHHUIRG L GO B HA Bnc&k QJ [~ FpiNirFg
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peroxygen h&@.QJUWiDdocxy khh-a | ignin tron
nth 8 &g hydrogen e rooxxyi dre- aQ njr be§l@ g ¢ b
WUXQJ JLDR @m Qe Ak h@ct r@® Ogyt ochr ome F
v’ IY" tnh” nh Wip°enr otxriadnagseefiectm v A&t s ung

t ©m [ 57@ t5r8%c. nC'y & hidi PRM@P RN -KyDhyD G¥
Enzyme nC[yF WiF TXi WUuUQK B[\BKyDNK{D Dy F\
t B chuyh - & #PBk EFKNKIF QKDX QKm DONDQH DON
et her ;n wh?2tpr W WKIBPR] . TUBO ct§l ingh
hydroxyl h-a, Y ©spghindge khhYSac,c §i h § imi’

kht negQ nicBst hamey L&'3€ QKm FiF HQ]J\PH FA\WRFKURF

&k FMVAFngY¥ R 832 y3® | i gnocéehl @l ts&nckh
Q QJ RJ[\ KyiD° PAFkiOhyt t r ong: tih"gmh eph2 nh | “ m
|l ignocedhdhoké 8@ g Bh®Dyméd n"y oxcy h- a
trong lixmncBec AbECOHgkv® Ca @c@Bdogphenoxy
hot cation @ atdlioc.n” @8 fdgdbhh mgd do, ph§
VA @ tr¥c @ollymei nc Qu 8§n terbafh bnh'dAyh |~ m
ca | ignin quanh cel Bulpdhsegv c SlitH nyigd g lslat

FiF HQJ\PH NKiF QKm FHOOX @D¥HEBjjiXHRBBHQOXOL
KhtndWecFhyYQJIViAgni n, BPOQJIEWAQ @ kb Yc
phc ¥t kh8c trong lignbcehimlose Fhédngs§
héX Fk NK{QU QR yLAgi &p | plg©@wo chkg | §MkiQo sPd h i
ymég ckoc@iuyp- - a t B mh cc-8§dRIKT ntgrd et hanol
sinf, hv® c& dnsig aklcdhe [61] .

NhAWIQKm®D G¥ 80 QI KKF WiFc 8B@éjapg r « i
trondX Oh® K Yo8PoQKm V& c c ©m oxy h Ma quan
WURQJ QJjQK kyD @wwla, img ébdy trong AQiFUtr 3 n
sinfh & c §c OO Fk I[di @& g Oyl teiXnke Vb |
| © c®c gkt kmhighenNhFh WHRQEBIQMB2cymeg
t3m® téhh tronyg @m8B® V@ @ IXQIL By~ c8&c
| ¥ @n tYh UCSHURFOBDHUDVPLEK\WOLQGUREDXYRBGLXP2] . C
néen n 80 MLQK UD HQJ]\PH 837 @Km@RY\W Bk 6KA&I | ul
troB@KLrQ (QJ\PH XQVSHFLILE SHUNRI[YIngQ&WH ym ¢
khing vadPtQ Q@ éndy c ! nfyg émgnh-i miai &QMQJb
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tiE HBi c8® ingh hda¥h c8Eh §twvi- t BORV thi
Wumga
1.2.1. 4. Cell obiose dehydrogenase

Cell obiose dehydrogenase (YXDHh-rmEC 1
oxi doreducdt@Qd,[~F Wik iTXi WUuQK R[A KyD FH
GLVDFFKDULGH WKjQKnFgH&ChR G DRIQHFED D EVER Q K hy x
NEQ QKm R[\ TXLQRQH okcRe»ni u fhQJi\PH QN6 Km & 4 ]
ynce t 3@m ttrho n¥ @ & V@ @, ngk¥@ QKM PHWHYV
3KDQHURKFKOHWDL Wilg TXDQnNWUNUE ttred hll phkeé
troaght °n [ 65, 66].

CDH o® terduchaglR ©Fh Q QJ FKQKFADA(f I avi
adenine di nudl erpeama e k6 AHADMMi FIl avi n Ad
Dinucl e@t Bdeglu8thr3nh oxy h-a cellobio
WmkQJ WMugh®¥Wwng th"nh cell obiono-1,5-1a
VE i ph-ng c8c el et mhemie BHiodihgé khi n
chw@y el edtmliodn )$t nYyAc8§® o@® WLEINKIF QKm
cytochr ome, qui 6 opheph @i h afix yimm¥y6 18t . k IS
Q QJ WmkQJ WKtRiKk ¥O® hilkp wLifE gi Up CBEBH | inh
trondX ghk@® P{lnwWUkkKk&c nhau.

CDH c¢c- vaiMdgrtrimugm#@itirhgnocaélkgdhul ose
Q QJ WmkQJswi€IMRul ose v~ lignin (H3nh 1
oxy h- & agdhdt c(su8 té&r S PO hc eld ¥@ oQKan c h
cell obios¥, rmG @umgtv® hydrogeq&per oxi

phm n"y | 7 UtiBre¥oMnig@inc i§c enzyme oxy h-:
gm | accase, |l i gnin peroxidase (LiP),

g@ 6tdo v hydrogenypeaoxhdm gioa GDHotqu
c@ tr¥c |i dgnpihnO:hlm dgridéin t§ d) ccheul | ul os e

hemi celnl ub s e¥R b A&KQ HECE8c e néA ySKkQ t ik m
cellul ase A ¥ KBjRAK&k®e t i
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0 OH Q OH

2,5-DMBQ + 2e + 2H" — 2,5-DMHQ o] OH
- g 5y . OCH, OCHs
2,5-DMHQ + Fe®" — 2,5-DMHQ + Fe“" + H
2,5w-D|V|HQ +0, - 2,5-DMBQ + O, - OCH; OCH; OCHs OCH,3
Oy ™ + 2H+ — Hy05 +05 8 OH OCH;, OCH;
3+ -4
+ + + +
Fe2+ + H0, — FE OH"+ OH 2,5-DMBQ 2,5-DMHQ 4,5-DMBQ 4,5-DMC
! R Y yilia CH,OH CH,OH CH;0H
; e Y T T SN o o °
T EEE o O K oH O, KoH O (QoH
o ."’ A ot OH OH b on
Secretion: 2 et
Oxalic acid, CDH
Enzymes, inc. Fe(lll)—b Fe(ll) CHZOB‘ oH Gl c»«?og CH,OH CH,OH CH,OH e
CPH @ oH 1\r\‘3 OH ° O K OH ° o, ¥ OH ® ) e
/’\:{ \]< > \K > K j Ken A
2 OH OH I on T du i
e(ll) autoxidation Glucose Oligosacchrides Cellobiose
H,0, Joo oo : CfH G
oH 2
Fe(ll)/H,0, > HO ¢ N @G
o &
Cellobionolactone

H3 nh M!85tai@t CDHctr@nlg: & hluiygnocel | ul
NhaYjR FiF yt»2 nh ¥ h:dm & &cyDh@) jhngehidi °wn” ¢
ing édy tr AXgO-RQIKKkYOEc nima®s, Phad EF i hh
hid , A k T® d@hhs in hvily oh c §c &h s in hc -hl gia®d .t r
Tromg ®unhk°eikhh GODH «®- QjPpWi Q® KKe@E u y
h-a | ignocel | ¥L ohsggikQ hWyhS Ech8ocu yl & r 3 nh
X® bioethanoSiQ QdNWa Gco8dig gkk'h hydrogen g
FEQJpJLGDH tthr h céenfy @ ch trong fcl8lc quy
nhién v pth 8¢ &xt Bd s ilfh.h aME¥NnjgYeac CDH v° <c§c
enzyme Hhoal Igul ose kKh&E,B8 E8RYcFHAO XSORVH @
mY m™QUFDUERQ MjgQ QBOMmMigy &'+ kA KPP Q QJ
troimg édy c! nEHS OKMi®E nhkE° sifmih mMi osenso
...[69, 70]
1.2.2. Nh--m eo©mD®ynme t h
1.2.2.gll.yctbsi de hydrol ase

Glycoside hydrolase (hay glycosi das
| " Ymnh-m enziWgmecquaai trr, tgom@Gcqgul§ °n
kA gl yc@scdebgiwy dgiad eer thohy dr ait Eehvihgc§c
plf carbohydrateé| 3IRQO\WDECERK:DYL GH ©QKnn FHO
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v glucan) th”"nh c¢c8c ol i fNosmzcycrh@& rGH er
YD G¥QJcoYjym®n t héh Mhknth8c @ htar@XrWUO~F Y| Fk
c A hYoVngYeac ch¥%ng. C8c e nYz WWiehngh r@- n go %ésn g
ba AXiYj FE~-FKWiF WmklaWwdwm ch&hkdh8&c-Anhlau v
yYye BX Fkt FKEGHin aByD, YjR FKW Wa CAZy (Carbohyd
$FWLYH HQ=\PHV *+ ymc¢F FKKIDEW K jlQKakikQ K N

Enzyme MaganrNogilgychosi de hydrYolimse | °
hEegn endo-1,4-glucanase (EC 3.2.1.4),

- glucosidase (EC 3.2.1.WKyF fgru®] .t rC&d
t phOnip¥$mncel |l ul 6Q& FR¥gnNH3mMM 1. 6)
74] .

Endo-1, 4-glucanateernf£CMB QRQJILSIHKRQ F?
ngu nhi°n AWcl, 4i-gnykoslUdeelrshagsSechho
SRO\WDFFKDULGENW mkn@WiNg¥wy h ¢ §83mhv hdvic§c v
tr® aktronly célul ul V8 eWKj QK EQYR¥EQ QKm
ROLJRVDFFKDULGH g BHYRO RO HEWULIQGRyWE t r ° n <
cellul ose, gi Yp d¢ $hyg ¢ wAyahdp k® B cEidd o -
1, IOXFDQOWH §ytng r «i tronghPbn@y@h I €2 ng 1
scL FHOOXORV® W @WKEEQEMKENY® qus tr3nh p
hg¢ cel |l ml®s®ubhoethanol [75].

Exo-lQX~DQDVH (& c fig FZQ §mt |l obi ohyd
mY enzynmé xQJ SKKKkQ SFGAWINL A - §|¥lcBiFijde t
th cu¥mgclcucel Mulrsasmh ch2nh | cell obios
h ¥WnigY échX WUrQ Fkfhymé lkhucel | ulloimtg, phOo
YykQ Ydi saccharidechiwekl bhlidrsfe nR¥ng
ymeyt r@ bndoglucanase. OEgo ¢h, M8 gl ucan
HQ G R JO X F DEYLD YhiK WD TXi WiUuQK | 3KklQo 3Les Enz
WKmaQldnygricdy tron§ pBOosgi ul ose «dHI t h™
xAO0& KkQ WURQWA THu Wil ®@KWVIE si nh h

-glucosidaseazQEHEOW3] 2. te? Np keinazsyene |
t® phon AW dlnycléi de§cgifipfhmddg trong c8§
oli gosaceh &GILVOEFKNDODULGH QKM IFH®OREBEERMWH tHH
gl uclo¥@J ymaQJ WkQé¢ ®ER dsg. EnzyM@nigd v ho
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JLDLnyRMé&c qu§ t ré&\ nFiH ODXKOMR VE G&Enthy $K R ¥

khi Achimi cMLUFHOOXORVHEIW QdéOrQhéanbscdase
chY KyD FHOORELRVH WK QX @ nF&StJ 2 §kds§tO XsF RV H
phP WUXQJ JLDQ QKm EG0OOBBYRVEaY © §c enzy me
phom® oiel |l ul ose kh&&ingEnz ygrodagnn “tna o - g nh
s ®uglucose B " M°ngmghnekthanol Btrong

Q QJn@mcs nh Th dcNiFFgJOYX FRV LG DREBIQWUMY@ B h i

ti °u hU@ylAitaB MQOLrQ T XOMuyyA- a car bohyd
[76, 77].

TwtVuv ™ o éog8 ovicth i FrEQ JvQ K mk®i P HlinAy Um &
nu!® ,cEc8&c tdhh bhhBEmemziyme cellul ase |~
nhiyYQphCn o " n t o «an cbédl8cg IBISBYE dc8ch a
enzyme Hcehgulhdase8§d 7midhivbTa enzyme tror
cellulase OdfwAkm pwgho8clehayme cell ul a:
dén g ESIYgA $ hay phé° p FEDOX ERVHhEO Bnh s
c@w c¥%hmégl gl ucose [ 78]

HO HO

S ]

cellulose tu nhién cellobiase

HO
4—— HO HO
o —o, o  exocellulose
HO O HO o oM
H
glucose cellobiose/cellotetrose

H3nh. BHcel | ul ase@t hadh gd el Iclhhlugse [ 78
1.2.2.c2arbtbhydrate esterase

MY am x2chMguahamr gia & oh®ung ctac3 nh
|l ignocel Ewlacheohlydr at e y¥shleacasnbd - HTCEB¢c
enzyme hydr ol®arsge odvsc: gt8ct p'hnh c8c est «
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WKkKkP79, 7BRQJ yy KDL HQJ\PH®OFHWLO 1HVON H WDV Hf
esterase (E@WBWHYL.tT.cH3) c &coSn hen ct r Yc
SRO\WDFFKpPU®@@H ACOn Gi c 8@ «lyBla®LIQLRCHC
pha | i gnDn@crtar h | i §KeQE V@I Waie . t r, gL
t M gdJLDL YR¥QUWE& & rpm@nthi gnocell ul ose [ 8

$FHW\O [\ODQAKEWMUDYH | ¥n esnztyémrea it éarml -
hydrol ase, c- 8viag ggrph - -xnYgc ct88cci mpHh-cm ac
pol ysac EHWNDO KKggD aQkem p\ODOIQi KR»x r ong | i gno
Enzyme n'By c8mgegvzpm®ntbel | udb ome 7T, X
quafgtn reEng@wyh taklvit hAbhha&t4vhé ©h acet yl
ester¥a®m §lconh -m Yadetry| Cé&s tvBE-rxGtd opyr ano
trondg ohyd an @4X¥XEWODuQK GHDFHW\O KyD Qj\ OjP
xyl opyranosyE dt f grhtEsix ki@ redndz y mel ,ed-d o -
[\ODQDVH (& &iF QKyPn b ®BH W \ik¥g Q KinQ*Kn @ Km
gian, & "KW QIpWcAx c8c enz¥y mdlh pchh&@nm hc V3
v\ DFHW\O HVWHUDViHlygQJk D bW 8x Kidh - m ace
QKiQK JL~Sny BnliGupatc &c enzyme endoxyl ana
ra, enzyme endbx¥ydoban&senbFihW\@- -UrQ
Xyl opyriaacn8bcs yvi2 C2Z va'c eQ 3yilcy x\WHyaFmgyu 8t t r 3 nh
phomLdVODQ WKjQKnRi® Jy k @QYgHIkE

o o

H,C—0, 0
Hic—0 N on ! Acetylxylan esterase
HO /
0 0

HO 0 0 HO 0 Ho 0

0 OH 0 OH
OH OH
& :
/ Feruloyl esterases
HO 0

o OH 0—
\ OH /’ N\ OH
Feruloyl esterases
O_.
HO Q \ o)
—0

Arabinoxylan

H3 nh. tFK7WhFg§Y enzyme acetyl (xylan) e:
esterase [83].
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4 QK cy»hi NRFHW\@ [\ODQ HVWHUDVMHgyDQJ Q
ydih vai thhrg tqrudkgot-mKicYdon § ,in ¢Anbhi & h
PhP Q QJ OmcQh @A ct nig ¢ nig hs i ht iR.n ©2i d
QKm WURQU G®UL@K Wit @, enzybierqpi§ yhr 3nh t
thg v ¥h mesijuyl dis§eQh it hau fisgh g h -©a\c ¢
h¥ , gapS@ER{L WYgm&BDL mX KyDE§WLE® U [ 84] . Tr ot
O-QK Yihmmh AcetyHUDYH @jsdQelsyBC B hAk @c
v’ t ®néc cBc phitQIJECEFGANKBIY) QJ ELAQ JUA " m m
C@ tr¥%c hemS & Qi IR W, QWr@@dhhéhc s pnh
xng at,h trondgF n@ FKhQ QK{L HQ]J\PH Qj\ yyQJ YI
tg trdnmhé@a\DQ Yj KHPLFHOOXORVWYH WyQUURQJ
KBQ QJ WLrX KyDLYQ KhiG eMaUtFh Q #&le+Sg EBa®uhi
FK Q QX8L5] .

Acce8conl ngxignlhd w§ Egybbhaasbd h - a-
| T Vv¥Wnigy x %c t 8§c kh&8&c mh@ utcéhg§hxFLOO X/ -
SXPLOLYIKkiODgMcp RA@n t4 0 ERD ®¥YoNnpidikt mX O 72&
c¥%n@ wOL mX .0Oj Trihoklgeyryzy me xt -@ htgeéhg
%DFLOOXVWV VERWGOIpWE @i t3 1 ¥\BregXvt™ m M i
yY50UC v" ¥pH #nnz H@ebS§ QK KgnEib c §c i on ki
| ¥ , &PKmllh 2Niv " 2*"@j@ W @J KRa e ngaWWiRQJ NKL Yy
Mt Mg Ca Culme 2COo Ah¥o t ®nhenzym#®h B°n
ngxm enzyine iocnkththsd RRHW\eHVWHUDVHNFEQ@I §n
mY Oscéhg @n thung " nh Asf¢tCROYKWHEIHUILOOXYV
DZDPR[USBVSHUJILO O[X3/4 PAVBIULXP R[\WSRUXP Enzy m
ti @ SVSHUJLOOXVY -MADBR YA A ®@ri t31 ¥XWag¥vt™ ho
a nhw gy UC v° pH 7, 0.

JHUXOR\O H(VRWMEUDVHC 3.1.f1.F73) faayl icg
esterX¥sehtmucarboxylic este h§idgol ase.
tl phonA |dsEneckgd polysaccAdriode "t c@&rg ¢
hydroxycinAaBui ti gnm$S(KkpydQd VD] Whlg TXDQ \
tronfg iiph-ng axi tef &hwplhiem oW itchc'&dhg ot t
b o t# TXD Yy SKa Ytar iacpt g OLIJQRFHO OXORVH
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gi “p BhiBO® QJpWicAéd FiF HQJ\PH NKiF QKm [\OD
FHOOXODWVBI yA a®l maxXrKyDe TXitWUULQK SEk@ JL& | ©
W QUKEE I'T Binh h

D >

5 ;

O, O A O, 0] B

H3 nh #NFK8WnFp &Y enzyme ferul oylA Yogter ase
ca hédc axit ferMml acabi ndxmeéanvyv™ | ig

A: O-5-ferul oyl l i gni n; B-C: nh-m di me
acetyl

Enzyme ferul oy¥Wreg't erasw céb®ecihac
polysacchar iAlle” ©®rtomg@hi g Avmle &t ec W c hu
Xyl an@vxyBahnignin. Qu§ tr3n @ tyr ¥gd Yp
plic ¥t & | i gnocelmilWiFsg¥a ¢ FAJFEg gphl i gni n -
carbohydr atre° B L grCosL tkgkiQ W M¥RI {thiA@l c ho
c8c enzyme I&h 8pch &n¥cl itg8nco ctehl | ul os e. Ngo
gL SKyQJ FiF D[LW SKHQROLFcQKdmaD|[LW, I IH&XOLF
v"™ c8c @dicnhetintgchitil i gnocedld ph &@hep.heMo | i ¢
n“y khite-g lgpch&o t rr ofcg pahgy tn pah t affe t 2 n h
c®QJ R[\ KyD Pj FzQ yyQudh ¢ DL rMolhzgT XEfh VBWrN ¢
c§8ap h®h siknhc -hi giog ]t r
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G«Q ykizy¥ime ferul el ¢recdih @Sqasa dnl®m b
vai é@rc¢ch¥ng At rrogn’gn hn HES Qd@nnwgth iggi FAE
c- Ctghi ap t 8chi cce8cl ullidggreie niséi gn ly®a vc'h
Q QJn@md rong g Wa@tivYn@.i sTrongES @mg ngh
p hm, FAE ¥girtappct8&h phbheno tpi ®®W QB cFyhy¥»n h
clidg oxy @hg av,i °c®QIVvXQJcW Kimé §m¢ rgo nyu s
Grm¢ mh v~ 8§ §pFh BK P WyF@hi[ 92] . Trkngiohng
hNF Yj Q @d Osngn h B E&J YDp WMBUzg@ tcr igcHt p h
céD OLJQRFHOOX@R\gH& ORu B §Q JEKbEh seit & ool t
nguy &n slii®h KEMQjy REQJ FEQD rkdle dis viu c § ¢
| ¥ nhEB°miMmihkh&§c8§d¢nngguB° nBlii Ngo i r a
HQJ\PH Qj\ FEQJ Fy YDL WHa WURRJOGW EWKKP
hydroxyci péhpiminct ntdge n[goh3i, B 9Ad4Zh VE HNam c -
r& 2t c@®c¢ciéenBdmglaha étc enzyme f eriuoyl es
trong qu§ &t rl3inghn opéhe@Ehipdil o @agt NBngTmym i
t A @i, Yndsc: nOgd berul oyl e®tiAdsatdhe phidohn q
OLJQRFHOOXKORY HiuyMmny4Ed Y§ [iF ¢ Qtk2 shly, Ic'h
tih nehu @ v~ vii 3RHQLEDBLOIVAVXGRPRQ@DV ,
$VSHUIJEQOXMQLFLOPPXP [ 95] .+WCEmAWr @B si nh
k 8Q QJ VLQK UD IHUXOR\O gH ViWartU ¢ R VihUsz @ ¢ K By A
BVHXGRPRWWIHUIEQPXVBUISXP. . . . ) [81].

C@ trigcptphh dbg el OLIQRFHOIOXsptVgH yzL KO
h¥WnijgYac fdhienzy men clBao eqnzy me &o xpyh ©m-, a
h ¥WngYYm c SESrych i [ 98 [isdQWi HQ]\PHY4cC t §c qu §
ty ph©n cellul ose th"nh gl ué¢OkX¥ ym” h
yme xemY | AOMOME Q QJ wj GWEchi ph2ingrong
déhg c!ngS MRy WOL mX Kylr FikeORW k@t ai | |
the gmthn©nglc oo h@QQiyUl i gn o cde lith ¥LoF&ke, b
clOW YA -6Qd ly»m YrLiC° ng «X Fiky Yk §»F Wike yC
ph©g mho"n to" n.
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1.3. T3nh _hue mhHcnnglheiWzny mtd ©hayl i gnocell
t tin
1.3.1. T:nhuh3Imbngg®Ric° mgo " i n

G«Q yk\ FiF SKmkQJ SKi$h VLB KsKiNgF whrtsi nh v
hoF HQJ]\RHE» yDQJ §onhi)g tirh2 nh B M®©n mitih |
Wbma Wi minig éd quywm.méNdl siEtnkt §Q ¢Qhp h ©n
hé\ OLJQRFHOOXORVH §gQJdt Yl Wlyzi T XeDPQhWw Uilig t
car boank8QnhJ yRIK Xh -ka &« 8« kividc htv t ht nlg qua
enzyme oxyW hp-haonv [ 9fHy . FiFr @Rjic GBWh A ¢
| © nh- m GsiunBhx c t &c (=inre® Mg ;€ h@ N
c- 80QhQJ VhQKptwWhh i¥ oenzy me kh8wm ennhzayume b a
t B pho¥l BjRo QKm FHOOXODVH [\ODQDVdx yHVWH L
h-a YFhQKyP R[LGRUHGXFWDVH QKm SHUR[LGDV]
R[LGDVH« JLyS cSKkQpkiel vme§L §hyQJ FiFRRVKQ YI
tr¥e (bui lédichg¥nbghco[dki4d] cc8 @ do (if i hament o
fungll b @Mt enzy me ¥¥cAmt 8k ) WhAWIOmg
enzy m&LEGR YjR P{L WUmMapJkiHgAn¥gp cchh #ng pho
hit §OLIJQRFHOOXORVH rPsjfloF 2wQi4Y rkthirudén gi it i
v AxX T @ §¢tradkctv timhpt. @NgsL QRLIMLFKRGHUPD UHH\
$VSHUJSQ@®XV Vv~ ¥Yc &d @moting (t WRW éXQJL QKm
3KDQHURFKDHWH yRK @MORYSIR Ush# @ anKBIQ Q.h V §

X® enz¥meAmg»Bi | © c8c enzyfHeQdBKi Nda
| ignY¥nt himnhk hpohdp h@®hec H i gnocel | ul ose [ 98

Nghi unAenzym@ bhayl i gh@PejiDQUl WKX KtW
sd quanRQ@ @MRIQJ EiFcO-rgiKs Wiyl YhH Q @J OMrsci t
C8&8c enzymeg§ nEhWBPIQApSKkQlIKégnocel | ul ose
t r3nh@ chh-uayMsi ninnts @i Ahei® FIiF SKmkQJcSKiS Fk
hoe h MaOt®@ NpPcYj¥miY Ngo i iXaFE@IgWikdmg cv™ o
vie OtL mX KyDk@LA{L WUAQBUYEN ziy e 8¢ B h i
hit ®u c@Quwyn-a v iunglig®°éndy cclnlg. ndhithi
Ravichantmga®dmrs v ' ypgrb©p VT rah vai etnrz,y me
versatil ei pcghgoomi @ ad g/ HOQOWLQXV VTXDWWRYVXO
chuwWwy h-a | i ghotchelnl udidygdkikciX ym¢cF OjgKjP Omg
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OLJQLQ ymm¢hF [IBF (kihig 18 MLSEOD Qv y«X WDRXNKL ymg
bmg enzyme [100] YgDhsi cham QDK Irg FizXnio
v’ va@é@ tmzyme | ac@ase atid ommi@intedm ngu
t B | Ya m3iX yMgWB i§mbskch § ¢ nh@ ut mev.sc ngg nd n
WUmR " s@Ad fmkgbie xzdy mehM F5 Yj ;5 3KmkQJ
SKiS )7,5 ymy FKR WAWI HWH WKkR§nvcET guali acyl
R[\ KyD WURQJ NKL yy SkhhkQIQEBKji# :6ienh ¢
OLIJQRFHOOXORVH W ®@J ®hQ iGdn\\V¥ FOfn3¢6H]Mu °PrM ¢
NKiF QKm $GDnWV&sY] FyYm FrKd v ai Btenzyae

| i gni niolnytOGsd o® #En g, ngH¥@ QKHMUPHWHYV
YHUVLBRBRURWRXVVRKDWQHDODRVAROCOWHWH EKUWRIVSRUI
yo BW yiQJ FK~uéy@W thR @JghKc -»n Magiutl i gnocel | ul
[ 101] .

Ngo“ i ErS,A vdlnHenghme t hilntghW Q& mc §c
tA h-a pxo#bAken hyomehbS EEQX yyQJ YDhgWUz TXI
Yi yDQ& ymbinh” Kkhoaarm t®mat $EWg@®M ¢
nghifunt&ch d,ng th""nh c¢!'ng céhgzeggnme | i ¢
mé& % g@BKDQHURFKDHYWH $RUG G 2\PH HMWWHUDVH F
ym £mg §ch d,  ng | to@iKIHUPRPYFHY OD Q BRBLUQRV XV
VIE Nam,§8 'S8 igind i B(E8ch KWoam BIKINQ Fi
t8ch d Ohghivjemim« h-a ¢&nf@$WheH XWIODXYsLJ
YyCth phon @silnihgnkohcel | uloss g ®T Th4 JBh T¥ae
ctng Endhh pmh  HY ) Nph®rvj yiQKcJLi 2yamlg$ c h
EUXQQHRYLsRiOWDF gthVEh e n z y éne pthi®n xyl an [ 35
chun&Q ChD\ ytm RByh W@ hii Ans idd g ph tHhu wmh t §i
tUlp enzynme hchauyl i ghacdel @hwl"diglenytk” i n"y
ym QJKurQmsenzy @W Yl @K&§ mgii nn  vil g é @
trong cBngt m@FKmDI YLnVKX YURBRaIKEnyQm@i chuy
h-a lignocmlIMutb8ebBt eMm %dic §dX @Rg\hyim n ¢
mang lAhA §guadIt QKmQUJ mKBOjgs c§c nghi °
ciu Aingéd Erenzym@Q KyDyOLIJQRFH Oy @m& H WUrQ
VIE Nam o ¥ éhh LAX Q@j\BW yiQJ FK~té NBEiIm 9EE
ha 6§DMG¥ phong ph¥% £ 8o GIQd"WURQJ BignFh{L W U
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t6QKLrQ NKiF QKPP XBWiKmMig g gnd QkL WLAP Q QJ F
c8§c @ Qj\ FRKmDkymeci EW. hy&d ntgrhiX °Vik X oK kaQg ¥ A
hEenzym@ bhay !l ighadel Eiolydid KMkQ@JI vV
c hJL~S W Qg @ik iAFk FcA@ yh - @& w©hy nmiUDcFkn m
hYingédy trenph@i c8ci E'mbl nyg i sti h &
|l ignocel | wiisrea gy tshidn At P{LnWUWMA b
ving cho ng Bhstdhhghnghi

HiE nay, c8c enzy&heOltJQRHAHOOXORN B hymg ¥
ciu s®w rnrodingphokhic By pt trung v o ba nh-
FKtQK 7URQM yeyn D¥me r §in he mIKkQ FHOMYORVH W
gNL FKXQJ Oj FHO O X DV ¢ hiuOj mghKigerV y ¥hjc \enin g m ¢
déhgvhg r«i trdng 209, mg7 8, phrih- m engyme ph
KHPLFHOOXORVHK BEXD @ KMEP Wim@JhNh hyLC” c8§c e
ty phoOn c¢c8c pédD KHPLEH@QOXWORVHe QKrm HQGR]
[\ORVLGDVHFKr.abi nofuranosi dase, acetyl x\
[ 81, 1Dob§l, | igni m lldv 6K nih pméc phgnocel | ul
C- ©¥ WU~F NK{@Jhygi  u AWSWKKHA YR K NKS QJ
phoy kifFhFMR GR Yy TXi WUuQK iSK&Qh &g L g0 Lal Q
céh c8c enzyme &xFKAhica fog¥BgpEk®) /LIQLQ
peroxidase v° Jlaccase @ "c -8Q@QkQJeRmE Ky o
C8§a® ctr ¥c id ¥EnyyQJIpWDL WUz AMEBKHIDh KOSt qu §
t r3nh 8§ hlGngyyiiW ¥R tELIAthhaL Y€ 8§ c e nyz ypnhe©Ont h
tA &£t v~ m@homelgliul ose c¥%ng hemicellulo
enzyme |lignin peroxi @it®P VFKRIpAaGNng ase ¢
FKmDcymg hu °YW EiFK.y«\ yé

B° n¥QK FiF HQ]\RH ¥im humcea &g , m vc ¥ Osn
HQJ\PH tW ym¢F NKDL WKiF QKmQJ ghu@Jn @&1j© mjQcl
cYQJnygx k Hdo adaYihHR Fk [FKAWIF YYF ViR Yh WP Q QJ
Ym¢ YiLr nLCh3nh Otmoyngl s cell obiose dehy
XQVSHFLILF SHUR[\JHQDVH 832 Yjc QbyiP| DFHW\
acetyl xyl anhesdrezyame ) n bN\shkrhd dnjd gh s
VAFK FKoAh €8n Igiignoc el lia vo sieh @ énfg ,Bg ¥h
vA i ®uv® Kahéc Ehéanzynme @o7wWyQ FkyV® X+
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Y Q Qja Oh nghiiX°® PcHQ]\PHMEDR gixi n per oxi
cell obiose dehydrogenase, | atcakemv”
enzyme oxy Bh-ac)et ycl¥%iegsrve -r m sesn Z gt h@in X h
1. 3. 2Hm dn et

Enzym@ dhay | i gin@cdI[Yl udlordg Rt @hQJ
tuy nHhigQ&Kmi N nENKinFg hLHQ]J\PH Qj\ FEQJ Fy QKA6Q
QKmchm yLC °Ygtr ®d mxh L Gb | §Q QU SKKkQ JLS§
|l ignocelbl §lu&asFe HQJ\PH QKm OLJQLQDVH FHOOX
n@eh 8 ®ucGCph@kn Igiignin, cellula@gett@” nhen
pha ch@n¥R @QrQ OLIQRFHOOXORVH 70RO nNgKWL yy
NKiF QKm L RNKE-h+wW WX\ FEQJQ ByJ NSKK&Q JL§
| i gnORYIH @QKmE@W KiNg&dCtShKk© KyR»X it & i kh
ng EW KkQenEyémevicn kha@ +W FEQJAKXQ VIR YR
NOP cy»Bi | & tBt enBABQne) SKikQKR AL&N i§ruyhA
n"y 1 m&YiQJ FKXKNGC a | i gnoc el ymhocs-e gih§ n|
th @ c-C8 h®u¥n ¥ oc8§c enzyme I¥ihgAmkQe |l | ul
nta 8yD rGg¥ v8Q KRB WIKgFKec a o [t rpohmdn cv@c ta Yc
phc t e OLIQRFHOO XD RV A2Jm¢ c IChpahB@ t r i
nhanh®v®uenzfmFE FDOR QKmMQJ FIosy@IrGgEK L A
enzyme AGCR | T | i gn dtc ecl8lisunl §osi® yk\ WiF JL§
Julian Dredds n ymnFKi mimrghE lern z ¥ nB@ man g
|¥ i §uc hQQ KyD OLIQRFHOOXORVH FDR nKkQnYj St
clng PBngs enziyme nkhuwgifui &nfMech® tchgc
enzyimd@én tkht hg 8kR®J SKikQIlJLGgnocYeld 8il to skei m
q@8Pj FzQ ViS iQJcysnaa YAYywA & i MWnygY trong quy t
clng ESgOIiP WQROMNKSd t rilonftpu s8cpnb c- gi 8§
tkit 1l ignocellulose [106].
IX ymCAi t h oCk@dhl ~ t 2B hRLtA{@nW WMo Vv

FIiF SKmkQJ SKiS KyDz KNG Ky Wy IQRFHOOXORVH O]
sinf, h2t EBRWY{LWUMNE & Khign gc §sc © \We yah. c h

LA n”"y $i 8GK WiFg ®XnyAhsi nh ®h&& Wh b
FRQ QJmala ,+k@Qu@® dQr HQ]\BMHh{&h Igiignocel | ul c
t B tch BQ WURQHME iyEAKjQJ KkQ WKYQIEM WY §p
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s®W FDR QKm FiF SKmnkQk S&ip, yDWKLER i QJ
Omg v lkgh® gd@yindinh” &@2nKF{QINQIKWE kh!nng
chh manég Bnli § ki A"t ¢, n«Qg W By~ Fpplih-@ t Ab tav g
trong ng” ngh cc@Bunyy- a BhiiEVisdng e n 7 y@me t
c- Ctgm chi@®pdt sl RiF SKmkQJnSRiGJIWg»at A
hUcrph8x Atdvg trong c8&c Bng &) QdO Mm@ mgg h i
t 8.t C8c enzymel gni"@mkthKydDgTXd WUUQK SKKkf
| i gnocel | ul osge mia fsdng |c 8t CYnit- et iovh
Q QJnamec ao @ o' Mvikkichi p B2 ©OW otk@ G6
nkd v™o t2dhRit PEOMWIUMIEQ A Wid g/i cEng ngh
enzymdan tgi %P Qugc@& M hv "~ Sk ky?¥ht 'y WKy F V-
C8c8LgSKIS OnQ@J ®ign'd édy treng@upn - @ §chh
h&w Fk WKjQK Fpfh 8 ITgiA nry kihmangggbclk A h v
m* KkiAmi td grreh t i ° u@ plh g , BnrgiiChxi WimnFy y Y
t i °00F YAAQ PHlg WUmMA

B°nvilte AXMimMX yi Ctbi tc 8hcg éddy e n 4 y@me nu
tn ¥t MOQKmMchm.yIXM t r dnggO KRR |~ cEi ®wh?2 s
enzyme kIHESSscDo enViy@rR yrOHL wLE i n uG\ig»c
bE Vv~ quy ¥thrigprwh, @diyAl hs® pdUPF @ $zQ FDR KkQ
solBlv FiIF SKmkQJ SKiS NKiF t+&9Q 2wk n @yGmie VXO
J{L NKL NKHQJ, U@ gicIJLDQ BLLny>XC KyD TuX\igVBuQK Q
V't BQ HQH\PH nLAR kchid 8§ gdeniy@net tong
quy m! ciB nng ymn Prhdst h §iFh ¢s®Bi | © trong c8§c
youu 60 Ogll v clpi. phuzyy tnthi °fu, vESARcinghi ¢
C!NngENg&FNYDQI KmREBUAtQGhichi ph2 ® noOng
qB & qu§ &t rPunehn sy¥Emea@ twmgi c Edn gvéid) i g
UmL WURQJ M/W kQKim@ B 18Cc e m ziy @@ Oj UyQm hi
NpP WURQU Ri® PLBnWURBOLN gn Xt (Q]\EHMEF y¥ o
t 2 nh Ak hxiXict Wi cYa o F PdLnWUm&A khipn®h phie h
Kma &t ASinAlBi §wh@uyh-a | ignoceihbéidjose tr
clng ESghLAXtQj\y @a» fch@chr ¢hgduwikit § o h i
yNgé@éc enzy med ¢gdhgu yspmigolt rong c8caquy tr
WA Bi kh nfhieMd¥ngnthh A "y ¥t,6 ph 8@ &t r i
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ctngEmsgmMRE cypbi 107t dkBCcAt ienzy @e mX KyD yLA

kid & ©W yDQUDPRK ¢ BhimlgQKmcecE YyLt€ °n, gi %
enzyimem thnt h " ®8hpopep §§kQ WURQJ F{QMQYKLE

h-a |ignocellul ose.

1.8h ¢ €t IQMHQWLQXV VTRRSURQYKOXWKY DXUHRJIUL
BOHXURWXV SX@PRQRODK\RP\FHV HXU\VSRUXV

Tr onkgsihnh@nt pB on ga pvhAhEgdi § B rEW y B
nhi | o8 ic-nigsiSnh rAP8Q DY é€QU iIFDR ¢y mpihngct
hid v °© ngdi WURQ@J /HOQWQXV VIXRSURYKOOXYV
DXUHR JUDIOHIOMRYWX V SKEOPREDUOQ KR P\FHWW XU\VSF
ORjL yhanéQJInytwm yLiChh h3 nh t hsd i €rmrsg nthi t
g-paph " m phond@gyDof3g¥aactithi®m s

/JHQWLQXV VTXDUURVMXEEXV HEm si nt Kb hu
3RO\SRUDFHDH WRgMaQhymctU @ nt ct®ryg iggg§c k ht
nhEW yRH EWMW yRLMOE QOh 3 miF Kkl MmRh ogkiran h t
340 chAm bkht! 3Qoiyd g rnpF Kkh QkX QKO ymcg
ple B c§c Oh x % yxP YyLZPXDUURWXKXY @j By Y§
gl Untb gi #pAWHORjL OpBgPk WiKgddk DLnyRYo n
v atnre nQp KkQ NKgL WO ik hen dPhyi, h o 3u gt hr
v ' oOQd Yj NK{Qth'yWw ¥k hvi" ofdily @rut r ungrFt Kkl h o
lEh, #H# " ctm8 ¢ehAmW WmPEJ MBiEIc 8§ ®h c -
h3néyAt rh 3 n KBsSe INit K N KingR Ft & B8Rogvek h #2 ,05n
[ 107] .

H3¥nh Lo@/HRWLQXYV VTKDOBRVXOXYV
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B oi QJ WKjQK NK{QJ PjX Y] NK{MgoFyi YifK 8§Q.
GLQKnGmape Qj\ FzQ yyjm@an t ©m itXr@Gm@h A Hhi ° n
clia c§c &h c¥ hé nh +h§ibggc kohxuy 8 pChBRi S
ca n- dmhng nt§Q YNIgS Kk eAnc€h | i g i nm- Kk hi

~

t & t h " YhiImmx 2 c hM g utankostign in g h §i r

&RSULQHOOXV DXUHNJWD @0 DMIKYVY u Kh
SBVDWK\UHOO DM D BhWmMFLCP KuQK WKiIiL YY&E ViR Yj F
tmQJ O @@ gd h3nh x hhb?iQf NKd FzQ QRQ VDX ¥
r’Mgadthelo WKMmaQ@d FK onh @21 c nh m\® PE
ple it (bl ¥h OMjX YjQJ yQJ iQK QKywEGLO +W ym
ty n° nNUIDXWHBRJIUDQWBIP WIX¥D X LhHX: Vv IUnDgQ X OD W X V
= Yig¥h . A PP EDQ £« My 6HEQU «c lsayn g% x §m r
YHQ Y| SKkQt K&@Qootki °yaC h3@é@h c€&c |l o " i tro
&GRSULQH@@XWn & h, migiAQ rKkL Y{jQUOQQK¥WKma
GjL KkQ PE NK{QJ Fy Yz NiR MW Qg WeK mé& mken h o
méF cy»BW WURQA PPLMBWMAKM UiQJi RIS ULKJHMO X ¥/
DXUHRJUDODXOBWMWY, & RX {tmcg hti &8 kh&F v{QJ
Nam @, ®rv2th tm& ctAhi, tli " m AMKIQK AL rVuma n
tig trondgX whhhg¥snéndv " h gha@amnk | 01 09] .

H3nh la 180 &RSULQHOOXV DIXUHRPUDQXODW X
BOHXURWXV SROMAR@DWMNM¥® snh gt sh én s |
pw, Y | ®Pi Qeymigthi t¢h dhPl eur ot a@heméy Lo~
Fy PEnQ®3 nth sbgouh SOhhNtFK WKmMREBIGRB y¥ym, m’ u
t¥QJInyMg noF Kka [iPm EIR Vy{L NKLtFyrnkAhi gi "~
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OpS PE WgKmaAao@ g k #c «n dinn °vrin gpdbtFoKkL X0 Q Omg
NKL mgUntdh “Aten nPhaigtrd’y v~° s8bdgnrhgau, k@&
(&g Ahix Elh) @gCan #Q@ V{L NKL J«Q QKm §K{QJ F\
mig¢ Elh Ym b° njX Wmk@#E Wi B tm Bi@ to i n"vy
khlng m” ug édr3 ngmcpbh 8§t t 8n g 8 @ H XKJHRWnXg/
SXOPRQDULM®MW o VILQKg WekKm & énnh r ¢ n ¢t @O©n ho
cOyU BF cy»HBi IUEQd QKm Fk\ OLEX ¢ds@k @h ®R» b
r'Yig 3k hA Bi,i Y*QJ {Q HRUERMA YyRL K\ Oj@Yic -n gi §

t FtGLQKnGméao, gi "u pr& t@@JInR[\WKigDanjurigi v~
t g Whhi vi dgg r «im tichonBo cv8c | o" i  kh§c«
Ch3OHXURWXVWU ph8Q QW VLY ®EYmMA & i rEWM yY

FDR KkQ Yj WKtFK RJKih @loFk KR® §c nhau [111]

H3nh 1.0l@30OHXURWXV BXORRQDULXV

Cu ¢ WiDIRGROOHRP\FHV "HXhh\ WBIiR U Xwulh
Psat hyr ¥jl VRaX ggeycnicuys angDQ@EGROOMRRP\@ HV
2020. QP Qij\ my MEhRG@ h ch Kkln $KHhQ] NKL WUmM:
t h” nR, jonga k 2 Bilyg SR hcom, m™¥u vE®© §Bmhnwg Av
nt @hC8A @MGR G\, y»c-i [P QkX VA@u ki
JLj Yj y{L NKIn §y Ucibg\iht3d " i gkth® c & ,h, mm  u
t ¥QJ VAQ KkEWhWUKIMYjNKEQJ Fy YQ Ml thEcyLC
l o7 i ®iay¥dy ANtFK OWKW'R v § &b bd oy LtAX @j\ ymg
t R HEB quaHXU\WSRWRYWY HYS Ey QJK-D OfYQGEjR Wi
Sinh N h8&he&DMGROOHRP\FHVKiApa AV § RQhOV;,
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r§L UiF WUrQ yownyLpx 8@ WEsnako | € mrong
ring BWiyf drgbh gi ao [113] .

Faam “"‘

H3nh 1.0l@&DQGROOHRP\FHY HXJU\VSRUXV

B@G | cOPi WHQ yrae ¢lgiQJnhLyQ @«livg trong
nghiitntofm emzynge h-hayl i gnaéa &8Q IQU VLK, r
Wumaynh Ant r ° n¥lc Bkt BIQKLrQ JLjX OLJQLQcYj FHOO
b#, c HY%hbglv k( QX Wi HQ]J\PH R[\ KyD OLJQLQ QK
peroxi dase, manganese perBoxn¥@ayge WNIF | ¢
l o"@m m "y cCr® csib#h@Q]WPH FHOOKODVHMy® G¥
HQGRJOXFDQDVH HRUVOXBBQ OWME& &jK~5gywpes8 pthr 3 nt
phoO©m geiel IBul B e. hj VIO ,k hlalil Lh® X KwyD KR ¥
t2nh einzgmedh oriViig ¥n mav g AKiyYph8& trong c
nglsi BRinghdhdy | i gnocel l ul ose.
1. 5. Ict3nh h3ohbmnighiVi nNam

VIEW 1DR yAWnyA Y mr dngy @nuhg i aiF cy-¥YD m
dvvg sfinkc e ®htronddE KQU 1DP Ev Qavdet i1
nm trong EWANRY i A himBd,yID Ku@QiyyDkGE¥H h ®n
hoS8icpgt VEVLQK WKiL SKRQJ SKHiwm (/BR:y& iyl i KE
| - nhen mh n( macradl ithgt ) dngg mhh- m¢ sgohbnv
tikg khinhgntcBBi nh t HA8jil&k'itAdjhng éwy @&t h
tB. C8c@ IR®Q §yQd YDIL AUz rWwHKIgA chug t&@ B nh p
hoX Fk WiL W¥R G LQiKQ & myégQid RAKIRIl y&© & tuc foni s
Q Qhgédg YQJ UmL WURQJ FiF @-QKcY &g Qikhg h\i Gm ¢
phm, ¢! nEge nnzgyhm® BP{L MMdm4g HIES | n a@ ,fh n
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ynmee ghd mh@®Wgb ¥« idhtthsi nh t h 88 VEk hNScm,n ha L
yo Biphonyg oHhcék Knhgu nvg uy dnng istishh imfg, rtr ° n
Q~L Vi Y{L YjsKFiFhKEt h§i n¥%OOma@ol.@ Timlydsnhi °n
hid Bi¥t YW 1DP W& Q FKmD ymmrlE YrFrekE y«\ yé
ch2nh x8c. Ththe of aB® . KiNV2BHRINEMCE-tut h
k h®QJ nyR2. 0080 Ao WIURQA gyy SNKUHEY " | a hi
c- CtBhéhg | @m mhh wa™ 7g, OO0 Gantphv o hto® nh
Grnc | & AR Q QJ OGP WKX®] . Ngdog i2 .r0ai@® cl-o “kih
yme cho 8§Q QJd -QXdhnAWUxi Bi Abab. Tuy Onhi °n,
n" yR micj mRFgCEmct r °n Mg MKk*nh Bk BR&] nghi
bd tr&@ At c®n Ahil ©OPi FKkm® @@ nihii danh hay
ghi fainbh2mnhv tch @aenh\EimNalbh n~"y & Woi t h
Q QJ WRxOMi Nam ter omgghiuvi@mbnc v- khai th§g
nNnguy ®@nRQ@cysHil " @ Bcngmyishg c@BcOt
nhi°@, pmhm Q QJ Yj HQJ\PH VLQK KNF yDQJ QJj\ Fj
Omi @& JLD &~F 3KmkQJ 1LQK %uQK Bj OmaQJ
| © ha@ kh@ ®L L& i6tnhi *hnglt h g+h iGshmi hE i
ca Mmhil o@i ith,n bmo® g8c | o TGrcH igi §ehezyme
FDR QCRQRGHUPD, GRAX®RRAVXY 7RNDWH WMW XYHUVLFF
/IHQWLQXV VIXDUWERVYYIHAVYQ VAQ QD\GR®QKLO®FiX |
W¥L 9maQ 4XOF JLD &~F 3KmkQJ Y Q FzQ NKi K¥Q
ym WUQJ K¢S Yj P{ W8 FKL WLAW YA V6 yD G¥C(
WUrQ FiF QJKLrq FDE&Y WKREF 9%* &~F 3KmkQJ ymcF S
WUQJ FYQJ KkQ ORjL QOP »F ELEW QKyP QJKL
6m SK¥P +j 1YL WURQJ TXi WUuUQK NK8R ViwW KN Q¢
4XOF JLD &~F 3KmkQJ ym SKiW KLEQ ymc¢F KDL
Bi scognk\a@jxQKaQJ P X QOP y«X WLrQ WKXYF FKL
PLrX W8 Yj JKL QK+QAWY¥IXGLEWLDP FiX Qj\ ym ymD
QOP W~L WKXYF KN ;\ODULDFHDH & 9LEW 1DP OrQ
EO WUrQ [WIKIASIJKIRAX ORjL QOP WKX ymcF W¥L NKX
WUXQJ YjR WLAP Q QJ iQJ GéQJ WWK@IR AURFRDK &V
FKU\WRVSRULXP 7UDPHWHYV PD[LPD 7UDPHWHV YH
Yi YL QOPXYRMWLXP SUROLIHUDWXP][ TWIF KRAGHWJP D



36

UiQJ O0maQJ 3K QJ KLEQ QD\ Fy UOW tW QJKLrQ FiX
Y&6F Qj\ EEWW. WURQJ VO yy Oj QJKLrQ FiX FéD WiF JL
WUXQJ YjR V&6 yD G¥QJ FéD FiF WKjQK YLrQ WKXYF
Qj\ ym JKL QK+Q FiF ORjL WKXYF FKL +\SR[\ORQ
Annul ohypoxy® onP SKR®JpSK~ WKrP KLCX ELAW
KNF FED UiQJ 0MAQABEKQQISKIW KLEQ EmMRF j«X WY¥L
&~F 3KmkQJ Yj O0maQJ 3K QJ NK{QJ FKIi yyQJ JyS YjF
WUDQK yD G¥QJ VLOKEKKNEDPOPORQEPE UD QK6QJ \
WR ORQ WURQJ YLEF NKDL WKiF iQJ GéQJ Yj SKiw '
FED QKYyP VLQK YW Qj\ 7URQJ EOL FS§QK KLEQ QD\
SK-P Fy QJXxQ JOF W6 QKLrQ WKKGWXMEQJIYRDRP{I
QOP ORQ yDQJ WUA WKjQK PYW QJXxQ WjL QJIX\rQ V
WKC SKéF Yé FKR QKLAX O-QK YBF NKiF QKDX
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CHhuNG ITT .LWxvé mWehwHCP NGHJ gN C
2.1. Nduydn v
2. 1d1’.uiw” H-a ch

C&§cum@guCh@n, t ¥EK WPR PO PMm®rign gl @u t
JLD &~F 3KMKQUhYjBGmaQ)J 3K IBi ymgF, Om¥X WUHS
ph, ng NSidthnidhi BVH: M, hbéhd nBW h¥k

M X UKRPte t puittéhChi , x TCHh.2 HWMunlB aumt hu
h FK JHP i Q8K SKIKEMBKgRLE NKIPYY , &b
qu@ ¥t EWiph , ngB)Y 25aB8WRNKjQK FaFgyR¥5 - 2 mm.

LLIQL@ ym§crhenui tUkRh & t r °n t8hedo Udmt t
Nghvvgd g 122] .

H3 nh Mu 1l.i §rhign csho mgbohdyn: - aldsi nh h

(Q]J\PH WKmMkQl ¥ itnthghu @@ 7ULFKRGHUPD UHH
(cellul ase v gl ucur on@ xa | aArBa sken z yQreel, |
Dar mstadtic, EWaPOLt mY HE 5, EW&MYD. nhi

C8§c hoOW yOhOmaoQi shlg Omc ondn:t BRA, nghi
KNG Mg. S7/éBl, KGHP ) K Ga CICuy S0, Mn DI,

HBQ, NamM@@, ke @™HCI, glucose, agar, et he

M Osh- @®Wc hhFhy¥h ot 2 nh enzyme: 5-nitro-
hydr o per,Oxj deacé¢tHoni tri |l , 4-nitroc.
di chl orophenolindophenol (DCI P) , 2, 4

ami noanti pyrine, 3-ethyl benzothiazol in
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2.1. 8. bThi

ThA ThPnccfiséhg:é@T nu®i vic sti addDboXiC b
W EHOHPPHUW  iFn WKkQLGIOEY (STé& Wh Sanyo
(NA 8B)  nthanh tr%ng Lequeinx, (MBgp)NVot e
(M), mMEYQJDQEI)PRIA yR S+c) i kEnHWL RD\RYXV |
Pi\ yhEdi DNA ( it- 88 piPd\ ¥R NXIN@Qh S8K®qp ( M
0i\ 3&5 ODVWHUF\FOHUE1#KV t ¥ihh ps ot ei n K
SXUHE 7K4\, LEr | en meB &hg 2sl¥,° 10U,k Dha cut -
amicon Ultra Centrifug&el$ kilters (Mild]l
2. Rhehng mdBip°n c
2.2.1.d Bhon |

Qu§ tCh@®OP WmkLfmRJ Qmegh, ngoOm tHHBNg cC
trontg p@KIWUQJ VD Xshyw@FiQmM® v tr %ng. D
daoN@hynt yiadi r and peh§ ot Ip h 23 @In gndr 'mit, b n
trong thhg & QFly NtFK WKSmgRR 5 - 1 09 norE8ch Cm
P{ Vyy YR Pflg thmémal t (maltose 12,5 g/l ,
1,0 g/l , peptodbidpl|l exI @ ,WUrdg)/ ys DWNSH SaV8Ud.
| ¥ kh8ng sinh (nystatin 40 g/l , chl o
streptomycin 40 gAlInEW P &80 mwa Uk 721 )
gh B¢ 3Wuy«ddh. T@cEhg len s abhng rBg htdth nghi ° ng
PDA (glucose 20 g/l , khoai A @y nu00a g/
c® trong 1Eg¢gngnmyug thr@ioh Bdmw P{ln §vUmhas c -
t B8 g cho cEBchAthhenghit 23] .
2. 2nn2h. damh n

SQK GDQK Q-P E9QJ SKATQJ SKiS KuQK WKiL JL

Chg @n i Agmch i t°n the® pPheb s5B8h g
c8§c EB'éc Roberts & Evans (2011) v~ Jea
H3nh dBK ¢KmMKIHE uv@ ¥ca @ ymcF [nFhydd tr ° n
y»F YyLCP ME vSKiB "To@aPt yangqguan s8t h3nh th§gi
h3nh %t K@i HE nig ifpthShhioh Mc ngamg)yuan s §t
GiR k2@ hvmhjV8KyQiU y¥@0 (IX10) av ' ( X4MQ .| H3n
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dv g NtFK oWKoidpmgF TXDQ ViKWY @5 mvBh)iY8 Ky QU V¥
400 (X40).

K GDPKEQ@J SKANTQJ SKIiB ¥KIX WU

D 7iFKGFKL WEK KLY QVYV

DNA Wig Onee t § dhhi tE i é&c @ WKHR SKmkQJ SKi
CTABa cDoylYegovs §cht i( 19BX PWNABe @i tr a
ba ymE di tr°n gel agarYos$eywmhK BpKjiPgOme 1
DNA Wl OsmcF WwRgPi\ yRuan YampmBR s-n=g 260 nm v~
280 nm. ymNA i¥nth ks Y bk 2t Genomic DNA Pu
(Ther mo &i FiFe EmRMEMmMdA WKHR Kmd¥c n &~ s
X WD .
E 1KkQ JHEQEBKAEQJ SK&S

Ving VIMGSKAFK ¥E gedd @ b gSKmkQJ PKIS
bd pc m | TSITCCGTAGGTGAACOTGCGGH :
TCCTCCGCTTATTGATATRGH g PRCRIgcCGttht ch 25
OL bao ¢3,00L1HOL 2Bg@M; 2,5 OL dNTPs ¢
OL *m xu®i (10 pmoxlL/@1lm¢; 101 ,p2nb0 | @LOLM; 3
(10-20 ng); 0,5 OL Taqy@mpdloyXmer ase (5 L

Ping PR rdd ohu EW3QKm &BDXC trong 3
sayppy | © 3% fc BuinkhRW FWCcEmMR4UC trong 45 ¢
trong 45 gi ©y, 72U 72UE€ngr 465 9gq®OY p h k®
phma 40C.

$ pfh3&5 §gme@it magyldE di tr°n gel agaros
s hu®J 4LDTXLFN *HO ([WUDFWLRQ &7 MLDIHM® &+/
s¢ hynecgisdhg | " m kh@inng $ghio dpirhA t hak chi
vB ¥m | TS1AI14dTgS4Bi gsDye Ter mi nalt ByucCycl er
yol t rE°tbhgh ABlI 3100 Avant Genetic Anal.y
USA). dDNAhysjamue i bhdabehMm ChromasProl.

7THFKQHO\VLXP 3W\ /W0 OBXYWUD @EQIbji@in hi

Tr3 BKKQ WtFisydnch g h mngg ¢pbhAn Bi oedit v 7. (
[ 4], geneDocOutl ed} iyiEYDXN By thylmQ@ s 8nh
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vB c8coftnrt FpnWUWrQ *HA@YD N VELAST trong N
[http://www. ncbi.nlm. nih.gov/BLAST].
F ;ky@J FK®QWIly D G WU X\

CoOoyAth- a8 mti t&uwa nkthgreynymicT8@yg dt heo
SKmkQJ $KiGnmdaxi mum d Bk eDiNokocd cug "© ph
mMA Bioedit v7.0.5.2,08 Ctegstlathithgagenaied
tra EFiF LG h* Agthi °ht heh@ammrma, mgi & 3 tnrh
tA h- dgmg@ itphoOné&t 2mé h Wwé rhh at iMode®t§est v 3
c OyAQt KyD VYA Xpymnm g 2qeiifn PAUP* 4.0 Db10 ( Sw
2003) Vv~ Megd 60.hO.h& mM[htM® ¢ hytnecHE hih idb
p ha An.
2.2.3. WNgésinmgnpcenzy me t

NOP yancn ug@ i t RPLnWdmgihh PWArQ y-D SHWUL VI
kh4Q Wlcymd@Qiygc CWHURQe) @uRsinh | T (A, 9% N
theth HQ W\cyGcc@uw o b3 nhHDIFKknFK@ah Uk Yj
c8§c thQnBGLQK 8@ hicbphs@t éx @i Th'enh ph
GLQK Gm&Ql QKMO S®» gPQ@ 1, BHIFGK LYhg@nDg, 1 L
(Mgsag®0 3 g/ Lsy OWMOSOG g/ L, Na Qo 1@0 L,
mg/ L, , @HCImg/ L /BIZDhED® mgi4 156 TOSOng/ L v -©
H:BQ 10 mg/ @) meawa dposnpt one (5 g/ EW,yYv" ™ 2
v pril¢cFuyLbAh t kg cthiinebo éctch @n
2.24mMh me'tm s "t A Kmbkng singh Vvb'g eh
enzynae cc§nglsrh crh d

*QK K@goP S+ YjOoOwWiiaQ VL QX eBURido® K-©
FKQ Wb

Cg&c eighoR yomcn Ul g3FIIWUrQ R bm8c t h  nh
phn «c AhicB hE@ ét @P QKm PéF ym®rxX WO
225 v, n¥§/ pchsetl , gHE t t ®yg 4k Do 7EWD tWronmh i
kh®dg 2h& & nd WK fiF yiQwkg OmicOLhyiQ@K JLi
kI BQ QJ VL g &nv@Enadd pH BEW pghiiue n ¢
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*QK KAgQJ FoD QJX[Q QLWI yGQ VLQK WURAgC
FKUQ OUF
O{L Walgmén @} yenccrh libt heo ®wh n¥uéapi2. 2. 3,
vk pH EW whyiayiwhA3ki t hch KQuUQLWK ymicF WKD\
baom:g KN® g/0L5SQ GNH/ L;, 5 NgNO, peptone 5
nen men 5 gOL.ymSFnhm KK yhig pBIyiQK JLi
§QK Kgndéic ¢ § e Q NQwW KE@AQJ VL QY anema
2. 2Ph5€hng phHgp klnozy me
$FHW\O HVWHUDVH (&
Hot yYé& en zZDyFHav\0O HWWHFUPDRVIHOY MK mkQJ SKiS
YR TXDQJ @anm@adt r6°¥ tshS nhtrophl méedo t
nitrophenylQJadledtn Fe FKEW O] mPp WURRHW aytEe
(100 mM, pBHiIn® B0 )@a3PRC A®°Yhh PPMIBg g i
trong 10/ WpWhka¥oM yc et y| e s tjeQmags ee n(zy/mral )
ca AWiggd ph-ng!-hi Omobhenolaywh ang hz ph
ngli [ 12 %W.yne¢ot 2 nDtWEmMY ¥mbh @it hi En h
gia MW gMangQi yhntropédé&ndl) . (Ph
&HOORELRVH GHK\GURJHQDVH
Ho¥W V& enzyme QGHH\GURIWQRBVH hymoF [iF Vi
SKmKkQJ BHKiXyD tFk ZK®- di chl orophenolindoplt
PH iQJ fem@ hfi t rbg Ctth2 ch 20 DO OBhoegzym
20 OL lactose 300 mM, 20 OL i@l P23 hmM,
| accase) Yyl  s@8DuMdLacet at et 10 O Hmy pH 4
ymeed 37UC trond Syupch®i taEeBks - ng 520 ni
MYW ykQ¥om fcYel | obi ose dehQ@jd®@mgenamg me ( &/
t AIW % G4c t §c moxy | mdd phpwtAmk i filing [ 128,
129 ¥W ke t 2 nHDtWEmMY ¥mh @i it hi E ga hm
yYquangQd yivact 6&e 3()Ph
IDFFDVH (&
Ho¥W & enzy meymickcl[oFa mdgyR TXDQ RIS Kl
cl®ymc AisdQJ O] $%*?6azi mo-di - [3-ethyl -ben
sul phonic axi tn] gh Bdiredr higg@th3 ch H3 mL b
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gm 2, 3HQHLPHcynmpcha | o«niFKmyEpaxiungsdcci ni
M, pH 4,5) v° 0, A @LpghoQJ02m W nhBENBR K
s-ng 448558 tronYgW FkQwitiYacMase ( U/ mL
Omg enzey mRWickGsc t §c nooxy AMBWaS plnjpauA
ki @hHng [ 13¥ON yrecHo 2 n oDtWEMQY dmba @i Tt h
| i °Engah oW g angQJl JABIiT Sé & PR) .

/ILIJQLQ SHUR[LGDVH (&

Hot yYOLJQLQ SHURI[L GDWlgyimy K Vi EHY-1Rkt EKO
2,4-dichlorophtegq €ith2@ah,in CP) . 1 TymL tr o
c- dumkgwyEhatri succatat 100 mM (pH 5,5
HO,, 82 mM 4-aminoantth peynmz wmee®Jvicmiab0o0 OL
Yyu khisutmg hydr ogmge fiohdifd® sv-'ng 510 nm t
5 phBwts5 UCW yMQ¥OVi Y gnin pero©OmgasezybhemL
ca AWikGic t &§c moxy 2h 4d DERYWA ki @ting
[ 131 ¥W e t 2 nBDtWEMQY YmA@ilt hi E ga him
YyYquangQl y, M- DECL B8 Ph

8QVSHFLILF SHUR[\JHQDVH 832 (&

HotW §¥2 ymcF hiF why c §cdQJIs$%76 OjR Fk FKO
THCt2adh ccing |~ @ gmLfHnrgo iagh du inFd mydE
sodium tartrate 100 mM (pH 3, 0), 5 mM
Yj Gmyctd enzynme. @gRRI icméwWuyqbg c8ch t hen
hydrogen p@&JLOXWdQ WHmesF yRB s - ng 420 n
trong a3 PACtYW2kO¥oM WP O ( Of ®lmcenzy me
ca AW k@uc t §c nooxy ABIaS plinyaA ki fhng
( Péh& 3) .

2.2.6 % Hrierhz yamei °tn
7TIFKLGSFK HQJ\PH WK{ E9QJ VLrX OUF

Sau ykmh QX{L FO\y&AQKBQEQ WKtFK K¢S GIFK WK

ONF Vk EY TXD Y8L WK{ Yj JLO\ ON¥ . €) OW¥E & .
NKX-QWRk FKOW GIHAKy FKLAW $mOP 0 - EAQD KE v |
WKOQIX ONF Yj-RIN'IKEXRQJHU3XPS . YRL PjQ

30MW, AR %dR6FLHQFH :HVWERURXJK 0$ 86% a
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7LQK V)FK SURWHLQ BWQOBHE&EIQJI V7F Né

'TFK HQJ\PH WK{ ym¢F WLQK V¥FK EuQJ KE WKO®Q
+HDOWKFDUH {iF YRL TXi WUUQK WKHR G}L ymgF \
EuQJ Pi\ Gz WABRWKHISQ WLQK V¥FK WK)& {§nGc M fE § R
GéQJ FKR QK6QJ QJKLrQ FiX WLAS WKHR

7TLQKFN DFHW\OsHV WHUDYWHRWXOXV 031 I'V$(

'"TFK HQ]\PH WK{ ymcF OR¥L EO VLQK NKOL Yj N
WUUQK O\ WkP a ®V.O0N0Z/QYJ SK+W VDX yy [A O& EuQJ
PjQJ F3W SKkQ Wi Y] N'D 4Xi WUUQK WLQK V¥F
HQJ]\PH WK{ FED QOPVPED WIURRNOXMF WKO6F KLEQ E
KE WKOQJ V3F Né 00QJ )3/& TXD FiF BRRFyWUDR 3
GIFK HQJ\PH WK{ ym¢F WLQK V¥FK TXD FYW WUDR !

JEP ZW&® PO S+ Yj HQ]\PH ymcF UAD JLSL Ep!
Wi VAQ 0 1D&0O &iF SKKQ yR¥Q Fy KR¥W WtQK 1
WLQK V¥FK EuQJ V3F Né ORNGFL 0HOi VGCLEQ R 18 HBY D C
PO FKiD PO 1D&O3IBKQ JRY¥Q FKiDWKRMIG RV tQK
WKX WK+S WUYQ O Q F{ y»F Y] WK-P WiFK TXD Pj¢
+&0 PO S+ &XOL F+QJ GIFK HQWRPHUPBEE [fi C
4 ;] YRL JEPEOLV PO S+ Yj UAD JLSL EpQJ JUDG

JAG M NacCl

7LQKWFN FHOORELRVH GH&\GDRUHRDWBIQXODWXV 0
&D X&'+

DIFK HQ]\PHcWX{o$m@ h v kih kthy@ IbSKmkQJ SKiS O
t©m 5. 000-10. 000¢ v1.0ngv/ p h3vdt tkiiD dc kéauitu- ol f f
enzyme cel |l obi o&DX' + ey d rivaithe gedax el i B
st king BErROMQJ )3/&u &ilFK, HQI\PHcWiH{ ym@& r ° n ¢
WUDOR ybWn DEAEY¥ SepMhrmdsNa -tacet ati@ 50 mh
g8 mbg gr adi enyAQnu 0 1D&O &nF SKKOQhtpR¥h
ynmee t hu gt vi'i¥nthpplosts kB ¢el Yt rSupec dex
/| GOG,dQIJmyENa- acet atiae 15000 nmMd pNe C3, 5. PhC
yR¥ @h ¥o t&D0C®Hynce t ks Fh,y»wi tt8hch qua m”
INF N'D WWwRNal-yeEc et at e 10D ncMAn(lgp, H s,y 5me.
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YymcF ymD OBONEY+L7UDSE &4 P imbg UG r a dd jetBt mu
JAQ 0 1Dy¥W WY¥vh e&a nh

TLQKFN ODFFBOYHXWRWXY SXOPRQDULXV 031 30H>

DIFK HQ]\PHcWX{oBm@ h v kth kthy@ IbSKmkQJ SKiS O
t©m 5. 000-10.000% vl gV ph3@ bDakshsidhit- o f f
clia en BYPHREF tmg ¥AK TXDCEDs EkdQ Dimghg ¢ §c
cY DEAE Cell ul 0s¥],+LSEUPEEWOR yEHWOR hi
Yymc¢F ymD OrQ FYW W DIERA B CeH RLjBBrei - HCI 2
PO VDX yy HQJ\RH imbg gr add jietntdh 2aiy0 M NaCl
&iF SKK® VR¥WhWtQKe WK KV jong ¢t i¥rhhm lgstc s ki§ |
gel ®fr °SnepdhaddxdQE@MPEN,r i $- HClija 200 nMmM h
Na CdS+ &iF SKKkQ@ ¥RMWIQK HQJ\PHuymMgcolm, tr
F{§g» vim t8ch qgqNFR NeFKnWKmMRBF mNTD WUYRBCIVE1
mM (pH % 50%IFdCuHQ@]\PH WKX ym¢F ym¢F ymD TXD
Q XLA d@IJnmyETri s-HC¥ D2H mW5%iwby rgr adi ent
mu® it YAQ 0 1DRO®Cqu E t¥hAnh tinh s
7LQKFN OLJQLQ SHUR[LEDVHRWXOXV 031 /VIL3

DIFK HQJ\PHcWX{ogmé@ h v kth kthy®@ IbSKmkQJ SKiS O
t©m 5.000-10.000¢% viMhgV ' ph3a biDaksgishiut- o f f
ynmee t i¥fFK TXD ERXsERMR AS "WUDR oYt DERAEC
CelluBBoge, YIt Sephadex OGIFGQJ Oy WIUDR {tU ° n
cYW +L7UDS@®BQ/ykh AWignmg! T YW°WURR oyrJ
DEAE Cel¥ upld Sied@InyBETri s- HCIl @2 @ ipmog v~ r
gradi ®nitt yyhul , 5 MANa Gfe.okNFsIHO yarhch i
tr°th SephadaxQGiyEDr, i s- HClia 2100 OmMn&t hNa C|
S+ YCh e QnFiF SKKkQe MR A/h B 3KKQ {ER¥¥ o
WtQk ymé u YgoQn, Fétyrw m t 18 ch qgNiFa NboFkn\glkom R
N'D WURQI WEs - HCI 10 60X yypEIiFK, H@IIPIH ymg
tr °Y'W ¢ L7UDSE 4 ;§ MapgUfigr a dd ietnypA mu 0 M Na Cl
yCho®nqusg§ t¥hnh tinh s

7LQRFN XQVSHFLILF SHGRQIHROIOHRMFHY HXU\VSR
&HX832
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DIFK HQ]\PHcWX{o$m@ h v kth kthy® JIbSKmkQJ SKiS O
t©m 5.000-10.0008 viGgVv ph3ud 'ITkDEKLAW -Flyf |
KR¥W WtQK XQVSHFLILF SHUR[\JHQDVH ym¢F WLQK
yUL LRQ Yj V3F Né@ ONF JHO %DQ y«X GIFK FEhAW V
'($( &HOOXORVH &4 S+ -DFHAUDWEHP 1DPO Yj URAD JL§
JUDGLHQW PXOL Wi.6pXQyy FiFIB&RQ YyR¥Q Fy KR¥W
WKX JRP Yj WLAS WéF WLQK V¥FK EpQJ- V3WiNé ONF
GéQJ yEPadPt ate 5® mMPO 4 SNaC 3KkQ YyR¥Q F
KR¥W &QMBQK VDX yy ym¢cF WUYQ O Q F{ y»F Yj WK-P

N'D YRL +\BDFHIWDWH PO S+ 7LAS WKHR GT
ymD OrQ FYWYQRIGI® 4L8L EpQJ JUDGLHQW PXOL Wi
iF ySQK Q[QJ ya SURWHLQ

1xQJ yY SURWHLQ WUQJ WURQJ GIFK FKLAW Yj |
[iF yIQK EuQJ SKmkQJ SKiS %UDGIRUI Yj SURW
serum al buriRM) ylyl132}/ P X ym¢cF SKIPBEmMQJ V
(50 mM, B®HWIFFQxQJ yY NKiF QKDX BNMKX¥XR®GJIWKKTrP
BradfoUdQ5A X ¥j YyC 8 QKLEW VY SKxRAQWKIR®J Yz
YyR P X a5 nm.

'iF ySQK Vya V)FK FoD HQJ\PH E9QJ yLOQ GL .
6'6 3$5*(

LE dAR bR nB$S*$™Mc& hBQ WKHR SKm&QJ SKiS
Weber v’ Osbornif 13PDPFU\ODPLGHSESWHR@IHH
pH 8,8, troni® kDFUYDOPLE&H WWRQJHYH pH
3KmkQJ SKidyyBe¢igdQJ HI€ yh kLhOgngp A @uM t
Yj ViQK Jlitiivevhé® HQ]\PH SURWH &RQ AVIUtR2Quhy.LAPr o't
VDX NKL SKk® WFKb ymGhunthuO, 1% coomassi e
blue RZY WURQac¥eHE i c axit/methanol / wat
nhwym $6DX yy JH@GrMsecmly dErme t eiyhPu FKIR KA |
TXDQ ViW ymcF U} UjQJXHOF yE EQQ Gagimiw et k' hb t h |
| mageQuant LAS 500 (GE Healthcare Li
D.C., U.S.) 8QKphhhY) 8@ @ Ha$ ieddh FiF E QJ
prot&@i@hMm t2gh h
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2.2.X8c d tn?mmhedzzynfe htinh s

iF ySQK QKLOW ya Yj S+ WYL iX FoD HQ]\PH WL

OUL OR¥le HONKRE§QJ QKLEW yY NKSREYIAW N&iF
acetyl est erGHXeGURIHIQDYBiI ®OD&EFFDVH Y] OLJQ
Om¢cW Fy NKR8QJ QKRBWSEBYURKERZBUVIW @Y C, 30- 6
Th®JKLEP NK&R VIiW QKLEW yY WHL 55X ym¢F WLAQ K

*Li VBWIWOL mX FéDymidFH ] \WESW SR OB, 0
sfi GéQJsyoecPi um acetate 10D yVEMVYBPEHSD hGt e
100 mM (pH7Kt QIKLEP)NKER Viwhs QKb ER W I AW OK
mkeDhwienzyme.

'iF ySQK ya EIQ QKLOW Yj ya EIQ S+ FoD HQ]\PH
$FHW\O HVWHUDVH

YEAQ QKhEWtFED yeng F dilFayjd @K NKL GIFK HQJ\PF
4 QKLEW yY WAURIS WKRSGFIWORQuUX éSK~WHY EA
ymcF [iF yIQKL@PHL BDO; pH 83 QKLEW gyl rveGrlg m X
NKR&8®@QJIba
&HOORELRVH GHK\GURJHQDVH

Y EAQ QKLEW FéD FHOORBICRVHFGHRW NRLHGD
HQJ\PH ymc¢F & 8 QKLEW -y YZ & WRQ JSMN KRI@ KRS Q J
0- JL& Y HEAQcS [iFtYLQKD yl4CPOS+ pH 7,608 v~ pH
QKLEW yWWRQLI MK BEAQJ

IDFFDVH
Y EAQ QKLEW yredF QilFF FImNKFHI KHIQJ\PH ymc¢F & & Q
yY WURQJ NKRSQXL S+ WOL mX & WURQJ SK~W

YIQWE¥ID yLCP, D+ pH 6, 08 QKLEWWH YWURQU MKREQJ
1-JLa
/LIJQLQ SHUR[LGDVH

Y EAQ QKLEW FéD Oy OEQgiB HURKLERNHGTFK HC
YymcF & 8 QKLEW VY- WRRW¥INBERSQPOL mX é WURQJ
EAQ S+ ymaofWIiFLVED YyU4GCRO S+ pH 6 ,40QKLEW HY 8v.OL
WURQJ NKRIE®J



47

iF ySQK K9QJ VY yaQJ KUF [~F WiF

YQJ KNF [~F WiF FéD HQ]J\PH WLQK V¥FK ymc¢F [i
Mi chael i sp Mg Kiu®@d tVOMIWFRL GS8L QxQJ yY Fk FKC
KcSpv "Npym¢cF WtQK WRIQ G&D WUrQ yma@k FEX-oQx /
(Q]J\PH ymc¢F & WURQJ yLAS+NWEQ @KLEW [[i¥ yIQK &
VyQJ SKe K¢S FKR PB4 JFk FKOW
2.2.8. XMWc ht-8ac ccdwiudyihi gni n

&KX\CQ KyD Y+W OLEX OLJQLQ ymc¢FeWkdFMKLEQ
|l i gni n pyenrcB XW LdQeKs ¥¥ FK/WQ WK OQY QY@RPUNUWRV X0 X
(/i PYUQJ KUQ K¢S SK&Q iQJ JxP P/ By BEKiDOEIiF

g lignin, 3,3 mL ed:hanhokbd¥@®déc) r otd IO
mM sodi unéi @€ ejtnactFeé 8 QKLEW yY f& WURQJ
WOF VY YzQJ SK~W 1K6QJ WKD\ yUL WURQJ TX!

OLJQLQ ymcF [iF yIiQK EpQJIORIF KXihE G HKKpBJ SKI R
fourier transform Iin7TURQ& QIKIlpr&Qc EFirXo®@jd o
TX8 YR )7,5 ym¢F WK&FA QLEW®L EKGNLF - %0¥EKKNRRIXOF
gia TP. HCM.
2.2.9. XWc ht-8c ccinubyitinfung fAenzyme cockt
&k RKUEKP gmaAhi hYni@ INtFE WAWmMRI —P VR
bm g k2@h vbkP (3%, ymte )B enzyme cell o
dehydrogenase ( CRQH5,,R85)t8 & YAt Strgfxcd fhHi
carboxymethyl cellul ase/ Wu §ndircomep x L1, &
U/ mgopt P HO6pBEH; vt acetyl est efidsp; ( AE;
4X) tronlFKdwEsgddum aceit pHe6100% mMM37 A
| i °€nd 200 v . rCg/iQokh dt i .AAGi FEIBIYY x QJ Y] @kidtgO ¢
enzyme, gusg8 tr3ymcyiRKkaIki Sciingqirgzeyimeg me v °
vk ®t8cc8§c eymzym@ hdgih.iO iob cia ehzyme bDbi
t 2 nphg bBWi 72& WURQJc ASKFINYGomcE B X hyy FiF
pha TEK §ned\ Yjngmcc ar b o &ly 8 KyaQ Jenym@airg ji ly
st k@ig EXiQ QJ FDRYHBALHYV $JLOHQW) :.DOGEUR
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2.2.d0krgS i nt n(HPdLaL9

C[iF §hymc th «h YpKjRgOmcEgma@J §kQ
(glucose v xyl o@egh @FKn gancg tl y§ ®®aiiorni c ,
12000 v, nwDXpheeym@u g anfBydcgSam tho HPLC t h
t2ch 1, R Ll nh” pthioh tOhg2icshk@tgr E QhQJ FDR
(HPLC VHULHV $JLOHQW KDBGEURQ@xiit sul f
N. Khi dfangl jmdaxXDv " §Q @h SKKQhE®@® n@au c§&c
ti A4Q OmcWary ¢ r @ Yk ht hieok h 8c &nCh BWw™. a4 t h
JLDQ Q@niXgFé& hv”" sB @%hmthuva A tdhudvt h” nh
phn c8& «oh tr ¢mgumdumyg ud ph OFiFt PrecdQJ ykQ
(glucose vi éhgylcks ekl, ison-ex ¥l URPM-N Re
MonosacchZ?af8®e Pbhb8 mmi 300F) Mmmy«XPhz 60 me |
dete& tnédW WD » OF y&¥  ng 0,6 Cmph@ri nt2ch a
gl ucomég EMBQI +3/& WmkiQu ywWithdhg Y@ SBi m- pac Kk
CLC-NKH150 mmli 6 mm, Shi madzZ@& ,clfCuyanc U. S. .
chanbBw ¥Y°@0¥yg &EEMR s-ng 210 nm.
2. 2PhEhng phs8tpl pihin u m ' p enzyme cockt
cho Whuhn- - abarghmquidg h hoo h n ni§ pn g Q bk
( RSM)

X¥c tBS nydibhgh enzym@ ohtayivi gi " u
| i gnocel | WkP&s eCDtHr th gn hAEB HQJ\PHESWKMKkQJ P¥
(Cel 1ynmcyOtL)mX KD QB i ®uac qug U E@nhy mé@
soRlv Fkt FKK@ @lh WHQK WkKeHRz ylaQe ¥ § Oa;m Wsé /ngh) kch
mW MLOHQ]\PH ymc¢F WKD\ yUé& Wt h WK R BKEILKQJI YK i S
tOL mXmEASNigUKVSRQVH VXUIDFHRBMNMWA RAEBROOXR J \
BHKQNHR figsh@J ytC? n h§ QiKonGgnéic b a tOhcthregalgs: n
yY @ enzyme <cellulase/xylanase (Celll/
FHOORELRVH GHK\GURGBH@DiVele<L 'pmha] ¥ gl ucos
Xyl ose v’ axit gl dogonmmc #[nAKIS, t B3 6 ng h X
VRBL FiF SKmkQJI S&®IHMr Yj [iF yiQKkFOE i ymc
t & HBiphg ephMm Design-Expert 7.0.0 (Stat -
USA) A g @& c &icndahidh Oy kQ ¢misdQJ OjP " o
trongh m&AhAKBF JLDRFyY®Lh ¥PhYL ¥ij tLiCuné&é t ©m c
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c8§cAbé ®h trongiunghy? nbiam §mafmWseDplyUL yY

trong KMhONKiIEgm@gOyih A K§u2nh t ASngmd t h
kith t mag phoOn t 2ycChx § AN GtVAn kKl@h m: h3nh. S
yy FiRi yRAGIL mX ymeé nhi mlo §mOmhYjcyuxc§ ¢ mi nh

bmg @ hnEnhhAt C8c gbhi ¥ u &h i® s pfh Gim¥dg

h™ maicc AQcp¥S em@® i it hQJ SKmkQJ WUHQ K &yD W Kaiu

(1) :

\2 =bo + Z?:l ijj + Zﬁ,j:l bququ + E};l bijfz &

7URQJ yy O @8 JpiHVBWE ¢ § 0 )l ;E &b c¥h;; Ib”
hE®&tAyt2pnhE®&H hailEVMKkQI,WiFl X clc bi
Y pl, XXV 72 OQ Omlic " O MGeebsyi aw Wai b
2.2.12. Phu®n t2ch s

MW t hEP wanbi hfBi bema V6 EX em@ ilth” igi § tr
trung b3atk hBEVEBY éSQuIK-BWRO < 0yithSnlgx § c
Kk CPryheWXGHQW§VY W FORQInNo Pamdnfd ithh ¢ hAn
JMP Pro. v.13. 2.
2.2Sh3lqusg tr3nh nghi°n ¢

To "W ghu§ tr3phymgmd tnorcg RAUmR,2. 2.
c8§cumn RQ ¥mct hpui @mMm Q@uLD &~F 3KmkQJ 1LQK %

Yji OmaQJ 3K QJ LEQ %Lrh ymg FERMWE Ménh ill * m
S¥FK Yjhyldamn ht rd°n BBX,yyd &c8@m yoryd QK JLi
kB Q QJt WIcAS ¢ enzyme ' i gnin peroxi dase,
| accase, acetyl esteraseng wch@nns-peci f

ha& t2nh en@WngenthE agba nnhh U2 NSK mkk®J SIKiS VL
hid phieg ym¢cF OrQ PiHRbhgEh c §c edzy mXuwm Sa
c8cehgR Qj\cymgug iv'c Hhannhme. G68chiemzym
ynmce t i¢rhh tsh ! wWov WiuBRa®) NF dHOg §xhnghi °n
ciu Y Oyeo t 2n hc hcBDX §BCc enzy¥irk gmendh is® n
ciu OL mX WiK@Ky@h Yir c LEHQNPH WKmkQJ P¥
cellul ase/ xyl antaseph@Cg§WHP WKj@d.gmédd t h
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Phén lip nAm
(56 chung)

\4

Tuyén chon & dinh tén
cac chung nam tiém nang
(04 chung)

A 4

Tinh che va xac dinh dac tinh
cua cac enzyme

(05 enzyme ti nhién)

l

Xiuc tac chuyén héa sinh khoi
lignocellulose (LLC)

Chuyén hoéa lignin béi lignin T6i wu hon hop
peroxidase (LsLiP) tur “Enzyme cocktail”
L. squarrosulus Cell/Xyl:AE:CDH

H3 nh 6Xyx2q.u8 tr3imhc&ghiu°nrg & r8:nn g
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CHhuNG | TI GUNEGHI a N C

3.1. Ph@riWlit g c§aghbi c-Fnkmg signph t°
enzy@e xtliT lignockltauhbseao- h o
3.1.1.co Bthon |

Ti c8§a @uChen t hwad vhng si ndF 9mM&Pu khu v
JLD &~F 3KmkQJ 1LQK %uQKn Y jB0nydQiim3 B KXKD O£
v | "emyncch & @& gcen 7URQJ yy Fy FKEQY QXX ymg
&~F 3KmMkEQJ kyNﬁn(;Hni" CPéygyOR2WKetHOMLaQJ 3K QJ
ynee kB bt KWRYY,O8smg OR WKXaRmE& 3KmkQJ FDR Kk
d0maQJ 3K QJ 0g . AR®gep h ®n vI© FhoMK{Q& TXD y»
ylIoC h 3 n ha intly§dcdyoce € HRid péhe 1 .

X ®tA mF yW¥D rGg¢, &6 @nhp h£% fcrhgg B t¥h uh a |
nNg " n@m y&@ Basi di ompcbiia AScoamy©B thHsg. Ng "~
chih pohl t r© ndhg ®&n p h£h {ehg( 506 § 6Mbh 89 %) .
C&§caghan n"y Qh@only OXObAgari casegs, (23
Aur i cul ar iéagl)e,s HOoOlly paghigadl,e sHy(nledhoch aet a
cling) Vv~ Rus ghugl JallReQsJ N KOLL iy ¥nhQi Yai Ascomycc
baomgO6éd gln (Mmhill %), OpthrGnn gb bladen bg
Xyl ari al@éegs) ,( OH3e | cohthigg |, e Sorf@hrecd@ogy cet es
Hypocreomycétgi)dae (01 <ch

SOyD rGgékacnP FzQ y@déi qua Tméu kibuty c¢c 8c
cihg OR WKX.yéreh 1 @h kthtuhdy S @& gool® WKX ymg
yncc ph©n v~ ™o 6, nbmaomgn”  unGu, xanh t han,
YJHQ 7URQEnyy v 3Img umh@mrcg Ahi®h (426156 ch
chih 759%) ,theo éh{ m8Sec me&ug ., (MIBiIEI®WHh, xan
than (@dg58ci@h 1%), vémg AC2i566%)ch x&m (-
cling, McBi, 6o YyH® 6é& g hAnc Hi, 8 %) .

1Kmy ,1 ¢ 8« GUChOP WKX ymc¢Fpymv SeK k @hhd +
ynmee 5 @h gecen AK §[uF yh h3nh ®h §ilg écithant h
WKX ymc¢cF On NKiy§yDIGY FK~QJ WDnRy FRiREHIKwQ WU
dvg@nitingd nha v Nam.
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3.1.2.c Sc§ogglenh si nh enzyme

Kh§Q QJ Vh@KpWudh- m enzmmei drmion gper oxi
cell obi ose dehydrogenase, | accase,
peroxygenn@egotmd BHmM ymcF yd@K ki Q& h
chw@ly hFkaEK Ipeéchlin enz me AWDP{lh ¥ Usredu Kk h i
nu'® yrcg ¥ Bbc §c  tean pn v “p hOIL NI kih ¥h ot 2 nh
enzyme. © )

— (7] o
Blng B8igfl.t 2 nh & n@gly ieh@n n g hiuym c
+ 0 = n ._m
Ho¥ t 2nh |enzy Met tg2nh_e&nzyme
ot phon _o oxy h-av
~ o | 1 — o O — o
KI_Ehl — T o — ;x_gl ®>—E'
STT mu > 3\ — O o; O a X
(<) o~ oL o _|C|)v C(Dv
o 0o o D
< © o
1 CP 2.2 127 21 0 0
2 CP 0 0 0 0 0
3 CP 0 67 0 0 0
4 CP 34¢ 0 14 0 0
5 CP 1.2 87, 15 6, 5,
6 CPJ 3,209, 4 310, 8 34,6 1,
7 CPB 1.874, 4 0 42,4 4, 3
8 CP 0 0 0 0 0
9 CP11 0 237, 9 0 0
10 CP|12 0 0 0 0 C
11 CP|1 3 1.343,|9 1./958, 9 15| 6
1 CP: 1.0 2.6 14 0 0
1 CP: 1.9 725 16 0 0
1 CP: 0 0 0 0 0
1 CP: 0 0 0 0 0
1 CP: 175 20¢ 15 3, 7,
1 CP: 2.6 0 15 12 15
18| CP22 526,71 6/. 958, 5 11 41,2 38,8
1 CP: 0 0 0 0 0
20 CP|2 4 0 0 0 0 C
21 CP|25 0 0 4, 6 0
22 CP|2 6 2.171,|5 156, 6 12, 4 1
23 CPl27 2.135,|7 0 0 0
2 CP: 0 34 0 0 0
2 CP: 28 4.5 50 31 32
2 CP: 0 0 0 0 0




(¢)]
(79}
© o
o v © ) 02
Ho¥ t 2nh ergzth‘leélé t:’;Znh:e\:nzyme
oty phon _o oxy% h-ao
e - — o O ~ — o -
KT @i _~ © 7 ol | TxE| o>%
STT mu ~> ° - o o O o X
n@n - ) — >D -3 "’SD
() o~ o< o _|G.)v CCDV
o oo o D
< © o
2 CP: 1.9 0 0 0 0
2 CP: 1.7 0 17 5, 11
2 CP: 2.8 0 19 7, 1,
3 CP: 0 0 0 0 0
3 CP: 0 0 0 0 0
3 CP: 1.0 1.8 10 , 0 0
3 CP: 9 9 ¢ 0 8, 2, 0
3 CP: 3.1 0 0 0 0
3 CP: 0 0 0 0 0
36 CPl40 0 0 0 0 C
37 MP N9 1.574, 9 1.646, 6 19, 8
3 MP N : 2.0 0 0 0 0
39 MPN11 1.817,[5 620, 7 19, 9
4 [ MPN1] 3.65(0,B.7 21 39,3/ 36
4 | MFN1 3.5 6.5 1, 19 29 22
4 [ MPN18 3.5 7.658, 515 31 28
4 | MPN; 0 41¢ 18 0 0
4 MP L 97 1.0 23 2, 0
4 MP L 1.2 40 18 1, 25
4 MP L 2.0 0 0 0 0
47 MPL1%. 541, 2 1.996,5 15, 6 8
48 MPL17 1.182,/4 916, 4 30, 6
49 MPL 21 0 227, 4 14, 3 0
50 MPL 25 1.417,[2 183, 8 20, 4
51 MPL 29 1.280,[4 221,7 15,0
5 MP G 2.9 5.1 12 15 29
5 | MPG:| 3.5 1.5 20 6, 11
5 [ MPG1#4 2.0 17¢ 77, 4 0 0
5 MP G ( 1.3 5.9 19 34, 3,
5 | MPGI 997 5.06 10 32, 35

6jQILUFOPRJ VLQK DFHW\OKHV®HBVH .$1® cho tf
c- 38//M668%hg €éh @i Bi o t 2 nm gsphnehn zty me
AE7URQJ yy Fy EK&@t jiimeg (Fu JLD &~F AKBMKQJ Y|
clQJ §mg¢ ha itirhg 5 ®KLrQnOns&K QHYW JAVE& cc §c
clihg @ny¥ it 8 /WA3. 650,08 BY/YLDscéhg @n



54

b HBi Mo t ®OKnMMPN12 (3.650,8 U/ L), MPGI
MPL15 (3.541,2 U/L), MPN15 (3.%37,2 U/
clihg ©OR Qju ydcc p ontinlgd nhDmMaQJl 3R Qang c§c

cling@n n” yihbg cMIPN1 2 ct-2 nhho ®E (8ad®50h 8 U/ L
vy , décghenn MPNylnec@ Mh chdgnhghui % miuc A,

6jQIFOPRJ VLQK OLJQLQ KHURGjIsGNWHE K 1t® n h
Li P choc-th2dé 56460 tcURDD yy Fp g @hKe
t huzQ hgndicirQJ &~F 3KmkQJ Y| EKae QQJ VO Y mc
3K QJ M§YenzEBDBNgY t HNA 39,3 @WgmB. LB. C-
cling @n c - ¥Wh gevYn z 3@®e KKXQ0 U/ mbm MPaNol 2g ( 39, 3

U/ mL), CP22 (38,8 U/mL), MPGO4 (34,73
CP29 (31,9 U/mL) v~°~ MPN18 @BH, oU/ mL)
t2nh Li®gcMPNI2¥MMot2nh |7 FicP@3®h3 U/ m

chodmhnghiAnt beo.

6jQIJFOPRJ VLQK FHOORELRVH GKHA\GURIH@DVH
IHK ¥ot2nh cell obi os® &g B hGgdarc oegneznyansee nc hy
trondg @yiph®ndvOsru Q@iBi ¥ot2nh CDHhd, 35/
WmkQJ ynxQ3% go I .B1J) yy TFyonngF&ré nce t htud n h
rQl &~F 3KmKkQh ¢gyjnce RKndguad imQh) OmaQJ.3K#HQJ 2 nh
GDR§Yt WA 74/ 4ORBYL Fkt FR© 6-di chl oropheno
C- bSGag®@n c-¥WaegY 30 UML MPWGasd o 77, 4 U/ L)
(50,8 U/L), CP8 (42,4 U/L), Chévg (34, 6
MPG14 W®igmph etnzy me GCDM ¥ do¥Wjniadél & h
cho c8c iX¥yRX KK¥@cYtA2 nh FEQIy@megmndy trong
ch®@ly h-a ilnihgkdcel |l ul ose.

6jQIFOPRJ VLQK ODFKAVE a/Dfg ¥lot 2 nh | acc:
WUrQ Fk KE®H @thc - 3d g &6 ccQkQ@J VhQkphw U
| acc dsnmehn@J b 7%g ( BIURQJ Vy Fy EKEQRAF M
ring CKumlgP v QX grmmd htud imQh) OmgBK QJ#Mot 2 nh
ti 8 /WA7.658,5 QyyL.c- - BrgoengpishB i ¥ o
t2nh cam, MBBEHD®D8 g(7.658,5 U/L), CP22 (
(5.950,3 U/L), MPN15( 5§.67 3%%,13 3U/U/)L)y " |



55

(5.806, 2é0d)/ MPN1&@QlIAPi@¢ho n gith i int hce o
khiQ bbhi Mot2nlOoWwaw. 658, 5 U/ L.

6jQJFOPRJ VLQK XQVSHFLILF SKHAR§ ath@DMH 832
sOOmg écdgh@n si nh APO3®Wh ( Zh4g/ %ot FWRPI yy
C - léhg ©OR yonct haud M) &~F 3KmMmKkQJ Yj ¢ RKEQJ ym
nhh 8 1MQJ 0maQJ.3KH@Yenz g Y L yd 41,2 U/ mL
thtng 8Qu@J RpL KyD Fle FE®r yl @ab@olto¥ hoC- !
yYUPO > 30 WimCP22a@4lg, 2 U/ mL), MPNL1:
MPGO5 (35,4 U/mL), CP29 (32,7 U/ mL)
nthg écdh Qbii Y enzyme UPOqgaGP2h3( 4&£h,
U/ miypec@l Bh| & gdPiQ QJ FKR WQJKiémgh RUP O.

Tlhg phA& 8 Kg¥lot2nh éngéogehnacnghi °n
ciu, ©O@mge&n sithdiph enzy men XE cad® nh 8 %) ,
VDX yy ©«Q @gn¢hi nh CDH (62,5%), lWac (57
c¥%ng |~ enzyme &R@n(nd3y%)Pyha@nsg doad g r
&~F 3KmkQJ Yj 0maQJ 3K QJ 7bB@h y¥WmRB 7, 5 BKE
c- S8IQhQJ VhQKoWEEh ¥1 e nz¢m@hl ~ Cé§c CPHB, CP7,
CP13, cpP19, CP21, CP22, CP26, CP29, M
MPN18, MPL13, MPN165, MPN25, MPN29, MP
MPG12i. c§& $u"y @howmtehWKXcymingd mnhi °n
VIE NaéniCkeF 3KmkQJ Yj OomaQJxBKuinguiu b °Ani | i
Q QJ WURQK hYaLiE t h8c c8x QrmKYXhfea c®i rkhh ki
| ignocel |l ul ose.

Khi SOASEUHQK KB t 2 ni® hhY riténg @h
MPN12 8Q QKWhVhQKpWdU @ Echai enzyme AE v~
C¥QK ghing MPG14#gv MPANM 8 ¢l dEQIREWYLEK WU
hp «Q Om¢g8&8c enzyme® CORURQJ Nkk yme HQPO
yme s inghph® @& céhg CP22y , Db énly MPN1 2,
MPG14, MPN18&ngd@ BRZho c§iX olddEmi hwt ¢
c® thiu emzyme ¥chh quFthyd yIBCFiF HQJ\PH WmkQJ
ing Mgédéc enzyme n Qy ht-rao Bgi Indhrgukyc e | | ul
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3. 1In.n3h. danhng8pH®©hc ™Y hto2nh enzyme cao
3.1.3.113 TONAghmhifehkbhMdigewmyl TS

B@& @é&fy@nc-¥ hto2nh cao |~ MPN12, MPGL1¢
ynegyd h d @l SIKmMkQJ SKiSpWic@K KM °n pho©n t 2 c
td vieng A TSPMM Kr a WDgNAsnct t § AhH t@4di g @n
(H3nh 3. 1® ADNEcdmnNtEK WEIhE K KkQk b ,yY¢& i nh
s¢h cao viyt kdpdwyng b

Mu DNAX yyg Vimdhg | ¥h rRhu?! & incgh oP R
k hAFK y%W %ndgd HcTHH vV TS1/1 TS4 § HMRCR. ¢ - B)
1 BJ Vigw §NtFK OWKk8Bp 700 bop.

A . B -
kb kb

0,25— 0,25 —

H3 nh. BEQ Glpf®on t Wah sDaNUA tA§ c(h®) cnhi s
PCR ARK y¥ “nga IcT8&g@rmtr°n gel agarose
1- 7Tmk@gRvéapyp MPN12, MPG14, MPN18 v~
3.1. Ji.2trGhiHAStvngx @Yyd ph®d Isaé nih ch
Tr3Gh Té8 dé g @n &WhNIF ¢mgph©n t2cB v™ so
c8c tor® nd- ttr ° n 6 rog CGe nhBmmgk cddnBgl AcCST v~
XxXOyhgl cOy p&@gt |£i'mh ch
TUUQKQWFOHRWLGHBD YeRJ-Q7 6 3R
Tr3phH Té8 é@ly @n MPN12 @c i yWRQh §x cao,
Y¥ 99, 7®%,|/66Q@W LVQ XV VTX M@ GRNXOAXNS 1) . COy
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sinEQdMRGL ¥ri¥yg G@d t r °nd It T@ nélgt MPN12 v ©
mY Osl 0" ¢hiu L& MdQUInSKkQs SKiS OD[LPXP /LNF
( ML) ( H® Ah §3.h29n. tK®c ki lygc hMP N1 /HQ W U QoX'Vi
VIXDUURVXIDXtVh "Ynhnim m & B9 nggi §bobt strap t
98 %, -QhWhjH ®m quEa@Q WE& Jeb ung. Ngo Uil ra, p
WmkQl yx 9o ttrd hT& tély MPNI12F Wmkgi t

YA 10@®% 1v6 4 dtirP& he 8cg chh u HQAWLQXV
VIXDUURN XD/t @ gr Bbn ng©n hAnguGe§mgBank.
mi nhmgréad @n MPN12 c¢- st h@nly hoHQWLQXV
VTIXDUURNIXGAY & ph O &dWwUrQ SKmkQJ SKiShW®WinQK K
th cC At B yrg um@ phen MPN1¥ d WHIQGWLQXV
VIXDUURWXOXX il Atg Y hBRO\SRUDFHDH i'R yy W
J«\ y& m phPn/HQWLQXV VTMBNUWRVXOXV

100 Lentinus crinitus MH915574

94 “Lenlinus berteroi MK890046

92|~ Lentinus swartzii KT956124

87
98

Lentinus badius KP283481
{Lentinus brumalis MK351730
- Lentinus sp. S3013 JQ868745
94| MPN12

Lentinus squarrosulus GU001951

>

L Lentinus polychrous KP283486

Lentinus sajor-caju KP283493

Psathyrella pygmaea MG734744

Sy u—
0.50

H3nhC®y2phs8Sthgsil@ahtcldl ® 1tTE rihg @n
MPN1Z® vc8c | o/ HQWbLQGVg d®H SKmkQJ SKiS
Maxi mum Li kelihood ( ML) .

TUUQKQWFOHRWLGHBD YeRJ-Q7 6 3R

Tr3oH T® @lyen MPN18 ®c o yWimk@X y>h o~ n
to"n (BO@UBIOWXURWXV SKO@REGBYENW 9) . COy
sinkQdMWR¢L ¥yMbdyg Gd t r °nmd It T& ndwlgt MPN18 v~
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mY Osl o"¥ thiu Plu®O rSKimk®J bSKiS OD[LPXP /LNF
(ML) (H3Ah P.h@Nn. tWc iyc MP Nt18 3O H X U PW XV
SXOPRQDUYInXWV ¥ h "nrhh mmf iBY nggi BRRRWVWUIDS FDR
99 %, -QdhjH Om quta@Q WE& Je b Yimhg.n "mMg© g
clihg@n MPN18 ¢ - »nc@ulvg !l 300HKXURWXV SXBPRQDUI
C¥QK hyorS 1 EWmk@X yx B3 TS © hélgt MPN18 ¢ -
miF WmkQJ yxQgi GDR A 10 B % 4v0 9 6 tl rT&n hc §tc
clihg Yhu B8OHXURWXV SMePRQ@IWLXY n ng©n h'
GenBankc8kT ph©h 6 oVUrQ SKmkQl SEKOWL QK
c- Cthh # yog um@ ph$Hn kiE MPN18 3BOHXUBRWIXV
SXOPRQDWIWLXW i fig YhWBOHXURWDFHDHa 7rQ y«\
mu phfOnBAHXURWXYV SMPRR®DULXV

Pleurotus fuscus var. ferulae MG282459
" Pleurotus eryngii var. ferulae KY 962437
83| |Pleurotus eryngii DQ333235
5 ‘,L‘\L‘\Pleurotus nebrodensis AB286150
99L Pleurotus nebrodensis AB286149
Pleurotus nebrodensis AY 540331
Pleurotus albidus KF280332

87

Pleurotus ostreatus MH395968
+ Pleurotus sapidus JX429940

64 {Pfeurotus sapidus AY 540327
I8 Pleurotus floridanus MG282484
MPN18
88 )
Pleurotus pulmonarius MH395979
’, 99
Pleurotus placentodes KY 967596
Pleurotus abieticola AY450348

Pleurotus cf. pulmonarius MN179416
Psathyrella pygmaea MG734744

0.05
H3nh C®y3 ph8thgsil@ahitclll ® ItTE rhg @n
MPN1®& vcs8cilto oi@PHXMR@BIKYAO®I SKmKkQJ SKiS
Maxi mum Li kelihood ( ML) .
TUUQKQWFOHRWLGBDYRRJ-Q7 6 3F
Tr3oh T8 @lg ©ORF 03* WmRQ@J ¢gao Bl GEOHo vV
&RSULQHOOXV DXWHRAYPDDXODWERYg plh@tit sd mh
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tr3dmhTE @iy @n MPG14Y O8l omit ¢&RBUL OO XV
ymeg x ©QJ WKHR BHK&®pQML ( Hegn@n MP&@)4 h | o
nen & DXUHRJUPQX@DMWMVIM mBr igiMpow strap 10
KA o"y chaQph Gph@hMPG14 c¢- mnc@ulivg ngu
| 0'& DXUHRJUD @Y@®IWBWenckigiJgyxt 63InThS t®@ ho t h
clihg MPGL14F Wmk@J yx@JiGOR, AW 10 ®B% 3v6
tr3dhT& c8cg chhu® DXUHRIUIDEXOD®W XY bn
nge©n h " ng liGreyYBFal kg phOh pd SKmkQJ SKiS VL
hid phico-GCR h#d um @ ph®n ke HMMPG14 @& | o i
mé& 3 g&RSULQHOOXV DXMPHRUIMDKDRO® BWKYr el | ac e

Coprinellus micaceus GU227721
100 |Coprinellus saccharinus MG696612
Coprinellus micaceus JN943115

91 Coprinellus sp. MN105172

60 [Coprinus rufopruinatus FN396104
98 “Coprinellus cf. micaceus KC176281

MPG14
1 ;

00'Coprinellus aureogranulatus GQ249274
Coprinellus flocculosus JN159575

81 {Coprinellus radians MK351750
92 Coprinellus xanthothrix MK513838

Psathyrella pygmaea MG734744

0.020
H3nh C®y4phs8Sétgsil@ahiitcldl ® ItTE réhg @n
MPG14£ vc8c | 0o&RSULQ@hagogodiJ SKmkQJ SKiS
Maxi mum Li kelihood ( ML) .

i F K W Yy uU@XKF YH 8DV H-&F &3

Tr3whl t& é@é&lg OR &3 Wmk®J cyaxo RB1 0D &6 iv
&DQGROOHRP\FNRIHXUAZIRXVCOyé gp hi§8@" isichh ¢
tr3dHT& @lg@n CP22YVOsl smi ¥ ¢8RS ULGHO O XV
ynee x @PJ AW KHR SKHmKML SKH3 ranhg @n. GH22 Ch” | o
nén & HXU\WSRXW Ynhnhm mBriginBgoovt st r d@p 100 %
gqB n”"y cheaQmti @Gph@nhCP22 c¢- nc@ulivglémgiu
HXU\WSRKY Y+ §phOi p)d SKmkQJ SKiSp WiegK KN
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c- Cthh dum @@ ph®n kil hdP22 @ & dig n
&DQGROOHRP\FEHR2RXIWBRAXYVY hyrel |l acea.

CP22

Candolleomyces eurysporus NR172427
C. subminutisporus NR173318

C. aberdarensis OQ567487
Candolleomyces asiaticus OK392605

C. subsingeri MW301098

98 C. luteopallidus MO506017

— C. subcacao MW301064

l;c. candolleanus OM212963

C. efflarescens KC992941

002 Coprinellus micaceus JN943115 (outgroup)

—

H3nh C®y5phs8étgsil@ahiitctil ® |tTE® rdhg @n
CP22B vc8c | o&DQGROOKKFENEH®I SKmkQJ SKIS
Maxi mum Li kelihood ( ML) .
3.1.4.  NgtiiQn naotyi ltcWdh nehn zy Be t
3.1484hhlmE nthil, n |KHL L d] s inrghackir €
NEW yYA Gtqu aig8§QK KmaQiaviDHKnywUma phst
t Qi & CP cy»Hi EWi ¢YSQK KmBEQspWEt sinth v~ pl
cé bA@Pt Oj JhDlIs i8R%q udd g &t rc h YarEgN W B c ao,
TXi WUUQKNY le@knWdJ-@dtdcsh ¥ shomnhchithhgndho  n
WRjQ cl¥mmé nEM YU ® , O FEQHSYAKy NK QcWURQJ
phgt@.CHiF yh BhnYt h2ge he lfop hs8@ s ir®h @Kih
Yyme nu§ it rc®ndgivd kyh §c 7 n2h® utU.& AK A H3 nh
3.6 ®@hmprg® hc Scg @nhc -SQKOMLQKnW UMA o¥ngd tk h o
23Rt G&Yy nhiEWNOY mXi PKIRQOKDW UME @ hsgt  t r |
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c8§céQ@lho031 031 Yj 03* Winhi@Q@a78 67 URQJ NKL yy
clihg CH2 2p hi@ tat2tb&

- MPN12
2.5 -2 MPN18
Q 2.0~ -+ MPG14
= -+ CP22
b 1.5
<
= 1.0-
=
N 0.5-
0.0

T T T T T T 1 T
23 25 27 29 31 33 35 37

Nhiét d6 (°C)

H3nh !|QKaanga BW &Y EQ@ QJ VL Q&aW 4drsdEg @rh

KA 8§ k8 s&SQKsKgndic pMH & QJ VLK WUm®Pp h §t
t @i & c 8&cg @ dkhNIF ¢ m@ HEid H3 n h §34. dcghene
YA c 8QkQU VLOK WUSoaHpH d4, 0- 8, OO mthudy snhi °
VLQKnW®Bma 8&tg @h MPN18, MPG14 v~ CP22 |~
Jy c8lQJ 031 VLQKOW@EHPH & pH. 4,0 véag7, 0,
nen W ¢ -8QkQJ VLQK WUMAQVLQKM®W) H-REREQtW]} UE
soB& pLtmX

MPN12
MPN18
MPG14
CP22

R

Sinh khéi (g/L)
N

0 T T T T T
4.0 4.5 5.0 5.5 6.0 6.5 7.0

pH

H3nh !QK KmaQh SEQYDJ VLO K& Lnac g @rh
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3. 1.44.h2 . Mac ngw nint Kt Ag s inmh ‘wi'g eh
e n zy nae hinc

C[iIF§h RQUOLWKkpWKctBlipksg@ sir@®®h vkh si nh
thg eh enzéme 8&eg ©M P{LnWUm®\ ymcymbs ung
c8c xQgQLWK NKiF3QK@MH.12Ng N ept oné&, Vv -
men) .

KA uh2Bhn@Hinh . 8)t reolA@L nel@ ntcan n g u
QLWk K6X Fk SHSWRM2H ) DB RV Q@K @é\UamSitg c h
NOP FDR KKQ s@®HLAIF P{rLgWia i éxgQu Q LW k KW(@F k
(N#SQ N@gNQH3nh 3.8).

6300 1 14000 &
- _
= MPN18
= 12000 4 L
= 500 4 5 s T 5
; P = 10000 e,
=400 4 =3 3 =
2 3 £ 5000 =
5 -1 =3
25l % - ] =
2 300 = = 6000 =2
2 =t g 2 B
g 1001 2 E g 0 %
2 100 1 ~ 2000 1
0 - 0 : ’
KNO3 (NH4)2504 NaNO3 Peptone Cao nim men KNO3  (NH4)2504 NaNO3  Peptone Cao nam men
A . Hogt @5 AE (UL) = Sinh khéi (g1) B mmmm Hoat d§ Laccase (UL) = Sinh khdi (gL)
120 1 80 7
o MPG14 P o MPN12 | &
3 -5 — 60 T T -
= T 23 = - - 3
£ R a3 | E . T : &
= 42 || 550 > =
2 s 5 o T -4 =~
3 = = 4 i3
E- g = 0 |, =
= -= —_
T 10 = = 30 1 8
= RO E P2
20 -1 )
10 4 M1
0 - u
KNO3 (NH4)2S04 NaNO3  Peptone Cao ndm men 0- . -0
KNO3 (NH4)2504 NaNO3 Peptone Caonim men
c e Hogt 89 CDH (JL)  =—35inh khéi (2L} D

- Fogt 45 LiP (Usml) = Sinh khéi (21)

80 2

70 4 CP22
= 60 6
3 50 4 i
=g a%8
_1 —
= 30 =
5 E
= 20

10 1

0

= . 0
KNO3 (NH4)2504 NaNO3 Peptone Caonammen

E m— Hoat 4 UPO(UmL) = Sinh khoi (gL)

H3nh !|Q@K8mngadac mig ukR itA BG QJ VLOK WHYW Iy ¥
h

J
enzyme §th ga@m dih ¥l .
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CéhQJ 031 WURQnIgP {t - QU@ &aWoke Wi o¢We yY ho
enzyme AGWcyabo. 2n2hl , 6 U/ Le (dH@ ghhn 3 y8 c A) k h
Q QJ VLOEOM W@riha WUR QD gP {k ‘WaBreBdH Qn QKmQJ KR¥W
enzy me¥LANK {lQJicy ¥c a®WWRQJ P{L WUmMA®U iFjd 1JImcg
VB enzy m&EWLEYR® a@DoHQ]\PH Qj\ Y¥W ymgaFgWURQJ
c- ceaomefi, g §8f5 U/ mL (HAmMhy3®c@mgDt h
mt i migr v xQn@LWk NKiF QKigX EWEDEQKMEA VL
enzyfme é@ndy MPN12 ¥° viveyH@hRH Yymo@n t Om.

Chihg MPNXB:HHMOPH ODFFDVH @KLt joig¥ c&§c |
P{L WWgm& h&8c nhau £L Wigmgcchc B xu@Lwk QKm
peptone@v memaec h® siaomk®Hg 5, 02 v~ 4, 98
YR g at haw HMO]\PH ODFFDVHmMFEQ yY 12000, 5 v~
U/ LEDR Kk®@ v W KQ]J\PH WKXPY{mcWgma -4).S@NH
(8999,4 U4 L)YXOWO9KMO U/ L) w(,H3cmmhoma&n8 | B) .
ngxQ QLAAhke W KBy @ h @n MPN1 8.

Chng MPGH4g: nchy @pdiVg tW UrQn B {Lc W QmgLw k
| © c@omenn (6, 12 g¥W)HKY]WPHYS&tm hd¥den trirhd n
P{L Wigm@eptone 10m0¥, 8R Q0 LV)L Q@ K &\ Uamigh
MPG14QtP{LnWUMMB( 5, 23 @ /nL°Wthe¥h zy me CDH
FEQJWK®O0, 3 U/ L) (yH3 nphe p3t.o8QeQ)l W k protl uF K K
yO Rv @bh@n MPG1 4.

Chg CP229 nchy @p®t §t r & mAlntéc x QnQ@QLW kK Oj
peptone (6,55 ¥WLHQ]J\PHuU832nihE®& ninth°on m? |
Wumga ca@moman (70 A®@{LUMWmM)}E. - xQn@Wk Y{ Fk QKr
KN@ (v NaNO¥WoeYnzy me OBPKEKQtWmmkQJ i
y¥ 58, 9; 54, 3; v’ 60,y7, UWBanme@H*»Nn h n.ul
QLWk WKiFRVK&S 0@ CP2 2 .

T- m¥ BQK Kgnéic nxqQu QLW KEBPRAQJ VLAY WUmas i nh
enzyfMme cdtg@hl|l © kh§c ®n Him ub,§ cch-oxntichii n b
GmaQ) {tr»h % xQ " QLWkuWOL mKuRE@d SkKoz € mé i mu
yntcg gquan t ©m.



6 4

3.2. NahitiYntwc s x8c cL trelm hlc®c enlany me t

3.2.1. WNghitiim =©8c enzy me
3.2.1. %.h Taicreht ysl / e\sTtXeDrUdJ P XO NAZE ) (

Qusg tr3hh éennymes BBt enayé@edt @ cC
thg VTIXDUWRYXO¥iMMo i h inhJ BKmkQd Skiig V3
protQeKDRQRK )3/& TUMRRB, HQI\PHcCWH{ ymdjuar ao
YU ion DEAE elgleu!| S hWKXKy®E1 mg pr ot €
enzyme thtg YA WtQK HQIIBHWDW yy FiF 8KkQ yRY¥
he& t2nhyma nywimevil &t it ¥mhh t¥WmnLEUDSE 4 ;/
si dQJMyETri s- HCl 20 Mg (mpgH g7r,asdp iewd’t rmu
yA 1,5 M NaCl (H3mhgiBKL WnQ3aweyNtarCi nh r
XW® Eipgih prot ey yh ittthanto g -¥h ot P¥ h2, 55
U/ mL. n8au idmhh Gl Om¢QJ SURWHLQ HQJ\BH WK
mg BvlWitg ¥rot 2 nh B912UdheDHEOQONRBH &V QJ OrQ 8
Y¥ Bi®u 7Yj Yyt i¥vAK gmoOng wacshltah 1t Kt ban
ye BB 3. 2) .

40 -

Hoat tinh LsAE (U.mL™)

Po hap thu (280nm)

NaCl 1.5M

- 0.5

- 0.0

Thé tich rira gidi (mL)

H®nh T3 n®hsenMEned VIXDUURNXNOXW qua c
Hi TTMa@ XWURQJ yy @ d&ax QP Yj "t KIR¥rEh
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Bifng 3Ji B hsen/MEnietih | °h 6MXDUURPNQXRV

Prot et R¥W WH4W WHIQEKX Y WLQK
&iF EmMBF WLQW VEBKWUQJI ri °ngVXOW V¥FK
(mg) (U) (U/ mg( %) 0«Q

'TFK FKL 2.7009 5.214 1,9 100 .
DEAE Cel l ul ose 210 2.540 12,1
Sephadex G100 57 789 13, 8
Hi TtH'a@ XL 17 391 23,0 7,5

e 1 2

175 o=

80 e

58 -

46 W ISAE

30 @

25 '3

H3nh 3LEDOGIpy®tei nthtVak. tinh s

7URQU ¥y protein RBEkQ@HREI sbtuDEAE
Cel l ul BkeQnyRI6Y i stuSephade XABL1I0MMh (L)
WKXcynsc u He™™rQa pXL . )

Y WLQK V¥FK FéD SURWHLQ WKX ymc¢cF ymc¢F NI
JLEQ GLPAGHEW TX§ FKR WKOXWHNB XS NRWHLKX Y P
NKOL Om¢cQJ wKBR WANWD QKm WKCOKLEFE® & Kmn@K
WmkQJ yOL FéD HQJ\PH ym¢F WtQK G&D WUrQ F{QJ
FKX-Q VR YRL TXmQJ ymaQJ GL FKX\CQ FBE SURWH
WURQJ QJKLrQ FYRHWMNP®IJIFi«@IJ OR¥L WK8cymeFh\W e R
FiX WUmMREV@E\ QKm HQ]\PH $(;WODOR[L SPFREAWPRUSKD
NKOL Om¢QJ SKKQ WA[[OBKR»F WIDOFRHQLEOBGOLXP
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SXUSXURRAHQXPL Om¢QJ SKEQ 8KKRQ yM¥VQ HQJ\PH WL
V¥FK Qj\ ym¢F ESR&TX8QPAEGEQI FKR FiF QJKLrQ FiX
y»F WtQK FEQJ QKm FKX\CQ KyD ILQuUYLABWER Y+W OLE
3.2.1. 2 h Tdellhl osbhi ose. & ebXUdHRJUDRIAXEDD WX V
14&0CDH)

Dth Ahc¥ hénh cell obijyorget MrBhmypd r oger
st kT owd C¥ VUDR yO &t w8 ¢ er®Ryw Bch & hi
WK{griac i q¥& WUDRoywWU DEAE m$e mhr aarddd :=@&-t b mu
1,5 M WKXChmoF¥ilot 2 nh ens WimeSKkRi yR¥ER Wmk(
ingRBv 28 U/ mL ( H3m®hts 3kl 1del Swp e dex G
t h goWKXecynbed 9, 2 nflg Uigr WO AMtOK MiQIABH ¥ U. C&
SKKkQnyR#¢o t 2 n h& D&DH ymcll &t t i¥rhh qd &s & 1
+L7UDSE 4 hmcUtQJ Om¢cQJ SURWHLQ HEMRENDX Em
FeQldy¥ 11, B Wimg¥hov2nh enzymke t2nHa4r i3° rJg
HQJ\PH WnQX &, 8 6iF W/MmgaRK nEDR Kk Q sy®Q &vdN C
WK{ EDQEVB< 3 Y3t)i K HB¥W $mau YIXO\"WUBLbQK W QJ
e, B vVERi®ut huehdymme22, 7 %.

1000 — 30.0

800 L 20.0

600
— 10.0

400

D hap thu (280nm)

— 0.0

Hoat tinh CauCDH (U.mL™)

200+

NaCl1.5M

0 200 ‘ 4(|)0 | 6(|)0 ' S(IJO
Thé tich riea giai (mL)
H3 nh T3 .nMlh.sen&gBOMéHi §RSULQHOOXY DXUHRJUDC
MP G1 4.

(Ti 2t snzy e DIEREnh aWUR@J: Y ®F é quang
hid AEmR s - ng 2 8 0¥Hon&DO®MH ( U/ mL) . )
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Y tivwh&a&D&'+ VDXCEMM ¢c ¥%ngl tHi°Thr aap Q F
YymcF yiQKn gLipEy© §nL Ed2ic g e | pol yacry@®ami de
mY §d band f» ®ih'Mgyc pvi©n” t10%0 Hkidh 3. 12.
Bami ngeg &§m €KiaOlk dgngp ii©é& €DH céhg
6FOHURWLXP UROLV&DDAHA[ B@H iu° m " ¢ Ot Ogrkgch
phom et @g Bv Mg nghX¥ WUMBERy WK\t QK& i nita v
cYigdsmmWLA nheh | QHcéhg @n @ 3 g6FKL]RSK\OOXP
FRPPX®PH®hOgncp A@nixL00 kDa [139].

9 8 7 6 5 4 3 (kDa) 1 2

75

|
[ £
CauCDH

80

58

45

30

25

17 8
> | I
T

7 .

H3nh 3LEDR2GlpKyetei nEh&BODH i nh s

(7TURQ,J yYSURWHLQ PDUNHU far & i s BHKDE AREY
Sephar os3&KkQq(yR¥Y i shuSaoap¥r7rdeXDDRY ti nh
S¥ hWKXcynscd u Hea""rQa pF F. )

Blng JTid¥hsen&hOdeHi thh | ° & BEXWOHRJIJUDQXOD\
MP G1 4.

&iF fc tinHot t2rmPhoteHdon t2Hil ‘tinh
S¥ h tw g, Uwg, mgi °nge,®, %¢h,
U/ mg (4)
Dch jaht ht? 1.817,1 2.635,6 0, 69
Si °l@ 10 kDa 1.687,1 2.239, 3 0, 7
DEAE Sepharose 889, 2 231, 5 3, ¢
Superdex G100 549, 2 25,7 21, :

Hi Tt*a@ FF 411, 8 14, 3 28, 86
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3.2.1. %.h TiacB@ssXURWXV S XI® MR QKK NV

DtEh Ahtc ¥ hHEOHDF tmct i¥nhh asu & dsak Ic:
DEAE Cellulose,YjSvYdgUDES@m®R@d, El A& hi
ymee ix | T YW awikDRoyld DEAE Eelglelw | e hwa'd ek
WKX ymc¢F s Kta@ ¥RB¥ BnUQIWANSGURWH I5Q4 y Mgy v ™t
h& t2nh enzyié WKHRB 8RIF IEKXQhWRBOK ym¢F ym
| ° ¥Wc+L7UDSE 4 ;§ MibgUig r a dii eNat@I,mu( M) .

KA oh®\rih ¥hot 2 nh | aOoWG mehticmihin h
th hai (128 ®/imb)&gkda®2 mlkhau®Hg EBSau khi
ho" " n th” nh ¥EBK WE&EX®bhQmMcnhotsei n enzyme
WngkiQg B viitg ¥h ot 2 nh en z yémet 2503h@ Dr .0 JNBd1 ¢ ¥
28 U/ fag ,®uhti ¥Rt y¥8 , 3y, t iVAFK ¥ QA sRO«v
diIFK WK{uEDQH§« h 3. 13) .¥FKn@gngmefids a0 UCnh
sii g chhog mmhgiui Ant &g EB4) .

2500 - 150 A
. E
- -
s \ S
S 2000+ . 5
=) \ 4100 =
0 \ ~
a \ =
] ]
= 1500 Ay
- =
=" - 50 LE
\(ﬂ N
= . L -
« 1000 4 [ 3
15 ﬁl ." A m
= o .
[ ] [ ]
0 -1 ~0
- 500 4
(@)
% 0.5
2
O 0 T T T L 1
0 20 40 60 80 100

Thé tich rira giai (mL)
H3 nh Bi. rnM¥BhsenzQbaed SOHXURWXYV SMPRRO®DY LWV
cY Hi™"rQapXL.

(TrogdF yW dan QP Yj "t KRROHXF WUr@ Fk FKO©
ABTS.)
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Blfng 3lich.Ehs en3@Qlasci @ h l °n3 BMXOPRQDULXV
MP N1 8.

Prot edoh t Hmth t 2Hnln ‘'tinh
CiF EamRt Erhh tdn g t g ri °nog ® s¥ h

(mg) (U) (U/ mg)%) (&)

Dch t«htht 2. 243 6. 432 2,9
Ct DEAE Cel lul ose 205 3.011 14
Sephadex G100 54 889 16,5
Hi TH"a@ XL 19 532 28,0 8, 3

LiE di SD S&a PR®BY Re¥¥ hto? nh nuflu a idahdic sb
Atr°n@cito prB0iHXcn s a m kchOLkgmcp i @t
= 38D yomgf HEid H3 nh 73U.RIQ4A NKL yyt JsD gytkl PN
ciX ym FKiOLkidgncp fi @Gn Ita cic i s@®scdhg @n RQ KkQ
gOSiy{sBo3OHDF QKm ODHRFDORGHUPD OHXKERBR QW H
kDa) [ t\WPOQRSXV OX(%¥ULDk®DA) [141].

5 4 3 kDa 1 2

175

80

Pleul ac

H3nh .3LEDQ4Glp et ei iéh8@Matcti nh s
7TURQO ¥Y pr ot eiSKkQaymédri,s ¥(usD)E AE
&HOOXORVHN mSHEkQYWYRBephade x SEROMR ¥
gB SsHUuUHEYrQapXL30OHa@) t¢ihWK Xcsynscd u He™Mr ap
Q XL.)
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3.2.1. 4.h Tiinghnisn _ g eV ToXxD UdUaREPSKONINA P()

DEh Ahc¥ haénh/\eLBzjgmee i¥rhhX Qs EDx Ems R
kT ITA°nDEAE Cellul ose,® SephigdSE 41/00 ,
Bm®3yu , bt AW ignicl T YWuBEBE Cellul ose v~ Se
WKXcym8;0 mg Bputgt ¥MbMWtQK HQISBH I yg h Gl
enzymeéfR ymcF ymD OrQ FYW +h7\§Di@BdE 4g r/aMji efn t
mu® Na@l O( M) . HS3 §KD 3 i ¥ab WitlQ Ke WKX ywc | |

t rojrygyh | 1¥ ct/AMP® YemmcoriLrt Y¥gi BQ KkQ . 8 P/
KA th¥%c qu$FK rWEX IMmicmb sr off diitgn ¥heon z y me
t2nh 5&% WtQKhWRr&,J 3y U /@ngt, klhjihw Yj VY

t i NAFKsWpQJ4aJi@ 1sl tEth t hyu bgaBn 3. 5). Protei
S¥FK ¢gmab &\l nBW $Y20ACs " &g choiuc&dgnghi ®
déng At it heo.

KA uivh saudsE2N& WUDIRnyWwY v kid1d el
yme € HBida H3 nh BBQl1BURWRIDLQGL Ogabp A @n ixt
53 k@Dadhg | & khB8c nhiaREQIhEy NKgOLp@®@a t
kh&8c nhau, ét@ ¥ knghg ° B88N¢h QKnePé cély
/IRZHSRUXV NOILYC G XY NtFK WiK3nkRDa [ 14 2cghg hay |
3KDQHURFKDHYWH \VFRUNGHE® DVWkghapR 50 k Da #[,143] .
IVi PEQJ Fy MO Lp 6V mk QIKWaQ KILAi ik hng ¢ .
Blng Ji BWhsenAyinke tth | °h VIIKDUURRNXOXV

Prot ediod t Hmoth t 2Hnkh Y tinh
&iF EmMR MErhh tdhg t g ri °nog ® s¥ h

(mg) (U) (U/ mg)%) (&)

Dch htht? 5400 3600 0, 6 1C
Ct DEAE Cel l ul ose 350 1250 4, C
Sephadex G100 80 831 10, 4

Hi Tr"a@ XL 20 566 28, 3 15,
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60 —45 &
ks
o I =
-~ 2
§ 430 &
g 40+ 3
Q ~
= =
- =]
410 5B 304 J15 B
=1 =
- B
=
=
o 20 -
= ()
G 1903 Jdoo
2 10 -
- 0 1
o 0 1 5 6

T ticki v giai (mL)
H3nh Bi.MmPHPHWYi P §uadi'drQa pXL
7URQJFYYW é2h QP 7 tKR¥n P, XQJ-}%+Y) n

NacCl . ) .
8 7 6 5 4 3 kDa 1 2
175
80 =
58 = .
L LsLiP

30
25

17
7

H:nh 3LED6GIpFetei neW@uP.tinh s

7URQU ¥y proteinSkKk MB®, stuDEAE
Cell ul os®8KkQ FRW,iss¥uSephadexViGR 0t0i, nH 2)
S¥ hWKXcynscd u He" " rQa pXL . )
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3.2.1.5%h Tdimshpesci fi ¢ &DeQGROYOHRPABHKY HXU\
CP2ZHKP O)

Dth Ahtht¥ ct2mim unspeci&HMXRO pPm@g 0XYy g€
t i néhh 1s®@J SKgmkp o8 kA QJ QKDQK )3/& cTixsth §iF EmR
cYW WiUDRoy) g erddyu Bt Wl AW iWK{fkimt Yuarao
YU i on DEAE ®@®edt!| qufadsey ey Stuipek d®ix G- 75
JLDLNnyRY ¥ btg ¥roQK HQJWH7B¥7RLUD g vpr ot ei n t
ymee |7 &BF BIGkQ VRN KW WIQK HQJ\P&l MD&t yy ymg
t i néhh sgWuVd ORQR 4d® JWjiEt h pc hvith § imbg gr adi ent
mud it yA 0, 25 M Nga¥| kT K@\hjoh ¥hhot 2 nH® cao n
c enz&HB®2 ¥¥ 125® UEhQ YD X NKd W8 ymmx mL
dungh@r®i (H3 nh 3.17).

KA th¥%c queghiuUImymcpi ohe iKiX yemclzy me 9t
PJ WmKQJ ynuk@Q MhYdd 2 nh ¥34 2 dhé& H@]AMH Wc QJ
|l °n 28, T W urtgkRKhji¥W tYMFK W Qh s 00«
vk tch AW IEDQfW 3. 6) .

%‘ 160 125U ~20 ~ 50
g i n - 40
E 120- -15 | g
ﬁ - ] E
< S0 £
£ 80 105 [ =)
® 170U 22 o
_E' . "unbound" - E
;_‘ = —0.5 - 10
o
o= b ) L
-
= 0—' ............... — ‘ l 0.0 ~ 0

0 50 100

Thé tich rira giai (mL)

H3 nh . Bi. Mwh&sHXP OBVIORQR 4&E

PreHLQcymch®& hiQPnWUprotein, ®ww20nwmanh |
QKKkQ KHPEXJ832 PjX yO Yh SHKMQV§EK 832 x
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Blng 3i 6bhsenghWMOi ih | °& HEWEBRXV

Prot edot t Hoth t 2Hrilh Y tinh
&iF EmR Erhh tdn g t g ri °ng ® s¥ h

(mg) (U) (U/ mg)%) (&)

Dch M ht ht? 3700 2300 0, 6 10
Ct DEAE Cellul ose 280 1110 3,9
Sephadex G-75 83 787 9,5
ORQR 19 534 28,1 23, 2

Qu&E§ t r 3WFK gma@nhih ist rE°® K1 BF.RBEE-TXD
FiF Em& kT yUk DQLRQ §m ek )y i h&tH8h2h ¥
t i néthhéds SURWHLM hZW/wm®PF WEBT & hYo hahnd prot ei
n®® kx40 kDa tr°n gel SDS-PAGE (H3nh 3.

1 2 3 4 5 8

kDa

75-

i
|

90-

35-

,:- [
.
- —

H3nh.3EQSGLpyxtei g h&dMOt i nh s

7URQJ Yy SURWHLQ PEaUNH s ¥ u CBBKAER yRY¥
&HOOXORVH n fr KkQEWR¥e phade&HXPO75, ( 6
t i MFKSWKX 3% CRQR 4&E
3.2X8c. L'cnh2dHernczy me
3.2.n2Hcl .t 2 nhc et yal
V T XD U U RWRXNDIX/

R

/AENter ac e, n(gH QMHLIQ XV
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1KLOW ya Yj S+ WYL AX

C [iF yIQK S+ W®I nOR¥FWDWIQK $( ym ymcF [iF y
pH 4.08 &4 t%&ong 1R¥YW W“HOK FDR QKOWHFé&D $( F
5, 5JWEP G«Q NKL S+ WREW WiSHK F[&OD 0 ALP
VR BPBRIL 5,5 (HYKMP BjR1WY KRY¥W WtQK $( FEQJ y¥V

7& NKL ym¢F VR ViQK YRL QKOQJ Q&ELEW Jy¥EPKQ

P¥QK & QKLEW yY 72& FKI FzQ [©S [$( @8 VR&YRL KR
9+\ QrQH&a 5| 57& KR¥WW(IYKR FEW JLi WUl FDR QKO
(A)

(B)
100~ j-\ 100 5=
- 5,
4 &
~ 80 / \ ~ 804 -~ \\
= A - -
L e \.h\ E\; ;
= 60 £
B / N = " $ . b
= 401 * o o Te—g
H 4 L] B 4
= 20 i =
E 20
0 T T T T T T T 1 0
b Al L R 40 45 50 55 60 65 7.0 75 B.O
Nhiét dd (°C) pH
(C) (D)
‘H}DITT:_;*\ . 4°C WUIZT-.H___‘_L S %
s i ; N -
2 N S T EE g 8 NN e, T3
£ NS s S -+ 40°C g e o, g
5 60 ‘\'-."“m :_:4 -+ B0°C = &0 = i i\ ~
= v — = . $-
= 40 . . = 404 A—e g T
S g SOP, VR 3 ~—~ 3
=} v <+ A
20 T — ? 20
0 0

0 20 40 60 80 120 ¢ 1 2 3 4 5 8

Théi gian (phiit)
H3 nh .BQKLEngac Wi yY BpHhdt @anle ndY Be
( A) EmvhyY % S+4# &EWYY ®H yyH.
a EIQ QKLOW Yj S+ FoD /V$(
Y EAQ KR¥W WtQK $( SKé WKXYF YR GKLEW Y

7& WURQJ NKR&8QJ & HQJ\PH NKiF QKDX Wi WRL
NKiF QKDX Yi 72& (Q]\PH KR¥W ] wOw
tuy QQ KR¥W WtQK JLEP G«Q & W KMLKRYWKWRQ K6 DIXS P

Thei gian (phiit)

[©S [I

VR YRBL EDQ y«X

a Y ]

z& KR¥W WtQK E°

& Y] VDX K & WKu KR¥W WtQK JLEP [XOQJ WmKQJ iC
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J«X (Q]\PH WLQK V¥RKR¥YKRVWIKDEHSAQDO)WAE sau 6
KR¥W WtQK HQ]J\PH GmaQJ QKm NK{QJ JL§EP VR YRL E
7, OKR¥W WtQK HQ]\PH JLERE«Q VAX Wi WRL

3.2.2.X8¢c L nh LHc t2nh c_,  &DCXDE) | adbi os
&RSULQHOOXV DXMPIRIUDQXODWXV
1KQW Yja S¥LWiX

TR h" " ngh G EQK Kgnd@c rEMI BY Hvot2dnh c
&D&'+ HQIJ\PK &i@n@ EWi BYO- BOpUHC 5, 0, trong
Hot t &RDO@H c @ ;MhUC Bhidmbs daWikh §c | ©On
ch.a 70U h&DODOH gy ixdug fcch @ x4 0% Bs o5 owUC.
C k8h s 8§tOLprid®&'+ ym@ada 8 pH & hE8) pO UC,
trong 10t pt@Z@AH Ho®d& pnth 5in §O&DEXBH t h2 ch
hgp v pHaapgHttr unfg tEDOAXMH hiad «,d pH 8, 0
he& t28mh>dggi c®nix25% fBsophkW 5, 5. céhgDH t
6FKLIRSK\OOXPFEFRPRR®WE/YH 5,5 tHW @Yhi °n
mXi O&h KkQi ¥RO®WR (35UC) [139].

(A) (B)

100 — N 100 —
80 — 80
60 —|

40 —

[+)]
o
|

Hoat tinh (%)
Hoat tinh (%)

&
[=]
|

20 20

—r—— T e
30 40 S0 60 70 3 4 5 6 7 8

Nhiét g (°C) pH

Hoat tinh (%)
Hoat tinh (%)

OIIIIII
0 2 4 B 8 10 12 0 2 4 6 8 10 12

Théi gian (gid) Thoi gian (gio)

H3 nh Kh®2 G&&QKsKgndc EMI yVY Bp Hhdt @anh ¢
& DOXDH .
(AEVWIHY % S4h &MY 2 3)UC 4D UC7QUC (D)
yYh pH, xpH gH(7pH. 8 (
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a EQ QML Y| S+

Y B Mot2nhéCHH vpHBRWINWCF [iFhdlpH 5, 5
v' 50UC @& géoenrgz yknheo k'h OB t AR & a péhiut b hi
YYNKiF QKDX Yi 2& (QREBH2WmMEQI4aEO 12 ¢
t uy nhé °tn2gnhhal H 7V OUE, t BWhy«gpi s a uaé6 sgau
12 4¢it h¥ hagn hOWYJI WimgQ c@ nixIx5 % R4 oFE MQ V «
Enzyme¥thi clipobtHot2pH axit (pHéh¥o0), S &
WtQK HQ]J\PH GmaQ QKoh MR IpIHL 8t r ung t 2 nh (
he& t2nh Snkyhme agd 2v gilsmauaé8ehrgz yame h
QKm NK{QJ F2zQ KR¥ ( H3 nh 3. 20) .
3.2.XR8c3nHlEL t2ah| ac8@ldaec) (cthg3OHXURWXYV
SXOPR Q MPLNXIV8

1KQW Yija S ¥ LW X

C k8h s®8QKsrKgné&c M BY ot WmmBIOHXCA t i
h" nthenz§ @e EWiBYO- 6QUHC &t Pong X phsath. cHo
30HXc c®@®406C Rhimbs &Wukh S§ch B0 E ho
t 2 8@MHXcEngiug fcch @ x50 % Rs o4 OVIBC . s KB L pnHX t
3OHXF &enée@ 8 pH (4, sBW @gD)UC, tro¥vgt2nphv
30HXc c@® pHh 5ingO3aHKc t @2vh pH dapHt .
trung ¥ 2 nhQiHXc@ngd «d,d pH 7% 5t %o hXduyi
c, n® %Xx30%RBsopH 5, 5.

a EQ QXW Yjas$s+

Y B HMot2nh ¢é aVouas & WngNick [nFhdip H
5,5 v’ 40 &Q@eé temarygnek tkd 08 triiRa A p@itgt )
nhEwW kYh8c nhau (25, 48Wngd& Rr50C)saEntQ
ph®t tuy ¥ht2®$nhhig40 UG) MwHa ngiWw y¥Y UC,
sau 128t p¥ Yhasm hOWQJ WmRQI® nix2x0 % RBs ob avn
Ya. BYQK $QHXc cehdb tto t2 pH axit (peH 5, 0)
h&#W WtQK HQJ\PH Gm@QJgsiO@Knit MQAykH trung t2nh
7, 0), thtfonh smn#yymes ag¥ 6thzinch @ x25 % Bs o v
EDQY4€ H3nh 3.21).
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(A) (B)
100- ///.\ 100- /A\
;,\;\ 758 g‘ 75-"/§ \
E E 50 \'i\
= 504 f 1
= = )
g 25 o 254
. B R B e B e 45 50 55 60 65 70 715
Nhiét dé (°C) pH
(C©) (D)
wum . 1008——o_
ey -+ 25°C T - 5
= N e Y e s = w0C _ \\'\k'x“"m; - 6
g B hN M'“‘\.\‘ « 70c & ™ ; e T
il = —&
£ = = T B R
s " g g ® \\in-u.i\i
B 2 — S Tt
ey =2 1
T B @ @ @ w % 1 % 3 % 5 3
Théi gian (phiit) Théi gian (gié)
H3 nh Kh®2 IsB8Q KsrKgnéic Wi yY Bp HAdt &anh ¢
3 OHXc .

A: BWi@Y mxB:Olp;mXaYk W yWPYH pH
3.2.X8cAnHIEL t2mah |l tcgnin PET BXIi gfag e (
/HQWLQXV VTXMPWNIRZ XO XV
1KQW Y SY¥ LW X

C[iF yh pOH m/¥é P ¥WhWtQK SHURJL&EWH ym
yiha 8 pH 48302 S8pHo%t ¥ A PLhCD éthdi R®AEho t h
PH 5, 08n wWiQ KL S+ WHQJI dh@&nhLi@ >@ug c ., n
40% 80 pH 5,0 ( HXnh YPBR 22 AKR¥W WtQK 8L3t FEC
tOL mXZz& NKc ymg &b BWiyYem icR0-55 UC) ,
gBn Mmha nBW BB UC  @cixl 0% Bs chovt @&n L3 ®5
UC) (H3nhy 3n®2mM@,B) 5, ¥ " t3&xnYUA,BAyREo gi §
thrca®.nh

a EQ QW YjasS+
Y B Mot2nh thbiuPy "pBAWBHYCF [nFh& o H 5, 0 v~
35 UC t@génegn zkyhnoe kh ®% t hB A& pdntet BWiyY
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kh&8§cXnha Y| 7& (Q]\PHbWmk@J y@5 aUC s au
€ tuy Whit2smheh@il aghi t heo. aéSab¥ 2h&nh
gBn xdug @xix6 0 % RE oEMQAY4 0 Vv =~ ¥6 0tUACGH Uny 4gmi

sau 4@ whyvsaé t2¥ghdsgnhxOQ0 WmkQlcin 40 v
25% B8b EMQ f&3nh 3.22CHh ERagmnmko tdA mih s
pPH axit (pH BOMOWIQK HQ]\PH Gma@Js@Kny NK{Q
EDQ yd dWuy«@ni s auaé3dd gH trung t ¥nh2nmH €
enzynge «RiWwAtIR t@égiTuy A BinpH 8.®, Li P
X@® Ix80% hto2nhdtgdagdiHE nh 3. 22D) .

(A) (B)

100- 100+

_— ao" - Bo-

: g

£ 40 $ = 40

o S L — 3

o

B a0 g ! \
c T L] L] L} L] T L] ) 0 T T 1 L] T 1 1
40 45 50 55 60 65 70 75 80 20 25 30 35 40 45 50 55

pH Nhiét 35 (°C)
(©) (D)

100§

754

1004 -__.\\5__‘ -
75_\\ \i‘_ﬁ}“‘-{ - 6

254 B

504

Hoat tinh (%)

25+

Hoat tinh (%)
&
; |
/

o

0 2 4 e 8 100 120 o 1 2 3 4 & &
Théi gian (phat) Théi gian (gid)
H3nh 3QRZnga pH ByYR n Miot/dn P .
A: HWi®Y mX BLSI¥X & yEw yyY 'ByYH
3.5.2.X8c clL tnthahluespeci fic &plEPD)xytgenas
chn g¢DQGROOHRP\FHEPRXRU\VSRXV

C[iF 7h pOH mX&HXP O, ¥W oNtQK HQ]\BH s 8
tromgg piH tyAQ i RW ED Fk RBBGS [2,2' -azir
et hyl benzthiazoline-6-sulfonate)], V €
di met hoxypheho@uncDMPI nh kb "y tAo®g HS3n
nghiifincb® &mz&HMRO ¥l mX> §c pH kh&c n
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t by YEhY4yR Ek KB en R2WMeO c ®o Ktoht 2¥nhh Amm

new yi ABaISS+ D[LW WURQN NKlv YODMP, en:
n" YW hwWngYEhi§uwé tromg gHotrunddtang (7,
chrmag&HXPO c8Q Qi WKtFRKRRIJR{LWYUmM&E kh&c nh;
v’ 8QhQJ [~F WIiF Fé&D H Q]t\ M@ JINWAKLDREKEON

A.

m

100
80 -

E’l}-

Hoat tinh (%)
Hoat tinh (%)

40 -
20
0 -

2 3 456 7 8910
pH

n

100
80 -

60 -

Hoat tinh (%)

40 =

20 -

0 41T
2 3 4 586 7 8 9 10
pH
H3 nh BQK2Rga @H Btot&HMB YO Bv ABTS (A), ver
al cohol (B) v°™ 2,6-DMP (C).
3.2n.8g ch x%cat 8nzygme
3. 2n03n.9glch x¥%cg atVBE ¢

EnzyiweE t ¥mh téghg VTXDUWMRWAEXMUcmcox § ¢
yih cBgOWNg NRiyBL Fkt BknG t rophenyl acet at
SKmkQJ IWUueQKe aver - Bur k &@®3 nByni3t.r2dph e n@!
acetate khBo@é nhbaodynitisdQJd JiE wh nvet
(%o . AKg[UF yiQk ymd & Itr 255, 7 i@M v 1Qi0§
OM/ phvtl OFGy¥Yct Mpuwc Bling x%c t §¢ nd~™ 119
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YA Bi ®u x YachNpdp8 cl ( 0L &4 6 GOMI iYageopmyv [iF c
yih gli. 8 &t rAEE céhgDFLOOXVI SXPBELOXWO M Is@o ¢
v .pc@/ME [ 144%¥QK Bygh. §oéat rAE céhg7DODURP\FHV
OH\FHWEQRQXW ymoh [IBRYIKWOE «g & 1( 739 OM)
[ 1451]yy FKR/WKG> B i&r OWi y&¥ Fkt BKn@ t ropheny
acet aBedmsio nghXi WoumEF yy

0.04 1

y=2.5578x + 0.01
R*=09821

. 008

3

a.

’g’ 0.02 -

=

= 0.01 -

G{]U L] T L] 1
0.000 0.003 0.006 0.009 0.012

1/[S], uM

H3nh 3m@HME [~-F WiF WKHR iSKenw® & WaMQB U r kK ¢
yO BFk EEGhi t rophenyl acet ate.

3.2n3.n3y. h c x&WEXDHS8c <c_ a

Enzy&BODH c8Q KRH [~-F WYRBKWUF FKk FKOW WUR
baomgcel |l obi ose, | act ose, cellotriose
The s, my OMi chael i.$-tMentynl . (354. 000 OM)
hid ®u x ¥%c tIBéw (tg2i58 8tyrk 2110,'BWN kQd [ v
cell obi ose VvCymupmR [iFoydch) 8ECE F it FiK @ dah i
(Bg 3.% .ca®.sfnh 117, 1EBO0®U xWicNdS<t (

25, 84 M -49m gmcguayd BvEt el 1YG byly &kj &t K ©
hit @®hMac&DODH (H3nh 3. 25) .

TronOfiFs FDUERK\GUDWEH MKnREQIKDX yme ™ ol i
sacchdrildle-nv KJO\FRVLGLF RPRXHF&®@ t 2 nh
yo HBi ®h tr ondh.-k(hli, 4)i °cn- kt rong @Guowosacc
hii ®ux %c©3% &R ytyh FiF &'+ mX WLrQ [~F WIiF FiF VI
kKA - KzD WDQ KkQ PRQRVDFFKDULGHhc&M&QJ QK
c8c enzyme iox §cxhrm@mu[ne'4y] .t
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20000 -

15000

10000

v=168418x+ 1437.7

5000 RZ=().989

1/V, pmol phat -!

0.00 0.05 010 015
1/[S], uM

H®nh 3M@BEBE [~-F WiF WKHR SKmkQB uwéku QK /LQHZ
&DODHYD BVFk EK@ el | obi ose.

Blng 3»x6MmBX Fk RCOe n RYDRH .
Ch thb .m( GM) Na(t_gl Na{t.m( Mé_)1

Cell obi ose 117, 1 430, 2 25
Cellotriose 205, 5 4 26,6 1
Cell otetraose 232, 0 4 26, 8
Lactose 731, 1 6%, 7 84,5
Gl ucose 349, 28 x9 10 180, 3

Mal t os e *.352904x 10 21,7

+kQ Q@ E®o0 FykQgrlBucé@sygél co-ol ingosacc
JAQ W QJ iLtOOFJRkFFDFr Q¥MAsl ~ 8n duii ® u x %c
t § pwe tOB  YLAX Qj\ FREQuyayrDyRekG FiF &'+ NKiF QKm
ti SOROYDULHODPB®3NRPOYBHDBAINV. £ a distd Wenk @J
yRg Av@ tr %c, FHOWOREDRVH GmaQXdiQ®mad] Fk Fk
&DXDH d@ tHat h§i da® .{nph 117, 1 BOMuU xwWic hi§c
(Mow = 259 8%. 10

3.2n3n3. h' ¢ xFHXc8c c_. a

Hpm g Oysly g Mhéc3OHXec ®HFK W msymoh jpilGF% FKO©
ABTS (H3nh SQXGABTSCSkh 8t rPl0afA 1 t mM
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ynce isdQJ HI€E wh vvet 94 . A K§[uF yK yengcgi.§ It'r

1, 35 ONkQ dhipWeUil acdcaS@gdatkh&8c. Tiheo ngh
céa Hanl.gié é@lg@n7 YHUVY¥F RORUS8 OMé[<l46] ,
OLSROYWISFD OM [[%¢®] .| a@ik&a3I@r>40N¢ 110

KkQ QKb %y éd @7 YHUVLUFIRORUY QMA%H &,

< OLSR® WLEDSAM 7] INGHR SOIatc |~ £ 0)s39 1 1
M @ rhal s @7 YHUVLUFEREHRIS 54718 ¥ so v
3 SDVWRWBIBWI[ 48] . Tinongy hNsgd y&8mttc7 , 7 2

I 9 OM! Kk@® QKb enzymeg@8&he&ibg wmihnh
rimg Bhi§w Yc @ét3DHXe teihOhv £§kQ VR EYCR fwghi °n
WUMRBF yy

5000

4000

3000

2000

y=2450x+ 1506.2
Rr=0.9939

1/V, pmol phut -1

1000

0

[
LF

0.00 025 0.50 0.73 1.00 1.25
1/S (uM)

H3nh 3M@BE [~-F WiF WKHR SKmk-QB uwékuQK /LQH?Z
30HX§D BFki® ABTS.
3.2n3.n4. h ¢ x/%d Pt 8c c_ a
Enzyhved 3 Fy NK§8 Q QJ [~-F WIiF R[\ KyD KLEX TXE
DCP, guai acol , ferulic axit, ver at
GLPHWKR[\SKHQR® . AMRRXWKIOYHR]\PH Qj\ y»F KLE:
FKk FKOW '&3 WURQJ VO FiF K¢S FKOW SKHQROLF ym
yOL YRL '&3 Yj WLAS WKHR yCall ¥Rlh 6k FK®V
nhi YVIL3 Fy KR¥W WtQK WK©S KkQ QKLAX VR YRL
(guai acol, ferwulic axit v*™ wvanillic ax
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300+

(%)

Hoat tinh

" 100+

H3 nh 3 2BX Fk Ri€Oe nZV¥ mP .

HpmgOpg Rhéc/Vi P t¥FKhmsymoF BiF RICP | " m
Fk FK@ h2 nxQJ ¢BCP rk h §ic nPDauAQ t PO fiismg
déQJ € whavlt 9y ( H® nhA 3g@rF8yiIQKKym¢E.§ t r
| = 2,45 OMepov™ 283 OM/TphPLyX YacGhdsBET r (
pBing per d¥i Basé @2yAd i ®u x Y%chNopipg cl (
4,851@MLi P c& REiIFkl FIOGB® KkQn @©Oz8.5 OM)
hit ®u x “uddpwp8 cc ®o 44 (0, 098 <BM lvii Béhg
néh 30HXURWXV SXOPRPDULXV

0.035 1
y=0.0087x+ 0.0035
0.030 4 R*=0.5923

1/V, pmol phat !
[=r]
=]
[
=]

1/[S], uM

H®nh 3WM@RE [~-F WiF WKHR SKmkQB uW&kiNQiKP/LQH ZH
yO BFk RKEG CP .
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3. 2.n03.g5ch x ¥%¢ a & 8P Oc

C8cmp O g Mh x Ycé t o &R0 t ¥AKhyms ymg
[iF yIQK W ED Fk FM@TS [2,2' -azino-bis(3-

sul fonate)], veratryl al cohol ( VA) , \
3.290 . §&Kh® temz&HMRO c& $nh @W A Fkt FK©
ABTSB gi.g8 t@hr®h | -~ 34 tOiMeo t 'p ®DMP1 ¥ OM,
v’ VMRA.pv —0 uLA " mgO&HMXP O c8Q KA [~F WIF

hit §wéwW 30 ABTMS, &ivclad®WmkQd WiF WOW K&Q VR
FKk FEKT¥ n§ 8 Ngd).iArGREQK FKRug&MHIHP O ¢ -

t B x%c i 8&u honghino§coph h- alBkE&K&hQJIdmhau,
| T DMP w & §Kkhiwmgu@u $% 7@ hAyr a8 kh

Q Q& éhg&HMXPO troimgeé@BE~-F Wik yDWBGExI T c §c
hp ©W SKH®RBDISE A c@®c ©hoX Fk Fy.JLi WUIT

0.40 7 y=(0.414*[S])/(0.039+[S]) 20
__0.30 / = 5 "
< £
q
€ - = a2
5 0204 / E
@
s | = B
> 0104 .
. { "
0.00 T T T T \
00 01 02 03 04 05 -25 0 25 50 75 100 125 150 175
Chgrs (MM) 1/Cgrs (MMT)
0.10 7 y=(0.106*[S])/(0.693+[S]) 250 —
. J
B 0.08 ./_/'/——“ T 200
— o
% E 9
€ 0.06+ /"/‘ = 150
s £ 1
5004 > 100
> - - 1
0.02
¥
=
0.00 F ; : . v !
00 05 10 15 20 25 -5 0 5 10 15 20 25 30 35
Coae (MM) 1/C,,,. (MM1)
0.07 - ¥y=(0.076*[S])(0.117+[S]) 100 —
= L] 4
0.06
o — 80—
-~ 0.05 | e
C ¢ g
£ 0.04 1 = B0
= y E
E0031 ¢ > 40+
= - =
= 0.02 4 i
20
0.01
0.00 e e e e e e e E e e |
00 02 04 06 08 10 10 0 10 20 30 40 50
Come (MM) 1/C e (MM-)

H3nh .3 @RBh x Yucéa &P OcC
TKHR SKmkQJ WU uMeKn 0 leFKDHIOLYi ) v '8 )L i nmgeuvge a v
tr3nh oxy h-a ABTS (A), veratryl al
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Blng &S8T. t ByNngghsx Yacéa & P Oc

Vmax
Lom Nat Ndt i
Ch thbl_ ( Omo | pH
( OM) . (¢ (snm}
mi 1}
ABTS 39 0, 414 270,07, 01 x
VA 693 0,106 %9 6, ®,98 x 1
DMP 117 0,076 °506, 54,23 x 1

3. 3. Nghnig° ndg c x %c t&cersad ynrhe htir din @@ & h inyh
khi lignocellul ose.
3.3.1. Nghkkingry h-a "il INginR n Bnb/
V T XD U U RWRXNDIX/

Ligmhn@itUkPAguwhyr c- mmiyncaf@é gs
OjP Fkt FKc@huwn - a Nsi x¥ec dhtWBichA bt VITXDUURVXOX)
MPN12A &phon UPTIE® pLIJQ@LQ WUsMRU/NK Pi X
ymee @ HEi trong HRKHR %Byg3Xd i ngerpriBt (160
tron@pB®LQ ym WKD\ ysUsLuyfi@ s INQJ\PH nW mkQJ i
FIF GDR yX®é@ d&'8ic cnh - m Kk @8 ct rrvhcaluh i tgrnogymg. ¢
clingOmg@c t WHcCtéD OLIQLEPh@MA BN im y Yhéh
yih, saiul kg exzy me.

&maQJy§yN GDRgyYk ®o d~ "t yY»F1WBmMG@dy ELA
phngél ykQsylr iégn glyil gdmi nc @oiiy¥ p MGED OLIQLQ Y
bl ph@&n 6SUQK WKHQK §BO0 Vv @1 ™38 ddnx@l ~ d
hit é&c 6s th " nA CiOnt kos g &n aQakboriH ¥ bt
1216" cymF WUMQK FKRgi rh-2onWED\ ywlLn YA cho
t ®\ QKyP FDUERN® tymoBig qiulgTinthr 318 9& ¢ m
WUmMQJIn@Db By éac C- H ®r gqQRigGMR ¥ khung Vv, ng
WKKkR EBQLQ Fy FaQJiedOt i An CkéHYzQJ WKKP
trong | iCchnAhmeo EbKAIQL jhU

7X\ QKLrQ FREQHWONKIQ QJ VDX NKL Bk %& g
hep @i c 8 o Fk WURQUJhal 159 3 g¥nkl ibsk ®0 gi «n
v,hDUVOIQO WURQJ OLJQp & agiF mgfU &K hpi h|tgh b
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enzyme,® cdbodisvhnyg AYHR YzQJISHKEP i peak
16227 cimgOni Os® pnh @ v,  ngfidduiax c ®h V4L

| i °cr5 mh ®@h é3h 293 ¢ b@mitGDR yYQJ NpRmLénQ yO
Nh- me=CH - WERQJ OLJQL@DEMAaAQ Iy QJ NG u
khig tihh®g énzynme\, OLIQL®tMhET V¥%ng (3200 -
cm  y»F WUMRQJIOO LH QshdDe I maWw JQPNFIOit i nc

nhli ¢oh @®h phenol v~° alcohol

100

g5 ™4 Control (mau Lignin)
"y Lignin sau khi dwyc xir If béi LsLip

90 -
85
80
75
70
65
60
55
50

iy

(%) Transmittance

1216
1115

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

H3nh . .3PKFTI&R ocSuc Im gDiimpynhag XyOv" sau
khifi IXB wnzWlnse ymaQJ PjX yHQ

Theo ndguhic° Zhd chao Diedg 2@y &1 P
hgp v | accas @ thr oan §KroghQiynSKilsl y7as ED\ y U
viing (1420, tilreadn@y dpimgei w Yan g o™ 7B 41t kt m
sOGDRm§g¥c nh-m C=0 v~ nhinmgOm-gc onuhmanm oeyslt, e
| i AnTlh@n ta@ ntgrd%cl icgnin [ 36] .

IKmyY#A k§phon tymhFKETd Rai@ /i B «a
quaMgtrtrong @%b - @68it$ ignla yikHy.
3.3.2W @huway Simmbd krh'lp enzM@ERPKHFRFNWDLO

K+R VIW \GX WY +QK KfAgQJ §iQ yGQ KLOX TX+

Nhm & At iBi ®uc@upn -8B ,fisdg 0 kph th gh
SHQ]\PH FRFENW DL EIFigd® B&Q VR YRL k@ HQ]\P!
ch®@Wwy h-a | igmocpeHlrud osaer gdhydoatgu nQoai Vv
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Qj\ Fk FKOW UKP ¢ fZ2 &g ym¢xQnighkut FK®i ~ u

|l ignol celluliose@wey o3a nmhédirgnhscar bohydr at
(glucose, xyl os&)uhwis 3&Qi\PHgARFNMWDILO  bEI
enzyme <cell obiose dehydr p,g 8 n@s4&x ( CDH,
X Yuc tESaygiv carboxymethyl cellul ase/glu
h&W Vi °ng 1.,.65U0088C5p Hit™ acetyl ester:
U/ mgopt P BIP AR

P ing cChQuKyb Vinkghi tx gy MOPS 100 mM, |
5, 0,EWnhi#5 vé 484 ghw KHW]\PH Rk HRKW@h gintg c
HQJ\PH ymc¢F WKD\ yUKSW K BR .E&VQnihY-tnr ,edcz y me t
phon (AE v~ ¥VWegYIQ phy@t) chdh mh2 gth v° m
nNh8néh @ tr %c pol ymer, ffr @&nxgvuckdti@cCDtH ¢
hydr oxxykbh Breit h ™ %\h™ .F@ h ",0.h TKD yy Ay WK ® i
yU@ tr¥%c cellulose, hemi@imlgl Flemse®nv "™ D
vy , éf YytFK WURQWJ Q@QJAEr@) FSKmkoQ Jqukgi h Hiob h
ngEP y@L mX KR¥Whi{cvd HQJ]\PH OjR WOQIX &Ll - a
Fk FKOW UkP WKjQK FDUERK\GUDWH

Trong B5ER §gu IntfdViQ]\PH RFk&eK©el | / Xyl t |
YU troof@E nk®l MQJ\PH &'+ Yd $@ @y oW mkRg il -

25 v° 40 U/ gCIE: MKL 8HOOQ - 3@ WHQJUWI t hs3
Omc¢cQJ JOXFRVHW Q3 Wil[\@BRVH WM Q48,3 mg/ g
axit gl LRc-8rpi6d tmgJd gLDoTym¥y ,pénbssi nEé r a ph
t s mihYjR WinFg 8¢ th gh e BRH yYOrQ Fk FKOW u'R yy Fi
tr¥Yeb®d cléDy Fkt FKQA whi kh®ricg Acth¥o ¢k nh
n°n enX%iunec bu h - ¥QKMOmM¢cQJ FHOPBXSRYEH Iy mk

Oj JLDL YyR¥Q FiF ymaQJ ykQc JOXRMVH a[\ARvaHn hy m
nNi® tr dnggusSu & FIGIN W XPp RKLrQ NKLew Dy nkeR ¥IW i
30 Uh® $nh c QukyD W QJ NK{QJCGRiEWIURQA JLDL VR
n"y& spnh gl uco& eér baghhd udgc@yAHQ]\P H gy &t h

Omg HOOXOR V@l WKy Qdggny mtM k h &c ,t 2mdh e €z y me ¢
gBn nlhisa@®@gkdtchge an i Yv oQrHQ]\P (AT WURQJ
c@ t r@u@EdxFHOOXORYH vMtMgny ot hg? ch™ ht ©m t h
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ngli cho mOL mEnWEsh iy B HQJ\PH &HO O O WmkC
| © #2124 vU/ ¢8 U/ g.

Trong S5t B3 t gV KEOPH $¢ y®d si§ 6 -t
45 UNKL yy &H@OOHNWDh&Gm©m téh2( W&y hw/ g) v~
ymee @3 40 U/ g. HG HBh k3h¥W B{otwW @hS - 35 he/ g
KiP Om¢QJ JOXFRUHM WM QJ ANQ@RWH W @I6WT] 6 U/ g
v’ oaxitWgQlu2daérGi, 87 AUMgEF W QJ KREWIVYn 45
U/ WKu KpPgOigpt ucosleF W QIO NK{LQInyi@ydg NC4 VmKQJ
v 3,96 mg/g, Sreh{d 1k I8i 1idgy NAmi®hgsi§t
t h2 @h vi t OBP iyl emhy meH5AB viU/ §5 U/ g.

Trong 5 td2c H@dei ttm°au h8Q@K Kg&e1- ¢,
toEenzymei CPMQt &ymh s8t trong khi hai
(Cel |l / Xyl A& Bpgdy@yih. TronBR MiW W QJ
to E CDM ty’A 6 0c UdEgh®u c@ uly vagst pnh gl ucose,
[\ORVH Yj D[LW gJOXBRQMEWS$Y , 3; 63 a6 " 4,9
50 W/t Fk FROhYON &Y FDR KkhQ 69DA &/ phh,W J
NK{QJ yiQJ NC WmEkBX|iQJ y¥% 9, R {w nPRBAOTSEtmg/ g
t h2 @h vi t OfPtiyBv eghy mek@iIpH It¥ 6800 U/ g
v 50 U/g.

MéF VtFKEmMeD Wi §tih nEphiph t 3m ral@8c gi
mX QKii MoV H®Q]\PH Rk FKIGGPJI HHQ]\PH Yk WURQJ
hecS 3HQ]J\PH FRFNWDLO nVihKgDPcghLWly YaR SKgnocel |l
th” nfh ymg8QJ {kQguA2Eryoh[iR i v 24Wnigyot h2 ¢ h
he v~ t Onin tchiPo ng@ L hrd ¥ WMhKgh iy OBv e nzy me
&HOO :\OMgmKQ@JI2i2 20/ d 8yDUBvg e nzy ine2 BASE t
U/wg~ 35 YPiy@L HQJ\PH &'+nWmk®BaBOU/ §0 U/ g.
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(a) (b)

200+ ~ 6.0 200+
S a8 40
R T —
o 150 @ 150 -
g £ of
0 n ~ 2.0
@
& 100+ & 100+
£ -
8 £ L oo
504 50—
8 5o e
o e ey
0 6 12 18 24 30 0 5 10 15 20 25 30 35 40 45 50
ty 18 hoat d6 enzyme/co chit (U g'1) ty 18 hoat d6 enzyme/co chit (U g1)

(c)
200 ~ 6.0

=l

151

o
1

ik

(=]

o
1

Carbohydrates (mg g)

0[10'20'30'40I50I60
1y 18 hoat 6 enzyme/co chit (U g!)
H3nh .IBA 38lnghiugE@KcKmaQu §kQ \A
TUE h¥oV WQ]\PH Fk FKI©O Bigpnhd™ t& " nh |~ car bol
[ gl udosex W) bse ™ (axit nyggl/upd & nkniggcda) >n g
YyYCel | /| XQK Ming@bckQJ VAE; 'n(hEmd éacxQJ y Y
CDH.

7YL AX KyD Q[QJ ya HQ]J]\PH WKDP JLD FKX\KQ k

WKyYyF QJKLOP

MiF Yj SK¥P YL Fk ES§Q FéD FiF WKDPgW®d °SIK§Q i
FiX YBL FiF KE VO yIOE RMEDRY JFBEDRMPFWP HKOW
(Cel I/ Xyl , AEYynF FRXINHQ OJUEBAQ YyYF O0+S 1Kuc
W QJ yiQJ NC QKOW FéD FiF FKOW FKX\CQ KyD Vi
HQJ\PH Fk FK@®L YBL &BO0OV&®D YRL $(/YJOLSYRL
&'+ &4 W0 OE FDR KkQ G Q YyAQ NAW TX§ FKIi W QJ QI
JLSEL SKyQJ QKm WUuQK Ej\ @ WUrQ 7KHR yy ED WU
FKNQ OjP Y*QJ NK&R ViW FiF WK{QJ VO y«X YjR FKR
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gyl © 12, yD8,YRLAGHAG,\Ot §OWU YR $( Y]

yOL YRL &'+ WmkQJ iQJ YRM&AYF PKKOD Yj PiF FDR
WmkQJ iQJ8 W%.8§QJ

Blng E88AQdy¥Yl v g HWMbit héda° ah®ng.

: , Mi Qn bi JnM
BiJn L, c I dp Code, . .
thi(qm -1 0 1
Z; &HOO ;\O KR¥\ A 6 12 18 2
U/ g)
Z;, AE (U/g) B 10 25
Zs: CDH (U/ g) C 10 40

&iF ELAQ SKé WKXYF KLEX VXOW KjPu@Gms@J <
(mg /g), xylose (mg [/ gncH [iFyN@KSFg ! uc
QJKLEP WKC KLEQ WURQJ3WRLAW NXSPP{ WUBR \Wi§E
WtFK SKmkQJ VDL $129%$ FKR FiF KjP PéF WLrX Om
FKX\EYD HQJ\PH ymc¢F ViQK,JLg YD IILii Wesi§ @ J
3. 10&iF SK8§Q KxL G8& YyRIiQ FéR EDv KjPYHFéF BMWAR <
YYF O+S OLrQ TXDQ YyAQ SKmkQJ WUuQK yD WKIiF E:
3.110{ KuQK KxL TX\ E+F KDL $129% ym FKiQJ PLQK
iQJ YRL ED KjP PéF WLrX yAX SKe K¢cPFEDF%, ¥ QJK-D

V' 3F«Q Om¢cW Oj YSQKO XKkQLi WBKR WK®©\
F§ FiF P{ KuQK yAWKYQ& QIK&F KE VO [iF §IQK FéD
O«Q Om¢W Oj ~ 0, FKR WKO\ K«X KAW V& WKD\ §

c- CtyhmcF JLSL WKtFK EpuQJ G6 OLEX WK&F QJKLEP
FKtQK [iF FED P{ KuQK ym WKLAWR®® FHOBD W KD Ri B
G6 OLEX yR ymcF Yj WtQK WRiQ WUrQ 0é& WKX\AW
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Blng 3r.hA 9Aki@h nEphv " ¢ §Wmi®de.i t r

A B C 1Y Y 4
RunCeII/XEICDH Gl ucoseXyl ose Axi t
(Ug (wy (Y9 (mg/g) (mg/g)gluconi
(mg/ g)
1 -1 -1 0 114,12 N 3, 43
2 +1 -1 0 125,35 N 2, 5|4
3 -1 + 1 0 147,21 N 4,21
4 +1 +1 0 159,61 N 3,67
5 -1 0 -1 135,12 N 4,07
6 +1 0 -1 144,23 N 2,98
7 -1 0 +1 146,22 N 1, 8/7
8 + 1 0 +1 157,98 N 4,1p
9 0 -1 -1 115,34 N 3,10
10 0 +1 -1 146,26 N 2,59
11 0 -1 +1 126,77 N 3,28
12 0 + 1 +1 160,33 N 5, 23
13 0 0 0 156,27 N 2,45
14 0 0 0 159,24 N 2, 6(
15 0 0 0 163,11 N 3, 9¢

4 4
51
57
6 2
5 4
59
57
6 4

45

5 (
6 3
62,
63,

64,
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Blng 3HEI®hE qgq&® FeF P{ Ku® Kiiy IK DMK §dhRiQ FKR
h” MMm¢QJ JOXFRVHnNng RWHP ©O©m¢ | KpP @mct gl uco
(Y3)
- Y1 XY Y
Ngu n_ . . . . .

Gi 8) Gi 8 SGi §) Gi §8S Gi§8) Gi§gs
Model 84, 44 < 0,0001* 110, 35 < (
A 48, 41 0,0009* 110, 88 0L 000:
B 424,85 < 0,0001* 469, 81 < 0,
C 61, 98 0,0005* 83, 86 0,/0003
AB 0,067 N 0,28,0672 N°O, 18189 0, 046
AC 0,34 N 0,D5833 N‘°O, 40462 N‘Q, 503
BC 0,34 N 00,5883 N‘°O, 50030 N‘'Q, 605
A2 36, 70 0,0018* 35,614 0°,|0019
B2 181, 16 < 0,0001* 294,88 " g 0, (
C? 30, 73 0,0026* 21,00 0,|0059
5 0, 9835 0, 9850 0
$GM 5 0, 9617 0, 9660 0,
"S< 0,05; NSBH= khlng t2n hi
Blng 3MYM1KIUQK SKmkKkQJ WHEQKD D MigKi@Qmao cose (Y
xylose (Y2) v° axit gluconic (Y3).

n [ .

13 Ph€hng tr3nh m? (?13§nhGi§Str

ng 5
Y, = 159,54+5, 56A+FA48B+6, 29C

Y1 0, 9835 < 0,00
45, 868 ,B52 C
Y, = 63,23+2,9582+6P607B_+ 2, 570C

Y 0, 9850 < 0,00
7, 08B,89C
Y; = 5,01+0, 71 +Q@,1A8B+0, 17C

Y3 0, 9858 0, 0004
D, 6°HA FIB F¥6C
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3KKkQ WtFK ViSYjQIFER IPPRVP{ KuQK

M2 h3nh E2MKDI ¢§80F SKKQVWItFEHIQ) BK«Qx PAF
Design ExprdJréfF [7Y,jO yiS iQJ EA P»W ' WKC KLEQ
FiF WKDP VO TX\ WUuQK EDR JxP V3CWiHkQB WiRJFé&
/g); Cell/ Xyl v° CDH (AE, 35 WUEB): A
J¥L GLEQ FKR PYW WURQJ-ED FEKb ¥®)yd@&kE Jui <Y
gluconi¥ yancFtGjQK ULrQJ FKR yiS iQJ GO yRiQ C
ULrQJ ELEW &iF yiS iQJ EA P»W ' yBMZRRYKWEGQJ C
QK+Q UD UuQJ WmkQJ WiF KDESFKIFAK|jB QP K WaAQ@ 3 WA
WKi W6 JLEP G«Q $%!%&!$& LAX Qj\ SKe K¢S YRL §C
FiIF WKDP VO ykQ O¢ WKHR WKi W8 %!$!& WmkQJ iQ
Om¢W Oj $( &HOO ;\O Yj &'+ QKm WKC KLEQ WURQ
%8QI 2.

NKm WKC KLE®2aEadFQKWKC y¥W ymcF V6 FS§L WK
KiP PéF WLrX WiNv®BX KL W QJ JLi WUIT FéD FiF WK
QJmcF O¥L »F EyBWMXA MEWLI WKLEQ yiQJ NC VDX N
WKDP VO $ Yj % ULrQJ O¢ Yj JL8P NKL W QJ WKDP
TXDQ WUGBF WLAS JLOD FiF KjRYP &F W)Y EXF QUDP 0
ULrQJ O¢ $ % Yj & FéD FiF SKmkQJ WIUWuU.QKTR {oKuwQ K
Yy PiF8QK KmaQJ FéD FiF WKHF @ K EkF yKQIL ¥C VR
YRL O«Q Om¢W $ % & GR yY ELAQ WKUrQ F&ID) FK~QJ

70L mX KyD Yj [iF PLQK P{ KuQK KjP PRQJ PX0OQ
mX KyD KjP Bar Wd.uX tr 3 nhRk WA YNEQI w'nz¥ me
Fy WKC y¥W JLi WUT F8F y¥L .AW TX§ Oj We\ FK
JiIQK WURQJ yy SKmkQJ iQ WOW QKow yC WOL yD k
QKm WURQZ %8Q3.&1IRB JLi WUT WKAYETKLER VIiQK YR
c8§c WUISGH YyRIQ YyC [iF QK+Q WtQK K¢S OE FéD P{ Kui
JLi WUT KjP PéF WLrX Oé WKX\AW Yj WK8F QJKLEP O
O«Q Q6D NK-QJ yIQK P{ KuQK [kl GBQJ SKe+ K¢S YRL
k hWOL mX KyD ED HLAQASKW & KXYIF mX ymc/Fg[iF yTQK
yOL YRL &HOO ¢ghOL YRIBS( YjgyOL 8 RL &'+ VDX NKL &
FKOW WURQJ JL4 & YLAX NLEQ f& Yj S+ 7KFE
ymcF [iF yIQK Oj 1N1,22 v 5, 1IWMKQJL BQJI( m
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YBL Om¢cQJ V8Q SK-P Fk FK@GW5&Z6Z (@jl Rui E oysmea Q J X
v’ gluconic axit

H3 nh BIiC8 AWmkQJaWiFgrke C é L imig® s pnh
7TURQUayy-:- glYuc osexyl(ds)e ,s-Yaaxdi t( cgl:uxoni

S N | | | ey

.00 1.00 1.00 1.00 400

1.00

A=020 82030 C=028
14.12 16311 41 64.23 27541 g1
Y1 = 165 689 Y2 = 65 5678

Y3 =526435

H3nh 3WAEIOCL mXgEd iSKi8 gy@d
Blng 3Gil8 @& rAQcy¥l vA &ih

Bin m« In Btch

A B d Cel |l / xy&DXDHAB/ ¢

0, 2 0, 38 0, 28 19, 2 38, 8
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Blng 3Gi 88itSmig v& nphn&RiWKXajyud &k idt
m.X

Gi § 'tr
C8c/hbjpht ltu i
Thcec noghi DLo8n I/t
Yi: Glucose (mg| g) 165,18 N 3,19
Y4 Xyl ose (mg/lg) 64,21 N|1,22
Ys4 Axit gluconfic (mg/g) 5,17 N o0,

&EQJ OLrQ TXDQ VAQ KmRQJ QJKLrQ FiX Qj\ C
5RVVDQD /LJXRUL Yj FYQJ VB ym VA GéQJ P{ KuQK
YyiIQK FiF yLAX NLEQ WOL mX FKRIKUQ@ KeS ,JxR vy |H

WLQK V*FKHBT&&E VA GéQJ yC FKX\CQ KyD Fk\ V
WKt QJKLEP ym [iF VT QW; yRKOE\ §QAKY NLKELEX TX8 GLEC
S+ V D X JLA & WUQJ ymaQJ NKyi WKE GIngF y¥W

Theo riughBd “%DGDO FEQJ ym [iFu y IRy m&F FiF
ca Uh ¢85 3HQJ\PH FRFNWDLQy| uFcHOsO XdoaDsVeH, Xyl
HVWHUDVH WUrQ@ B, FKONW BkRaE¥ I KR gic
yméag ARV QK tUD4 $% Em@Y §KmkQJ SKiS VA GéQJ P{ K
WKG6F QJKLER] .

Trong nighn°>pégg§m? dile mk WiHeh iym [iF

YyIQK ymcFuF il iQtL AmaX WRécts SHQJ\PH FRFNWDLO &'+
Cel |l / Xyl )@t b oFkgF KOk h ©@¥ g Bc §ac hhoi qu §
t r3¥ifh WKjQK FiF &nmb&Qa y(k@! uc oBYeW Ox @l @désDe NK-Q
YyiQK 3HQJ]\PH BRFSIWRROTXi WAuQEKoWk&\alSk har i d
FiIF PRQR Yj GLPHU [8\ UD GE GjQJKkPh®QKg Fy FOH
& AE) m" enzymeGEcBPQUhE ¢/ Cém\ FiXySRO\PHU Wt
SKkQ WA ROLJRVDFFKDULGH Fy PiF yY WU+<QJ K¢S
KRjQ WOW TXi WUuUQK FKX\CQ KyD
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CHhyNG | VO L¥WMq
4. 1nkKmg sighgh ¢8c eazyg @ eg l@nh

.K§ Q QJ VLQK WUQJ K¢Sl QyPi HQPBHOXi das ¢
dehydrogenase, | accadELILRAR SHUR[\IJHGD\EH af
FK&éQJ QOP 06D FKNQ ym ym¢F yiQK JLi FKR WK®O\ )
FKéQJ 7URQJ VO FKEQJ QOP WOW F§ yAX VLQK

e )\PH WURQJ yy FKEQJ FKLAP Fy NK§ Q
WUQJ KCORY¥. HQJ\PH &iF FKéEQJ WLEP EBCX CPA &3
cCP21, CP22, CP26, CP29, MPN9, MPN11,

MPL13, MPN25, MPN29, MPGO4, MPGO5, MP
PUL FKéQJ QOP Fy NK§8 Q QJ ELCX KLEQ wWOW & WiQ
WKO©\ V3 NKiF ELEW yiQJ NC SK&E QKXY E FER TRARY
FKOW F§P iQJ 1K6QJ NAW TX8§ Qj\ NK-QJ yiQK UuQ
UiQJ Wd QKLrQ 9LEW 1DP Fé WKC Oj &~F 3KmkQJ Yj
ngu WLAP Q QJ yC NKDL WKiF FiF HQ]J\PH Fy NK§ Q
| ignocell ul ose.

77T NAW TX8 yIQOK WrQ QOP Yj ViQK JLi KR¥W VY F
EOQ FKé&QJ 031 03+ 031 VYj &3 YyNKF Q&I FKN
ELCX KLEQ WOW a8 WiQJ OR¥L/HQTYIHUNRMXQHKRX &
Fy NK8§ Q QJ VLQK WUQJ Kms WAOW MiKOWp E§ & L cHaQs
esterase. FK&gQJ nDhXi UPHR J U DNODP<®@I1IDAWV IXK/é @ J
SXOPRQIBULXW] KDL FKéQJ Fy NK§ Q QJ VLQK WUQJ
enzyme cell obi ose d e hyWRQ@Jg &NiK&d s gy VHQ]\F
unspecific ymeFoxRKeWHO® & K¢S &a&W BIWUQKSRW % VF
&3 1KLAX ORjL QOP ym ym¢cF FKiQJ PLQK Fy NK§ C
p & R[ILGDVH ODFFDVH DFHW\O HVWHUDVH Yj FHOO
c®R YyLCQ KBQKKUKMRVSRULXP v3 RNWWUHIRQRWG 9 ,
99, 150]Qj\ ®&Kam alQad "yim¢F VA GéQJ OjP P{ KuQK Q.
OLrQ TXDQ VAQ SKEQ KEMOLIQIsQP e c iOF¥LcW pred @Ix
YymcF ymcF QJKLrQ FiX QKLAX QKOW $BURFREW Wt
DHIJHURWWD ORjL Q©P EDVLGLRP\FHWH QUL E+W WU|
FiF K¢S FKOW SKRQERXW G KGEK P¥DEK 20/h. FED BOD
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FKéQJ QOP ymc¢F 08D FKNQ yAX Oj QK6QJ FKéEQJ Q¢
n&KLrQ FiX WKrP

Trong nighmn™wyn, cpep®BrmPdHQvymaoFadF %l c §c
ngxuQ QUWWKFk SKe Klgriei §uyug trBgtph sinzly me
c@ c8itg @i Yt rsBo w88Q MWk Y Frk” ylCAc - t h
gB t h2chQ dd Wkgkué XpFkafXQloF@xi t , A epti de
W QIJnWUMRAUSIcr8 tp h 8@ ttaBnéc dm, g i@ump m h
QLWEK P&¥slEh §KkQ GnQoxdAD W @b /k ivj W QJ VLQK
HQJ\PH d¥m¢ c&Q QgMk Y EEKELWRAG MR on, c -
t GNK{QJ V«hagék hEnfly éddimg RQUOLWK K6X Fk GR V)
Ph8§®@ é&ré v sinbROAPHIMUMAQI QRONIpPLKKkQ
kit rEyYv: QLHMmM gF RETXDUURRNX®X\Vetn zy nfie AE v
hé& t2nh y¥advo nh 8/ WURQJ iR{hpWpmane, tr ol
enzyme@alieg®) Qjf\ yed ca® Inh 68, 5 UWmigpatr on
cha ca&ao nmmenéd gChSXOPRMPUINLX8& WXUHRJUDQXOD\
MPG14QIOmcV Y 2nh enzyme | a@chiisihgy ™ CD]
peptonexQ QLWkgumh@édga&, HXWWESSRUKX¥Y*Hh ot 2 nh
enzyme UPGN dNaloR QulgP {& We@oname n. AC§ e r R n
cho®t | oxQUQLWU Y iyhAG\iyyQJ YDL Wz TXDQ@ gNU
vE OiL mX KYDONKBLQK HMQJdR&gFéuin Pept ome | ° r
QLWK KO6X Fkcm®P iYp E® WK ~F Vs iblnghpht enzy me AE,
| accase v~ CDHKn nte¥nolt g §HkiQi WOR QK 2iveLiE t h 2 ¢
s&§ ®u enzyme Li PA vighid@PGcUMhyim FEkalgr
ngxQ QLWk yyQua ayf@igtWwtUrzon g q W qthr € mziy nsd nth
nén [ 152, 153fgodsmeRginmimighvrlbsung pepton
YR P{LnWUm#®A IOjR W QJ WMQJItNQ h enZAyamm&®c | ac
clihg @n @ Hg/HQWLQXV IHB@BR GFBBHXWRW XM BRI\LQXV
903X\ QKLrQ ViQJ MWKDIE ¥i)JIV@¥e pt o n8QKKgna g
YiQJ WA ¥o t2nh enzyine § ghgoanxn dyaskeds 4] .
n"y chmgtim¥ oenzy Gepdnén-g tkth 8§ B nd&wa g u
QLWKk Y] Q%QJcyhysan g tWlbmag n @t ii Nog fui ®n ¢
Elisashwgds v iymcIiLpmdK+c §cQ QgWk KX Fk Ql
pept one ©OP "PHQa oV KmaRd ¥9 KWKK G YV Rig@t W k Y {
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FKk WURQX ¥tk tuhgcehFiFiHhQi]\RH QKm ODFFDVH St
ested nAil @@ ikhn§c nhau n[gli6i 5°knhégcdBal dr i an
(2004)® cBoAk tph nxQQUQLWk Ko6X Fk K®LPHIRW UM a
tOL mX NKPWK~F Ko K2HQ]\PH Pj FzQ OjP WhQJX¥ WtQK
t A gi¥Wngheoc ¢ h ¥un g WAINS @] ¥mhaent q u &g étcr
VE @ BhY¥ ovxQJInyvg@Q QLWkp SKer Kin dR {tLhVillgm &
nu!®\ gg»Bi khei tm 0L YD KyDOKEHE ®Hu¥n ¥ o
enzym@eChcNgo i ArGRKmMiWEa wrm® nw't io Eaumgb
ngxQ QLWK FEQJ yyQJinyYDIlt MEUDGT XMDIQKWI N Xi WUuQK
thg @h enzyme.
4 .20 Hi 2nh c8cc E&ampdsmedrit nt ng

OUL HQJ\PH Fy FOX WU~F Y] Fk FKA KR¥W yYQJ |
FIFK WKiF KR¥W yYQJ FéD WiQJ OR¥L HQ]J\PH yC W
GéQJ WKBF WA NK{QJ KA GE GjQRAW TR B J ® MK XQY mic
HQJ\PH WLQK V¥FK Wi FKéQJ QOoP WLAP Q QJ PU
QX{L Yj TX\ WUuUQK WLQ®]\WP¥HF K/ INK iINKQ K§DriXxc F WL QK
YymcF SKkQ WtFK y»F YLCP KR¥W yYQJ VLQK KNF ED
mX FEQJ QKm NK§ Q QJ FKIX QKLEW Yj yY UQ yIiQK
NKiF QKDX .AW TX§ FKR WK®\ PYW VO HQJ\PH Fy N
QKLEW yY FDR Yj P{L WUmMAaQJ S+ WUXQJ WtQK WUF
KX\ KLEX TX8 WURQJ yLAX NLEQ D[LW KR»F NLAP
4. 2Enlzyme acetyl VExXDLURRBRKXIYAVE(

+R¥W WU F¥W JLi WUT FDR WHER®JaNEL yy a4 QJlI
FiX FED /LQGHQ Yj F{QJ V8 ym FKIi$VWB HUQAD HX W iQRK
KR¥W yYQJ WOL mX7 a8 B WHEGIFWEREKW YA S+ WOL n
Oj GR V& NKiF ELEW YA FOX WU~F SKkQ Wd Yj P{L
FKEQJ QOP ME§Qe VE@Kneal KRFW WWKEERD K&
Q QJ EAM) ® FRR WKO\ WtQK WKtFK QJKL FéD HQ]\PH
D[LW QK% »F WtQK Qj\ UoW TXDQ WUNQJ yOL YRL
Yj VLQK KNF y»F ELEW Oj WURQJ FiF TX\ WUuQK F
&{QJ QJKLES WKBF SK-P HQ]\PH Fy WKC ymc¢F VA G
WKBF SK-P OrQ PHQ V8Q [XOW yx XOQJ OrQ PHQ QI
t r3inQiK VF¥FK/8Q SK-P Fy WtQK D[LW W3O@KLrayyt G
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WURQJ VE8Q [XOW ELRHWKDQRO TXi WUuQK WKE&\ Stk
WUmMaQJ WKmaQJ JLEP GR V6 KuUQKQWKRAaKUBRIF QMK \&
pH 5K DFHW\O/HVWXNDWRYWOWKA) SKiW KX\ KLEX T
WURQJ FiF EmRF WLAQ [fi Oé KR»TFr BKipQ € @ KYIDEBS L JC
GEW QKPQYPPH Qj\ Fy WKC ym¢F G+QJ yC [fi Oé FiF
DFHW\O WURQJ P{L WUmMAaQJ D[LW FS§SL WKLEQ FKoW
[Ai O8 FKOW WKSL K6X Fk YRBL NK& Q QJ KR¥W yYQJ .
SKkQ Ké\ FiF K¢S FKOW KoO6X Fk WURQJ FiF KE WK
FRPSRVW QkL S+ P{L WUMaQJX W& ma Q.K&EIRQBYS)J. \
EAQ KR¥W WtQK FéD HQJ\PH WURQJ P{L WUmMaQJ D
SURWHLQ FéD Qy Fy NK&8 Q QJ FKOQJ O¥L V6 ELAQ
OjP W QJ WLAP Q QJ iQJ GéQJ WURQJ FiF P{L WUma
1Jm¢F O¥L FiF HVWHUDVH Fy QJXxQ J®WBFWOOXVNK
OLFKHQLWKIPAYJ WKC KLEQ KR¥W WtQK WOL mX W
8, 0) [1Ka8PpF WtQK Qj\ FK~QJ ymc¢F iQJ GéQJ UY(
Y6F F{QJ QJKLES \rX F«X YyLAX NLEQ S+ FKIXRN TWJRQJ
UARD HVWHUDVH NLAP ymc¢F VA GéQJ yC [~F WIiF TX|
HVWH Yj OLSLG JyS SK«Q QkQJ FDR KLEX TX§ OjP
E-Q Fy QJXxQ JOF G«X P& 1JRjL UD HQ]\PH Qj\ FzQ
WURQJ F{QJ QJKE [fi O& GD Yj GEW QKXYP QkL P{L
WK~F y-\ FiF SK8§Q iQJ KyD KNF y»F WK

1KLEW §Y WL MXSFemy QIXx®) DABANI O] 7&
[ 15 71KLEW VY Qj\ J«Q YRL QKLEW yY Fk WKC 7&
WK®©\ FiF HQ]J\PH Qj\ Fy WKC E3W QJXxQ Wi VLQK Y
t r UK %rQ F¥QK yy QKLEW yY 72& WmkQJ yOL G
tr3h@K KNF NK{QJ yzL KOL FiF K§PWXYIXK TXD SKKE
W¥S JL~S WOL mX KyD KLEX T¥E WQ P GwWQUOWWRjQ JQ\
NKiF GNBHUJLOOX\WK R EDWLGIRGIR UX L O®IL HKRPR\Q @Y Q J
WOW 3 QKBBW §E [.KS9Q QI &KRM¢W yYQJ WURQJ FiF
NKiF QKDX FzQ Pa UD WLAP Q QJ iQJ GéQJ yD G¥QJ
tr3nkh KEFrA QKLEW yY WKOS yC ESR YE FiF WKjQK
yAQ FiF iQJ GéQJ QKLEW yY FDR yC W QJ WOF yY
QKLEP NKX-Q
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4. 2. Enzyme <cell obi o&e DHEHRIUDMBEEDANEY t
(& DD H)

Enz D&+ KR¥W yDEDW GWS + WX\ QKLrQ O¥
NK& Q QJ EAQ KR¥W WtQWUym @Q INTQ[ MW RS P{L 6DX
S+ KW¥@QK HQJ\PH K«X QKm NK{QJ.JLEP sWR &Rl
Bami nfjeRrYQJ VB3 FEQJ ym FKI UD6BPBIURWL XA BIRE&EX
FEQJ Fy yY EAQ KR¥W WtQK & S+ WX\ QKLrQ -Xx!
UnQJ &'+ Wi&HKEBUHQD XELFRYORY EAQndy St+2Wh (6
> @ LAX Qj\ FKR WKO©\ UuQJ KR¥W WtQK Yj yY EA
WKC WKD\ yUL We\ WKXYF YjR QJXxQ JOF FKéQJ YL
NKiF FEQJ ym FKi UD UpQJ FiF yLAX NLEQ P{L WUma
KLEQ GLEQ FéD FiF LRQ NLP OR¥L FEQJ Fy WKC 8QKk
FéER'+ LAX Qj\ Pa UD WLAP Q QJ FKR YLEFR VA GéQ
GéQJ F{QJ QJKLES NKiF QKDX y»F ELEW Oj WURQJ
a[LW KRgF tWAKKI®, [i Oé VLQK KNF FKOW WKS8L KR»F V
KoX.Fk

NKLEW yY WEIOMHK F&D 5 KKQi Y\REY RV i P.
S6 khgic miyC tQ TXBQ@At r “adF Q" Qdc i s ¢
enzyme. C8d& efihzo@metcr@hdvQb KkQ \QK&A c&c | i
kA hiKawmh AmMoc¥Q QKmtOLr@ dNrAAW LIRIQ° r¥j EiF Wmk
t §ccQR @i c8§c ami g adican.” KNdgchip piot e
khtnigbhibt 28 h@i@o t & bW ¢Va®. t Civ@ UQdminl,
mY Osenzy mef cc8@ ticri“a@S tQKm DOSKR v~ beta-s
KkQ JL~S GX\nW#do €uaQly & WKMWYQJI n&\W Mo, c8c
phOfmenhzymec -c t2¥\W HGjQh WIK®h Pngh, dc ho ph ®j
enzyMed "dihg AgRL Fkt Fk@& Bhc &8 ingh hid a¥nh
c8clEa Hiu C&8c e ¥Wnigfied mibW FIYR WVIK mRabhi t 2 n h
nhii kMBI xt#ic BWi ¥ oa nolQR y»m ytLiIC° n, c8c enzy
C- Ctghynmeg ¥ot 2nth E@ic8@minghsknBil§urong
P{L Wgm& EWMSHYIR u LA"y gi %p cldwubvg cB8l?2 gqhuyn
t r3nh ci ny°an gEvi {cYa on g Xth QKm WURQ® V §
dE nu hay T® c8ith 7TmkQJCWIdH it Osl o" i nmkh&c n
&HUUHQD X@ol6FKQRRISK\OOXFER® EXVREOLE mX &
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nhEW BYOUC [ 139Q Q1 KRI¥W nidhv Yaca €DH ¢, n
mardPtQ QJOWA ch¥%ng trong K §ch WuQd WOF nyty
pHing vid @&uls ©u

CDH RYW WURQJ QK6QJ HTFIKRMCRY KNS FD QBR K\ G
Yj SKkQ KECDHWBXYF QKyP KHPRIODYRHQ]\PH Yj FK
t ®\ & FiF ORjL QOP 7URQJ QJKLrQ FiX Fé&D FK~QJ W
QOB DXUHRJUDQYXOORMNKNF yIQK ¢y yNIKIE- QR¥L ymaQJ
NKiF QKDX EDR JxP FHOORELRVH FHOORWULRVH
PDOWRVH 7URQJ VO FiF FDUERK\GUDWH wWm ymg
ROLJRVDFFKDULGH F¢ OLG) WA WKENK' R]WKC KLEQ
WtQK y»F KbE&W WURQJ NKL FiF PRQRVDFFRBULGH
Fy iL O8F Yj KLEX VXOW [~F WiF WK©S 'R §{tyi HQ]\P
[~F WiF FiF VDFFKDULGHKRY OLDQ KAQ OjrFi# e, RQRYV
yLAX Qj\ GmaQJ QKm Oj y»F WtQK YOQ Fy FéD FiF
QOP *«Q yk\ FiF QKj NKRD KNF ym FKiQJ PLQK UuQ
h-a carbohydr &tK&,Q QDHNK@ W¥LcYl WUt & FéD
NKiF QKDX WURQJ FOXowWle~EAXLO)PRFKR SKpS Qy W
gi a Vvi'WUuQK SKKkQ Ké\ OLIQRFHOOXORVH OjP W Q
FiF SRO\PHU SKiF W¥S WKjQK QKo6®d.ykQ Yi ymaQJ F

'DQLHO .UDFKHU Yj FYQJ V3 ym FKi UD UpQJ HQ]
t §cR § &L -YIRHOORELRVH PYme WA&EDX FHKQOKIOBNVH F
QKm ODFWRVH PYW H[S6RHKSE F@ I FHORP REE RRAED &'+
YRL FiF K¢S FKroaM & DBBERK KXY L FKR FiF QJKLrQ FiX V
WOL mX KyD TXi WUuQK SKkQ JLSL VLQK KNF FEQJ
VEQ [XOW QKLrQ OLEX VLQK KNF Wi QJXxQ WjL QJX
&'+ ym PALWLAP Q QJ WURQJ YLEFYVI@ F&lé QXK HEQ\RH]
VXOW WURQJ FiF TX\ WUuUQK F{QJ QJKLES OLrQ TXD:
4.2.Bnzyme BQHXWRWXMU IMONP RIBEDIML XV

Lacdacdhg3 tSXOPRQIPWNL XIVSEW §YnXKhD|] Z2& Y|
m® 50% hénhadsaowlUd giy Ot H®Q]UWPH F@nihly
nhBEW Wmk@t) yODosmg HEWigers KkQ 2& QKEFKEh i
caa | acc&pedtc b htdhgddr tronghclvnguypghi 3 nt
ca KWnygyY end nwhe WUXQJ EuQ@K oyA YuregdS8un v~
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chirmgr | at céhg @*\PQRSXV OXEXY¥WDR¥DLE mX &
nhEW BYOUCA & 40RC t 4 ordg@o dstkhiSic Aypei t 2 nh
nhi é@c | ac @asce8cgil khiScnnhau [141]1 Tuy
| 0" i 4v%D KLhQUO XW King& W EOUNgYi mX WKOS gk k@0 NKR §
4A40UC, ®veW WtQK QKDRAK KEQ BHWLYW o, @c Bd t h
Q QJUFKEMWMW NpP KkQ V&JICtBR  BMSXOPR QYL XV
O X[XULDaVih.g NhhES cn "byiC x@& pthi8yD tGg¥ t r@o ng cC
trvc pobtiek® PHonw@sméacng | o i

30HXc c@oB@ IQJ GX\ tWUudKREH ax i (t5,y0) .
MY Osl acé as§ec @PONKiFFDERMGHUPD OHXMBFRQWH[
SOHXURMEXMWNGOLE mY HOS$ IKkQ4, 03 [ 1BJwe 1407 .
¥ , | ad@iclc@BleF KR G HU P Dy K@ UAL BsQvaPving @ asiing™ ¢
minh &Q QB&IGX\tWUWhKR¥HMKk (9, 0)6 kh 88 Abi S
dg pOlL mX Yh 8¢ c 8§c | & cQk & irgh t D@6 ¥tgr Y%c
v' iEM Qa FEnziymgc téh okKh8cn w®aay»t 2Nthh n "y
t Gynce k hidi yigtghédy | ac c asheX © +€QKkyo8rchén ha u .
tE c8c IYyNg®ddeHhmxi tWKBa pp%cho c8&c qu
t r3nhNBE iQKmM Ffi p hpe n@W WKk Pyt KR tm  m Nnu
Lacca¥Wnigh®&P{L Wigm& rung t 2WKmé&®id @ mc
déhg trong ngEShbUmcX ¥y PoQatfhi§d m &y Obc BEacc a s
SRO\SKHQ® O8®ritQViB® Wgnkclké D Y| Od P& épnh  xh o
s ©OW VLOQKphdRQJ NKL yy FiB PpBAMKHBH EA10, 0
c- APIQ @Qgdédy trong c8c ESgQKEE[MmRBIyfi knlg h i
m¥%i , v Outb @.i ayb t %nhl accica%en nighh§c nhau,
QJmat aC A -ghtdq§c enzyme n'fyl trdXdgEmRuy t
v2EéHBEMRRE Vk ac ¥aVa @8 o D[LW¥gObphenol [ 164,
%mwl sau, ¥WrgHamsHA KB\ KyD FiF DPLQ WKKkP KR>
cli® iph¥S Kk@ #ht édQJcy»t 2 A¥Wnigyéac | a @cBspH
kh&8§c nhaul kihBprgginghé@J Pj FzQ W @GJIRKILE
trong c8c qu¥StYn PhthgvdJimag nghii
4. 2. 4. Enzynkadd g\ili XD UgJdRPaIO MIAA  P()

Hot t @mriYMi PAy gi 6ae®anmhH 5,0 v~ 3350C.
INi P, iLci8Pc @ B0 H XWRWKD/MXDMIRIa ¥ Wn jghdot
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mX PH axit (FEW PL [mMX@EE3 FERQI NK i O6R
NghiiXnWOmRF yy Q#HKO@MIBHQYELEFLOOLXP RNFYPEHQV
tOa nbw @wys UC 7mk®QIQWHm W]\l accase, | ignin
FEQJ Oj PYW HQJ\PH ymc¢F yi@Knldi D RPW BhRQ In QKL
k BQ QJ R[\ KyDgyx ©S&@ bha. Tr o n giu nrg/h4iL,3 nymc
cling mi 80 QKWhR[\ KR Bk FKOW YzQJmWIRKPP,EDR
veratryl alpc oeht) ISKHMQROEBE NKiF QKm JXDLDFRC
YDQLOOLF Yj GLPHWKR[\SKHRROD® i@t FKmed WAy
WtQ&K X FORREO'&3 KKkQ VR B3O SKHQRORKF ymg

s 8§TURQJ NKL yyu WUKIRR FV &é dam@d ¥ " cb®o t h
rpmg Lii &hgB8 FKU\VRVSIRCUMKIDt @ BL Fki FK@r atr y |
al coholLA[®9Yy ®ch@l {»F Wt Kecy»L i PCWeK Di\ tyh

t by téhgovihWiYghykR mling. NBDoyG [iF yIiQK WLAI
Q QJ FED MJIKLrQ Fim Qjfi GWIRI yC SKKkQ Ké\ OLJQLQ
WiFK Wi UKkP AW TX8§ SKkQ WtFK )7,5 FKR WK®©\ F©)
[A O&L3 ym WKD\ yUL yiQJ NC y»F1BOLEWN GRpE@ Y*QJ
Q6D FmaQJ yY FéD VMDKD& yUL RPKY% VWIX3NKmcR Oé
GG YRIQ Oj QIX\rQ QKkQ FKtQK Jk\wWDnVy & kQ F3W
tAP Q Qg ddy&@dVi P trong c8c BHI QKMrFKkQ K& r
| i gnfii h]® x8hhh ditg h c &ic psh @ 2clkk §p ®h
phenoléi @.i rWwiNAcEBQKYKMaQJ ycAQhWtQK /B i 94p

c§ BhibBi ®uv8QIQN iBgGéenzyme nihgéadyramg c §c
tB [56, 166].

C gL WKEtFK ymh ox&y dénaymeol icgnin per
nh” kM gmhFb@ctr “%c kK ng PQiKakunadm u an
tiMg [168] . Enfz@me r LihP bishytcini c & Ot@

t r YacAV F Y8QhQJ WmkQJ WiFtYRLaGFithiFg FKOt r 3 nh
h-a. A®®@ ytr¥%c kht!nég Igi BRmb adrig dec c

tr ¥ WwWingY Hactive¥Wwigyed [L3vO4n@kLh®Q]J\PH W
hte @HQJ R[\ KyD FiF ph &r® |liicgrhion. C8c nh- - m
quamgt rt rongWvshQ@ MKm KLVWLGLQH Yj WU\SW
qus8 tr3nh oxfv lk8ax, ABIULYFGhRUtye |l ecFk on t
cl® sangi phyonr &# @ccBdogv” peg§ SxnghhgV¥8ccgl
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sd ym FKd vai Mgéac puasni drne 176, hi
tryptophan 171 t r oMy ng¥#e gL iitPrl ws g t ©m
FKU\WWRVSRRIDEP 1LGA), c8&8Qkamignio ASmAt n "\
kI 8Q QJ HQJ\WHVQKz0o x yk RtK @k hc88cc nchau (H3nh 4.

H3nh 4@ T.r ¥YeCa i bhih? tRKU\VRVEGRDBXP 1L GA) .
Tihha@ , t ce%cbab v«i Qc &ci saul f i @c tUivVR c -

bt badc YWhd vecEchcdi s uwd i & F{(FcCF\WWHLQH VyyQ.
tr, ogvm@ntrt@Bnguy@ ttreYec kWO nydQ Ky @iy §
enzyme8Q@ QJKkKnRyaywX i ch ni§ hioNghawc@h n" vy
FEQJ FEQWKKEMaAQE®AQJ HQ]\PHIi WKBEMgiUtdr ong qu
t r3nghing hyyt QK Kma@J ®Aiac qusg§ tr3nihbaxy h-
vi%ng AiBYnhe&me :fa LnhP nt hN eAygét g unaling ttrr ong
k' EQ QJ R[\ KEyDe Féyme. NhC¥ hande §rergaxhi t v
g@ hydroxywingroxyg pha, @ipge®zymenh h)
VA @ tr Yc @ itgrnthen .k BC wdangh dan e mEWE DI\ § U
t oy YEhYyR VEQ P{LnWUSIK KmAQEBEGAQJ Wmk@J WiF Fé&
enzy Ré Pkt FK@C uc ¥2n g, C §c ¥WnbgYg Wk hérdag tpd
ngo i ¥wmgy has§ cc ¥orb®I HQJ\PHc &K mv 2n & kht ng
YyNg v~ c8& PREQUEEBYPKh KmaQl §Arthi vEQ KA
yo Mmied HQI\PHRWFiF Fk kh&@c n@au rpaeod®.h hC
§QK Kgyd 6WmkQd oWiFHQ]\PH YjnRyL Wilhnga g an h,
h¥Q QWM , EW WS c s éic c §c i ¥ nh &©Wh jhdov
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1KmyY,® ct r Y%uc kk! g Pgikdgtdwy ficthot 2 nh oxy h
m”~ c8QKK KmaQJ A GhXMy@K ¥»F Fk KK&c nhau.
4.2.5. Enzyme unspe&DQGROPERBWHYeHX U\
CP2 ZHKP O)

&H8B32 WURQJ QJKLrQ FiX Qj\ ym¢F FKi UD Fy Nk
K¢S FKOW YzQJAWKKP REmM2' - azino-Dbis(3-et
sul fonate) ], veratryl al cohol (VA) v~
n“y €-techtthi c8® ingh hydroxyl h-a tr°n all
tr°n alkenes,p vOh ox ytcrhwca ndP8@ lhwik KR»F Om
h@QK uLAh & r éhPtQ Q3 g g réxi URO t Aong nh
ng " nh c¥Bnig E@é hA{L WumgEQ ® vy A -@awW cShmmh
x B UPG MONngYh m™ kiQinixg xdzac  t¥§,c Ik'imm |
gBP FKL SKtpMjytYt r ong dui®J tnyge at Hah pdhi
ra o8cpnhsphkhing MongBAMd HXU\WWSRXYpeci fi
peroxygenBzs@ymo®@) nAni | o" i +Wi NKIiFnNWURQJ
piU bhi ®h |~ ¢ 8¢ ¢SJUREFMERLUDV,PAKIHWRPKXP
&RSULQPBRAXVLV1I69, 178F.QKy®Ry832 YKgh @Jhku» X Yc
t 8¢ W yYB G¥QJtFlkcFK@ziym&ct |l o " C®n'khsgc- - t
nhaung&h UPRIURF\EH D$D3B2L W chWn y¥ g
r«iB v&k®@ QJ [~-F Wih FQB WHE&KQBEMVBE Q]\PH F\WRFKUF
P450, »mbdao dg oxyl h-am epd&indg MINka Bw”™ t h
oxi dal ihn®wcao. TBOFI2nWKghac¥W MatQK NpP KkQ
yO BL FiF EkrEK®K xhoc:- nhhg@y tdkhkh! ng«agi an ¢
vi t r& inmh [BSPDHP O, eniz&y X UAVISRXW g ilmnghi °n
n"y cG opfRkhcechW Wnk@rly yO €Q QWhR[\ Kyb M
SKHQROLF QKm $%76m¥j '@F @dv  tnig Tddh LA "y
gg IY nv ¥Wnigyol i¥n hv QKW WmkQJ WKtFK FDR YR
cl® c@ tcr ept.phNgo Yi OsUR O i £WnHNKiF QKm
&RSULQRSVLWVa&KIMHWRIPL X P FJIFORE RWR BBK®@J tK R ¥
YNg ¥QK WURQ" P {lx WHiynd® oSHUR[LGH N @KMAJ WKm
cgn R x®QJ ¥yW2w FDRDY® GkEooxy h-a [ ¥7,0,t uly7 1]
c%n g WMQKyP HQJ]\PEl OXKmBP U@k hiER ,jth K
v’ UFk EK&@ unspeci fic éptebruoixhy dreri @sier gph
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g@ vi ts.ihikvai t h&8c v i rsAi Isd&'nih kAE&c UrPK
Oj Fk ¥ @aadimJtykh 8l enzyne o@eimé& dn tin g éad
tronggiphixé P{lnWUmay &ESn@meighi

G«Q Vyk\ YjR Q P OXQLED gbBhD P FgF F Y
enzyme YPOEilchy pmhonkAl Q Qa Féxi doreduct
thet nh-m c8c pr¥téei2mhheome oxygkoase Vv~
Enzyme n8§Qy Q& R[\kkyD K&QR®Q ym ymaeFh[iF ¥¥%c t §c
cho Anhfihng oxy h-a kMmgcoxnyhatu- & dmai g
HOHFWURQ FE®JinQKmxRiF ISK8 K- ca®pbidybh
JIoC n " YA KUhP®Q Qe yH i qufg t miogngh 60X Fk Y| Fy
tA M@ &th ®h xddt tEcclompd®d c:nig. nghi
LAX Qj\ ymyN&slqu@s é&at @B cc n " t k Ema 3hm ki
th°m c8c erfizB smenN@Oh 8lig &nit 3Am tkh°m c §c
enzyme TUPS®i nh@&t hg8i8cnnhiX FIEQRIPDOQICW A g
v ol vBX U} KKeQWUA-F Y| RYOMAK¥C enzyme n"y.

Nhdivg nghX VX &kQPOA C @ rtadd QUhKmBRQIJ yL PR
t ronfy ovAt ivOL mX KyDn i SKEy h-a. @3nh 4.
v%ng tr uvWnigveccme maoy me cdh 0 DtH JHW A xi D§
axit ami n: Gl u-196, Ar / g89, Asp-1214,
Pro-37 [62J] .EMNmpi Cyse 3 mh-m ®eme nh
yncg oot tr eandy ©08ci WO nigukh8c nhau. Glu
Ar / gyyQJ YDL WUD URQ2yd @K tylBAm@Y v erugn ¥h @ © m,
YNgQKmt PPt x “%uc EBIkp&xivic- t©8§ cq ubhgy ¢rEo v i
h3nh tgn " @hIYHd AyOttAh illy t r®@ rBgc §tc per oxi das e
t2p EGD (Glul22-Gly1l1l2d-Aswml »y4)§ Athra@m hg |
| i °AW BKHUR[LGH Wdbh~SGyIQKIR®BR v 0o trung t ©n
Pro-35, Pro-37 v ' WUNQI2WWURQJ YIaGF & X\ W
NK{QJ JLDQ FéD Y*QJ WUXQJ WKP KR¥W yYQJ WY¥R
WmkQJ WiF JLOD FiF D[LW DPLQ NKiF YRBL QKyP KHF
FKR WKO\ UpQJ QK&6QJ YIi WUt D[LW DPLQ Qj\ NK{QJ
yiIQK FOX WU~F Pj FzQ 8QK KmaQJ yAQ WtQK FKNQ
HQJ\PH LAX Qj\ FKiQJ WO UpQJ Y*QJ WUXQJ WKP K
mX KyD FDR yC WKORKIRAD KRib OKBQ TXDQgyAQ SHU
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WKaL FKR WK®©\ V6 WKtFK QJKL yiQJ NC FéD HQ]J\PH
Yi FKOWRA&Q nhau.

GLU-196 ARG-189
& ASP-124
A DN

PRO-37 CY5-36

H3 nh &OX2WU~F HQ]J\PH 832 WIi%R )b IW&HF\EH
DHIJHUUWDO ps: // www. rcsb. org).

7yP O¥L FiFWHBQQWRIHQ ym ymc¢cF VA F£S &8 WUrQ y/
FOX WU~F ULrQJ ELEW QKmQJ yAX yyQJ YDL WUz T
KyD FOX WU~F FéD OLJQRFHOOXORVH '8D WUrQ F
FK~QJ Fy WKC ymc¢F iQJ GéQJ YjRm WK®6F BgLERg®ji Fif
TXDQ QKuUP QkQJ BDRKKCEXETXW VkX V3F YA Fk FKA
HQJ\PH FEQJ JyS SK«Q YjR YLEF WKLAW NA FiF JLS§L
WURQJ WmkQJ ODL
4. 3. XY nlfdb thilp enzyme (fienzyme cocl
chiy h-"a Bt Uuilignocellulose

'~F WIiF KLES yxQJ E4L KUQ K¢S HQJ\PH 3HQ]\
FKX\CQ KyD Y+W OLEX OLIJQRFHOOXORVH Oj PYW S|
VEQ [@OMWQ OLEX VLQK KNF Yj FiF VE§Q SK-P KyD KN
+0Q K¢S HQJ\PH Qj\ WKmaQJ EDR JxP FiF HQ]J\I
KHPLFHOOXODVH Yj OLJQLQDVH PUL ORY¥L yyQJ Y|
FiF WKjQK SK«Q FOX WU~F FK#EQK EdD © & JQ RFeHM CcXe
OLJQLQ 66 NAW K¢S FKtQHK Z yFaej 8V 6 § LmX KRLEDD K E B-
SKkQ JLSL VLQK KNF W QJ FmaQJ NK§ Q QJ Wk
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OLJQRFHOOXORVH Wi yy W¥R yLAX NLEQ WKXxQ O
t heoRQJTQJKLrQ FiX Qj\ YLEF iS GéQJ P{ KuQK woL
JiQK ymc¢F FiF yLAX NLEQ WOW QKoOW FERHKUQAEKCS
Y] &HOO ;\O0 WURQJ TXi WUuQK FKX\CQ KyD Fk FK©O
TX§8§ W¥R WKjQK FR&F5Vy&ar&dQO0KRVH [\ORVH AW TXS§
Q6D NK-QJ yiIQK UpQJ 3HQ]\PH WREQMWDW®E\ JBKE
polysaccharide GILPHOhGLERcUMGEOG|j QI KKkQ
*«Q yk\ WiF JL§ OHOOR /RSHV Yj FYQJ V& ym JlL
HQJ]\PH FRFNWDLO @kpdc 8 KKQ RERLWRIFI ORQ QK
WURQJ TXi WUuUQK Qj\ O] WKjQK WA EjR WKGBF Y+W 3
Ké\ Ed&L HQ]J\PH 'R yy FiF HQ]J\PH G+*QJ yC FKX\CQ K
KLEX VXOW [~F WiF FDR Yj NK§ Q QJ UQ yiQK QKLEW
SKe K¢S yC [~F WIiF TXi WUuQK SKkQ Ké\ FHOO>
KHPLFHOOXORVH WKjQK FiF OR¥L ymaQJ Woé GR ymg
gi Y%p FEOBNQJIXxQ Fk FKOW KLEX TX8 YA P»W FKL SKi1
VLQK RMREI I YWg§3s ¢ FEQJ jimg Fii ndhgéB ¢HQ]\PH
FRFNWDLO™ WURQJI RXInWUuQ@HKdihwKed H auyl mes eq h 2nrhh
gia VvV 0o QquU8 @r tnduc pbikgnoc@l CintAQ@ sQKmp h
endogl ucanases, -cgellu cddbgkiddidygsdh i dun assce s
Hei dihgdsc ym NA c8§c enzyme cell obi os:¢
( CDH) , |l ytic polysaccharigdaacmendasgged
v’ endogl ué abWsygy&( §6) VDX AKIg @ PLC
ChoO\Mt @GmcQH& MAE yneeHt ra trong @uint r[31n/iR ]
T¥L WUmMaRw Mo ndaBd, Eudgres v ym WhAAh k
hp c8c enzyme cell ul as&yuAhkeinDt ediX ul os
h& S8, tro&a¥R YD @mcQU yMAD3 YEMKKALYR
vk B ifsdQJ YkQ HQ]JWH, 77 md/ mlohhr & Khs gh
hit §ukhii 40J *HQ]\PH FRFNWDLOAhuwmy &i nh ki
| ignocel | D®ode gl In]OA Rt 28t g viu® & c
nh&i nh- m8yng F{QJich@ , thh in af AvdQJ 3HQ]\PH
FRFNWDLO nWWRQ@J GKXAEJMFHOOXO R VEHWV@)jmkem B Q J
quan t Ok QT N@hciybing éddy trong ngBnh ctn
nhi %&n slikh.h h
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1Jj\ QD\ FiF F{QJ W\ ORQNENNMOKICIQORML | ¢
PéF ytFK NKiF QKDX 1RYR]\PH&cknt &DFRBIp EDQJIz y 1
SKLrQ E§Q QKpP PEéF WLrX FKX\CQ KyD WRjQ EY Om
QJKLES QKLrQ OLEX VLQK KNF &RFNWDLO Qj\ ymc¢F
FKX\CQ yUL WUHKDORVH WKjQK FiF OR¥L ymaQJ Fy
yiQJ NC VEQ Om¢QJ ymaQJ WKX ymc¢F Wi TXi WUuQK
WURQJ O-QK YBF QKLrQ OLEX VLQK KNE 'lKapQw
JxP KUQ K¢S FHOOXODVH Yj FiF HQJ\PH SKé WUc¢ YI
YC SKe K¢S YRL FiF SKmkQJ SKiS [i Oé& WUmRF Yj OR

%rQ F¥QK YLEF 08D FKNQ HQ]\PH SKe K¢S FiF Q
W+S WUXQJ YjR YLEF F8L WLAQ NGO WKX+W yC W Q.
HQJ\PH Yj Fk FKOW LAX Qj\ EDR JxP YLEF NAW Kg¢¢
EU WU¢ WOL mX KyD yLAX NLEQ SK8§Q iQJ 1JRjL UL
Yj YDL WUz FéD WiQJ OR¥L HQJ\PH WURQJ TXi WUuUQ
VEQ [XOW VLQK KNF Wi yy JLSPERIL YDKXJI YR é@k B0QB
QJKE V8Q [XOW QKLrQ OLEX VLQK KNF Yj FiF VEQ Sk
FiX KLEQ QD\ FzQ W+S WUXQJ YjR YLEF F§L WLAQ
KcS YRL NK& Q QJ KR¥W yYQJ UQOQYIQKE W UFR Q J T\ A U
F{QJ QJKLES OQKm QKLEW yY FDR S+ WKD\ yUL KR»
iF FKA 1K& YjR F{KNPRIKIEQGLI¥L FiF HQ]J\PH WiL W
WKC ymcF WKLAW NA yC Fy yY EAQ Yj KLEX VXOW F
iQJ GAMUIRQJ VEQ [XOW QKLrQ OLEX VLQK KNF Y+Ww
KOX Fk WiL W¥R

+LEQ WUBE\F NKiP SKi Yj WOL mX KyD QJXxQ HQ]\F
NKiF QKDX FEQJ yDQJ ym¢F WULCQ NKDL P¥QK PA
FKéQJ QOP PRL Fy NK§8 Q QJ V8Q [XOW HQ]J\PH YRL K
VEQ [XOW WK®O©S KKkQ 7i yy NK{QJ FKI QkQJ FDR KLE
FzQ JMBIRLCX WIiF yYQJ VAQ P{L WUmMaQJ KmRQJ VA
VLOQK KNF EAQ YOQJ Yj WKKQ WKLER BKQ@QYR&dnP{L W
FED EOW N& OR¥L QOP QjR FEQJ WKD\ yULsWm\hWKH]
Y+W Yj OLrQ WéF ELAQ yUL yC WKtFK [QUZHML. FiF VL
Q6D F<QJ PYW OR¥L QOP NKL ymcH Q¥flo E@\ WWFKQ@
NKiF QKDX VA W¥R UD FiF FOX KuQK SURWHLQ NKi
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WUNQJ WURQJ YLEF WKLAW NA KUQ K¢S HQJ\PH SK-
JY¥W ymcBjyLAX WKC yLAX FKIQK FiF \AX wO P{L wU
WKD\ yUL WURQJ VHFUHWRPH kQ HQ]J\PH Fy KR¥W
WURQJ NKL KUQ K¢S HQJ\PH Fy WKC EUCEKQEQ Wi
K¢S HQJ\PH Oj 06D AMKKEQ BHKQ MXKy@K WA EjR WKOBF
yYQJ SKOL K¢S FéD FiF HQJ\PH YRL WtQK y»F KLEX
HQJ\PH Wiy ¥8Q SK-P FéD HQ]J\PH NKiF 1JRjL UL
HQJ\PH Fy WKC WKD\ WKA PYW HQ]\PH ykQ O¢ yC S
OR¥L Fk FKOW 'R FiF WmkQJ WiF SKiF W¥S Fy WKC
FeQJ YRL YLEF FiF FKOW iF FKA HQ]J\PH Fy WKC ymg¢
SKkQ YLEF QJKLrQ FiX Fk FKA KEXW®Y VWKQA Wé Dr HD Q|
YLEF WOL mX KyD FiF KUQ K¢S ym¢F WKLAW NA O]
cKX\CQ yUL OLJQRFHOOXORVH Yu PUL FKOW QAQ y
hOL FiF yLAX NLEQ ULrQJ ELEW yC FKX\CQ KyD KRjQ

C [k\ G6QJ PYW KUQ K¢S HQJ\PH KLEX TX§ yLA
[iF yIQK YyLAX NLEQ QX{L FO\ QOP WwWUrQh@kLAX OR¥
PLQK FiF HQJ\PH Pj FK~QJ WUQJ K¢S Fe<QJ YRL WL
[ 176JKLrQ FiX YA VHFWIHWRPE 0D LFIKIMGHUPD UHH'
kh QX{L FO\ WUrQ Em PtD FKR WK®J FiF ORML (HaH\E
NKiF QKDX yC SKKkQ Ké\ FeQU1PYMkKk QR¥L PYL Y& NKI®L
ELEW yiQJ NC WUR®@J WHHASHHOW RPN F@ ®QJ KDL SKmkCQC
SKiS QX{L FO©\ NKiF QKDX OrQ PHQ NAW K¢S P{L WU
FKI WURQJ P{L WUmMaQJ 00QJ 4XiO/QU uFXR ON & CR Ham!
enzy HOOXORO\WLF Yj KHPLFHOOXORO\WLF WKX ym
PHONGO

1K6QJ NAW TX8§ Qj\ FKR WKO\ UpQJ SKmkQJ SKi
WUmMAaQJ QX{L FO\ Fy WiF yYQJ P¥QK PA yAQ NK§ Q
QOP Wi yy §8QK KmfAQIJKWBRBRFVWE@WSSKkQ Ké\ VLQK Nk
O6D FKNQ FKLAQ Om¢F QX{L FO\ SKe K¢S 0j \AX WO
WUUQK SKKQ JLSL VLQK NKOL QKpP VEQ [XOW ELRH'
NKiF Wi QIJX\rQ OLEX VLQK KNF 1JRjLFUP \AX WIOC X
JLAX KzD TXi WUuUQK ELCX KLEQS$H @]\ BHTUAUHIFVBIRjL |
VA Pa UD WLAP Q QJ SKiW WULCQ FiF KEDNWOIIJ HC



111

KLEX TX§8 V8Q [XOW FiF V8§Q SKWOVLLQAK KNP MUIQ W
enzyme trQK VKN SKKQ 3 OLIQRFHOOXORVH F«Q
\AX WO EDR JxP QxQJ yY HQ]J\PH Wi OE JL6D FiF O
WUmMmaQJ QKm S+ QKLEW VYN WKAE DK DK & iBon®X V
KLEX VXOW WKeé\ SKkQ Fy WKC ym¢F F§L WKLEQ VyiQ
FiF SKé JLD KyD KNF KR»F VIE®IKW RKR /K KQyID KR)» © K
yiQK HQ]J\PH FEQJ Fy WKC JL~S W QJ FmaQJ KR¥W ¥
FKA Yj WOL yD KyD KLEX TX8 SKkQ JLEL OLJQRFHOO

7URQJ WKB&6F WLEQ YLEF Vi GéQJ FiF KE WKOQ.
JxP F§ HQJ]\PH HQGRJQXFDQDMD X HRRLGDVH ym ¥
FKiQJ PLQK Oj KLEX TX& WURQJ ¥iskeF SKKQ iKé\g F u
SK«Q ymaQJ ykQ Fy WKC OrQ PHQ yC V8Q §XOW ELF
HQJ\PH SKkQ JLS§L KHPLFHOOXORVH FEQJ F«Q SKE§L
FéED FiF OR¥L HQ]\PH QKm [\OCDQODNVHL PRIXQDQBRYH G
ph§¥8 FOX WU~F SKiF W¥S FéD SRO\WDFFKDULGH Qj
ORQ Oj FiF VEQ SK-P SKé FéD TXi WUuUQK WKeé\ SKkC
hydroxymet hyCfib (FKArkaR¥W $£Y¥YQJd méD HQ]\PH Y|
men [ITR&lY YLEF SKiW WULCQWKIEFCKKKRQFOMR¥LJE ¢
FKOW iF FKA Qj\ FK-QJ K¥Q QKm WLAQ [A Oé& VLQK
WKé\ SKKkQ FEQJ Oj PYW EmRF TXDQ WUNQJ WURQ.
GéQJ WKGBF WLEQ

&XOL FeQJ gPw§F GKXNOQ iKyBoc EluQaI[eB eaViF
enzyKieEQ W¥L ym V¥W ymcF QKO6QJ WLAQ EY yiQJ N
c §OR¥L HQJ\PH PRL FiF SKmkQJ SKiS WOL mX KyD
QKm FiF FKLAQ Om¢F WLAQ [Ai Oé Yj WiL VA GéQJ HC
FDR KLEX TX8 Yj JLEP FKL SKt VEQ [XOW WURQJ Wm

1KX F«X QJj\ FjQJ W QJ yOL YRL PYW WKA JLRL
SKiW WULCQ Yj FEL WKLEQ QKLAX NGO WH2EEWQ NXIF C
QJKLES &iegn DREBFNWDLO Fy WLAP Q QJ SKkQ
l ignocel |l ulR xP PYWcQKyPgFiF HQ]J\PH YRL FiF
QKDX Yj Fy NK§8 Q QJ SKOL K¢S yC SKi Y& FiF YW
enzyme €Ep QKLAXIO¢cL WKA FK~QJ WKKQ WKLEQ YI
c8§c KOW jyancF Vi GéQJ yC SKkQ KE&EIDWIQIREFH QDO
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WKé\ SKkQ VR YRL FiF HQJ\PH ykQ O¢ Yj Fy WKC VL
QKm WE8L Om¢QJ yC WKé\ SKKkQ KRjQ WHRK®WRPQRE Fk |
WLrX WKé Q QJ Omc¢QJ WLQHK GMBLVAOWLRABAWEFFED |
VIFK Q QJ Om¢QJ WiL W¥R Yj ELAQ yWli MKQKNK&LE
| i gnoceljlAlMW sSMeURQJ QKOQJ O-QK YB8F Q QJ Omg
Om¢QJ WiL W¥R SKiW WULCQ P¥QK PA QK®§ YRL V
WmkQJ ODL J«Q &iF SKmkQJ SKiS WLAS F+Q PRL F«
QKm FiF QAQ &v@@3%$ MQIXPMJ YjR WS HLCWP yiD2 nh &
OmkQJ WKBF NK{QJ F¥QK WUDQK Q@BX¥¥WQ FK >N FPHE F
UYQJ NK8& Q QJ Vi S K QK LOAX QREFHOOXORVH &iF
NKiF QKDX Y Q F«Q ymc¢F yiQK JLi yC P4 UD QKO6QJ N
NA PYWXKUQnKEy me €CoNcKkP SiKI FiF QIXXIQ RYWKC
iS GéQJ FiF RIQQKFKNF SKkKkQ Wi YijeWwhQk nwLmiKc |
secretFEMI QKM QJKLrQ FiX WLAP Q QJ VLQK KNF F
VLEF SKiW WULCQ Yj WOL mX KyD FiF KUQ K¢S H
Fk FKIDM8 c Onb@W F«Q WKLAW +kQ Q6D YLEF WK~
FKA KR¥W yYQJ FéD FiF HQJ\PH SKé WUc¢ Yj FiF HQ]J
UOW TXDQ WUNQJ yC WOL mX KyD FiF kUQ K¢S Qj
QJKLES YLEFNAW X ¢S WOL mKLEKSRY k-CRUWERCCS
QKLAX zKR¥W WtQK NKiF QKDX KAQY WKLAWE QJK-D °
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KeT N VEeNKINGH
KeT IxN

Ti ndhg Ak nghiucdéa #H© usgn Cor -%ttdhyal ki hu
sau:

1. PbOm®BGigcehn thuBasidi omycota v~ Asc
IHN ¥ot2nh e@zyma ¢hgynoégl @hiubo¥et 288 cl
acetyl esterdag @bilBAB)o,t 22n5h clhi gnin per oxi
cling Qbibi ot2nh <cell obiose délgy@riogena
hieE ¥o t2nh enzyme I|éax Qmidhad ¥(Ltacnh &Mz yen
unspecific per oxydge acte? nfndPc@OYyACEc ¢ h
|l 0o"i chdou Mghihemmec bMPN M2 t(2hnoh AB ©mc¢ Li P
3.650,8 U/L v®™ 39,3 U/ mL), MPG14 (CDH
u/ L), v’ CP22 (UPO, 41, 2 U/ mL) .

2. T¥hhvygihy®ct2nh ®-micgl b h O©Whott 2 nh
ri °n\glk yWwA Bi x c® mX§cyst ikcFtKk@c 5 enzy me,
g m: AE ViTHQWPQXV VTXNPNURVE(OAKE, hi4d1l, 4 kDa
viIiYi P, 53 kiD8aRSULQBE B OXY D XVHEEDDIHK,ODW XV
109 kDal3OHXHIKWIXV SMPRBO®B&t XV 35 kDa) ; vV
tir & aDQGROOHRP\FHR2RAHAKPNOSRXNO kDa) .

3.ingéd enzyme @t rhonag @cihhuhyg k VeilH ul os
X¥c t 8ic hchauyl i @ WiKD\ ¢§bb y@Chk A@dsng+ 1600

FPgkhi phOF Tl ®hmM ®ygD t 8ic hchauyd i nh Kkl
UKkPnEgpbhgh enz®mey file co€RHai AE, v~ Cell [
c8c® spmh ch2mhym@gQJl &kQ& (gl ucose, xyl ose
gluconi cOLMX WmidJ Kelo ,aVv &¥h z Pmmemd ymg
yAx@u DE(Cel |l / %Wl WmkB 1:9,2 : 38,8 : 52,
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KleN NGH

KA uoaghiu®rc hg APhQ QJhWU&neu s ilkhfen h
dQmRta clbgphicrBc ten@ymeacBuphghbdcel | ul
C8c énghoR ymcynpch+Sn YR y1 d ak hh @ m@PJkhai t h§c
h& t2%2DhFKeQJ WUrQ FiF HQ]\PH JtFK QkKans ©LJQL
acetyl esterase, cell obiose dehydroge
vy , c h ¥rkg nigli éFk ok nghui ’krmtihnghaih t h§c ¢
enzynfle m GmX KyD ¢hU enz ymmen @rhg Ec &§au hi
ch®@ly h-a Gl ©OhJERMFHOOXBRQBEMIFTANBE quy
m: pi IRt KwQ JL~S2HhiRKkIhi WEr &g deit =g ngh
n"y @ ®usclnig. nghi
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