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MO DAU

Sinh khdi thue vat, nguén carbohydrate tai tao 16n nhét trén trai dat,
duoc quang tong hop 200 ty tan mdi nim, trong d6 60% la lignocellulose.
Viét Nam sé hiru nguén tal nguyén thuc vat dbi dao, tao ra lugng 16n phu
pham nong-1am nghiép giau lignocellulose (gb, rom ra, ba mia...). Tuy nhién,
phan 16n lwong nay bi dét hoic thai bo, gay 6 nhiém. Lignocellulose, v&i cau
trac bén vimg gém cellulose (35-50%), hemicellulose (15-30%), va lignin
(10-25%), cb thé duoc tan dung trong kinh té sinh hoc va tuan hoan nhu san
xuét nhién liéu sinh hoc. Cac phuong phap hoa-ly xir 1y lignocellulose
thudng tiéu ton ning luong, tao chat thai doc hai. Pé khic phuc, nghién ctru
chuyén hoa sinh hoc véi vi sinh vat, dic biét 1a ndm, da ndi 1én nho tinh than
thién mai trudng va hiéu qua cao. Cac loai nim thudc Basidiomycota va
Ascomycota c¢6 kha ning sinh tong hop enzyme thity phan (acetyl esterase...)
va enzyme oxy hoa (lignin peroxidase, laccase, cellobiose dehydrogenase...).
Nhitng enzyme ndy phé v& lignin, ting kha ning chuyén hoa cellulose, giai
phong cac don vi cdu tric nhu duong don va hop chat hitu co, 1 nguyén liéu
cho san xuat bén virng. Trong nghién ctru, cac enzyme trén duoc goi 1a nhom
enzyme tién xir 1y sinh khoi tir ndm.

Pé tai luan an NCS. “Nghién civu thu nhin va dic tinh mét so6 enzyme
chuyén héa lignocellulose tiv nam Vigt Nam” tap trung nghién ctru vé hé
nam dugc phan 1ap tir rimg tu nhién Viét Nam (Muong Phiang-Pién Bién,
Cuc Phuong-Ninh Binh), ttir §6 thu nhan, tinh sach va khao sat dac tinh cling
nhu nghién ctru tmg dung trong chuyén hoa sinh khdi giau lignocellulose.

% Muc tiéu nghién ciru:

- Phan 14p va tuyén chon céc ching nam sinh enzyme chuyén hoa
lignocellulose hoat tinh cao (lignin peroxidase, laccase, acetyl esterase,

cellobiose dehydrogenase va unspecific peroxygenase);



- Tinh sach, x4c dinh dac tinh hoa 1y, dac hi¢u co chét va tdi vu xuc tac
chuyén hoa sinh khdi lignocellulose cac enzyme thu duoc.

% NOi dung nghién ctru:

1. Phan lap va tuyén chon cac chung nim c6 kha ning sinh tong hop

enzyme tién xur 1y sinh khoi lignocellulose.

2. Nghién ctru tinh sach va xdc dinh dac tinh cua cac enzyme tién xur

Iy sinh khéi tir nAm.

3. Nghién ctru kha ning chuyén hoa sinh khéi lignocellulose bai don

enzyme va xtc tac hiép dong (“enzyme cocktail”).

¢ Nhirng dong gop méi cua ludn an:

- Phan 1ap va xay dung duoc bo suu tap gém 56 chung nam thudc 19 ho
nganh nim dam Basidiomycota va nam tai Ascomycota; trong d6 c6 mot loai
mo1 Candolleomyces eurysporus (thudc ho Psathyrellaceae, bd Agaricales);

- Tinh sach 05 enzyme hoat tinh acetyl esterase (LsAE), lignin
peroxidase (LsLiP) tr nam Lentinus squarrosulus MPN12; Cellobiose
dehydrogenase (CauCDH) tu Coprinellus aureogranulatus MPGI14;
Laccase (Pleulac) tu Pleurotus pulmonarius MPNI18 va Unspecific
peroxygenase tir Candolleomyces euryspous CP22 (CeuUPO); Xac dinh ddc
tinh ly-hoa, dac hiéu co cht va dong hoc xuc tac cua enzyme;

- T6i uu thanh phan hdn hop enzyme (enzyme cocktail) cho xuc tac
chuyén hoa sinh khéi lignocellulose (rom) thanh cac don vi duong C-5, C-6
va axit gluconic.

Y nghia khoa hoc thue tién ctia luin 4n:

V&1 hé sinh thai, moi truong va sinh vat da dang, Viét Nam la dai dién
vé “diém nong da dang sinh hoc” (biodiversity hotspot) c6 ¥ nghia toan cau,
tuy nhién, dang bi de doa do céac hoat dong khai thac tai nguyén thién nhién
va sy mat mat ngudn gen 1 vin dé dang quan tdm. Sang loc hoat tinh va thu

nhan cic enzyme tir 56 chiing nam duoc phan 1ap tai cac ving sinh thai khac



nhau, két qua nghién ctru ctia dé tai luan an dong gbp thém vao co sé dit liéu
vé tiém ning x(c tac sinh hoc tir ngudn da dang ndm Viét Nam. Y nghia khoa
hoc cta ludn an ciling bao gdm cac nghién ctru tinh sach va dic tinh enzyme,
trong d6 c6 enzyme con it duoc biét dén nhu unspecific peroxygenase tir loai
nam mai phan 14p & Viét Nam, Candolleomyces euryspous.

Nhu mét phan ndi dung quan trong ctia luan an, nghién ctru danh gia kha
ning xGc tac va téi uu hdn hop enzyme cocktail trén sinh khéi gidu
lignocellulose kho chuyén hoa (rom, lignin) cho thiy tiém ning tng dung
clia cic eznyme nay trong san xudt cac hop chit hitu co nén (vi duy:
carbohydrate, phenolic, alcohol, axit carboxylic...) va nhién liéu sinh hoc
(bioethanol).

PHAN I. TONG QUAN TAI LIEU
1.1. Tong quan vé lignocellulose va vai tro ciia lignocellulose trong phat
trién kinh té sinh hoc
1.1.1. Céu tric lignocellulose

Lignocellulose 1a mét polymer bén vitng, phtic tap, nam trong thanh té
bao thuc vat, gdm ba thanh phan chinh: cellulose (40-50%), hemicellulose
(20-40%), va lignin (20-35%). Ty 18 cac thanh phan nay thay d6i theo ngudn
gbc, nhu gd cimg cd 45-47% cellulose, trong khi rom lta mi chi khoang
30%. Ham luong hemicellulose chiém 35-50% & c6 nhung giam xudng 25%
trong rom ra. Lignin dao dong tir 30-60% ¢ g mém, nhung chi con 6-10%
trong bot gidy. Su khac biét nay anh hudng dén tinh chat vat 1y, hoa hoc va
quy trinh xr 1y, phu hop v6i1 cac rng dung nhu nhién li€u sinh hoc, vat li¢u
composite va hoa chat sinh hoc.

1.1.2. Trig lwong lignocellulose

Sinh khdi lignocellulose dong vai trd quan trong trong kinh té sinh hoc,

1am nguyén liéu thd cho cong nghé sinh hoc va cong nghiép. Dua trén ngudn

goc va thanh phan, lignocellulose gom gb ctimg, gd mém, cdy trong (ngii coc,



c0) va cay thao. Viét Nam, v6i nén nong-1am nghiép phat trién, tao ra hang
tram triéu tan lignocellulose mdi nam tir san xuat néng-1am nghiép.
1.1.3. Vai tro ciia lignocellulose trong phdt trién kinh té sinh hoc

Chuyén hoa lignocellulose dong vai trd quan trong trong phat trién kinh
té sinh hoc nho kha nang tan dung cac ngudn tai nguyén sinh hoc tai tao dé
thay thé nhién liéu hoa thach va tao ra cac san pham gia tri gia ting.
1.2. Cac enzyme chuyén héa lignocellulose va ngudn vi sinh vét sinh

téng hop enzyme

CAu truc phire tap cua lignocellulose, v&i lién két chit ché gitta cellulose,
hemicellulose va lignin, gay khé khin cho qua trinh chuyén hoa. Cac enzyme
chuyén hoa lignocellulose, gdm enzyme oxy hoa (laccase, lignin peroxidase,
unspecific peroxygenase...) va enzyme thuy phan (cellulase, hemicellulase),
dong vai tro then chdt. Enzyme oxy héa pha v lién két bén viing trong
lignin, tao diéu kién cho enzyme thuy phan phan giai cellulose va
hemicellulose, giai phong monosaccharide va oligosaccharide. Su phdi hop
giita cac enzyme ndy quyét dinh hiéu suat phan giai lignocellulose.
1.2.1. Nhom enzyme oxy hoa

Laccase (EC 1.10.3.2) 1a mot polyphenol oxidase chira nhiéu
nguyén tr ddng trong trung tim xac tac va thudng duoc goi 1a polyphenol
oxidase da dong [59].

Lignin peroxidase (LiP, EC 1.11.1.14) 1a cac hemoprotein don phan,
c6 vai tro quan trong trong qua trinh oxi hoa hop chét lignin. Céc isozyme
LiP c6 thé oxy hoa truc tiép nhiéu loai chét hitu co.

Unspecific peroxygenase (EC 1.11.2.1), thuong dugc goi la UPO,
12 mot enzyme oxy hoa thudc nhom heme-thiolate peroxidase, duoc biét dén
v6i kha niang xuc tac phan ting peroxygen hoa. UPO c6 kha ning truc tiép
oxy hoéa lignin trong lignocellulose nho str dung hydrogen peroxide lam chat

oxy hoa, khong can dén cac chat trung gian nhu nhiéu enzyme khac.



Cellobiose dehydrogenase (CDH, EC 1.1.99.18) 1a m{t enzyme
ngoai bao duogc sinh tong hop boi cac loai ndm thoai héa gb khac nhau.
Enzyme nay oxy hoa cac cellodextrin hoa tan, mannodextrin va lactose mot
cach hiéu qua thanh céc lacton tuong (mg ctia chiing bang co ché riéng biét
sir dung pho rong cac chat nhan dién tir bao gém quinone, phenoxyradicals,
Fe*, Cu®* va ion triiodide. CDH hép phu manh va dic biét vao cellulose
mang hai nhém FAD va heme trong hai mién khac nhau c6 thé duoc tach ra
sau khi phan giai protein gioi han.

1.2.2. Nhom enzyme thuy phdn
1.2.2.1. Ho glycoside hydrolase

Glycoside hydrolase (hay glycosidase, glycosyl hydrolase; EC
3.2.1-) 1a nhém enzyme 16n va pho bién, xtc tac phan tmg thay phan lién két
glycosidic gitra hai hay nhiéu carbohydrate hoic giita mot carbohydrate va
phan non-carbohydrate. Trong ho ndy phai ké dén enzyme quan trong 1a
cellulase, mot phirc hé gdm endoglucanase (EC 3.2.1.4), exoglucanase (EC
3.2.1.91) va cellobiase (EC 3.2.1.21). Su phan giai cellulose tu nhién la mot
qua trinh phirc tap doi hoi su tham gia phdi hop ciia nhiéu enzyme khéc nhau.
Céc enzyme nay x0c tic qua trinh thay phan cat ngan mach cellulose.

Su phan giai cellulose ty nhién 1a mot qua trinh tham gia phdi hop
ctia nhiéu enzyme khac nhau. Cac enzyme nay xic tac qua trinh thily phan
cat ngan mach cellulose. Hé cellulase gdm cac enzyme chinh nhu: Endo-1,4-
glucanase (EC 3.2.1.4), con goi la cellulase nay tac dong thuy phan 1€n cac
lién két phia trong mach cellulose mot cach tuy tién lam truong phdng
cellulose, dan dén lam giam nhanh chiéu dai mach va tang cham cac nhém
khu.

Exo-1,4 - glucanase (EC 3.2.1.91), con goi 1a cellobiohydrolase.
Enzyme nay giai phong cellobiose hodc glucose tir dau khong khir cua

cellulose. Enzyme nay tac dong yéu 1én ving vo dinh hinh & phia bén trong



cua mach, nhung tac dong manh 1€n mach bén ngoai cua cellulose két tinh
hoic cellulose d3 bi phan giai mot phan.

B - 1,6 - glucosidase (EC 3.2.1.21), con goi la cellobiase. Enzyme
nay thuy phan cellobiose va cac cellodextrin hoa tan, chung ¢ hoat tinh thap
va giam khi chiéu dai cua mach cellulose ting 1én. Tuy theo vi tri ma P -
glucosidase dugc coi la ndi bao, ngoai bao hodc lién két v4i thanh té bao.
Chtrc ning cta B - glucosidase ¢o 18 13 diéu chinh sy tich luy cic chit cam
ung cua cellulose.
1.2.2.2. Nhom carbohydrate esterase

Mot mit xich quan trong tham gia vao qua trinh thily phan céu tric
lignocelluloses 1a hé carbohydrate esterase (CE), dai di¢n cho mot nhém 16n
cac hydrolase xtc tac dic bi¢t cho su phan tach hoac hinh thanh cac ester no
va ester thom. Trong do, hai enzyme acetyl esterase (EC 3.1.1.6) va feruloyl
esterase (EC 3.1.1.73) hoat dong trén cac chudi nhanh cia cdu tric
polysaccharide thanh té bao dé phan cat lién két cau ndi gitra cac chudi xylan
va gilta xylan v6i lignin dé tach riéng phan lignin ra khéi ciu tric
lignocelluloses. Chung déng mét vai trd quan trong ¢ giai doan dau qua trinh
thuty phan lignocelluloses.

Acetyl (xylan) esterase: Qua trinh chuyén hoa lignocellulose can hdn
hop cac enzyme thay phan bao gom cac cellulase, xylanase, carbohydrate
esterase. .. co thé hoat dong phéi hop véi nhau dé tan cong cau tric polymer.
Mot trong s cic carbohydrate esterase tham gia vao chuyén hoa
lignocellulose 1a acetyl esterase.

Feruloyl esterase (FAE, EC 3.1.1.73) hay con goi la ferulic axit
esterase thugc nhom carboxylic este hydrolase 1a mot loai enzyme tir vi sinh
vat c6 kha nang tac dung Ién thanh té bao thuc vat, pha vo cAu tric thanh té
bao, tao diéu kién cho cac enzyme khéc tdn cong, chuyén hoa cac thanh phan

khac co trong té bao thuc vat.



1.3. Pic diém enzyme chuyén héa lignocellulose tir nam

Enzyme chuyén hoa lignocellulose tir ndm c6 tiém ning 16n nho kha
nang phan giai lignin, cellulose va hemicellulose hi¢u qua hon so véi enzyme
tir vi khuan hodc thyc vat. Nam san xuat da dang enzyme lignocellulolytic
manh m¢, diac bi€t cac enzyme phan giai lignin, giap xu ly lignocellulose
thanh san pham gia tri. DU vi khuan phat trién nhanh va san xuat enzyme
nhanh hon, chiing thiéu su da dang enzyme can thiét dé xir 1y lignocellulose

hiéu qua.

CHUONG II VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén vat li¢u

Mau Cac mau qua thé nam, thu hoach vao mua mua (thang 10) tir
rimg qubc gia Cuc Phuong (Ninh Binh) va Muong Phang (Pién Bién), duoc
luu trit tai phong Sinh hoc thuc nghiém - Vién Héa hoc cac hop chét thién
nhién, bdo quan & nhi¢t @6 4°C.

Mau rom dugc thu thap tir Ct Chi, TP. H6 Chi Minh, mau sau thu
hoach dem rta béng nudc sach, phoi kho dudi néng téi khi do Am <15%, bao
quan tai nhiét do phong (25-30°C) sau khi cét thanh cic doan ngin 0,5-2 mm.

Lignin dugc tach tir ngudn tir rom khé & trén theo mé ta boi S Hitu
Nghi va cong su.

Enzyme thuong mai thu nhan tir nguén nam Trichoderma reesei
(cellulase va glucuronoxylanase; Cell/Xyl) cung cép boi AB Enzyme,
Darmstadt, CHLB Dtic, hoat dong t6i wu & pH 5,0, va nhiét do ¢ 40°C.

2.2.  Phuong plllzip nghién ctru
2.2.1. Phéan lap nam
2.2.2. Dbinh danh nam
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2.2.3. Nghién ciru sinh tong hop enzyme tir nam

2.2.4. Anh huong mdt sO y€u td6 dén kha nang sinh truéng va tong hop
enzyme cua cac chung nam chon loc

2.2.5. Phuong phap do hoat do enzyme

2.2.6. Tinh sach enzyme ty nhién

2.2.7. Xac dinh dac tinh cta enzyme tinh sach

2.2.8. Xdc tac chuyén hoa sinh hoc vat liéu lignin

2.2.9. Xic tac chuyén hoa sinh hoc vat liéu rom bang “enzyme cocktail”

2.2.10. Sac ki 16ng hi¢u nang cao (HPLC)

2.2.11. Phuong phap t61 uu ty I€ phoi tron tao hon hgp enzyme cocktail cho
chuyén hoa rom bang quy hoach thuc nghiém dap Uung bé mat
(RSM).

CHUONG III: KET QUA NGHIEN CUU

3.1. Phén lap va tuyén chon cdc chiing nam c6é kha ning sinh tong hop

enzyme tién xir 1y lignocellulose cé hoat tinh cao

3.1.1. Phan lap nim
Tir cac mau qué thé nam thu thap ¢ ving sinh thai khu vuc Vuon

Quéc gia Cic Phuong (Ninh Binh) va Muong Phiang (Pién Bién) da phan

1ap dugc 56 chung ndm thudc nganh nim dam Basidiomycota va nim tai

Ascomycota. Cac mau nim di duoc tinh sach va phan loai théng qua dic

diém hinh thai va phuong phap sinh hoc phan tu.

3.1.2. Sang loc cac chiing nam sinh enzyme
Kha ning sinh tong hop nhom enzyme bao gdm lignin peroxidase,

cellobiose dehydrogenase, laccase, acetyl esterase, va unspecific

peroxygenase ctia 56 ching ndm lya chon di duoc danh gia dva trén kha
ning chuyén héa co chit phu hop ctia mdi enzyme. Dich chiét moi truong
sau khi nuoi1 céy duoc loai bé cac thanh ph?m tap va sinh khéi dé xac dinh
hoat tinh enzyme.

Khi so sanh két qua danh gia hoat tinh ¢c6 thé nhan théy su khac biét

vé kha nang sinh tong hop cac enzyme giira cac chung nam phan lap dugc.



Noi troi 1a ching ndAm MPN12 ¢6 kha ning sinh tong hop tét nhét ca hai
enzyme AE va LiP. Bén canh d6, chung MPG14 va chung MPN18 Ia hai
chung c6 kha ning sinh tong hop lan lugt cac enzyme CDH va Lac tot nhat.
Trong khi d6 enzyme UPO duoc sinh tong hop tot nhat & ching CP22. Do
vay, bon chung MPN12, MPG14, MPN18 va CP22 duoc lwa chon cho cac
nghién clru diéu kién nubi céy thu nhan enzyme va xac dinh dac diém cac
enzyme tuong ing va (mg dung clia enzyme ndy trong chuyén héa sinh khoi
lignocellulose.
3.1.3. Dinh danh cac ching phan 14ap c6 hoat tinh enzyme cao
3.1.3.1. Két qua xdc dinh trinh tw nucleotide ciia chiing ndim MPNI12
Trinh tu thu dugc tur ching nidm MPN12 duoc kiém tra tinh tuong
dong voi cac trinh ty sin c6 trén ngan hang Genbank bang cong cu BLAST.
Két qua tim kiém cho thay trinh tu mau nAm MPN 12 tuong dong cao 99,76%
v6i loai Lentinus squarrosulus GU001951. Thém vao d6, so d6 méi quan hé
di truyén ctia mot so loai thude chi Lentinus di ciing di duoc xay dung theo
phuong phap ML. Chung nam MPN12 va loai nam Lentinus squarrosulus
tao thanh mot nhom riéng c6 mire do twong dong di truyén cao (99,76%) va
¢6 quan hé mat thiét véi nhau véi gia tri bootstrap trén 98%. Két qua nay cho
phép nhan dinh chang ndm MPN12 ¢6 chung ngudn gbc v6i loai Lentinus
squarrosulus.
3.1.3.2. Két qua xdc dinh trinh tw nucleotide ciia chiing nim MPN18
Trinh tu thu dugc tur ching nidm MPN18 duoc kiém tra tinh tuong
ddng voi cac trinh ty sin c6 trén ngan hang Genbank bang cong cu BLAST.
Két qua tim kiém cho thay trinh ty miu nam MPN18 tuong doéng cao 100%
v6i loai Pleurotus pulmonarius MH395979. So d6 méi quan hé di truyén cta
mot sb loai thude chi Pleurotus di duoc xay dung theo phuong phap ML.
Chung nAm MPN18 va loai nim Pleurotus pulmonarius tao thanh mot nhém

riéng c6 muc do twong dong di truyén cao (100%) va co6 quan hé mat thiét
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vGi nhau véi gia tri bootstrap 99%. Két qua nay cho phép nhan dinh chung
nam MPN18 c6 chung ngudn gdc véi loai Pleurotus pulmonarius.
3.1.3.3. Két qua xdc dinh trinh tw nucleotide ciia chiing nam MPG14

Trinh ty thu duoc tur chung nam MPG14 duogc kiém tra tinh tuong
dong voi cac trinh ty sin c6 trén ngan hang Genbank bang cong cu BLAST.
Két qua tim kiém cho thay trinh ty mau nAm MPG14 twong d6ng cao tuong
dong cao 100% véi loai Coprinellus aureogranulatus GQ249274. Két qua
nay cho phép nhan dinh chung nAm MPG14 ¢6 chung ngudn goc véi loai
Coprinellus aureogranulatus.
3.1.3.4. Két qua xdc dinh trinh tw nucleotide ciia chiing nim CP22

Trinh ty ITS cia ching ndm CP22 tuong dong cao 100% véi loai
Candolleomyces euryspous NR172427. Cay phat sinh chung loai dua trén
trinh ty ITS cua ching nidm CP22 va mot s6 loai thudc chi Coprinellus da
duoc xdy dung theo phuong phap ML. Chung ndm CP22 va loai nim C.
euryspous tao thanh mot nhom riéng véi gia tri bootstrap 100%. Két qua nay
cho phép nhan dinh ching nam CP22 c¢6 chung ngudn goc véi loai C.
euryspous. Nhu vay, tir két qua phan loai bang phuong phap sinh hoc phan
tir ¢6 thé két luan miu ndm phan 1ap ky hiéu CP22 13 loai ndm muc tring
Candolleomyces euryspous CP22 thudc ho Psathyrellacea.
3.1.4. Nghién ciru diéu kién nudi cay dé thu nhian enzyme tir nim
3.1.4.1. Anh hwéng nhiét o, pH dén kha niing sinh truéng ciia nam

Nhiét do va pH 1a hai yéu td quan trong anh hudng dén su sinh
truong va phat trién ctia nam. Trong dai nhiét do 23-37°C, tat ca cac ching
nam déu sinh truong dugc, voi nhiét d6 toi vu cho MPN12, MPN18, MPG14
1a 27°C va CP22 1a 29°C. Vé pH, cac ching nam phat trién trong khoang
4,0-8,0, v6i pH toi vu cho MPN18, MPG14, CP22 12 6,0, va MPN12 14 5,5.

O nhiét do hodc pH ngoai khoang t8i wu, téc do sinh truong giam ro rét.
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3.1.4.2. Anh huéng ciia ngudn nito dén kha ning sinh truwéng va tong
hop enzyme ciia nam

Thi nghiém x4c dinh nguon nito thich hgp cho su phat trién sinh khéi
va sinh enzyme cua cac ching nam cho thdy, cic moi trudng chira nito hitu
co (peptone va cao nAm men) thiic day su sinh trudng tét hon so vdi ngudn
nito vo co (KNO;, (NH4)2S04, NaNOs). Ching MPN12 phat trién tot nhét
trong cao nAm men, nhung enzyme AE c6 hoat d6 cao nhit trong mdi truong
peptone. Chung MPN18 ¢6 sinh khoi cao nhat va hoat do enzyme laccase
cao nhit trong méi trudng cao ndm men. Chiing MPG14 phat trién tt nhat
trén cao nam men, nhung enzyme CDH dat hoat do cao nhét trong mai
truong peptone. Chiing CP22 ¢6 sinh trudng tot nhat trong peptone, nhung
enzyme UPO lai dat hoat do cao nhét trong moi trudong cao nam men. Tém
lai, cao nAm men va peptone 13 ngudn nito phu hop cho cac ching nam tuy
thudc vao loai enzyme can tong hop.
3.2. Nghién ctru tinh sach va xac dinh dac tinh cia cac enzyme lignin
peroxidase, laccase, acetyl esterase, cellobiose dehydrogenase va
unspecific peroxygenase tir nam
3.2.1. Nghién ciru tinh sach cac enzyme
3.2.1.1. Tinh sach acetyl esterase twr L. squarrosulus MPN 12 (LsAE)

Sau qua trinh tinh sach da thu duoc tong lugng protein enzyme 1a
17,0 mg, twrong duong 391 U, hoat tinh riéng dat 23 U/mg va hi¢u suét 7,5
% v&i do tinh sach 12,1 14n so vai dich thd ban dau (Bang 3.1). Phan doan
enzyme tinh sach nay dugc bao quan & -20°C va stir dung cho céc nghién ctru
tiép theo vé dic tinh protein enzyme ciing nhu nghién ctru chuyén hoa in
vitro vat licu giau lignocellulose. Pién di SDS-PAGE cua phan doan c6 hoat
tinh AE cao nhit qua cic budc tinh sach & trén cho thiy vach protein LsAE
cO0 My =41.,4 kDa.
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Bang 3.1. Tinh sach enzyme LsAE tur dich 1én men L. squarrosulus MPN12.

o | 72 = [ v
' (mg) U | Um) | o |
Dich chiét tho 2709 5214 1,9 100 1.0
DEAE Cellulose 210 2540 12,1 48.9 6,4
Sephadex G-100 57 789 13,8 15,2 7,3
HiTrap™ Q XL 17 391 23 75 12,1

3.2.1.2. Tinh sach cellobiose dehydrogenase tw C. aureogranulatus MPG
14 (CauCDH)

Chung nam nghién ctru di sinh tong hop dugc mét lwgng CauCDH
dang ké trong qua trinh 1én men ran v6i rom dé thu duoc mot lwong dich
chiét thé chira téng hoat do0 CauCDH 1a 1817,1 U (dugc do voi chit nhan
dién tir 1a DCIP) (Bang 3.2). Trong sudt qu4 trinh tinh sach, hoat tinh enzyme
sau ting budc dd dugce danh gia va tinh toan ra hoat do riéng, cling nhu sé
lan tinh sach & bang trén. Sau quy trinh tinh sach 3 budc (sac ky trao d6i ion
va sac ky ray phan tir), ham luong CauCDH con lai chi dat 22,7% nhung da
duoc tinh sach t&i 41,9 1an tr dich loc nuoi céy tho vai hoat do riéng 28,86
U/mg (tong 411,8 U). B¢ tinh khiét cuia CauCDH sau budc cudi cing trén
cot HiTrap Q FF dugc danh gia bang phan tich dién di SDS-PAGE, cho thay
mot dai band 13 rang voi khoi luong phan tir 1a 109 kDa.

Bang 3.2. Tinh sach enzyme CauCDH tu dich 1én men C. aureogranulatus
MPG14.

Cac buoc tinh Hoat Protein Hoat tinh Hiéu | DO tinh
sach tinh tong, mg | riéng, U/mg | suat, sach,
tong, U % | (lin)
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Dich chiét tho | 1817,1 2635,6 0,69 100 1,0
Si€u loc 10 kDa 1687,1 2239,3 0,75 92,8 1,1
DEAE Sepharose 889,2 231,5 3,84 48,9 5,6
Superdex G100 549,2 25,7 21,33 30,2 30,9
HiTrap™ Q FF 411,8 14,3 28,86 22,7 41,9

3.2.1.3. Tinh sach laccase twr Pleurotus pulmonarius MPN 18 (PleuLac)

Sau qua trinh tinh sach da thu dugc luong protein enzyme tinh sach
1a 19 mg, tuong dwong 532,0 U va hiéu suét 8,3 % voi do tinh sach 9,6 lan.
Phan doan enzyme tinh sach nay duogc sir dung cho cac nghién ciru tiép theo
vé dic tinh protein enzyme (Bang 3.3). Dién di SDS-PAGE cua protein tinh
sach & trén cho thay vach protein PleuLac c6 Mw = 35 kDa.

Bang 3.3. Tinh sach enzyme Pleulac tur dich 1én men P. pulmonarius

MPNI8.

_ Hoat Hoat
Protein ) )
_ , tinh tinh Hi¢éu | Do tinh
Céc budc tinh sach tong . n .
(mg) tong rieng suat sach
m \
Yl | WUmg | ) | ()
Dijch chiét tho 2243 6432 2,9 100 1.0
Cot DEAE Cellulose 205 3011 14,7 46,8 5,1
Sephadex G-100 54 889 16,5 13,8 5,7
HiTrap™ Q XL 19 532 28 8,3 9,6

3.2.1.4. Tinh sach lignin peroxidase tw L. squarrosulus MPN 12 (LsLiP)

Dich chiét tho chua enzyme LsLiP dugc tinh sach qua ba budc sdc
ky lién tiép: trao doi ion trén cot DEAE Cellulose, loc gel trén cot Sephadex
/GO0, va cudi cung 1a sac ky trén cot HiTrap™ Q XL. Két thuc qua trinh tinh
sach, thu dugc 20 mg protein enzyme vai téng hoat tinh 566 U, hoat tinh
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riéng dat 28,3 U/mg, hiéu suat thu hoi dat 15,7%, va do tinh sach tiang gap
47,1 1an so v6i dich tho ban dau (Bang 3.4). Protein tinh sach dugc bao quan
& -20°C, st dung cho nhiing nghién ctru tiép theo. Két qua tinh sach sau 2
cot sac ky trao doi anion va 1 cot sac ky loc gel duge thé hién ¢ bang protein
c¢6 khoi lugng phan tir x4p xi 53 kDa. O nhitng loai nam khac nhau thi LsLiP
cling c6 khdi lwong phan tir khac nhau, tuy nhién chii yéu ¢ khoang 38-50
kDa, nhu LiP cua chung Loweporus lividus MTCC-1178 c6 kich thudce
43kDa, hay LiP tu chung Phanerochaete sordida YK-624 c6 kich thuéce
khoang 50 kDa. Do viy, LsLiP ciing c¢6 khéi luong phan tir tuong tu nhu
nhiéu loai nAm khac.

Bang 3.4. Tinh sach enzyme LsLiP tir dich 1én men L. squarrosulus MPN12.

. Hoat Hoat
Protein ) bo
, . tinh tinh Hi¢u .
Cac budc tinh sach tong A . . tinh
tong rieng suat
(mg) . sach
O | Umg | ) |
(lan)
Dijch chiét tho 5400 3600 0.6 100 1.0
DEAE Cellulose 350 1250 4 35 6.7
Sephadex G-100 80 831 10.4 23 17.3
HiTrap™ Q XL 20 566 28.3 15.7 47.1

3.2.1.5. Tinh sach unspecific peroxygenase tiw Candolleomyces euryspous
CP22 (CeuUPO)

Két thic qua trinh tinh sach, tong luong protein enzyme thu duogc 1a
19 mg, tuong duong véi tong hoat tinh 534 U. Hoat tinh riéng clia enzyme
tang 1én 28,1 U/mg, hi¢u suét tinh sach dat 23,2%, va do tinh sach tang 45,3
lan so v&i dich chiét ban dau. D6 tinh sach cua protein dugc xac dinh béng
dién di cho thay mot band protein rd nét xap xi 40 kDa trén gel SDS-PAGE.
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Bang 3.5. Tinh sach enzyme CeuUPO tur dich 1én men C. euryspous CP22.

) Hoat Hoat ) )
Protein Hiéu | DO tinh
_ . tinh tinh .
Cac buoc tinh sach tong . » suat sach
tong rieng \
(mg) (%) (lan)
) (U/mg)
Dich chiét tho 3700 2300 0.62 100 1.0
DEAE Cellulose 280 1110 39 42.8 6.3
Sephadex G-75 83 787 9.5 34.2 15.3
Mono Q™ 19 534 28.1 23.2 45.3

3.2.2. Xac dinh ddc tinh cua enzyme
3.2.2.1. Xdc dinh ddc tinh ciia acetyl esterase (LSAE) tiv chiing nim
Lentinus squarrosulus MPN12

O pH 5.5 va 35°C, hoat tinh cua LsAE s¢€ dat gia tri cao nhat. Do bén
hoat tinh AE phu thudc vao nhiét do duoc xac dinh & pH 5.5 va 35°C trong
khoang u enzyme khac nhau (ttr 0 t61 120 phut) ¢ nhitng nhi¢t o khac nhau
(4, 25, 40 va 60°C). Enzyme tuong dbi bén & 4 va 25°C sau 1h 0, tuy nhién
hoat tinh giam dan & 1h tiép theo.. Enzyme tinh sach cho thay bén hoat tinh
¢ pH axit (pH 5.0), sau 6h 1 hoat tinh enzyme duong nhu khong giam so véi
ban dau. O pH trung tinh (pH 7.0), hoat tinh enzyme giam dan déu tir 1 t6i
6h 0.
3.2.2.2. Xdc dinh dac tinh cua cellobiose dehydrogenase (CauCDH) twr
chiing nam Coprinellus aureogranulatus MPG14

Hoat tinh ctia CauCDH cao nhat ¢ 50°C va pH 5,5 khi so v6i nhiing
nhiét do khac 1an can. Do bén hoat tinh CDH phu thudc vao nhiét do dugc
xac dinh & pH 5,5 va 50°C trong khoang 0 enzyme khéac nhau (tur 0 to1 120
phut) & nhitng nhiét d6 khac nhau (25, 40 va 70°C). Enzyme twong d6i bén
& 25°C sau 12h 1, tuy nhién hoat tinh giam dan & 70°C. Enzyme tinh sach
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cho thdy bén hoat tinh & pH axit (pH 4.0), sau 12h & hoat tinh enzyme duong
nhu khong giam so vé6i ban dau. O pH trung tinh (pH 8.0), hoat tinh enzyme
giam manh sau 2h 1, va sau chi sau 8h @ enzyme hau nhu khong con hoat
tinh.
3.2.2.3. Xdc dinh ddc tinh ciia laccase (PleuLac) tir chiing ndm Pleurotus
pulmonarius MPN18
Hoat tinh ctia PleuLac cao nhat & 40°C va pH 5,5 khi so véi nhitng

nhiét d6 khéc 1an can. Do bén hoat tinh laccase phu thudc vao nhi¢t d¢ duoc
xac dinh & pH 5,5 va 40°C trong khoang 1t enzyme khéac nhau (tur 0 to1 120
phut) ¢ nhitng nhiét do khac nhau (25, 40 va 70 °C). Enzyme tuong ddi bén
& 25°C sau 120 phat u, tuy nhién hoat tinh giam dan ¢ 40 °C, va giam manh
& nhiét do 70°C, sau 120 phit @ thi hoat tinh giam xuéng twong rng con xap
xi 20% so v&i ban dau. Bén canh d6, PleuLac cho théy bén hoat tinh & pH
axit (pH 5.0), sau 6h 0 hoat tinh enzyme duong nhu khong giam so véi ban
dau.
3.2.2.4. Xdc dinh dic tinh cia lignin peroxidase (LsLiP) tir chiing néim
Lentinus squarrosulus MPN12

Hoat tinh cao nhit cta LiP cho thay ¢ pH 5.0 va 35°C khi duoc so sanh
v6i nhitng nhié¢t do 1an can. B§ bén hoat tinh LiP phu thudc vao nhiét do
dugc xac dinh ¢ pH 5.0 va 35 °C trong khoang u enzyme khac nhau (tur 0 t61
120 phut) ¢ nhitng nhiét d§ khac nhau (4, 25, 40 va 60 °C). Enzyme tuong
d6i bén & 4 va 25 °C sau 1h 1, tuy nhién hoat tinh giam dan & 1h tiép theo.
Sau 2h 1 thi hoat tinh giam xudng xap xi 60% so v&i ban dau. Enzyme tinh
sach cho thay bén hoat tinh ¢ pH axit (pH 4.0), sau 1h @ hoat tinh enzyme
duong nhu khong giam so véi ban dau, chi bat dau giam nhe sau 3h u. O pH
trung tinh (pH 6.0), hoat tinh enzyme giam dan déu tir 1 t6i 6h 1.
3.2.2.5. Xac dinh dac tinh cua unspecific peroxygenase (CeuUPO) tr
chiing Candolleomyces euryspous CP22
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Pé xac dinh pH tdi uu cua CeuUPO, hoat tinh enzyme dugc khao sat
trong dai pH tir 2.0 dén 10.0 d6i voi ba co chat ABTS [2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulfonate)], veratryl alcohol (VA), va 2,6-
dimethoxyphenol (DMP). Két qua nghién ciru cho thay enzyme CexUPO
hoat dong ti wu & cac pH khac nhau tiy thudc vao co chat. Cu thé, enzyme
CeuUPO cho thay hoat tinh manh mé& nhat d6i véi ABTS & pH axit (5,0),
trong khi d6i véi VA va DMP, enzyme nay lai hoat dong hiéu qua nhat trong
khoang pH trung tinh (7,0). Piéu nay chi ra rang CewUPO c6 kha ning thich
nghi tot v6i méi trudng pH khac nhau, va kha nang xuc tac clia enzyme thay
d6i theo timg co chét cu thé.

3.2.3. Bong hoc xuc tac cia enzyme
3.2.3.1. Dong hoc xuc tac cua LsAE
Enzyme LsAE tinh sach tor chung L. squarrosulus MPN12 da dugc

xéac dinh cac hing sé dong hoc ddi véi co chit p-nitrophenyl acetate thong
qua phuong trinh Lineweaver-Burk. Cac ndng do p-nitrophenyl acetate khac
nhau, tr 0,3 mM dén 1,5 mM duoc st dung dé xac dinh van toc (Vimax)- K ét
qua xac dinh duogc gia tr1 K, 1a 4,03 uM va gia tri Ve 12 312 uM/phut. Gia
tri toc do xtc tac (kear) ctia phan tmg xuc tac 12 10 s, dan dén hiéu suét xuc
tac (kea/Kn) 12 2,48 uM! 571,
3.2.3.2. Dong hoc xuc tac cua CauCDH

Hang s6 Michaelis-Menten (K., tir 117,1 dén 1.354.000 pM) va hiéu suét
XUc tac (gia tri kea/Kn tir 25,8 x 10*dén 21,7 M™' s™! twong tmg véi cellobiose
va maltose) co thé duoc x4ac dinh cho tit ca cac co chat thir nghi¢m. Ai luc
cao nhat (K, = 117,1 uM) va hiéu suat xtc tac (kea/Kn = 25,8 x 10* M s
da duoc quan sat ddi vai cellobiose, va d6 13 co chat tdt nhat cia CauCDH.
Piéu nay cho thdy enzyme CauCDH c6 kha ning nhan biét va xuc tac phan
gidi cellobiose hiéu qua hon so vdi cac co chit khac, phan anh sy dac hi¢u

co chat cao va hi¢u qua xtc tac vuot tro1 trong qua trinh chuyén hoa
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disaccharide nay. Két qua ndy goi y tiém ning tng dung ctia CauCDH trong
cac quy trinh sinh hoc lién quan dén phan giai cellulose hodc san xut
bioethanol, noi cellobiose 1 san pham trung gian chinh.
3.2.3.3. Dong hoc xuc tac cua PleuLac

Hé‘mg sb dong hoc cua PleuLac tinh sach da dugc xac dinh voi ABTS
1am co chét chinh. Céc néng d6 ABTS khéc nhau, tir 0,1 mM dén 1 mM duoc
st dung dé xac dinh van toc (Vinax)- Két qua xac dinh dugc gia tr1 K,, 1a 1,35
uM, nhé hon gié tri K, cua laccase tir cac chiing khac, cho thay PleuLac c6
ai luc cao hon ddi voi co chat ABTS. Piéu nay cho thay enzyme c6 kha ning
xuc tac hiéu qua ngay ca 6 ndng do co chat thip, 1am ndi bat tiém ning tng
dung ctia nd trong cac quy trinh sinh hoc, dic biét 1a trong xir Iy 6 nhiém moi
truong va cong nghiép dét nhudém, noi ma noéng d6 co chat thuong thay doi
va c6 thé rat thap.
3.2.3.4. Dong hoc xuc tdc cua LsLiP

Enzyme LsLiP c6 kha ning xtic tic oxy héa hiéu qua céc co chat nhu
DCP, guaiacol, ferulic axit, wveratryl alcohol, wvanillic axit, va
dimethoxyphenol. Két qua cho thiy enzyme nay dic hiéu cao véi co chat
DCP trong s cac hop chat phenolic dugc khao sat. Hoat tinh 1én dén 240%
d6i voi DCP va tiép theo 180% dbi vai co cht veratryl alcohol. Tuy nhién,
LsLiP c¢6 hoat tinh thip hon nhiéu so vdi cac hop chét thom khac (guaiacol,
ferulic axit va vanillic axit).

Héng sb dong hoc cua LsLiP tinh sach da dugc xac dinh véi DCP 1lam
co chét chinh. Cac néng d6 DCP khac nhau, tir 0,3 mM dén 1,5 mM duoc st
dung dé xac dinh van téc (V,..). Két qua xac dinh duoc gia tri K, 1a 2,45 uM
va gia tri Ve 12 285 pM/phit. Gia tri toc do xac tac (k) cta phan ung
peroxidase LsLiP 1a 12 s™', d4n dén hiéu suat xtc tac (kea/Kn) 12 4,85 uM™' §°

1

3.2.3.5. Dong hoc xuc tac cia CeuUPO
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Céc hang s6 dong hoc xuc tac cua enzyme CewUPO tinh sach da
dugc xac dinh d6i v6i ba co chat: ABTS, VA, va DMP. Két qua cho thiy
enzyme CeuUPO c6 ai lyuc manh nhét ddi v&i co chat ABTS, véi gia tr1 K,
thap nhat 1a 39 uM, tiép theo 1a DMP véi K,, = 117 uM, va VA véi K,, = 693
uM. Diéu nay chimg to CeuUPO c6 kha ning xtc tac hiéu qua nhat doi voi
ABTS, véi ai lyc cao va su tuong tac tdt hon so véi cac co chit con lai.

3.3. Nghién ctru wng dung xic tac sinh hoc enzyme trong chuyén héa
sinh khdi lignocellulose
3.3.1. Nghién cvru xuc tac oxy hoa lignin boi enzyme LsLiP tinh sach tir
nim L. squarrosulus

Lignin c6 ngudn gbc tir rom ra & dang ran, c6 mau nau sim dugc sir
dung 1am co chét chuyén hoa sinh hoc xtc tic boi LsLiP tir L. squarrosulus
MPNI12.

Két qua phan tich phd FTIR cua lignin truéc va sau khi xt 1y LsLiP.
Theo d6, ving fingerprint (1600-1000 cm ™) trong pho cua lignin di thay doi
dang ké sau khi xtr 1y enzyme, twong tng voi cac dao dong kéo dai cua cac
nhom khac nhau trong cau trac lignin. Cudng do dinh dao dong kéo dai (1115
cm™") dic trung bién dang phang ctia don vi syringyl cta lignin giam, cho
thdy dai phan tir ctia lignin d4 bi phan hay. Sy hinh thanh dinh 1080 va 1039
cm™! ctia mau sau xtr 1y 12 dau hiéu cta sy tao thanh lién két C-O trong
alcohol bac 1.

Nhu vay, két qua phan tich FTIR cho thay dugc vai tro quan trong
ctia LsLiP trong xtc tic chuyén héa lignin tir sinh khéi thyc vat.

3.3.2. Chuyén héa sinh khéi rom béi hén hop enzyme (“enzyme cocktail”)
3.3.2.1. Khdo sdt yéu t6 anh huéng don dén hiéu qua chuyén héa

Muc dich cua danh gia két qua thuc nghiém nham tim ra céc gia tri
t6i wu nhu ty 18 hoat d6 enzyme/co chat (U g) ciia timg enzyme don trong

hdn hop “enzyme cocktail” tham gia vao phan tmg chuyén héa lignocellulose
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thanh cac duong don. Két qua thi nghiém d3 xac dinh ving hoat dong thich
hop va tdm thi nghiém cho md hinh t6i vu thuc nghiém d6i véi enzyme
Cell/Xyl twong tmg 14 12 -24 U g''va 18 U g”!, d6i v6i enzyme AE tir 25 —
45U g'va 35U g, va ddi véi enzyme CDH tuong tmg 14 40 — 60 U g va
50U¢g".
3.3.2.2. Téi wu héa nong dp enzyme tham gia chuyén héa bang quy hoach
thuc nghiém

Mirc va pham vi co ban ctia cac tham s6 phan ung tir két qua nghién
ctru v6i cac hé sb don, trong d6 ty 1é cua timg hoat do ctia enzyme/co chat
(Cell/Xyl, AE va CDH; U g'') dugc chon 1a bién doc 1ap. Nhin chung, su gia
tang dang ké nhat cua cac chat chuyén hoa (monosaccharide, carboxylic axit)
duoc quan sat & cac ty 16 enzyme/co chat 18 U g d6i voi Cell/Xyl, 35 U g!
d6i voi AE va 50 U g d6i voi CDH. O ty 18 cao hon dan dén két qua chi
tang nhe cac chat chuyén hoa dugc giai phong nhu trinh bay ¢ trén. Theo do,
ba ty 1é ctia mdi loai enzyme dugc chon lam ving khao sat cac thong sé dau
vao cho ma tran thiét ké thi nghiém, d6 1a 12, 18, 24 U g d6i véi Cell/Xyl,
25,35, 45U g d6i véi AE va 40, 50, 60 dbi voi CDH, tuong tng voi mirc
thap (-1), duong co sd (0) va mic cao (+1), twong tmg (Bang 3.6).
Bang 3.6. Cac bién doc 14p va khoang bién thién cta ching.
Mién bién Murc

thien(A) | -1 ] 0 | 1

Bién doc lap Code

Z1: Cell/Xyl (hoat d6/co chat, U
g")
Z>: AE (U g) B 10 25 | 35 | 45

A 6 12 | 18 | 24

Zs: CDH (U g'') C 10 40 | 50 | 60
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Céc bién phy thudc, hiéu suat/ham luong (Y) cta san pham glucose
(mg g, xylose (mg g™') va axit gluconic (mg g™') dugc xac dinh qua thyuc
nghiém thé hién trong thiét ké ma tran. Két qua mé hinh tir phan tich phuong
sai (ANOVA) cho cac ham muc tiéu (lwong san pham sau xtc tac chuyén
hoa enzyme) duoc danh gia qua gia tri F, gia tri p va gia tri R2. Cac phan hoi
du doan cta ba ham muc tiéu Y1, Y, va Ys va céac bién doc 1ap li€n quan dén
phuong trinh da thirc bac hai dd dugc xac dinh. M6 hinh hdi quy bac hai
ANOVA d3 ching minh ca ba md hinh twong ung véi ba ham muc tiéu déu
phu hop va c¢6 ¥ nghia cao. Gia tri F cua Y1, Yz, va Y3 lan luot 1a 84,44,
110,35 va 38,60 va gia tri p nho hon 0,05 cho thiy tat ca cac mé hinh déu co
¥ nghia théng ké. Cac hé s xac dinh ctia mé hinh (R?) lan luot 13 0,9835,
0,9850 va 0,9858, cho thdy hau hét su thay doi ning suat c6 thé duoc giai
thich bé‘mg dir liéu thuc nghiém. Nhimng dit liéu nay hd trg do chinh xac cia
mo hinh d3 thiét 14p cling nhu xac nhdn sy thong nhit cao giita dit liéu do
dugc va tinh toan trén 1y thuyét.
Bang 3.7. M6 hinh phuong trinh da thic bac hai, ham lugng glucose (Y1),
xylose (Y2) va axit gluconic (Y3).

Dap . . Giatri  Giatri
) Phwong trinh mo hinh 2
ung R D
Y1 =159,54+5,56A+16,48B+6,29C—
Y 0,9835 <0,0001

7,13A%—15,84B%*-6,52C>

Y:=63,23+2,95A+6,07B + 2,57C-2,46A>
Y> 0,9850 <0,0001
~7,08B2-1,89C

Y;=15,01+0,71A+0,48B+0,17C-0,21AB—-
Y3 0,9858 0,0004
0,64A*-0,33B*-0,36C*>
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3.3.2.3. Phan tich ddp teng bé mdt va xdc minh mé hinh

Mo hinh tinh toan bac hai duoc phan tich va v& dd thi bang phan
mém Design Expert 7.0.0. Truc x va y dap tng bé mat 3D thé hién sy tuong
tac cta cac tham sd quy trinh, bao gom su twong tac cua Cell/Xyl va AE
(CDH, 50 U g'!); Cell/Xyl va CDH (AE, 35 U g'); AE va CDH (Cell/Xyl,
18 U g'!). C6 thé nhan ra rang tuong tac hai chiéu anh hudng dén tat ca cac
ham muc tiéu theo thtr ty giam dan AB>BC>AC. Piéu nay phu hop v6i anh
hudéng giam dan cta cac tham sé don 1¢ theo thir ty B>A>C (twong (g cac
bién duge m3 hoa 1an luot 13 AE, Cell/Xyl va CDH) nhu thé hién trong cac
phuong trinh bac hai, Bang 3.7.

Téi uu hoa va x4c minh mo6 hinh ham mong mudn duoc sir dung dé
t6i uu hoéa ham muc tiéu sau qué trinh xuc tic enzyme voi ky vong Y1, Yo,
va Ys c6 thé dat gia tri cuc dai. Két qua la, 10 tuy chon thir nghiém da duogc
xac dinh, trong d6 phuong an tdt nhét dé tdi da hda ham muc tiéu duge du
doan. Cac gia tri thir nghiém nay dugc so sanh véi cac gia tr1 du doan dé xéc
nhan tinh hgp 1€ ciia mo6 hinh. Sy khéc biét gitra cac gia tri ham muc tiéu ly
thuyét va thuc nghiém la khong dang ké. Piéu nay mot 1an nita khang dinh
mo hinh x4y dyng phu hop véi diéu kién thi nghiém. Sau khi t6i wu hoa ba
bién phu thudc, cac yéu to toi uu duoc xac dinh 12 19,2 U g d6i vai Cell/Xyl,
38,8 U g! d6i voi AE va 52,8 U g! d6i v6i CDH sau khi u co chét trong 48
gio o diéu kién 45°C va pH 5,0. Theo do, cac ham muc tiéu dugc xac dinh
14 165,18+3,19; 64,21+1,22 va 5,17+0,13 (mg g™') twong Gmg vdi luong (san
pham/co chat, w/w) 1a cac dudng C-5, C-6 (glucose, xylose) va gluconic axit.

Bang 3.8. Gié tri ctia bién doc 1ap va bién thuc.

Bién ma Bién thue
A B C Cell/xyl AE CDH (U g')

0,2 0,38 0,28 19,2 38,8 52,8
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Bang 3.9. Gia tri ddp Ung va thuc nghiém nghiém thu dugc & diéu kién tdi

uu.
Gia tri toi uvu
Céc bién phu thudc Du doan ly
Thuc nghiém )
thuyet
Y1 — Glucose (mg g!) 165,18 £3,19 165,69
Y2 — Xylose (mg g™) 64,21 £ 1,22 65,57
Y; — Axit gluconic (mg g™') 5,17 +0,13 5,26

Trong nghién ctru ndy, 4p dung md hinh téi wu thuc nghiém d3 xac
dinh dugc cac diéu kién tdi vu cta hdn hop “enzyme cocktail” (CDH, LsAE,
va Cell/Xyl) trong chuyén hoa co chat rom ra nham nang cao hiéu qua cho
qua trinh tao thanh cac dudng don C-5, C-6 (glucose, xylose). Mot 1an nita
khang dinh “enzyme cocktail” gitip cho qua trinh thuy phan polysaccharide
thanh cac mono va dimer xay ra dé dang hon, nhd ¢6 cac enzyme tién phong
(CDH & AE) ma enzyme chinh Cell/Xyl dé dang bé gdy cac polymer thanh
nhitng phan tir oligosaccharide ¢c6 mirc d§ trung hop nho hon trudc khi
Cell/Xyl hoan tit qué trinh chuyén hoéa.

KET LUAN

Tir nhitng két qua nghién ctru ctia lun an co thé rat ra nhitng két
luan sau:

1. Phan 1ap 56 ching ndm thudc Basidiomycota va Ascomycota,
sang loc hoat tinh enzyme chuyén hoa lignocellulose: 38 ching biéu hién
hoat tinh acetyl esterase (AE), 25 chung biéu hién hoat tinh lignin peroxidase
(LiP), 35 chung biéu hién hoat tinh cellobiose dehydrogenase (CDH), 31
chung biéu hién hoat tinh enzyme laccase (Lac), 24 ching biéu hién hoat tinh
enzyme unspecific peroxygenase (UPO). Cac chung hoat tinh cao dugc xac
dinh dén loai cho nghién ctru tiép theo, bao gdm: MPN12 (hoat tinh AE va
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LiP lan luot 3.650,8 U/L va 39,3 U/mL), MPG14 (CDH, 77,4 U/L), MPN18
(Lac, 7.659 U/L), va CP22 (UPO, 41,2 U/mL).

2. Tinh sach va xac dinh dic tinh hoa-ly (khéi luong phan tir, hoat
tinh riéng, do bén, diéu kién xtc tic tbi uu) va dac hiéu co chét cta 5 enzyme,
gom: AE va LiP tir Lentinus squarrosulus MPN12 (ky hiéu LsAE, 41,4 kDa;
va LsLiP, 53 kDa); CDH tu Coprinellus aureogranulatus MPG14 (CauCDH,
109 kDa); Lac ttir Pleurotus pulmonarius MPN18 (PleuLac, 35 kDa); va UPO
tu Candolleomyces euryspous CP22 (CeuUPO, 40 kDa).

3. Ung dung enzyme trong chuyén hoa sinh khdi lignocellulose:
LsLiP xuc tac chuyén hoa lignin cho thay thay doi dang ké cau tric & ving
1600—1000 cm™ khi phan tich phd FTIR. Téi uvu héa xtc tac chuyén hoa sinh
khéi rom bang hdn hop enzyme (“enzyme cocktail”: CDH, AE, va Cell/Xyl)
thanh cac san pham chinh gom dudng don C-5, C-6 (glucose, xylose) va axit
gluconic. M6 hinh téi vu c6 d6 twong hop cao, v6i hoat d6 enzyme tdi wu
duoc dé xuét 1a ty 1é (Cell/Xyl: AE: CDH) twong tmg 19,2: 38,8: 52,8 (U/g).
KIEN NGHI

Két qua nghién ciru cho thay tiém nang rat 16n vé nguon sinh hoc
ndm & nudc ta cho sinh tong hop cic enzyme chuyén hoéa sinh khoi
lignocellulose. Cac chung ndm da dugc phan lap va dinh danh, mo ra tiém
nang khai thac hoat tinh cua ching trén cidc enzyme dich nhu lignin
peroxidase, laccase, acetyl esterase, cellobiose dehydrogenase, va unspecific
peroxygenase. Vi vdy, chiing t6i kién nghj tiép tuc hudng nghién ctru khong
chi khai thac cic enzyme mé&i ma con ti wu hoa hdn hop enzyme nhim nang
cao hiéu qua chuyén hoa sinh khéi lignocellulose. Piéu nay sé& can dugc thuc
hién & quy mo pilot va I6n hon, giip danh gia tinh kha thi trong viéc ap dung

cong nghé nay vao san xuat cong nghiép.
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