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Tém tit

Nhu cau phat trién nhién liéu sinh hoc (NLSH) thé hé méi st dung sinh khdi trong thap ky qua da dan dén nhimng nghién
ctlru rong réi trong linh vuirc enzyme phan huy sinh khéi. Trong sé rat nhiéu enzyme méi dwoc nghién ciru, cac enzyme
polysaccharide monooxygenase (PMO) hoat dong theo mdt co ché oxy héa khir hoan toan méi sir dung mdt trung tam
hoat dong don nhan dong. Cac PMO c6 thé bé giy cac lién két glycoside trén bé mit cac co chat, tao ra dau chudi mai
gitp cho cac enzyme thiuy phan glycoside hydrolases (GH) dé dang tiép can cac chudi polysaccharide hon. Nhiéu PMO
da duoc phm tron voi cde GH va lam tang hiéu suat thuy phén cellulose 1én 2 - 3 lin, mé ra tiém ning (mg dung to 16n
trong san xuit NLSH, gitp cac nha san xut c6 thé tiét kiém chi phi 1én t6i hang ty USD/nam. Hon nita, nhiéu PMO da
duoc tim thay tham gia vao qué trinh gdy bénh cua vi sinh vat. Gan déy, nhirg nghién ctru sinh hoc phan tir cho thiy mét
s6 PMO c6 thé déng vai trd quan trong trong qua trinh gdy bénh ciia nim dao 6n, mét trong 10 loai ndm gay bénh nghiém
trong nhat trén thyc vat. Nhimg nghién ctru véi PMO ctia nam dao 6n la co s cho phat trién céc img dung phéan hity rom
thanh tién chat cho qua trinh san xuat NLSH ciing nhu phat trién cic phuong phap trc ché ndm dao 6n méi. Bai bao nay
s& mo ta ddc diém ciu tric, co ché hoat dong va tiém ning img dung ciia enzyme PMO trong thuc té.

Tir khéa: cellulose, ndm dao 6n Magnaporthe oryzae, nhién liéu sinh hoc, PMO, polysaccharide monooxygenase

Abstract

Research and development of the next-generation biofuel using biomass over the past decade has led to extensive research
in the field of biomass degradation enzymes. Among many novel studied enzymes, polysaccharide monooxygenase
(PMO) enzymes operate under a completely new redox mechanism using a single cooper active site. PMOs can degrade
glycoside bonds on the surface of substrates to create new chain ends. Therefore glycoside hydrolases (GH) are more
accessible to polysaccharide chains. Some PMO-mixed GHs increased the cellulose-hydrolysis efficiency by 2-3 times,
opening up great potentials for bio-fuels production and reducing billions of dollars per year in cost savings. Moreover,
many PMOs have been found to be involved in microbial pathogenesis. Recently, molecular biology studies have shown
that some PMOs can play an important role in the pathogenesis of blast fungi, one of the 10 most serious pathogenic
fungi in plants. Studies of PMOs isolated from rice blast are the basis for developing applications for degredation of rice
straw into substrates for biofuel production as well as developing new methods of inhibiting rice blast fungi. This paper
summarizes some characteristics and its potential applications of PMO.
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Gioi thi¢u

Hién nay, trén thé gioi, thé hé nhién liéu sinh
hoc (NLSH) thir hai st dung sinh khéi (cellulose)
dang duoc nghién ctru phat trién rong rii. Theo yéu
cau ctia Co quan Bao vé Moi truong - My (United
State Environment Protection Agency, EPA), dén
nam 2022, it nhit hang ndm c6 khoang 56,8 ty lit
NLSH duogc san xudt tir cellulose dugc st dung tai
My, tuong duong véi khoang 5% nhién li¢u dung
trong giao thong van tai [1]. O Viét Nam, Chinh
phu dang quyét tdm diéu chinh va phét trién thi
truong xdng ES va E10. Tuy nhién, do gid thanh
san xut cdn sinh hoc trong nude chua canh tranh,
xang ES chua duoc sir dung rong rai. Hién tai, méi
chi c6 khoang 150 nghin lit cdn sinh hoc duogc sir
dung, trong duong vai khoang 5 phén triéu lugng
nhién liéu dugce sir dung trong giao thong vén tai
trong nude. Do véy, cong nghé san xuét con sinh
hoc van can duoc cai tién dé giam gia thanh.

Cay lta bi anh huong rat 16n boi bénh dao 6n
gay ra boi vi nAm Magnaporthe oryzae. Loai ndm
nay xuét hién 1an déu tién khoang 7000 nim trudc
& thung ling Middle Yangtze & Trung Qudc. M.
oryzae gay bénh ¢ hiu hét cac bo phan cua cy laa
- 14, than, dt, bong. O giai doan d4u ctia qua trinh
giy bénh, M. oryzae hinh thanh thé appresorium.
Thé appresorium sinh ra ap lyc tham thiu rat 1én
(c6 thé 1én dén 8 MPa) dé pha vo bé mit cuia cay
laa. Trong qua trinh ndy, rat nhiéu enzyme, trong
doé c¢o6 ho enzyme polysaccharide monoxygenase
(PMO) hoat déng trén cac co chat polysaccharide
va lignin duge kich hoat va rat c6 thé 1a nhan t6
gdy bénh (virulence factor) quan trong cia M.
oryzae. Do d6, nhitng hiéu biét vé cic enzyme
PMO va mét sé enzyme lién quan vira gop phan
tim ra phuong phap méi dé kiém soat bénh dao on,
vira gitp cho viéc phat trién cong nghé enzyme
déc hiéu cho viéc phan huy rom sur dung trong san
xuét NLSH.

Tinh hinh nghién ciru enzyme PMO

Céc enzyme PMO duoc tong hop va tiét ra boi
rat nhiéu chung nim va vi khuan [2 - 7]. Gan day

cac enzyme nay duoc biét dén véi kha nang phan
hity céc polysaccharide bén, chang han nhu chitin
[8 - 10], cellulose [10 - 16], va tinh bot [17, 18],
theo mét co ché oxi hoa hoan toan méi (Hinh 1).
Trudc day, cac loai polysaccharide duoc biét co thé
bi phan hiy bai cac enzyme thuy phéan glycoside
hydrolase (GH). Mot vai loai enzyme PMO co
kha ndng giip tdng cuong hoat tinh phan huy
cellulose va tinh bdt cia cac enzyme GH tuong
ung. Mot vai loai enzyme PMO dac hiéu cellulose
da duoc sir dung cing véi cac hon hop enzyme
cellulase thuong phiam, vi du nhu Ctec2 va Ctec3
ctia Novozymes Inc, trong nghién ciru phét trién
cong nghé NLSH sur dung cellulose [19]. Viéc
phdi tron mot s6 PMO véi cac enzyme cellulase
trong Ctect2 va Ctect3 lam tdng hoat tinh cua
hén hop enzyme 1én 2 - 3 1an. Theo tinh toan cia
Phong thi nghiém Qudc gia vé Nang luong tai tao
¢ Colorado, My, budc phan giai tinh bt trong quy
trinh san xuat NLSH tiéu ton tir 0,5 - 0,75 USD
cho mét gallon NLSH. Theo yéu cau cia Té chirc
Bio vé moi truong My EPA thi dén nim 2022,
NLSH thé hé thtr 2 (sit dung co chét cellulose)
phai dat khoang 16 ty gallon. Do do, viéc cai tién
cong nghé, ting hoat tinh ciia PMO c¢6 thé tiét kiém
duoc mot khoan tién khong 16 trong quy trinh san
xuit NLSH. Gén day, céc nha khoa hoc trén thé
gidi da phat hién ra mét s6 loai enzyme PMO dic
hiéu polysaccharide ¢6 tiém ning tng dung l6n.
Do vay, viéc tién hanh cac nghién ctru chuyén
sau vé nhom enzyme nay dong vai trd quan trong
trong cong nghiép san xuat NLSH.

Hién nay, co sau ho enzyme PMO: (i) PMO
dic hidu cellulose tir ndm [11 - 14] (con co céc
tén khac 1a GH61 hodac AA9); (i1) PMO dac hi¢u
chitin [8-10] va/hodc cellulose [8-10] (CBM33
hodc AA10) tir vi khuan; (iii) PMO dic hiéu
chitin tir ndm (AA11) [8 - 10]; (iv) PMO dic hiéu
tinh bot tir ndm (AA13) [17, 18]; (v) PMO dic
hi¢u xylan tur nam; va (vi) PMO dac hi¢u chitin
tir loai cdn trang Thermobia domestica Mot sb
nghién ciru di chi ra ring mic d twvong dong
trong trinh tu axit amin gitra sdu ho enzyme PMO
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Hinh 1. (A) Chu tric ciia enzyme PMO va tuong tac gié thuyét voi bé mat cellulose. (B) M6 hinh hoat dong cong tinh
cua enzyme PMO dic hi¢u cellulose vdi cac enzyme GH, endoglucanase va exoglucanase.
Mé hinh nay c¢6 thé duge ap dung vdi cac ho enzyme PMO khac.

nay 1a rt thip. Tuy nhién, cdc ciu trac enzyme
PMO di dugc cong bd dén nay cho thdy bdn ho
enzyme ndy c6 cau triic bic 4 twong ty nhau véi
mot trung tim hoat dong don nhan Pong (Cu)
nam trén mot mit protein phang (Hinh 1(A)) [3,
8 - 12, 18, 20, 21]. Cac enzyme PMO dac hiéu
cellulose va chitin ¢6 kha ning oxi hoa va phan
huy truc tiép bé mit co chat ma khong thuc hign
budc tach chudi polysaccharide khoi co chit
khéong tan — mdt qua trinh doi hoi cin nhiéu ning
luong duge sir dung béi cac enzyme GH (Hinh
1(B)). Céc diu chudi méi duoc tao thanh bai cac
enzyme PMO sau d6 s& tiép tuc duoc thiy phén
baoi cac enzyme GH, qua do, lam tang hi¢u qua
phan huy polysaccharide cia cac enzyme GH.
Co ché hoat dong

Céu tric cua trung tim hoat dong don nhén
Poéng (Cu) cua enzyme PMO bao gém hai axit
amin histidine (H1 va H86) lién két vdi ion Cu?*
trong motif histidine brace. Axit amin H1 lién két
dudi dang hai cang. Trong cac enzyme PMO co
ngudn gdc tir nAm, vong imidazole ctia H1 duoc
methyl hoa ¢ vi tri N (Hinh 2) [3, 8 - 12, 18, 20, 21]
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Hinh 2. Céu tric cta trung tim hoat dong

Cac axit amin H164, Q173, va Y175 la cac
axit amin bao thu (conserved) trong toan b ho
enzyme PMO dic hiéu cellulose. O trang thai
oxy hoa Cu?', cac axit amin nay tao thanh mdt
hé lién két hydro véi cac phan tir nuée (Hinh 2).
Trong cac enzyme PMO dac hi¢u tinh bot, H164
dugc thay boi threonine, nhung hé lién két hydro
van duoc bao toan.
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Hinh 3. (A) Gia thuyét hydroxy hoa lién két glycoside boi
enzyme PMO dic hi¢u cellulose. (B) Mot gia thuyét vé co
ché hoat héa oxy boi enzyme PMO [22]
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Dua trén rat nhidu nghién ctru trén céac
enzyme PMO dac hiéu cellulose va chitin, mot
gia thuyét duoc dit ra la trung tdm hoat dong
d6ng hoat hoa oxy va hydroxy héa mét trong hai
nguyén tir carbon cua lién két glycoside (Hinh
3). Chét trung gian hydroxy khong bén va tu tach
dé tao thanh lactone hoic 4-ketoaldose, dan dén
su phan hay lién két glycoside [13, 23] (Hinh
3A). Lactone dé dang bi thuy phan thanh céac
axit aldonic trong mdi truong phan mg. Phan
g ctia PMO can thém 2 electron cé thé duoc
cung cip boi ascorbate, gallate, hodc catechol
[13, 23, 24], cling nhu la cac enzyme cellobiose
dehydrogenase (CDHs) [13, 25].

Tiém niing ing dung ciia enzyme PMO

Bénh thuc vat gay ra boi nam dugc quan tam
nghién ciru sau rong trén khap thé gii. Nhiéu
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loai ndm gdy bénh trén thuc vat c6 kha ning
sinh song trén sinh khéi do chiing tiét ra mot s6
enzyme phan huy cic polysaccharide va lignin
trong sinh khéi. Do d6, nhitng loai nim nay vira
1a dbi tuong cho nghién clru bénh hoc thuc vat,
vira 1a ngudn cung cip enzyme tiém ning cho
linh vuc san xuat NLSH tir sinh khéi.

Dua trén y kién cta 495 chuyén gia hang déu
thé gi6i vé bénh hoc thuc vat, nam 2012 tap chi
Molecular Plant Pathology da cong bd danh sach
10 ching nam gy bénh thyc vat quan trong nhét
trén phuong dién khoa hoc va kinh té [26]. Ping
dau trong danh sach nay 13 M. oryzae. Rat nhiéu
nghién ciru & cap do phan tir da duoc cong bd cho
vi ndm nay, trén co sé do nhiéu bién phép kiém soét
nam dao 6n di duoc thuc hién. Phuong phép hi¢u
qua nhat vé mit kinh té va moi truong la sir dung
cac giéng lua khang dao 6n. Nhimg giéng lua nay
dugce tao ra dya trén nhiing hiéu biét vé tuong tac
gitra cdy liia va M. oryzae & cap d9 phén tir, cu thé
1 stir dung cac marker khang dao 6n. Tuy nhién,
cac gidng khang bénh chi co hidu qua trong vong
2 — 3 nam do M. oryzae thay d6i nhanh chong va
vuot qua duoc co ché khang bénh cia cy lia. Do
d6, nhitng nghién ctru vé co ché gay bénh ciia M.
oryzae van dang dugc thyc hién siu rong.

Néam giy bénh trén thuc vat nhu M. oryzae si
dung cac enzyme phan huy polysaccharide trong
qué trinh xam nhdp vao vét chi. Mot sb enzyme
thity phan polysaccharide kinh dién (goi chung
la glycoside hydrolase) nhu cellobiohydrolase
(CBH) da dugc chirng minh la tac nhan giy bénh
ctia M. oryzae. Nhimg phat hién gan day vé PMO
da mang lai mot tam nhin mai trong sinh hoc noi
chung va vé tuong tac gitra vat ch va sinh vat gy
bénh noi riéng. Khac véi CBH, PMO phan huy
polysaccharide theo co ché oxi hoa va thay doi
hoan toan khai niém vé phan huy polysaccharide
cd dién. PMO di duoc biét dén 14 tic nhan giy bénh
(virulence factor) thiét yéu cua vi khuan Vibrio
cholerae thong qua tuong tac véi polysaccharide
cta vat chu. Dya trén nhiig dir liéu hé phién ma

(transcriptomics) cong bd dén nay, chung t6i dit ra
mot gia thuyét ring mot s6 PMO va cac enzyme
lién quan phén hity polysaccharide va lignin c6 thé
la cac tic nhan gay bénh quan trong cua M. oryzae.
Viéc chimg minh dugc gia thuyét nay s& gip tim
ra cac phuong phap méi dé kiém soét bénh dao on.

Céc enzyme phan huy polysaccharide va lignin,
vi du nhu CBH, da va dang dugc nghién ctru st
dung trong nganh cong nghiép san xuat NLSH. Tir
nam 2010, PMO duogc phat hién va da gitp thay
doi dang ké cong nghé enzyme trong phan hiy sinh
khéi. Khi phéi trén PMO véi cac enzyme thity phan
cellulose thong thuong, hoat tinh cua cac enzyme
ndy ting 1én gip hai hodc ba lin, qua d6 gitp cho
cac cong ty nhu Novozyme va Dupont giam dugc
rat nhiéu chi phi trong san xuat NLSH tir sinh khéi.
O My, nguén nguyén liéu sinh khéi chu yéu 1a than
ciy ngd, vun gb, va cac loai co nhu switch grass
va miscanthus. Cong ngh¢ enzyme phan huy sinh
khéi phat trién dén nay chu yéu tap chung vao céc
ngudn nguyén liéu nay. Cac PMO, CBH, va céc
glycoside hydrolase khac co hoat tinh khac nhau
trén mdi loai nguyén lidu sinh khéi khac nhau. Do
do, viée nghién ciru cac PMO, CBH, va cac enzyme
lién quan dic hiéu cho rom 1a can thiét dé phat trién
cong ngh¢ enzyme phan hiy rom.
Két luin

Viéc nghién ctru phat trién NLSH dua trén
cac ngudn co chat doi dao nhu cellulose 1a mot
hudng di dang dugc nghién ciru rong rai trén
thé gidi, trong d6 cac nghién ciru enzyme xuc
tac phan giai nguyén liéu cellulose, dién hinh la
PMO khéng chi gitip giam gia thanh san pham
ma con day nhanh tdc do phén giai co chit. PMO
1a ho enzyme rét tiém ning trong cac nghién ctru
ing dung trong thoi gian dén.
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ngi dung nghién ctru da thyuc hién); c. K&t qua nghién ctru va thao ludn; d. Két luan.

- Phan tai liéu tham khao: chi néu céc tai liéu trich dan da duoc liét ké, sép thir tu béng s6 chtra
trong cac ngoac vudng, dinh dang nhu sau:

« DBbi voi sach, luin an, bao céo: sd thr tu, ho va tén tac gia hoac tén co quan ban hanh, tén sach
(luan an, bao cao), nha xuat ban, noi xuat ban, nam xuat ban.
« DAivéibai bao: s6 thirtu, ho va tén tac gia, tén bai bao, tén tap chi, tap, s6, ndm xudt ban, sd trang.

3. Pia chi giri bai: Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan, 03 Quang Trung, Pa Ning;

DT: 0236.3827111- 413; Email: tapchikhcn@duytan.edu.vn.

Luuy:

- Ban bién tap chi nhan nhiing bai da dugc chuan bi theo dung cac qui dinh trén. Néu bai khong
duoc dang, toa soan s€ khong tra lai ban thao.

Gidy phép hoat dong bao chi in s6 1245/GP-BTTTT ngay 05/08/2011
In tai Céng ty CP In va Dich vu Da Néng, 420 Lé Duan, TP Pa Ning
S6 lwong 100 ban; Kho 21 x 2 8,5 cm

In xong va ndp luu chiéu ngay: 20/4/2019



