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Tom tat

Ho enzyme polysaccharide monooxygenase (PMO) méi dwoc phat hién gin ddy c6 nhiéu Gmg dung trong cong nghiép.
Chung c6 dac diém c6 kha ning xuc tic phan giai polysaccharide bang co ché oxy hoa khir thay vi thuy phan nhu cac ho
enzyme khac. Trong nghién ciru nay chung toi da sir dung hé thong 1én men c¢6 dung tich 100L dé biéu hién protein tai to
hop MGG_00245. Két qua, sau 48 gi 1én men va 48 gid cam tng da thu nhan duoc lugng sinh khdi khoang 62,64 g/L. Sit
dung ddng thdi 02 co chit cam mg 13 methanol va glycerol, chung t6i thu dugc hiéu suat 1én men khoang 23,06 mg/L
protein tai t6 hop MGG_00245 dugc tinh sach bang phwong phap séc ky ai luc Ni vi hoat d6 dat 40,93 Ulg.

Tir khéa: Polysaccharide monooxygenase; PMO; Pichia pastoris; biéu hién protein; quy mé pilot.

Abstract

In recent years, the discovery of the polysaccharide monooxygenase (PMO) enzyme family has garnered significant
attention due to its various industrial applications. Unlike traditional hydrolysis methods, PMOs catalyze the oxidative
cleavage of glycosidic bonds in challenging polysaccharides. In a recent study, we aimed to evaluate the production of
the recombinant protein MGG_00245 using a 100-liter bioreactor. The results showed that after 96 hours of
fermentation, a biomass of approximately 62.64 g/L was obtained. The use of two inducers, methanol, and glycerol,
resulted in a fermentation yield of 23.06 mg/L of the recombinant protein, with an oxidative activity of 40.93 U/g.

Keywords: Polysaccharide monooxygenase; PMO; Pichia pastoris; protein expression; pilot scale.

1. Mé dau polysaccharide bén thong qua phan tmng oxy
Polysaccharide monooxygenease (PMO) 14 hoa khtr xay ra tai lién ket glycoside nho trung
nhing enzyme c6 kha ning phan huy tam hoat dong don nhan dong (monocopper
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active site). Truoc day, qua trinh phan huy
polysaccharide chi dugc biét dén théng qua
hoat tinh thiy phan cua cac enzyme ho
glycoside hydrolase (GH). Tir nim 2010, lan
dau tién PMO di dugc chimg minh c6 kha ning
phan huay polysaccharide theo mot co ché hoan
toan moi do6 1a phan Gng oxy hoa khir. Dya vao
su tro gitp cua phan Gng nay, hoat tinh phan
huy polysaccharide cta cac enzyme GH da tang
1én déng ké [1].

Qua trinh phat hién ra co ché hoat dong cua
cac PMO bt dau tir mot gia thuyét cia Erikson
va cong su (1974), khi ho phat hién réng qua
trinh phan cit cellulose bang enzyme hién dién
trong dung dich nudi cdy cac loai nAm phan hiy
cellulose cho thdy hiéu qua cao hon néu phan
tmg duogc thuc hién trong diéu kién hiéu khi.
Diéu nay dan dén mot gia thuyét ring phan tng
oxy hoa c6 thé c¢6 lién quan dén viéc phan cat
cellulose [2]. Nam 2005, Vaaje-Kolstad va
cong su phét hién ra mot ) protein von dugc
biét dén véi tén goi 1a “protein lién két chitin”
hay ho CBM33 (family 33 carbohydrate-
binding modules) c6 tac dung tdng cuong hi¢u
qua cua céc chitinase, enzyme thiy phan chinh
trong qua trinh phan huy chitin [3]. Sau do, vao
niam 2010, Vaaje-Kolstad di chi ra rang cac
loai protein lién két chitin nay 1a cac enzyme sir
dung luc khir va O, dé oxy hoa va bé giy lién
két glycoside trong chitin [1]. Cung liic d6, c¢6
mot s6 nghién ciru di chi ra rang nhimng protein
trudc day dugc phan loai vao cac ho enzyme
glycoside hydrolase 61 (GH61) c6 céu tric
tuong tu véi CBM33 va c6 kha nang ting
cuong hoat tinh cia cellulase [4, 5]. Cubi cung,
vao nam 2010, hoat tinh phan cat cellulose
bang phan tng oxy hoa khir cia CBM33 [6] va
GH61 [6-8] da dugc ghi nhan.

PMO c6 nhiéu loai co chat ddc hi¢u khac
nhau va cling c6 su khac biét vé tinh diéu hoa
phan ung oxy hoa. Nhin chung, cic PMO su
dung phan tmg oxy héa khtr ¢ hydroxyl hoa bé
gdy cau ndi C-H cua lién két glycoside, tao

thanh ciu triic trung gian bat 6n dinh va sau d6
lien két bi phan cit mot cach ty nhién. CAc
PMO c6 thé oxy hoéa & vi tri C1 hodc C4 cua
lién két glycoside, trong khi mot s6 PMO khac
thi thuc hién phan tmg ¢ ca C1 va C4. Su da
dang nay ciing tim thay ¢ nhimng PMO dic hiéu
co chét cellulose va xyloglucan, trong khi nhiéu
loai PMO dac hiéu chitine da dugc mo ta chi
tim thdy san phdm ciia phan tng oxy hoa tai vi
tri C1. Nhitng dit liéu hién co chi ra rang viéc
lién két véi co chét phu thudc vao nhiéu yéu td
tuong tac, chu yéu lién quan dén tuong tac giita
bé mit lién két co chat cia PMO va cac chudi
polysaccharide trong co chat [9-11].

Piéu kién dé phan ung oxy hoa khir dudi sy
xuc tac ciia enzyme PMO xay ra can c6 sy hién
dién cua chit cho dién tir bén ngoai cung véi sy
ton tai ctia oxy hodc hydro peroxide va co chit
[9, 11]. Nhiing phét hién mdi nay cho thay hoat
tinh xtc tic oxy hoa khir cia PMO cé thé dugc
tang cuong dang ké khi sir dung H202, diéu nay
rat co y nghia trong cong nghiép san xut nhién
liéu sinh hoc (NLSH) c6 st dung PMO. Tac
dung ting cudng hoat tinh ctia hon hgp enzyme
thiy phan cia PMO nhu mo ta & trén phu hop
voi cac nghién ctru dugc thyc hién trude khi
ban chat xtc tic oxy héa khir cia PMO duoc
kham pha, cho thiy nhiing enzyme GH61 (sau
nay la PMO AA10) c6 kha nang ting cuong
qua trinh phén cit cellulose. Gia thanh cta hdn
hop cocktail enzyme thuy phan cellulose da
giam manh trong hai thap ky gin day, nhung
cau trac tinh thé cua lignocellulose van con la
mot trong nhiing nut thit can trg kha nang phd
bién va thwong mai héa cic san pham nhién
liéu va hoa chat tir sinh khéi thuc vat. Trong 15
nim tro lai ddy, nhig nha sin xuit enzyme
16n trén thé gidi dd xem xét cac tiém ning cua
PMO va vai tro cua nd trong qua trinh phan hay
sinh khéi bang enzyme. Mot loat cac nghién
ctru vé anh hudng ciia PMO trong céc hdn hop
cocktail enzyme thwong mai dugc tién hanh.
Trong mot nghién ctru ban dau, Cannella va
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cong su (2012) dd so sanh hiéu sudt duong
phan cta hon hop Celluclast (mot loai cocktail
cellulase nghéo PMO), Novozym 188 (B-
glucosidase) voi hiéu sudt dudng phan cua
Cellic CTec2, trong qua trinh phan giai rom ra
da tién xur 1y bang thuy nhiét [12]. Nhém tac
gia dd quan sat thdy su gia ting hiéu suat xir 1y
cellulose khi sir dung CTec2 va phat hién thiy
¢6 san pham glucose va cellobiose dang bi oxy
héa trong hon hop phan ung. Hu va cong su
(2014) da bao cao rang viéc ting cudng hdn
hop Celluclast (nghéo PMO) biang TaAA9A
cho hiéu qua ting tir 18-63 % khi chuyén hoa
cellulose tir cac loai co chét rau ngd, cdy duong
va théng xanh, phu thudc vao co chat va cach
tién xtr 1y [13]. Nghién ctru ctia Muller va cong
su (2015) da phan tich hiéu qua cia TaAA9A
trong qua trinh hoat dong ctia hdn hop
Celluclast/Novozym 188, trong khi danh gia
dong thoi tac dong cua chat khir va oxy, va
dinh luong hoat tinh PMO thong qua viéc xac
dinh cac san pham oxy hoa. Cac két qua nghién
ctru cho thay tac dong tich cuc cia PMO thé
hién r& rang mdi twong quan gitta hiéu suat
chung ctia ca hon hop cocktail va ty 1& cac loai
duong bi oxy hda. Nhin chung, trudc ap luc
ngdy cang gia ting vi gia nhién liéu co ngudn
gdc tir hoa thach va ngudn cung dang ngay cang
can kiét, thi viéc nghién ctru ra cac loai nhién
liéu than thién voi moi truong dé dan dan ting ty
1€ str dung so véi nhién li¢éu hoa thach 1a mot
trong nhitg huéng di cap bach va can thiét.
Trong nghién ctru nay, ching toi tién hanh
tdi uwu biéu hién mot loai enzyme PMO
(MGG_00245) dugc phan lap tir nim dao 6n
Magnaporthe oryzae gay hai trén cay lta su
dung bioreactor dung tich 100 L. Két qua lén
men va tinh ché protein tai t6 hop PMO
MGG 00245 1a tién dé& cho cac nghién ciu

phan giai cic co chit cellulose phuc vu cho cac
nghién ctu va tng dung tiép theo trong cong
nghi¢p.

2. Phuwong phap nghién ciru
2.1. Chudn bj giong

Khuin lac nim men chung P. pastoris X33
mang vector pPICZaA 00245 biéu hién cho
enzyme PMO tir dia méi truong YPD/Zeocin
duoc cAy nhan gidng cap 1 vao 2 binh tam giac
chtra 500mL mdi truong YPD. Nam men dugc
nudi & didu kién 30°C, lic 150 vong/phut dén
gia tri ODgoo khoang 1 - 2 thi dat yéu cau dé
ciy vao binh 1én men cip 2. Gidng cip 2 duoc
chuan bi bang cach 1én men theo mé trong hé
thong Bioreactor BioFlo 120 véi thé tich
10L/binh. Giéng nidm men cap 1 (1000mL)
dugc cdy vao binh 1én men chta 10L mdi
truong BMGY. Hé théng duoc nudi & diéu kién
30°C, toc do khudy 150 vong/phut, pH = 6,0
trong 48 gio, gia tri ODgoo > 1,5. Gibéng dugc
kiém tra d0 thuan chung dudi kinh hién vi
quang hoc.

DPé nudi cdy ndim men & quy md pilot, hé
thdng 1én men quy mé 16n Model VA-FCP 300
(Vinh An Co., Viét Nam) dugc st dung véi
téng thé tich ciia mé 1én men 1a 100 L (Hinh 1).
Cac thanh phan ctia méi truong BMGY (trir
YNB va biotin) va antifoam (2 mL/L) dugc
chuan bj trong bon 1én men, toan bo hé théng
va duong éng duoc tiét trung bang hoi nudc &
120°C, 0,05 - 0,1 MPa, 45 phiit. Tiép theo hé
théng dugc lam ngudi va bod sung thém 10X
YNB va biotin qua mang loc vo trung. Sau do,
10L gidng nidm men cip 2 dugc cdy vao bon
1én men. Hé thong dugc duy tri & diéu kién
30°C, pH = 6,0 + 1,0, suc khong khi lién tuc dé
cung cip oxy véi toc do bom khi 1a 50L/phdt.
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Hinh 1. Hé théng 1én men VA-FCP 300

Cam tUng biéu hién protein bang cach bo
sung dong thoi methanol va sorbitol. Bat dau
cam ung vdi ty 1€ 0,5% methanol: 0,5% sorbitol
dé té bao 1am quen v&i ngudn carbon méi (500
mL metOH: 500mL Sor/mé 100L), sau dé
methanol va sorbitol dugc bd sung v6i ndng do
taing dan. Sau 6 gio, bd sung thém 1%
methanol: 1% sorbitol. Sau 6 gio tiép theo, bd
sung thém 2% methanol: 2% sorbitol. Sau 24
gio tir lic bit dau cam tng, bd sung thém 5%
methanol: 5% sorbitol. Két thic mé 1én men
sau 48 gio cam Ung protein.

2.2. Kiém tra té bao nam men

Mé ndm men dugc theo ddi lién tuc, toc do
phat trién cua té bao dugc kiém tra bang cach
hat 50mL mau & cac thoi diém 1én men dé do
mat do quang hoc ODsoo va can trong luong
sinh khéi uot.

Ngoai ra, sy phat trién ciia ndm men ciing
duoc theo ddi bang cach xac dinh ty 1& té bao
song bang phuong phap nhuém Trypan Blue:
ImL dung dich ndm men duoc ly tam & tde do
100g trong 5 phat dé thu nhan té bao. Té bao
sau d6 duoc rua lai 2 1an véi dung dich dém

PBS (Phosphate buffer saline). Hoa sinh khdi
trong 100pL dung dich dém PBS va bo sung
100puL dung dich thuéc nhuém Trypan blue
0,4%. Hoa déu dung dich va nho 1 giot 1én
budng dém hong cau. Kiém tra té bao dudi kinh
hién vi quang hoc. Té bao sdng s& khong bit
mau thudc nhuém va trong sudt, té bao chét co
mau xanh. Ty 1é té bao séng duoc xac dinh. Mé
1én men phat trién tot & pha ting trudng néu ty
1¢ té bao séng dat > 90%.

2.3. Thu nhdn protein

Protein muc tiéu hién dién & phan noi bao.
Do d6, sau khi két thac mé 1én men, dich nuéi
cdy dugc bom vao may ly tam lién tuc HIMAC
CR22N (Eppendorf, USA), ly tim & téc do
6.000 vong/phut. Té bao sau d6 duoc thu nhan.

Hoa té bao vao dung dich dém NPI-10 pH
7.5, b6 sung thém 1X protease inhibitor
cocktail va pha v& mang té bao bang may
nghién bi Ball mill BML (Daihan, Han Qudc)
véi céc hat bi thuy tinh véi kich thude 1.0 mm.
Sau d6, té bao duoc pha mang tiép tuc bang
song siéu am voi may Q-500 Sonicator
(Qsonica, USA) (Hinh 2).
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Hinh 2. Thiét bi st dung: (A), may ly tdm lién tuc; (B) sinh khéi nAm men thu duoc;
(C), may nghién té bao; (D), may pha té bao bang song siéu am.

Dung dich protein ndi bao sau do dugc sur
dung dé thu nhén protein myc tiéu bang phuong
phap sic ky ai lyc voi cot Ni-NTA véi cac
dung dich rira giai chira Immidazole. Kiém tra
sy hién dién coa protein bang phwong phap
SDS-PAGE. Sau d6 dung dich protein dugc
loai mudi.

Nong do protein thu nhan duoc xac dinh
bang phuong phap Bradford va tinh hiéu sut
1én men cua mé.

2.4. Xdc dinh hoat dp enzyme PMO

Protein muc tiéu sau khi thu nhan duoc tién
hanh xac dinh hoat d6 enzyme bing phuong
phap do quang pho. LPMO la enzyme x(c tac
cho phan tng oxy hoa khtr, do dé hoat tinh oxy
hoa cua ching c6 thé dugc xac dinh théng qua
phan tng mau véi thube thu 2,6-DMP (2,6-
Dimethoxyphenol). Khi c6 sy hién dién cua

H202, LPMO s€ thyc hién phan ing oxy hoda
2,6-DMP va chuyén hoa thanh coeruligone
(mau nau vang). Phan tng PMO duogc thyc hi¢n
trong 6ng nghiém chita 100 mM sodium
cuccinate/phosphate buffer, 10 mM 2,6-DMP,
ImM H202 va 20 pL LPMO (da xu 1y kex2
protease va hoan nguyén véi Cu?"). Phan ung
dugc i ¢ 30°C va do su ting do hap thu quang
hoc & budc song 469 nm trong 300 gidy bang
may do quang phd UV-Vis V730 (Jasco, Nhat
Béan). Hoat d0 enzyme dugc xac dinh béng
cong thuec:

Activity (Ug™) = rate (min™') X EF
Rate: Ty I¢ tdng ODaeg trong thoi gian phan
ung.

EF: Enzyme factor duoc xac dinh bang cong
thirc sau, v6i 465 = 53,200 M~ tem ™+,
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Tong thé tich (mL) X Db pha loang

EF

3. Két qua nghién ctru va thio luin
3.1. Két qud chudn bj giong

Giéng ndm men duoc chuan bi lan luot
trong cac binh tam gidc 500mL va sau d6 la
binh 1én men 10L. Gia tri ODeoo dugc ghi nhan

 Thé tich mau (mL) X Kich thu&c cuvette (em) X £,.,(mM~tem™1)

1a 1,68, té& bao dwoc nhudom va soi dudi kinh
hién vi quang hoc cho thdy nim men phat trién
tt, khong nhiém vi sinh vat khac. Ty 18 té bao
sdng cao - du tiéu chudn dé cdy vao hé thong
1én men thé tich 16n (Hinh 3).

Hinh 3. Lén men giéng cap 2: (A), Binh 1én men 10 L trong BioFlo 120; (B), dung dich tang sinh dugc nhudém crystal
violet va soi dudi kinh hién vi quang hoc & vat kinh x40, t€ bao phat trién tot va khong bi nhiem vi sinh vat ngoai lai;
(C), Nhuom té bao bang Trypan blue 0,4 %, ty 1¢ t&€ bao song cao > 98 % (té bao trong suot, khong bat mau xanh).

3.2. Lén men ¢ quy mé pilot

Gidng cip 2 duoc ciy vao bon 1én men voi
téng thé tich 13 100L. Té bao nim men phat
trién dat dén pha ting truong sau 24 gid nudi
céy voi gia tri ODeoo dat 2,22 va trong luong
sinh khdi wot (WCW) dat 53,11g/L. Dén 48 gid
nudi cdy, té bao tiép tuc tich liy sinh khéi, gia
trif WCW = 69,32¢/L. Tai thoi diém nay, ca gia

tri ODgoo va trong lugng sinh khdi t& bao déu
dat vao pha cén bang, methanol va sorbitol
dugc bd sung dé cam tUng protein. Luong
methanol va sorbitol bd sung ting dan theo thoi
gian. Trong quéa trinh cam Gng protein, nim
men dat trang thai cin bang, ngimg ting trudng
sinh khéi (Hinh 4).
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Hinh 4. Theo di su phat trién cua té bao P. pastoris trong qué trinh 1&n men.

Theo di ty 1& té bao séng cho thay, tai thoi
diém 48 gio, ty 1& t& bao séng dat > 98%
(Khéng quan sat thiy té bao chét trén budng
dém hong cau). Ngoai ra, quan séat trén kinh
hién vi con cho thdy té bao dang ¢ giai doan
phat trién va nhan doi, da sé té bao dang moc
chdi va hinh thanh cac cum té bao (Hinh 5A).
Nhu vay, bat dau tir thoi diém nay methanol va
sorbitol dugc bd sung vao dé cam tng sinh tong
hop protein.
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Tai thoi diém 96 gio, ty 1¢ té bao séng dat
chi 70%. Hinh 5 cho thy ndm men bit ddu vao
giai doan suy thodi, t& bao sdng ton tai dudi
dang don bao, c6 quan sat dugc mot s6 té bao
da chét (mau xanh) va bat dau bi ly giai. Do do,
két thiic mé ndm men sau 96 gio nudi ciy (tic
1a sau 48 gio cam tUng), trong lugng sinh khdi
tuoi thu dugc Iuc nay 1a 62,64¢g/L.
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Hinh 5. Két qua nhuém Trypan blue: (A), thoi diém bat ddu cam tng (48 gid); (B), thoi diém két thuc mé (96 gio).
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3.3. Thu nhdn protein muc tiéu

N4im men dugc ly tam lién tuc va thu nhan
sinh khdi, té bao sau d6 dugc pha mang bang
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mAay nghién va may siéu 4m. Dung dich protein
ndi bao sau do duoc tinh ché qua cot Ni-NTA
dé thu nhén protein muc tiéu (Hinh 6).
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Hinh 6. Tinh ché protein muc tiéu bang cot Ni-NTA

Hiéu suit thu nhén protein ciia mé 1én men
pilot thu dugc dat 23,06mg/L moi truong. Hidu
suat nay khong cao bang mé 1én men & quy mé
10L (dat 66,76mg/L). C6 nhiéu nguyén nhan c6
thé giai thich diéu nay, thir nhat 1a do luong
sinh khoi (WCW) thu duoc chua cao, chi dat
62g/L, c6 thé giai thich do quy mo 1én men 16n
nén cac yéu to nhiét 4o, pH khong duogc kiém
soat chat ché bang, do chénh léch nhiét do
trong qué trinh I1én men la 30 + 4°C va d6 chénh
léch pH 1a 6,0 = 1. Ngoai ra, khi thyc hién véi
hé thong 1én men & quy md pilot khong thé theo
doi dugc lugng oxy hoa tan trong binh 1én men
(DO), ma oxy c6 anh huong 1én dén sy phat
trién té bao va cam tng protein. Khong theo ddi
duge DO dan dén viée kho xac dinh thoi diém
thich hop dé cam ung protein, c6 kha ning &
thoi diém bat dau cam tng, glycerol vin con
chua dugc sir dung hét va gy e ché nguoc
dén promoter AXO1 din dén viéc giam hiéu
qué biéu hién protein.

Tuy hiéu suat tinh theo mé 1én men khong
cao bang & quy mo phong thi nghiém, nhung
khi 1én men & quy mé pilot véi thé tich 100
L/mé, chiing t6i ghi nhan thay té bio ndm men
phat trién nhanh hon, nim men ting trudng
trong vong 24 gid dau nudi ciy va di vao pha
can bang. O mé 1én men nay, chiing t6i bat dau
cam ng & thoi diém 48 gio va két thic mé &
thoi diém 96 gio. Trong khi qua trinh 1én men &
quy md phong thi nghiém (véi thé tich 10L/mé)
kéo dai dén 144 gio. Viéc ting thé tich va rat
ngin thoi gian nudi cidy nay co thé gitp tiét
kiém kinh phi va nhan lyc néu thyuc hién cac mé
Ién men lién tuc.

3.4. Hoat tinh oxy hoa ciia PMO muc tiéu

Hoat do enzyme PMO dugc xac dinh dua
trén kha ndng oxy hoa 2,6-DMP va dugc do
bing may do quang phd & budc song 469 nm.
Két qua cho thiy ¢ phan ung c6 su hién dién
cua protein muc ti€u MGG 00245 thi phan Gng
mau da xay ra. 2,6-DMO bi oxy hda thanh
coerulignone (Hinh 7).
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Hinh 7. Phan tng oxy héa ciia enzyme PMO vdi thudc thir 2,6-DMP.

Hoat d6 enzyme PMO cua protein thu nhan
dugc xac dinh dat gia tri 40,93 U/g. So sanh véi
mot sé nghién ctru dd xac dinh hoat tinh PMO
dua trén phuong phap quang phd nay da ghi
nhan thi NcPMO9 tir Neurospora crassa c0
hoat do 32,3U/g [14]. Trong mdt nghién ctu
khac cua Breslmayer (2019) thi hoat tinh khi
xac dinh bang phuwong phap 2,6-DMP cua 3
loai Nc PMO9 (tir N.crassa ) dat tir 13-31 U/g,
va 3 loai MtPMO (tdt Myriococcum
thermophillum) dat 16-38 U/g. Nghién clru cua
Telistin va cdng su (2020) da xac dinh hoat do
enzyme PMO trong cac hon hop thu nhan khi
biéu hién tai to hop bang ndm soi Penicillium
veruculosum niam trong khoang tir 6 - 64U/g
[15].

4. Két luan

Str dung hé théng 1én men VA-FCP 300 di
lén men thanh cong dong té bao P. pastoris
X33/pPICZaA-00245 dat sinh khéi 62,64 g/L
moi truong sau 96 gio 1én men. Cam tmg biéu
hién va tinh ché thanh cong protein tai t6 hop
MGG 00245 tir ndi bao. Hiéu suit biéu hién
dugc ghi nhan dat 23,06 mg/L méi truong va
hoat d¢ dat 40,93 U/g.

Loi cam on: Cong trinh khoa hoc nay la mot
phan két qua cia Chuong trinh Hop tic Khoa
hoc va Cong nghé theo Nghi dinh thu gitta B
Khoa hoc va Cong nghé Viét Nam va Bé Ngoai
giao va Hop tic quoc té Italia (M sé
NDT.36.ITA/18).
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