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Tém tit

Polysaccharide monooxygenase (PMO) la nhom enzyme méi duge phat hién gin day co nhiéu tng dung trong cong
nghiép. Chiing c¢6 dic diém c6 kha ning xuc tac phan giai polysaccharide bang co ché oxy héa khtr thay vi thuy phan
nhu cdc ho enzyme khac. Trong nghién ctru nay chung toi da sir dung hé thdng 1én men c6 dung tich 05L dé tdi uu biéu
hién thu sinh khéi va tach chiét protein tai t6 hop MGG_00245. Két qua, sau 144 gio 1én men da thu nhan duogc lugng
sinh khoi khoang 95g/L. Str dung dong thoi 02 co chat cam Gng la methanol va glycerol (thay vi methanol nhu thong
thuong), ching t6i thu dugc hiéu suat 1én men khoang 66,76mg/L protein tai to hop MGG_00245 dugc tinh sach bang
phuong phap sac ky ai luc Ni.

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

Abstract

Polysaccharide monooxygenase (PMO) is a recently discovered enzyme family with many industrial applications. They
catalyze the oxidative cleavage of glycosidic bonds in recalcitrant polysaccharides instead of hydrolysis. In this study,
we used a 05L bioreactor to obtain biomass involving the production of the recombinant protein MGG_00245. Results
showed that a biomass of about 95g/L was obtained after 144 hours of fermentation. By using two inducers methanol
and glycerol (instead of methanol as usual), we obtained a fermentation yield of about 66.76mg/L recombinant protein
MGG_00245.

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

1. Mé diu tmg oxy hoa khtr thay vi phan tng thay phan.
Céc kién thirc vé& co ché xuc tac, dong luc hoc
phan tng cling nhu viéc phan loai cac PMO
ndy van con chua duoc hoan thién. Hién nay,
linh vuc nghién ciru lién quan dén PMO dang

Polysaccharide monooxygenase (PMO)
nhom enzyme méi dugce phat hién gin day c6
tiém ning Gmg dung cao trong coéng nghiép. Co
ché xtc tac phan giai polysaccharide bang phan
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rat duoc quan tAm trén thé gidi, ngdy cang cé
nhiéu cong bd vé& cac PMO méi, co ché hoat
dong va tiém ning Ung dung cia PMO duoc
xudt ban. Viéc san xudt va biéu hién PMO bang
cac hé théng tai to hop 1a mét cong cu hiru hiéu
va can thiét cho phép thu nhan lugng 1én
protein muyc ti€u, phuc vu cho vi¢c nghién ctru
va tmg dung loai enzyme tiém ning nay.

Nam men Pichia pastoris 1a hé théng biéu
hién dugc st dung phé bién dé san xuét céc loai
protein tai t6 hgp véi nhiéu wu diém nhu (i) dé
thao tac cac k¥ thuat di truyén; (ii) protein tai to
hop dugc biéu hién & mirc cao nhd promoter
AOXI1 cam ung methanol, mot chat cam {mng
gid ré va dé tim; (iii) kha ning sinh trudng
nhanh dé dat dugc mat do té bao cao va méi
truong nudi cdy khong yéu cau phai chua
protein; (iv) loai trir cdc anh hudng tiéu cuc cua
cac loai endotoxin va bacteriophage; (v) co thé
thuc hién nhiéu budc sira doi sau dich ma nhu
gip cudn chudi polypeptide, glycosyl hoa,
methyl hoa, acyle héa, diéu chinh proteolytic,...
Do d6, cac hé thdng biéu hién P. pastoris dang
dugc st dung nhiéu nhat dé biéu hién PMO
nguén gdc eukaryote trong cic nghién ciru
duoc cong bd gan day (khoang 45% PMO tir
eukaryote duoc san xuadt bang P. pastoris).
Hién nay, c6 nhiéu chung P. pastoris thuong
mai dugc su dung dé san xuit PMO nhu P.
pastoris X-33 (wild-type), KM71H
(arg4, aox1::ARG4), SMD1168H (pep4) va
SuperMans (HIS™) cing ~ v&i  cac
pPICZoA hoac pGAPZa.

Str dung hé thdng biéu hién P. pastoris X33
va vector pPICZaA, Couturier va cong su
(2018) da biéu hién thanh cong hai loai PMO
PcAAl4 (#KY769369 va #KY769370) co
ngudn gbe tur nam théi trang
Pycnoporus coccineus va st dung trong nghién
ctru hoat tinh PMO va cong bd ho AA14 méi.
San lugng protein thu dugc sau mé 1én men
trong bioreactor 1,3L la 1g/L [1]. Tac gia Kittl

vector

va cong sy (2012) ciing di biéu hién mot sb
loai PMO c6 ngudn gbc tir vi nAm Neurospora
crassa bang hé thong P. pastoris voi hiéu suat
kha cao (tir 45mg/L dén trén 300mg/L, tiiy timg
loai PMO) [2].

Trong nghién ctru ndy, ching t6i tién hanh
t6i wu biéu hién mot loai enzyme PMO
(MGG _00245) dugc phan 1ap tir ndm dao 6n
Magnaporthe oryzae gay hai trén cay laa su
dung bioreactor dung tich O5L.

2. Phuong phap nghién ctru
2.1. Quy trinh 1én men

Hé thong 1én men Bioreactor BioFlo 120
dugce st dung dé nudi cdy chung P. pastoris
X33 mang vector pPICZaA 00245 biéu hién
cho enzyme PMO. Quy trinh lén men dugc
thyc hién nhu sau: ching P. pastoris
X33/pPICZaA 00245 dwoc nudi cay trén dia
thach YPD ¢6 bd sung 25ug/mL zeocin va u &
30°C trong 48 gio. Dich té bao so cap dugc
chuan bi béng cach céy mdt khuan lac don vao
25mL moi trudng YPD bd sung 25pg/mL
zeocin va U trong ti 4m lic & 30°C, 150
vong/phit. Dich té bao thit cAp dugc thu nhan
bang cach cdy dich so cip vao 400mL mdi
truong BMGY va u ¢ 30°C, 150 vong/phat, cho
dén khi dat gia tri ODgoo = 1 — 2.

Qua trinh 1én men duoc bat dau bang cach
cdy 400mL dich té bao th cdp vao 5L moi
truong BMGY trong binh Ién men BioFlo 120.
Piéu kién nudi céy duoc cai dit 6n dinh &
30°C; pH 6,0; toc d6 khudy 250 vong/phut; suc
khong khi & téc d6 10L/phut; lwong oxy hoa tan
(DO) dugc ghi nhén lién tuc dé theo ddi su phat
trién cua té bao. Giai doan dau 1a 1én men theo
mé v6i glycerol 1a ngudn C chinh (Glycerol
batch phase) duoc kéo dai dén khi gia tri DO
giam manh xubng gin bang 0 (cho thiy
glycerol da duogc tiéu thu hoan toan). M¢ lén
men budc vao giai doan 1én men lién tuc bd
sung glycerol (Glycerol fed-batch phase) dé
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tang mat do té bao. 50% glycerol dugc bd sung
vao méi trudng nudi cdy thong qua bom véi toe
dé 3,65mL/h/L. Giai doan cam ung
methanol/sorbitol fed-batch phase dugc thuc
hién bang cach bom lién tuc v6i bom 1 bd sung
100% methanol bd sung 12mL/L dung dich
mudi khoang PTM1 va bom 2 b sung 50g/L
sorbitol. Téc do mdi bom la 3,65mL/h/L méi
truong duoc kéo dai trong 6 gid dé té bao lam
quen v&i ngudén C mdi (gia tri DO tang 1én).
Sau d0, tbc d6 bom duoc diéu chinh tang gép
d6i 1én 7,3mL/h/L moi truong. Sau 6 gid tiép
theo, toc do bom duoc ting dén 10,9mL/h/L
moi truong va duy tri tbe do nay dén hét qua
trinh cam tng (~48 gid). Mau duoc thu thap
thuong xuyén dé theo ddi va ghi nhan trong
luong sinh khéi (WCW — wet cell weight (g/L))
va ndng do protein tong sd.

2.2. Thu nhdn protein ndi bao va ngogai bao

Protein muc tiéu dugc thu nhan tir dich Ién
men (ngoai bao) va trong té bao ndm men (ndi
bao). Dich 1én men dugc thu thap va ly tam
4000 vong/phut trong 15 phut dé tich riéng
phan dich méi truong va té bao.

Dich Ién men duoc loc va c6 dac béng hé
thong loc tiép tuyén Pellicon 2 cassette mang loc
10 kDa. Phan dich chira protein >10 kDa duoc
bao quan & 4°C dé tinh ché protein ngoai bao.

Té bao ndm men dugc hoa vao dung dich
pha té bao NPI-10 va bd sung 1X dung dich trc
ché proteinase. Té bao duoc pha bang séng siéu
am voi1 xung duoc cai dat & 400W, 60 chu ky 5
gidy pha — 10 gidy nghi. Ly tam 4000
vong/phut trong 15 phut dé thu phan dich té bao
chtra protein ndi bao.

2.3. Tinh ché protein

Protein ¢ hai pha ndi bao va ngoai bao dugc
tinh ché béng sdc ky ai luc dua trén lyc lién két
cua 6-Hix tag va hat gel Ni-NTA. Cot Ni-NTA
duoc can bang véi buffer NPI-10. Cac dung
dich protein duoc cho chay qua cot bang bom

v6i toc dd dong 1mL/phut. Cot duoc rira bang
NPI-20 dé rira cac thanh phan khoéng bam 1én
cdt. Protein muc ti€u dugc rua gidi (hoa tan)
bang cach bom dung dich NPI véi nong do
imidazole ting dan tir 30 dén 250mM. Céc phan
doan rra giai dugc thu nhan va dién di trén gel
SDS-PAGE dé phat hién protein muc tiéu.

Céc phan doan protein dugc gom lai, st
dung cot PD MiniTrap™ G-25 dé loai mudi
trong dung dich protein va trao doi sang dung
dich dém 50mM Tris-HCI pH 8,0. Protein muc
tiéu sau khi tinh sach dugc phat hién bang dién
di trén gel SDS-PAGE.

2.4. Di¢n di SDS-PAGE

Chuan bi gel polyacrylamide: liap khung do
gel, d6 gel 2 10p theo thir ty gel phan tach chira
12%
acrylamide. Lip luoc vao phan gel gom va doi

acrylamide va gel gom chua 4%
gel dong lai. Lip khung gel vao bon dién di,
thém dung dich chay dién di Tris-Glycine SDS
running buffer vao bon. Bién tinh cac mau
protein bang cach thém 1X SDS sample buffer
vao mau va xu 1y bién tinh & 100°C, 20 phuit,
sau d6 1 da 10 phut. Nap cic miu vao giéng
dién di v6i thé tich 10 L mau/giéng. Tién hanh
chay dién di véi cuong do dong dién 15mA
trong 45 phut dé cac mau gom vé cing mot vi
tri xuat phat trong giéng. Sau d6 ting hiéu dién
thé 1én 100V va chay trong khoang 90 phut.
Gel duwoc nhuém bang dung dich coomassive
blue sau 30 phut va giai nhuém. Ban gel duoc
chup anh bang may doc gel Blook Led. Sir
dung phan mém ImageJ dé uéc tinh do tinh
sach cuia protein muc tiéu.

2.5. Xdc dinh nong dj protein

Nong dé protein c6 thé dugce xac dinh nhanh
bang may do quang phdé UV-Vis nanodrop va
phuong phap Bradford’s. Phuong phap
Bradford’s dugc sir dung véi Bradford Protein
Assay Kit (Bio Basic). Phan trng duoc thuc
hién bang cach hoa 100puL dung dich protein
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vao 1mL thudc tht Bradford. Tron déu va u &
nhiét d6 phong trong 10 phut. Mau duoc do
quang phé & budc séng 595nm. Mau thir khong
st dung dung dich dém 50mM Tris-HCI pH
8,0. Puong chuan dugc xay dung véi chat
chuin 13 BSA theo diy ndng do tr 0 —
125ug/mL. Str dung gié tri do quang phd ODsgs
va phuong trinh dudng chuan dé tinh ndng do
protein trong mau.

3. Két qua nghién ctru va thao luan

3.1. Téi wu diéu kién biéu hién lén men va thu
sinh khoi

Péi v6i hé théng biéu hien P.
pastoris/pPICZaA st dung promoter AOX1
cam tmg bang methanol, thi viéc str dung 100%
methanol c6 thé gay trc ché sy phat trién cia té
bao nam men do tich ty methanol giy doc cho
té bao va dé gdy chay nd trong diéu kién lén
men nhiéu ngay lién tuc. Do do, chung toi s
dung phuong phap nudi cay P. pastoris va dong
cam ung methanol/sorbitol. Sorbitol duoc biét
dén 1a ngudn cacbon cho P. pastoris va khéng
gay trc ché promoter AOX1. Viéc str dung thém
mot ngudn carbon bd sung nhur sorbitol da dugc
b4o céo c6 tac dung kiém soat cac mirc co chit
con lai trong moi truong, giam muc d§ gay doc

té bao va do d6 ting ning suit biéu hién protein
muc tiéu (3).

Chung ndm men P. pastoris X33/pPICZaA-
00245 dugc nudi cdy trén modi truong agar
YPD/zeocin va dugc st dung dé 1én men biéu
hién va thu nhan protein MGG 00245. Mot
khuan lac don tir dia méi truong YPD/zeocin
dugc cdy nhan gidng cap 1 va cap 2 lan luot
vao binh tam gidc chira 25mL moéi truong
YPD/Zeocine va 400mL mdi truong BMGY.
Gidng ndm men cip 2 dugc nudi ¢ didu kién
30°C, lic 150 vong/phit dén khi mat d6 ODeoo
do duoc dat gia tri trong khoang 1 — 2 thi dat
yéu cau dé cdy vao binh 1én men.

Hé thong BioFlo120 dung tich 5L dugc sir
dung dé 1én men biéu hién va thu nhan protein
muc tiéu. Quy trinh 1én men 3 giai doan, gdom co:
1) nudi cdy mé v6i nguon C duy nhat 1a glycerol
(Glycerol batch phase); 2) nudi cay bo sung véi
glycerol (Glycerol fed batch phase); va 3) pha
cam ung methanol:sorbitol (methanol:sorbitol co-
feeding). Cac thong sb 1én men duoc ghi nhan va
thé hién ¢ Hinh 1. Nhiét do va pH cta qué trinh
duoc kiém soat 6n dinh lién tyc & 30°C va pH 6.0.
Oxy dugc cung cp bang bom suc khong khi nén,
tdc do suc khi la 10 L/phut va quat khqu véi toe
do 250 vong/phat.

Glycerol batch phase Glycerol fed batch phase

D™

MetOH : Sorbitol cofeeding

End Batch: 95g/L

Hinh 1. Dir liéu 1én men bang hé théng BioFlo 120
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Gia trj DO (ndéng do oxy hoa tan) duoc ghi
nhén trong sudt qua trinh 1én men phan 4nh
mirc d6 ho hap té bao, tir 46 cho phép dy doan
va danh gia mirc do phat trién cia nim men
trong hé théng 1én men. Nong do oxy hoa tan
cang thap cho thdy té bao thyc hién hd hip va
bién dudng cang manh, khi ndng d¢ oxy ting
dot ngdt ¢ thoi diém 48 va 96 gid, ching to tai
thoi diém nay ngudn carbon (¢ day 1a glycerol)
trong moi truong da dugc tiéu thu hoan toan,
nam men tam ngimg st dung oxy dé chuyén
héa C thanh ning luong. Sau khi bd sung
ngudn C méi, gia tri DO lai giam xudng chimg
t6 ndm men d thich tmg va sir dung ngudn C
m&i dé bién dudng.

Su phat trién té bao con duoc danh gia dua
vao trong lugng sinh khdi thu duge. Két qua &
Hinh 2 cho thay trong 12 gid dau nim men
chua phét trién manh, pha ting truong bat dau
tir 12 dén 48 gio (thoi diém glycerol duoc tiéu
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thu hoan toan, DO tang manh, trong lugng sinh
khéi (wet cell weight = wew) dat 44g/L), sau
do tiép tuc bd sung lién tuc glycerol dé kéo dai
pha ting dén khi trong lwong sinh khdi w6t dat
> 90g/L thi nging bd sung glycerol (toc do
3,65mL/h/L). Khoang 12 gid sau thi ngung
bom glycerol vi DO van thip va dao ddng
khong ting. Dén khoang 96 gio khi DO ting
1én thi chuyén sang pha cam tng. Tai thoi diém
96 gid, glycerol mot lan nira duoc tiéu thu hoan
toan trong binh 1én men thi bat dau cam ung dé
biéu hién protein bang cach bd sung lién tuc
methanol dé hoat héa promoter AOX1, dong
thoi sorbitol cling duge sir dung lam ngudn C
thir cp nham giam kha niang gay doc té bao do
tich tu methanol, ddm bao ndm men van tiép
tuc phat trién trong subt pha cam tng. Trong
sudt pha cam tng té bao ndm men ting truéng
cham lai, tuy nhién van c6 t& bao méi lién tuc
dugc tao thanh (tir 93 1én dén 95g/L).

96 144

Thoi gian 1én men (gio)

Hinh 2. Toc do phat trién cia ndm men trong h¢ thong Ién men. A) trong lugng sinh khéi (g/L) theo thoi gian; B) soi
dich nuéi cay nam men dudi kinh hién vi, vat kinh x100.

Sau 144 gid nudi cay gém c6 96 gid nudi
tang sinh va 48 gid cam ung biéu hién protein,
mé nudi cay két thac, dich nudi cdy dugc ly
tam dé tach riéng phan moi truong va phan sinh

khéi té bao. Ca hai phan nay duoc luu trit va sir
dung dé tinh ché protein muc tiéu (ngoai bao va
ndi bao).



L.Q.Loan, N.M.Hung, V.V.Van / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 4(53) (2022) 56-62 61

3.2. Tinh ché protein tdi té hop

3.2.1. Xdac nhdn sw hién dién cua protein
MGG_00245

Sau khi két thic mé 1én men, dich 1én men
duoc thu nhan va ly tim dé tach riéng phan méi
truong chira protein tiét (ngoai bao) va phan
sinh khéi chtra protein ndi bao.

Phin protein ngoai bao (dich méi truong)
duoc co lai bang phuong phap loc tiép tuyén.
Phén sinh khbi nAm men duoc xtr 1y pha mang
té bao bang phuong phap siéu 4m va thu nhan
dich protein ndi bao. Mau 1én men cam Ung
bang methanol/sorbitol duoc so sanh véi cac
mau ndm men nudi cdy khong cam ung (doi
ching am).

Két qua thé hién & Hinh 3 cho thay dich
ngoai bao ¢ ca mau cam Gng va mau dbi ching
déu khong co sy hién dién cta protein. Trong
khi trong dung dich protein ndi bao cho thay &
mau c6 cam ing methanol/sorbitol thi xuat hién
1 bang protein ¢ kich thudc 40 kDa, bang nay
khong xuat hién trong dich ndi bao khong cam
ung. Nhu vay, protein MGG 00245 da dugc
biéu hién véi kich thude 40 kDa va chi ton tai
trong té bao ndm men ma khong thiy ton tai
trong dich tiét, c6 thé protein duoc tiét ra dich
ngoai bao mdt lugng nhd va kha ning da bi
phan giai sau 144 gio nudi cay.

Kich thudc protein thu nhan tir P. pastoris
I6n hon so véi kich thuéc du doan dua vao
trinh ty amino axit cia MGG_00245, diéu nay
c6 thé giai thich do protein sau khi dich ma
dugc thuc hién glycosil hoa gén thém nhiéu géc
duong (ca N-linked va O-linked glycosylation).
Két qua tuong tu cling duoc ghi nhan ¢ céc loai
PMO khac khi st dung hé théng biéu hién ndm
men hodc ndm soi [4].

Noi bao

M M/S (o)

55 - :
<———40 kDa
——

34

Ngoai bao

M/S (-) M

~
o

17 W

- 10 e ——

Hinh 3. Protein tong s6 trong phan ngoai bao va noi bao

ciia ndm men P. Pastoris. M/S: mau thu nhan tir mé 1én

men ¢ cam ung methanol/sorbitol; (-), mau thu nhan tir
mé khong cam wng; M: thang chuan protein.

Nhu vdy, MGG _00245 chi hién di¢n trong
phan ndi bao cia nAm men P. pastoris véi kich
thudc 40 kDa. Phan dich ndi bao cia ndm men
tiép tuc dugc st dung dé tinh ché luong 16n
protein muyc tiéu béng cot Ni-NTA.

3.2.2. Tinh ché protein bang sdc ky di luc véi
cot Ni-NTA

Cot nhdi Ni-NTA kich thudc 20x100mm
duoc sir dung dé tinh ché toan bo dich protein
ndi bao dua trén nguyén tic lién két 4i luc gitta
dudi 6His voi hat resin Ni-NTA. Protein muc
tiéu sau khi lién két voi cot duoc rira giai bang
dung dich dém phosphate v&i ndéng do
imidazole ting dan (tir 30 t6i 250mM). Két qua
thé hién ¢ Hinh 4 cho thay da tinh ché thanh
cong protein MGG 00245 vé1 kich thuoc 40
kDa. Céc phan doan rira giai tir E2 dén E5 duoc
gom lai va tién hanh cac budc tinh sach tiép theo.
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Eluted fractions

FI° W El E2

55
43

2 E

34

26

17 .

E3 E4 E5 E6 E7

<—— 40 kDa

Hinh 4. Gel SDS-PAGE céc phan doan thu dugc trong qué trinh tinh ché MGG_00245 bang cot Ni-NTA. M:
thang chuan protein; FT: dung dich qua cot; W: phan doan ria cot; E1-E7: cac phan doan raa giai protein myc tiéu.

Cong cu Imagel duoc sir dung dé danh gia
d6 tinh sach cua protein trén ban gel. Két qua
cho thay da biéu hién va thu nhan duoc protein
MGG 00245 v6i do tinh sach dat khoang 94%.
Hiéu suat cua qua trinh 1én men biéu hién
MGG 00245 ciing dugc tinh dya vao luong
protein tinh khiét thu duoc trén thé tich binh 1én
men, két qua cho théy hiéu sudt biéu hién
protein dat 66,76mg/L mdi trudng. Mot s6 cong
bd vé biéu hién trén P. pastoris cho hiéu sut
kha bién thién, Kittl va cong su (2012) biéu
hién mét sé loai PMO cb nguén géc tr vi nAm
N. crassa v6i hiéu sudt dao dong tir 45mg/L
dén trén 300mg/L, tuy ting loai PMO [2].
Couturier va cong su (2018) da biéu hién thanh
cong hai loai PMO PcAA14 véi hiéu suat kha
cao 1g/L [1]. Nhu vay, hiéu sudt biéu hién cua
chung t6i ghi nhan van con thap so vdi cic
cong bo trén thé gidi.

4. Két luan

Str dung hé théng 1én men BioFlo 120 di 1én
men thanh cong dong té bao P. pastoris
X33/pPICZaA-00245 dat sinh khdi 95g/L moi
truong sau 144 gid 1én men. Cam tng biéu hién
va tinh ché thanh cong protein tai to hop

MGG _00245 tir noi bao. Hiéu suat biéu hién
duoc ghi nhan dat 66,76mg/L mdi truong va do
tinh sach dat 94%.

Loi cdm on: Cong trinh khoa hoc nay la mot
phan két qua ciia Chwong trinh Hop tic Khoa
hoc va Cong nghé Nghi dinh thu giita Bo Khoa
hoc va Cong nghé Viét Nam va By Ngoai giao

va Hop tic quéc té Italia (Ma sé

NDT.36.1TA/18).
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