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Tém tit

Céc enzyme polysacharide monooxygenase (PMO) ¢6 ngudn gbe tir nhidu ching ndm va vi khudn, dugc biét d¢én véi
kha ning phan huy cac polysaccharide bén nhu chitin, cellulose va tinh bot. Chiing ¢6 tiém ning tmg dung cao trong
viée tang hi¢u qua phan huy polysaccharide, tuy nhién van chua duoc ngh1en clru va viée chi dong duogc ngudn protein
1a v6 ciing quan trong cho cac nghién ctru vé sau. Vi vdy, ching t6i dé tién hanh thiét ké vector biéu hién pPICZaA
mang gen mé héa cho PMO (pPICZaA-PMO) nhim san xuét protein PMO tai té hop bing chung nim men Pichia
pastoris. Dau tién, ching t6i da t6i wu héa codon cho gen mi hoa PMO dé phu hop ching chu. Tiép dén, vector
pPICZaA -PMO duoc tao ra bang ki thuat gen. Sau do, vector tai t6 hop duoc bién nap vao chung chu P. pastoris X33
Két qua thu duogc, ching t6i da tao thanh cong vector tai to hop pPICZaA- PMO va bién nap thanh cong vao chung ndm
men P. pastoris X33. Py 1a co so dé chung t6i tiép tuc san xuit PMO tai tb hop cho cac nghién ctru vé sau.
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Abstract

The polysacharide monooxygenase (PMO) enzymes are sourced from multiple fungal and bacterial strains, and are
known for their ability to break down durable polysaccharides such as chitin, cellulose, and starch. They have a high
potential for polysaccharide degradation efficiency, but only some have been studied, and proactive protein sources are
extremely important for future studies. Therefore, we designed the expression vector pPICZaA that carries the gene
coding for PMO (pPICZaA-PMO) to produce recombinant PMO protein using the yeast strain Pichia pastoris X33.
First, we optimized the codon for the PMO coding gene to match the host strain. Next, the pPICZaA-PMO vector was
created using genetic engineering. The recombinant vector was then transformed into the host strain P. pastoris X33. As
a result, we successfully created the recombinant vector pPICZaA-PMO and successfully transformed it into P. pastoris
X33 yeast strains. This is the basis for us to continue to produce recombinant PMO for later research.

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

1. Mé& dau

Cac enzyme PMO duoc tong hop va tiét ra
boi rat nhiéu chung ndm va vi khuan khéc nhau
[1-6]. Gan day cac enzyme nay duoc biét dén
v6i kha nang phan cét cac loai polysaccharide
bén, chang han nhu chitin [5, 7, 8], cellulose [5,
8] va tinh bot [9, 10]. Hién nay, c6 bén ho
enzyme PMO: (1) PMO dac hi€u cellulose tur
nam [11-14] (con c6 cac tén khac 1a GH61 hoic
AA9); (ii)) PMO diac hiéu chitin [5, 7, 8]
va/hodc cellulose [5, 7, 8] (CBM33 hoac
AA10) tir vi khuan; (iii) PMO dic hiéu chitin tir
ndm (AA11) [8]; va (iv) PMO dic hiéu tinh bot
tr ndm (AA13) [9, 10]. Cac enzyme PMO dic
hi€u cellulose va chitin ¢6 kha nang oxi hoa va
phan cit truc tiép bé mit co chit ma khong
thuc hién budc tach chudi polysaccharide khoi
co chat khong tan. Cac dau chudi méi dugce tao
thanh boi cac enzyme PMO sau d6 s& tiép tuc
dugc thuy phan boi cac enzyme GH, lam tang
hi€u qua phan huy polysaccharide cua céc
enzyme GH.

Hién nay, cong nghé protein tai to hop dang
tré nén phd bién véi cac chung chu ¢ kha ning
bién d6i sau dich ma. Pichia pastoris c6 kha
ning dat mat do té bao rat cao trong qué trinh
1én men, diéu d6 gitp nang cao hiéu qua san
xuét protein. Bén canh do, véi sy hiéu biét vé
bd gen cua P. pastoris cung vai ki thuat gene
da cho phép cheén vao hé gene ctua ching chu
nay nhirng trinh ty ma hoa cho protein mong
mudn va biéu hién ¢ dang tiét vao moi truong,

thuan tién cho viéc thu nhan san phém. Vi vay
v6i muc tiéu chi dong tao ngudn enzyme PMO
cho cac nghién ctru vé sau, trong nghién ciru
nay ching t6i mo ta quy trinh tdi wu codon va
thiét ké vector pPICZaA nhim muc dich biéu
hién mot loai PMO & ndm men Pichia pastoris.

2. Phuwong phap nghién ciru

2.1. Téi wu héa codon va khuéch dai gene
PMO00245

Téi uu héa cac codon sir dung nham ting
hiéu qua biéu hién protein c6 ngudn gdc tir ndm
mdc trén hé thong ndm men P. pastoris véi cac
thong s6: 1) khong chira cic codon hiém hién
dién dudi 10%; 2) khong chira cée vi tri cit han
ché méi hodc vi tri cit han ché co trong MCS
ctia vector dong héa; 3) khong tao ra cac ciu
traic RNA kém bén SD (splice donor).

Gene PMOO00245 mé& hoa cho protein PMO
sau khi toi wu dugc tong hop hoa hoc, sau do
duoc khuéch dai bfmg phan ung PCR véi cap
mdéi  dic  hitu  PMOFXho: 5
CTCGAGATGTTCGCCAAGCTCGCC-3" va
PMORXba: 5’-
TCTAGAAATCCTTGGACAAAGTCAACGC
ATG-3’ lan luot mang vi tri cat cla enzyme
giéi han Xhol va Xbal. Thé tich ctia phan tng
PCR 1a 50 pL bao gdm 2X MyTaq Red Mix,
0,5 mM mdi loai mdi; 50 ng DNA khuo6n. Phan
ung PCR dugc thuc hién theo chu ky nhiét:
bude 1: 95°C trong 5 phut; bude 2: 95°C trong
30 gidy; bude 3: 55°C trong 30 gidy; budc 4:
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72°C trong 30 gidy; budc 5: 72°C trong 5 pht;
budc 6: 4°C; tir bude 2 dén budc 4 lap lai 30
chu ky. San phdm PCR duogc dién di trén gel
agrose 1% va dugc chup anh trén may geldoc
nho nhudém phat quang boi RedSafe (iNtRON).
San pham PCR dugc thoi gel va tinh sach bang
bd Kit QIAquick Gel Extraction (Qiagen,
28706).

2.2. Cit enzyme han ché va gin gene vio
vector biéu hién

San pham PCR va vector biéu hién
pPICZoA (TFS, V19520) dugc cit bang hai
enzyme gidi han Xhol va Xbal (NEB). Thanh
phan phan tng cit enzyme gidi han bao gom: 1
pHg DNA, enzyme Xhol 1,5 pL, enzyme Xbal
1,5 pL, 10X buffer Tagno 10 pL, H20 vira da
dén thé tich 50 uL. Hon hop phan tmg duoc G &
37°C trong 2 gid. San phdm cit enzyme gidi
han (san phdm PCR va vector pPICZoA) dugc
dién di trén gel agarose 1% va thoi gel bang bo
Kit QIAquick Gel Extraction (Qiagen, 28706).

San pham PCR duoc gin vao vector
pPICZaA nhd enzyme T4-ligase. Thanh phan
phan tmg trong thé tich 20 uL bao gdm: 10x
Rapid Ligation Buffer, 5 pL san pham PCR va
vector pPICZaA (~100 ng mdi loai), 1 uL 5
U/uL T4 DNA ligase, H20 vira dii dén 20 pL.
Hon hop phéan tng duoc 1t & 22°C trong 2 gio.

2.3. Bién nap vector tdi té hop pPICZaA vio
E. coli DH5«

10 pL hdn hop ghép ndi gene pPICZoA
dugc str dung dé bién nap vao té bao kha bién
E. coli DH5a nh¢o soc nhiét ¢ 42°C trong 30
gidy. Té bao sau bién nap duoc nudi phuc hdi &
37°C trong 1 gio va tiép tuc duogc cay trai 1én
dia méi truong LB chon loc c¢6 bd sung 25
ug/mL Zeocin (TFS, R25001) va u qua dém &
37°C. Quy trinh thiét ké vector biéu hién
pPICZaA duogc thé hién trong Hinh 1.
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Hinh 1. So dé thiét ké vector pPICZaA
mang gene PM0O00245

2.4. Chon dong b&ng phwong phap PCR
khudén lac

Sau khi thu dugc cic khuan lac khang
Zeocin trén dia moi truong LB, 10 khuén lac da
duogc lya chon cho phan ung PCR colony cap
méi  dic  hitu  3-AOXI: 5-
GCAAATGGCATTCTGACATCC-3* va 5’-
AOX1: 5’-GACTGGTTCCAATTGACAAGC-
3°. Thé tich phan tmg PCR 1a 25 pL bao gom
2X MyTaq Red Mix, 0,5 mM mbdi loai moi;
DNA khuén chtra trong khuan lac. Phan tng
PCR dugc thyc hién theo chu ky nhiét: budc 1:
95°C trong 5 phut; bude 2: 95°C trong 30 gidy;
bude 3: 55°C trong 30 gidy; budc 4: 72°C trong
30 giay; budc 5: 72°C trong 5 phut; budc 6:
4°C; tir budc 2 dén budc 4 lip lai 30 chu ky.
San phdm PCR duoc dién di trén gel agarose
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1% va dugc chup anh trén may geldoc nho
nhuén phat quang boi RedSafe (iNtRON).
Chon 02 khuén lac duong tinh v6i PCR colony
dé tach plasmid va giai trinh ty nucleotide.

2.5. Pi¢n bién nap pPICZaA-PMO00245 vao
16 bao Pichia pastoris X33

Plasmid pPICZaA-PMO00245 duoc thu
nhan tr chung E. coli DHSo/pPICZaA-
PMO00245 bang bo Kit GeneJET plasmid
miniprep. Trudc khi bién nap vao té bao kha
bién Picha pastoris X33, plasmid pPICZaA-
PMO00245 dugc mé vong tai vi tri trén vung
promoter AOX1 bang enzyme Sacl. Thanh
phan phan tmg cit enzyme gidi han Sacl nhu
sau: 10X buffer 5 pL, plasmid pPICZaA-
PMO00245 30 pL, enzyme Sacl 2 pL trong
tong thé tich 50 uL. Hon hop phan tng dugc 0
6 37°C trong 04 gio. Sau khi u, gia nhiét 80°C
trong 20 phut dé bat hoat phan tng, tinh sach
lai san pham cit bang cot EZ-10 theo quy trinh
clia nha san xudt.

Tién hanh dién bién nap theo quy trinh sau:
1) Chuén bi va giit lanh & 4°C cac thanh phén:
t¢ bao kha bién P. pastoris X33; plasmid
pPICZaA-PMO00245/Sacl; cuvett dién bién
nap; mdi truong YPD; 2) Bd sung 5 pg
pPICZaA-PMO00245/Sacl vao ong té bao kha
bién P. pastoris X33, hoa déu nhe nhang.
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3) Hut toan bd hon hop vao cuvett dién bién
nap va diéu chinh hé théng dién bién nap véi
thong s6: 25 WF, hiéu dién thé 1,5 kV, dién tro
200 Q. Tién hanh dién bién nap trong 5 mili
gidy. 4) B6 sung 1 ml méi truong YPD, hoa
déu hdn hop, chuyén vao 6ng ly tdm 1,5 ml. U
6ng ly tim chtra hdn hop & 30°C trong 2 gio. 5)
Ly tam 6000 vong 3 phut, loai bé 900 ul dich
nbi. Hoa déu sinh khéi va tién hanh nudi cdy
trai bang méi truong YPD-zeocin100. U ¢ 30°C
trong 2 ngay cho dén khi xuat hién khuén lac.
Tiép tuc chon céac khuéan lac khéng Zeocin trén
mdi trudng YPD bang PCR colony.
3. Két qua nghién ciru va thio luin
3.1. Két qui toi
PMO00245

Két qua cho thiy, sau qua trinh t6i hoa tan
sd cac codon hiém (dudi 10%, Hinh 2A) di
hoan toan duoc thay thé bang cac codon phd
bién hon trong nim men (Hinh 2B). Ngoai ra,

wu hoa codon gene

khi phan tich ban d6 enzyme cat han ché cho
thdy, qua trinh t6i wu hoa ciing khong tao cac vi
tri cit ctia enzyme giéi han co trong MCS cia
vector pPICZoA, dac biét 1a khong con vi tri
nhan biét cia enzyme Xhol I1a enzyme gilp
dong hda gene muc ti€éu vao ngay sau trinh tu
tiét a-factor cta vector.
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Hinh 2. Tin so xudt hién ciia cdc codon twong teng véi trinh tw truwée khi toi wu (A)

va sau khi téi wu (B) theo biang ma wu tién sir dung ciia P. pastoris
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3.2. Két qua PCR va ciit enzyme han ché

Gene PM000245 méa hoa cho PMO00245
dugc khuéch dai bang phan tmg PCR véi cip
moi ddc hiéu PMOFXho va PMORXba lan lugt
mang vi tri nhan biét cta enzyme Xhol va Xbal.
Két qua dién di san pham PCR trén gel agarose
cho théy xuat hién mot bang DNA c6 kich
thudc khoang 549 bp (Hinh 2A) ding bang
kich thudc ciia doan gene PMO00245 khi thiét
ké cip mdi PMOFXho va PMORXba. Déi
chung am khong xuat hién bat ki bing DNA
nao, ching t6 khong cé san pham ngoai nhidm.

A bp M 1 2 B bp M1 2

e

600
400

Hinh 3. Anh di¢n di DNA trén gel agarose 1%. A) Séin
phim PCR khuéch dai gene PM000245; M. thang DNA,
1. Sin phim PCR, 2. Poi chiing Gm; B) Sin phim
plasmid pPICZaA dwoc ciit véi 02 enzyme gidi han Xhol
va Xbal; M. thang DNA, 1. plasmid trudc khi xi ly, 2.

Pplasmid sau khi xir Iy enzyme gioi han.

Gene PM0O00245 va vector pPICZaA sau do
duogc cat bang hai enzyme han ché Xhol va Xball
dé tao hai dau dinh phuc vu cho viéc ghép ndi
gene PMO00245 vao vector pPICZaA. San
pham cdt enzyme sau d6 dugc dién di trén gel
agarose 1%. Két qua dién di san pham cit vector
pPICZaA duogc thé hién trén Hinh 3B, lan s6 2
cho thdy, chi con mot bang DNA, ching to
plasmid di duoc cit md vong thanh cong.

3.3. Két qua tgo dong té bao E. coli DH5«
mang vector biéu hién

Gene PMO00245 va plasmid pPICZaA sau
khi duoc xtr li voi enzyme cat giéi han duoc
nbi lai v6i nhau bang enzyme T4 ligase. Sau d6

dugc bién nap vao E. coli DH5a va nudi ciy
trén moi truong chon loc cd chura khang sinh
Zeocin. Cac khuan lac dwoc kiém tra bang
phuong phap PCR véi cip mdi 5°’AOX1 va
3°’AOX1. Két qua PCR cho thay c6 su chénh
léch kich thudc cta san pham PCR (Hinh 4, lan
3, 5, 6) chtiing té gene PM0O00245 da dugc chen
vao plasmid, dong thoi kich thuéc chénh léch
phu hop véi kich thudc gene ma hoa (549bp)
PMO00245 cong véi kich thude dau 5°A0X va
3-AOX cua vector. Cac lan 2, 4, 7 xuét hién
bang c6 kich thudc ngin hon ching to day la
san pham nhan doan dau 5’AOX va 3-AOX cua
vector ma khong c6 doan gene PMO00245
duoc chén vao.

Sau khi kiém tra khuan lac du tuyén bang
phuong phap PCR khuan lac, cac khuan lac da
xac dinh mang plasmid tai to hop chira gene
muc tiéu dugc hoat héa dé tang sinh va tinh
st dung bd kit GeneJET plasmid
miniprep. Plasmid sau khi dugc tinh sach dugc
giai trinh tu nucleotide bang cip mdi 5°’A0X va
3-AOX. Két qua giai trinh ty nucleotide cho
thdy gene PMO00245 duoc chén vao plasmid
PPICZaA c6 trinh ty hoan toan ding véi trinh
tu gen PM000245 da duoc t6i wu (Hinh 5).

sach

bp M1 2 3 4 5 6 7

1500
1000

600 —

Hinh 4. Anh dién di gel agarose két qua PCR
khudn lac. M. thang DNA, 1. chitng dm, 2-7:

cdc khudn lac dw tuyén.
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881 891 901 911 921 931 941 951 961 971 981
G-block --------ATGTTCGCCAAGCTCGCCATAGTCAGTGCTCTACTTGCAACGETTTTAGCACATGGTAACATTACAGTACC. TTA 5
clone 6 C(.ATAGN]\A\;.A\.\.LLM\M.AL\.‘\.\.)\AA\.T\.A\; GCTCTAGTTGCAACGGTTTTAGCACATGCTAACATTACAGTACCACC
Consensus atgttcgccaagctcgecatagtcagtgctetagttgcaacggttttagcacatggtaacattacagtaccace
991 1001 1011 1021 1031 1041 1051 1061 1071

1091

G-block AAGGCGTGTGGGCAGGCCGGCGTATCCGCTETGCAAGCC
clone 6 AAGGCGTCTGECCAGGCCEECETATCCCCTCTCCARGCCEAT!

TACTATTCCGTTAGAAGACGTTAAAGTAAC!

TACTATTCCGTTAGAAGACGTTAAAGTAAC!

CAAACTGTAATCTATCGTTGTCG
CAAACTGTAATCTATCCTTGTC

tgtaatctatcgt tgtgtcgaggagc

c aaggcgtyg atccgetgtgcaagecgatggtactatteegtt ttaaagta
1101 1111 1121 1131 1141 1151 1161 1171 1181 1191 1201
G-block TGTGTTCGAAGATAATAAAGACCGACTACAGACCTTC. GTGATACAAATGAAAGCAGCAATCCCAATTCCTCATGAAGGTCCCTCTAACCTTAGTATTA
clone 6 TGTGTTCGAAGATAATAAAGACCGACTACAGACCTTC. STGATACAAATGAAAGCAGCAATCCCAATTCCTCATGAAGGTCCCTGTAACGTTAGTATTA
c tgtgttcgaagataat gatacaaatgaaagcagcaatcccaattcctcatgaaggtcecectgtaacgttagtatta
1211 1221 1231 1251 126 1271 1281 1291 1301 1311
G-block CTTTGATTTTCTTCGATAGC r\_CwI\TuN\I\AuTTC\.\.TM“ TGCCGGCCAACAACACTGCCTTCAGTGTTACT
clone 6 TLJ\I’)\Lu\ln”‘L1‘1\1\&\.’\1\&d_}'\"l\w CTTTGATTTTCTTCGATAGC GA' TGCCTAAGC “GAACAACACTGCCTTCAGTGTTACT

1321 1331 1341 1351 1361

Consensus  tcgataccaagtctaacaaagccataggtcagcctttgattttcttcgatagctatgccgatgaaaagttgcctaagetgccggcgaacaacactgecttcagtgttact
1371 1381 1391 1401 1411 1421

G-block ATGCCCAAGCTTAAGGCCAATCAGTGTACAACGE
clone 6 ATGCCCAAGCTT GCCAATCAGTGTACAACGG

AATGCGTCCTCCAGTGGCATTGCGCTTGCAACAGC
TGCCTCCTCCACTGEC,

CCAAACAGACTTACCAGTCATGCGTTGACTTTCT
CCAAACAGACTTACCAGTCATGCGTTGACTTTCT

"TGGGTTGCAAC.

c at aagctt tcagtgt. g
1431 1441 1451 1461 1471

tggtgaatgcgtcctccagtggcattgggttggaacagecgecaaacagacttaccagtecatgegttgactttgt
1481 1491 1501 1511 1521 1531

G-block CCAACCA

clone 6 CCAAGGATTTCTAGAACAAAAACTCATCTCAGAAGAGGATCTGAATAGCCGCCCTCCACCATCATCATCATCATCATTGAGTTCTAGCCTTAGACATGACTTTCCTCAGTT

Consensus ccaagga

Hinh 5. Két qua gidi trinh tw nucleotide gene PM000245 trong vector pPICZoA.

3.4. Két qud tao dong té bao Pichia pastoris
X33 mang vector biéu hi¢n

Plasmid tai t6 hop pPICZaA-PM0O00245 duoc
cat mo vong tai vi tri Sacl dé tang hi¢u Suat trao
ddi chéo vao hé gene cua ndm men, sau d6 duoc
bién nap vao P. pastoris X33 bang phuong phap
dién bién nap. Hon hop bién nap dugc nudi cdy
trai trén moi truong YPD-zeocin. Sau do, cac
khudn lac duoc kiém tra mdt lan nira bﬁng
phuong phép PCR khuan lac véi cip mdi
3’AOX1 va 5’AOX1. Két qua dién di san pham
PCR colony dugc thé hién trén Hinh 3 cho thay
lan 5, 9 xudt hién bing DNA c6 kich thudc
khoang 1100bp phu hgp vdéi trinh tur gene muc
tiéu da chen vao gilra promoter va terminator
AOXI cua plasmid. Dong thoi xuat hién bang co
kich thudc khoang 2200 Kb (Hinh 9. 1an 3, 5, 9)
twong ung voi kich thudc trinh ty AOX trén bd
gen cua ching P. pastoris chimg to kiéu hinh ctia
chung P. pastoris khi dugc chén gen 1a Mut™.

bp M 1 2 3 4 5 6 7 8 9 10 11 12

2000

1000 —
600 —

Hinh 6. Két qua dién di sau khi PCR khudn lac cdic
khudn lac P. pastoris duw tuyén. M. thang DNA, 1.
chirng dm; 2. pPICZaA; 3. P. pastoris X33, 4-11.

khudn lac dw tuyén

4. Két luén

Di thiét ké thanh coéng vector biéu hién
pPICZoA mang gene PMO00245 ma héa cho
PMO00245.

DPong thoi tao thanh cong chung P. pastoris
X33:PM000245 mang gen ma héa PM000245.

Loi cam on: Cong trinh khoa hoc nay la
mot phan két qua cia Chuong trinh Hop tac
Khoa hoc va Cong nghé Nghi dinh thu gitra B
Khoa hoc va Cong nghé Viét Nam va B Ngoai
giao va Hop tic qudc té& Italia (Mi sb
NDT.36.ITA/18).
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