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TOM TAT

Véi toc do san Xudt va tiéu thu nhyra polyethylene terephthalate (PET) rgng rai trong nhiéu linh
Vuc Ciia doi séng, dieu ndy dan téi luong rac cé nguon goc ter PET thdi ra méi truong ngay cang
gia tiang, anh hwong nghiém trong dén sirc khoe Ciia con nguoi ciing nhir céc sinh vdt song khac.
Hién nay, cac giai phap xu Iy nhya an toan, bén viing va than thién véi méi triong nhdn dwoc nhiéu
Sir quan tam cua CAc quoc gia trén thé giGi dién hinh nhw phirong phdap phan huiy sinh hoc si dung
vi sinh vt tw nhién hay enzyme c6 kha nang phdn hity nhya. Trong nghlen curu nay, gene ma hoéa
enzyme MHETase- enzyme dong vai tro quan trong tham gia vao qua trinh phan hiy nhya PET da
droc thiét ké va biéu hién thanh cong trong vi khuan E. coli BL21(DE3). Chuing tai té hgp mang
plasmid pET22b(+)-MHETase diroc nudi cay biéu hién trong méi truong LB chira Ampicillin 100
Hg/mL, protein ngoai bdo duwroc thu nhdn sau 48 gio cam ing bai IPTG 0,1 mM & 30 °C. Két qua
phan tich bang phwong phdp Western-blotting va dién di protein SDS-PAGE cho thdy, enzyme
MHETase duoc biéu hién co trong hrong phan tix khodng 63 kDa. Enzyme MHETase tai té hop
duroc thu nhdn sau khi tia musi (NH4)2SO4 ¢6 hoat d6 85,88 U/mL. Céc két qua trén cho thdy tiem
ndang day hira hen cua enzyme MHETase trong xi# Iy chat thai nhua.

Tir khoa: Chét thai nhya; MHETase; Enzyme phan huay nhya; Polyethylene terephthalate (PET); Protein tai t6 hop.
1. MO PAU

M®di nam, khoang 82 tin nhya PET dwoc san xuat véi ang dung cha yéu la cac san pham bao
bi dong goi [1], mac du vay, mutc do xir Iy nhwa PET sau sir dung con rat han ché. Hién nay, dé xir
Iy, nhya thuong dugc phan loai va tai ché, dbt hozc chon Iap. Tuy nhién, cac cong nghé vé tai ché
nhua chua duoc chl trong phat trién nén ty 18 nhura dwoc xir Iy 12 rat thap. Bong thoi, qua trinh dét
nhuya lai tiéu tn nhiéu ning lwong va tao ra cac chit gy 6 nhidm thu cap trong khdng khi. Do do,
viéc nghién cau va &p dung cac bién phap xir ly mai, an toan va than thién véi moéi truong nhur st
dung enzyme phan hity nhua dang tré thanh xu huéng tiém nang caa thé gii.

Enzyme phan hay nhya duoc str dung vai vai tro 1a chat x(c téc, gilp bé gay cac mach carbon
dai va giai phong cac san pham trao doi chét than thién véi méi trudng [2]. Cho dén nay, nhiéu
enzyme thity phan PET di duoc biét nhu esterases, lipases hodc cutinases, trong do, enzyme
cutinases chiém chu yéu. Mot sb cutinase c6 thé phan ra PET c¢6 ngudn géc tir vi sinh vét nhu
Thermobifida fusca, Fusarium solanipisi va Thermobifida cellulosilytica da dugc phat hién [3, 4].
Tuy nhién, nhiing cutinase nay chi c6 kha ning phan hiay PET & mot muc d6 nhat dinh véi diéu
kién nhiét d6 khoang 50 °C, va hau nhu khéng hiéu qua khi xt Iy & nhiét d6 binh thuong. Nam
2016, Yosida va cong su da phat hién ra 02 enzyme phéan hay nhya PET hiéu qua thanh cac don
phan & nhiét do tir 20 - 40 °C tir vi khuan ldeonella sakaiensis 201-F6 Ia poly(ethylene
terephthalate) hydrolase (PETase, EC 3.1.1.101) va mono-(2-hydroxyethyl) terephthalate
hydrolase (MHETase, EC 3.1.1.102) [5]. Enzyme PETase phan cit mach dai polymer PET thanh
Cac san pham trung gian nhu MHET, BHET, trong khi d6, MHETase xuc tac thuy phan MHET
tao san phim cubi 12 TPA va EG. Hién nay, huéng nghién ciu nhan duoc sy quan tdm cua rat
nhiéu cac nha khoa hoc 1a sir dung k§ thuat sinh hoc phan tir hién dai nhiam tao ra enzyme tai to
hop mang nhiing dic tinh wu viét trong qué trinh xtc tac [5-7], déng thoi gitp cha dong trong qué
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trinh san xuét va tao lugng I6n enzyme. Tai Viét Nam, theo tim hicu, hién nay chua c6 cong trinh
nghién ctru nao bicu hién enzyme MHETase tai to hop. Do do, trong nghién cttu nay, ching toi
tien hanh thiet ke trinh tu gene ma hoa, bieu hién va thu nhan enzyme MHETase trong h¢ bieu
hién E. coli lam co s¢ cho cac nghién cuu tiép theo véi dinh huéng tng dung enzyme MHETase
téi to hop trong xir ly chat thai nhya PET.
2. VAT LIEU VA PHUONG PHAP

2.1. Vat liéu, thiét bi, hda chat
2.1.1. Vat liéu

Chung vi khuan E. coli BL21 (DE3) (Invitrogen) trong b swu tap chung gidng Phong K§ thuat
Di truyén, Vién Cbng nghé sinh hoc/Vién Han Iérrl Khoa hoc va Céng nghé Viét Nam; plasmid
PET22b(+); plasmid pET22b(+)-MHETase dugc tong hop tr hang Genscript (My); mang tham
tich loai muoi 10K MWCO 16 mm (Thermo Scientific, My), khang thé don dong khéang His-tag
ngudn gdc tir chudt (Invitrogen, M¥), khang thé khang IgG cua chudt gan enzyme peroxidase
(Sigma, My).
2.1.2. Thiét b

Tu 4m lac (Memmert, Dtc), may ly tam lanh Digicen 21R (Orto Alresa, Ty Ban Nha), may
dién di va chuyén mang Western-blot (Cleaver Scientific, Anh), hé thong HPLC (Agilent
Technologies, My), can phan tich (Precisa, M), may khuay tir gia nhiét (Cole Palmer, M¥).
2.1.3. Hoa chat

IPTG, MHET, Tris base, Tween 20 va c4c hda chét khac ngudn gdc tir hang Sigma, Merck.
2.2. Phwong phap
2.2.1. Thiét ké vector pET22b(+) mang gene ma hda enzyme MHETase

Trinh ty amino acid cua enzyme MHETase trén GenBank m3 GAP38911.1 duoc sir dung dé
xéc dinh trinh ty gene véi céc codon tdi uu cho qua trinh biéu hién trong vi khuan E. coli sir dung
phan mém OptimumGene™ Optimization Analysis (hang GeneScript, M). Cac chi s6 duoc danh
gia mirc 6 phu hop cua ma bo ba bao gém chi s6 phu hop codon (CAl), ti 1€ G-C, su phan b ty
I& phan trim cic ma bd ba. Sau dé, trinh tw gene dugc bd sung thém trinh ty ma hoa tin hiéu tiét
LamB va trinh tu diém cét cua hai enzyme Ndel va Xhol vao 2 dau doan gene. Cau trdic gene ma
héa MHETase sau thiét ké duoc dua vao vector pET22b(+) va dat tong hop nhan tao boi hing
Genscript (MY).

2.2.2. Biéu hién va thu nhdn enzyme MHETase trong vi khuan E. coli

Plasmid pET22b(+)-MHETase dugc bién nap vao té bao E. coli BL21 (DE3) bang phuong
phép séc nhiét va sang loc trén méi truong thach LB chira khang sinh Ampicillin 100 pg/mL
(LBA) [8]. Cac khuan lac phat trién trén moi trudng chon loc tlep tuc dugc thu nhan va nudi cay
qua dém & diéu kién 37 °C, lac 200 vong/phut. Sau d6, dich nubi cay dugc chuyén sang mi truong
LBA méi dén khi OD dat 0,6 - 0,8 thi tién hanh cam ang IPTG 0,1 mM tai 30 °C. Sau 48 gid cam
g biéu hién, dich protein ngoai bao dugc thu nhan bang cach ly tim 5000 vong/phut trong 5
pht. Protein noi bao va protein ngoai bao cua cac chiing tai to hop dugc phan tich bang dién di
SDS-PAGE 12,6% [9] dé xac dinh kha ning biéu hién enzyme MHETase. Dé thu nhan enzyme
tho, dich protein ngoai bao caa ching biéu hién dugc tia mudi (NH4)2S04 dén ndng do cudi 50%.
Enzyme MHETase dugc phat hién bang phuong phap Western-blotting véi khang thé don dong
khang 6x His-tag [10].

2.2.3. Khdo st mét sé diéu kién sinh téng hop enzyme MHETase cua ching biéu hién

Trong nghién ciru nay, ndng do chat cam tng IPTG va thoi gian cam tng duoc khao sat dé

danh gia anh huong dén kha nang tong hop enzyme cua chung biéu hién. Cuy thé, khuan lac cia
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chiing E. coli BL21 ti t6 hop duoc nudi cy biéu hién ¢ 30 °C tai nong d6 IPTG lan luot 12 0,05
mM; 0,1 mM; 0,2 mM, 0,3 mM. Dich ngoai bao dugc thu nhan tai c_}élc thoi diem sau 5 gio, 12 gio,
24 ’gi(‘y, 48 gio cam ﬁpg va xac dinh hoat tinh enzyme MHETase dé lya chon dicu kién thich hgp
nhat cho qué trinh biéu hién.

2.2.4. Xac dinh hogt dé enzyme MHETase

Hoat d6 enzyme MHETase dugc danh gia qua sy phan hay co chat MHET tao san pham TPA
duoc xac dinh bang phan tich HPLC [5-7]. Trong nghién ciu nay, mau dich ngoai bao chiang E.
coli BL21 biéu hién MHETase trudc va sau taa mudi (NHz),SO4 (ky hiéu M, Ms) duoc st dung
cho phan g xac dinh hoat d6. Mau di chimg (PC) ¢ thanh phan twong tw nhung enzyme duoc
bo sung sau khi ding phan &ng. Mot don vi hoat 6 (U) ciia enzyme MHETase dugc xéac dinh 1a
lwong enzyme can thiét xtc tac tao ra 1 pmoL TPA trong thoi gian 1 phit & diéu kién thi nghiém.

3. KET QUA VA THAO LUAN

3.1. Thiét ké vector pET22b(+) mang gene mi héa enzyme MHETase dé biéu hién trong vi
khuan E. coli

Dua trén trinh ty acid amin caa enzyme MHETase, trinh tu gene dugc thiét ké véi codon sir
dung tbi vu cho vi khuan E. coli. Két qua cho thiy, trinh ty nucleotide ma héa MHETase dugc
thiét ké co chi s6 CAI 1a 0,96. Bic biét, 85% sb codon dugc sir dung véi tan s6 91 — 100% va
khong c6 codon nao ma tan sé sir dung trong E. coli duéi 70%. Nhu vay, trinh ty gene mé hoa
enzyme MHETase duoc st dung c6 ma bo ba phui hop cho qua trinh biéu hién E. coli.

Dua trén nghién ctru cua Hogyun Seo (2019), trinh tu signal peptide LamB dugc thiét ké bo
sung vao trinh ty gene ma hoa enzyme MHETase voi muc dich ting hiéu qua biéu hién, enzyme
tiét tryc tiép ra ngoai moi trudng ma khdng can trai qua pha té bao [11]. Bén canh do, trinh tu diém
cit cua hai enzyme Ndel va Xhol ciing dugc b sung vao 2 dau doan gene. Vector pET22b(+) dugc
lya chon la vector biéu hién vai gene chon loc khang Ampicillin va promoter T7 (hinh 1).

(6xHis thol (158)

| NdeI (1992)

\\17 promoter|

Hinh 1. Cdu tric vector biéu hién pET22b(+)-MHETase.
3.2. Biéu hién enzyme MHETase trong vi khuin E. coli
03 dong té bao E. coli BL21 (DE3) bién nap thanh cong plasmid pET22b(+)-MHETase dugc
nuoi cay bicu hién trong méi truong LBA cam tng bang IPTG 0,1 mM, nhiét d cam ung 30 °C.
Protein ngoai bao va protein ndi bao cua cac ching duoc thu nhan sau 5 gio va phan tich bang dién
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di SDS-PAGE d¢ phat hién su c6 mat caa enzyme tai to hop. Két qua trén hinh 2a cho thay, protein
ndi bao cua chung ddi ching va chang biéu hién MHETase khong c6 su khac nhau nhiéu giira cac
bang protein. Trong khi d6, ddi vai protein ngoai bao (hinh 2b), c6 su khac biét r rang giira ching
biéu hién va ddi chimg, dic biét, bang protein c6 kich thudc khoang 63 kDa chi xuat hién & ching
mang plasmid pET22b(+)-MHETase ma khdng xuét hién & mau ddi ching va mau biéu hién
PETase. Nhu vy, budc dau co thé khiang dinh di biéu hién dugc thanh cdng gene ma hda enzyme
MHETase trong té bao E. coli BL21 (DE3).
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a. Protein ngi bao. b. Protein ngogi bao. c. Két qua Western-blotting.

Hinh 2. Két qua dién di SDS-PAGE protein tong so va phan tich bang Western-blotting dich

ngoai bao cua chung biéu hien MHETase.

Cha thich: M: Thang protein chuan; M-: Mdu déi ching; Mys: Mdu biéu hién MHETase;

P: Mdu biéu hién PETase; PCs, Ms: Mau déi ching va mau biéu hién MHETase sau tua.

Pé khang dinh chic chan sy c6 mat cua enzyme MHETase trong dich ngoai bao ching biéu
hién, protein tai to hop (gén dudi His-tag — dong vai tro 1a khang nguyén) s& duoc phét hién trén
mang PVDF dya trén kha nang lién két dac hiéu véi khang thé don dong khang His-tag bang
phuong phap Western-blotting. Két qua cho thiy c¢é phan tng duong tinh va dic hiéu véi khang
thé khang His-tag & mau dich ngoai bao chung biéu hién MHETase khi xuat hién duy nhét 01 bang
protein dam c6 kich thudc khoang 63 kDa, trong khi do, dich ngoai bao cua ching dbi ching
khéng xuat hién bang protein nao sau khi pha mang véi co chat TMB (hinh 2c). Két qua nay khang
dinh da biéu hién thanh cdng enzyme MHETase ngoai bao vai kich thudc twong dwong kich thuéc
trong nghién ciru cua Yoshida va cong su (2016) [5]. Viéc bé sung signal peptide LamB tao diéu
kién thuan loi trong viéc thu nhan enzyme ciing nhu phan huay co chat PET do polyme nay cé khéi
luong phan tir I6n kho di chuyén vao noi bao [13].

3.3. Khao sat mét s6 diéu kién biéu hién enzyme MHETase

Kha ning sinh trueéng va hoat tinh enzyme trong dich ngoai bao cua chung biéu hién déu ting
theo thoi gian, cao nht tai 48 gio sau khi cam ing voi hoat d6 enzyme dat 2,21 U/mL (hinh 3).
Trong nhiéu nghién ctru biéu hién gene ma hoa enzyme MHETase tai t hop sir dung hé biéu hién
E. coli, protein tai to hop dwoc thu nhan trong khoang thoi gian 24-48 gio sau khi cam ung [11, 12].

Déi voi ndng do chat cam ung IPTG, hoat d6 ctia enzyme MHETase c6 xu huéng giam khi ting
nong do IPTG > 0,1 mM, cao nhit tai ndng d6 IPTG 0,1 mM véi gi tri 1a 2,4 U/mL (hinh 4). Biéu
d6 cho thdy, tai gia tri IPTG > 0,1 mM, chat cam tmg du thira cd thé da wrc ché kha ning sinh truéng
ctia chung biéu hién dan téi giam hiéu suét tdng hop enzyme. Tur cac két qua khao sét, trong nghién
ctru nay, enzyme MHETase téi t6 hop dugc biéu hién tét tai nhiét do 30 °C vé&i nong d6 chat cam
rng 0,1 mM va thoi gian nuéi ciy sau cam ng | 48 gid. Trong mét s nghién ctiru khac, chat cam
g IPTG véi nong d6 0,1 mM ciing duoc st dung trong qué trinh biéu hién enzyme [11, 13].
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MHETase cua chung biéu hi¢n thu nhédn ¢ wng den hogt tinh enzyme MHETase.

cac thoi diém khac nhau.

3.4. Xac dinh hoat @ enzyme MHETase
Hoat d6 cua mau dich protein ngoai bao chung E. coli BL21 (DE3) biéu hién MHETase tru6c
va sau khi tia muoi duoc xac dinh lan luot la 2,29 U/mL va 85,88 U/mL (bang 1). Trong cong
trinh cua nhom tac gia Dini Achnafani va cong su (2023), hoat 6 enzyme MHETase biéu hién
trong E. coli dat 0,4015 U/mL [14].
Bdng 1. Xdc dinh hogt tinh enzyme MHETase thu nhdn bang phwong phdp tiia muéi (NHz)2SOa.

M4au Dién tich peak (mAU.s) Ham lwrgng TPA tao thanh Hoat d9 enzyme (U/mL)

Mr 805,88 0,57 2,29
Ms 1248,13 0,85 85,88
a. Trieée phan u=ng S b. Sau phan #ng 3 phut.
Hinh 5. Két qua phan tich HPLC san phdm phdn iing giiza MHETase sau tiia vdi co chat MHET.
4. KET LUAN

Trong nghién ctu ndy, enzyme MHETase tai to hop da duoc biéu hién ngoai bao thanh cong ¢
chang vi khuan E. coli BL21 (DE3) mang plasmid pET22b(+)-MHETase trong méi truong LBA
& nhiét d6 30 °C, nong do IPTG 0,1 mM, thu nhan sau 48 gid cam tng. Enzyme MHETase ¢6 kich
thudc khoang 63 kDa duogc phan tich bang phuong phap Western-blotting va dién di SDS-PAGE.
Hoat d6 cua enzyme sau khi thu nhan bang phuong phap tiia mudi (NH4).SO4 ¢ nong do 50% la
85,88 U/mL duoc xac dinh bang phan tich HPLC san pham TPA tao thanh khi thuc hién phan ang
giita enzyme va co chat MHET. Nhitng két qua nay 1a co sé thuc hién cac nghién cau tiép theo dé
nang cao hoat tinh va d6 6n dinh cia enzyme trong qua trinh phan hay nhwa PET trong thuc té.

Loi cim on: Cong trinh diroc hé tro vé kinh phi ciia Dé tai cdp Vién Cong nghé msi/Vién KH-CN quan
sw nam 2023 “Nghién ciru ung dung ky thudt sinh hoc phan tu- d@é phan lap va bieu hi¢n enzyme tai to hop
¢6 kha nang giam thieu 6 nhiem méi truong do chat thai nhua” va su ho tro-vé nguyén li¢u, trang thiet bj
thi nghiém thugc Phong Ky thugt di truyén, Vién Cong nghé sinh hoc/Vién Han 1am Khoa hoc va Cong nghé
Viét Nam.
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ABSTRACT
Construction and expression of gene coding MHETase in E. coli

Polyethylene terephthalate (PET) is a type of synthetic plastic widely used in many
applications, especially packaging production. With the increasing production,
consumption rates, and a short life cycle, the abundant amount of waste from PET plastic
in the environment seriously affects human health as well as other living organisms.
Currently, plastic treatment solutions that are safe, sustainable, and environmentally
friendly have received much attention, especially biodegradation methods using natural
microorganisms or enzymes for plastic treatment. To date, PETase and MHETase are two
enzymes that have been studied with great potential in PET plastic degradation. In this
study, we have successfully designed and expressed the gene encoding the enzyme MHETase
using the E. coli BL21(DE3) expression system. The recombinant strain harboring the
plasmid pET22b(+)-MHETase was cultured in LB medium containing 100 pg/mL
Ampicillin, and extracellular protein was collected after 48 hours with the induction of 0.1
mM IPTG and cultivation at 30 °C. The results of the analysis by Western-blotting and SDS-
PAGE protein electrophoresis showed that the expressed MHETase had a molecular weight
of about 63 kDa, which is equivalent to the theoretical molecular weight. The specific
activity of recombinant MHETase enzyme obtained by precipitation of (NH4)>SO4 salt was
85.88 U/mL. These results show the potential of MHETase enzyme for application in the
degradation of PET plastic waste.

Keywords: Plastic waste; MHETase; Plastic-degrading enzyme; Polyethylene terephthalate (PET); Recombinant protein.
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