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Tom tat

PET (polyethylene terephthalate) 1a nhya tong hop phd bién nhung kho phan hity sinh
hoc, gay 6 nhiém méi truong. Viéc phat hién hai enzyme PETase va MHETase tir vi
khuan Ideonella sakaiensis & mo ra huéng xir Iy PET bang cong nghé sinh hoc. Tuy
nhién, cong nghé biéu hién va tinh sach enzyme ghép MHETase-PETase trén
Escherichia coli van chua ti uu, doi hoi nhiéu budc phirc tap. Nghién ctru nay tap trung
t6i wu hoa diéu kién biéu hién va don gian héa quy trinh tinh sach enzyme ghép
MHETase-PETase nhiam nang cao hiéu suat va kha niang tmg dung quy mé 16n. Két qua
cho thiy chiing E. coli BL21(DE3) dat hiéu qua biéu hién t6t nhat voi diéu kién tdi uu
1a cam tmg bang 0,1 mM IPTG ¢ 30 °C trong 6 gio. Qua trinh tinh sach chi can mot
budc sic ky ai luc Ni-NTA, thu dugc enzyme véi ham Iugng 7,33 mg/mL. Khi khao
sat hoat tinh phan huy PET, enzyme ghép MHETase-PETase bét ¢iu phan hity PET sau
7 ngay & ndng do 0,4 mg/mL, v6i mirc d phan hay ting dang ké sau 28 ngay. Enzyme
ghép thé hién hoat tinh vuot troi so voi PETase don 18, ¢6 thé phan huy PET chi sau 48
gi0. Nghién ctru ndy mo ra hudng ing dung enzyme trong cong nghé xur Iy PET va tai
ché nhwa bén ving.
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1 bat van dé

San lugng nhya trén toan cau dat 413,8 triéu tin (2023)
va dén nam 2050, san lugng chét thai nhya tich liy
duoc du doan dat trén 25 ty tan, gép 3 1an mtc hién tai
[1,2]. Kha ning tro v& mit hoa hoc cta nhyua dan dén
su mat kiém soat tich tu chat thai trong tat ca hé sinh
thai trén trai dat. Theo thong ké tir Bo Tai nguyén va
Moi truong, Viét Nam co6 khoang 1,8 triéu tan rac thai
nhya ra moi truong, trong do (0,28-0,73) triéu tan bi
thai ra bién. Tuy nhién, chi 27 % trong tong sb rac thai
nhua 13 dugc tai ché, tan dung bdi cac co sd, va doanh
nghiép. Trong s6 d6, 90 % rac thai dwgc xir Iy theo cach
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chén, 14p, dt va chi 10 % con lai duogc tai [3]. Hién
nay, viéc tai ché nhya dua trén hai phuong phap chinh
1a hoa hoc va sinh hoc. Tai ché nhya theo hudng hoa
hoc doi héi xtic tac hoa chét, di kém cac diéu kién nhiét
do, ap suét cao va tiéu thy mot lugng 16n nang luong
[2]. Ngoai ra, phuong phap nay tiéu ton nhiéu chi phi
va tao ra luong 16n cac chat doc hai thir cAp gy nguy
co 6 nhiém méi truong [4]. Nguoc lai, xir Iy nhya bang
phuong phap sinh hoc tiét kiém chi phi, hiéu suit cao
hon va khong tao ra cic chit 6 nhiém do khong phu
thudc vao cac chat xiic tac, diéu kién phan tmg. San
pham cudi cling ctia qua trinh phan huy sinh hoc ¢6 thé
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duoc thu hdi va mang lai lgi ich kinh té nhu ethanol
dung trong nhién li¢u sinh hoc [5].

Phén huy PET bang phuong phap sinh hoc chi yéu dya
vao enzyme c6 ngudn gdc tir vi sinh vat nhu nim va vi
khuan dé xuc tac qua trinh thuy phan PET & nhiét do
cao [6]. Trong d6, hai enzyme PETase va MHETase
duoc phat hién tr vi khuén Ideonella sakaiensis 201-
F6, di tao nén tang cho nhiéu nghién ciru xir 1y rac thai
PET bang enzyme [7]. PETase xfic tac qué trinh phan
cit PET thanh mono(2-hydroxyethyl) terephthalate
(MHET), sau 6 MHETase tiép tuc chuyén héa MHET
thanh acid terephthalic (TPA) va ethylene glycol (EG)
[8]. Tuy nhién, sy tich tu MHET c6 thé bam vao ving
khong hoat dong ciia PETase dan dén giam hiéu sut
phan giai PET. Dé khic phuc van dé nay, cac nghién
clru gan ddy da tién hanh ghép PETase va MHETase
thanh enzyme hop nhat dé ting cuong hiéu qua phan
hay PET bang cach giam sy bam dinh co chat trung
gian (MHET) va tao diéu kién cho phan tmg xic tac
lién tiép [9, 10]. Két qua tir cac nghién ctru ndy cho thay
enzyme ghép co thé cai thién dang ké hiéu suat phan
hay PET so v6i enzyme don 1€.

Du cac nghién ctlru trudc day da thanh cong trong viéc
tinh sach enzyme ghép MHETase — PETase bang cac
phuong phap sic ky nhiéu budc, mot sd han ché van
ton tai. Cu thé, quy trinh tinh sach protein trong hai
nghién ctru trude kha phire tap, doi hoi nhidu bude nhu
sdc ky ai luc Ni-NTA, séc ky loc gel va siéu loc dé loai
mudi [9, 10]. Quy trinh nay lam ting thoi gian va chi
phi va con c6 thé gay thit thoat protein, anh hudng dén
hiéu suét thu hdi. Viée lua chon ching vi khuan biéu
hién thich hgp cling dong vai trd quan trong trong viéc
t6i wru hoa nang suit va chat lugng protein téi to hop.
Su Iya chon nay anh huéng dén tc do sinh truong va
quyét dinh murc d6 biéu hién va trang thai hoa tan cua
protein [11]. Tuy nhién, chua c6 nghién cltu nao tap
trung vao viéc lya chon ching biéu hién tbi vu va don
gian hoa quy trinh tinh sach enzyme ghép nay. Pay la
nhiing yéu t6 quan trong gitip thu nhan enzyme véi hiéu
sudt cao va phu hop cho cac tng dung quy md cong
nghiép sau nay. Do d6, nghién ctru nay dugc thuc hién
v6i muyc tiéu t6i wu hoa chung va diéu kién biéu hién
trén hé thong E. coli, ddng thoi don gian hoa quy trinh

tinh sach enzyme ghép MHETase-PETase, tao tién dé
cho qua trinh tinh sach hiéu qua hon ma khong yéu cau
qua nhiéu thoi gian va chi phi. Viéc t6i vu biéu hién
gitip nang cao mirc do tong hop protein, han ché hinh
thanh thé vii, dam bao enzyme c6 cau truc dung va tir
d6 tang cuong hoat tinh xtic tic. Pong thoi, thay vi st
dung nhiéu budc sic ky nhu cic nghién ctru trude, quy
trinh tinh sach dugc don gian hoa chi con sdc ky ai luc
Ni-NTA, gitip thu nhan enzyme v&i hidu suét tot hon,
giam chi phi san xuét va tao diéu kién thuén loi dé ung
dung enzyme vao quy mo cong nghiép.

2 Vat li¢u va phuong phap nghién ciru

2.1 Vit lidu va thiét bi nghién ctru

Plasmid pCJ190 (Addgene) duoc thiét ké tir pET-
21b(+), mang gen ma hoa té hop MHETase-ETase tir
[ sakaiensis, lién két qua doan Gly/Ser va téi wu hoa
codon cho E. coli, c6 dudi His-tag & dau C [10]. Céc
chung  E.colii BL21(DE3), C41(DE3) va
MG1655(DE3) dugc bao quan tai Phong thi nghi€ém
Sinh hoc phan tir, Vién Ky thuat Cong nghé cao NTT
va nudi cdy trong moi truong LB (Difco, USA). Khang
thé khang His-tag gin HRP dugc cung cip bai
Proteintech (Singapore) phat hién protein mang His-tag
sau mot 1an G. Thiét bi thi nghiém gdm: may PCR
(Eppendorf, Germany), budng dién di (Bio-Rad,
Singapore), thiét bi western blot ban kho (Thermo
Fisher, USA) va hé thng chup anh gel G:BOX Chemi
XRQ (Syngene, England).

2.2 Phuong phap

2.2.1 Bién nap vector tai to hop pCJ190 vao E. coli

Vi khuan E. coli BL21 (DE3), C41 (DE3) va MG1655
(DE3) dwoc nudi cdy ¢ 37 °C véi toe do lic 150 rpm
trong 10 mL moi truong Luria-Bertani (LB) 1ong qua
dém. Sau d6, 1 mL dich nu6i duoc chuyén vao 30 mL
LB va tiép tuc nudi dén khi OD600 dat 0,4-0,5. Té bao
dugc u da 10 phut, ly tdm 6 000 rpm, 4 °C trong 8 phit,
rira v6i CaCl> 0,1 M lanh, rdi tiép tuc ly tdm va bd sung
CaCl. 0,1 M trong glycerol 15 %. Plasmid tai t6 hop
(1 uL, 5 ng/pL) duoc chuyén vao 50 pL té bao kha nap,
1 d4 30 phut, sbc nhiét 42 °C trong 1 phat, 1 lanh 5 phut.
Thém 950 pL LB, u 37 °C trong 60 phut, lic 150 rpm,
ly tdm va cdy lén dia LB c6 ampicillin 100 pg/mL.
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Khuén lac sau 0 dém duoc kiém tra gen muc tiéu br:ing
PCR khuén lac véi méi T7.

2.2.2 PCR khuan lac kiém tra sau khi bién nap

Lay 1/2 khém khuén lac don trén dia LB hoa tan véi 30
uL nuéc miliQ da hap vé tring va @ hdn hop & 95 °C
trong 5 phut. Sau d6, phan mg PCR khuan lac duoc
thuc hién voi  cap mbéi  T7  terminator:
GCTAGTTATTGCTCAGCGG va T7 promoter:
TAATACGACTCACTATAGGG d¢ kiém tra su c6
mat cia doan gen muc ti€u trong té bao E. coli sau khi
bién nap. Chu trinh chay dugc thyc hién theo hudng
dan cua Taq 2X MasterMix (NEB, Anh). San pham
PCR dugc kiém tra bang ky thuat dién di trén gel
agarose 1 %.

2.2.3 So sanh biéu hién protein MHE Tase-PETase giita
cac chung E. coli (DE3)

Khuén lac don cua E. coli BL21(DE3), C41(DE3) va
MG1655(DE3) mang vector pCJ190 dugc nudi qua
dém trong 10mL LB + ampicillin 1X & 37°C, lic
150 rpm. Tiép theo, 1 mL dich nudi dugc chuyén vao
50 mL LB + ampicillin 1X va nudi dén khi OD600 dat
0,6-0,8. IPTG 1 mM dugc thém vao va cam ung &
20 °C trong (18-24) gio. Té bao dugc thu bang ly tim
10 000 rpm trong 10 phat, hoa vao buffer NPI-10
(50 mM NaH:PO4, 300 mM NaCl, 10 mM imidazole)
theo ty 1¢ 1 g:10 mL. Sau dé, té bao duoc pha v& bang
siéu am (20 Hz, 20 % bién d9, chu ky 10 gidy, dau tip
6mm) trong 5 phat. Hiéu sudt biéu hién protein
MHETase-PETase dugc danh gia qua SDS-PAGE va
Western blot dua trén d dam/nhat cta cac bang protein
& cac pha tong, tiia va tan. Phuong phap dién di SDS-
PAGE va lai mién dich Western blot sir dung khang thé
khang 6X His dugc thuc hién [13]. P§ ddm nhat cua
bang protein trong thi nghi¢ém Western blot dugc phan
tich va so sanh bang phin mém Imagel.

2.2.4 Khao sat diéu kién biéu hién t&i wu protein
MHETase-PETase

Khuén lac don cta ching E. coli BL21(DE3) mang
vector pCJ190 duoc nudi ting sinh trong dng nghiém
chtra 10 mL LB ¢6 bd sung ampicillin 1X va lic & toc
d6 150 rpm & 37 °C qua dém. Sau do, 1 mL dung dich
tang sinh dugc chuyén vao cac 6ng nghiém chira 50 mL
LB + ampicillin 1X va tiép tuc nuéi lic cho dén khi
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OD600 dat gia tri tir 0,6 dén 0,8. Chit cam tmg IPTG
duoc thém vao vdi cac nf"mg d6 cudi khac nhau: (0,01;
0,05; 0,1; 0,5; 1,0 va 1,5) mM va qua trinh cam Ung
dugc thuc hién tai 4 mirc nhiét d6 khac nhau: (16, 20,
25 va 30) °C. Pong thoi, thoi gian cam tmg cling duoc
diéu chinh phu hop véi timg muc nhiét d6 [10, 14, 15].
Cac budc tiép theo, hiéu sudt biéu hién protein
MHETase-PETase dugc thuc hién va danh gié tuong tu
md ta thi nghiém & trén.

2.2.5 Biéu hién va tinh sach protein MHETase-PETase
Té bao E. coli BL21(DE3) mang gen mi hoa protein
MHETase-PETase dugc nudi trong 1 L moi truong LB
+ ampicillin 1X va cam g bang IPTG trong diéu kién
t6i wu. Té bao duoc thu bang ly tim 10 000 rpm trong
15 phit, sau d6 hoa véi buffer NPI-10 theo ty 18 1 g té
ba0:10 mL NPI-10 va bd sung protease inhibitor
cocktail (Sigma, USA) theo ty 1& 1 g té bao:250 uL
cocktail. Té bao duoc pha bang song siéu am (20 Hz,
20% bién do, chu ky bat/tit 10 gidy, dau tip 6 mm)
trong 20-30 phut tiy thé tich mau. Hon hop sau siéu
am duoc ly tam 12.000 rpm trong 30 phut, thu dich ndi
(lysate) va tinh sach protein bang cot Ni-NTA agarose
(Qiagen, Germany, (4-6) mL). Cot dugc cin bang bang
NPI-10, dich lysate cho chay qua véi tbe do (4-5)
gidy/giot. Dich khong gian duoc thu lai; cot rira bang
NPI-10 (gap 2,5 lan thé tich cot) dé loai protein khong
dac hiéu. Protein dich c6 duéi 6X His dugc rira giai
bang NPI-90 (NaH.PO. 50 mM, NaCl 300 mM,
imidazole 90 mM). Céc phén doan rtra giai dugc thu
vao eppendorf 1,5 mL (1 mL/phan doan). Cubi cing,
cot dugc lam sach bé“lng NPI-500 (NaH2PO4 50 mM,
NaCl 300 mM, imidazole 500 mM), rira va bao quan
trong con 20 %.

2.2.6 Panh gia so by hoat tinh phan huy PET cua
enzyme MHETase-PETase sau tinh sach

Pinh lugng MHETase-PETase tinh sach duoc thuc
hién bang Pierce™ Bradford Protein Assay Kit
(Thermo Fisher Scientific, USA). Cac miéng nhuya PET
c6 duong kinh 5 mm dugce cét tir chai nude giai khat
thuong mai (PepsiCo, Viét Nam). Nhitng miéng nhya
nay dugc i véi enzyme ghép (0,4 mg/mL) hodc enzyme
don PETase (0,4 mg/mL) trong dung dich dém gdm
NaCl 90 mM, NasPO4 45 mM (pH =7,5) va DMSO 10
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% (v/v), ¢ nhiét d6 30 °C [10]. Phan tng dugc dung lai
bang cach thém mot thé tich methanol 100 % tuwong
duong voi thé tich dung dich phan ng. Sau do, cac
miéng nhya duogc rura sach 1an luot béng SDS 1 %,
DMSO 100 %, nudc siéu sach va ethanol 95 %. Cudi
cung, cac mau nhya duoc siy kho & 60 °C trude khi
quan sat dudi kinh hién vi v6i do phong dai 10X tai cac
mbc thoi gian ¢ dinh. Dung dich dém c6 thé duoc thay
thé sau mdi lan quan sat dé dam bao diéu kién phan tmg
6n dinh.

3 Két qua va thao luan

3.1 Tao chung E. coli chira plasmid pCJ190

Céc chung vi khuan E. coli DE3 mang gen T7 RNA
polymerase du6i su kiém soat cta promoter lacUV5
c6 thé cam tng bang IPTG. Két qua dién di san pham
PCR (Hinh 1) cho thay tat ca cac chung E. coli BL21
(DE3), C41 (DE3) va MG1655 (DE3) sau bién nap
déu xuat hién bang DNA c6 kich thuéc 2 661 bp,
tuong ung voi doan gen ma hoda enzyme ghép
MHETase-PETase. Khiang dinh plasmid pCJ190 da
duoc bién nap thanh céng vao ca ba chung vi khuén.
Do d6, cac budc tiép theo sé& tap trung vao viéc danh
gia biéu hién va t6i wu diéu kién cam @ng biéu hién
enzyme ghép MHETase-PETase, nhiam danh gia su
pht hop cua ting chung vi khudn trong viéc san xudt
enzyme v6i hidu suét tot nhat.

L NTC PTC 1 2 3

3000 bp
2000 bp
1500 bp

1000 bp

500 bp

Hinh 1 Két qua dién di san pham PCR khuan lac sau
bién nap voi cap médi T7. L: thang DNA 1kb; NTC:
ching E. coli BL21(DE3) khong bién nap plasmid;
PTC: plasmid pCJ190; (1) ching E. coli BL21 sau bién
nap (2) chung E. coli C41 sau bién nap (3) chung E.
coli MG1655 sau bién nap.

3.2 Khao sat chung E. coli biéu hién protein MHETase-
PETase tbi uu

Ba chung vi khuan E. coli BL21, C41 va MG1655 da
dugc khao sat vé kha nang biéu hién protein MHETase-
PETase. Két qua SDS-PAGE cho thdy BL21 c¢6 mtc
d6 biéu hién protein cao nhit véi biang protein muc tiéu
rd rang trong ca pha tong (T) va pha tan (S), cho thy
kha ning biéu hién protein ¢ pha tan tot. Chung C41
biéu hién thdp hon va luong protein hoa tan it hon,
riéng MG1655 ¢6 muc biéu hién kém nhit. Dya vao
Western blot, ching BL21 c6 két qua twong tu va tot
hon hai chung con lai (Hinh 2). Vi vay, E. coli BL21
(DE3) dugc xac dinh 14 ching t5i wu cho viéc san xuét
MHETase-PETase.
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Hinh 2 Khao sat ching vi khuan E.coli biéu hién t6i wu MHETase-PETase

Trong Hinh 2, dién di SDS-PAGE (A) va lai Western
blot v&i khang thé khang 6X His tag (B). L: thang color
prestained protein standard broad range; NTC: chtng
E. coli BL21(DE3) khéng bién nap plasmid. T (Total):
pha tong, IS (Insoluble): pha tua, S (Soluble): pha tan.
Protein dugc cam ung biéu hién véi 1 mM IPTG &
20 °C trong (18-24) gio voi cac chung khao sat BL21,
C41 va MG1655. *Cuong do dam (%), dit liéu dugc
phan tich bang phan mém Image].

3.3 Xéac dinh diéu kién biéu hién t6i wu protein
MHETase-PETase & E. coli BL21(DE3)

Né)ng d6 IPTG, nhiét do va thoi gian cam Gng la nhitng
thong s then chét anh huong dén hidu qua biéu hién
protein tai to hop trong hé thong E. coli BL21 (DE3).
Nong do IPTG quyét dinh muc do hoat dong promoter
T7, ndng d6 qua cao (> 1 mM) c6 thé gy trc ché sinh
truong té bao va hinh thanh thé vui. Trong khi ndng do
IPTG thap hon (0,05-0,5) mM cho hiéu qua biéu hién
6n dinh hon va tang kha ning hoa tan ctia protein [11].
Nhiét d6 thap (20-30) °C gitip giam tdc do tdng hop
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protein, qua d6 cai thién kha ning gip cudn dung ciu
tric va han ché tao thé vui. Thoi gian cam Gmg quyét
dinh tong luong protein thu dugc trude khi té bao budc
vao pha suy thoai. Thoi gian qua ngin c6 thé khong du
tich Iiiy protein, trong khi cim trng qué dai dé 1am giam
hiéu suét do stress té bao [16].

Dau tién, néng do IPTG duogc xac dinh nham tdi vu
biéu hién MHETase-PETase & E. coli BL21(DE3). Két
qua SDS va Western blot cho thiy vach tin hiéu cua
protein MHTase-PETase xuit hién ¢ tit ca cac nong do
IPTG dugc khao sat (0,01-1,5) mM (Hinh 3). Tuy
nhién, & ndng do 0,1 mM, vach tin hiéu rd nhat, cho
thiy mirc d6 biéu hién protein tdi wu so v6i cac nong
d6 con lai. O cac nong d6 thap hon (0,01 va 0,05) mM,
vach protein mo hon, chiing to muc d¢ biéu hién it hon.
Nguoc lai, khi ting ndng d6 IPTG 1én (0,5-1,5) mM,
lwong protein khong ting ma con c6 du hiéu giam. Vi
vay, 0,1 mM IPTG dugc lya chon lam néng dd cam Gng
dé biéu hi¢én MHETase-PETase & E.coli BL21 cho cac
thi nghiém sau.
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Hinh 3 Khao sat nong do cam tng IPTG biéu hién téi wvu MHETase-PETase trén ching E.coli BL21

Trong Hinh 3, dién di SDS-PAGE (A) va lai Western
blot véi khang thé khang 6X His tag (B). L: thang color
prestained protein standard broad range; NTC: ching
E. coli BL21(DE3) khong bién nap plasmid; NI: chung
E. coli BL21(DE3) trudc khi cam tng IPTG. Protein
dugc cam tng biéu hién ¢ 25 °C trong 8 gid voi cac
khoang IPTG khao sat (0,01-1,5) mM. * Cuong do dam
(%), dit liéu dugc phan tich bang phin mém Imagel.

Nhiét d6 cam tmg 13 mét yéu t6 quan trong anh hudng
dén téc d6 phién ma va dich ma cua protein tai to hop.

A. L NIC NI 16
95kDa
72KkDa
- ——
B.
95kDa
72kDa

20

Thi nghiém nay khao sat su biéu hién protein thay dbi
theo nhiét d6 cam tmg tir 16 °C dén 30 °C. Tai nghiém
thtrc 16 °C trong 24 gid, vach tin hi¢u protein nhat nhét,
cho thdy qua trinh biéu hién dién ra cham hoic khong
hiéu qua. Vach tin hiéu protein rd dan tir nghiém thirc
20 dén 30 va dat ti vu tai nghiém thirc 30 tuong ng
véi gia tri cdm tng ¢ 30 °C trong 6 gio (Hinh 4). Tu do,
30 °C dugc chon 13 nhiét do biéu hién MHETase-
PETase ¢ E. coli BL21(DE3) cho cac thi nghiém sau.

Nhiét
do cam
ung
25 30 ()
S8 B € MHETase—PETase

869 2992

4117 S§759 *

Hinh 4 Khao sat nhi¢t d6 cam tng IPTG biéu hién t6i vu MHETase-PETase trén ching E.coli BL21

Trong Hinh 4, dién di SDS-PAGE (A) va lai Western
blot véi khang thé khang 6X His tag (B). L: thang color
prestained protein standard broad range; NTC: ching
E. coli BL21(DE3) khong bién nap plasmid; NI: ching
E. coli BL21(DE3) truéc khi cam ung IPTG. Protein

dugc cam ung biéu hién véi 0,1 mM IPTG trong
khoang khéo sat & cac mdc nhiét do 16 (24 gid), 20 (16
giv), 25 (8 gid) va 30 (6 gid). "Cuong do dam (%), dit
lidu dugc phan tich bang phan mém Imagel.
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Thi nghiém khao sat thoi gian cam tng cho thiy su
khac biét rd rét vé mirc d6 biéu hién protein & cac mbc
thoi gian (2, 4, 6 va 8) gid. Tai thoi diém 2 gid sau khi
cam mg v6i IPTG, protein muc tiéu bat dau xuét hién
va tang dan theo thoi gian. Pic biét, tai mdc 6 gio va 8
gio, mirc d biéu hién dat gia tri cao nhat, v6i tin hidu
protein rd rang va ddm nhat (Hinh 5). Khong c6 sy khac
biét dang ké giira 6 gid va 8 gio, cho thay mirc d bicu
hién protein di dat ngudng t6i wu vao thoi diém 6 gio.

A. L NIC NI 2
95kDa
TKDa ——

S
| —— | —

B.
95kDa
72kDa ——

4
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Do d6, thoi diém 6 gi0 sau khi cam tng dugc lua chon
1a t6i uu dé can bang giita hiéu suat va thoi gian nudi
cdy. Tur cac két qua thu duoc, didu kién tdi wu cho biéu
hién protein MHETase-PETase trong chung E. coli
BL21 (DE3) dugc x4c dinh la st dung IPTG ¢ n6ng do
0,1 mM, cam mg & 30 °C trong 6 gio. Cac didu kién
nay déng vai tro nén tang cho cac bude tiép theo nhur
tinh sach va danh gié hoat tinh enzyme.

Thaoi
gian

6 8 (gio)

S S B <— MHETase — PETase

3494 2130 5952 7915%*
Hinh 5 Khao st thoi gian cam tmg IPTG biéu hién t6i wu MHETase-PETase trén ching E.coli BL21

Trong Hinh 5, dién di SDS-PAGE (A) va lai Western
blot voi khang thé khang 6X His tag (B). L: thang color
prestained protein standard broad range; NTC: ching
E. coli BL21(DE3) khong bién nap plasmid; NI: ching
E. coli BL21(DE3) truéc khi cam tng IPTG. Protein
duogc cam tng biéu hién v&i 0,1 mM IPTG & 30 °C tai
cac mdc thoi gian (2, 4, 6 va 8) gid. *Cuong do dam
(%), dit liéu dugc phan tich bang phan mém Image].

biéu kién cam tng khi str dung IPTG 0,1 mM tai 30 °C
bang chung E. coli BL21 (DE3) cho thiy luong protein
MHETase-PETase biéu hién dat muc tdi wu sau 6 gio cam
{ng. So véi nghién ctru [18], mic du cing st dung ndng
do IPTG va nhiét do tuong ty dé biéu hien MHETase
nhung thoi gian cdm ung trong nghién ctru nay dai hon (6
gid so v6i 5 gid) Trong khi d6, ching E. coli C41 dé biéu
hién enzyme ghép MHETase-PETase trong diéu kién
IPTG 1 mM ¢ 20 °C tr (18-24) gio [10]. So sanh véi
nghién ctu trén, diéu kién biéu hién cua nghién ctru hién
tai khong chi gitip rt ngin thoi gian cam tng ma con
giam dang ké luong IPTG st dung, dong thoi cho hiéu
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qua biéu hién cao hon khi ding ching BL21. Nhimng két
qua nay khang dinh tinh hiéu qua va kha thi cta didu kién
biéu hién duoc thiét 1ap trong nghién ctru nay, dong thoi
phut hop v6i xu hudng tbi wu hoa chi phi va thoi gian trong
san xuat enzyme tai to hop.

3.4 Biéu hién va tinh sach protein MHETase — PETase
Protein dugc tinh sach bang sic ky 4i luc Ni-NTA,
dugc phén tich bang SDS-PAGE va xac nhin qua
Western blot, Hinh 6. Két qua SDS-PAGE cho thiy
protein muc tiéu (92 kDa) xuét hién & cac phan doan
rira giai (E1-E13). Céc protein tap trung chu yéu & cac
phén doan E5-E9, trong d6 E8 1a phan doan dinh co
luong protein muc tidu nhiéu nhat. Phan tich Western
blot khfmg dinh sy c6 mat cta protein muyc tiéu trong
cac phan doan rira giai, trong khi mau déi chimg am
(NTC) khong xuét hién vach tin hiéu, xac nhan ring
MHETase-PETase chi duoc biéu hién khi ¢6 plasmid
mang gen tuong mg. Két qua cho thay protein ghép
MHETase-PETase da dugc tinh sach thanh cong thong
qua sic ky ai luc Ni-NTA.
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A.
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.
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Hinh 6 Két qua SDS-PAGE cac phan doan tinh sach MHETase-PETase bang sic ky i luc Ni-NTA
¢6 bd sung PI.

Trong Hinh 6, dién di SDS-PAGE (A) va lai Western
blot v6i khang thé khang 6X His tag (B). T (total): phan
tong, IS (Insoluble): phan khong tan, S (Soluble): dich
nbi sau ly tdm, L: thang color prestained protein
standard broad range, W1-2: phan doan rtra ¢t (W1:
NPI-10, W2: NPI-20); E1-10: phan doan rira giai voi
NPI-90 (mdi phan doan chi thu ImL); NTC: ching E.
coli BL21(DE3) khong bién nap plasmid.

Pé dam béo protein sau tinh sach c6 ndng d6 phu hop
cho thi nghiém danh gia hoat tinh, cac phan doan rira

8.00
=
E 7.00

gn 5.84
E 6.00
< 5.03
2o 5.00

=
S 3.89
= 4.00 343

a8

S 3.00

[=¥
= 2.00 1.59

2
< 1.00

< 0.44 I

000

El E2 E3 E4 E5 E

giai dugc dinh luong protein téng sé bang phuong phap
Bradford (Hinh 7). O giai doan dau (E1-E2), nong do
protein con thap (0,44-1,59) mg/mL, cho thiy luwong
protein thu nhan ban dau chua dang ké. Tir phan doan
E3 tro di, néng dd protein tang dan, dat cyc dai tai E8
voi gia tri 7,33 mg/mL. Pay la phan doan chira lugng
enzyme dich cao nhat. Sau E8, ndng do protein giam
dan qua cac phan doan E10-E13, cho thay sy suy giam
cua protein muc tiéu, co thé do lugng protein da dugc
rira giai gan hét.

7.33
6.07 |
) E8

Phén doan

6.41

E9

3.77
2.74
2.05
I 1.59
E10 Ell ElI2 EI3

Hinh 7 Két qua dinh lugng protein tong sb trong mdi phan doan sau tinh sach bang phuong phap Bradford

Ni-NTA la phuong phap tinh sach protein tai to hop
dugc sir dung phd bién hon so véi cac k¥ thuét nhu trao
dbi ion hay sédc ky loc gel nho vao co ché ai luc dic
hiéu giita His tag va ion Ni?*. Cy thé, Ni-NTA cho phép

lién két chon loc vé&i chudi histidine dugc gin vao
protein muc tiéu, gitip loai bo hiéu qua cac tap chét chi
sau mot budce sic ky. Trong khi do, cac phuong phap
truyén thong nhu trao doi ion yéu cau t6i uu hoa nhidu
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diéu kién nhu pH va lyc ion, va thuong cAn nhiéu budc
dé dat dugc do tinh khiét twong duong. Ngoai ra, quy
trinh tinh sach bang Ni-NTA dién ra trong diéu kién it
bi anh hudng boi hoa chét, giup duy tri hoat tinh sinh
hoc cua protein [18]. Protein ghép MHETase-PETase
dugc tinh sach bang sic ky ai luc Ni-NTA di don gian
hoéa so vai cac nghién ctu trude day.

3.5 Panh gia so bd hoat tinh phan huy PET cua protein
MHETase-PETase

Sau 28 ngay u voi enzyme MHETase—PETase tinh sach
& ndéng d6 0,4 mg/mL, phan tich dudi kinh hién vi cho
thdy sy khac biét dang ké giita mau thir nghiém (A) va
mau ddi chimg (B) (Hinh 8). O mau A, cac vét xudc

Ngay 0 Ngay 7

l

Ngay 14
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trén bé mat PET bét dau xuat hién tir ngay thir 7 va tro
nén rd rét hon theo thoi gian. Dén ngay 28, sy lan rong
clia cac vét xudc phan anh muc do phan huy dang ké
trén bé mat miéng nhua, cho thdy enzyme ghép da tac
dong tryc tiép 1én PET, gop phan pha hiy ciu tric
polyme. Nguoc lai, bé mit PET & mau B (mau khong
bd sung enzyme MHETase-PETase) khong c6 su thay
dbi dang ké, van giit nguyén trang thai ban diu va
khong xuat hién ddu hiéu phan hay 15 rét. Két qua nay
khang dinh rang sy bién d6i quan sat dugc & mau A 1a
do hoat dong cua enzyme MHETase-PETase, thay vi
anh huéng tir cac yéu to trong dung dich dém trong qua
trinh 0.

Neay 21 Ngay 28

L

Hinh 8 Két qua theo ddi hoat tinh MHETase - PETase tinh sach ndng d6 0,4 mg/mL trong 28 ngay (d6 phong
dai 10X). (A) Mau 1 trong hdn hop MHETase-PETase 0,4 mg/mL va dung dich NaCl 90 mM, Na;PO. 45 mM
(pH = 7,5) va (v/v) DMSO 10 % & 30 °C. (B) Mau u trong dung dich dém dung dich dém NaCl 90 mM,
NazPO4 45 mM (pH = 7,5) va (v/v) DMSO 10 % ¢ 30 °C

Khi so sanh so bg hoat tinh gitta enzyme ghép
MHETase-PETase (A) va enzyme don PETase (B), cac
miéng nhya déu xuat hién déu vét phan hiy sau 144 gio
(Hinh 9). O mdc 0 gio, bé mit nhya & ca ba mau A, B
va C chua c6 sy thay doi. Sau 48 gio, enzyme ghép bat
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dau tao ra cac vét cit nhe, trong khi enzyme don co it
tac dong hon. Su khac biét trd nén rd nét hon & cac mdce
thoi gian 96 gid va 144 gio. Két qua trén cho thiy hoat
tinh ciia enzyme MHETase-PETase sau tinh sach co
hoat tinh manh hon so véi enzyme PETase.
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Hinh 9 Két qua so sanh hoat tinh cia MHETase-PETase va PETase trong 144 git (46 phong dai 10X). (A)
Mau 1 trong hon hop PETase 0,4 mg/mL va dung dich d¢ém NaCl 90 mM, NasPO4 45 mM (pH = 7,5) va (v/v)
DMSO 10 % & 30 °C. (B) Mau u trong hon hgp MHETase-PETase 0,4 mg/mL va dung dich dém NaCl 90
mM, NasPO4 45 mM (pH = 7,5) va (v/v) DMSO 10 % ¢ 30 °C. (C) Mau 1 trong dung dich dém dung dich
dém NaCl 90 mM, NasPO.+ 45 mM (pH = 7,5) va (v/v) DMSO 10 % ¢ 30 °C.

4 Két luan

Nghién ciru nay da t6i vu hoa duoc diéu kién biéu hién
va quy trinh tinh sach protein ghép MHETase—PETase,
nham nang cao hiéu sut san xudt va tiém ning tng
dung enzyme trong phan huy nhwa PET. Két qua thu
duge xac dinh chung E. coli BL21 (DE3) 14 chiing biéu
hién hiéu qua nhat voi diéu kién cam ung t6i wu 12 0,1
mM IPTG 6 30 °C, trong 6 gid. Qua trinh tinh sach st
dung sdc ki ai luc Ni-NTA da thu nhan duoc protein co
khéi lugng 92 kDa, tap trung chii yéu & cac phan doan
ria giai ES-E9, trong d6 E8 1a phan doan c6 do tinh
khiét cao nhat (7,33 mg/mL). Dic biét, enzyme
MHETase-PETase tinh sach thé hién hoat tinh phan
hay PET rd rét véi sy thay doi bé mat PET quan sat
duoc tir ngay thir 7 va tr¢ nén ro rang hon sau 28 ngay

i ¢ 30 °C véi nong do enzyme 0,4 mg/mL. So véi
enzyme PETase, enzyme ghép cho thay hoat tinh vuot
troi, co thé phan huy nhya PET chi sau 48 gio trong
cung diéu kién phan tmg.

Nhimng két qua nay khong chi khang dinh tinh kha thi
clia viéc sir dung E. coli BL21 (DE3) dé biéu hién
MHETase-PETase, ma con giai quyét duoc han ché
trong viéc t6i wu hoa biéu hién va tinh sach enzyme
ghép — mot yéu té quan trong dé huéng téi ing dung
cong nghiép. Viéc tdi wu biéu hién giup cai thién mirc
do téng hop protein, han ché hién tugng tua, tr d6 dam
bao enzyme co cdu tric diing va ting hoat tinh xtic tac.
Dong thoi, don gian hoa quy trinh tinh sach khong chi
gitp thu dugc enzyme c6 hoat tinh ma con giam chi phi
san xuat, mo ra huéng nghién ctru méi trong phat trién
cac giai phap enzyme sinh hoc bén viing nham xu 1y
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nhya PET trén quy mo cong nghiép. Mic du nghién ctru
da t6i wu hiu qua didu kién biéu hién va don gian hoa
quy trinh tinh sach enzyme MHETase-PETase nhung
van tdn tai mot sd han ché. Cu thé, hiéu sudt tinh sach
protein chua dugc danh gia mot cach toan dién va hoat
tinh enzyme mang tinh dinh tinh théng qua quan sat
hién vi. Nhitng két qua budc dau nay 1a co s& quan

Tap chi Khoa hoc & Cong nghé Vol 8, No 3

trong, dinh huéng cho cac nghién ciru tiép theo nhim
hoan thién quy trinh va tién hanh phén tich chuyén sau
hon vé hiéu qua enzyme.
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Abstract Polyethylene terephthalate (PET) is a widely used synthetic polymer with low biodegradability, causing
tremendous environmental pollution. The discovery of PET-degrading enzymes PETase and MHETase from
Ideonella sakaiensis 201-F6 has accelerated the development of biological approaches for PET waste treatment.
However, expression and purification of the fusion protein MHETase—PETase in Escherichia coli remain
suboptimal, requiring multiple complex steps. In this study, we optimized the expression conditions and
streamlined the purification process of the MHETase—PETase enzyme to enhance production efficiency and
scalability. Results indicated that £. coli BL21(DE3) was the most effective host, with optimal induction achieved
by adding 0.1 mM IPTG at 30 °C for 6 hours. Using a single Ni-NTA affinity chromatography step, the purified
enzyme reached 7.33 mg/mL in the elution peak. At 0.4 mg/mL of enzyme concentration, PET film degradation
was observed after 7 days of incubation at 30 °C, and significantly increased by day 28. Notably, the fusion protein
MHETase-PETase displayed superior activity to PETase alone, with PET degradation observed as early as 48
hours under the same conditions. These findings highlight the potential of combining an optimized host strain,
tailored culture conditions, and a simplified purification protocol to improve production yield while reducing costs.
This study paves the way for the application of enzyme-based biotechnology in PET processing, contributing to
the development of sustainable plastic recycling solutions.

Keywords PET, MHETase-PETase, expression optimization, recombinant protein purification
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