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TOM TAT
MMP-1 la protein ho Matrix metalloproteinase, thuéc nhém collagenase. Protein c6 kha niang phan hay collagen
loai I, 11 va Ill, cac phan tdr ECM (fibronectin, gelatin, aggrecan, laminin, perlecan va vitronectin) va mét so

protein hoa tan khdc. MMP-1 dong vai trd quan trong trong qué trinh phat trién, hinh thanh mo, sira chira cac vét
thwong va cai thién xo gan... Hoat dong bat thuong cia MMP-1 ¢6 mdi lién quan chat ché dén su xuat hién va
phét trién khéi u, bénh viém khép, bénh Alzheimer... MMP-1 ¢6 nhiéu vai trd quan trong nhung hién nay MMP-
1 c6 gia thanh trén thi truong kha cao. Trong nghién cau nay véi muc tiéu san XUt ra luong l6n protein MMP-1
phuc vu cho nghién cuu va ng dung. Dau tién, gen ma héa MMP-1 dugc khuéch dai bang phan ung PCR roi
ndi véi vector pET28a. Sau khi kiém tra sy hién dién cia gen bang phwong phap PCR khuan lac, cat kiém tra véi
hai enzyme cit gisi han EcoRI va Hindlll ,vector pET28a~MMP-1 dugc hda bién nap dé biéu hién trong E. coli
BL21 (DE3). Protein dwoc thu nhan sau khi cam tng bang 0.4 mM IPTG & céc diéu kién 37°C trong 6 gio; 28°C
trong 16 gio; 16°C trong 18 gio. Protein sau thu nhan, tinh sach bang phuong phap sic ky &i luc voi hat Ni
Sepharose va kiém tra bang SDS-PAGE, Western blot. Két qua nghién ciru da tao dong, biéu hién thanh cong
protein MMP-1 tai t6 hop ton tai dang thé vUi trong té bao chét & ca ba diéu kién khao sat, tinh sach va thu duoc
3,297 mg protein MMP-1 véi kich thude khoang 47 kDa trong 1 lit dich 1én men, d6 tinh sach 92,32% va hiéu
sut tinh sach 38,72%.

Twr khéa: Collagen, E. coli BL21 (DE3), Matrix metalloproteinase, MMP-1, pET28a.

DAT VAN BE

Human Matrix Metalloproteinase 1 (MMP-1) con duwgc goi la collagenase 1, 1a mdt enzyme dong vai trd quan
trong trong nhiéu qua trinh sinh hoc thiét yéu. MMP-1 gilip pha vé& cac thanh phan cta ma tran ngoai bao (ECM),
chéng han nhw collagen va elastin, cho phép céc t& bao di chuyén, tai ciu trac md va stva chiva tbn thuwong.
MMP-1 c6 lién quan dén qua trinh phét trién phéi thai, hinh thanh co quan va phan héa t& bao. Bén canh do,
MMP-1 ciing déng vai trd quan trong trong phan (ng viém va qua trinh mién dich, gitp cac t& bao mién dich di
chuyén d@én vi tri bi nhidm trung va tiéu diét vi sinh vat. Trong nhiéu loai ung thw, sw biéu hién qua mic ciia MMP-1
thic day sw phat tridn, di can va xam l4n cla khéi u. Dbi véi sy phat trién mot sé bénh nhu bénh viém khép,
MMP-1 c6 lién quan dén su thoai hda sun khép trong viém khép. V&i bénh tim mach, MMP-1 ¢4 lién quan dén sy
hinh thanh mang bam trong déng mach, c6 thé dan dén dau tim va dét quy.

MMP-1 |& mét glycoprotein bao gdm mét chudi polypeptide don cé trong lwong phan ti khodng 52 kDa. Gen ma
hoa protein MMP-1 dwoc xac dinh ndm trén nhiém séc thé 11 tai vi tri 22,2 véi d6 dai 1a 1971 bp véi 10 exon va
9 intron. C4u tric clia MMP-1 bao gdm mét ving x(c tac chiva cac ion kim loai kém can thiét cho hoat déng
enzyme, mét viing lién két collagen gip MMP-1 g&n vao collagen, va mét viing dudi tham gia vao sw twong tac
v6i cac protein khac. Ngoai ra, MMP-1 cé thé dwoc kich hoat bdi cac protein khéc, vi du nhw plasmin va
proteinase-3. Do déng vai trd quan trong, MMP-1 la ch dé& cda nhiéu nghién ctru gan day nham hiéu rd hon vé
chtrc nang cuia né va phat trién cac phwong phap diéu tri méi cho cac bénh lién quan dén MMP-1. Béi v&i bénh
ung thw, cac nha nghién clru dang nghién ctvu cac phwong phap nhdm muc tiéu MMP-1 dé& didu tri ung thw,
chang han nhw s dung cac chét trc ché MMP-1 hodc céc liéu phap mién dich nhdm muc tiéu MMP1. MMP-1 cé
lién quan dén sy hinh thanh mang bam trong déng mach, vi vay kiém soat MMP-1 hé tr diéu tri cac bénh tim
mach. Mat sé nghién ctru gan day ciing cho thdy (rng dung clia MMP-1 d& l1am cham hodc ngan chan s tién
trién cda bénh viém khép, thuc day phuc hdi vét thwong do kich hoat tidu cdu cé kha néng phan huy collagen
dang soi (Austin et al., 2013) va ngén nglra hodc lam cham sv tién trién cta bénh Alzheimer (Zhang et al., 2023).

Nhin chung, MMP-1 la mét enzyme quan trong tham gia vao nhiéu qué trinh sinh hoc thiét yéu. Nh& kha néng
phan huy collagen ma MMP-1 dugc ddng s dung vé&i ghép té bao gbc trung md tir tdy xwong mé ra co hoi didu
tri cho cac bénh nhan xo gan (Du et al., 2018); hd tro diéu trj seo 16i, seo phi dai; diéu tri cac vét loét & bénh nhan
tleu dwong do hé tro qua trinh tan smh mach mau, di chuyé&n cla té bao trong giai doan tang sinh, lam co va tai
clu tric md & giai doan sra chira (Ayuk et al., 2016). Viéc s& dung MMP-1 trong thwc té Iam sang van dang
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dwoc nghién ctru va phat trién. Mot huwéng nghién cteu cling ng dung MMP-1 1& ding dé phat trién cac md hinh
m&i d& nghién ctu bénh ly, chdng han nhw ung thw va bénh tim mach. Trong nghién ctu nay, ching t6i tién
hanh tao dong, biéu hién va tinh sach protein MMP-1 tai t& hop nhdm muc tiéu san xuét lwong I&n protein phuc
vu cho viéc ng dung nghién ctru.

VAT LIEU VA PHUONG PHAP
Chuang cha va plasmid

Chung Escherichia coli DH5a duoc st dung dé& nhan ban vector. Chiing Escherichia coli BL21 (DE3) dwoc st
dung d& biéu hién vector tai t hop. Plasmid pET28a+ dwoc siv dung lam vector biéu hién protein tai t& hop nhe
vao T7 promoter,trinh tw ma hoa lacl va cac operator lac. Vi thé viéc biéu hién protein muc tiéu cé thé dwoc thac
day béng isopropyl B-D-1-thiogalactopyranoside (IPTG), mét chat twong tw lactose. Cac chiing vi sinh va plasmid
dwoc cung cp tir cong ty Novagen, Birc. Thanh phan nuéi cay vi khuan Escherichia coli tuan theo hwéng dan tir
nha san xuét Biobasic, Canada.

Phwong phap
Tao dong E. coli DH5a mang gen ma héa protein MMP-1

Thiét ké trinh tw gen 1101 bp cGia MMP-1 tir vi tri 306 dén 1407 dwa trén co sé& di¥ liéu Genbank: NM_002421.4.
Dé hé tro' cho qua trinh cét, trinh tw gen 6 chiva vi tri cét cla hai enzyme cét giéi han EcoRI va Hindlll (12 bp).
Poan gen muc tiéu dwgc khuéch dai bang phwong phap phusion PCR tong thé tich phan (rng la 50 yL. Sau qua
trinh bién tinh ban dau & 95°C trong 2 phut; 10 chu ki khuéch dai dau tién nhuw sau: bién tinh & 95°C trong 30
giay, bat cap & 52°C trong 30 giay va kéo dai & 72°C trong 60 gidy; 20 chu ky khuéch dai tiép theo duoc thuc
hién nhw sau: bién tinh & 95°C trong 30 gidy, bat cap & 60°C trong 30 giay va kéo dai & 72°C trong 60 giay; buéc
kéo dai sau cung & 72°C trong 10 phut va két thac phan tng gitr & 10°C.

San phdm PCR khuéch dai gen muc tiéu sau khi dwoc tinh sach bang GeneJET Gel Extraction Kit (Thermo
Fisher Scientific™). San phdm PCR va plasmid pET28a lan lwot dwoc xi ly véi hai enzyme cét gi¢i han EcoRI va
Hindlll. San phadm cét dwoc dién di trén gel agarose 0,8% va dwoc tinh sach bang GeneJET Gel Extraction Kit
(Thermo Fisher ScientificTM). Tién hanh ndi gen MMP-1 vé&i plasmid pET28a dudi tac déng clia enzyme T4 DNA
ligase. San pham néi dwoc bién nap vao té bao E. coli DH5a bang phwong phéap héa bién nap va sang loc trén
moéi trwéng LB agar c6 khang sinh Kanamycin ndng d6 50 pg/mL. Cac khuén lac dy tuyén sé& dwoc kiém tra lai
b&ng phan trng PCR khuan lac v&i mdi xudi d&c hiéu cho pET28a (T7 promoter) va mdi ngwoc déc hiéu cho gen
MMP-1. D& chic chan biéu hién ding protein MMP-1 da nhan dong ching toi tién hanh tach, tinh sach plasmid
PET28a-MMP-1 va lap phan (rng cét kiém tra cling nhw giéi trinh tw gen bang phwong phap Sanger.

Biéu hién, tinh sach va phat hién protein tai té hop MMP-1

Vector biéu hién pET28a gilip tao ra protein tai td hop c6 gan dudi 6xHis & dau N, hd tro' qua trinh tinh sach béng
Ni Sepharose. Sau khi bién nap thanh céng pET28a-MMP-1 vao chiing E.coli BL21 (DE3), tién hanh nuéi cly so
cép E. coli BL21 (DE3)/pET28a-MMP-1 trong méi triwdng LB/Kanamycin & 37°C, 250 vong/phut, nudi cy thi cap
dén khi OD 600 nm dat tir 0,6-0,8 thi bd sung IPTG 0,4 mM. Qua trinh biéu hién protein khao sat & cac diéu kién
37°C trong 6 gi®, 28°C trong 16 gi¢, 16°C trong 18 gi¢r v&i tc dd lac 250 vong/phit. Sau do, tién hanh ly tam
dich nuéi cdy dé thu sinh khéi vi khuén. Sinh khéi dwoc huyén phu véi dém (20 mM Tris-HCI, 300 mM NacCl, 10
mM imidazole, 8M Urea, pH 8.0) pha mau béng séng siéu am va thu riéng cac téng té bao, phan doan dich té bao,
cén sau ly tam. Sau dd, tién hanh kiém tra bang phwong phap dién di SDS-PAGE 12,5% va nhudém voi
Coomassie Brilliant Blue G-250. Cac mau déi ching: E. Coli BL21 (DE3)/ pET28a va E. coli BL21 (DE3)/
PET28a-EGFP tién hanh ddng thei véi mau thi nghiém.

Sau khi x4c nhan da biéu hién thanh coéng protein MMP-1, dich protein sé& dwoc loai bd sinh khéi bang phwong
phap ly tam tbc do cao va loc véi kich thwéce 18 loc 0,45 pm. Dich protein sau loc dwoc tinh sach theo bd kit
ProBond™ Purification system. Rtra cot véi dém rira c6 néng dd imidazole 20 mM. Sau do, cac protein trén cot
dwoc tai gap cudn bing cac dung dich dém cé ndng dd ure gidm dan. Cudi cuing, protein trén cot sé dwoc thdi
gidi bang dung dich théi giai c6 néng do Imidazole cao (500 mM). Protein sau khi tinh sach dwgc kiém tra bang
phuwong phap dién di SDS-PAGE 12.5% va nhuém v&i Coomassie Brilliant Blue G-250.

Ngoai ra, su hién dién cta protein tai t& hop con dwoc xac nhan béng phwong phap Western Blot véi khang thé
dac hiéu. Khang thé so cap str dung (Anti-6X His tag® antibody [HIS.H8]) d&c hiéu vé&i protein MMP-1 téi td hop
va khang thé th& cap (Goat Anti-Mouse IgG H&L (HRP)) dwoc danh diu bang horseradish peroxidase. Mau
dwoc phat hién nhd phan tng xtc tac cla peroxidase trén co’ chét luminol va H,0, & buéc séng 425 nm. Kich
thwéc protein MMP-1 ti td hop dwoc dw doan khoang 47 kDa.
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KET QUA VA THAO LUAN

Tao dong E. coli DH5a mang gen mé héa protein MMP-1

T Hinh 1A cho thay gen muc tiéu MMP-1 sau khi dwoc khuéch dai va dién di trén gel agarose 0,8% thu nhan
duoc duy nhat mét doan gen co kich thudc khodng 1113 bp tuong (ng véi kich thuwdc khi thiét ké cia gen MMP-1.
Diéu nay chirng t6 rang da khuéch dai duwoc doan gen muc tiéu ma héa cho protein MMP-1 tai té hop.

Gen MMP-1 va plasmid pET28a+ dwoc ndi véi nhau sau khi tao diu dinh bang cdp enzyme cét gidi han 1a EcoRlI
va HindIll. San pham ndi dwoc bién nap vao vi khun E. coli DH5a. Sang loc bwéc dau plasmid pET28a+-MMP-1
dwa trén méi trweng nudi cay LB cé chira khang sinh Kanamycin (50 ug/ ml), nhitng khudn lac dy tuyén duoc
kiém tra bang phwong phap PCR véi mdi T7 va MMP-1 cho két qua dién di kich thwéc khodng 1313 bp bang kich
thwéc clia gen MMP-1 (1113 bp) céng véi chidu dai cta plasmid khong cé gen chén khi dwoc khuéch dai béng
doan mdi T7 promoter (Hinh 1B). Cac khuén lac dwong tinh duoc tiép tuc nudi cy va tach plasmid dé cét kiém
tra. Plasmid pET28a-MMP-1 khi ct v&i enzyme cét gii han EcoRI va Hindlll cho ra kich thuwéc 1113 bp pha hop
véi gen muc tiéu (Hinh 1C). Ngoai ra, K&t qua giai trinh tw gen cho thay trinh tw gen giéng véi trinh tw khi thiét ké
gen MMP-1 (D liéu khdng trinh bay).
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Hinh 1. Két qua nhan dong gen ma hoa protein MMP-1. San pham khuéch dai gen MMP-1 bang c&p méi déc hiéu cho gen
(A). Két qu’é PCR k’hué,n lac bang moi xyéi T7 promoter ddc hiéu cho vector pET28a va moi ngurge dac hiéu cho gen (B).
Két qua cat kiém tra plasmid bang enzyme cat gi¢i han EcoRI va Hindlll (C). M. Thang kich thuéc DNA.

Biéu hién, tinh sach va phat hién protein tai t6 hop MMP-1

Sau khi nhan dong thanh céng, plasmid pET28a-MMP-1 dugc bién nap vao ching vi khudn Escherichia coli
BL21 (DE3), va bidu hién trong diéu kién c6 chat cdm &ng IPTG va dbéi chirng khong cé chat cadm &ng. Biéu hién
& céc nhiét do 37°C, 28°C va 16°C. Té bao E. coli dwge pha v& mau bang séng siéu am va kiém tra protein sau
pha mau bang dién di SDS-PAGE 12,5% va nhudm véi Comassive Brilliant G-250.

Két qua phan tich & nhiét d5 37°C (Hinh 2A) cho thdy c6 mdt vach protein biéu hién vwot mirc & giéng cé bd
sung IPTG pET28a-MMP-1 (+) v&i kich thuwdc khoang 47 kDa dung véi kich thwéc MMP-1 da dy doan va khéng
thay sw biéu hién cta vach nay & dbi chirng am 1a plasmid pET28a (+) khéng chira gen muc tiéu, c6 cam (rng
IPTG. Piéu kién biéu hién dwoc kiém soat béi chirng dwong 1a plasmid pET28+-EGFP chiva gen EGFP, sy biéu
hién vwot mic cla gen EGFP (kich thuéc ~ 35kDa) quan sat dwoc & giéng cé bd sung chét cdm ¢ng IPTG. Bén
canh d6 két qua dién di cho thay cé sw khac biét khi khéng cé chat cdm (rng va c6 chat cdm &ng (Hinh 2A, Hinh
3A, Hinh 4A) & ca 3 nhiét do khado sat. Khi khéng cé cdm (rng IPTG thi protein tdng cla E.coli dwoc biéu hién
nhiéu hon nhwng khi cé cdm &ng IPTG thi protein muc tiéu lai dwoc biéu hién nhidu hon. Protein MMP-1 sau khi
biéu hién chd yéu ndm & dang thé vui trong pha cén sau ly tam véi kich thuwéc 47 kDa, didu nay thé hién ra trong
két qua dién SDS-PAGE (Hinh 2B).
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Hinh 2. Két qua dién di SDS-PAGE clia tdng protein biéu hién khi khéng cé cam tng IPTG (-) va khéng cé cam tng
IPTG (+) & 37°C (A) va biéu hién cta protein muc tiéu & cac pha téng té bao, can té bao va djch té bao sau ly tam (B).
M la thang phan tte lwong protein
Két qua twong tw ciing xay ra & nhiét dd bidu hién protein & 28°C, protein MMP-1 van dwoc t& bao bidu hién
vuwot mirc & 28°C véi kich thudc khoang 47 kDa va protein ndm & chi yéu & dang thé vii (Hinh 3B). Tuy nhién,
& nhiét dd nay da thdy cé xuét hién protein biéu hién & dang tan rd hon so v&i 37°C. Sw biéu hién vwot mirc cla

ddi chirng dwong pET28a+EGFP ciing dwoc ghi nhan & nhiét do 28°C.
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Hinh 3. Két qua dién di SDS-PAGE cua téng protein biéu hién khi cé cam trng IPTG va khéng c6 cam trng IPTG
& 28°C (A) va biéu hién caa protein muc tiéu & cac pha téng té bao, can té bao va dich té bao sau ly tam (B).
M la thang phan ttr lwong protein
Két qua phan tich SDS-PAGE (Hinh 4B) cho thdy & 16°C protein muc tiéu van dwoc biéu hién vuot mirc véi kich
thwéc khodng 47 kDa nhung lwong protein thdp hon & 37°C va 28°C . Tuy nhién, protein MMP-1 c6 biéu hién &
dang dich ndi & 16°C c6 ty 1& 16n nhat & ca 3 nhiét do. Bén canh d6, sw biéu hién vwot mirc ctia dbi chirng
dwong pET28a+EGFP ciing dwgc ghi nhan & nhiét do 16°C.
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Hinh 4. Két qua dién di SDS-PAGE clia tdng protein biéu hién khi cé cam trng IPTG va khéng c6 cam &ng IPTG
& 16°C (A) va bidu hién cta protein muc tiéu & cac pha téng té bao, cin té bao va dich té bao sau
ly tdm (B). M la thang phén t& lwong protein
Protein sau khi biéu hién va chon ra nhiét do thich hop thi protein MMP-1 s& dwgc mang di biéu hién & thé tich
Ién va dwoc tinh sach bang hat Ni Sepharose, vé&i chat canh tranh la imidazole. Sau khi qua trinh tinh sach,
protein s& dwoc kiém tra bdng phwong phap SDS-PAGE véi gel c6 ndng dd 12,5% acrylamide va danh gia déc
hiéu béng phwong phap Western blot v&i khang thé khang 6xHis tag.
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-

Hinh 5. Két qua dién di SDS-PAGE sau tinh sach (A) va Western Botting sau tinh sach (B).
M la thang phan ttr lwong protein

Két qua Western Blot ciing chi ra dwoc déi voi dbi chirng dwong pET28a-EGFP cé khang thé chdng 6xHis ciing
cho két qua mot vach ding kich thwéc khodng 35 kDa, chirng té qué trinh thyc hién Western blot thanh cong.
Két qua dién di va két qua Western Blot sau tinh sach chi ra rdng MMP-1 tai t& hop da dwoc bidu hién thanh cong
trén chang E. coli BL21(DE3)/pET28a-MMP-1 dwéi dang dung hop véi dudi 6xHis tag va phan I&n protein MMP-1
thu dwoc cd mdt vach dung kich thwéc 47 kDa (Hinh 5). Nong dd protein dwoc dinh lwong twong déi bang
phwong phap Bradford va mirc d6 tinh sach ctia dung dich protein thu dwgc dwoc phan tich hinh &nh bang phan
mém ImageJ. Két qua lwong protein thu dwoc khoang 3,297 mg, d6 tinh sach 92,32% trong 1 lit dich 1én men,
hiéu suét tinh sach la 38,72%.
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So véi nghién clru cia nhém tac gid Kumar L trwdce day, biéu hién dwoc proMMP-1 véi kich thwéc 54 kDa dang
tan va ving xGc tac 28 kDa dang thé vii véi lwgng protein sau tin sach 1a 3,5 mg, néng d6 0,5 mg/ mL t& 1 g vi
khuén (Kumar et al., 2018). Thi trong nghién ctru nay ching tdi biéu hién dwoc protein MMP-1 v&i kich thwéc 47
kDa t6n tai & dang thé& vii va dang tan, lwgng protein sau khi tinh sach tir thé wii 1a 3,297 mg, d6 tinh sach
92,32% trong 1 lit Ién men va hiéu suét tinh sach 38, 52%. Ngoai ra, ching t6i con xac dinh dwoc phan tram
protein muc tiéu so véi tdng protein biéu hién & tirng pha tong can va dich sau ly tam, day |a diém sang va chuwa
ghi nhan & cac cong bd nghién clru biéu hien MMP-1 tai t6 hop trwéc nay.

Viéc protein MMP-1 c6 thé dwoc biéu hién & ca 37°C, 28°C, 16°C cho thay ring khoang nhiét dd ma né cé thé
dwoc biéu hién trong E. coli BL21 (DE3) rat rong. Ngoai ra, vi da phan protein MMP-1 biéu hién & dang thé vui
sau khi dwoc bidu hién gitp bao vé protein khdi sy phan hiy cla cac protease trong t& bao chét clia E. coli, tranh
that thoat protein do bi phan huy. Tuy nhién, hoat tinh sinh hoc cuia protein c6 th& bi anh huéng sau khi tai gap
cudn do qué trinh gap cudn sai, anh hwéng dén ham lwong protein MMP-1 ¢6 hoat tinh thwc té thu dwoc. Do do,
hwéng nghién cru tiép theo ma nhém nghién ctvu nhdm dén sau bwéc dau biéu hién thanh cong MMP-1 tai td
hop 14 tién hanh thir nghiém hoat tinh cta protein MMP-1 thu dwoc va tién hanh t&i wu héa quy trinh tinh sach dé
thu dwoc ham lwong cao protein MMP-1 ¢6 hoat tinh téi wu.

KET LUAN

Chung t6i da nhan dong thanh cong doan gen mé hda cho protein MMP-1 vé&i trinh tw dung hoan toan vaéi trinh tw
gen da thiét ké; tao thanh coéng dong té bao E. Coli BL21(DE3) mang vector pET28a-MMP-1 c6 kha néng biéu
hién protein MMP-1 tai t& hop. Nghién ctru cho thdy protein MMP-1 biéu hién vwot mirc dwéi dang thé vii trong
E. coli BL21 (DE3) & ca 3 nhiét d6 nghién ctru va c6 biéu hién dang tan & 28°C va 16°C khi c6 cdm ng bang
IPTG, kich thwéc protein thu dwgc khodng 47 kDa. Thém vao d6 chung t6i cling da tinh sach dwgc protein muc
tiéu sau khi bidu hién. Nghién ctu da buéc dau tao dwgc ngudn cung cdp MMP-1 tai td hop cho cac nghién ctu
tiép theo huwéng dén viéc phat trién san phdm cho (ng dung nghién ctru tiép theo.

Loi cam on: Nghién citu ndy diroc tai tro' boi Trung thm Cong nghé sinh hoc Thanh phd Hé Chi Minh.
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CLONING, EXPRESSION AND PURIFICATION OF GENE ENCODING
PROTEIN hMMP-1 (HUMAN MATRIX METALLOPROTEINASE 1)
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SUMARY
MMP-1 is a member of the matrix metalloproteinase family, specifically within the collagenase group. This
protein has the ability to break down collagen types 1, Il, and 111, as well as several other important proteins in

the extracellular matrix. MMP-1 is involved in tissue formation, wound healing, and liver cirrhosis. However,
abnormal MMP-1 activity is associated with conditions such as tumors, arthritis, and Alzheimer's disease.
Despite its important roles, MMP-1 is currently quite expensive. In this study, we aimed to produce large
quantities of MMP-1 protein for research and applications. To achieve this, we cloned the gene encoding the
MMP-1 protein into the pET28a vector and used the E. coli BL21 strain (DE3) for protein expression. The gene
encoding MMP-1 was amplified by PCR and then inserted into the pET28a vector. After confirming the
presence of the gene by colony PCR and restriction enzyme digestion (EcoRI and Hindlll), the pET28a-MMP-1
vector was expressed in E. coli BL21 (DE3) after transformation. We induced protein expression using IPTG at
different temperatures (37°C for 6 hours, 28°C for 16 hours, and 16°C for 18 hours). The expressed proteins were
harvested, purified by affinity chromatography, analyzed using SDS-PAGE and Western blot and quantified by
the Bradford measurement method. The results showed successful cloning and expression of recombinant MMP-
1 protein in E. coli. We obtained 3,297 mg of MMP-1 protein per liter of fermentation liquid, with a purity of
92.32% and purification efficiency of 38.72%.

Keywords: Collagen, E. coli BL21 (DE3), Matrix metalloproteinase, MMP-1, pET28a.
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