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TOM TAT

Listeriolysin O  (LLO) tw
monocytogenes cé chic nang phdn hiy mang
phospholipid & diéu kién pH thdp trong qud trinh
xam nhiém té bao chi. Yéu té ndy c6 thé img
dung trong viéc phdn phéi tdc chdt vao trong md
néu nhu LLO hoat dong duwoc ¢ diéu kién pH
trung tinh va khong chiza déc 6 trong qud trinh
thu nhdn LLO. Nghién ciu ndy nham biéu hién
LLO dot bién E247M va D320K trén hé thong
Bacillus subtilis nhim thu nhén LLOE247M va
D320K c6 hoat tinh ¢ diéu kién pH trung tinh.

Listeria

Nham ting cuong kha nang biéu hién protein
trong B. subtilis v dé dang thu nhdn bang
phirong phdp tinh ché qua cét sdc ki chira ion
Ni2*, gen m& hda protein LLOE247M va D320K
dvwoc dung hop véi trinh tw dudi LysSRN-6xHis-
TEVsite. Két qud d tinh ché duwoc protein tdi t6
hop ¢6 d@é tinh sach cao va c6 hoat tinh tin huyét
Véi 3 HU déc t6 trong khodng pH tir 5,0 dén 8, 5.
Két qua nghién ciru nay lam co sé cho cdc
nghién ciru itng dung tiép theo.

Tur khéa: Listeriolysin O, E247M, D320K, Bacillus subtilis, Pgrac, pHT vectors system

MG PAU

Listeria monocytogenes la mot tdc nhan gay
bénh c6 kha nang ky sinh ndi bao mét cach tuy y.
Dé xam nhiém, ton tai va nhan 1én bén trong té
bao chu, vi khuan can sir dung nhan té doc luc
quan trong la listeriolysin O (LLO) [15]. Céac
chang L. monocytogenes dot bién thiéu LLO
(hlyA-) s& mat tinh gay doc trén md hinh té bao
chuét [10]. Nguoc lai, mét sb chang vi khuan
khac nhu Bacillus subtilis khi mang gen hlyA lai
c6 hoat tinh tan huyét nhu L. monocytogenes
hoang dai [2]. LLO la mat thanh vién trong ho

Cholesterol Dependent Cytolysins (CDCs), bao
goém cac doc té c6 kha nang hinh thanh I8 trén
mang chtra cholesterol va chu yéu duoc tim thay
& cAc vi khuan Gram duong [13]. Ngoai chic
nang hinh thanh ciu tric 15 trén mang, nhiéu
nghién ctru dén nay d4 cho thay rang LLO la mot
doc tb da tac dong 1én té bao chu [15, 5]. Poc té
ban diu duwoc vi khuan tiét ra duéi dang
monomer, sau khi nhan dién cac thu thé
cholesterol, chiing c6 kha nang bién ddi cdu hinh
va hinh thanh céc ciu truc 15 (dang oligomer) dé
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phé v& mang phagolysosome gilp giai phéng vi
khuan ra bén ngoai té bao chét [15]. Chinh nho
dac tinh hinh thanh 15 trén mang ma LLO rat c6
tiém nang @ng dung trong mot sé chién luge hd
trg van chuyén tac chat (phan tir thudc, khéng
nguyén — khang thé, plasmid DNA, antisense
oligonucleotide) vao trong té bao chat cua té bao
cha [6, 11]. Té bao chit hay nhan té bao 1a noi
hoat dong tiém nang cua nhiéu tac chat, tuy nhién
viéc dua cac dai phan tir vao day gdp mét vai khé
khin, ma chii yéu do cac chat khi vao té bao déu
bi gitt lai va tiéu huy bén trong phagosome. Céac
nghién ctu st dung liposome dong van chuyén
tac chat cling véi LLO d ching minh lam ting
hiéu qua phan phdi vao té bao chat hon dang
phéan phdi khong st dung LLO [7, 8].

Tuy nhién, khac va6i cac thanh vién con lai
trong ho CDCs, LLO c6 hoat tinh tét nhat ¢ pH
hoi acid (5,5) va hoan toan bi wc ché bai pH
trung tinh hay kiém (pH > 7,0) [3]. Nghién ciu
cua Schuerch va cong su [1, 14] da dua ra mot s6
giai thich vé co ché hoat dong phu thudc vao pH
cua LLO duya trén su twrong tac cua cac acid amin
bén trong cau trdc noi phan tir. Trong d6, mot s6
don vi mang tinh acid ¢ chudi a-helice thudc
domain D3 cé vai tro quan trong trong viéc cam
bién v6i pH. Nhin chung, cac protein trong ho
CDCs ¢6 ciu trdc chung bao gom 4 domain, véi
C&c vai tro dic trung riéng biét trong qua trinh
hinh thanh 13. Vai trd gan mang do maét sé acid
amine quan trong trong domain D4 & vi tri dau C
cua protein dam nhiém. Trong khi d6, qua trinh
oligomer hoa dugc xay ra voi sy phdi hop hoat
doéng caa 3 domain con lai. Trong d6, domain D2
va D3 c6 vai trd quan trong tao nén su tai sap xép
dan dén bién ddi cAu hinh cua protein. Két qua
cua qué trinh tai sap xép nay tao ra hai cau trac p-
hairpin tir hai o-helice dé xuyén qua mang
phospholipid. O diéu kién pH trung tinh hay kiém
va nhiét do trén 30 °C, sy vuon ra sdém hon cua
cac o-helice nay dan dén su bién tinh khong

thuan nghich va gay nén sy két tu caa protein lam
giam dang ké hoat tinh cua ching.

Dua trén cac nghién ciru vé ciu tric protein,
Schuerch ciing ¢4 md ta mot sé dang dot bién ¢
cac domain khac nhau ctia LLO lam thay d6i mot
s6 dac tinh quan trong cua chung, dic biét 1a tinh
chat hoat dong phu thudc pH. Céc dang dot bién
diém nhu E247M, D208S, D320K, E355H va
L461T da dugc mo ta c6 kha nang cai thién tinh
bén cua LLO & pH trung tinh. Glu-247, Asp-320
va Glu-208 la cac thanh phan quan trong dé hinh
thanh bd cam bién pH cho LLO. Dot bién diém
E247M cho thay c6 kha ning cai thién tinh bén
cua protein & pH 7,4. Dang LLO mang dot bién
D208S hay khi két hop voi E247M c6 thé gay
doc cho té bao E. coli. Dang dot bién D320K
riéng lé c6 rat it tac dong 1én tinh bén cua LLO,
nhung khi két hop véi E247M lai o tic dong
dang ké dén tinh bén cua protein trong diéu kién
bién tinh cua pH. Khac véi cac dang dot bién & vi
tri bo ba cam bién, hai dang dot bién E355H va
L461T ciing tao nén cac dang LLO c0 hoat tinh it
bi tac dong bai yéu té pH va nhiét do. Gia thuyét
cho rang ca hai dang dot bién giup ting nhanh téc
do tai sap xép noi phan tir dé hinh thanh ciu trc
16, nhor d6 vuot qua tac dong cua qué trinh bién
tinh do pH. Do d6 cac dot bién dang nay c6 xu
huéng lam ting téc d6 hoat dong cua protein
ngay ca trong moéi truong trung tinh cha khong
bao vé protein khoi qua trinh bién tinh trong moi
truong nay. Tuy nhién, co ché phan tir cua hai
dang dot bién nay van con nhiéu tranh cii va
chua dugc lam sang té hoan toan [14].

Véi dac tinh phu thuéc pH, LLO dang tu
nhién (LLOWT) gap phai mot s6 kho khan khi can
chdng hoat dong trong méi truong cé pH trung
tinh nhu dich ngoai bao, tdi phagosome sém hay
bén trong té bao chit. Hién nay, dé st dung
LLOWT cho muc tiéu phan phdi tac chat, can phai
str dung thém cac thanh phan hd tro nhu cac dang
liposome dic biét dé bao vé ching trénh tiép xdc
vGi moi truong co pH bat loi. Piéu nay lam ting
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d6 phirc tap cho viéc thiét ké va 1am giam hiéu
qua cua viéc phan phdi. Nguoc lai, dang LLO
mang hai dot bién kép (LLOE247MD320K) qiroc mo
ta bai Schuerch cho thdy c6 nhiéu tiém nang dé
thay thé LLOVT trong cac trudng hop can protein
hoat déng trong diéu kién pH trung tinh. Khi
LLO c6 kha nang hoat ddng khong phu thudc vao
pH s& dy nhanh tc d6 giai phéng tac chét khoi
tui phagosome ma khong can doi qua trinh giam
pH méi truong nho dung hop véi lysosome, noi
chaa nhiéu enzyme phan giai giGp phan huy
nhanh chéng cé4c tac chat. Mat khéc, dang dot
bién con tao nhiéu thuan loi hon cho viéc biéu
hién, tinh ché va bao quan protein tai té hop vén
sir dung chu yéu méi truong pH trung tinh.

Ngoai ra, dé c6 duoc nhing ung dung rong
rdi, protein LLO khong thé thu nhan truc tiép tir
L. monocytogenes ma can dwoc san xuit & dang
tai to hop véi quy mé I6n. Tuy nhién, hién nay dé
biéu hién protein LLO tai t6 hop, da sb cac tac
gia sir dung hé thdng E. coli. Tréi véi hé thong
biéu hién protein tai t6 hop truyén thong nay, B.
subtilis dugc xem nhu chung vi sinh vat an toan
(GRAS). Do d6, voi muc tiéu san xuat protein
tmg dung trong y hoc, hé théng B. subtilis pha
hop hon do khong 13n néi doc td nhu cac chung

vi khuan Gram am va viéc tinh sach khi do sé tiét
kiém chi phi hon. Bén canh d6, hé thdng vector
pHT sir dung promoter manh Pgrac véi su kiém
soat biéu hién bang chat cam tng IPTG cho phép
biéu hién tét cac protein muc tiéu trong noi bao
hay tiét ra moéi truong & B. subtilis [9]. Trong
nghién ciru ndy, vector biéu hién cac dang protein
LLO trong B. subtilis da dugc tao dong tir khung
sudn 1a hé théng plasmid pHT. Gen mhlyA dot
bién duoc tao ra tir hlyA hoang dai bang phuong
phap dot bién da diém dinh huéng.
VAT LIEU - PHUONG PHAP
Chiing vi sinh vét, plasmid vd4 mdi nhan ban
gen

Chang vi sinh vat géom E. coli
OmniMAXTM (Invitrogen) sir dung dé dong héa
gene va B. subtilis 1012 [12] dé biéu hién protein
tai t6 hop. Plasmid pHT322, pHT364 va pHT358
dugc cung cap boi Trung thm Khoa hoc va Céng
nghé Sinh hoc, Truong Pai hoc Khoa hoc Tu
nhién, PHQG-HCM. Mbi cho phan ung PCR
dugc tong hop boi cong ty Macrogene Inc. Trinh
tu cac mdi dugc thé hién trong Bang 1. So d6 vi
tri bat cap mdi duoc thé hién nhu trong Hinh 1.

Bang 1. Trinh tu cac mdi duoc st dung trong bai bao ,
(in d&m nghiéng: trinh tu giy dot bién diém, in ddm va gach dudi: trinh tu enzyme cét gigi han )

Tén moi Trinh tu nucleotide

ON317 - LLO - E247TM_F 5" — GGGAAAATGCAAGAAATGGTCATTAGTTTTAAACAAATTT
ACTAT - 3’

ON318 - LLO - E247TM_R 5 — GTTTAAAACTAATGACCATTTCTTGCATTTTCCCTTCACTG
ATTGCGCC - 3’

ON319 - LLO - D320K_F 5" — CATAGTACTAAAGTAAAAGCTGCTTTTAAAGCTGCCGTAA
GCGG -3’

ON320 - LLO - D320K_R 5" — CCGCTTACGGCAGCTTTAAAAGCAGCTTTTACTTTAGTAC
TATG -3’

ON387 -F 5" — AAAGGAGGAAGGATCCATGAGTCAAGAAGAACATAACCA
TGA-3’

ON388 -R 5 — ATGCATCCATGGATCCCTGGAAGTACAGGTTCTCACCGC -3’

HIyA — R0O2 - Aatll

TA-3

5" — GGCCATGACGTCTTCGATTGGATTATCTACTTTATTACTA
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Hinh 1. So dd vi tri bt cdp cac mdi

Héa chét va mot sé vat liéu sinh hoc khac

Enzyme Pfu DNA polymerase va cac
enzyme cat gioi han bao gdm BamHI, Aatll duoc
cung cap bai céng ty Thermo Scientific, enzyme
Tagq DNA polymerase duoc cung cip boi cong ty
HT Biotech. Cac bo kit va hoa chit co ban st
dung trong nghién cau sinh hoc phan te va nudi
cdy vi sinh duwoc cung cip boi cac cong ty
Qiagen, GE Healthcare, Thermo Scientific,
Sigma-Aldrich, Merck-Millipore va BioBasic.
Mau ciru dugc cung cap bai cong ty Nam Khoa
Biotek ¢ dang tuyp 10 mL duoc gir lanh & 4 °C
dén khi str dung.

Tao plasmid pHT363

Plasmid pHT362 mang gen mhlyA dot bién
dugc tao ra bang cach gy dot bién diém dinh
huong trén plasmid pHT322 mang gen hlyA
hoang dai tir L. monocytogenes bang phan tng
PCR véi cap mdi ON317 va ON318 chira vi tri
dot bién diém E247M. Plasmid géc sau d6 dugc
loai bo bang enzyme Dpnl. San pham sau xir ly
duogc bién nap vao té bao E. coli OmniMAX va
sang loc trén dia khang sinh chira ampicillin 100
pg/mL va giai trinh ty ving gene dot bién. Tuong
tu nhu plasmid pHT362, plasmid pHT363 mang
gen mhlyA chtra ca hai dot bién diém E247M va

D320K, duoc tao ra bang phan tng PCR Véi cap
mdi ON319 va ON320 va khudn 1a plasmid
pHT362.

Tao plasmid pHT387

Plasmid pHT387 dugc tao dong tir plasmid
pHT363 chén thém doan trinh ty ma hda dudi
tinh ché LysSRN-6xHis-TEV site gilip protein
muc tiéu duoc biéu hién tét hon trong B. subtilis
va dé dang tinh sach bang sic ky &i luc véi ion
Ni?*. Doan trinh ty gene LysSRN-6xHis-TEVsite
dugc thu nhan bang phan tng PCR véi cap mdi
dic hiéu ON387/ON388 va khudn pHT364. San
phiam PCR va plasmid pHT363 cing duoc xu ly
v6i enzyme cat BamHI va ndi lai véi nhau bang
T4 DNA ligase. Han hop san pham néi duoc bién
nap vao té bao E. coli OmniMAX, sang loc bing
khéang sinh ampicillin 100 pg /mL, PCR khuan
lac voi cap moi ON387 va HlyA R02_Aatll
(Hinh 1) va giai trinh ty kiém tra doan DNA
dugc chén bang mdi ON653. Cac plasmid duoc
tao dong thanh cong mang gen mhlyA dot bién
dung hop Véi trinh tu dudi tinh ché LysSRN-
6xHis-TEVsite dugc dit tén pHT387. So dd tom
tit cac budc tao vector pHT387 dugc thé hién
trén Hinh 2.
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Hinh 2. So dd tao vector pHT387

Khio st biéu hi¢n va Ién men thu nhan sinh
khoi ching B. subtilis 1012 mang vector
pHT387

Plasmid pHT387 sau khi dong hoa thanh
cong duoc bién nap vao chung B. subtilis 1012
bang phwong phap bién nap tu nhién. Cac khuan
lac moc duoc trén moéi truong LB — agar chira
chloramphenicol 10 pg/mL dwoc chon dé kiém
tra mac do biéu hién ¢ cac nong 46 IPTG cam
tng tr 0 dén 1 mM bang phuong phap SDS-
PAGE. Sau d¢, protein dugc biéu hién khi nudi
cay & cac nhiét do 27 °C, 32 °C va 37 °C dugc
kiém tra tinh tan. Sinh khéi té bao vi khuan duoc
ph4 bang séng siéu am. Ly tdm nhe ¢ 2000 g
trong 1 phut dé loai bo cac té bao chwa v&. Dich
protein téng sau do tiép tuc dugc ly thm 13000
vong/phut trong 5 phit dé phan tach phan doan
ta va tan. Kiém tra lwong protein trong cac phan
doan bing phuong phap SDS-PAGE.

Tién hanh nudi ciy 4 lit dich vi khuan B.
subtilis 1012 mang vector pHT387 trong hé
thdng 18n men 5 L. Céc thdng s6 co ban cua qua
trinh 18n men duoc kiém soat nhu toc d6 khudy
400 vong/pht, téc do suc khi 4 lit/pht, pH 7,0

va nhiét do nuéi cdy ciing nhu ndng dé chit cam
tmg duoc t6i wu tir khao st trén. Thoi diém cam
tng biéu hién protein muc tiéu vao dau pha log,
khi gia tri ODesoonm cua dich nuéi cdy khoang 2,0.
Tiép tuc theo dBi duong cong ting trudng trong
qua trinh nubi cay va két thic mé 1én men khi
vao dau pha can bang.

Tinh ché protein LLOF27M/D320K

Huyén phu sinh khdi véi 3V (so véi trong
luong sinh khdi) dung dich dém ly giai chia 30
mM Tris-HCI pH 8,0, 500 mM NaCl, 10 %
glycerol, 10 mM immidazole, 1 mg/mL
lysozyme, 1 mg/mL DNasel va 1 mM PMSF.
Pha té bao bang séng siéu am trong bé da, bién
d6 séng (Amplitude) 70 trong 30 chu ki, mdi chu
ki gom 10 gidy ph4 va 30 gidy nghi. Ly tam
13000 g trong 20 pht & 4 °C, thu nhan phan dich
néi cho chay qua cot Histrap HP 5 mL (GE
Healthcare). Rira cot bang dém ly giai voi thé
tich gip 10 lan thé tich cot va dung ly protein
muc tiéu bang dung dich chira 30 mM Tris-HCI
pH 8,0, 500 mM NaCl, 10 % glycerol va 40 - 250
mM immidazole.
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Protein dung hop LysSRN-6xHis-TEVsite-
LLOF#7MD320K say khi dugc dung ly khoi cot
Histrap duoc cét loai bo dudi dung hop bai TEV
protease (ty 1&é  LysSRN-6xHis-TEVsite-
LLOF#7M/D320K: TEV protease 1a 30 : 1 wt/wt)
trong 3 gid ¢ nhiét d6 phong trong dung dich cat
50 mM PIPES pH 6,0, 300 mM NaCl, 15 %
glycerol, 0,5 mM EDTA, 1 mM DTT. Protein
LLOB#7MD320K. dirge thu nhan tir phan doan chay
qua cot Histrap HP 5 mL. Kiém tra protein sau
tinh ché bang phuong phap SDS-PAGE. Dich
protein tinh sach dugc bd sung véi 10 mM
EDTA, 5 mM cystein va bao quan & -80 °C dén
khi str dung.

Dang LLO hoang dai (LLOYT) dugc mé hda
bai gene hlyA trén plasmid pHT358 ciing duogc
biéu hién trong B. subtilis va tinh sach theo quy
trinh d4 duoc cong b trong mot nghién ciru khéc
cua nhém.

Xic dinh khoi lwong phén tir bing LC-MS

Protein LLOE247M/D320K g5 khi tinh sach duoc
pha lodng vé néng do 1 mg/mL va gui phan tich
LC-MS tai Phong Thi nghiém Phan tich Trung
tam, Truong Pai hoc Khoa hoc Tu nhién,
PHQG-HCM. Két qua dwoc xur ly biang phan
mém Bruker Compass Data Analysis 4.0.

Khao sat hoat tinh tan huyét ciia protein LLO
tinh sach

Phuong phap phan tich hoat tinh tan huyét
dugc thuc hién theo quy trinh cia Giammarini va
cong su [4] co cai bién. Dich mau ctru duoc rira
ba lan v6i PBS, pH 7,4 dé loai bo huyét thanh va
ly tam & 1.700 g trong 5 phit ¢ 4 °C d thu nhén
té bao hdng cau. Pha lodng té bao hdng cau trong
PBS V& ndng d6 sao cho 0,5 mL dich té bao hdng
cau duoc ly giai hoan toan véi 1 mL Triton X-
100 0,1 % cho phd hap thy Assnm dat gid tri 2,0.
Dich té bao hdng cau ciru duoc bao quan ¢ 4 °C
khong qua ba ngay trudc khi s dung.

Hoat tinh tan huyét cua doc td dugc thé hién
bang don vi tan huyét (HU) trén mdi mg protein

doc té. Mot don vi hoat tinh tan huyét (1 HU) la
luong doc té thip nhat (hay do pha lodng cao
nhat) gy giai phéng mot nira hemoglobin (50 %
ly giai) tir dung dich hoa tan té bao hong cau. Po
hap thu téi uu cua hemoglobin dwoc xac dinh &
budc song Asar nm. Cac mau ly giai sir dung lam
dbi chung dugc chuan bi bang phan ung caa 0,5
mL dich pha lofing hong cau véi mot mL dung
dich Triton X-100 0,1 % (d6i chimg duong) va 1
mL dung dich PBS & pH tuwong tmg dung dé pha
loding doc t6 c6 bd sung 0,1 % BSA va 1 mM
DTT (d6i ching &m).

Protein LLOE247M/D320K (dyro¢ xem nhu doc to
dbi voi té bao hong cau) nong d6 1 mg/mL duoc
pha lodng bac 10 trong PBS duoc bd sung vai 0,1
% BSA va 1 mM DTT dén ndng d6 1 ng/mL (10-
6). U 1 mL dich pha lodng doc té véi 0,5 mL dich
hdng cau ciru trong 45 phat & 37 °C. Ly tam 1700
g trong 5 phat ¢ 4 °C va do phd hap thu A541nm
cua dich néi thu duoc. Céc thir nghiém duoc lap
lai ba lan. Két qua duoc thé hién bang do thi phan
tram tan huyét dua trén gia tri do Asainm.

Hoat tinh tin huyét cia hai dang protein
LLOWT va LLOF#MIDS0K g cac gia tri pH
khac nhau

Str dung 1 mL dich pha lodng doc t chira 3
HU doc t6 trong PBS c6 pH tir 5,0 dén 8,5 cho
thi nghiém khao séat hoat tinh tan huyét cua cac
dang protein v&i pH. Quy trinh tién hanh tuong
tu nhu duoc mé ta & trén. Cac thir nghiém dugc
lap lai ba lan va gia tri sai sb duoc thé hién bang
thanh sai s6 trén db thi.

KET QUA - THAO LUAN
Két qua dong héa vector pHT387

Sau khi gy dot bién diém dinh huéng trén
plasmid pHT322 va pHT362 dé tao thanh
plasmid pHT363 co chira gen méd hoa cho protein
LLO duoc thay thé amino acid glutamate (E) & vi
tri 247 thanh methionine (M) va aspatate (D) & vi
tri 320 thanh lysine (K) (Hinh 3). Poan gen ma
héa dudi dung hop LysSRN-6xHis-TEVsite dugc
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chén vao plasmid pHT363 tao thanh pHT387.
Plasmid nay dugc bién nap vao ching E. coli
OmniMAX va sang loc trén dia mdi treong chira
khéng sinh ampicillin tiép tuc sang loc bang PCR
khuan lac véi cap mdi  ON387 va
HIyA R02_Aatll. Chon 1 khuan lac cho phan
tmg PCR khuan lac duong tinh (kich thudc san
pham 2059 bp trén gel agarose 1,5 %) duoc nudi

LLO wt
LLO_EZ247M _D320K 241 .iie il aens
LLO wt

ciy dé tach chiét plasmid va giai trinh tu. Két qua
giai trinh ty cho thay su tuong dong 100 % voi
trinh tu ly thuyét trén vector pHT387 (két qua
khong trinh bay). Nhu vay, vector pHT387 mang
gen mhlyA c6 hai vi tri dot bién diém va dung
hop voi gen LysSRN-6xHis-TEVsite dd duoc
dong hoa thanh cong.

241 egkmqeev15fkqlyynvnvneptrpsrffgkavtkeqlqalgvnaenppaylssvaygr

..........................................

301 gvylklstnshstkvkaafdaavsgksvsgdveltniiknssfkaviyggsakdevgiid

LLO E247M D320K 301 couienn.. e Kt e e e
Hinh 3. Vi tri d6t bién diém thay thé trén protein LLOF247M/D320K

Két qua biéu hi¢n protein LLOF*"™P320K dang dung hep véi LysSRN-6xHis-TEVsite trong B.

subtilis

2 giir 4 gier
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Hinh 4. Két qua dié¢n di SDS-PAGE khéo sat diéu kién cam tmg biéu hi¢n cita protein myc tiéu theo (A) Nong do
IPTG cam trng khao sat (B) Nhiét d nudi cay bi€u hién. M: thang protein, (-): P6i chirng 4m, chiing B. subtilis
mang plasmid pHT01 khoéng mang gen muc tiéu

Két qua kiém tra muc d6 biéu hién cua
protein dung hop trong chung B. subtilis mang
plasmid pHT387 ¢ thoi diém 2 va 4 gio sau cam
g cho thiy, khi ting ndng do chat cam tng tir 0
dén 1 mM, luong protein muc tiéu duoc biéu hién
tang dan. Tuy nhién, khi so sénh mirc do biéu
hién ¢ nong d6 0,5 va 1 mM khéng thay c6 su
thay ddi dang ké (Hinh 4A). Nhu vay nong do
IPTG 0,5 mM Ia thich hop cho viéc cam wng biéu
hién protein muc tiéu.

Tinh tan 1a mot trong nhiing dac tinh quan
trong tao thuan lgi cho budc tinh ché protein.
Trong d6 nhiét do nudi cay la thong sé quan
trong anh huodng dén tinh tan cua protein muc

tiéu. Két qua dién di phan tich cac phan doan
tong — tia — tan cua mau sinh khéi dugc nudi ciy
& 27 °C, 32 °C va 37 °C trén gel SDS-PAGE cho
thay & 37 °C hau hét vach protein muc tiéu (76
kDa) nam trong pha tiia. Nguoc lai, ¢ nhiét d6 27
°C va 32 °C hau hét protein déu nam trong pha
tan (c6 thé do téc do ting truong nhanh va biéu
hién manh & 37 °C lam han ché qué trinh gip
cudn dung cua protein muc tiéu. Bén canh do, két
qua theo dBi duong cong ting trudong cua chung
vi khuan tai t6 hop cho thay khi nuéi ciy ¢ nhiét
do 27 °C, pha tang trudng kéo dai hon va ODeoo
cua dich nudi ciy ¢ dau pha can bang cao hon, do
d6 thu duoc nhiéu sinh khbi hon so vai nudi ciy
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& 32 °C (dit liéu khong trinh bay). Nhu vay, nhiét
d6 27 °C 1a thich hop cho nudi cay va cam ung
biéu hién dé thu duoc lwong protein muc tiéu
nhiéu nhét va c6 tinh tan tét nhét.

Két qua nudi cay biéu hién quy mé Ion trong
bon 1én men dugc kiém tra trén gel SDS-PAGE
12 % cho thay, mirc d6 biéu hién cua protein muc
tiéu theo thoi gian tir thoi diém 4 gio sau cam
tmg dén khi két thdc qua trinh 1én men (ldc 7 gio)
khong c6 sy thay d6i dang ké (Hinh 5A). Nhu
vay, qua trinh 1&n men nudi cdy két thic ¢ dau

pha can bang (7 gio) la thich hop, Vi véi lugng
sinh khéi thu dugc cao nhét trong khi luong
protein LLOE247MD320K hidy hign trén mot don vi
sinh khéi khong bi anh huéng. Dé xac nhan lai
mtrc d6 tan cua protein muc tiéu khi nudi ciy lén
men so vai nudi ciy khao sat quy md nho trudc
d6, mau sinh khéi & thoi diém két thac mé Ién
men dugc thu nhan 1am kiém tra téng — tia — tan
nhu trén. Két qua SDS-PAGE cho két qua tuong
ty nhu cac khao sat, phan Ién protein
LLOE247MID320K 4j t hop ¢ dang tan (Hinh 5B).

wa M (-) Téng Tia Tan
120
85 — 76,5 kDa
n =
F
50 e
'-
40 »
4

(RN 'L TR )

< 10 memy

Hinh 5. Két qua di¢n di SDS-PAGE kha nang biéu hién protein trong qué trinh nudi cay 1én men; (A) Két qua khao
sat biéu hién theo thoi gian (B) Két qua tong — tua — tan. M: thang protein, (-): P4i ching 4m, ching B. subtilis
mang plasmid pHT01 khéng mang gen muc tiéu

Két qua tinh ché protein LLOF7M/P320K

Vé6i thiét ké mang trinh ty dung hop
LysSRN-6xHis-TEVsite, trong d6 dudi 6xHis co
ai lyc cao véi ion Ni?* trén cot Histrap HP cho
phép dé dang thu nhan protein LLQF247M/D320K
dung hop va loai bo dang ké cac protein tap cua
té bao nhd mot budc qua cot sac ky. Két qua dién
di cac mau protein truéc khi qua cot va sau khi
qua cot cho thdy phan Ién lugng protein dung
hop d4 duoc gan va gitr lai trén cot, trong khi d6
hau hét cic protein co ban cua B. subtilis khéng
c6 kha nang bét Ién cot nén bi loai bo trong phan
doan sau cot. Két qua dung ly véi nong do
imidazole ting dan tir 40 dén 120 mM (Hinh 6A,
phan doan 1 dén 7) cho thiy gan nhu toan b
protein LLOF#7™MDS20K dqung hop bam trén cot da

duoc thu nhan, trong khi tir phan doan 160 mM
imidazole (8 — 10) trg di con lai rat it protein muyc
tieu trén cot (Hinh 6A). Nhu vay, protein
LysSRN-6xHis-TEVsite-LL OF4"MD320K 43 duoc
tinh ché thanh céng. Tuy nhién vin con mot
luong déng ké protein tap 1an véi protein muc
tiéu trong cac phan doan dung ly (1 - 5).

Protein tai to hop sau khi tinh ché di duoc
cit loai bo dudi dung hop khoi protein muc tiéu
tai vi tri nhan biét cia enzyme TEV protease
(ENLYFQ). So sanh két qua dién di cac phan
doan trudc cit va sau cit nhan thay rang vach
protein dung hop ~ 76,5 kDa da duoc cit hau nhu
hoan toan thanh hai vach protein ¢é kich thudc
57,5 kDa va 19 kDa. Sau khi cit khéng con mang
dubi poly-histidine nén khi chay lai qua cot
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Histrap 1an tha hai s& khong duoc gitr lai trén cot
va duoc thu nhan thanh cac phan doan sau qua
cot (Hinh 6B, F1 — F25). Nguoc lai, tit ca cac
thanh phan con lai trong hdn hop sau khi cat gom
dudi dung hop, TEV protease va cac protein tap
c6 kha ning bam véi Ni?* nén duoc giit lai trén
cot. Cac phan doan nay dwoc kiém tra bang
phuong phap SDS-PAGE, cho thiy cac phan

Cic phin doan dung ly
23 4 5 6 7 8 910

- —76,5 kDa

ili
A

doan sau qua cot F1 dén F25 chi con 1 vach
protein c6 kich thudc 57,5 kDa dung véi du
doan. Phan doan dung ly sau dé cho thdy dudi
dung hop, TEV protease va cac protein tap da
bam lai trén cot (Hinh 6B). Két qua tir 4 Iit dich
nudi cdy thu duoc 50 mg protein LLQE247M/D320K
tinh sach.

& .5 Cic phin & ot &
‘ée s‘j’ P an Oansauq\mﬁ. i < §%
e M & S F s PR3 17 21 25 & 9
200 |
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Hinh 6. Két qua SDS-PAGE phan tich qué trinh tinh ché protein LLOE247MD320K ~ (A): Tinh ché protein dung hop
LysSRN-6xHis-TEVsite-LLO; (B): Cét loai bo dudi dung hop va thu nhan LLOE27MID320K tinh sach

Két qua phan tich khdi lwong phan tir bang
LC-MS

Dung dich protein tinh sach dugc pha loédng
vé nong d6 1 mg/mL trudc khi phan tich phd LC-
MS. Két qua cho thiy mét cau tu protein c6 khoi
lwong phén ti 57, 494, 5710 Da (Hinh 7) so véi
khéi lugng 57, 492, 47 Da cua protein
LLOE247MID320K dyrc tinh todn ly thuyét dua trén
trinh ty bang cong cu phéan tich PeptideMass
(http:/lweb.expasy.org/peptide_mass/). Tuong tu,
két qua phan tich phé LC-MS cua LLO dang
hoang dai cho két ciu protein c6 khdi lwong
57,479,4874 Da (so v&i 57,477,31 Da theo ly
thuyét) (dd dugc cong bd trude dé boi chinh
nhém nghién ciru). Két qua nay cho thay véi do
sai s6 khéi luong khong qué 2 Da, protein tinh

sach thu nhan dugc trong dung dich sau khi tinh
ché chinh xac 1a protein LLOE247MD320K myc tigu.
Dong thoi két qua nay ciing ching minh rang da
cat loai bo thanh céng dudi dung hop ra khoi
protein muc tiéu.

Bén canh do6, vai su thay thé hai amino acid
(Glu = Met va Aps > Lys) theo ly thuyét s& tao
ra protein LLO d6t bién c6 khdi lwong phan tir
tang thém khoang 15 Da so véi dang hoang dai.
Va két qua so sanh khéi lwong thuc té cua hai
dang protein theo phan tich LC-MS cho thiy
hoan toan phu hop vai ly thuyét trén. Nhu vay c6
thé két luan rang da biéu hién va tinh ché thanh
cong protein muc tiéu véi d6 tinh sach kha cao
bang hai budc qua cot Histrap.
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Hinh 7. Két qua phéan tich phd LC-MS dang LLOF247M/D320K

Hoat tinh tin huyét cia hai dang protein
LLowt Vé. LLoE247M/D320K

Ké qua 1 HU cua protein LLO™ va
LLOE247MID320K tyyon o drrong voi lwong doc t6 1an
luot 3,75 ng va 12 ng. Nhu vay, theo quy trinh do
hoat tinh trong nghién ctu, hoat tinh riéng cua
hai dang protein nay lan luot 12 2,67 x 105 va 8,3
x 104 HU/mg protein. Vi két qua nay cé thé
thiy protein dot bién c6 hoat tinh riéng thip hon
khoang 3 Ian so v6i LLO dang hoang dai.

Hoat tinh tan huyét & cac gia tri pH khac nhau

Mot lwong HU bang nhau cua ca hai dang
protein (3 HU) duogc pha lodng trong 1 mL PBS

120

c6 pH tir 5,0 dén 8,5. Két qua kiém tra hoat tinh
tan huyét theo pH cho thay protein LLOWT cho
hoat tinh t6i wu nhit & khoang 5,5 va hau nhu
protein bj mat hoan toan hoat tinh & pH cao hon
7,0 (Hinh 8). Biéu nay l1a hoan toan phu hop Vi
dac tinh cua protein LLO dang hoang dai dugc
céng bd bai nhiéu nghién ctru trude day. Nguoc
lai, hoat tinh cua dang LLO mang hai dot bién
diém E247M va D320K van giit dugc trén 90 %
hoat tinh & pH kiém. Két qua nay cho thiy rang
protein LLO mang hai dot bién c6 hoat tinh bén
hon han so véi dang LLO hoang dai & pH trung
tinh dén kiém nhe nhu mong doi.

. I
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- 80
g 60 .‘{'.... @D u_owl
W .
fes
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%,
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Hinh 8. Hoat tinh tan huyét & cac gia tri pH khéc nhau
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KET LUAN

ba tao duoc chung B. subtilis cd kha néing
biéu hién LLOEX7MD32K hiay qua. Tir 30 g sinh
khéi vi khuan d4 thu nhan dugc 50 mg protein
LLOB#7M/D320K ¢ ¢ tinh sach cao qua hai buéc
tinh ché qua cot Histrap. Hoat tinh cua
LLOQE247MID320K & pH trén 7,0 t6t hon han LLO
dang tu nhién. Tinh chét ny tao nhiéu thuan loi
cho viéc tng dung protein nay, ciing nhu don
gian hoa céc thao tac nhu thu nhan, tinh ché, bao

quan vén str dung thudng xuyén méi truong pH
trung tinh. Bén canh do, hé thdng B. subtilis hoan
toan c6 thé biéu hién tét protein LLO dang dot
bién nay va ma ra thém lya chon cho cac nghién
ciu ung dung lién quan.

Loi cdm on: Nghién ciru ndy dwoc hé tro
mét phan kinh phi béi Sé Khoa hoc va Coéng
nghé TP Ho Chi Minh. Hupnh Thi Kim Phirong
dwoc hé tro béi Pai Hoc Quéc gia Tp. HCM tir
kinh phi nhié¢m vu thuong xuyén.

Expression and purification of listeriolysin
O from Listeria monocytogenes harbouring
E247/M and D320K mutations in Bacillus

subtilis

Ngo Khac Huy

Nguyen Le Tuan Anh
Huynh Thi Kim Phuong
Nguyen Van Phuc

Tran Linh Thuoc

Nguyen Duc Hoang

Phan Thi Phuong Trang
University of Science, VNU-HCM

ABSTRACT

Listeriolysin O (LLO) is an important
extracellular toxin of Listeria monocytogenes
which degrades the phospholipid membranes of
the host cells’ phagosomes at low pH during the
intracellular survival. In contrast to the natural
form, the mutant LLO carrying two replacements
of amino acid E247M and D320K possesses
stable activity at pH 7.4. In this study, we have
constructed vectors that carry the mhlyA gene
encoding double-mutated LLQOF47MD320K eypress
in B. subtilis 1012. The target gene was fused to
the sequence of LysRN-6xHis-TEV site to
enhance the recombinant protein expression in B.

subtilis and to ease the acquisition of protein by
Ni%*-based affinity chromatography. As results,
we have obtained the purified protein
LLOE247MD320K with high purity. The activity
measurement with 3 HU hemolytic toxins in the
pH range from 5.0 to 8.5 suggested that the
activity of LLOF?47MDS20K was much better than
that of natural LLO at neutral pH and slightly
alkaline. These results not only provided
important scientific foundations for mutant LLO
bases expression in B. subtilis but also supplied
purified materials for researche and medical
applications based on this protein.

Key words: Listeriolysin O, Listeria monocytogenes, E247M, D320K, Bacillus subtilis, pHT vector

system
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