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TOM TAT: Dua trén vj tri cit dic hiéu cia protease HIV-1, chiing toi dé thiét ké co chat peptide
huynh quang cta protease HIV-1 (ky hiéu peptide HF) theo nguyén tic FRET (Fluorescence
resonance energy transfer). Peptide c6 trinh tu QXL 520-GABA-SFNFPQITK-HiLyte Flour 488-
NH;, trong do, cdp huynh quang HiLyte Fluor 488/QXL 520 c6 hé s6 phat quang/hap thu cao va
hoat dong tdt trong diéu kién pH thap thich hop cho hoat tinh cua protease HIV-1 (pH<5) da dugc
lva chon. QXL 520 chi bén khi gin voi gde serine qua nhom GABA nén dugc lién két véi goc
serine ¢6 san tai ddu N ciia peptide HF; trong khi géc leucine tai diu C dwoc thay thé boi lysine
lien két v6i HiLyte Fluor 488. Cac diéu kién phan ung tdi uu cho xéac dinh hoat do protease HIV-1
sir dung co chét peptide HF dugc xéc dinh 1a: 100-200 ng protease HIV-1, 2 uM co chét peptide
HF, d¢ém CH3;COONa 100 mM pH 4,7 c6 NaCl 1 M, EDTA 1 mM, DTT 1 mM, DMSO 5% va
BSA 0,5 mg/mL. Peptide HF c6 thé duoc bao quan tét nhat & ndng d6 0,1 mg/mL trong DMSO & -
80°C. Trong cac diéu kién phan tich noi trén, protease HIV-1 ¢ ai lyc cao véi co chat peptide HF
va thuy phan hiéu qua co chat nay véi cac hing sb dong hoc Vimax = 4,45 nM/giay, Kcat/ Kmn= 10,89
(mM.gidy)™ gip khoang 5 lan khi st dung co chét thuong mai HIV-1 SensoLyte® 520 HIV-1
Protease Assay (Anaspec, Hoa Ky).

Tir khba: Protease HIV-1, chét trc ché protease HIV-1, co chét huynh quang, hing sé Michaelis-

Menten (Kp).

MO PAU

Protease cua HIV-1 (protease HIV-1) thudc
nhom aspartyl protease, 1a mot enzyme dich
quan trong trong li¢u phap khang Retrovirus
(ARV) cho diéu tri bénh nhan nhiém HIV/AIDS
(Perez et al., 2010). Protease HIV-1 ¢6 tinh dic
hiéu cao nén khdng thé dung cac co chat protein
thong thuong cho viéc xac dinh hoat d6 cua
enzyme. Nhidu co chit peptide cua protease
HVI-1 da duoc thiét ké cho muc dich phan tich
hoat d6 ctia protease HIV-1 va chlng thuong co
chira trinh tu gidng nhu 11 vi tri ¢t cua enzyme
trong 2 chudi polyprotein Gag va Gag/Pol cua
HIV-1. Trinh ty amino acid nay thuong kha da
dang va dic hiéu cao gdbm 8 gdc amino acid ky
hiéu P4-P3-P2-P1*P1'-P2'-P3'-P4', trong d6
enzyme sé& cat lién két gitta P1*P1' (Boross et
al., 1999; Beck et al., 2000; Chaudhury et al.,
2009). Vai tro, dic tinh cua timg gbc amino acid
cling nhu cac trinh ty wa thich ciia protease
HIV-1 cling da duogc lam rd (Beck et al., 2000;
Bagossi et al., 2005; Chaudhury et al., 2009;).
Vé phan loai, 6 thé chia co chat ciia protease

HIV-1 thanh hai nhém; nhom 1 tai P1 va P1' la
cac amino acid thom (Aro-P), trong khi nhom 2
la cadc amino acid ky nudc (Chaudhury et al.,
2009). Co chit dugc xem 1a hiéu qua nhit va
thuong duogc st dung trong cic phuong phap dé
xé4c dinh hoat tinh va chit tc ché cua protease
HIV-1 la: Val-Ser-GIn-Asn-Tyr*Pro-lle-Val-
GlIn dya trén vi tri cit MA/CA trén polyprotein
Gag (Dunn et al., 1994; Beck et al., 2000
Bagossi et al., 2005). Tuy nhién, theo Kausslich
et al. (1989), co chit P*/PR trén Gag-Pol lai
hiéu qua nhat. Nghién ciru ciia Perez et al.
(2010) con cho thay mot sé co chit mang trinh
tu khac trén Gag/Pol khéng bi protease HIV-1
cit theo ly thuyét va khong dugce dung lam co
chat nhung thuc té thi nghiém lai cé ai lyc cao
V6i trung tdm hoat dong cua protease HIV-1
hon co chit. Mat khac, kich thuéc, trinh tu va
dic tinh cac amino acid déu anh huong dén cau
hinh va &i lyc cia co chat véi trung tam hoat
dong cua protease HIV-1 (Tie, 2006).

Nghién ctru ciia ching t6i nham thiét ké co
chét peptide dic hiéu co ai luc cao v4i protease sir
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dung trong phéan tich hoat d6 ctia protease HIV,
tao diéu kién thudn lgi cho cac nghién ciru phat
trién cac thuoc trc ché protease HIV trong murde.

VAT LIEU VA PHUONG PHAP NGHIEN CUU

Ché pham protease HIV-1 téi to hop (HIV-
1PrHis) dugc tao ra theo quy trinh ctia Nguyen
et al. (2015). Co chat huynh quang dé duoc thiét
ké va dat tong hop boi hdng Anaspec (Hoa Ky)
va c6 do tinh sach hon 95% (bang sic ky long
hiéu nang cao-HPLC). Kit huynh quang
SensoLyte® 520 HIV-1 Protease cuia héing
Anaspec (Hoa Ky). Cac héa chit khic déu
dat do tinh sach danh cho nghién ciru sinh hoc
phan ta.

Xac dinh hoat tinh protease HIV-1: Co
chit cia protease HIV-1 QXL 520-GABA-
SFNFPQITK-HiLyte Flour 488-NH, duoc hoa
tan & ndng d6 0,5 mg/mL (tuwong Gng 235 pM)
trong Dimethyl sulfoxide (DMSQ). Phan ng
xac dinh hoat tinh caa protease HIV-1 duoc
thuc hién trong dng eppendorf & 37°C véi tong
thé tich 30 pl cua dém Natri acetate 100 mM pH
4,7 c6 NaCl 1 M, Ethylene diamine tetraacetic
acic (EDTA) 1 mM, dithiothreitol (DTT) 1 mM,
DMSO 5%, albumine huyét thanh bo (BSA) 1
mg/mL; co chit peptide HF (1-10 pM) va
protease HIV-1 (50-300 ng). Céc thanh phin cta
phan tmg (trir protease HIV-1) dugc u ¢ 37°C
trude khi tién hanh tron v6i nhau. Protease HIV-1
dugc bd sung, tron déu va do gia tri EX/Em
(excitation/emmision) ¢ budc song twong ung
488 nm/520 nm (bang may quang phd huynh
quang ND 3000, Thermo scientific) trong 5 phut
& 37°C. Mdi phan tunguoc lap lai 3 1an va lay
gia tri trung binh.

Xiac dinh anh huéng cia cac chét Ién hoat
do caa protease HIV-1: Chéit nghién ctru dugc
hoa tan trong dung mdi thich hop va u truéc 5
phit voi protease HIV-1, sau d6 dém va co chat
méi duoc bd sung dé bit dau phan tng xac dinh
hoat d6 con lai cua enzyme.

Phan tich sé liéu: Téc do phan @ng (V)
cuing cac hang sé dong hoc (Kea, Km, Vina) Cla
protease HIV-1 dugc tinh todn theo hai cach:
theo phuong trinh Michaelis-Menten: V = (Vax
[S]/(Km + [S]); theo phuong trinh Lineweaver-
Burk: 1/V = (Ki/Vimax [S]) + (1/Vimax)-
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Thiét ké trinh tw amino acid ciia co chét
peptide gan huynh quang cho xac dinh hoat
tinh caa protease HIV-1

Trén chudi polyprotein Gag-Pol tién than, vi
tri P%°-PR duoc phan cit dAu tién dé giai phong
protease HIV-1 c6 hoat tinh cho cdc budce thuy
phan tai Gag-Pol va Gag tlep theo tao cac protein
cau trac va chuc nang can thiét cho HIV-1
(Louis et al., 1999). Nhim tao co chat co i luc
va hiéu qua cét cao, ching t6i d& dya trén vi tri
Cét quan trong nay dé thiét ké trinh ty amino acid
cho co chat huynh quang cia protease HIV-1. Co
chit dugc thiét ké theo nguyén tic truyén ning
luong cong huong huynh quang FRET
(Fluorescence resonance energy transfer) va cé
trinh ty 1&: QXL 520-GABA-SFNFPQITK-
HiLyte Flour 488-NH, (Peptide HF). Trong do,
QXL 520 chi bén khi gin véi gbc serine (Ser)
qua nhom y-aminobutyric acid (GABA) nén
dugc lién két voi Ser ¢6 san tai dau N cua
peptide HF; trong khi gdc leucine (Leu) tai diu C
dugc thay thé boi goc lysine (Lys) lién két voi
HiLyte Fluor 488. Mit khac, protease HIV-1 tai
t6 hop sir dung trong nghién ciru nay duoc nhin
dong, biéu hién va tinh sach theo quy trinh cua
Nguyen et al. (2015), trong do, protease HIV-1
duoc biéu hién & E. coli biang pET32a dudi dang
tu cat hidu qua tai vi tri P°-PR cua protein Gag-
Pol. Viéc thiét ké co chat tai vi tri P®-PR s&
thich hgp véi protease HIV-1 lam co sé cho viée
tao b kit xac dinh hoat tinh protease HIV-1
trong cac nghién ctru tiép theo. Peptide HF dugc
dat tong hop boi hang Anaspec (Hoa Ky) va co
do tinh sach >95% (HPLC).

D6 nhay cao trong phan tich hoat d6
protease HIV-1 ciing 1a mot tidu chi can thiét
dbi v6i co chit cua enzyme. Toth et al. (1990)
dd st dung cdp huynh quang acid p-
aminonitrobenzoic ~ (Abz)/nitrophenylalanine
cho co chat ciia protease HIV-1. Tuy nhién,
Abz c6 hé sé phat quang yéu dan dén d6 nhay
cta cap huynh quang thip. Mot s6 chat huynh
quang khac va rhodamine thuong dugc dung
cho cé&c bo kit xac dinh hoat tinh cua enzyme
voi d0 nhay cao (Lavis et al., 2008). Tuy nhién,
su proton hoa cua cac huynh quang chi bang 1/2
tai pH 5 (pH t4i thich cho hoat tinh cua protease
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HIV-1) (Matoyoshi et al., 1990). Chinh vi vay,
cdp huynh quang Hil.yte Fluor 488/QXL 520 c6
hé so phat quang/hap thy cao va hoat dong tot
trong diéu kién pH thip da duoc Iya chon.

Xac dinh cac tinh chit ciia co' chét Peptide
HF

Nong d¢ thich hop ciia protease HIV-1 cho
phdn img xdc dinh hoat tinh sir dung co chdt
peptide HF

Trong phan ting X4c dinh hoat tinh ctia bat ky
enzyme nao, nong do enzyme phai phll hop dé cé
su bién d6i tuyén tinh gitra mirc d¢ chuyén hoa

co chat va thoi gian phan tng (Brook et al.,
2012). Mot s6 bo kit thwong mai khuyén céo sir
dung protease HIV-1 véi lugng enzyme tir 50-
200 ng/phan tng. Qua thtr nghiém lwong
protease HIV-1 tir 50-300 ng/phan tmg, két qua
thu dwoc (hinh 1A) cho thiy, 100-200 ng
protease HIV-1 thich hgp cho phan Gng stir dung
co chit peptide HF. Khi sir dung ndng do
protease HIV-1 100 ng/phan ung (30 pl), thoi
gian phan tng 5 phat dam bao sy bién d6i tuyén
tinh gitra mirc d6 chuyén ho4 co chat va nng do
enzyme (hinh 1B).
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Hinh 1. AI”lh hudng cia luong protease HIV-1 (A) va thoi gian (B)
dén toc d6 phan rng, str dung co chat peptide HF
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Hinh 2. Anh hudng ndng d6 co chit Peptide HF dén hoat tinh ciia protease HIV-1

Nong dd thich hop ciia co chit peptide HF
Vé6i ndng do protease HIV-1 100 ng/phan
ung (30 ul) va khi str dung co chét peptide HF &
cac nong do khac nhau, ket qua phan tich cho
thdy nong do tir 2-3 uM van dam bao mirc do
tuyén tinh cua toc do hinh thanh san pham trong

thoi gian 5 phat, ching to day 1a ndng do thich
hop cho phan Gng xac dinh hoat tinh cua
protease HIV-1 st dung co chat peptide HF
(hinh  2A). Theo phuong trinh Michaelis-
Menten biéu dién sy phu thudc cia téc do phan
g vao ndng d6 co chat peptide HF xac dinh
duogc Ky = 2,88 uM va Vi = 4,73 nM/gidy
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(hinh 2B). So sanh v&i co chét 1 trong nghién
ctru cia Windsor & Raines (2015) cé K, = 14,7
UM va Ve = 1,58 nM/gidy; co chat Peptide HF
co K, thap hon 5 14n, Via I6n hon 3 va hiéu
qua xuc tic ViyadKm 16n hon 14 lan. Su chénh
léch ndy c6 thé giai thich do sy khac nhau vé
trinh ty amino acid cling nhu cdp huynh quang
EDANS/DAPCYL cua co chit 1 ¢6 hé so hap

thu thap hon HiLyte Fluor 488/QXL 520 cua
peptide HF. Tuy nhién, ty 1& Ke/Kn= 13
(mM.giay) ! lai thap hon nhiéu lan, dleu nay co
thé giai thich do sy khic nhau vé ndng do
enzyme va thé tich phan tng cua hai quy trinh.
Piéu Kién thich hop cho phén ing xic dinh
hoat tinh protease HIV-1 sir dung co chit
peptide HF
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Hinh 3. Anh huéng ctia céc diéu kién dén phan tmg thiry phan
co chat peptide HF bai protease HIV-1

A. loai dém phan tmg: dém 1 (CH;COONa 100 mM pH 4,7 c¢6 NaCl 1M, EDTA 1mM, DTT 1mM, DMSO
10%, BSA 1,0 mg/mL); dém 2 (CH;COONa 100 mM pH 4,5 c6 NaCl 0,9 M, EDTA 4 mM, B-
mercaptoethanol 5 mM, CaCly); B. pH téi thich; C. nhiét d6 t5i thich; D. diéu kién dém dén d6 6n dinh cia co
chit peptide HF; E. nong d6 DMSO; F. ndng d6 BSA; G. ndng do NaCl va KCI; H) ndng d6 MgCl,va CaCl,.

V6i nong do protease HIV-1 100 ng/phan
tmg (30 ul), nong do co chat 2 uM, protease
HIV-1 thé hién kha ning phan cit co chat
peptide HF thich hop trong dém CH;COONa 100
mM c¢6 NaCl 1 M, EDTA 1 mM,
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DTT 1 mM, DMSO 10%, BSA 1,0 mg/mL (hinh
3A) voi mot giai pH rong (pH 4-7) va téi thich
tai pH 4,7 (hinh 3B). Két qua ndy ciing tuong tur
cac nghién ciru d& cong bd trude day (Leuthardt
& Roesel, 1993; Nguyen et al., 2015).
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Co chit peptide HF ciing cho thdy bi phan
giai tot nhit boi protease HIV-1 tai nhiét do
37°C (hinh 3C) va nén bao quan trong DMSO
tai ndng d6 0,1 mg/mL (hinh 3D). DMSO ciing
gidp hoa tan tét hon co chit huynh quang nén
lam ting hoat tinh thuy phan co chét peptide HF
cia protease HIV-1 tai DMSO 5% (hinh 3E).
Hoat tinh thuy phan peptide HF cua protease
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s | ==®=Kit Sensolyte
. 40 ¢
&
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HIV-1 ciing tang 1én khi c6 BSA 0,5 mg/mL
(hinh 3F) va NaCl hoac KCI 1 M (hinh 3G)
nhung bi e ché bai Ca®* va Mg?* (hinh 3H). Do
do, diéu kién dém CHsCOONa 100 mM, pH 4,7
c6 NaCl 1 M, EDTA 1 mM, DTT 1 mM,
DMSO 5%, BSA 0,5 mg/mL duoc lya chon cho
cac phan ung xac dinh hoat tinh protease HIV-1
sir dung co chat peptide HF.
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Hinh 4. Anh huéng cta nong do6 protease HIV-1 (A) va sy phu thuc ctia ndng do co chit peptide
HF va kit Sensolyte (B) dén toc dd phan ung

Trong cac diéu kién thich hop, peptide HF
da bi thuy phan bdi protease HIV-1 véi cac
hing s6 dong hoc: tc do phan ing Ve = 4,45
nM/gidy, Ky, = 3,13 uM va hiéu qua xtc tic
Kea/Km = 10,89 (mM.gidy)™ (hinh 4B). Khi so
sénh voai kit xac dinh hoat tinh protease HIV-1

cua hing Anaspec (Hoa Ky) HIV-1 SensoLyte®
520 HIV-1 Protease Assay (kit Sensolyte), co
chit peptide HF c6 gia tri K, twong dwong
nhung téc d6 phan tng Ve VA hidu qua xuc tac
Kea! Km Cling nhu VK €20 gap khoang 5 1an
kit hang Sensolyte (hinh 4A-B, bang 1).

Bang 1. Cac hang s6 dong hoc cua protease HIV-1 sir dung co chit peptide HF va kit Sensolyte

Loai co chat Vnax (NM/gidy) Ko (UM) VinadKm Kea Km (MM.gidy)™
Co chat peptide HF 4,45 3,13 1,4 10,89
Kit sensolyte 0,73 2,3 0,3 2,4
KET LUAN DMSO 5% va BSA 0,5 mg/mL va bao quan tai

Ching t6i d4 thiét ké thanh cong co chat
huynh quang peptide HF cho phan tich hoat d¢
protease HIV-1. Co chét peptide HF duogc thiét
ké dua theo nguyén tic FRET va cé trinh tu
amino acid QXL 520-GABA-SFNFPQITK-
HiLyte Flour 488-NH,. Peptide HF ¢ nong d6 2
uM bi thuy phan tét nhit boi protease HIV-1
dudi cac diéu kién thich hop: 100-200 ng
protease HIV-1, d&m CH3;COONa 100 mM pH
4,7 ¢c6 NaCl 1 M, EDTA 1 mM, DTT 1 mM,

nong do 0,1 mg/mL trong DMSO ¢ -80°C.
Trong cac diéu kién phan tich néu trén, protease
HIV-1 ¢0 &i lyc cao va thuy phan hiéu qua co
chit peptide HF véi cac hing s6 dong hoc Vi
= 4,45 nM/gidy, Ke/Kn = 10,89 (mM.gidy)™
tuong Gng hon gip khoang 5 1an khi st dung co
chat thwong mai HIV-1 SensoLyte® 520 HIV-1
Protease Assay (Anaspec, Hoa Ky).

Loi cdm on: COng trinh nghién ctru dugc thuc
hién trong khuén kho kinh phi ciia Bé tai Phong
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DESIGNING OF A SPECIFIC FLUOROGENIC PEPTIDE SUBSTRATE
FOR HIV-1 PROTEASE ACTIVITY ASSAY
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Vietnam National University, Hanoi
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SUMMARY

Based on the specific hydrolysis sequence in the Gag-Pol protein substrate of HIV-1 protease, we
designed a fluorescence resonance energy transfer (FRET) substrate (designated peptide HF) for the enzyme.
peptide HF has the sequence of QXL 520-GABA-SFNFPQITK-HiLyte Flour 488-NH,. HiLyte Fluor
488/QXL 520 as a FRET pair because of high excitation/emission and good activity at the optimal pH of
HIV-1 protease (pH<5) was chosen. QXL 520 was more stable when conjugated with serine residue at N-
terminus via GABA group while leucine at the C-terminus was replaced with a lysine residue-HiLyte Fluor
488 conjugate.

The optimal reaction conditions for HIV-1 protease activity assay were found to include 100-200 ng
HIV-1 protease, 2 uM peptide HF, 100 mM CH3;COONa buffer at pH 4.7, containing 1 M NaCl, 1 mM
EDTA, 1 mM DTT, 5% DMSO and 0.5 mg/mL BSA. Peptide HF could be stored at the concentration of 0.1
mg/mL in DMSO and at -80°C until use.

Under the above analysed conditions, HIV-1 protease showed the high affinity and the effective
hydrolysis for the substrate with the Kinetic parameters V. of 4.45 nM/s, K/K,, = 10.89 (mM.s)'l' which
were 5 times higher than the V.« and Ke/Ky, when the commercial SensoLyte® 520 substrate (Anaspec-
America) was used.
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