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TONG HOP VA KHAO SAT bO BEN CUA DAN XUAT INK
CO NGUON GOC TU PEPTID TW NHIEN INDOLICIDIN

Ngé Thu Hang', Ngé Vin Hoa?
Lwong Xuan Huy?, Can Van Mao"

TOM TAT

Muc tiéu: Téng hop va khdo sat d6 bén ctia dan xuét INK duoc thiét ké dua trén khung cAu tric cta peptid
tw nhién Indolicidin.

Phwong phap nghién ctru: Tao dén xuat INK bang ki thuét tong hop peptid pha ran. Danh gia dé bén
cla dan xuéat INK vdi trypsin va cac diéu kién nhiét dé khac nhau bang hé thong sac ki Idng hiéu ndng cao
HPLC.

Két qua: Pa ~z‘é’ng hop duoc dan xuét INK cé dé tinh sach xap xi 100%, d6 bén véi trypsin tét hon Indolicidin;
dong thoi, dan xuat khéng bj anh huwdng béi cac mure nhiét khao sat tor 25-85°C.

Két luan: Nghién ctru da téng hop thanh céng dan xuét INK cai thién vé dé bén véi enzyme tiéu héa so
voi Indolicidin.

Tir khéa: Indolicidin, dd bén nhiét, enzyme tiéu hoa, peptid khang khuan.

ABSTRACT

Objectives: To synthesize and evaluate the stability of the INK derivative, which was designed based on
the structural framework of the natural peptide Indolicidin.

Subjects and methods: Solid-phase peptide synthesis was used to create INK, followed by the stabili-
ty examination against trypsin and various temperatures using high performance liquid chromatography
HPLC.

Results: The obtained INK had a purity of approximately 100%. Additionally, INK exhibited higher stability
against trypsin. There was no significant change in the stability at various temperatures from 25°C to 85°C.

Conclusions: The INK derivative was successfully synthesized and showed improved stability against

digestive enzyme compared to Indolicidin.
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1. DAT VAN BE

Indolicidin la mét peptid ty nhién thudc ho
cathelicidin, dwgrc phat hién va phan lap tir bach
cau trung tinh cGa bo [1]. Day la mét peptid ngén,
chi gébm 13 axit amin, nhwng lai c6 ciu truc dac
trwng cla cac peptid khang khuan véi téng tich
dién la +4. Indolicidin dwoc tao bdi 3 axit amin co
side-chain tich dién dwong (1 lysine va 2 arginine)
cung thiét ké dau N ty do va dau C dwoc amide
héa [2]. Pay ciling |a 3 axit amin than nwéc duy nhét
cta phan t& peptid. Nhé& cé dac diém luwéng phan
bao gébm ca axit amin than dau (chiém 77%) va axit
amin than nwéc (chiém 23%), Indolicidin cé kha
nang twong tac tot véi mang té bao vi khuén, truc
tiép tao ra cac 16 thiing va gay chét té bao, cé thé
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tiéu diét ca vi khudn Gram dwong va vi khuan Gram
am. Ngoai ra, hoat chat tw nhién nay con thé hién
hoat tinh chdng ndm, chéng ki sinh trung va tham
chi la chdng lai mot sb loai virus [5, 6]. Nh& vao cau
tric doc déo va tinh chéat da nang, Indolicidin dwoc
cac nha khoa hoc chu trong nghién ctru nham phat
trién cac lieu phap mdi chéng lai nhiém trung va
cac bénh khac lién quan dén vi sinh vat.

Tuy nhién, Indolicidin c6 khad nang gay tan
mau cao, ddng thdi hoat tinh khang khuan chi
& marc dd trung binh [8, 9]. Diéu nay cé thé bat
ngudn t¥ nguyén nhan sé lwong cac axit amin
than dau chiém ti 1é qua I&n so v&i nhém cac axit
amin than nwéc. Do d6, dan xuat INK da dwoc
thiét ké v&i sw thay thé axit amin than dau proline
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& vi tri s6 7 bang mét axit amin than nudc tich
dién dwong lysine, giam ti 1& sé lwong axit amin
than dau/than nuédc tr 77%/23% xudng con
69%/31%, ddng thoi dién tich ting Ién +5, hon
1 don vi so vo&i Indolicidin (+4). Trong nghién
clru chung téi thwe hién trwdc day, INK da cho
thdy tac dung khang khuan twong duong véi

Indolicidin trong khi gay tan mau thap hon, qua
dé cho thdy mirc dd chon loc tét hon Indolicidin
[10]. V&i mong mudn 1am rd hon trién vong tng
dung cuda peptid nay, ching téi tién hanh nghién
clru ndy nham tdng hop va khao sat dd bén cua
dan xuat INK trong mét sb diéu kién md phdng
khac nhau.

o HNYNHZ
NH
NS H NS H
" o] " o] ’ o " o o] f o]
N\é)J\N \E)J\H \é)J\N N\:)J\H <N/\:_)J\H N\E)J\H NH,
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Hinh 1. Trinh tw cda Indolicidin.
NH, NH, HN_ NH,
NH
H - NH
H (o) H o H (o) H o o q o
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g : H : H : H E H : H
Y ~ °NH ~ °NH “°NH (
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HN)\NHZ
| L P w K w K w w P w R R
Hinh 2. Trinh tw cda INK.
Bang 1. DPac diém cu truc cuda Indolicidin va INK
Dic did Indolicidin INK
e Cu thé Ti 16 (%) Cu thé Ti 16 (%)
CAu trac khéng gian Tw do - Tw do
Phan t& khéi (g/mol) 1.906,33 - 1.937,3 i
C(E\)ng thl.,J’C phén tCP C100H132N26013 - C101H137N27O13 -
SO lwgng axit amin 13 - 13
- L-axit amin 13 100 13 1(')0
- Axit amin ki nwéc 10 77 9 69
- Axit amin wa nudc 3 243 4 31
- Mang dién tich dwong 3 23 4 31
- M’ang dién tich am 0 0 0 0
- S(? lwong Cysteine 0 0 0 0
- §6 lwong Proline 3 23 2 15.
bau N Tw do - Tw do
PaucC Amid hoa s Amid hoa i
Tich dién (pH 7,0) +4 - +5 i
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2. NGUYEN LIEU, PHUWONG PHAP NGHIEN ClrU
2.1. Nguyén liéu, thiét bj

- Nguyén liéu: cac a-axit amin dwoc bdo vé
Fmoc-Arg(Pbf)-OH, Fmoc-Gly-OH, Fmoc-lle-OH,
Fmoc-Leu-OH, Fmoc-Trp(Boc)-OH, Fmoc-Pro-OH;
khong dwoc bdo vé (Tryptophan) va hat ran Rink
Amide MBHA resin (100-200 mesh) déu cé db tinh
khiét > 97% (Angene, Trung Quédc).

- Dung mbéi: N,N-Diisopropylethylamine
(DIPEA, 99%), N-Methyl-2-pyrolidone (NMP, 99%),
Dimethylformamide (DMF, 99%), Dichloromethane
(DCM, 99,5%), Trifluoroacetic axit (TFA, 99%),
Acetonitrile tiéu chuan HPLC (ACN 99,8%), Piperidin
(99%), (Daejung, Han Quéc); Triisopropylsilane (TIS,
98%), Thioanisole (99%), (Sigma-Aldrich, Btrc).

- Thiét bi: hé thdng sac ki 1dng hiéu ndng cao
(HPLC) Agilent 1260 va cot sac ki di kém (Hoa Ky);
hé théng sac ki 1dng ghép khéi phé Shimadzu LC-
MS/MS 8040 (Shimadzu, Nhat Ban); cac may li
tam, may l&c, bé phan &ng Vacuum manifold, bom
chan khéng, may l&c (Trung Quéc), may lac Vortex
(Y), may siéu am (Birc); cac thiét bj chinh st dung
trong qua trinh téng hop: bé tdng hop pha rén VM20
vacuum manifold Sigma va phu kién chac ba; hé
thdng séc ki Idng hiéu ndng cao ghép bd phan phat
hién da séng (HPLC-DAD) Agilent 1260 va cot s&c
ki silica gel pha dao C18 Zorbax column - Agilent, 5
um, kich thwéc 9,4x250 mm; hé théng sac ki 16ng
ghép khéi phd (LC-MS) Agilent 6400 Series Triple
Quadrupole B.08.00 LC/MS System va c6t C18
Agilent 959961-902, kich thwéc 3,5 pym, 4,6x100
mm. Mot sé thiét bi khac: bom chan khéng, may
thoi N, , thiét bi siéu am, may li tam, vortex mixer, tG
hat, may quay cét chan khéng, may lac.

2.2. Phwong phap nghién ctru

-Téng hop, tinh ché peptid: ngam lac Resin (120
umol) Ian lwot trong DCM (3 phut), DMF (10 phut)
trwdc khi dung. Str dung 20% piperidin trong DMF
dé loai bd nhém bao vé Fmoc. Gan céc axit amin
vao theo th tw bang tac nhan COMU (ti Ié resin/
axit amin/COMU 1/5/5) v&i sy cé mat cua DIEA.
Sau méi 1an gan axit amin hay loai bd nhém bao
vé Fmoc, resin dwoc rira 1an lwot bang cac dung
dich theo th&r tw DCM, DMF, DCM, DMF, DMF. Khéi
lwgng cac nguyén liéu str dung dwoc trinh bay cu
thé trong bang 2.

Sau khi loai bé nhém bao vé Fmoc, resin dwoc
rira v&i DCM nhiéu Ian rdi 1am khé qua dém, cho
vao hén ho’p TFA/TIS/H,O (ti 1&é 95/2,5/2,5) trong 2
gio dé cat peptld ra kh0| resin va loai bd cac nhom
bdo vé khac, tiép tuc lam khdé qua dém. Hoa tan
peptid bang nwéc va loc dé loai resin. Cac peptid
tiép tuc dwoc tinh ché bang hé théng HPLC v&i cot
Zorbax C18 column (Agilent, 5 ym, 9,4x250 mm)
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véi 2-30% B (11 phut), 30-100% B (1 phut), 100%
B trong 5 phut, 100-2% B (2 phut), 2% B (2 phut); A
0,1% TFA/H,O, B: 0,1% TFA/Acetonitril (ACN), tbc
dd dong 3 mL/min.

Phan tich mau peptid trwdc va sau khi tinh ché
véi 5-100% B (8 phut), 100% B (1 phat), 100-5% B
(2 phat), 5% B (1 phat); A: 0,1% TFA/H,0, B: 0,1%
TFA/Acetonitrile (ACN); téc dd dong 1 mL/min va
dinh tinh bang hé théng LC-MS/MS véi 30-80% B
(2 phat), 80-30% B (2 phut); A: 0,1% TFA/H,O, B:
0,1% TFA/ACN; tbc d6 dong 1 mL/phut; vung khéi
400-2000 Dalton.

Nhan biét INK dwa vao budc séng 280 nm.

- Phwong phap khao sat do bén véi trypsin: cac
peptid dwoc hoa tan trong dung dich dém phét phat
pH 8,0. Néng do peptid dwgc xac dinh dwa vao viéc
can va pha truc tiép. Chuan bi mau chira peptid can
khao sat va chat chuan ndi la Tryptophan trong dung
dich dém pH 8,0. Pha loang trypsin 0,25% vao dém
pH 8,0 rdi thém vao dung dich trén sao cho néng
do trypsin 1a 0,005%, ndng d6 peptid la 40 uM. Hén
hop dwoc G duy tri & 37°C va I&c 600 vong/phdt.
Dinh lwong peptid tai thei diém phat 0 va phat 30
bang hé théng HPLC-DAD tai buéc séng 280 nm,
thé tich tiém mau 40 pL. M6i thi nghiém dwoc tién
hanh hai lan v&i cling mot peptid.

- Phwong phap khao sat dd bén véi nhiét do: cac
peptid dwoc hoa tan trong dung dich dém PBS pH
7.4. Néng do peptid dwoc xac dinh dwa vao viéc
can va pha tryc tiép. Chuan bi mau chira peptid can
khao sat va chét chuan noéi la Tryptophan trong dung
dich dém PBS pH 7,4. Pha lodng néng do peptid va
chét chuén noi Tryptophan la 64 uM. Hén hop duoc
G duy tri & cac nhiét d6 khao sat la 25°C, 45°C, 65°C,
85°C va l&c véi tbe dd 600 vong/phut trong vong 30
phat. Tién hanh dinh lwong cac peptid tai méi nhiét
dd bang hé théng HPLC-DAD tai buéc séng 280
nm, thé tich tiém mau 20 pL. M&i thi nghiém dwoc
tién hanh hai lan v&i cing mét peptid.

3. KET QUA NGHIEN Cc(rU
3.1. Téng hop va tinh ché INK

Hinh 3 minh hoa tém tat so d6 tbng hop INK:
INK sau tinh ché dwoc loai bd bét dung méi bang
hé théng cét quay va tién hanh déng khé. San
pham thu dwoc & dang bot trdng x6p, khdng mui;
dwoc kiém tra do tinh sach bang hé théng HPLC
v&i két qua thé hién trong hinh 5. D6 tinh sach 1a
phan trdm dién tich peak san pham trong tdng dién
tich cac peak trén séc ki d6 (khéng tinh cac peak
tap hé théng). Theo do, dd tinh sach clia s&n phdm
theo HPLC la xép xi 100%.

Sau d6, mau peptid da dwoc tinh ché va danh
gia dé tinh sach béng HPLC dwoc dem di xac dinh
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khéi lwgng phan t&r bang hé théng phd khéi LC-MS. Két qua dwoc trinh bay trong hinh 5 va bang 2 cho
thdy san pham thu dwoc INK c6 gia tri phu hop véi gia tri li thuyét.

iperidine 20% 1. DCM x 1
O\NHZ Piperidine o - o\r‘\ijmoc
-Fmoc 2. DMF x 1 H
R4 [ Rink amide MBHA resin
+ HQ
N—Fmoc |Amino acid 13
o M
R
R R "9 NH— Fmoc
Piperidine 20% 1. Wash with DCM/DMF %N )L( —
N—Fmoc ——MM = NH, > |
Hy - Fmoc Rz o H R,
o} (o} o 4 HO% Resin
= = i ’ N—Fmoc
[Emoc-AAs-Resin L [Fmoc-AA,-AA;-Resin
Amino acid 12
“Fmoc | Piperidine 20%
1. DCM/DMF wash Piperidine 20% 1. DCM/DMF wash
FmMOoC-AA;-...-AA,-AA ;-Resin| - < Pendine “F ... <
2. Amino acid 1 -Fmoc 2. Amino acid 11
-Fmoc l Piperidine 20%
_ TFA/TIS/H,O
’H2N—AA1-...—AA12-AA13—Rest - ’ H2N-AA1—...—AA12—AA13-CONH2‘

Hinh 3. So d6 téng hop INK.

User Spectra
Fragmentor Voltage Collision Energy Ionization Mode
135 0 ESI
x10 8§ | *ESI Scan {rt: 0.793 min) Frag=135.0V CF=0.000 DF=0.000 Mau 2.d
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Counts vs. Mass-to-Charge (m/z)

Hinh 4. Phé khéi ciia d&n xuét INK sau tinh ché (két qué duoc téng hop lai trong bang 2).
e g Bang 2. So sanh gia tri m/z thwc nghiém va li
' thuyét caa INK

Céng thirc miz Gia tri Gia tri
phan tir INK li thuyét | thu dwoc
[M+2H]/2 | 969,0520 | 969,2000

C,oiHiaN,;, 0,5 [[M+3H]/3 | 646,3710 | 646,5000

1000—

500—

N 137" "27 ~ 13
B ; : < ; = [M+3H]/4 | 485,0260 | 485,1000
- - Dan xuét INK cuta peptid tw nhién Indolicidin da
] - 1 R 1 R R ) R duorc tbng hop thanh cong bang phwong phap téng
Hinh 5. Séc ki b phan tich mau IN hop peptid pha rén va tinh ché bang hé théng séc ki
sau tinh ché bang hé théng HPLC. I6ng hiéu nang cao HPLC.
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3.2. Khao sat do bén véi trypsin Két qua phan tich mau INK khéng ¢6 trypsin cho
e 7 thay thoi gian lwu cha Tryptophan la khoang 5,018-
J 5,074 phut, thoi gian Iwu cla Indolicidin la khodng
6,251-6,253 phut. Khi cho thém trypsin vao méu

018

: peptid, sau 30 phut, INK bi cat ra nhiéu manh bdi

0 trypsin, xuat hién thém nhiéu peak méi trén séc ki dd
(hinh 7).

5: ‘ Sau khi d6i chiéu s&c ki dd trwdc (hinh 6) va

: ERE R =+« < = sau khi cho trypsin (hinh 7), nhan thdy peak cla

: = Tryptophan (W) van gitv nguyén, tuy nhién peak

L S B _— T cta INK da nhé hon trwéc véi vi tri thdi gian Iwu

Lzl __s=lm _|__smsl___sesl__sonl_mu|__o7a) 6,287 phut (hinh 7A) va 6,286 phut (hinh 7B). So v&i

e z peak ban dau (100%), i & con lai ctia INK 1a 31,9 +

1,1%. Bang chu y, két qua thi nghiém twong tw dwoc
thwe hién trén Indolicidin cho thdy peak séc ki cla
Indolicidin d& khéng con sau 30 phut; qua d6 cho
thay ti 1& con lai cha Indolicidin 1a xap xi 0%.

3.3. Khao sat do bén & cac mirc nhiét khac nhau

- 8 8 8 %
| ——ums
| —

—— ———— Bang 3. Két qua khao sat dd bén cua INK & cac
' -+ mirc nhiét khac nhau

# Time Type Area Height Width  Area% Symmetry
e T mr sl wml sl Nhiat L__Tryptophan L
) ) dé Th&i gian | D.tich | Th&i gian | D.tich
Hinh 6. Ket qua phan tich " | lwu (phat) | peak” |lwu (phat) | peak’
hai mau INK khéng cé trypsin. 5076 562.3 6.249 1170.8
25 OC ) ) ’ )

5,051 543,4 6,239 9751

A 4500 5,074 563,3 6,254 1282,5
5,049 5711 6,254 1127,6
5,050 552,8 6,249 12474

65°C

5,047 546,7 6,258 1151,1
5,046 548,3 6,251 1037,1
5,049 552,5 6,259 1151,5

= T . — ——— : i 85°C
,

# T Type Area__ Height __ Width _ Areat% Symmetry *: Dién tich peak, don vi mAU/s

1 4.513| 68 2819 82.2 0.054 12.215 0.74%8

Fmm— £ — s Nghién ctu duoc tién hanh trén hai mau khac
| B2 - bl icl ees nhau & méi mlrc nhiét, két qua cho thay & tat ca cac

P - ) ] Y T mau thu dwoc, peak cia Tryptophan va INK déu
con gan nhw nguyén ven & cac mic nhiét tr 25°C
B dén 85°C trong 30 phut.
- g g 4. BAN LUAN

Két qua phan tich bang hé théng HPLC cho thay
san pham thu dwoc cé moét peak nhon, can dbi,
..... e | chirng t6 d6 tinh sach cha INK dat xap xi 100%.
' Pong thdi, két qua LC-MS xac nhan khdi lwong
phan t&r thwe nghiém phu hop véi gia tri li thuyét,

o B 8 &
ad
| as
5628
S5y
62
;;UU&I

# Time Type Area Height Width Area% Symmetry 2 a > X X ~ 2 Y
1 s 1.2 sl oose[  wuss[ 077 khang dinh rang dan xuat INK da dwgc tong hop va
2 5.021| B8 737.6 213 0.0544 31.884 0.737 . X . n
r - For ] YT Y tinh ché thanh cong [12].
S 5.949| VB 0.6 10.2 0.0739 2.189 0.647 , ., 2 A ~ Y ~ L.
0| -1 i R bang chu y, INK thé hién d6 bén vwot trdi so VoI
T o o Indolicidin khi bi thdy phan bai trypsin. Proline von
Hinh 7. Két qua phén tich hai mau dwoc biét dén la amino axit lam tang tinh linh déng
INK sau 30 phut b6 sung trypsin. trong chudi peptid khang khuan, do dé viéc thay
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thé proline bang lysine cé thé da gép phan lam 6n
dinh c4u trac khéng gian cta INK, gitp giam kha
nang nhan dién va cat bdi enzyme tiéu hoa. Két
qua khao sat dd bén & cac mirc nhiét dd khac nhau
cling cho thdy INK duy tri dwoc ciu trac én dinh,
chirng té kha nang chiu nhiét tét [10].

Diéu nay cé y nghia quan trong ddi véi qua trinh
bao ché va tiét khuan dwoc pham, béi hau hét cac
dang bao ché nhw dung dich tiém hoac dung dich
udng déu phai trai qua giai doan x& |i nhiét. Nhe
d&c tinh 6n dinh vé nhiét va enzyme, INK cé tiém
nang dwoc ng dung trong phat trién cac ché pham
peptid khang khuén c6 dd bén cao [13].

Trong twong lai, can tiép tuc tap trung nghién
clu danh gia dd bén clta INK trong huyét thanh
ngudi. Dong thoi tién hanh phan tich clu tric
khéng gian bang cac ki thuat quang phd luwéng sac
tron hodac mé phéng déng lwc hoc phan tir (MD)
nham lam sang té co ché 6n dinh vwort trdi ctia INK
so v@i Indolicidin, ttr d6 mé rong hwéng rng dung
cla peptid nay trong dwoc phadm va y sinh hoc.

5. KET LUAN

Dan xuat INK duwoc tbng hop thanh coéng va
cho thdy sw cai thién dd bén v&i enzyme tiéu hoa
trypsin so v&i Indolicidin. Két qua dat dwoc gidp tao
tién dé cho viéc nghién clru phat trién cac hoat chat
khang khuan phd réng cé ngudn gbc peptid trong
twong lai.
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