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Tom tat

Muc tiéu: Tong hop toan phan hoat chit Cn-AMP3 quy mo phong thi nghiém
va danh gia tac dung khang khuan cung kha ning gdy tan mau cta san pham.
Phwong phdp nghién ciru: Cn-AMP3 duogc tong hop bang k§ thuat tong hop
peptide pha ran (solid-phase peptide synthesis - SPPS). Hoat tinh sinh hoc ciia
peptide dugc danh gia thong qua phuong phép pha loang va phuong phap do do
v3 hong cau. Két qua: Peptide Cn-AMP3 duogc tong hop véi hiéu suat 43,8% va
d6 tinh khiét > 98%. San pham cho thiy tac dung khang khuan yéu trén hai ching
vi khuan Klebsiella pneumoniae va Staphylococcus aureus nhung hiéu qua duoc
cai thién rd rét khi két hop vé6i khang sinh kanamycin. Vé d6 an toan, Cn-AMP3
gdy tan mau < 5% & nong do thir nghiém cao nhat 1a 256uM. Két lugn: DA tong
hop thanh cong peptide Cn-AMP3 va budc dau danh gia duoc hoat tinh khang
khuan ciing nhu do an toan trén té bao hdng cau, cho thay tiém ning tmg dung két
hop voi khang sinh.

Tir khoéa: Peptide khang khuan; Tong hop peptide pha ran; Cn-AMP3.

SYNTHESIS AND EVALUATION OF BIOLOGICAL ACTIVITY
OF PEPTIDE Cn-AMP3

Abstract

Objectives: To perform the total synthesis of the bioactive peptide Cn-AMP3 at
a laboratory scale and evaluate its antibacterial activity and hemolytic potential.
Methods: Cn-AMP3 was synthesized using solid-phase peptide synthesis (SPPS).
The biological activity of the peptide was assessed via broth microdilution and
hemolysis assays. Results: Cn-AMP3 was successfully synthesized with an overall
yield of 43.8% and a purity exceeding 98%. The peptide exhibited weak
antibacterial activity against Klebsiella pneumoniae and Staphylococcus aureus.
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However, its efficacy was significantly enhanced when combined with the

antibiotic kanamycin. Regarding safety, Cn-AMP3 induced less than 5%

hemolysis at the highest tested concentration of 256uM. Conclusion: The peptide

Cn-AMP3 was successfully synthesized and preliminarily evaluated for its

antibacterial and hemolytic activities, which suggested its potential for use in

combination therapies with conventional antibiotics.

Keywords: Antimicrobial peptide; Solid-phase peptide synthesis; Cn-AMP3.

PAT VAN DE

Hién nay, tinh trang khang khéang
sinh va khang nidm dang dién ra rét
nghiém trong trén toan cau. Trong do,
nhimg nim gin day, Viét Nam da phai
chtng kién méi de doa ngay cang gia
tang cua khang khang sinh, do viéc su
dung khéng sinh khong hop 1y tai céc
cap cua hé thong cham soc strc khoe,
trong nudi trong thily san, trong chin
nudi va trong cong dong [1]. Bay 1a mbi
de doa 16n véi sirc khoe cong dong, anh
huong dén sirc khoe va cudc song cia
ngudi dan va sy phat trién tong thé, bén
vitng cia ca mot qudc gia. Do vy, nhu
cau can thiét hién nay 14 tim ra va phat
trién cac khang sinh méi phuc vu nhu
cau phong va diéu tri nhiém khuén thay
thé khéc.

O Viét Nam, nude dira tir 1au d3 duoc
biét dén nhu mot loai thirc ubng giai
khat gitp bd sung dinh dudng, ting
cudng trao doi chét, giam can, cai thién
stic khoe tim mach. Bén canh do, nudc
dira con ¢6 nhiéu tac dung khac d6i véi
suc khoe
khuan, hd

nhu khang virus, khang
tro diéu tri nhiém khuan

duong rudt, tri mun trung ca,... Gan
day, cac nha khoa hoc da tim ra trong
nudc cia qua dira xanh (Cocos nucifera L.)
c6 chira cac hoat chat peptide khang
khuan (antimicrobial peptides - AMPs).
Trong do6 Cn-AMP1, Cn-AMP2,
Cn-AMP3 ¢6 kha ning chéng lai
nhiéu vi khuan gay bénh thudc ca hai
chung Gram duong va Gram am [2,
3]. Piéu ndy mo ra trién vong nghién
cuu ung dung cac hoat chét tu nhién
ndy trong cac san pham chim soc sirc
khoe [4]. Theo tim hiéu ctia nhém
nghién ctru, trong khi di c6 nhiéu cong
bd vé Cn-AMP1 va Cn-AMP2 [2, 5]
thi hau nhu c6 rat it nghién ctu dugc
thuc hién trén Cn-AMP3. Cn-AMP3 la
mot chudi peptide gdm 8 amino acid
voi trinh tu chudi H — L-Tyr — L-Cys —
L-Ser — L-Tyr — L-Thr — L-Met — L-
Glu — L-Ala — OH. Nghién ctru nay
duoc thuc hién nham: T 5ng hop toan
phan peptide tw nhién Cn-AMP3 bdng
SPPS véi dé tinh khiét cao va budc
dau danh gid tdc dung khing khudn
cung kha nang gdy tan mdu cua hoat
chdt nay.
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POI TUQONG VA PHUONG PHAP
NGHIEN CcUU

1. Poi twong nghién ciru

Céc a-amino acid st dung la Fmoc-
Met-OH, Fmoc-Ala-OH, Fmoc-
Ser(tBu)-OH, Fmoc-Tyr(tBu)-OH,
Fmoc-Glu(OtBu)-OH, Fmoc-Thr(tBu)-
OH, Fmoc-Cys(Trt)-OH (nhém Fmoc —
(9H-fluoren-9-ylmethonxy)carbonyl)
va COMU (1-[(1-Cyano-2-ethoxy-2-
oxoethyldeneaminooxy)-dimethylamino-
morpholino)] uronium hexafluorophosphat)
déu c6 do tinh khiét > 98% (AK
Scientific, Hoa Ky). 2-Chlorotrityl
chlorid resin (100-200 mesh) (98%)
(NovaBiochem, Duc). Cac dung moi
N,N-Diisopropylethylamin  (DIPEA,
99%), N-Methyl-2-pyrrolidon (NMP,
99%), Dimethylformamid (DMF, 99%),
Dichloromethan (DCM, 99,5%),
Trifluoroacetic acid (TFA, 99%),
Acetonitril tiéu chuan HPLC (ACN,
99,8%) (Daejung, Han Qudc);
Triisopropylsilan (TIS, 99,8%) (Sigma-
Aldrich, Hoa Ky); Thioanisol (99%)
(Sigma-Aldrich, Hoa Ky); Tryptone soya
broth (TSB) (Merck, Drc).

* Thiét bi: Hé thong sic ky 1ong hiéu
nang cao (HPLC - High Performance
Liquid Chromatography) (Agilent 1260,
Hoa Ky) va cot diéu ché Zorbax C18
column (Agilent, Sum, 9,4 x 250mm),
cOt phan tich Zorbax CI18 column
(Agilent, 3,5um, 4,6 x 100mm); hé
théng do pho khéi LC-MS (Agilent
6400 Series Triple Quadrupole B.08.00,
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Hoa Ky); may rung (Vortex, Velp
Scientifica, Italia); ti an toan sinh hoc
cap 2 (Bio II Advance Plus, Telstar, Ty
Ban Nha); may quang pho dinh luong
vi khuan (WPA CO08000, Biochrom,
Anh); ta &m (LIB-080M, LabTech, Han
Quéc); tu am lic (LSI-3016A,
LabTech, Han Qudc). Ngoai ra, may ly
tam, may ti¢t trung, bé phan Ung
Vacuum manifold, bom chan khong,
may lac, may siéu Am va cac vat tu tiéu
hao nhu 6ng polypropylen, dia 96
giéng, dau tip xudt xt tir Trung Qudc.

2. Phuwong phap nghién ciru

* Nguyén tdc tong hop peptid pha rdn:
(1). Gan amino acid cudi cung trong
chudi vao resin thoéng qua nhém
carboxyl (nhém amino con lai va side-
chain (nhém R) da dugc bao v¢);
(2). Tao nhém amino ty do bang cach
loai, sau d6 cho phan Uung v&i nhém
cacboxyl ctia amino acid tiép theo (ciing
¢6 nhom amino va side-chain dugc bao v¢);
(3). Tiép tuc gin amino acid cho dén khi
chudi peptide dugc hoan thanh; (4). Cét
chudi peptide khoi resin, loai nhém bao
v€ ¢ cac vi tri trong mach va tinh ché.

* Thiee hién chudi phan img tong hop
Cn-AMP3: Resin (60 pmol, loading
1,195 mmol/g) dugc hoat hoa trong
DCM (5 phut) - DMF (10 phut) - DCM
(5 phat) - DCM (5 phut) trudce khi dung.
Céac amino acid theo thir tu duoc gin
vao bang xuc tic COMU (ty 1&
resin/amino acid/COMU 1/5/5) voi su
c6 mit caa DIPEA du va hoa tan bang



TAP CHI Y DUQC HQC QUAN SU SO 7 - 2025

DMEF, trir amino acid dau tién hoa tan  cac dung dich theo thu tuy DCM,
bang DCM. Nhom bao vé Fmoc dugc DMF. Khéi luong cic nguyén liéu
loai bé bang cich su dung 20% s dung duoc trinh bay cu thé trong
Piperidine/DMF. Sau mdi lan gin bang 1. So do thé hién cic phan tng
amino acid hay loai b6 nhém bao vé tong hgp Cn-AMP3 dugc minh hoa
Fmoc, resin duoc rira 1an luot bang trong hinh 1.

Bang 1. Nguyén liéu chinh str dung dé tong hop Cn-AMP3.

MW S6 Khéi lwgng (mg) Thé tich DMF

Nguyén li¢ :
guyen ficu (gmol) lwgng  thé tich (mL)" sir dung (mL)

Resin 313,22 1 50 -

Fmoc-Ala-OH 311,30 1 93 0,60
Fmoc-Glu(OtBu)-OH 425,50 1 128 0,60
Fmoc-Met-OH 371,45 1 111 0,60
Fmoc-Thr(tBu)-OH 397,50 1 119 0,60
Fmoc-Tyr(tBu)-OH 459,50 2 138 0,60
Fmoc-Ser(tBu)-OH 383,50 1 115 0,60
Fmoc-Cys(Trt)-OH 585,70 1 176 0,60
COMU 428,27 8 122 0,60
DIPEA 129,25 8 0,27mL -

(*: Tinh cho mét phan g gdn amino acid vao chudi peptide)
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| Resin-AA,-...-AAn-Fmoc | [ Resin-AA,-..-AAn | AA,-...-AAN

Hinh 1. Minh hoa quy trinh tong hop Cn-AMP3.
al. Fmoc-amino acid:DCM:DIPEA; a2. Fmoc-amino acid:COMU:DIPEA:DMF;
bl. Piperidin 20%/DMF; b2. Piperidin 20%/NMP; c. TFA:TIS:Thioanisole.
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* Tinh ché va kiém tra dg tinh khiét:
Cn-AMP3 duoc cat khoi resin bang
hén hop TFA/TIS/Thioanisole (ty 1&
95/2,5/2,5) trong 2 gi®, roi lam kho qua
dém. Sau d6 dugc hoa tan bang hdn hop
ACN/H20 (ty 18 50/50) va loc dé loai
resin, sau cung duoc tinh ché bang hé
théng HPLC vé6i cot Zorbax CI18
column (Agilent, Spm, 9,4 x 250mm)
v6i chuong trinh 5 - 55% B trong 13
phut, 55 - 100% B trong 1 phut, 100%
B trong 6 phut, 100 - 5% B trong 1 phut,
5% B trong 1 phut; A: 0,1% TFA/H>O0,
B: 0,1% TFA/ACN; toc d6 dong
3 mL/phut va danh gia do tinh khiét cua
san pham trén hé thong HPLC bang cot
Zorbax CI18 3,5um, 4,6 x 100mm voi
chuong trinh 5 - 100% B trong 8 phut,
100% B trong 1 phut, 100 - 5% B trong
2 phut, 5% B trong 1 phut; toc do dong
I mL/phut voi h¢ dung méi pha dong A:
0,1%TFA/H20, B: 0,1%TFA/ACN.
Danh gia khdi luong phén tir ctia Cn-
AMP3 bang hé théng LC/MS voi
chuong trinh 30 - 80% B trong 2 phut,
80 - 30% B trong 2 phut; A: 0,1%
HCOOH/H:0, B: 0,1% HCOOH/ACN;
tbc d6 dong 1 mL/phat; ving khéi 400
- 2000 Dalton. Nhan biét Cn-AMP3 dya
vao budc song dic trung cua lién két
amide ¢ 220nm hodc 254nm cua tyrosine.

* Panh gid hoat tinh khdng khuan:
Hoat tinh khang khuan cia Cn-AMP3
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duoc danh gia thong qua gia tri ndong do
trc ché ti thiéu (MIC) duoc x4c dinh
bang phuong phap pha lodng vi luong
trong moi truong canh thang tiéu chuan
dua theo nghién ctru [6] voi mot vai
diéu chinh nho. Panh gia duoc thuc
hién ddi véi rieng Cn-AMP3 va kha
ning hiép dbéng véi khang sinh
kanamycin trén vi khuan Gram duong
Staphylococcus aureus ATCC 25923 va
am  Klebsiella

pneumoniae ATCC 13883. Kanamycin

vi khuan Gram
la chimg duong. Ngoai ra, trong hon
hop vo1 Cn-AMP3, kanamycin dugc su
dung ¢ ndng d6 bang Y ndng do trc ché
t6i thiéu. Moi trudng nudi cay vi khuan
TSB (Tryptone soya broth) dugc pha
v6i nong d6 30 g/L H,0 dugc dung 1am
ching 4m nhiam kiém soat sy nhiém
khuan ctia méi truong nudi cdy. Mau so
sanh 1a dich nuéi cdy pha lodng trong
TSB. Cach tién hanh: Cn-AMP3 duoc
pha lodng theo dai ndng do tir 320 -
2560uM trong nudc cat hai 1an da duoc
ti¢t trung. 20uL dung dich peptide dugc
thém vao 180pL dich nudi cdy vi khuan
dé dat nong do cudi cung 32 - 256puM.
Tién hanh do mat d6 quang (OD) cua
mau & cac mdc thoi gian 0 gioy va 24 gio
sau khi u & 37°C. Mbi thir nghiém duoc
13p lai trong ba thi nghiém doc lap. Su
trc ché tang truong cua vi khuan duoc
xéac dinh bang cong thirc sau:
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OD¢20nmmau so sanh — ODe2onm(peptide/kanamycin)

s 1000
ODs20nmmau so sanh x 100%

% wrc ché =

Gia tri MIC 1a ndng d t6i thiéu ma phan tram Gc ché dat gia tri > 95%.

* Danh gia doc tinh tan mdu: Céc peptide dugc hoa tan trong dém PBS. 10uL
dung dich peptide dugc thém vao 190uL hdn dich hong cau ngudi 10% (tt/tt) trong
PBS dé dat nong d6 cudi cung 2 - 128uM. U hdn hop trong 30 phat & 37°C. Sau
khi ly tdm, dich ndi dugc pha lodng 10 1an bang PBS va tién hanh do d6 hap thy &
budc song 405nm. Dém PBS duoc sir dung lam mau trang (blank). Hon dich hong
cau duogc xir 1y v&i 0,2% Triton X-100 dugc sir dung 1am mau so sanh [7]. Mdi thi
nghiém duoc ldp lai ba lan. Ty 1€ phén tram tan mau dugc tinh theo cong thuc sau:

ODuosnmpeptide — ODagspmmAu tring

X . ~—— x 100%
OD4osnmmau so sdnh — OD4osnmmau trang

%Tan mau =

3. Pao dirc nghién ctru

Nghién ctru duge thuc hién theo Quyét dinh sé 15/QD-HPQL-NAFOSTED
ngay 26/6/2023 va sb 27/QD-HPQL-NAFOSTED ngay 02/8/2023. S liéu duoc
Pai hoc Phenikaa cho phép sir dung va cong bd. Nhém tac gia cam két khong co
xung dot 1oi ich trong nghién clru.

KET QUA NGHIEN CU'U

1. Tong hop va tinh ché Cn-AMP3

Trong qua trinh gan cac amino acid theo trinh ty chudi cia Cn-AMP3, céc phan
tmg duogc theo dbi bang thude thir Kaiser. Sau phan (mg gan amino acid, ldy vai
hat resin tién hanh kiém tra véi thude thir Kaiser [8]. Sau khi qua trinh tong hop
hoan thanh, san pham thé duoc tinh ché bang hé théng HPLC (Hinh 2).

mal 8
Peak 1: Peak sin phim ==
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Hinh 2. Sic ky d6 qua trinh chay tinh ché Cn-AMP3. Cac peak 1, 2, 3 da duoc himg
va chi ¢6 peak 1 ¢6 s6 khdi trung véi 1y thuyét cia Cn-AMP3.
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Peak san pham duoc xac dinh 1 peak co chi s6 thoi gian luu 9,787 phit. San
pham sau tinh ché dugc danh gia d6 tinh khiét trén hé théng HPLC (Hinh 3).
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35 4 rin
— 17|

# Time Type Area Height Width  Area% Symmetry

[ ] 5.045| MF__ | 24.9] 5.5] 0.0748 1.317 0.768
ez | 5.202| FM | 1863.5 473.7| 0.0656 | 98.683 0.798]

Hinh 3. Sic ky d6 phan tich mdu Cn-AMP3 sau tinh ché
bang hé théng HPLC (bén trai) va Cn-AMP3 sau dong kho (bén phai)

Két qua danh gia trén HPLC tai bude séng 220nm xac dinh duoc peak cia san
pham tai 5,202 phut véi do tinh khiét 98,7%. Cn-AMP3 sau tinh ché dugc cat quay
dé loai bo b6t dung moi va tién hanh dong kho. Két qua di thu dwoc 25,4mg
Cn-AMP3, hi¢u suat toan qué trinh dat 43,8%. San pham thu dugc & dang bot trang
x6p, khong mui (Hinh 3).

2. Panh gia khoi lwong phén tir cia Cn-AMP3 bing phwong phap sic ky
16ng ghép khoi phd

Cn-AMP3 véi do tinh khiét 98,7% duoc tiép tuc xac dinh khéi luong phan tir
bang hé théng LC-MS. Két qua phd khdi ctia Cn-AMP3 duoc thé hién & hinh 4.

Eventt: 1 03 Scan(E+] Ret Time: [1.733] Scan#t : [107]

Inten.(x1,000,000) Base Peak: 957.4/1 023,320
00 S5T.4 miz- - -967.40- - Abs. nten. 1,023,320 - Rel-Inten.- -100.00]

0.75
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1 601
0.25]
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Hinh 4. Pho khéi ciia Cn-AMP3 sau tinh ché.
So sanh gia trj khéi thuc nghiém thu duoc tir hinh 4 (967,40) véi gia tri khéi 1y
thuyét cia Cn-AMP3 (967,44) cho thiy sai s6 giira hai gia tri nay khong dang ké
(0,004%). Nhu vay, san pham thu duoc dung 1a Cn-AMP3.

0]’}
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3. Panh gia tic dung khang khuin

Trong thi nghiém danh gi4 hoat tinh khang khuan, Cn-AMP3 cho thay hiéu luc
thap, voi nong do e ché tdi thieu (MIC) vuot qua nong do thir nghiém cao nhat
(256uM). Tuy nhién, khi duoc phdi hop véi khang sinh kanamycin, hoat tinh
khang khuan tang 1én 13 rét (Bang 2).

Bang 2. Két qua danh gia hoat tinh khang khuan cia Cn-AMP3.

Chiing sinh vat Nﬁng do uc ché tdi thiéu (MIC)
thir nghiém Cn-AMP3 Kanamycin Cn-AMP3 (+Kanamycin®)
Klebsiella pneumoniae > 256uM SuM 64uM (+2uM)
Staphylococcus aureus > 256uM l6uM 256uM (+4uM)

(*: Kanamycin trong hén hop véi Cn-AMP3 dwoc sir dung ¢ nong dé bang %
nong do irc ché toi thiéu)

Két qua nay cho thay tiém nang ctia Cn-AMP3 trong viéc ting cudng hiéu qua
ctia khang sinh, tir 46 gép phan giam liéu str dung, han ché doc tinh lién quan dén
khang sinh va giam nguy co hinh thanh tinh trang khang thudc ¢ vi khuan.

4. Panh gia mirc d§ gay tan mau

Kha niang gay tan mau cia Cn-AMP3 duoc dénh gid trén té bio hong cau ngudi.
Trong thi nghiém nay, diclofenac, mot chat khong gy pha hay hong cau, dugc sir
dung 1am d6i ching am. Két qua danh gia doc tinh tan mau cia Cn-AMP3 duoc
thé hién & hinh 5.

ODiclophenac B Cn-AMP3

3 B
Z -
1 | F_‘ ﬂ
0
aum

32uM 256uM

Phan tram tan mau (%)

Nong dd thir nghiém
Hinh 5. Két qua danh gia doc tinh tan mau cia Cn-AMP3.

Két qua cho thdy Cn-AMP3 chi gdy tan mau < 5% ¢& ndéng do thir nghiém cao
nhat (256uM),su khac biét so véi nhom doéi chirng gan nhu khong dang ké. biéu
nay cho thay Cn-AMP3 c6 mtrc d§ an toan cao doi vai té bao hong cau.
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BAN LUAN

Trong nghién ctru nady, chung toi da
tong hop thanh cong peptide Cn-AMP3
bang k§ thuat tong hop peptide pha rin
v6i do tinh khiét cao va hiéu suat phu
hop cho nghién ctru quy mo6 phong thi
nghi¢m. Viéc xac nhan chinh xac khéi
lwong phan tir bing LC-MS va mot sic
ky d6 HPLC rd nét cho thiy san pham
téng hop c6 do tinh sach cao, dap ung
yéu cau cho cac thir nghiém sinh hoc
tiép theo.

V& mit sinh hoc, Cn-AMP3 cho théy
hoat tinh khang khuin don doc twong
dbi yéu trén hai chung vi khudn Gram
am va Gram duong dién hinh
(K.pneumoniae va S.aureus). Tuy
nhién, diéu dang chi y 1a khi phdi hop
voi khang sinh kanamycin, peptide nay
lam tang rd rét hidu qua khang khuan,
dac biét 1a trén K. pneumoniae. Diéu
nay pht hop véi huéng nghién ciu két
hop peptide khang khuin véi khang
sinh nham tang hiéu luc diéu tri va giam
thiéu nguy co khang thudc, da duoc ghi
nhén trong cac nghién ctru gan day. Mot
wu diém quan trong cua Cn-AMP3 1a
kha niang giy tan mau rat thap, < 5%
ngay ca & nong do cao nhat dugc thir
nghiém (256puM). Piéu nay cho thiy
peptide ndy co tiém ning phat trién
trong cac (mg dung diéu tri khi két hop
voi khang sinh, ma khong lam tang
nguy co doc tinh trén té bao nguoi - mot
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yéu tb then chdt trong phat trién dugc
pham tir peptide. Trong twong lai, can
m¢& rong nghién ctru danh gia hiéu qua
phéi hop ctiia Cn-AMP3 véi cac khang
sinh khac, ciing nhu x4c dinh co ché
hiép ddng va pham vi tac dung khang
khuan cu thé hon.

KET LUAN

Peptide Cn-AMP3 di duoc tong hop
thanh coéng voi do tinh khiét cao bang
phuong phap téng hop peptide pha ran.
Mic du hoat tinh khang khuan don doc
ctiia peptide con han ché, nhung hiéu
quéa duoc cai thién rd rét khi két hop véi
khang sinh kanamycin. Cung v&1 muc
d6 an toan cao trén té bao hong ciu
ngudi, Cn-AMP3 cho thay tiém ning
trong chién lugc phdi hop peptide -
khang sinh nhim ning cao hiéu qua
diéu tri va giam nguy co khang thude.
Nghién ctru tiép theo nén tap trung mé
rong pho thir nghiém va danh gia co ché
tac dung cling nhu hi¢u qua trén mo
hinh dong vat dé 1am rd hon tiém ning
ung dung l1am sang cua Cn-AMP3.

Loi cam on: Nghién ciru ndy nam
trong khudn kho dé tai “Téng hop va cdi
tién cdc peptide cé tiém nang diéu tri
nhiém khudn va nhiém nam trong nwde
dira Cocos nucifera” ma s6 108.05-
2021.06 dugc hd tro tai chinh tr Quy
Phat trién Khoa hoc va Cong nghé Qudc
gia Viét Nam (NAFOSTED).



TAP CHI Y DUQC HQC QUAN SU SO 7 - 2025

TAI LIEU THAM KHAO

1. RM Zellweger, J Carrique-Mas, D
Limmathurotsakul, et al. A current
perspective on antimicrobial resistance
in Southeast Asia. of
Antimicrobial Chemotherapy. 2017,
72(11):2963-2972, https://doi.org/10.1093/
jac/dkx260.

2. M Hayes and S Bleakley. 21-
Peptides from plants and their applications.

Journal

Peptide Applications in Biomedicine,
Biotechnology and Bioengineering.
2018:603-622. https://doi.org/10.1016/
B978-0-08-100736-5.00025-9.

3. MJ Santana, AL de Oliveira, LHK
Queiroz Junior, et al. Structural insights
into Cn-AMP1, a short disulfide-free
multifunctional peptide from green
coconut water. FEBS Letters. 2015;
589(5):639-644, https://doi.org/10.1016/
j.febslet.2015.01.029.

4. HD Ngan, BL Huy, CL Uyen,
et al. Antimicrobial peptides in green
coconut water: from nutritional benefits
to multifunctional applications for human
health. European Food Research and
Technology. 2025. https://doi.org/10.1007/
s00217-025-04754-6.

5. A Narayanankutty, JT Job, A
Moothakoottil Kuttithodi, et al.

Proximate composition, antioxidant,
anti-inflammatory and anti-diabetic
properties of the haustorium from
Coconut (Cocos nucifera L.) and Palmyra
palm (Borassus flabellifer L.). Journal
of King Saud University - Science.
2023; 35(1):102404, https://doi.org/
10.1016/j.jksus.2022.102404.

6. European Committee for Antimicrobial
Susceptibility Testing (EUCAST) of
the
Microbiology and Infectious Diseases
(ESCMID). Determination of minimum
inhibitory concentrations (MICs) of

European Society of Clinical

antibacterial agents by broth dilution.
2003; 9:ix-xv. https://doi.org/10.1046/
j.1469-0691.2003.00790.x

7. Luong HX, Kim DH, Lee BJ, et al.
Antimicrobial and hemolytic activity of
stapled heptapeptide dimers. Bulletin of
the Korean Chemical Society. 2016;
37(8):1199-1203. https://doi.org/10.1002/
bkcs.10839.

8. Bui Thi Phuong Hai, Poan Ngan
Hoa, Hoang Van Hai, Truong Thanh
Tung, Luong Xuan Huy. Nghién cuu
tong hop chét
pentapeptide-3. Tap chi Y Dwoc hoc
Quan su. 2024; 49(6):17-27. https://doi.org/
10.56535/jmpm.v49i6.488.

toan phan hoat

71



