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TOM TAT

Vaccine duong udng di dwoc phat trién va ching minh 13 giai phap t6i uu cho cac bénh nhidm tring duong rudt nho kha
nang kich thich san xuit khang thé IgA dang tiét, tir d6 ting cudng cac phan tmg min dich niém mac. Tuy nhién, cac yéu t6
vét 1y khéc nghiét ciia dudng tiéu hoa nhu pH va enzyme tiéu hoa c6 thé dan dén sy phan hay khang nguyén. Hon nita, do
dién tich b& mt 16n ctia rudt va dic tinh dung nap mién dich ctia cac té bao rudt, khang nguyén thuong bi phan tan va kho co
thé gy ra phan tng mién dich mét cach hidu qua. D3 c6 nhiéu nghién ctru van dung chién lwoc nhim muc tiéu té bao M
thong qua tuong tac giita phdi tir va thy thé bidu hién bé mat nhdm ting cudng hidu qua hép thu khang nguyén cia vaccine
ubng trong rudt. Trude ddy, ba peptide lién két GP2 (GP2-binding peptide - GbP) dd dugc danh gia 1a c6 kha ning twong tac
v6i GP2 va ting cuong su hdp thu khang nguyén cua té bao M, v6i Gbl dem lai két qua tuong tac tét nhét. Vi thé, trong
nghién ciru ndy, twong tac gifta ba peptide Gb va thu thé hGP2 dugc danh gia va phan tich théng qua mot s§ phdn mém Tin
sinh va cong cu Sinh hoc tinh toan bao gdm mé phéng cu tric va docking phan tir. Dya vao cong cu mé phong, cdu trac 3D
ctia protein hGP2 va ba GbP da duoc xay dyung véi do tin cdy cao. Két qua docking cho thiy tuong tac giita peptide Gbl va
hGP2 dugc 6n dinh bang séu lién két hydro. Cac két qua nay 1a tién dé& dé thiét ké thém nhing peptide méi co ai lyc cao hon
v6i hGP2 nhdm phuc vu cho qua trinh phat trién vaccine ubng sau nay.

Tir khéa: Docking phan tir, Glycoprotein GP2, Gbl, md phong céu triic, tin sinh hoc, vaccine udng.

GIOI THIEU

Vaccine dwong udng dwoc dé xuét 1a bién phap hiéu qua dé ngan nglra cac bénh xam nhiém dwong tiéu hoa
nhé khd ndng gay mién dich niém mac béng cach kich thich hé mién dich mang nhay tao ra khang thé IgA dang
tiét (SIgA) cling v&i kha nang mién dich toan than. SIgA hd tro' loai bd cac khang nguyén va mam bénh khai rudt
béng cach ngan chan sy twong tac clia ching veéi cac thu th& & niém mac qua médt qua trinh dwoc goi la "loai trir
mién dich” (Mantis et al., 2011). Tuy nhién, vaccine dwéng ubng phai ddi mét véi nhirng thach thirc trong méi
truéng axit clia dwdng tiéu hdéa, noi cac khang nguyén cé thé bi phan hly bdi cac enzyme tiéu héa; xu hwéng
dung nap mién dich va kha nang phan tan khang nguyén do dién tich réng 1&n clia b& mat Idng rudt ddi hoi lwgng
khang nguyén cao hon trong vaccine uéng dé tao ra phan &ng mién dich manh mé so véi vaccine tiém (Weiner
et al., 2011; Van der Weken et al., 2020). Viéc tang cudng lwgng khang nguyén sé gay ra phét sinh vé& chi phi
ddng thdi cling sé gia tang dung nap mi&n dich; do vay, mét chién lwgc ddy hira hen dé& ting cudng hap thu
khang nguyén va dap &ng mi&n dich la tan dung cac twong tac phdi ti-thu thé nhadm nham tring dich t& bao M
trong biéu moé lién két nang (FAE) ctia cac mang Peyer (Yamamoto et al., 2012; Zafar et al., 2023).

Céc nghién clu trudc day da xéc dinh dwoc cac phdi tir bao gdm lectin, khang thé, peptide, protein, peptidoglycan va
lipopolysaccharide cho thu thé bidu hién trén bé mat t& bao M; trong dd, cac phdi tir protein hodc peptide déc biét
hra hen dé& phat trién vaccine udng quy mé I&n do lgi ich cla cdng nghé protein tai té hop va ky thuat 1&n men
vira don gian vira tiét kiém chi phi. GP2 1a mét glycoprotein neo glycosylphosphatidyl inositol (GPI), dwgc bidu
hién trén b& mét cla t& bao M c6 lién quan dén sw hap thu cla vi khudn FimH" t rudt (Hase et al., 2009). Diéu
nay cho thdy GP2 l1a mdt muc tiéu ly twéng dé& dwa khang nguyén (Ag) vao mé niém mac, gilp ting hiéu qua cua
vaccine udng. Theo nghién ctvu cla Inam Khan va déng tac gia (2017), théng qua qua trinh sang loc tir thw vién
phage, Gb1 (peptide lien két GP2) 1a mot peptide v&i kha ndng téng cweng sw hap thu Ag cla té bao M théng
qua thu th& GP2, déng thoi tao ra mirc IgG huyét thanh va IgA niém mac cao dang ké. Diéu nay con di kém voi
sw tAng cudng cac t& bao tiét cytokine trong nhidéu mé lymphoid, d&c biét 13 cac interleukin (IL)-4, IL-5, va IL-6,
nhirng yéu t6 lien quan dén viéc chuyén ddi isotype sang IgA dang tiét. Sy ting cwdng nay cho thdy kha nang
ctia Gb1 trong viéc kich thich mién dich, va tidm ndng st dung né nhw mét ta dwoc cho vaccine udng (Khan et
al., 2017). Vi thé trong dé tai nay, chung téi st dung td hop cac céng cu tin sinh hoc dé& phan tich va danh gia
nham cé cai nhin sau hon vé twong tac gitra peptide Gb1 véi thy thé GP2; tlr dé dat muc tiéu cai thién kha nang
nham triing dich dén té bao M cla peptide nay.
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NGUYEN LIEU VA PHUONG PHAP

M6 hinh héa céu tric Glycoprotein 2 cia ngwdi (human GP2 — hGP2) bang phwong phap mé phéng
twong dong

CAu trlic day du cta hGP2 (full-length hGP2) dwoc xay dung bang phwong phap mé phéng twong ddng véi b6
cong cu Rosetta phién ban 3.7.1 (Leman et al., 2020). hGP2 bao gom cac mien (domain) quan trong sau: (1) clu
tric kep toc B va D10C (amino acid (aa) 41-184); (2) giébng EGF _(aa 186-230); (3) zona pellucida (ZP — aa 228-
484); trong d6, mién (1) dwoc xay dung dwa trén cau trac tinh the héa hGP2 dang tan (PDB ID: 7P6R), hai mién
con lai dwge md hinh hdéa dwa trén cau truc twong déng nhat v& mat trinh tw 1& Uromodulin ctia ngwoi (PDB ID:
6TQL) bang cong cu RosettaCM. DPoan néi gira cac mién dwoc xay dung lai bang cong cu RosettaRemodel.
Nhirng vi tri dwéng héa dwoc md phdng bang may chi CHARMM-GUI.

Phan tich dic diém cla cac peptide bam GP2 (GP2-binding peptide — GbP) va dw doan cu tric 3D

Trinh tw cac peptide dwoc thu nhan tir cdng bd cla Khan va ddng tac gia (2017). Bac diém héa ly ctia nhitng
peptide nay duoc tinh toan bang may chl ProtParam. Sau d6, cAu truc 3D cla nhitrng peptide nay dwoc dy doan
béng thuat toan AlphaFold 2 dwoc tich hop vao ColabFold ciing sb 1an tai dw doan (num_recycles) 1a 48. Céu
tric c6 hang cao nhét dwoc s dung cho buédc docking tiép theo.

Xay dwng céu tric phirc hop GbP-hGP2 bang phwong phap docking phan ti

pé glam thiu khong gian tim kiém va thoi gian docking, cong cu CASTp dwoc str dung dé dy doan vi tri twong
tac tiém ‘nang gitra GbP v&i hGP2. May chi HADDOCK 2.4 dwgc st dung cho qua trinh docking gitra ba GbP va
hGP2 két hcyp vai thdng tin vi tri twong tac cia CASTp (van Zundert et al., 2016). Phirc hgp nam & cum clu
trang c6 diém HADDOCK th&p nhat dwoc chon. Céng cu FlexPepDock dwoc tich hop trong Rosetta duwoc st
dung cho viéc tbi wu héa mach chinh va hwéng gén cla peptide déi véi thu thé. TAt ca cac két qua tr md hinh
héa c4u tric hGP2, cac GbP va phirc hop GbP-GP2 dwoc biéu dién va phan tich bang phadn mém PyMOL.

KET QUA VA THAO LUAN

M6 hinh héa céu truc Glycoprotein 2 cta ngwdi (human GP2 — hGP2) bang phwong phap mé phéng
twong dong

Protein hGP2 ton tai trong tw nhién & bén dang isoform la 1, 2, 3 va 4; trong d6, dang 1 twong ddng véi 2 con 3
twong ddng véi 4 khi thiéu di mién doc nhat (unique domain) dai 144 aa ti vi tri 42-185 (Hinh 1A). Day dwoc xem
la két qua clia qua trinh phan cét khi protein nay dwoc bidu hién (Zhang et al., 2024). Nghién ciru clia Khan va
ddng tac gia (2017) da cho thdy dwoc rang FimH* bam vao GP2 & isoform 1, dang isoform dai nhét. Vi thé, ching
toi chon isoform 1 @& md hinh héa ciu tric hGP2.

O Signal peptide

HJ D Unique area
() EGF-like domain
0 @) zona-pellucida

C] Transmembrane domain

Hinh 1. C4u tric protein hGP2

A. Cac dang isoform cua protein hGP2 trong tw nhién. B. Céu tric déy di cda protein hGP2 duoc mé phdng véi bd cong cu
Rosetta (cyan) va céu triic hGP2 dwoc dw doan théng qua cong cu AlphaFold 2 (xanh bién). C. Ving kep téc B cua cau tric
7P6R (vang) va doan ndi gitka mé hinh EGF-ZP va 7P6R (cam). D. M6 hinh hGP2 da bé sung cac gbc dudng.
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Ca hai protein hGP2 va Uromodulin déu Ia protein neo GPI va s& hitru mién ZP déng vai trd nhw mét cau tric
polymer héa bao gém hai tiéu phan riéng biét nhung dé&u cé cAu tric dang globulin mién dich, ZP-N va ZP-C, néi
v&i nhau b&ng mot linker dai 24 aa (Bokhove, Jovine, 2018). C4u tric hGP2 da dwoc dy doan théng qua céng cu
AlphaFold 2 (AF2 ID: P55259); tuy nhién, md hinh nay lai khong cho théy dwoc sw gian ra cla linker nay dé tao
d|eu kién cho sy polymer hoa cua nhiéu phan t& hGP2 (Hinh 1B). Vi thé, c4u truc hGP2 tir aa 186 dén 484 bao
gdm ca mién giébng EGF va ZP (EGF-ZP) dwgc md hinh héa twong dbng dwa trén chu tric 6TQL. Mé hinh nay
dwoc chon lam khuén vi ¢cé d9 bao pha va twong dong lan lwot 1a 0,98 va 53,4%, phu hop cho tiéu chi cia
phuong phap md phéng twong ddng. So sanh gilra ciu tric dy doan véi khuén 6TQL cho thay dwoc do twong
ddng cao & mién giébng EGF, ZP- N va ZP-C; tuy nhién, linker gitra hai tiéu phan ZP khéng tao duwoc cAu tric bac
hai nao nhw so véi hai phién B ni tiép ctia Uromodulin (Hinh 1B). Biéu nay cé thé anh hwéng dén twong tac tao
polymer clia GP2. Cling nhw nhirng protein cé chira viing ZP khéac, vung ZP glup cho GP2 c6 thé& polymer héa
tao thanh mang hat tao enzyme (zymogen granule membrane). Viing kep téc B cla céu tric 7P6R va doan ndi
gitva mé hinh EGF-ZP va 7P6R dwoc tai cAu tric bang RosettaRemodel. Két qua cho thay cac vung nay da duoc
néi lai thanh cong (Hinh 1C). Trong thi nghiém cia Khan, GP2 dwoc sir dung la protein tai t& hop san xuét tiy té
bao c6n tring; vi thé, chung t6i tiép tuc bd sung thém céac gbc duwdng vao nhirng vi tri ASN bao gém 65, 88, 122,
134, 204, 216, 260, 291, 342, va 362 dwa trén thong tin tr UniProt (Hinh 1D). Diéu nay hé trg cho viéc xac dinh vi
tri bam ctia cac GbP 1én GP2 théng qua viéc loai bd cac vi tri dwdng hda do.

Phan tich dic diém cuta cac peptide bam GP2 (GP2-binding peptide — GbP) va dw doan céu tric 3D
Déc didm hoa ly clia cac peptide tinh toan bang ProtParam duoc liét ké & Bang 1.

Bang 1. Pac diém hoa ly chia cac peptide

Trinh ty plly thuyét S6 aa phan cuwc c_hlﬁ ki ban .ré Chi s6 l.)ét én dinh
(BVCV; nam men; E. coli) (Instability Index)
Gb1  HPNYDHDRMHTQ 6,26 3 (Aii{%g‘)sw’ 3,5 gio; 10 pht; > 10 gio 55,38 (kém bén)
Gb2 FRVIYTDMPGAH 6,74 2 (ARG2, ASP7) 1,1 gi&; 3 phut; 2 phat 24,56 (bén)
Gb3 SMQYADHPVNTG 5,06 1 (ASP6) 1,9 gio; > 20 gio; > 10 gidr 8,76 (bén)

DVCV: Béng vét co vu.

Két qua ProtParam cho thdy ba peptide déu c6 pl thdp hon 7,4 nén déu co tinh acid do s& hiru acid aspartic;
trong d6, Gb3 c6 tinh acid cao nhat véi pl 5,06. Didu nay c6 thé goi y ring cac peptide nay s& bam vao vi tri tich
dién &m nam trén hGP2. Gb1 c¢6 nhiéu aa phan cuc nhat véi hai aa ASP va mét ARG, gilp cho peptide nay co6 do
linh déng cao va dé tan trong dung méi phan cwc hon hai peptide con lai. Tuy nhién, ciing vi li do d6 ma peptide
nay cé chi s6 bat én dinh cao nén dwoc danh gia 1a kém bén hon. Ngoai ra, chu ki ban ra cia ba peptide ciing
duoec tinh toan véi Gb1 dwoc xem |1a peptide ¢ kha nang ton tai lau hon Gb2 va Gb3 do HIS ndm & dau N. Pac
tinh cia amino acid ndm & dau N s& quyét dinh dé&n chu ki ban ra cta sb lwong peptide trong dich téng protein,
v&i aa kém phan cuwc sé dem lai chu ki ban ra twong déi dai hon so véi cac aa phan cuc. Quy luat nay khac nhau
& nhiéu loai sinh vat nhw déng vat c6 vi, ndm men, E. coli, hay luc lap va duoc biét dén véi cai tén luat ddu N (N-
end rule) (Varshavsky, 1997). Cac peptide nay sau d6 sé dwgc dung hop véi khang nguyén muc tiéu dé tao ra
protein tai t& hop GbP-Ag, vira c6 kha ndng dem khang nguyén t&i chinh xac thu thé tiép nhan, vira kéo dai thoi
gian ban ra va tang d6 bén cla peptide.

CAu truc 3D cuia cac GbP duwoc dy doan bang AlphaFold 2 tich hop trong ColabFold. Gb2 véi Gb3 khéng tao cu
tric bac 2 nao cu thé so véi dang xodn a ctia Gb1. Biéu nay cé thé giai thich dwoc do trinh tw Gb1 ¢6 ba aa phan
cwe xen k& v&i cac aa khong phan cuc nén cé xu huwéng xoay cac aa ASP va ARG ra tiép xtc dung méi. Ca ba
mé hinh nay d&u dwoc st dung cho docking véi hGP2.

1231



CONG NGHE SINH HOC Y DUOC

-ter HI
A B C-ter HIS12

Cc
N-ter HIS1 N-ter PHE1
N-ter SER1
C-ter GLY12
C-ter GLN12
Predicted IDDT per position Predicted IDDT per position Predicted IDDT per position
o //\ —— = on| S — ® R =

,é /;/\ = 8 -\\-v\/\’\ 'é e e~ \\\
o, = | 2.

3 £ 3

S. = S .

3 8 3

Q. & a,

;’ositio;\s ! : ‘Positio;'ls K : ‘Posiliobns
Hinh 2. C4u tric dwc doan cla cac peptide bam GP2 (GbP), bén dwi Ia pLDDT cia tirng cau tric
A. Peptide Gb1. B. Peptide Gb2. C. Peptide Gb3.
Xay dwng céu tric phirc hop GbP-hGP2 bang phwong phap docking phan ti

May chd HADDOCK 2.4 duwgc st dung d& docking gitra ba GbP va hGP2. Trwdc hét, vi tri twong tac trén thu thé
hGP2 can dwoc xac dinh théng qua may chi CASTp. Ket qua tr CASTp tinh toan v&i ban kinh tim kiém 1a 1,4 A
va mot héc tuwong tac khong chtra aa bj dwong hoa, nam & mién gitra ving D10C va vuing gibng EGF. Bang chu
y hon, viing nay bao gébm doan epitope tir VAL154 dén THR169 c6 do twong ddng cao véi doan epitope 16 aa tlr
154-169 ctia GP2 & chu6t, quan trong cho sw nhan dién clia khang thé khang GP2 (Stsiapanava et al., 2022). Vi
vay, vi tri twong tac nay dang tin cay cho qua trinh docking. Quy trinh docking bang HADDOCK chii yéu xoay
quanh khai niém “Giéi han twong tac nhap nhang (Ambiguous Interface Restraints — AIR)”; trong d6, cac aa truc
tiép tham gia vao twong tac s& dwoc chon 1 “active” con nhivng aa lan can sé dwoc gan |a “passive”. Vi thé, qua
trinh docking sé& dién ra chinh xac hon so véi docking toan cuc (global docking) va co thé loc ra nhitng phirc hop
khong thda man théng tin thwe nghiém. Két qua tra vé t» HADDOCK cho ra phirc hop tbt nhat ciia ba peptide
Gb1, Gb2, Gb3 c6 s6 diém HADDOCK lan lwot la -117,7 + 3,3, -114,7 + 3,5, -89,6 + 2,6. Qua d4, ching ta c6 thé
nhan xét rang Gb1 twong tac véi hGP2 tbt hon so véi Gb2 va Gb3, phu hop véi két qua thuc nghiém cta Khan
va dbng tac gia (2017). Diém HADDOCK thap dang ké ctia Gb3 cé thé dworc gidi thich do cAu truc kém phan cuec,
it nhitng gbc aa trao nhan hydro.

= GLN213
b

CYS200

Hinh 3. M6 hinh twong tac gitra cac peptide Gb va protein hGP2 ttr HADDOCK

A. Phire hop Gb1-hGP2. B. Phirc hop Gb2-hGP2.
C. Phure hop Gb3-hGP2. D. Truc quan hoa lién két hydro gitra Gb1 va hGP2.

Vi tri twong tac gitva ba peptide cling khac nhau dang ké khi chi c6 Gb1 va Gb3 bam hGP2 tryc tiép vao hébc
twong tac tr CASTp, con Gb2 thi trai dai twong tac & ngoai bé& mét nhidu hon (Hinh 3A-C). Ba phtrc hop nay tiép
tuc t6i wu hda mach chinh va chudi bén bang cong cu FlexPepDock va danh gia bang thong sé total_score. Phirc
hop GbP-hGP2 sau khi ti wu thé hién dwoc sw gan két sat hon cla peptide vao thu thé thdng qua sw gia tang
céc lien két hydro véi GP2. Didm sbé cla ba peptide Ian luot 1a -544,670, -482,920, va -531,310 don vi ning
lwogng Rosetta (Rosetta Energy Unit — REU), qua dé giai thich dwoc ly do Gb1 cho két qua twong tac thuc
nghiém tét hon so véi hai peptide con lai (Hinh 3D). Ngoai ra, twong tac nay khéng &nh hwéng nhiéu dén ciu
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trac tdng thé ctia GP2 do Gb1 chi “bam” chir khong kich hoat GP2 chuyén ddi trang thai. Sau hon vao twong tac
ctia Gb1 v6i thu thé, peptide nay tao sau lién két hydro véi hGP2 duoc trinh bay & Bang 2. Nhd vao hai aa & hai
dau N va C la HIS va GLN déu tao lién két hydro véi hGP2 I1an lwot tai ARG181 va GLN213 véi do dai < 3 A (2,39
va 1,79), peptide Gb1 dwoc cb dinh & héc twong tac, tranh dwoc sw anh hwéng cla dung mdi trong qué trinh
bam [&n thu thé.

Bang 2. Phan tich lién két Hydro giira hGP2 va peptide Gb1

hGP2 Peptide Gb1
Nguyén tor Amino acid Nguyén tor Amino acid Loai twong tac Khoang cach (A)
NE R102 0} P2 2,95
o G159 NH2 R8 2,91
N Y161 OoD2 D7 3,31
Nz K189 oD2 D5 Lién két hydro 2,99
C200 OH Y4 2,62
Q213 OE1 Q12 2,71
D214 OE1 Q12 3,17

KET LUAN

Tw nhirng két qua in silico trén, ching t6i da xay dung thanh céng cAu truc day di cia hGP2 duoc dwong hoa,
mot thu thé biéu hién d&c trung trén bé mat t& bao M v&i céng cu Rosetta va CHARMM-GUI. Cac peptide dwoc
phat hién théng qua sang loc phage la Gb1, Gb2, va Gb3 ciing dwgc dw doan cau truc va két hgp voi hGP2 qé
tao ra phirc hop GbP-hGP2 bang phwong phap docking phén tir véi HADDOCK. Két qua tinh toan nay cho thay
sy twong thich véi ket qua thie nghiém cha Khan va dong tac gia (2017) khi Gb1 thé hién kha nang bam hGP2
tot hon so voi hai peptide con lai, thdng qua kha nang tao lién két hydro nh& vao nhivng aa phan cwc cta minh.
Thong gua ket qua nay, viéc toi wu hoda trinh tw peptide nham tang ai lwc clia Gb1 véi hGP2 co thé duoc thue
hién, hd tro cho nhitng hwéng di méi trong twong lai ciia cong cudc phat trién vaccine ubng nham tring dich té
bao M.

Loi cam on: Nhom tac gia chan thanh cam on PTN. Cac hé thong théng minh, Khoa Céng nghé théng tin, Truong Pai hoc
Khoa hoc Tuw nhién da ho trg nhdm tiép can tai nguyén may tinh hiéu nang cao trong qua trinh thec hién nghién ciu.
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SUMMARY

The oral vaccine has been developed and proven to be an optimal solution for gastrointestinal infections due to
its ability to stimulate the secretion of secretory IgA antibodies, thereby enhancing mucosal immune responses.
However, harsh environments in the digestive tract such as pH and digestive enzymes can lead to antigen
degradation. Moreover, due to the large surface area of the intestines and the immune tolerance characteristics of
intestinal cells, antigens are often dispersed and may not effectively induce immune responses. Therefore,
strategies focusing on targeting M cells through ligand-receptor interactions on their surface have been
developed to enhance the antigen absorption efficiency of oral vaccines in the intestine. Previously, three GP2-
binding peptides (GbPs) were evaluated for their ability to interact with GP2 and enhance antigen uptake by M
cells, with Gb1 showing the best interaction results. In this study, the interaction between the three Gb peptides
and the hGP2 receptor was evaluated and analyzed through a series of computational processes, including
structure modeling and molecular docking. Based on simulation tools, high-reliable 3D structures of hGP2
protein and the three GbPs were constructed. Docking results demonstrated that the interaction between Gbl
peptide and hGP2 was stabilized by six hydrogen bonds. This study provided a basis for designing new peptides
with higher affinity for hGP2 to support the future development of oral vaccines.
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