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Abstract

Computational assisted modeling was carried out for several systems such as
scFv anti-p17, scFv G46 (scFv binds with HIV epitope p17 which is still attached to p24),
and antibody-CD147. The models were built by homology modeling and evaluate with
Ramachadran plot and PROCHECK. Molecular docking has been performed to obtain the
complex structure of antibody and antigen. In this study, scFv against HIV-1 epitope at
the C-terminal on p17 (scFv anti-p17) was mainly used as a candidate molecule for
evaluating the method. The wild-type p17 and its nine natural mutants were docked with
scFv anti-p17. Potential mean force (PMF) scores predicted the most favorable binding
interaction, and the correlation agreed well with the corresponding activity data from the
peptide based on competitive ELISA. In the interaction with solvent molecules, the 3D
structures of scFv anti-p17 and selected peptide epitopes were further investigated by
molecular dynamics (MDs) simulation with the AMBER 9 program. Post-processing of the
snapshot at equilibrium was performed to evaluate the binding free energy and pairwise
decomposition or residue-based energy calculation of complexes in solution using the
Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) protocol. Our results
demonstrated that the specific residues located in the complementary determining regions
(CDRs) of scFv anti-p17, MET100, LYS101, ASN169, HIS228, and LEU229, play a
crucial role in the effective binding interaction with the absolute relative decomposed
energy more than 2.00 kcal/mol in comparison to the original substrate. A computational
alanine scanning mutagenesis was submitted to quest for the residues in the energetic
contribution of the mutation sites in scFv anti-p17 binding free energy with p17 c-terminal
peptide alternatives. The result demonstrated several influenced amino acid residues in
the scFv binding pocket i.e. ASP31, ASN35, TRP50, MET100, LYS101, SER103,
TYR104, SER162, ASN169, LEU185, LYS188, ASP190, TRP224, GLN225, and
LEU229. A candidate point mutation, M100R and M100G, were found to improve
remarkably improved the binding activity scFv anti-p17 of by the indirect ELISA. However,
some concerns on the correlation between the theoretical and experimental results of
competitive and indirect ELISA have been raised in several cases.

Besides, intracellularly expressed antibody fragments (intrabodies) have been
used as powerful tools for clinical applications and for the functional analysis of proteins
inside the cell. Among several types of intrabodies, single chain fragment variables (scFv)
composed of only the variable regions (VH or VL) of antibodies are the smallest and thus
the easiest to design. However, normal antibody fragments do not form disulfide bonds in
the cytoplasm and usually are unable to achieve a stable native fold in the absence of
the disulfide bonds. Recently, the crystal structure of anti-RAS VH and VL fragments
without disulfide bonds after substitution of cysteine residues and the wild type VH and
VL with intact disulfide bonds showed no structural differences between the two types of
the VH and VL. Another system of interest is the soluble scFv in cytoplasm. There is
great interest in engineering antibody fragments that will fold and are stable under
reducing conditions, and that could serve as framework to which other specificities could
be grafted. We have undertaken molecular dynamics simulations to investigate the two
types of such systems with and without disulfide bonds. The structural analysis in term of
distance geometry analysis, hydrogen bond analysis, residue interactions, the disulfide
strain energy and binding affinity between the domain, were observed in order to explain
the stability of the antibody scFv fragments. The experimental study is still ongoing for
comparison with the calculation results.

Keywords : Molecular design, Antibody-antigen, HIV-1, Single chain Fv, Docking,

Molecular dynamics



Unaaga

msluaalasldraufiaaslumansszuuigu scFv anti-p17, scFv G46 ffany
HIV epitope L% p17 ﬁ1ﬂﬁqLﬂué’ann cleave 8aniaN p24 Uas UWaUALOA-CD147 @283
mlaluladlueafouarzdulanaionnnmwnanmuenuuaslysse  ldaanfae
Tuanaaelansadsdoursniuondvadiuazuandion lunudseildnm scrv de
HIV-1 8RImluSimeans C-terminal 7i p17 (scFv anti-p17) Tandanilu'lne wild-type p17
uazfiuanyian 8 aafinulusssuT@ny scFv anti-p17 14 Potential mean force (PMF) 49
Lﬂuwaﬁawuﬁ:ﬁaﬂﬂﬁ’mn"uﬂ’agamsnmaa{t competitive ELISA dwiLauasnseninlems
nssnamaaivaslanaadedoulwivhelilsunsy AMBER 9 lﬁﬂﬁﬁ%ﬁaﬁﬁuqah
MINWIUNAINUE VBRI wa”aﬂutiaﬂﬁﬂ:ﬂ w30 wﬁ'qqﬁuttﬁﬂ:uy;a:ﬁiulﬂul'ﬁ'
Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) wuimy]a:ﬁh
U319 CDRs ﬁﬁﬂﬂ"m_,Lm:ﬁd’:wé’amuﬁﬂﬁi’uﬁugsrﬁﬁ'ﬂﬁ'ﬂﬁﬁuuﬁ’nmmauﬁwuﬁ%nﬁu
NN 2.00 keal/mol leiun MET100, LYS101, ASN169, HIS228, uar LEU229 lf;ﬂﬁ’l‘r}:
mﬁummuﬁﬂﬂﬂﬂauﬁamafwui'my:a:ﬂ'[uﬁﬁwan‘s:ﬂu'l.ﬁu.ﬁ ASP31, ASN35, TRP50,
MET100, LYS101, SER103, TYR104, SER162, ASN169, LEU185, LYS188, ASP190,
TRP224, GLN225, uaz LEU229 flaw/dsuutlaomyeziiluuas scFv 91n M100R uaz
M100G wudnlsznSnwnisiiasuues scFv anti-p17 @awnuwdinadiwulusssuma
ROAARBINUNIINARDY indirect ELISA agdlsnauandSoutfisunamsdiuimn uazly
MINANBINI competitive Was indirect ELISA 88195:3/@5239

uanmnﬁmS'l“ﬁﬁumma6'lumaﬂ§ﬁn1un’|511ﬂﬂiﬁut.‘ff’|§mﬂa' laonsldau
wewdvafmaLdfilsznauaas VH wia VL %aLﬂuei'm"umﬂLﬁnﬁqﬂlummammuwuh
fugmasaiiiuszladaIndliados uazgnﬁwaw'l@i’tﬁmi':‘lﬂagﬂu cytoplasm 9nTaYA
lanaiInanuas scFv anti-RAS WU’jﬁLf;ﬂLLﬂuﬁﬂ!;I;“ﬁ'ﬁLﬁlsu ﬁ":ﬂngﬁluﬂﬂng’iﬂﬂma{w
duadiaog el snysuuiinauladiaszuy scfv Aasmeldlulolawaady  Seen
Tansshofinulimusardsansudwuessuandvednsunodmuasadosluanms:
saddlelasminivds  Tas@nwinnissaaswamaaivasszun scFv Aiduas lifiwus:
lodalnd  Sianmdlassaie vWuszlalanaw  duasiSenssnhmgerfily - wisnu
anuiazaluny lada iwe Woasunuanuafiusuay scFv 'ﬁamsﬁnmmaﬁaaﬂﬁﬁﬁmi
tTmz“ilumwiuﬁun'mﬁam‘%'nnLﬁnuﬁ'unamiﬁmm
Aman: m‘;‘aammmﬁﬂmaqa, waufuaf-uaudian, tarlad-1, Fv enoldod, danfa, 3

IRDINRAIRAT





