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Abstract. The XIAP protein is a member of apoptosis proteins family. The XIAP protein plays a central role in the
inhibition of apoptosis and consists of three Baculoviral IAP Repeat domains. The BIR3 domain binds directly to the N-
terminal of caspase-9 and therefore it inhibits apoptosis. N-terminal tetrapeptide region of SMAC protein can bind to
BIR3, inhibit it and subsequently induce apoptosis. In this study, fifteen tetrapeptides were docked into the BIR3 domain
and then 10 ns molecular dynamics simulations were performed on each of the BIR3-peptide complex obtained from
docking. MM/PBSA method was subsequently used to calculate the binding free energy of peptides to BIR3. The results
of MM/PBSA method were in good coordination with docking and existing expermental results. The results showed the
most potent peptides with the lowest binding free energy for binding to BIR3 included ATPF, AKPW and ARPF peptides.
Also, investigation of bonds between these peptides and BIR3 domain in the final structure of complexes showed that
Leu 307, Thr 308, Glu 314 and Tyr 324 of the BIR3 domain were essential for binding of peptides. Energy decomposition
results for binding these peptides to the BIR3 domain during MD simulation was inconsistent with previous results and
approved the roles of the same residues. The higher affinity of these peptides relative to native peptide (AVPI) and
comparing them with other peptides revealed that the existence of positive charge in the second position and the existence
of the aromatic group in the fourth position led to more binding affinity.
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Table 1. The name and sequence of the studied peptides and their experimental dissociation constant (Kp).
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Fig. 1. Root mean square deviation (RMSD) of BIR3 backbone during 10 ns MD simulation.
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Table 3. The average of total, potential and drift of total energy divided to average of total energy and temperature of
all systems during the last 4 ns of MD simulations in free BIR3 domain and complexes.

Uy 2 ds54) IS 55! (e 2 d55S) Joity 555 S35 (o2 e g oled
—YOO¥aFE AYQ —FYFA Y VARRR! Ya4/4%1/4 STBIR3 e ss
Y VEVEVYE —YVAARY £ 9Y4 VAER] Yo NEY/ \
— Y YAVEEAYVS YV X £ S5 VIERRL) YA4/AY Y
¥V Yy —YFAVEF & £5) A4 Ya4/4%Y /¥ v
EOOTEAR N —FVAVEY E VYS VAR Yokyy f
RO 21N PV FEOEST] ey YoakY¥ o
—FOFFIVEATYA SYVYY Y ESYY VAR YA4/A%Y 4
—FFFYAZAYY —FVOAVFEY Y VAR Yok v
S FaVYERaryY PV AVIEVYY VAERS ¢ Y44/4%Y/y A
P FPAaEVVA YV AN EOVE AERR4 Yeokyy q
YOS AEASD YV 9VE SVE VIERRYN YoEyy \
Y AEASY YV SAY STV VAR Yooty "
¥ FVOFEAYA —YVOASF £VEY VAR Yo /YEYY \Y
—YOFL Y AT — YV FOESAS VAR Yok Y
Y FPVIEAS —FVAVFIEVYS VAERS ¢ YoNEY ¥
Y FYSOEAVF —FVAFOAEVIY RN ARVAEAVAN 10

a3 3 By Ol S5ao0 (S gy sluw 5 S0ke 5 iz 5 BIR3 s Lol CISKul RMSD) Sl o oSl yd ey o Kle —£ Jg>
Gilwans SLL b gU ¥ Job 55 OT s BIR3 aass 0l 5550 digm sliw 5:55Ls s BIR3 JS05s Jols S35, L sled :55Le s BIR3
Ao oSS 53 5 5TBIRS e gs 3 (IS0 50 &Sl
Table 4. The average backbone RMSD values of BIR3 domain and peptides, the number of intramolecular hydrogen

bonds of the BIR3 domain and the number of hydrogen bonds between peptides and BIR3 domain and between water
and BIR3 domain during the last 4 ns MD simulations in free BIR3 domain and complexes.
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Table 5. The distance of the center of mass of BIR3 domain and peptides, the area of below RMSF graph of BIR3, the
radius of gyration (Rg) of BIR3 domain, and the average of RMSD of zinc ion and its connected atoms and average of
the solvent accessible surface of the BIR3 domain during the last 4 ns of MD simulations in free BIR3 domain and

complexes.
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Table 6. The average of MM/PBSA binding free energies and electrostatic, Van der Waals, polar and non-polar
solvation contribution energies (kJ/mol) of peptides to BIR3 domain during the last 4 ns of MD simulation.
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Table 7. The average of binding energy contribution of peptide residues in binding to BIR3 domain (kJ/mol).
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