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Designing a new tetrapeptide to inhibit the BIR3 domain of the XIAP
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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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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.
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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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Fig. 3. Schematic diagram of the interaction of BIR3 domain with A: tetrapeptide 6, B: 8 and C: 9 in the final strcture of
10 ns MD simulation. Hydrogen bonds are indicated by dashed lines between the atoms involved, while hydrophobic
contacts are represented by an arc with spokes radiating towards the ligand atoms they contact. The contacted atoms are
shown with spokes radiating back. Carbon atoms are shown in black, oxygen and nitrogen atoms in red and blue,

respectively.
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Fig. 4. The binding energy contribution of BIR3 domain clef residues in binding to peptide 6 (A), peptide 8 (B) and

peptide 9 (C) during the last 4 ns.

33 e Tt Jlasl g5l women ol di;.;\; D90
A b 2l 53) ol D 50 & 4 by e Lalh ST
HNotaTomsa gl s (ad 5 o flama 5 Go D50
Coy e ki Il 63, ke MMIPBSA i3,
op) der 3 sl WlodeT Cwsts (il ans Jsb 43 &S ol
@B L ST gy ) edaT ity b §same 53 S
(R? = v/8Y) &yls ke Sees MMIPBSA 5,
Jlail o go 3l plt 5 sl 0SS L oS5 gl o 2l

5 Fa8s sty Ll mhy S8s 5 Olabl Gl 5 dnes
@_Lﬁw.;j)lfq\)MM/PBSA sy sle (g 5aum
MMPBSA is; b b baday ol 31 6 F s s o0
S5 e Sl s (RP = Nt o Soanen
Jsb s baday ol & Jlasl 55 BIR3 s ss (slaodile 3L 13T
Ly A5 g odile Bl Olen A8 iuseS ileans
Ay ol oSS o bl S a8 lg il s S5ssdn
GLodile BL on) A8 o LT 1) 5p edeTowsa b
ol OYF 5a,s 5 YVF SLL S A s Y ]
& Jlasl Sl 5 s eyl 5 Cbasdn S bedile L
B LAl il Lol dzgys Cotasl 5 o B dn slaes S
b3 bl Koso,lea (Kipp, 2002) 5,15 Kealen 0 K
olae &S (AVPD) ac S )lee dy b anslis s iy o

Siloand UL LU F 5o oz, el 2 LBIRS o
b T bl ol 5 gy o Dol 4 Laible aea s
Ml > ol S badksy aes LE rmes il
Oy 15 Al (ilwans SLL 4 gL F Jsb 3) 5 6 Jlas!
RMSD 65 BIRS 55 b a2 50 Ols kol
FB S3asn Lsm 225 b e 1y 09 U a7 5o
Sislen g5lwant d5b 3 BIRS ess 5otz S10ks 4 5
e r 35 S5l o b Il ST (65 51 Sllons s 3
s 2 Slalows ol 5l i a5 A plowl ISl o 2
4 5 (ARPF) A 5 (AKPW) & sz, 5 Sl b ladzy o)
oy Ko a s S5 st Jlasl 65 3l by ol (ATPF)
oed btz i Ole Sigyde Glabise vy @Lﬁ Ayls
Ol (G5leand Sl etaTmsa LShaS” olg sktle 55 BIR3
st B b Aoy &S Slrodile SL Olas 4 iy ol aS™ 515
BIR3 (53 slaotile 3L s bas S .tias oo [2Sle cdas
BT Jlasl Sy il el & wns o (5 5Ll gladign
o b Slbme 53 580 (AVPD (acb dny 4 o
55K, duasl s Sty S 6550 ¢~ MM/PBSA
o 3 eaTlwns s b oS ag iyl @55 g
e PR s 0T S &l Kaleal &S

23 bl o Lok alons 355 ol 33 5 T (slad 5S040



181/1 A

Mirahmadi and Mahnam. Designing a peptide to inhibit the protein

OelSg 808 Hloe wiin (b plige § (S0l e

REFERENCES

Bagheri, S., Davoodi, J., Saboury, A.A. and Salmanian,
A.H. 2012. A mechanistic Insight into Caspase-7
inhibitor by BIR1-2 domain of XIAP and CIAP1. - J.
Iran. Chem. Soc. 9: 615-623.

Baker, N.A., Sept, D., Joseph, S., Holst, M.J. and
McCammon, J.A. 2001. Electrostatics of nanosystems:
application to microtubules and the ribosome. — PNAS
98: 10037-10041.

Berendsen, H.J.C., Van Der Spoel, D. and Van Drunen, R.
1995. GROMACS: A message passing parallel
molecular dynamic Implementation. — Comput. Phys.
Commun. 91: 43-56.

Cai, Q., Sun, H., Peng, Y., Lu, J., Nikolovska-Coleska, Z.,
Mceachern, D., Liu, L., Qiu, S., Yang, C.Y. and Miller,
R. 2011. A potent and orally active antagonist (SM-
406/AT-406) of multiple inhibitor of apoptosis
proteins (IAPs) in clinical development for cancer
treatment. — J. Med. Chem. 54: 2714-2726.

Carter, B.Z., Milella, M., Tsao, T., Mcqueen, T., Schober,
W.D., Hu, W., Dean, N.M., Steelman, L., Mccubrey,
J.A. and Andreeff, M. 2003. Regulation and targeting
of antiapoptotic XIAP in acute myeloid leukemia. —
Leukemia 17: 2081-2089.

Cornell, W.D., Cieplak, P., Bayly, C.I. and Kollmann, P.A.
1993. Application of RESP charges to calculate
conformational energies, hydrogen bond energies, and
free energies of solvation. — J. Am. Chem. Soc. 115:
9620-9631.

Cossu, F., Mastrangelo, E., Milani, M., Sorrentino, G.,
Lecis, D., Delia, D., Manzoni, L., Seneci, P., Scolastico,
C. and Bolognesi, M. 2008. Designing Smacmimetics
as antagonist of XIAP CIAP1 and CIAP2. — Biochem.
Biophys. Res. Commun. 378: 162-167.

Flygare, J.A., Beresini, M., Budha, N., Chan, H., Chan, I.,
Cheeti, S., Cohen, F., Deshayes, K., Doerner, K. and
Eckhardt, G. 2012. Discovery of a potent small
molecule antagonist of inhibitor of apoptosis (1AP)
proteins and clinical Candidate for the treatment of
cancer (GDC-0152). — J. Med. Chem. 55: 4101-4113.

Frisch, M.J., Trucks, G.W., Schlegel, H.B., Scuseria, G.E.,
Robb, M.A., Cheeseman, J.R., Zakrzewski, V.G.,
Montgomery, J.A. and Pople, J.A. 1998. — Gaussian 98
Gaussian, Inc., Pittsburgh, PA.

Fulda, S., Wick, W., Weller, M. and Debatin, K.M. 2002.
Smac agonists sensitize for Apo2L/TRAIL- or
anticancer drug-induced apoptosis and induce
regression of malignant glioma in vivo. — Nat. Med. 8:
808-815.

Genheden, S. and Ryde, U. 2015. The MM/PBSA and
MM/GBSA methods to estimate ligand-binding
affinities. — Expert. Opin. Drug Discov. 10: 449-461.

Hess, B., Kutzner, C., Van Der Spoel, D. and Lindahl, E.
2008. GROMACS 4: Algoritms for highly efficient,
load-balanced, and scalable molecular simulation. — J.
Chem. Theory. Comput. 4: 435-447.

Huang, Z. 2002. The chemical biology of apoptosis:
Exploring protein-protein interactions and the life and
death of cells with small molecules. — Chem. Biol. 9:
1059-1072.

035 ol 53 Cote 5L o das o 0L Sl SMAC (555
T g P P PSR WP LR I
ol (sl ey o 5 4 imen a3 e L0l 1, BIR3
fn a5 bl SGWIT 65 8 51 e oSGl T 05 8 poler
sy $Sleg,T Csbadn 03 8 lyls odaTimse 8 Ay
4598 (&» 23 baday ol Rl )b Sass onl o
35 a5 5T 005 b i s ladny b 4 el 5 04
Sy et AVPL ads iz &yTQM&‘}&&&L&@};
LT 5505 (F oY Gladay b a) dd Jaame iVl S
P 9 g 33 e S alie ab sl L
¢ WTMM/PBSA (g5l 5 XS (g5, Js L350 oy
(..,,é_as)gjjl,w):f.{:.ﬁL§)|J..1\%J]&Jj|):ﬁ(AVP|)@,b.x:;;.;jl
Ayl 65 by sl 4 Cad asl bl bw g DU
wtle o0 Oyset 8 g A 37 Gladn, a5 54 s sl
355 gy See BIR3 ey 4 T Jlasl Ll 5 dpd
ol Sl 4 $SGlesyT sk ooy & Jlasl b poven
BIR3 53 Jlge sl 6,05 ot (slackzy (reb Ao poler
op @S 3 S D) pen T (S e Sy b
SEsn M S0 b S S Gy S 0I5 e eimen 350
b Gl 55, )5 pl 4 sl o5 ST ), BIR3
Sl e lays s XIAP 55, BIR3 s sl oS len e

A8 5L

Sl 3wl
OLly oS 5 558 e oltils Lt s Siglas 5 OBty 5



182/\AY

Nova Biologica Reperta 5 (2): 168-182 (2018)

Kashkar, H. 2010. X-linked inhibitor of apoptosis: A
chemoresistance factor or a hollow promise. — Clin.
Cancer Res. 16: 4496-4502.

Kipp, R.A., Case, M.A., Wist, A.D., Cresson, C.M,,
Carrell, M., Griner, E., Wiita, A., Albiniak, P.A., Chai,
J., Shi, Y., Semmelhack, M.F. and McLendon, G.L.
2002. Molecular Targeting of Inhibitor of Apoptosis
Proteins Based on Small Molecule Mimics of Natural
Binding Partners. — Biochem. 41: 7344-7349.

Kollman, P.A., Massova, I., Reyes, C., Kuhn, B., Huo, S.,
Chong, L., Lee, M., Lee, T., Duan, Y., Wang, W.,
Donini, O., Cieplak, P., Srinivasan, J., Case, D.A. and
Cheatham, T.E. 2000. Calculating structures and free
energies of complex molecules: combining molecular
mechanics and continuum models. — Accounts. Chem.
Res. 33: 889-897.

Kumari, R., Kumari, R., Anusandhan, B. and Lynn, A.
2014. G-mmpbsa - A GROMACS tool for high-
throughput MM-PBSA calculations. — J. Chem. Inf.
Model. 54: 1951-1962.

Li, J. 2005. Handbook of materials modelling. — Springer
Netherlands. pp: 565-588.

Lindahl, E., Hess, B., Van Buuren, A.R., Apol, E,
Meulenhoff,  P.J., Tieleman, D.P., Sijbers, A,
Feenstra, K.A., Van Drunan, R. and Berendsen,
H.J.C. 2002. Gromacs user manual, version 3.2.
University of Groningen: Groningen, Netherlands. pp:
15-27.

Ling, B., Zhang, R., Wang, Z., Liu, Y. and Liu, C. 2010.
Study on the interactions of smacmimetics with XIAP-
BIR3 domain by docking and molecular dynamics
simulations. —J. Theor. Comput. Chem. 9: 797-812.

Liu, Z., Sun, C., Olejniczak, E.T., Meadows, R.P., Betz,
S.F., Oost, T., Herrmann, J., Wu, J.C. and Fesik, S.W.
2000. Structural basis for binding of Smac/DIABLO to
the XI1AP BIR3 domain. — Nature 408: 1004-1008.

Mahnam, K. and Hoghoughi, A. 2014. In silico studies on
fingolimod and cladribine binding to p53 gene and its
implication in prediction of their carcinogenicity
potential. — Mol. Biochem. Diag. J. 1: 105-122.

Mannhold, R., Fulda, S. and Carosati, E. 2010. IAP
antagonists: promising candidates for cancer therapy. —
Drug Discov. Today 15: 210-2109.

Mcllwain, D.R., Berger, T. and Mak, T.W. 2015. Caspase
functions in cell death and disease. — Cold Spring Harb.
Perspect. Biol. 7: a026716.

Morris, GM., goodsell, D.S., Halliday, R.S., Huey, R,
Hart, W.E., Belew, R.K. and Olson, A. 1998.
Automated docking using a lamarckian genetic
algorithm and an empirical binding free energy
function. — J. Comput. Chem. 19: 1639-1662.

Morris, G.M., Huey, R., Lindstrom, W., Sanner, M.,
Belew, R., Goodsel, D. and Olson, A. 2009. Autodock4
and autodocktools4: automated docking with selective
receptor flexibility. — J. Comput. Chem. 30: 2785-
2791.

Seiter, M.A., Salcher, S., Rupp, M., Hagenbachner, J.,
Kiechl-Kohlendorfer, U., Mortier, J., Wolber, G.,
Rolling, J.M., Opexer, P. and Ausserlechner, M.J.
2014. Discovery of sanggenon G as a small-molecular
weight inhibitor of X-linked inhibitor of apoptosis
protein XIAP. — FEBS Open. Bio. 4: 659-671.

VEASVAY Y 8)lods o alr o i psle 4o (g sloasily

Sousa da silva, AW. and Vranken, W.F. 2012. ACPYPE-
antechamber python parser interface. — BMC. Res.
Notes. 5: 367-374.

Sun, C., Cai, M., Meadows, R.P., Xu, N., Gunasekera,
A.H., Herrmann, J., Wu, J.C. and Fesik, S.W. 2000.
NMR structure and mutagenesis of the third bir domain
of the inhibitor of apoptosis protein XIAP. — J. Biol.
Chem. 275: 33777-33781.

Van Der Spoel, D., Lindahl, E., Hess, B., Groenhof, G.,
Mark, A.E. and Berendsen, H.J.C. 2005. GROMACS:
fast, flexible, and free. — J. Comput. Chem. 26: 1701-
1718.

Wallace, A.C., Laskowski, R.A. and Thornton, J.M. 1995.
LIGPLOT: a program to generate schematic diagrams
of protein-ligand interactions. — Protein Eng. 8: 127-
134.

Wu, G., Chai, J., Suber, T.L., Wu, J.W., Du, C., Wang, X.
and Shi, Y. 2000. Structural basis of AP recognition
by Smac/DIABLO. — Nature 408: 1008-12.

Wu, H., Che, X., Zheng, Q., Wu, A., Pan, K., Shao, A., Wu,
Q., Zhang, J. and Hong, Y. 2014. Caspases: a
molecular switch node in the crosstalk between
autophagy and apoptosis. — Int. J. Biol. Sci. 10: 1072-
1083.

Yang, C.Y., Sun, H., Chen, J., Nikolovska-Coleska, Z. and
Wang, S. 2009. Importance of ligand reorganization
free energy in protein-ligand binding-affinity
prediction. — J. Am. Chem. Soc. 131: 13709-13721.

*kkkk

How to cite this article:

Mirahmadi-Babahaidary, F. and Mahnam, K. 2018.
Designing a new tetrapeptide to inhibit the BIR3 domain
of the XIAP protein via molecular dynamics simulations. —
Nova Biologica Rep. 2018: 168-182.

Sl dan S5 b MY L plige 9 0B (S bl (Sl
it s XIAP 155, BIR3 s Jlgn sy oy sl T

IAYNPA VYRV s pske 53 o 5 sl — . J oS0 g0 Sl s



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4382736/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4382736/
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19736924

Mirahmadi and Mahnam. Designing a peptide to inhibit the protein gy 50355 o w2k plige 5 Goexlyae




