   International Journal of Fundamental & Applied Sciences ISSN 2278-1404 2013 2 1 4 http://bma.org.in/ijfas.aspx @2013 BioMedAsia All right reserved    To study the mode and mechanism of interaction of A ngiopoietin II with  receptor tyrosine kinase Tie-2 using molecular mech anics and molecular  dynamics approach Vol. 2, No. 1 (201 3) 8-11   original Article  Manya Sharma Department of Biotechnology and Bioinformatics, Jaype e University of Information Technology, Waknaghat,  Solan-173234, Himachal Pradesh, India    Pradeep Kumar Naik Department of Biotechnology and Bioinformatics, Jaype e University of Information Technology, Waknaghat,  Solan-173234, Himachal Pradesh, India    Angiopoietins  are  protein  growth  factors  which  play   key  role  in  Angiogenesis.  Angiogenesis is the process of forming blood vessel s from pre-existing ones. Angiopoietin-1 (Ang-1) an d Angiopoietin- 2 (Ang-2) have been identified as ligands of the en dothelial receptor tyrosine kinase Tie-2. ANG-2 is  a key regulator of  angiogenesis  that  exerts  context-dependent  effects  on  endothelial  cell  (ECs).  ANG-2  binds  the  endotheli al-specific  receptor  TIE2  and  acts  as  a  negative  regulator  of  A NG-1/TIE2  signaling  during  angiogenesis,  thereby  co ntrolling  the  responsiveness  of  ECs  to  exogenous  cytokines.  The  tr ansmembrane  tyrosine  kinase  TIE-2  and  the  receptor  for  angiopoietins  have  been  shown  to  be  involved  in  ang iogenic  processes.  They  are  also  known  to  play  a  ro le  in  tumor  angiogenesis.  However,  the  mode  of  interactions  bet ween  ANG-2  and  TIE2  receptor  is  not  known  because  o f  the  absence of high resolution co-crystal structure. Th erefore in this study attempts were  made to investi gate the mode and  mechanism  of  molecular  interactions  between  Tie2  wi th  Ang2  using  molecular  modeling  and  molecular  dyna mics  studies.   In the present study, both Tie2 (PDB Id: 2GY5) and  Angiopoietins (PDB Id: 2GY7) were  first  prepared  using  protein  preparation  wizard  (Sc hrodinger  package).  Protein-protein  interaction  bet ween  both  the  proteins  was  studied  using  ZDock  followed  by  refine ment  using  Rdock.  The  best  docked  pose  was  then  subj ected  to  Molecular  dynamics  (MD)  simulations  to  study  the  pr ecise  interaction  between  TIE2  (Receptor)  and  Angiop oietin-2  (Ligand) over a specific time span using AMBER 11.0.  The obtained MD trajectories were further used to e stimate the  binding  free  energy  of  the  complex  using  the  molecu lar  mechanics/Poisson  Boltzmann  surface  area  (MM-PBSA )  method .  The binding energy ( ? G binding ) between both the proteins, Tie2 and Ang2 was pred icted to be  -28.77  kcal/mol using Rdock. The other energy parameters be tween Tie2 and APC interactions such as electrostati c (E elec ), van  der  Waals  (E vdw )  and  desolvation  (E sol )  energy  are  -44.68  kcal/mol,  -99.83  kcal/mol  and  6 .10  kacal/mol  respectively,  demonstrating modest interactions between them. The  interacting surface area between Tie2 and Ang2 is  842:858? CONCLUSION:  Results obtained from this study revealed that bot h Ang2 and Tie2 bind with high affinity with modest interacting surface area. Further the results guide d us in designing specific experiments for biologic al evaluations.   MMPBSA, Molecular Dynamic simulation, Tie2, Angiopo ietin   Conclusion  Results obtained from this study  revealed that both  ANG2 and  Tie2  bind  with  high  affinity  with  modest  interactin g  surface  area.   Further   the   results   guided   us   in   designing   sp ecific  experiments for biological evaluation  Introduction Angiopoietins   (ANGs)   constitutes   an   important   class    of  angiogenic       molecules       that       regulates       angiogenesis.   Angiogenesis  is  the  formation  of  blood  vessels  from   pre- existing   vessels   which   is   controlled   by   a   hierarchi cally  structured   signaling   cascade   of   endothelial-cell-sp ecifically  expressed  receptor  tyrosine  kinases.  The  growth  of  new  blood  vessels is essential during tissue repair, foetal d evelopment, and  female     reproductive     cycle 1 .     In     contrast,     uncontrolled  angiogenesis    promotes    tumor    and    retinopathies,    whil e  inadequate angiogenesis can lead to coronary artery  disease.  A  balance  between  pro-angiogenic  and  anti-angiogenic  growth  factors  and  cytokines  tightly  controls  angiogenesis .  Inhibition of  angiogenesis  can  prevent  diseases  such  as  cancer ,  diabetic  nephropathy,    arthritis,    psoriasis,    whereas    stimulat ion    of  angiogenesis  is  beneficial  in  the  treatment  of  coro nary  artery  disease, cardiac failure, tissue injury, etc.   Angiopoietins  is  the  family  of  ligands  that  binds  t o  receptor  tyrosine  kinase   2,5,6   and  it  has  four  members  that  is  ANG-1  to  ANG-4.  The  receptor  tyrosine  kinase  TIE-2  is  simula ted  by  ANG-1   and   ANG-4   whereas   ANG-2   and   ANG-3   inhibits  ANG1?induced tyrosine phosphorylation of Tie-2  3 . Ang-2 has  been identified as a functional antagonist of Ang-1 4 . It binds to  Tie-2  without  inducing  signal  transduction  in  Tie-2 -expressing  endothelial  cells.  The  opposing  effects  of  Ang-1  an d  Ang-2  support   a   model   of   constitutive   Ang-1/Tie-2   interac tion  controlling  vascular  homeostasis  as  the  default  pat hway  and  with  Ang-2  acting  as  a  dynamically  regulated  antago nizing  cytokine  7 .   Angiopoietin?Tie2   signaling   pathway   is   also  involved  in  the  reciprocal  communication  between  en dothelial  cells and pericytes.  The mode of interactions between ANG-2 and TIE2 rec eptor is  not known because of the absence of high resolution  co-crystal  structure. In this study we have  made an attempt to  investigate  the  mode  and  mechanism  of  molecular  interactions  be tween Tie2   with   Ang2   using   molecular   modeling   and   molecul ar  dynamics (MD) simulation. MD simulation was applied  on the  docked complex obtained from R-Dock to estimate the  binding  free   energy   of   complex   using   the   MM?PBSA   method  (Molecular    Mechanics    ?    Poisson    Boltzmann    Solvation  Approach)  using  Amber  11.0.  The  components  of  the  b inding  free  energies  were  also  estimated  and  used  to  explo re  the  type  of  guest/host  interactions  responsible  for  complex  formation,  which may provide further insights into the mode of  interaction  between the two proteins  Results and Discussion 3.1 ZDOCK and RDOCK:  Zdock  is  a  rigid-body  docking  algorithm  that  uses  a   Fast  Fourier  Transform  (FFT).  These  conformations  were  r anked  using  ZRank  scoring  function 8   that  uses  a  combination  of  pairwise   shape   complementarity   (PSC),   electrostatics    and  desolvation   parameters.   ZDOCK 9    generated   two   thousand  poses  and  out  of  which  the  best  clusters  were  chose n  and  refined  using  RDOCK.  11,  12 .  The  binding  energy  ( ? G binding )  of  the   best   docked   complex   between   Tie2   and   Ang2      was  predicted  to  be  -28.77 kcal/mol.  The  other  energy  parameters  between Tie2 and Ang2 interactions such as electros tatic (E elec )  and  van  der  Waals  (E vdw )  energy  are  -31.97  kcal/mol  and  - 115.24  kcal/mol  respectively  ( Figure  I ),  demonstrating  modest  interactions   between   them.   The   mode   of   interaction  was  analyzed using PDBSum and DIMPLOT and it was  found t hat  six  hydrogen  bonds  were  involved  in  the  interaction s  between  Tie2 and Ang2. The interacting surface  area between  Tie2 and  Ang2 is 842:858? 2  ( Figure II ).  3.2 MM-PBSA and MM-GBSA analysis:  The binding free energy between Tie2 and Ang2 was p redicted  using  both  MM-PBSA  and  MM-GBSA  approaches.  For  the  MM-PBSA  calculations,  we  calculated  the  difference  i n  free  energy between the protein-ligand(TIE2-ANG2) comple x and  the  unbound  protein(TIE2)  plus  the  unbound  ligand(A NG2). The  two  major  contributions  of  the  MM-PB(GB)SA  with  a bonding  character  are  the  gas  phase  Coulombic  energy ,  E elec ,  and  van  der  Waals  energy,  E vdW ,  whose  sum  is  labeled  as  G gas  which  comes  out  to  be  -395.89  kcal/mol.  The  binding   free  energy  predicted  using  MM-GBSA  (E GB )  is  -367.955kcal/mol,  whereas  using  MM-PBSA  technique  (E PB )  is  -376.26kcal/mol.   Experimental Methodology 2.1Computational Details  Crystal  structure  of  Receptor  Tyrosine  Kinase  (Tie2,  PDB  Id:  2GY5 ) and Angiopoietins ( PDB Id: 2GY7 ) were obtained from  the  protein  Databank  (PDB,  www.rcsb.org ).  Structures  were  prepared  using  the  protein  preparation  wizard  in  Sc hrodinger  package.   Explicit   all   atom   model   was   applied,   missi ng  hydrogen   atoms   were   added   leaving   no   lone   pair,   wat er  molecules    were    removed    and    thereafter    structure    was optimized.  The  proteins  obtained  were  then  energy  m inimized  using  OPLS  2005  force  field  with  Polak-Ribiere  Conju gate  Gradient  (PRCG)  algorithm.  The  minimization  was  stopp ed  either  after  5,000  steps  or  after  the  energy  gradie nt  converged  below 0.001 kcal/mol. 2.2 Molecular Docking  Receptor  Tyrosine  Kinase  TIE2  and  Angiopoietins  (ANG 2)  were   docked   using   the   ZDOCK   program   followed   by  refinement  using  RDOCK.  The  ZDOCK/RDOCK  method  has  been validated by multiple independent protein-prot ein docking  studies  and  has  been  found  to  be  a  reliable  method  for  the  prediction    of    protein-protein    interactions.    The    pro gram  ZDOCK  8,  9  initially identifies the docking positions within  the  receptor  for  the  ligand(ANG2)  based  on  shape,  stear ic,  and  electrostatic  complementarities.  Once  docking  posit ions  are  identified,  they  are  ranked  and  refined  by  the  seco nd program,  RDOCK  10,11  , which is based on the CHARMM force field and  calculates   the   energetic   between   the   protein   and   do cked  peptides  and  ranks  the  docked  poses.  RDOCK  calculatio ns  were performed on the top 400 ZDOCK-docked structure s. The  top  RDOCK  result  was  identified  and  characterized  as  the  top  potential ligand binding site.  2.3 MD Simulation of the Complex  The protein-protein complex obtained from docking w as used  as initial complex conformations in MD simulations.  The MD  simulation  was  carried  out  in  AMBER  11.0  package  14   using  Amber force field (ff99SB)  15 . Topology prep files for ligand ,  receptor and the complex  were built with the amber  force field  (ff99SB)  .  The  system  was  then  solvated  using  atomis tic  TIP3P  16  water in a cubic box with a distance of 15 ? betwe en  the wall of the box and the closest atom of the com plex.  Then  eight  Na+  ions  were  added  as  counter  ions  to  neutra lize  the  system.  The  complex  was  minimized  in  three  consecut ive  rounds  each  of  which  consisted  of  1000  steps  (500  u sing  steepest  descent  followed  by  500  using  conjugate  gr adient  method),  so  as  to  remove  the  bad  contacts  in  the  cr ystal  structure.   Positional   restraints   were   applied   to   th e   whole  system in the first and second rounds, the force co nstants of 10  and  2kcal -1 ? -2   respectively.  In  the  third  round  the  whole  system  was  minimized  without  restraint.  After  full  relaxation  the  system  was  heated  from  0  K to 300  K  in 50 ps. F inally,  a  2ns  MD  simulation  was  carried  out  following  400  ps  of  equilibration  at  300K  at  1  atm  with  the  same  force  field  constant   (2   kcal -1 ? -2       ).   Hydrogen   bond   lengths   were  constrained using the SHAKE algorithm  17 , and the equation of  motion  was  integrated  with  a  2  fs  time  step.  The  no n  bonded  cutoff distance was 10 ?, and the Particle Mesh Ewa ld (PME) method 18    was   used   to   calculate   long-range   electrostatics  interactions.  The  temperature  of  the  system  was  reg ulated using    the    langevin    thermostat.    All    equilibration    an d  subsequent  MD  stages  were  carried  out  in  an  isother mal  isobaric  (NPT)  ensemble  using  Berendsen  barometer 19   with  a  target pressure of 1 bar and a pressure coupling co nstant of 2.0  ps, recording trajectories every 1 ps.  2.4  Binding energy calculations:  The  binding  free  energy  was  calculated  using  MM-PBS A  and  MM-GBSA  21,   22   approaches.  A  total  of  260  frames  were  generated. For each frame the free energy is calcul ated for each  molecular  species  (complex,  TIE2,  ANG2),  and  the  bi nding  free energy is computed as the difference between t he energy of  complex with the combination energy of protein1 and  protein2.   ? G  bind  = Gc omplex - (G protein1  + G protein2 ) The  free  energy,  G  for  each  species  can  be  calculat ed  by  the  following   scheme   using   the   MM-PBSA   and   MM-GBSA  methods.  G = E gas  + G sol  ? TS     E gas  = E int  + E ele  + E vdw        G ele,PB(GB)  = E ele  + G PB(GB)   G sol  = G sol-np  + G PB(GB)  G sol-np  =  ? SAS  Here, E  gas  is the gas  ? phase energy; E int is the internal energy;  E ele   and  E vdw  are  the  coulomb  and  van  der  walls  energies,  respectively.  E gas   was  calculated  using  the  ff99SB  molecular  mechanics force field. G sol  is the solvation free energy and can  be decomposed into polar and non- polar contributio ns. G  PB(GB)  is the polar solvation contribution calculated by s olving the PB  and   GB   equations  21,22 .   G ele,PB(GB)  is   the   polar   interaction  contribution.  G sol-np  is  the  nonpolar  solvation  contribution  and  was  estimated  via  the  solvent-accessible  surface  ar ea  (SAS),  which was determined using a water probe radius of  1.4 ?. The  Surface tension constant  ? 20  was set to 0.0072 kcal mol -1  ? -2  .T  and   S   are   the   temperature   and   the   total   solute   entr opy,  respectively.  Using the  GB  model, it was possible t o compute  the  binding  free-  energy  contribution  of  each  resid ue  at  the  interface between two interacting proteins  References  1.        Pandya     NM,     Naranjan     NM,     Dhalla     S,     &     Santani  DD,Angiogenesis--a  new  target  for  future  therapy.  Vascular  Pharmacol  ,  44 (2006)265-74.   2.        Maisonpierre PC, Suri C, Jones PF, Bartunkova S,  Wiegand SJ,  Radziejewski    C,    Compton    D,    McClain    J,    Aldrich    TH,  Papadopoulos  N,  Daly  TJ,  Davis  S,  Sato  TN,  &  Yancop oulos  GD.  Angiopoietin-2,  a  natural  antagonist  for  Tie2  t hat  disrupts  in vivo angiogenesis.   Sci, 277 ( 1997) 55?60.  3.        Yuan  T  H,  Khankin  E  S,  Karumanchi  K,  &  Parikh  S  M,  Angiopoietin 2 Is a Partial Agonist/Antagonist of T ie2 Signaling  in the Endothelium,  Mol and Cellular Biol ,  29 (2009) 2011-2022  4.        Gale NW, Thurston G, Hackett SF, Renard R, Wang  Q, McClain  J,   Martin   C,   Witte   C,   Witte   MH,   Jackson   D,   Suri   C,  Campochiaro    PA,    Wiegand    SJ,    &    Yancopoulos    GD,  Angiopoietin-2   is   required   for   postnatal   angiogenes is   and  lymphatic  patterning  and  only  the  latter  role  is  re scued  by  angiopoietin-I.  Dev Cell, 3 ( 2002) 411?423.  5.        Stratmann   A,   Risau   W,   &   Plate   KH,   Cell   type-spec ific expression  of  angiopoietin-1  and  angiopoietin-2  sug gests  a  role  in  glioblastoma  angiogenesis.  Am  J  Pathol ,  153 (  1998)  1459? 1466.  6.        Zhang  L,  Yang  N,  Park  JW,  Katsaros  D,  Fracchioli   S,  Cao  G,  O?Brien-Jenkins A, Randall TC, Rubin SC, & Coukos G , Tumor -derived    vascular    endothelial    growth    factor    up-regu lates  angiopoietin-2   in   host   endothelium   and   destabilizes    host  vasculature,  supporting  angiogenesis  in  ovarian  can cer.  Cancer  Res ,  63 (2003) 3403?3412.  7.        Fiedler  U,  Scharpfenecker  M,  Koidl  S,  Hegen  A,  G runow  V,  Schmidt    JM,    Kriz    W,    Thurston    G,    &    Augustin    HG,  Angiopoietin-2    is    stored    in    and    rapidly    released    up on  stimulation  from  endothelial  cell  Weibel-Palade  bod ies.  Blood ,  103 (2004) 4150?4156.  8.        Chen  R,  Li  L,  &  Weng  Z,  ZDOCK:  An  initial-stage  protein  docking algorithm.  Proteins ,  52  (2003)80-87   9.        Chen  R,  Mintseris  J,  Janin  J,  &  Weng  Z,  A  protei n-protein  docking benchmark.  Proteins ,  52  (2003) 88-91   10.      Li  L,  Chen  R,  &  Weng  Z,  RDOCK:  Refinement  of  ri gid-body  protein docking predictions.  Proteins , 53 (2003) 693-707   11.      Zhang  C,  et  al .  Determination  of  atomic  desolvation  energies  from  the  structures  of  crystallized  proteins,  J  Mol  Biol ,  267 (1997)707-26.  12.      Huo  S,  Wang  J,  Cieplak  P,  Kollman  A  P,  &  Kuntz  I  D,  Molecular Dynamics and Free Energy Analyses of Cath epsin D- Inhibitor   Interactions:   Insight   into   Structure-Base d   Ligand  Design,  J Mol  Chem ,  45 ( 2002) 1412-1419.  13.      Guo J, Wang X, Sun H, Liu H, & Yao X, The molec ular basis of  IGF-II/IGF2R   recognition:   a   combined   molecular   dyna mics  simulation,  free-energy  calculation  and  computation al  alanine  scanning study,  18  (2012) 1421-30.   14.      Case, D.A., Walker, R.C. et al. AMBER 11, 2010,  University of  California, San Francisco.  15.      Hornak  V,  Abel  R,  Okur  A,  Strockbine  B,  Roitber g  A,  & Simmerling  C,  Comparison  of  multiple Amber  force  fi elds  and  development of improved protein backbone parameters .  Protein,  65 (2006) 712-25.  16.     Jorgensen  W  L,  Chandrasekhar  J,   Madura  J  D,   I mpey  J  W,  & Klein   M   L, ,    Comparison   of   simple   potential   functions   for  simulating liquid water.  J Chem Phys ,  79  (1983) 926-936  17.     Ryckaert   JP,   Ciccotti   G,   &   Berendsen   HJC,   Numer ical  integration  of  the  Cartesian  Equations  of  Motion  of   a  System  with  Constraints:  Molecular  Dynamics  of  n-Alkanes.  J  Comp  Phys ,  23 (1977) 327-341   18.     Ulrich  E,  Lalith  P,  Max  L  B,  Tom  D,  Hsing  L,  &   Lee  G  P ,     A  smooth  particle  mesh  Ewald  method.  J  Chem  Phys ,  103   (1995)  8577-8594   19.     Berendsen HJC, Postma JPM, Van Gunsteren WF, Di Nola A,  & Haak JR, Molecular dynamics with coupling to an ext ernal bath.  J Chem. Phys ,  81 (1984)3684-3691.  20.     Sitkoff  D,  Sharp  K  A,  &  Honig  B,  Accurate  Calcu lation  of  Hydration  Free  Energies  Using  Macroscopic  Solvent  M odels.  J  Phys Chem  , 98  (1994) 1978?1988  21.     Srinivasan J, Thomas E C, Piotr Cieplak , Peter  AK, & David A,  Case Continuum Solvent Studies of the Stability of  DNA, RNA,  and  Phosphoramidate-DNA  Helicesm.  J  Am  Chem  Soc ,  120 (1998) 9401?9409  22.     Kollman  PA,  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 DA, & Cheatham TE 3rd, Calculating structur es and free  energies of complex molecules: combining molecular  mechanics  and continuum models.  Acc Chem Res  , 33 (2000)889-97. 
