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This picture works properly
because of the short range
behavior of interactions due to
screening.



Contact

THEMEEtIRY dRtEHEL R EhEEHRERIn
GEHmEILIecUtOln 6.5 Angstiom.

he spatial distance ofi any: of the: Reavy.
ateoms ( alll buit Hydrogens: ) e less than
4.5 Angstrom.

The general properties iIs found to be almost
the same.
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Contact matrix

L] otherwise.




Primary
structure

Protein Folding is a coding problem.
Enough information to design a 3D
structure for a protein exists in a short
code in DNA.

The coding has more information in,
when it chooses the target structure from
a larger set of structures.
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Miyazawa-Jermigan Interact

Table 3. Contact energies in RT units; ey for upper half and diagonal and e for lower half
Cys Met Phe Il Leu Val Tep Tr Ala Ghy Thr Ser Asn Gln Asp Glu His Arg Lws Pra

Cos -544 —499 580 -550 583 -496 -4935 —416 -357 316 311 -286 -258 -285 -241 -22T7 -A60 -2AT7 -183 307 Cys
het 046 -546 -6.536 -602 -641 -532 553 -491 384 -339 -351 -303 -285 330 257 -280 208 -312 -248 345 Me
Phe 054 -020 -T2 -G84 -T.28 620 -616 566 —481 -413 —428 402 273 410 348 356 477 -388 236 —423 Phe
Il 049 =001 006 -654 -T.4  -6O5 578 525 -458 -378 —403 -352 334 367 -217  -3327 -4l 363 a0l =376 [le
Leu ns7 ool 003 -008  -T.3T -G48 614 567 -481 -416 —434 382 374 404 3240 350 —454 403 -323T —420 Leu
Wal 0.5z 018 010  -001  -0d 552 518 462 404 338 246 305 283 307 -248 -ZBT A58 307 -Z40 332 al
Trp 020 —nza 0.00 0.0z 0.08 011 =506 -466 -382 342 322 299 307 311 284 299 308 341 -z@9 -373  Trp
Tor 064 —0.10 0.05 011 0.10 023 004 417 -336 301 301 278 276 -2O7 -i76 -270 -A52 316 -z60 -319 e
Ala 051 015 017 0.05 0.13 .08 0.0o7 009 =272 -231 -23z -z0l -1B4  -180  -1T0 -151 241 -l&3 131 -203 Ala
Cly 068 046 062 062 .55 051 0.24 0.z2o 018 -2.24 208 -182 -1.74 185 -158  -l22 215 -L72 -L15  -187 Gl
Thr 0.&7 028 0.41 0.a0 0.40 036 n.ar 013 010 o =212 -19 -1.88 -190 -l80 -174 242 -190 —131 -190 Thr
Ser 050 053 0.44 .50 0.60 0.55 028 0.14 n1s 014 006 167 -1.58 -149 -163 -148 211 -1&2 -105 -157 | er
Asn nar 062 0.72 0.a7 0.79 0.T7 0.20 017 0.26 0.22 0.0z 010 -168 -1.71 -1.68 -151 208 164 -1.21 -1.53 Asn
Cln 0.54 0.z0n 0,230 0.ar 0.42 046 01e -0z 0n.24 024 008 011 00 -154  -146  -142  -188 180 -128 -1.73 Cln
Asp 0491 0.FT 0.75 0.7l 0.84 0.89 0.2 007 0.26 013 -014  -019 024 -008 -LEl -102 232 -2329% -168  -1.33  Asp
Glu 0491 0.30 0.52 046 .53 0.55 000 -0.25 0.30 036 -0z 009 0221 019 005 -081 -2.15 -227 -180 12 Glu
His 065 028 0.29 0,66 067 0.70 0.08 0.09 0.47 050 016 0.26 0.29 03l -9 -016 =05 -216  -135 -223  His
Arg 093 038 0.42 041 0.43 047 011 -030 0.20 018 -0o0fF -001 002 026 0481 -1.04 014 =153 -059 -L70  Arg
Lys 082 031 0.22 0.3z 0.27 033 -0l 046 01l 003 -01%  -015 0300 -046 -1.01 -1.28 0.2z 024 012 -0497  Lys
Pro 053 016 025 0.39 0.33 031 03 023 0.20 013 0.04 0.14 01g 008 014 0.7 015 -00f5 -0 -L.75 Pro

fer — 2,83 Ear -3.57 -392 —476 -442 -48 -389 38 -341 -257 -219 229 -198 -182 200 -1.B4 -179 236 -Z1l1 -l32 -204

g, — 3.60 £ -4.28 —473 =557 529 -AT1  -472  —441 387 =317 -253 -263 -22T =214 235 -Z0Z -EZ07 204 243 -1BZ -Z53

fz = 360 fi -5.58 -G14 -7.39 708 -TBE -6.15 534 460 324 -222 248 -182 -1T4 -198  -1.54 -149 =281 207 -1LI17 -187

M. N, 2,005 2723 272z ZTAD  ZA11 za0d 2728 2537 2493 Z143 1E40 1973 L1771 LG99 LTED 1388 L1508 20FS LTAT L343 1620

q T.162 f.281 GE46 G137 5470 G042 GORT G155 5793 G037 GAM G284 G486 G582 AST4 G460 G4AT G235 624l G3IR G560 5.B5E

Statistical method on real proteins in data bank. They used 6.5 Angstrom

because maximum number of contacts occur in this distance.




The guestion

For cutoff=0 number of matrices = 0.
HowW: many: nendegerate; contact matrces

may/ exist for a specific cuitofii distance?
For cutoffs larger than the protein size,

number of matrices = 0.

Is there any maximum?



Are we looking for these kind of
graphs?




Mean field approximation

Assuming a EJC the RMSIDrbetween: all
fesidues Is fiound.

Numiber ofi different pessible matrices; Is
assUmed ter e prepertional terthe entropy
O the: matiix.



Analysis of PDB-like self-avoiding
Walks

fhe freguency. of contact lengtias anad
angles of real proteins Is fieund and the
same distrbution IS applied to the SAWS.

NUmMBEr 6ff Nendegenerate contact
matrces Is found o diffierent CUtofis.



Probability of finding to residues at a specific distance

Entropy of the matrix

g 1 r?
P(m,A):jO 47zr2dr(2ﬂm0 )/ 5177

F)=Y. >li—j,Ainpli—j, A1 p)iri—p
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Optimum; cutefi for different lengtins

Best Delta/Sigma against Protein Lenght




Number of nendegenerate matrices
Vs
cutefit (Inr 0.1 Angstrem) inra diamoend lattice

¢ Seriesl




Contact [Lengtih Distribution in PDB
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Contact Angle Distribution: in PDB
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Angle between the contact planes
distribution in PDB
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Number of nondegenerate matrices
/s
cutofii fer PDB-like structures













Maximuim?




Conclusion

e maximum: RUmBENR off nNendegeneraie
contact matrces Is fieunal e be a flnction
Off proteinriengthiin theeretic approach

and Is at the sane erder of 6.5 angstrom

The numiber o "GNEECENErate: contact
mMatrces Rasiits maximumi value in range
WhichI centains 6.5 angstrom; fior PDB-like
structures withr 20 menoemers.
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