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Model protein, folded on a
rectangular lattice.

Folding energy depends on
interaction between monomers
Fitness depends on stability

Mogaenb 6enka, CBEpHYTOro Ha
NPSIMOYrOfbHON peLUeTKe.
OHeprusi cBopavMBaHus
onpeaensieTcs B3aMmMoaencTBnem
MOHOMepOB. NMpncnocobneHHoOCTb
onpeaensieTca CTabunbHOCTbLIO.

NnaH paboTbl

Antibody binding energy depends on interaction
between monomers in the interface between the
protein and the antibody

Fitness inversely depends on binding stability

protein antibody
oenok aHTuTeno

OHeprus cBaA3biBaHMSA onpeaensieTcs
B3aMMoOOenNCTBMEM MOHOMEPOB Ha UHTepdence
6enka n aHtutena. NMpucnocobneHHocTb 06paTHO
nponopumoHarnbHa CTabunbHOCTK CBA3bIBAHMS.
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E =3 Q. (sum of pairwise interaction energies across all

interacting pairs)
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Current state
Energy E,

A

Metropolis—Hastings algorithm (Markov chain Monte Carlo)

O=——=0O=0=0O yes

Proposed state
Calculate E, >

* no

Calculate Z = exp(-b(E-E,))
Draw R = unif(0..1)

\/

yes

Accept
—>» proposed state
OO O=O

* no

Discard

proposed state

Repeat until E = const

"inverse temperature" b should
depend on the scale of E

For the Q above, b =0.1is
suggested



[Ba atana paboTbl:

CosgaHue anroputma noabopa CosgaHue anroputma nogbdopa
ONTUMasibHOW CTPYKTYpPbl “3Menkn” ans onTUManbLHON aMUHOKUCITOTHOM
3ajaHHON aMUHOKUCITOTHOM rnocriegoBarternbHOCTU NS 3a4aHHON
nocnenoBaTenbHOCTU “amenkn”

Sequence Random Optimize
Mutation Sequence
Random

- Sequence
- E=-372




Co3agaHue onTuManbHOMU “3MenkKun”

ANA 3a4aHHOMU NocreaoBaTeNIbHOCTHU

e Co3sgaHue Bcex BO3MOXHbIX wo| 10| 11| 12|13 | 14| w
Bapl/laLl,VIm “3MeVIKM” w 19 18 17 16 15 w
e [logcyeT aHeprumn ansa Kaxagow w2021 228 24w
3MENKMN o Tw lu Tl w Ty
e Bbibop 3mMenkn ¢ MMHMMansLHoOm A

3Hepruen

Positive
Negative
Soluble
Hydrophobic
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Co3paHue onTMManbLHOW nocnepoBaTenbHOCTU ANA 3a4aHHOM “3MeUnKn

CosgaHune Bcex BO3MOXHbIX BapuaLum
“amenkn”

CosgaHue cnyyanHom
nocnenoBaTenbHOCTU

OnTnmmnsaums “amemnku’

M- pa2[<=1
o  Anroputm nogcyeTa aHeprun gnsa
Ka)kgown nocrnegoBaTenlbHOCTH

o  Anroputm BHeceHunsa crny4yanHou
MyTaumn B NocnenoBaTenbHOCTb

o CpaBHeHMe cpeaHen 3Heprum
BapuaHTOB 3MeeK AS1s1 MOCTENEHHOM \_,\/\
NOBbILUEHUS TEMNEPATYpPbl OTXKUra

1 = E{x}
Mz = E{x}

Energy

—

o BbIBOA pe3yneraTtoB npu JOCTUXKEHUMN
CTabunNbHO MUHMMATbHbIX 3HAYEHU Optimization step



Pe3ynbTaThbl
Sequence = pnpnnnpnnnnnpnpnsphpphppp Sequence = pssnpppnnnpppnnppnnnpppnn

E = -441 = 383 —
Steps = 74000 Steps = 62000
Snake #941 Snake #127

E =-504

Steps = 166000

Snake #364

Sequence = pnnnnpnpnpnpppppnpppnnpnn
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