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Paspen:

» QONANHTI U CTabUNbHOCTD

R

3apayva ansamHa
CTabUNbHOCTK: YKa3aTb
Ha 3ameHy A>B, KoTopas
npuseger K
NONOXUTENbHOMY
AGA>B

ki
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Paspen:

» [leHaTypauua n arperauusa

T Y.

Disordered aggregate Disotdeved aggregate Oligomer Fiber
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fragments Prefbnlla species
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Paspen:

» 061acT NpUMeHeHNs

[lonyyeHne KommepyecKu-npuMeHNMbIX Crabunu3sauns TepaneBTUYECKNX
thepmeHTOB nenTuAoOB 1 6enkoB

i
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Paspen:

» HanpaBneHHasa 3BonoLUA

1) Gevetic variation
is introduced

2) The new
variants of the
enzyme are
tested for their

through mutation.
ability to
catalyze the

@
“o,
@ ;‘t@ ()
S Ny

2 )The PNA seduence or sequences that
produced the most effective
enzymes are subjected to a
new round of mutation.

e

i
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Paspen:

» OCO6EHHOCTN TEPMOCTAbUNbHbIX 6E/1KOB 3KCTPEMO(MIOB

(b)
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B nocnenoBaTefibHOCTAX: g 87 -
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« Gly |, Prot S .l L = 3 t'i'
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+ bonbwe nonsapHbix AK 27 i

KREDQNHSTFYWPGAVLICM
Amino acid

Structure

i
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Paspen:

» OCO6EHHOCTM TEPMOCTabUNbHbIX 6EMKOB 3KCTPEMO(NIOB

B cTpyKTypax:

*

*

*

KopoTkne netnu
MeHblue nonocten

bonblue NOHHbIX
nap Ha
NOBEPXHOCTM 6enka
lnoTHO
YNaKOBaHHbIE
KOHLU,bI

bonee
NMPOTAXEHHbIE
YyUYaCTKN BTOPUYHOM
CTPYKTYPb!
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bonds unsatisfied
<40A
lon pairs <6.0A

<80A

o

B

irregular

Secondary
structure

Polarity of | exposed
surfaces buried
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Paspen:

» ProTermDB

ro herm HOME  BROWSE TUTORIAL ~ UPLOAD  RELATEDRESOURCES ~ DOWNLOADS  CITEUS
Mutation count based type Data distribution based on ASA Mutation distribution based on
Secondary structure

Coil
26%

Multiple (>=3) ‘
& Double
6%
mSingle =Double ® Multiple (>=3) Wild-type ®Buried &= Partially buried = Exposed mHelix = Sheet mTumn  Coil
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Pazpen:

» BbluMcnuTenbHbIN AU3aNH CTabUNTbHOCTY

LRV SR L O
VItV (AVL VG SIIGIAGINVIANEY A SER ANVA} AS] cap
fina | fheattc B in VRELIVEIVE d i
Vi Ytk A R A gsubstrate omain
L SRBALY A Y Y Ll
bt T talyti
It /~= catalytic
¢ residues i
oL L O : & [ more
v e e N flexible
Ul A ¥ v e ]
s ‘-m?};’“‘ R G VYIS core
R " 1 15 less domain
flexible
AT AL &
'ufjnun CFFAL o mu_tated
LA ) residue
Y. il
FRvVYY S

nocnenoBaTefibHOCTb CTPYKTYypa

ks
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» Back-to-consensus

+ MpeanonaraeTcs, UTO KOHCEHCYCHbIe OCTaTKK B
(OYHKUMOHANBbHO pa3HOO6pPa3HbIX rOMOMOrax
OTBEYaloT 3a CTabUNbHOCTb, @ OT/INUNSA OTPAXKAIOT
CyyanHble aecTabunumsmpytoume myTaunm, Kotopble
0Ka3anucb HeMTpasnbHbIMK NpU oT60pe

* 3ameHa B N031LMKM, OTIMYAIOLLENCA OT FOMOMOr0B, Ha
KOHceHcycHyto AK npuBefeT K yBennyeHunto

CTabunbHOCTH

FfonosunH A.B.

(Mry)

Consensus: ...

...SWSAS...
...GGSYG...

...GGSYG...
...GESYG...

...GESFA...
...GNSWG...

...GGSMG...

l

GXSXG ...
...TWSQG...



» BocTaHOBNeHWe npeawleCTBUHUKA

* YXN3Hb Npoun3owna ot TepMOUIbHbIX
opraHusmos. MpeaKoBble rOMONOrN BCeX
6€enKoB - TepMmoCTabunbHble.

« [loCTpoeHune CbVII'IOI'EHeTI/ILIeCKI/lX aepesbeB ”
MOUCK I'Ipe,D,KOBOVI nocnenoBaTe/sibHOCTU

npmBeaeT K CO34aHMI0 TePMOCTabUIbHOIO
6enka.

fonosuH A.B. (MIY)
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Paspen:

CoueTaHue CTPYKTYPHbIX AAHHbIX U BblpaBHMBaHMIZ

Strong covariation
G24 > Edl

Contact

PaunoOHanbHbIN @aHANU3 CTPYKTYP

=}
MoucK KOBApMUPYHOLLMX NO3ULNIA pieie
- RAKQ'
CoxpaHeHMe 0CTaTKOB BTOPUUHON <Eam
CTPYKTYpbI R
CoxpaHeHune yHKLMOHANbHO ass

BaXXHbIX MO3MLNIA

e
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Paspen:

» OueHka ddG eqUMHUYHbBIX 3amMeH

Descriptors-based

Physics-based Descriptors-based Knowladge-based
OLeHKa MeXaTOMHbIX BocnpousBegeHue BocnpoussegeHue
B3aUMOAENCTBUN N3BECTHbIX CTPYKTYP C CTaTUCTUYECKNX AaHHbIX

npumeHeHnem ML ‘
b
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Pazpen:

» OueHka ddG eguHuUUHbIX 3ameH: CC/PBSA

AGu e
AGR oo
P Unfolded ~ ~
* Physics-based Wild type Wild type
acpe, | acgues, acgger | acges
AGCC/PBSA _ AGEL_l_AGVdW_I’_AGS ided l b Ided 1 bound
Mutant Mutant
o 7 h, Unbound
* BbluMcnnTenbHoO 3aTpPaTHbIN 5
AGfbfm?ﬂN
AGloId

mutant

Unfolded
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Paspen:

» OueHka ddG eanHMYHbIX 3aMeH: PopMusic

+ Physics-based

1133
AAGp =) ai(A)AAW;+a14(A) AV, +
=1l

+a15(A)AV_ + a16(A)
+ WWW available

ki
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»

Paspen:

OueHka ddG eanHnUHbIX 3ameH: FoldX
Physics-based + .
A ing ucture: P
Knowledge-based b o )
Minimization ‘ _ A =
AG - AGvdw+AGSOlH+AGSOlP+ Complax'Minimizsd WJ
FOLDX
+AGhbond + AGyp + AGe+ #iosse ¥ siiuure
+ A Smc + A Ssc Complex Mutated c
Sauaton C T AA FOLDX
EcTb B BuAae Beb-cepeepa Golouton G baing Y T e
YmeeT pa6oTaTh ¢ IHK 5 oeomatn eneres ECT . AATEsTR
YmeeT pa6oTaTb C Aumepamu =N § - -

YMmeeT yuntbiBaTh

CTabUNbHOCTb NPK CMeHe pH
NN NOHHOM CUMbl pacTBopa
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» OueHka ddG eguHNYHbIX 3ameH: Rosetta

Protocol 3 Cartesian AAG
" %P1 Relax Starting Model
+ Knowledge-based B couetaHum c Frepere nioce! [ 20 Times ]
MoHTe-Kapno gnHamukon gna
bl e G IR LRSIV Y Mutate Target sen2 Mutate Target
+ 1o 2016 roga ang nogcyeta ddG IREEENE 2 RS
MPUMEHANNCb KACTOMHbIE S
NPOTOKO/1bl Repack Side Chains g Repack Target
« TMocne - cartesian_ddG [ Vwwineh ) § Fesdue
+ BbluMCNUTENbHO 3aTpaTeH ::x T Tt

Residue And Its
Neighbors
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OueHKa ddG eanHUYHbBIX 3aMmeH: I-Mutant

|I-Mutant Suite
Predictor of effects of single point protein mutation

Prediction of protein stability changes upon single point mutation from:

Predictor-based

Support vector machine regression
EcTb B BUge Beb-cepeepa

YmeeT pabotatb ¢ SNP

YmeeT paboTaTb Ha
nocnegoBaTeNnbHOCTM 6€3 CTPYKTYpPbI

fonosuH A.B. (MrY)

O Protein Structure (if available)

@© Protein Sequence

Prediction of Disease associated single point mutation from

O Protein Sequence

| Enter



»

Paspen:

OueHka ddG egnHWNUHbIX 3ameH: STRUM

Predictor-based

Gradient boosting
regression

bbin B BUAe
Be6-cepsepa -
ceivac cepsep
BPEMEHHO MEPTB

FfonosunH A.B.

Physicochemical properties

N58, 2
s % ¢ %, 1 PSlblast MSA
5 @ %" 2HHblits —

3SIFT

Gradient Boosting Regressor

LOMETS ‘“\q wllulliplf template alignment

Threading
templates

(Mry)

o ¥
Modeller |Wild-type "

xe2" aot
1:"\0,\1\‘

S

Mutant A
e

r >35S
Modeller | Wild-type © ~
A . >
Mutant E 5:
—, I

Wild-type model Mutant medel

AAG=, AG -AG,

l‘lnlll- of Mutation Pullmlily

OceHb, 2023
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Pazpen:

» OueHka ddG eguHUUYHbIX 3ameH: KpnTuka

FoldX as Protein Engineering Tool: Better Than
Random Based Approaches?

Oliver BuR & &, Jens Rudat =, Katrin Ochsenreither &

A critical review of five machine learning-based algorithms for
predicting protein stability changes upon mutation @

Jianwen Fang

Quantification of biases in predictions of protein stability
changes upon mutations @

Fabrizio Pucci &, Katrien V Bernaerts, Jean Marc Kwasigroch, Marianne Rooman

i
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Paspen:

» OueHka ddG eguHMYHbIX 3amMeH: Kpntuka

« KpuTtepum accumeTtpuyHoctu ddG
AAG'WT—>mut — _AAGmut—>WT
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Pazpen:

» [Aun3anH rugpoobHbIX aaep

A (CCDC53) / (HSBP1),
HSBP1 homotrimer CCDC53 homotrimer heterotrimer

HSBP1_C

W‘E SIS URRRRSSS s
orioagostl Sinaseetlss vsssssattls”
HSBP1_A HSBP1_B CCDC53_A CCDC53_B 10 “J¥ HSBP1_A HSBP1_ B 51
B n
h1 p h3 hs ‘
+ Han6onblume ycnexu - ¢ NOMOLLbIO @ / bf '5 *@%\
anroputmoB Rosetta @‘ > 2
« [lonyyeHbl N CTABUNN3MPOBAHDI
HenpupogaHble hongbl

/ *: Salt-bridges

ﬁ*\f that stabilize
HSBP1_A W trimeric coiled-coils
HSBP1_B
N-ter - C-ter
h2 ha S
||
o) || %

i
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Paspen:

» Rosetta VIP

Create and place cavity Filter: User defined

balls using rejection criteria, repeat or
RosettaHoles terminate?

Select mutatable residues 5 Accept or reject top design
utllizing user defined @ by compar to
neighbor cutoff previous best

Sample point mutants for Relax and rescore top
set of mutatables on designs from
xed backbone fixed bb design

Iterate through set of

Iterate through set of all Filter: User defined et e 8

mutatable residues scoring cutoff

10.1073/pnas1115172109

fonosuH A.B. (MrY) OceHb, 2023 23/ 36



Paspen:

» HepoynakoBaHHoe ruapodobHoe 84po

Robust folding of a de novo designed ideal protein even with most of the core
mutated to valine. https://doi.org/10.1073/pnas.2002120117 ,_L
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Paspen:

» BHeceHue 3apaxeHHbIx AK

SEQUENCE 1 SEQUENCE 2

ARG LYS
MISFOLDED |
STRUCTURE i

+ DOpPMUPOBAHMNE CONEBbIX MOCTUKOB o o

* HeraTuBHbIN AW3aNH -
Aectabunmsaumsa HeCBepPHYTbIX
COCTOAHUN oE =

> >

o ) e O

Al

RG

g
c\v

e
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Paspen:

» [n3anH aucynbuaHbIX CBA3EN

+* MODIP, DbD - nonck Ha OCHoBe

CTAaTUCTUYECKOWN CKOPUHT-(PYHKL N

+ SSbondPre - npeguKTop Ha ocHOBe
HenpoceTu

>SEQ A2
>SEQ A3
>SEQ A4
>SEQ_AS5
>PDB_B1
>SEQ B2
>SEQ B3
>SEQ B4
>SEQ B5

LETKAPEIFV
IDTKAPELFV
LE SKAPEVFV
LD S KAPE VMV
TGIRSPDCFV
TEIRSPECYV

TG|CIRTPDIC|YV
SS|CRTPDIC|EFV
SG|C|RSPE[C|EV

fonosuH A.B. (MIY)
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» [n3anH ancynbunaHbix CBA3en C HeCTaHAapTHbiMK AK

SH
ATEM-1 Gene . orthogonal
( NCAA )aminoacyl

* AucynbuaHble MOCTUKN - TaG - T6T Trinserigtion S /"
thopmupyioT TMon-coaepxatme AK eyl

+ Wcnonb3ylotcs meTopbl B s e
61MONHGOPMATUKK AnA noucka ATEM-1 Gene Library /\/\uxe/\/\
BO3MOXHbIX MO3ULUN /11 MyTaL UK AR
Ha Tnon-cogepxawmne AK n metoabl /
6MOMHXEHepUN A1 BCTABKN TAaKUX £ collsurvival
AK B npouecce TpaHcaauuu T nean ) at40°c

-
= | s-s Hit identification
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» "network hallucination”
Structure prediction
; : Sharp [
Amino acid : - '
sequence @ - dlsr;[%n; - /

Structure- 3D
prediction network structure

Protein design by network hallucination

Random Blurry Sharp F
amino acid distance distance|——> ¢ | 4
sequence w map k
3D

MCMC sequence optimization structure

e
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» "network hallucination”

Sequence @ Q
length, L ’ \

Random
sequence

MCMC sequence optimization

Background network  Accept mutation with probability
min[1,exp(-AD, (PI|Q)/T)]

e

Density

e

Maximize
difference

T Structure prediction

network
Random mutation

fonosuH A.B. (MrY)

Residue pair coordinate Xy

Repeat N times

Optimized
sequence



» OrpaHuyeHHble rannvumnHaunmn

Predicted Final
Structure Design

LEAFEKALKEM ————>> % / —> %

MCMC or
gradient
update

Sequence

Loss function
- Hallucination

- Motif

- Problem-specific

%%,

Desired
Motif
« CnoXHas PyHKLMIO NoTepu, KOTOpasa coueTaeT B cebe yacTb u3
ranmou,vmau,mﬁl C YaCTbtO PEKOHCTPYKLNN MOTUBA.

* [oaxoA C OrpaHUYEHHbIMU raNIOLUHALUAMY TpebyeT 601bLNX
BbIYNCNIUTENbHbIX PECYPCOB, MOCKOMbKY ANS KAXKAOrO Wara rpagneHTHOro
Cnycka BO BpeMs oNTUMKU3aLMN NOC/eAoBaTeIbHOCTN TpebyeTcs NPsMON 1
06paTHbIN NPOX0A Yepes CeTb. bl "
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Paspen:

» Inpainting

* LUMpOKMiA cnekTp npo6siem NpoOeKTUPOBAHUS CTPYKTYPbl 6€TKOB MOXHO
AHaNoOrM4YHbiMm 06pa3om cchopmynmMpoBaTb KaK NPo6AEMbI BOCCTAHOBEHUS
HeJocCTawowWwen nHhopmauum

e
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Paspen:

» Inpainting

Partial Completed
Sequence Sequence
LEAF LEAFEKALKEM

KEM
I:“:joint
weural network

/ Y B
4 / Wgr

Partial Completed
Structure Structure

ki
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Pazpen:

» RFjoint

Joint Sequence & Structure recovery

LEAFS??7? ??ELS LEAFS??KFEMA??ELS
predict
) A
$" g Q.
’ 0:\ ’ >\
i ond P4 4
Cs (8
Sequence — ———  predict Sequence ————
* ok
Structure — — Structure ————
fonosuH A.B. (MrY)

Sequence Recovery (%)

Selected RFjojy: Training Curves

[eR::3
324
301 I 0.86
28
r0.84
261 'é
24 4 Sequence Recovery, Sequence Design Task ",B
~—— Ca-LDDT, Inpainting Task Log2®
224 —— Ca-LDDT, Structure Prediction Task
2o L 0.80
18 A
0 100000 200000 300000 400000 500000
Number of training examples
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Paspen:

» Inpainting

| Masked MSA at position i I

auey |[A] 7] %] 6] vl M ~
Al T G| v M|
Y T E P M N

Input Template (predicted / known)

FfonosunH A.B.

TTTTTTITTITITITTITITITT
RF .
joint
INUNNNRNNNNNNNNNNANNin

0307

Probability
)
&

ARNDCOE

Prediction of masked token at position i

GHILKMFPSTWYV

v'= 3 logpi(mi() — logp(w(0)

ks
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Paspen:

» Rapid protein stability prediction

1) Self-supervised pre-training

3DCNN\ FCNN
% % % - Frozen - Active
808 y
s N
Rosetta p

10 — Taining loss
' — validation loss

Cross entropy.
o 5 oS

s
of

5 0 15
Training epochs

T

2) Supervised downstream training

fonosuH AB. (MIY)

i
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» 3aKnwueHue

* B npouecce An3anHa CTabunbHOCTN 6enKa NPUXoANTCS UMETb [1eN0 COo
C/TOXHbIM Mpoueccom honanHra 6enka, npeckasaTb KOTOPbIN MOKa
HEBO3MOXHO - NPUXOANTCA annNpPOKCMMUPOBATD

* BbI60pKVI ans 06y‘—IeHI/IF| MeToAoB nNpeackasaHua orpaHuUYeHbl
* HECMOTpFl Ha /1I0KaJibHble yCnexu - Mmajio CUCTEMHDbIX YHUBEPCa/lbHbIX METO40B

fonosuH A.B. (MrY)



