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Pazpgen:

DoNANHI U CTabUNBbHOCTb

A~

3apa4a gmM3anHa
CTabnNbHOCTU: YKa3aTb Ha
3ameHy A>B, koTopas
npusegeT K
NONOXNTENIbHOMY
AGA>B
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Pazpgen:

JeHaTypaumna n arperaums

o 4 8 s

Dlsorde(ed aggegate Dlsudefedaggregate Oligomer Fiber
ll . o
/ 35°C<T;,<65°C
Synthesis Unfolded Intermediate Native \

1 [ =
_Sh 00 Oyt
| c == 238 3<pH<10
Disordered aggregate  Degraded fragments Prefibrillar species

N
N

Amyloid fibril

FonosuH A.B. (HTY Cupuyc) OceHb, 2022 3/28



Pazpgen:

O61acTV NpUMeHeHus

l B-Lactamase
S

: ,

MonyyeHne KOMMepUeCKn-NPUMEHNMbIX Ctabunusauma TepaneBTUYECKNX NENTUAOB
depmeHTOB n 6enkos
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Pazpgen:

HanpaBneHHada asosoLUA

2) The vew

1) Genetic variation
variants of the

enzye are

is ntroduced
+tested for their
ability to

through mutation. b\@/
catalyze the

a
g 5\4&5 \j@ desired reaction
Gy &
@

3)The PNA seduence or sedquences that
produced the most effective
enzymes are subjected to 4
new round of mutation.
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OcobeHHOCTN TepMOCTabuibHbIX 6enKoB 3KcTpeModunIoB

(b)
12 S S S I I N (N [ [ S A Y S N I N W |
5
o
101 -
o
B nocnepnoBaTesibHOCTAX: o 87 _ B
g 8 =
e |le, Val, Leu, Trp t 5 67 S 5 ol
e Gly |, Prot 8 o 1 = 3 tl-i_
e Ser, Gln, Cys, Met | i
o
* Bosiblie nonsapHbIx AK 2] i
0 il e

KREDQNHSTFYWPGAVLICM

Amino acid Sl

KpacHble 3To TepModusibl
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OcobeHHOCTN TepMOCTabuibHbIX 6enKoB 3KcTpeModunIoB

B cTpykTypax:
Tpt(C) 525 55 60 ‘ 725 |75 80 100
e KopoTkue netiu 2 c o e
o . ] 2 = 3 _é o
® MeHblle NosocTen Protein = 3238 HEl e
3 | X0 & ZoF
® Bosiblie NOHHbIX Nap number

Cavities volume

Ha NOBEPXHOCTU area

Hydrogen number
6ena Wl oM m mE oo Ee B EoE oW

® [1noTHO _ <40A ﬂ E . I . .
lon pairs <60A
YNakKoBaHHbI€ KOHLbI <80A ,
o
soreewormnene L il o Nl MG
< irregular
CTPYKTYPbI surfaces buried
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ProTermDB

ProThemDB HOME BROWSE STATISTICS TUTORIAL UPLOAD RELATED RESOURCES DOWNLOADS CITEUS CONTACT US

Mutation count based type Data distribution based on ASA  Mutation distribution based on
Secondary structure

Multiple (>=3)
5%

Double
6%

® Single mDouble = Multiple (>=3) = Wild-type ~®Buried ® Partially buried = Exposed mHelix ®Sheet mTum = Coil

BMHA.B. (HTY Cupuyc)
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Pazpgen:

BbluncAnTEIbHbIN AN3aH CTabUbHOCTH

g substrate

/~= catalytic
¢ residues

more
w flexible

I less

flexible

mutated
o residue

nocnenoBaTesIbHOCTb

lfonoeuH A.B. (HTY Cupuyc)

CTPYKTYpa
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Paspen:

Back-to-consensus

l

e [lpeanoJiaraeTca, YTO KOHCEHCYCHble OCTaTKM B Consensus: ... GXSXG ...
$YHKLUMOHAIbHO Pa3HOO6pa3HbIX FOMOJIOrax OTBEeYatoT ... TWSQG. .
33 CTabWJIbHOCTb, @ OT/INYMA OTPAXKAOT CJIydalHble wSAS
nectabunnsmpyrolime MyTaLmm, KOTopble 0Ka3ancb . GGSYG. .
HenTpanbHbIMK Npy oTbope

...GGSYG...

® 3aMeHa B NO3MLNK, OT/INYAIOLLIECA OT FOMOJIOrOB, Ha .. .GESYG...
KOHCeHcycHY0 AK npuBedeT K yBeJINYeHUI0

cTabuabHOCTH :::gﬁggéf

...GGSMG...
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BocTaHOB/IEHMNE MpeAecTBUHMKA

...GTA...
® Xn3Hb Npon3olLuia oT TepMOPUbHbIX

OpraHvu3moB. lNpeaKoBble rOMOJIOrN BCeX
6en1KoB - TepMOCTabusibHbIE.

...GTT...
...GCA...

...GCT...

* ocTpoeHune dpuoreHeTUYECKNX AePEBLEB W ATA.

NMOWCK NpeKoBOW Noc1e40BaTeIbHOCTH
npuBeeT K CO3A4aHNI0 TePMOCTabUIbHOrO
benka.

...ATT...
...ACA...

...ACA...
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CoyeTaHune CTPYKTYPHbIX OdHHbIX 1 BblpaBHMBaHMVI

Strong covariation
G24 €———» E40

Contuct

PaLMoOHaNbHbIM aHAaNN3 CTPYKTYP

MoncK KOBapMMpPYOLLMX NO3MLMIA
CoxpaHeHne 0CTaTKOB BTOPUYHOM
CTPYKTYpbl

CoxpaHeHne GYHKLMOHAJIbHO BaXKHbIX
no3nuunm
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Pazpgen:

OueHka ddG eaAMHNYHbIX 3aMeH

Descriptors-based

Physics-based Descriptors-based Knowladge-based
OueHKa MeXaToOMHbIX BocnpounsBegeHmne BocnpounsseneHune
B3aMMOAENCTBUN N3BECTHbIX CTPYKTYP C CTaTUCTUYECKMX AAaHHbIX

npMmMmeHeHnem ML
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Pazpgen:

OueHka ddG egnHn4YHbIX 3aMeH: CC/PBSA

® Physics-based

AGce/ppsa = AGpr + AGyaw + AGs

® BblUNCINTENBHO 3anaTHbIVI

FfonosuH A.B.

(HTY Cupuyc)

\, Unbound

Unfolded
Wild type

A @Gmutate l A Gmutate

unfolded unbound

Mutant
b Unbound

|

*h B2
A 5, |
G

L T"l'h\-\(:;';‘

&

Unfolded

AGblnd

wild type

AGIOIG

wild type

AGbind

mutant

AGIoId

mutant

Wild type
AGmu(ale 1 A Gmula(e

folded bound

Mutant

Bound

Folded
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Pazpgen:

OueHka ddG egnHMYHbIX 3aMeH: PopMusic

® Physics-based

13
AAGp = ai(A)AAW;+a14(A) AV, +
=1
+a15(A)AV_ + a16(A)
e WWW available
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OueHka ddG eanHNYHbIX 3aMeH: FoldX

Physics-based +
Knowledge-based

AG = AGvdw+AGsolH+AGsolP+

+AGhpond + AGyp + AGe+
+ASme + ASs.
EcTb B BMAe Beb-cepBepa
Ymeet pabotatb ¢ AHK

YmMmeeT paboTaTth Cc AnMepamm
YMeeT yunTbIBaTh

Posiion 1

Starting PDB Structure:
3BRG Complex

Minimization *

Complex Minimized
Mutation
48 = 85536
Complex Mutated

FOLDX energy
calculation

Calculation AG binding

+ Deformation energies

Postion 3 Postion 4

CcTabunbHOCTL NpM cMeHe pH
WJIN NOHHOW CKJ1bl PaCcTBOPA

FonosuH A.B. (HTY Cupuyc)

-
FOLDX
structure

c 7
EC —I— ,_\,\AA FOLDX

MollfMap/

c AA TRANSFAC

— L —_ Postons
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Paspen:

OueHka ddG eanHNYHbIX 3aMeH: Rosetta

¢ Knowledge-based B coyeTaHum ¢
MoHTe-Kapsio AMHamMnKon ans
MWUHNMMU3ALNKN CTPYKTYP

e Jlo 2016 roga ana noacyeta ddG
NPUMEHANNCb KACTOMHbIE NPOTOKO/bI

® Mocne - cartesian_ddG
® BblYNCANTENbHO 3aTPaTeH

FonosuH A.B. (HTY Cupuyc)

Protocol 3

Prepare Initial Model

.
Mutate Target
Residue

1

Repack Side Chains
Within 8A

Step 1

Step 2

Repeat Until Converged (max 5)

Step 3

Step 4

Cartesian AAG

g

Relax Starting Model
20 Times

Mutate Target
Residue

Repack Target
Residue

Minimize Target
Residue And Its
Neighbors

OceHb, 2022
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OueHka ddG eanMHNYHbIX 3aMeH: I-Mutant

I-Mutant Suite

Predictor of effects of single point protein mutation

¢ Predictor-based
[ ] SU p port Vecto rma Ch i ne reg ression Prediction of protein stability changes upon single point mutation from:
° Ech B B Mﬂe Be 6_ce p Be p a Protein Structure (if available)
@ Protein Sequence
* YMmeeT paboTaTtb ¢ SNP
Prediction of Disease associated single point mutation from
® YMeeT paboTaTb Ha

Protein Sequence

nocnefoBaTesibHOCTH 6e3 CTPYKTYPbI

Enter

FonosuH A.B. (HTY Cupuyc) OceHb, 2022 18/28



Pazpgen:

OueHka ddG eanMHMNYHbIX 3aMeH: STRUM

Se L4
S M
4
LOMETS oo
¢ Predictor-based @%
e Gradient boosting sS—
regression ‘
Mutant
® Bbla B BUAe
Beb-cepBepa - cenyac
cepBep BpeMeHHO Modeller_ Wild-type ©.©
. - Mutant
MEpTB -
tamplates

lonosunH A.B.

(HTY Cupuyc)

Physicochemical properties

3 SIFT

1 PSlblast MSA
1 =5

2 HHblits
Multiple template alignment

» "'
Modeller |Wild-type ¢ Normal
> >l 'm
5 analysis
>
.
H

Wild-type mode|

=

54

H
H
Normal
»| mode
analysis

gr

| Mutant model

Gradient Boosting Regressor

AAG=AG,-AG,

g‘?‘mﬁ
— iy N~ T

C] =
Profile of Mutation Possibility

OceHb, 2022
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OueHka ddG egnHNYHbIX 3aMeH: KpnTurka

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

fonosuH A.B. (HTY Cupuyc) OceHb, 2022 20/28



OueHka ddG egnHNYHbIX 3aMeH: KpnTurka

e Kputepuin accumeTpmyHoctn ddG
AAGVVT—>mut = _AAGmut—>WT

fonosuH A.B. (HTY Cupuyc) OceHb, 2022 21/28



Pazpgen:

On3anH rnapodobHbIX aaep

* Hanbonblume ycnexm - C NOMOLLbIO
anroputmoB Rosetta

e Tony4yeHbl M CTabMIN3MPOBaHDI
HenpupoaHble dongbl

fonosuH A.B. (HTY Cupuyc)

A

HSBP1 homotrimer

HSBP1_C

5 _\\\‘: ;:E
<R

HSBP1_A HSBP1_B

CCDC53 homotrimer

......

:
Cagaeeetlts vsssatll
CCDC53_B 10 “J¥ HSBP1_A HSBP1 B 51

(CCDC53)4 / (HSBP1),
heterotrimer

URRRRSSIT, o

v

h3§

hs

o

Y

HSBPl_A/v\

HSBP1_B
N-ter

T

/ %: Salt-bridges
that stabilize
trimeric coiled-coils

ha,

C-ter
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Rosetta VIP

Create and place cavity Filter: User defined

Rb?"srtl'lil ? rejection criteria, repeat or
osettaHoles terminate?

Select mutatable residues Accept or reject top design
utilizing user defined by comp on to
neighbor cutoff

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

Iterate through set of

Iterate through set of all Filter: User defined residues which pass filter

mutatable residues scoring cutoff

10.1073/pnas.1115172109
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Pazpgen:

HepoynakoBaHHoe ruapodobHoe aapo

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
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Pazpgen:

BHeceHune 3apaxkeHHbIX AK

SEQUENCE 1 SEQUENCE 2
e OdopMMNPOBaHMeE COJIEBLIX MOCTUKOB
® HeraTuMBHbIN AWN3aWH -

VAL ILE
: (/ %i ARGZ; i
MISFOLDED |
STRUCTURE ‘ i
ILE VAL
AecTabunnsauma HeCBepHYTbIX

COCTOAHUN

FonosuH A.B. (HTY Cupuyc) OceHb, 2022 25/28




Pazpgen:

On3anH ancynbduaHbIX CBA3EN

e MODIP, DbD - nonck Ha ocHoBe
CTAaTUCTNYECKON CKOPUHT-DYHKLMM

e SSbondPre - npeanKTOp Ha OCHOBE
HenpoceTu

FonosuH A.B. (HTY Cupuyc)

>SEQ A5
>PDB_B1
>SEQ B2
>SEQ B3
>SEQ_B4
>SEQ BS

LETKAPEIFV
IDTKAPELFV
LESKAPEVFV
LD S KAPE VMV
TG IRSPDCFV

TEIRSPECYV

TG[C|RTPD|C]YV
SS|CIRTPDICIFV
SGIC|RSPEICIFV

OceHb, 2022

26/28



Paspen:

Nn3anH aucynbduraHbIX CBA3EN C HeCcTaHaAapTHbIMK AK

B qsn-l e

ATEM-1 Gene

/. orthogonal b
{ NCAA )aminoacyl

Transcription | tRNA
o IncynbdunaHble MOCTUKN GOPMUPYIOT |76~ 16T ———— p _——

TAG — TGT
Tnon-cogepxawme AK

TGT — TAG
TGT = TAG =
® Icnonb3yoTca MeToabl — e Te1
61MoNHPOPMATMKM A1 NOMCKA ATEM-1 Gene Library U}-j\G/\/\
. AN
BO3MOXHbIX NO3NLMIA AS1A MyTaLUMW HA N
Ton-coaepxalume AK v MeToabl /

6MOoMHXeHepun ANa BCTaBKM Taknx AK
B Npouecce TpaHcaaUnmn

E. coli survival
at 40 °C

Hit identification

FonosuH A.B. (HTY Cupuyc) OceHb, 2022 27/28



3aKJ1royeHune

* B npouecce An3anHa ctabunbHoCcTM 6e1Ka NPUXOANTCA UMETb [1€J10 CO C/IOXKHbIM
npoueccoM ponauHra 6enka, npeckasaTb KOTOPbIN MOKA HEBO3MOXHO -
NPUXOAMTCA annpoKCMMMPOBATb

® Bbl6bopkuM o158 06y4eHMa MeTO0B NpeACcKa3aHMa OrpaHnYeHbl
® HecMOTpA Ha JIOKaJIbHble YCNEXM - MaI0 CUCTEMHbIX YHNBEPCAJIbHbIX METO10B
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