
Why?
• proteins with a knotted backbone are a very rare 
phenomenon (0.35% of AFdb) [1]

• amino acid patterns responsible for 
the entanglement, or the role of the 
knot is still unknown [2]

• some knotted protein families 
hold potential for industrial and 
pharmaceutical applications (eg. the 
design of new antimicrobial drugs) [3]

• knotted proteins are clustered into 
only a few protein families [4] 
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Human protein 
5NFJ with a knotted 

backbone

WhAt?
• we created a dataset of artificial knotted proteins by 
unconditionally generating proteins with RFdiffusion [5] 
+ ProteinMPNN [6] and EvoDiff [7] and analyzing their 
knotting status

• approximately 0.5% (2 016) of the freely generated 
proteins (425 362) are knotted, which corresponds to the 
ratio in nature [4]

• most of the generated knotted proteins are 31 
(the simplest knot), but we also have rare cases: 
31#31 (composite knot), 51, 74 and 819

• generated proteins are far from the natural sequence 
space

•  structures of proteins from EvoDiff are different from the 
natural ones, but RFdiffusion+PMPNN generate similar 
protein structures

WhAt next?
• we will attempt to crystalize one of the artificial knotted 
proteins

• we plan to enrich the dataset of real knotted proteins 
with those generated artificially and look for knotting 
patterns

hoW?
A) RFdiffusion + ProteinMPNN

unconditionally 
generate structures 

with RFdiffusion

select knotted 
structures with 

Topoly [8]

design 8 sequences 
per structure with 

PMPNN

re-predict 3D 
structure for each 

sequence

...

if possible, pick one 
with pLDDT > 70 
holding the same 

topology

B) EvoDiff

predict 3D structureunconditionally 
generate sequences 

with EvoDiff

select knotted 
structures with 

Topoly

MVKILILVGTSLPEELCEKLKKEIEKLAKELLKDYEIMDILVENLEEYEEKSKEVIEKCKKEAKKEGKKLVIIEEIFDVSEKLKKLSEEEILKEILEKIKKKLEETIKKLKEE AKAKVRVLAPEEDREEAERLRPILEEKLKRLAKKTGQNFY
LV

LA
RT

SV
PL

EE
IR

A
A

LE
EA

M
A

A
ID

EG
YV

V
IV

V
IT

D
RL

EE
A

V
EA

A
LK

LL
ET

LE
K

V
K

V
N

PG
TA

V
LL

YD
AT

D
EE

TF
K

IIV
EK

LV
 E

IT
EI

EK
V

YH
V

V
EV

TLRLA
SG

EIV
TV

IA
V

TK
PESEELEIEV

VA
C

EN
EEELEK

K
KKEIKEEIK

K
ELK

G
K

V
EYTEIEITV

YED
G

TA
EIK

V
V

LEKYA
D

G
TEK

SESFTIK
EG

EV
K

FLK
LH

D
IHFAIGLVYSEETGRYLARILCCKNEEDWKILKEKCKDPENFKKICDKFLEKLRAKAEELGLPPVLTEFEYEMLILAANLIAVFGAKKITVLIIAEDAEARAEEALRLLKALAEEIDEWKKLIESEI MRVYAAEASLTLGDTRVR

G
itH

ub

Mixture of knotted 
and unknotted 
proteins from EvoDiff, 
RFdiffusion+PMPNN 
and fraction of real 
proteins from UniProt
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