The University of Texas at Austin

Jettrey Ouyang-Zhang Daniel J. Diaz

TEXAS =ML Predicting a Protein’s Stability :\J:de:r a Million Mutations

Philipp Kréhenbuhl

-Q® ‘%;‘\.‘0
5~ NEURAL INFORMATION
-,i ~ PROCESSING SYSTEMS

Overview Method
DGSCTNTNSQLSANSKC AAG
CTGSRFDGVTITISTSTGS — DG | CTN...+1.0 keal/mol Mutate Everything: one pass of protein backbone + parallel decoding
RISGPGCKISTCITGGVP é less folded
APSAACKISGCTFSAN
XX AAG fOr
° A Y . Head P1C:VAD
A A C D Y
K ‘ , A C D Y
y b Amino Acid 1 Head
O ° - —— : :
Given: protein sequence EXpansion A . VISYEEAH/E
"y . M >
Goal: find stabilizing mutations - AlphaFold . i ;
o o . o o > AAG for =
Why? engineer protein-based biotechnologies } A e o - [ | Head 7y E
L x 1 LXD LXx20X%x D §
5,700
rorein :
Mutations LOSS Benefits
1 :
Lex, {4 AAG) = — D 1 1fyx ) = AAG;]| - highly accurate
i - fast and parallel
Problem , - "
. . . X. prorein sequence - predicts higher-order
- combinatorial number of mutations L ,
o , i:: mutation i for protein x ( > 2) mutations
- stabilizing mutations are rare ( ~ 3 %)

- epistatic (nonlinear) interaction
between mutations

under /.

AAG;: change in thermodynamic stability

cDNA Double Mutations

0.5

0.4
O
Q 0.3
| -

0.0

PROSTATA Additive Mutate
Baseline Everything
S669 Single Mutations
0.56
0.53
0.51
0.48 .
048 .
PROSTATA  Stability Mutate Mutate
Oracle Everything Everything
(ESM) (AF )
Runtfime
—— Mutate Everything (AF)

O 10°{ —— Mutate Everything (ESM)

v —— PROSTATA

Q 103_

=

e

-

z 10"

102 104  10°

Number of Mutations




