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ProtoMech functions as a replacement model for ESM2

MLP layers

Tsui, Talreja, Saeedi, Aghazadeh, ICML (2026)
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ProtoMech functions as a replacement model for ESM2

ESM?2 C :j ProtoMech Top activating sequences \
. K1 1 HRD | KP QN — CDK-activating kinase
, ;.@ **‘«w RI1 I HRBLKPEN — | kappa-B kinase alpha
o 'té’; RI | HRB L KP E N — | kappa-B kinase alpha
1 1 Gl IHR D L K P D N — Serine/threonine-protein kinase-like
II B ESM2 M ProtoMech E PLT
GEE) ]:D Do) (boo) (ocooo)j(ceeo0)(00O0 o 2 . 00 - » a 0.8 -
R ! ol R | .‘ - B | ! T . - T C —
%2 V.Y ) / 3 ‘ © ok
S /Y V7T [ [ \‘” — T T £ 06- -
> ) | —
© z_DD [DDDHDDDI (0oeo](90odo)(coe0)] ;0'75 §
E /( / '_"‘_ /' / ’ .,SE . 8
- c —
.\_HDD (ooo) (Do Oo) [fooo)[?ooo)[oooo] S 0.25 - G 0.2 -
: ) ) e u:_
. T N X % 0.00 - 0.0 -
H R D - -+ H R D - ESM2 All latents Circuit ESM2 All latents Circuit

Tsui, Talreja, Saeedi, Aghazadeh, ICML (2026) 12



ProtoMech reveals known biological motifs
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ProtoMech reveals known biological motifs

‘Wildtype GB1

1

L6/1610: W
amino acids

'L3/3027: Hydrophobic
Interactions

'L1/249: W |
amino acids

, 4 4
( | | I
YKL ...T.--AV...A... W
3 16 20 24 43
Tsui, Talreja, Saeedi, Aghazadeh, ICML (2026)

b i _ )
High-fithess GB1 |

1\

/ \

I I

I I

I I

I I

| - N

I |

'L6/3029: Inward L6/1610: W
\ facing residues |,  amino acids

L3/3027: Hydrophobic
Interactions

'L1/249: W |
-amino acids

Low-fitness GB1

'L3/3027: Hyd rophobib:
Interactions

YK
3

L

16 20

I
I
I

\

\_T/

..:T...AV...A...Q

24 43

/

14



S.

[ )
Lg_} Proto ] \/ I (@ Ch ESM2-35M (12 layers) v Protein Kinase Domain - MVKQVDFAEVKLSEK...

Layer 12

Layer 11

Layer 10

Layer 9

Layer 8

Layer 7

Layer 6

Layer 5

Layer 4

Layer 3

Layer 2

Layer 1

rotmech.

ithub.io/: democratizing circuit tracing

1634 1634 1634
M \'} K Q
1 2 3 -
@ Delete (3 Save Canvas as Image
L12/1628
APE motif binding site
L8/114
B1 strand
L6/1154
DFG motif regulator

https://protmech.qgithub.io/

L3/1283
HRD motif active site |

L1/141

H amino acids

L1/4291

P amino acids

v @ Hide virtual weights a3 Paper ® Guide ©) Code

14 14 104 1 1 1
1634 1634 1634
D F A E K
6 7 8 9 10 11

3 Fullscreen

15


https://protmech.github.io/
https://protmech.github.io/

thank you!

o ]
ﬁ-[-r

|-EI:I

Paper Website




