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l Transfer learning to leverage larger datasets for

improved prediction of protein stability changes
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Introduction
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Rosetta Methods Development
— Energy function optimization and parallel computing

De Novo Protein Design
— Designing entirely new protein structures from scratch

Protein Interface Design
— Tuning the affinity and specificity of protein-protein interactions
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Dataset Preparation

B Megascale Fireprot
776,298 mutations 11,345 mutations
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Environment Configuration

o RHOHA: RARREIENE CUDA 124 HESMA CUDA KB YU I % 4

m K EEE . PyTorch BB pip 2235 ; H AWM (torchmetrics. pytorch-
lightning. biopython. wandb. omegaconf Z§) Z&—H pip £p2E, mmseqs2 [k
& CY TR conda %3¢
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Structure Analysis
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Data Acquired

= Fireprot Z(#a%: Zenodo APl &l KL #F44% fireprot_upload.zip, TF#FFMHE
E45%] 7 4_fireprotDB_bestpH.csv #1 130 4~ PDB 4

= Megascale (a4t : S EIZFIE PR BN csv X BHE Zenodo URL F# LM ; Fl
JGilid Zenodo API I A ARSI R P AR E46H, YJHi3] aria2c -x 16 -
s 16 ZEL T, EEM wget 1) 13 KB/s $2F 22y 185 KB/s; I &P zip HA
macOS RSB _MACOSX/ Hik (B3 ._x.pdb JUHIE M) , 53 PDB XX
MEST R, 4T rm —rf pdbs/__MACOSX {E¥H




Config File, Cache Directory Settings and Smoke Testing

= 4 local.yaml HAYERREBIC AR ON A LS B84, SERDHT 8 M5Bt

thermompnn_dir. cache_dir. megascale_csv. megascale_splits.

megascale_pdbs. fireprot_csv. fireprot_splits. fireprot_pdbs. [k Gl
T data_all/cache/ H3

= JESIIZRAET, 5B 3 4> epoch B MM IERE SR KL, FFARIR T B 85 1 1 it
HII AR A BB ) 7
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Full-Scale Training, Multi-Seed Runs and Ablation Study

fEash 45 100 epoch Y2k Z Hi, FE train_thermompnn.py WA O T —47:
python torch.set_float32_matmul_precision('medium?’)

seed42: 100 4~ epoch, % 14 /NEF, EAEKES SSAE epoch 46 (Z{IE Spearman 0.79) o
il nohup ... & BANJGH, #@iF tail f EHEFHE

seed1337 1 seed2024: seed1337 FAEA A S5 AE epoch 37 (¥ Spearman 0.80)
seed2024 f epoch 45 (%5 Spearman 0.79)

BB E S RIAS, AT = THRAS AR yaml Bl : config_no_la.yaml
(lightattn: false) -+ config_no_pretrain.yaml (load pretrained: false) -

config_finetune.yaml (freeze weights: false + mpnn learn rate: 0.0001)
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| Results

Reproduced results vs. thesis results of master model (ThermoMPNN)

Megascale-test Fireprot-HF

largets  Thesis Reproduced Thesis Reproduced

PCC 0.754 £0.004 0.754 £0.001 0.650£0.005 0.649 +0.002
SCC 0.725£0.003 0.725£0.001 0.657+£0.003 0.652+0.002
RMSE 0.708 £0.007 0.726 £0.022 1.510£0.010 1.496 +£0.019
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Results

ThermoMPNN ablation study results - Megascale-test

Models Reproduced results Thesis results

PCC SCC PCC SCC
ProteinMPNN 0.433 0.487 0.430%+0.010 0.487£0.006
ThermoMPNN 0.753 0.725 0.754 +0.004 0.725£0.003
No Light Attention 0.742 0.710 0.742 +0.002 0.711 £0.004
Finetune 0.787 0.752 0.780 £ 0.002 0.747 £ 0.001

No Pretrain 0.664 0.582 0.689 +£0.005 0.642 +0.005



Results

ThermoMPNN ablation study results - Fireprot-HF

Models Reproduced results Thesis results

PCC SCC PCC SCC
ProteinMPNN 0.449 0.513 0.410%0.020 0.490%0.010
ThermoMPNN 0.651 0.655 0.650 %+ 0.005 0.657+£0.003
No Light Attention 0.625 0.635 0.630%0.001 0.634£0.001
Finetune 0.655 0.659 0.657 £ 0.006 0.666 = 0.004

No Pretrain 0.456 0411 0.540+0.020 0.500+0.020



Spearman Correlation (SCC)

Visualized Results

Training Curves — Three Seeds
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Visualized Results

Ablation Study — Validation Curves (Megascale, Seed 42)
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Score

Visualized Results
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Score

Visualized Results

Ablation Study: Impact of Each Desigh Component

Ablation Study — Megascale-test
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Visualized Results

PCC (Pearson Correlation)
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Visualized Results

Performance Ladder: From ProteinMPNN Baseline to ThermoMPNN
(Megascale-test, Seed 42)
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Results

Correlation metrics — PCC and SCC (higher is better 7))

Megascale (test) dataset

Correlation coefficient (unitless)

Fireprot (HF) dataset

Correlation coefficient (unitless)
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RMSE (kcal/mol)

Results

RMSE comparison (lower is better )

Megascale (test) dataset

Fireprot (HF) dataset
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