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Epistasis: Mutations are context dependent and can interact in non-additive ways
It can change the tolerance of homologs to mutations and induce 
correlations in sequence alignments
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Homologous sequences

p({σi}i=1,...,L) =
e−E(h,J)

Z(h, J)

Potts Model

By training a Potts Model on a protein family we obtain 
Boltzmann distribution with a statistical energy

• Trained to capture empirical 
frequencies & pairwise 
frequencies

3d structureAmino acid chains

Function

Catalyse a specific 
reaction
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• Inferred from a MSA



DMS in silico Potts Model

DMS 
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Data from Nguyen, T. N et al., Nature communications, 2024Insufficient data

DHFR is an essential enzyme involved in folate metabolism, which is 
crucial for bacterial growth



p({σi}i=1,...,L) =
e−E(h,J)

Z(h, J)

Can we use this statistical energy to predict compensatory mutations? 

Wild type sequence Mutant G3D

G3D

ΔΔE = ΔED3 − ΔEG3

We want a mutation for 
which  is minimalΔΔE

Epistasis→



Mutation on G121 decrease the hybride transfer rate constant 
in E. Coli Dihydrofolate Reductase (DHFR)

G121



Mutant G121V

G121V

ΔΔE = ΔEV121 − ΔEG121

V13

Amino acid distribution at Position 13
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Mutation V13G has the smallest ΔΔE



Mutant G121V

G121V

ΔΔE = ΔEV121 − ΔEG121

V13

Mutation V13G has the smallest ΔΔE

Beneficial Deleterious



ΔΔE = ΔEV121 − ΔEG121

Amino acid at position 13 for sequences with V121

Mutant G121V

G121V

V13

Mutation V13G has the smallest ΔΔE



ΔΔE = ΔEV121 − ΔEG121

Mutant G121V

G121V

V13

Mutation V13G has the smallest ΔΔE
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Mutation V13G seems to compensate for the steric hindrance 
introduced by the G121V mutation between the FG and Met20 loops



Molecular dynamics simulations predicts a tenfold increase in the 
hybrid transfer rate for the mutant G121V_V13G
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Serine Proteases are enzymes which catalysis the hydrolysis of peptide bonds with 
varying specificity profiles

Trypsin

Chymotrypsin

Lysine Arginine

Tyrosine Tryptophan Phenylananine



ΔΔE = ΔES189 − ΔED189

D189

Inhibitor protein
Catalytic triad
Linking pocket

Hedstrom et al., Science 1992
Hedstrom et al., Biochemistry 1994

Hedstrom et al., Science 1992

Residue 189 is crucial for the specificity of the serine 
protease but swapping this residue is not sufficient 

to get a specificity conversion



Hedstrom et al., Science 1992
Hedstrom et al., Biochemistry 1994

D189 Hedstrom et  al.

Hedstrom et al., Biochemistry 1994

Starting from D189S can we use our approach to propose 
mutations for specificity conversion in Serine Proteases?



Predicted mutations are consistent with experimentally tested 
conversion from the literatureHedstrom et al., Science 1992

Hedstrom et al., Biochemistry 1994

D189 Hedstrom et  al. Model predictions



• Simple procedure that rely on a statistical model trained to capture 
empirical frequencies & Pairwise frequencies

• Application to other systems? 

• Results on DHFR are consistent with Molecular Dynamics 
simulations

Conclusion

• Results on S1A family are consistent with experimentally tested 
conversion from the literature (Hedstrom et al.)

Upcoming experimental 
results
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