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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 Potts Model
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Catalyse a specific
reaction

® Trained to capture empirical
frequencies & pairwise
frequencies

By training a Potts Model on a protein family we obtain
Boltzmann distribution with a statistical energy
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DHFR is an essential enzyme involved in folate metabolism, which is
crucial for bacterial growth
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Can we use this statistical energy to predict compensatory mutations?

Wild type sequence Mutant G3D

P({Ui}i=1,...,L) — m

We want a mutation for
which AAE is minimal

— Epistasis

G3D



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

Table 3: Rate Constants (s™!) for the Conformational Change and
) Hydride Transfer for Wild-Type and Mutant DHFRs at 25 °C in
MTEN Buffer at pH 7.0
e oy enzyme kcont” khya”
G121 g R (SpActivelisite | Gly-121 (wild-type) nde 220
Mutation site 9 » Q7 / } “C| Ala-121 nd 38.5 Rate
(=13A to active site) ¢ /// ' 4 Val-121 3.5 14
O [ )‘ Cameron, Benkovic, Biochemistry 1997 36(50):15792-800

FG loop



AAE = ALy — ALgyy,

Mutation V13G has the smallest AAE

Mutant G121V

Amino acid distribution at Position 13
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AAE = ALy )y — AEg)y,

Mutant G121V

Occurences

Mutation V13G has the smallest AAE
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AAE = ALy — ALgyy,

Mutation V13G has the smallest AAE

Mutant G121V

Amino acid at position 13 for sequences with V121
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AAE = ALy — ALgyy,

Mutation V13G has the smallest AAE

Mutant G121V
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Mutation V13G seems to compensate for the steric hindrance
introduced by the G121V mutation between the FG and loops

Paul Guenon
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G121V_V13G




Molecular dynamics simulations predicts a tenfold increase in the
hybrid transfer rate for the mutant G121V_V13G

py(mutant) _ kpya(mMutant)
Distribution of the orientation of the substrates, from 400ns REMD simulations ~
p(WT) knya(WT) Paul Guenon
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Serine Proteases are enzymes which catalysis the hydrolysis of peptide bonds with

varying specificity profiles

Trypsin

Lysine Arginine

Chymotrypsin

I

Tyrosine Tryptophan Phenylananine



Bl Catalytic triad
Bl Linking pocket

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

AALE = AEg g9 — ALpg

kea/Kn (M™1s7)

Enzyme Specificity
Phe Tyr Trp Leu Lys
Ch 1.6 x 10° 4.5 x 10° 6.8 x10° 1.2 x10° 850 10° fo
Tr 4.5% 1.8% 0.2% 0.2* 1.2 x 10°t 101_(‘)5 to
D189S 33* 150* 2.3% 4.7* 16t 0.1120 10

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

Table 1: Specificity of Chymotrypsin, Trypsin, and Trypsin Mutants®

Suc-Ala-Ala-Pro-X-AMC kcat/Kim (M71s71), X =

enzyme Phe Tyr Trp Lys Phe:Tyr:Trp:Lys
chymotrypsin (4.9 £ 0.5) X 10° (8.6 £0.2) X 10° (1.3£0.1) X 108 691 1:2:3:104
trypsin 6.0x0.2 8.9%0.3 1.48 £ 0.01 (1.9+0.1) X 10° 1:1.5:0.3:104
D189S 381 38+8 483 7.3x0.5 1:1:0.1:0.2
Tr—~Ch[S1+L1+L2] 800 £ 20 (6.1 £ 0.6) X 10° (1.0£0.1) X 103 10+1 1:7:1:0.01
Tr—Ch[S1+L1+L2+D189] 1.24 %+ 0.01 nd nd 153+0.2 l:nd:nd:13
Tr—Ch[S1 + L1* + L2] 240 £ 10 nd nd nd nd
Tr—Ch[S1+ L1+ L2+ Y172W] (9.3+0.7) X 10° (6.1 £0.2) X 104 (3.2+0.3) X 10% 9.0 £ 0.7 1:6:3:10°3
Y172W 54+0.2 10.1 £0.4 <2.7 (2.5£0.1) X 10° 1:2:0.5:500

a Conditions: 50 mM Hepes, pH 8.0, 100 mM NaCl, and 10 mM CaCl,, 37 °C. Assays were performed at [S] <« K, as described in Materials
and Methods. Note that the values for chymotrypsin and Tr—Ch[S1 + L1 + L2] are slightly lower (~3-fold) than our previous reports. This
discrepancy most likely results from an improvement in instrumentation, resulting in better sensitivity and thermostating. The relative activities of
chymotrypsin and Tr—Ch[S1 + L1 + L2] are unchanged. The values for D189S and wild-type trypsin agree with previous reports from the Graf
laboratory (Graf et al., 1988). nd, not determined.

Hedstrom et al., Biochemistry 1994

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



Bl Model predictions

16 26 X0X 43 53 X6X 67 76 86 96 104 114 123 X19X 140 X22X 156 166 174 184 192 202 211 220 229 239

Predicted mutations are consistent with experimentally tested

Hedstrom et al., Science 1992 conversion from the literature
Hedstrom et al., Biochemistry 1994



Conclusion

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

® Results on DHFR are consistent with Molecular Dynamics

simulations
Upcoming experimental

e Results on S1A family are consistent with experimentally tested results

conversion from the literature (Hedstrom et al.)

® Application to other systems?
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