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Protein evolution allows for the development
of complex traits
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Phosphagen kinases (PKs) can be used as a
model system to investigate protein evolution
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Cooperativity is a complex trait that can provide an
evolutionary and biochemical advantage
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In cooperative PKs
an internal hydrogen
bond network
connects the dimer
Interface to the
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Do the residues within the internal hydrogen bond
network serve as a series of potentiating
mutations that allow for the evolution of PK

cooperativity?

S- japonicus A I. aurantia CK|(non-cooperative)
Subunit 1) Subunit 2 Subunit 1 Subunit 2
D200 D57 RS
O ¢ /--070 o D210 J
" /--O0” "OH ool
Iy
A204
o
GS Loop




Do the residues within the internal hydrogen bond

network serve as a series of potentiating
mutations that allow for the evolution of PK

cooperativity?
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Substituting internal residue S194 affects
kinetic parameters
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SJAKWT undergoes conformational changes upon
ATP binding
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SJAK S194T does not undergo the same conformational
changes as WT upon ATP binding
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ATP bound S194T is more similar to unbound WT
than ATP bound WT
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Conclusions

* 51947 had 3-fold increased Ky, suggesting decreased substrate
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Conclusions

* 51947 had 3-fold increased Ky, suggesting decreased substrate

affinity

* S194T may not undergo the proper conformational changes upon

ATP binding

* S194 may serve as a potentiating mutation that helps stabilize the

ATP bound form of SjAK



Future Directions

* Determine whether S194A and S194T are cooperative



Future Directions

* Determine whether S194A and S194T are cooperative

* Mutate other residues in the internal hydrogen bond network



Future Directions

* Use directed evolution as less biased approach to investigate PK

evolution
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Thank you for listening!
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Structural analysis reveals that cooperative PKs
utilize a reciprocating mechanism
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Stichopus japonicus AK exhibits extreme

negative cooperativity
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Because S194 is not conserved, this could mean that there is a
network of pre-existing potentiating mutations that make it easy

for a focal mutation for cooperativity to evolve
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ITC cooperativity assays were inconclusive
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Enzyme Quaternary Structure  Ky,,, (mM) K., 5D Keat/ Kyiare (mM-1s7)
WT Dimer 0.6+0.1 202 £2 337+ 77

S194A Dimer 0.66 = 0.02 70 £ 0.6 106 + 3

S194T Dimer 2.1+0.6 68 + 4 33+10
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RmCK (A) and TaCK (B) also undergo
conformational changes upon ATP binding
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