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Abstract
Barrozo, A. 2016. Promiscuity and Selectivity in Phosphoryl Transferases. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Science and
Technology 1350. 74 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-554-9497-1.

Phosphoryl transfers are essential chemical reactions in key life processes, including energy
production, signal transduction and protein synthesis. They are known for having extremely low
reaction rates in aqueous solution, reaching the scale of millions of years. In order to make life
possible, enzymes that catalyse phosphoryl transfer, phosphoryl transferases, have evolved to
be tremendously proficient catalysts, increasing reaction rates to the millisecond timescale.

Due to the nature of the electronic structure of phosphorus atoms, understanding how
hydrolysis of phosphate esters occurs is a complex task. Experimental studies on the hydrolysis
of phosphate monoesters with acidic leaving groups suggest a concerted mechanism with a
loose, metaphosphate-like transition state. Theoretical studies have suggested two possible
concerted pathways, either with loose or tight transition state geometries, plus the possibility of
a stepwise mechanism with the formation of a phosphorane intermediate. Different pathways
were shown to be energetically preferable depending on the acidity of the leaving group. Here
we performed computational studies to revisit how this mechanistic shift occurs along a series
of aryl phosphate monoesters, suggesting possible factors leading to such change.

The fact that distinct pathways can occur in solution could mean that the same is
possible for an enzyme active site. We performed simulations on the catalytic activity of β-
phosphoglucomutase, suggesting that it is possible for two mechanisms to occur at the same
time for the phosphoryl transfer.

Curiously, several phosphoryl transferases were shown to be able to catalyse not only
phosphate ester hydrolysis, but also the cleavage of other compounds. We modeled the catalytic
mechanism of two highly promiscuous members of the alkaline phosphatase superfamily.
Our model reproduces key experimental observables and shows that these enzymes are
electrostatically flexible, employing the same set of residues to enhance the rates of different
reactions, with different electrostatic contributions per residue.

Keywords: phosphate chemistry, linear free energy relationships, phosphatase, catalytic
promiscuity, empirical valence bond approach, alkaline phosphatase
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Ψ∗ĤΨdτ∫
Ψ∗Ψdτ

≥ E0

E0

ψi

Ψel( 1, 2, ..., N ) = ψ1( 1)ψ2( 2)...ψN ( N )



ψi

ψi

ψi( ) =

M∑
μ

cμiφμ( )

φμ cμi
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Ĵ(i)

ρ( ) =

N∑
i

|ϕi( )|2

E[ρ] = T [ρ] +

∫
ρ( )VeNd +

∫ ∫
ρ( )ρ(

′
)

| − ′ | d d
′
+ EXC [ρ]

EXC [ρ]

EXC [ρ]

EXC [ρ]



(−βE)

(t+Δt) = (t) + (t+
Δt

2
)Δt

(t+
Δt

2
) = (t− Δt

2
) + (t)Δt

t

O(Δ4)

O(Δ2)



V =
∑
bonds

1

2
kb(r − r0)

2 +
∑

angles

1

2
kθ(θ − θ0)

2

+
∑

torsions,n

kϕ[1− (nϕ− δ)] +
∑

improper

1

2
kξ(ξ − ξ0)

2

+
∑

nb,i<j

1

4πε0

qiqj
rij

+
∑

nb,i<j

Aij

r12ij
− Bij

r6ij

r0 kb

θ0

kθ

kϕ kξ

Aij Bij



ΔG(A→ B) = −kBT
〈 (

−EB − EA

kBT

)〉
A

A

B



Um = (1− λm)UA + λmUB , {λm ∈ R | 0 ≤ λm ≤ 1}

λm

ΔF

ΔF (A(λm = 0)→ B(λm = 1)) =

N−1∑
m=0

ΔF (m→ m+ 1)

N
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