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Abstract

The oxygen hole is ubiquitous in hydrolase and lowers the activation energy of the transition state.
Its geometry invites the formation of a low energy tetrahedron facilitating electronic movements. In
effect it functions as a switch.
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A large number of proteinases and esterases contain an oxygen hole, which appears to play a
key role in the lowering of the activation energy of the transition state [1]. The structure of the
apparently conserved oxygen hole includes two hydrogen bonds flanking a conserved gly residue
near the conserved ser residue in the active site. The other conserved residues of the oxygen hole are
contributed by the substrate. The oxygen hole invites the formation of a low energy tetrahedron, the
carbon of which links ser195 to the carboxyl carbon atom of the substrate. The role of the oxygen hole
appears to be to form a particularly dense structure of tetrahedral geometry, which possesses a
minimal surface area to volume ratio, near that of a sphere. The advantage of such a structure to
enzymatic catalysis is the minimerisation of the distances of electronic movements, thus lowering the
energies required for electronic transitions. The dense tetrahedron appears to contain 4 electrons. It
appears to be more strongly bound to the active site than the initial binding site is. Such a construction
would facilitate the evolution of efficient mechanisms to aid the survival under the prevailing
environmental conditions. Evidence of the importance of an unpaired electron in the oxygen hole
might be gained by the inclusion in the enzyme assay of a free radical catching compound e.g., cys,
glutathion or ascorbate [2]. The unpaired electron of the O-hole may lower the activation energy by
raising the energy of the ground state. The unpaired electron originates from the N atom of the
substrate amide group and may run along the his57-asp102 charge relay to perturb the electric charge
state of the environment. This could release a conformational change promoting the product release.

Inclusion compounds [3], which surround the primary catalyst, e.g., yttrium in methanogenic
bacteria, may operate by a similar effect, because they confine the electrons to the vicinity of the
reaction center.

A large number of proteases and hydrolases with serine in the active site appear to act in a
similar way, which is characterized by the formation of an oxygen hole that contains the bond
destined to be cleaved. Since the evolution has fine tuned and generalized this mechanism, an attempt
to discern the individual steps in the sequence and their characteristic kinetic and thermodynamic
properties must be appropriate and timely.

Step 1. The initial binding of the substrate to the active site: E + S = ES

ki2 and ka1 are known from temperature jump experiments with specific inhibitors [4] to be: 5
x10¢ L.s/M and 10%/s, resp.

Step 2. Compression of the hydrophobic site: ES = E'S, ka3 = 102-10% s, ka2 = 102-10° s™.

This step is accompanied by the formation of the difference spectrum found by Wootton and
Hess at 290 nm [5].

Step 3. Twisting of the sensitive bond to permit the formation of the internal tetrahedron
mentioned above [6]:

ES'=ES", kas = ka3, kaa = kas = 102-108 s-1.
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Step 4. Orbital pairing: ES™"= E"”

An unpaired electron on the serine hydroxyl group of the active site forms a pair of opposite
spin direction with an unpaired electron of the oxygen atom in the bond to be split.

Step 5. Product release: ES”” = E + P.

The proposed pairing of two singular electrons is the following: One electron from the oxygen
atom of the serine hydroxyl group and the other from the oxygen of the substrate group, which is to
be broken, form a pair of electrons with opposite spin. That might also, in enthalpy and mechanism,
resemble the formation of a covalent bond. The single bond covalent radius of H is 0.28 A. The bond
energies of H-H, C-C and O-O are 436, 356 and 146 k]/mol, resp.

The proposed oxygen-oxygen electronic interaction could lower the energy of the transition state
by an amount comparable to the one observed at the oxygen hole.

The positive p-orbits of the singular electrons of the serine sidechain oxygen and the oxygen
atom of the target linkage, resp., form a bond of the n-bond type, thus creating an acyl bond and
releasing the first product, the one with a terminal amino group. Subsequently, the oxygen atom of
the attacking water molecule cleaves the serine bound substrate fragment by offering a more stable
product, the carboxyl terminated fragment.

This argument leads to the conclusion that a transient m-bond formed by two p-orbitals, one
from each of the two oxygen atoms mentioned. That nt-bond stabilizes the acyl-enzyme stage of the
catalytic process.
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