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What is the enzimatic reaction?
Why is it difficult to treat by theory?

catalysts:enhances reaction rate dramatically.
(1000 to 1million times)
example: binap by Prof. Noyori
enzyme (biocatalyst) : catalyses almost all
chemical reactions occurring in our body

feature:
(1)it works in water (theory of water is essential)
(2)it should accommodate substrate molecules
in the active-site (molecular recognition)

The reaction to alcohol from cellulose (2 steps)
(1)cellulose — sugar (glucose)
(2)sugar — alcohol

Enzymes concern both reactions, but the mechanis
of the first step has not been well understood.

accelerate a reaction

l —— without enzyme

— with enzyme
or catalyst

reactant product
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Mechanism of proton conduction
in M2 channel (a channel in virus).



M2 Channel and Influenza virus

lon Channel

M2 Channel

RNP

Capsid

Neuraminidase

Lipid Envelope (Sialidase)




Influenza drugs

* M2 Block (amatedine and rimatedine)

* Neuraminidase inhibitors (zanamivir and
oseltamiir [Tamiflu])

M2 blocked N1-oseltamivir complex



pKa of HIS

* The experiment shows that the four HISs have
different pKa (8.2, 8.2, 6.3, 5.0).

« =» each HIS is “protonated” at different pH

pH>7.5, channel closed €
pH<6.5, channel opened "V T HIS3T

-/

/) 577 TRP41




Closed channel
*OH
*1H
«2H

Opened channel
*3H
“4H



, 3D and 1D distributions of water and
« e H,O* in M2 channel
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Gating in M2-Channel

A smart mechanism to control the proton conduction !




Gating in M2-Channel

A smart mechanism to control the proton conduction !




Gating in M2-Channel

A smart mechanism to control the ptoton conduction !
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Figure 4 Radial distribution functions of oxygen of water (a), hydrogen of water (b),
oxygen of hydronium (c), and hydrogen of hydronium ion around the nitrogen of
imidazole. A, B, and C represent protonated His, and D represent non-protonated His.



Proposed model of
the proton transfer
through the His
residues.

a) A non-protonated His (A*) is H-
bonded to a H;0", while a
protonated His (D) is H-bonded to

a H,0.

b) The proton is donated from the
H,O* to A* to protonate it, while
protonated His (D) donates a proton
to the water molecule. .

The process effectively transfers

a proton from a water molecule to
the other. (His mediated Grotthus
Mechanism.)

c) A and D* make small
coformational change to prepare
for a next proton.

d) The same process as in process b)
takes place to transfer effectively a
proton from a water molecule to

the other.
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