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CO, transport and management:

In general CQis produced in theells during respiratic and it getsaccumulatedn cells during Krebs
cycle, whichgets dissolved in water of blood serum producimp@aic acid

CO; + H,O = H,CO5

The conjugate base of the deoxygenated Hb preséne largeexcess in the tissi, since the partial
pressure of @is low in this regior act as a proton acceptor aigCO3; proton donc (Fig 1).

H,COs3 + deoxyHb = HCO3 + deoxy-HbeH"
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Now theHCO{ is transported to lungs through blood plas In the lungs due to presence of friO,,
HCOj is converted ttd,CO3zanddue to high partial pressure of @eoxygenated F converted to oxy-

hemoglobin
deoxy-HbeH"+ HCO3 = oxy-Hb + H,CO3

The producedH,CO3 get immediately converted CO, & H-0.
H,CO3= CO, +H,0

And this process may functi@pontaneouy or bio catalysethy some enzyn Carbonic Anhydrase [CA].

And the CQ released through lung from the b« (Fig 2).
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Carbonic Anhydrase (CA)

Carbonic Anhydrase was the first discoveZn—metalloenzyme [1940]t is found in animals, plants ai
some microorganismfnterestingl) in plants CA do not contain in metal atom in théwacsite

It catalyzes the reversible hydrationCO, during respiration in human body,
CO, + HO = HCQ + H' presence of C

Without the catalyst the reaction proceeds veowly at body temperature [3%8 °C].
CO, +H,0 = HCQ + H' (p CO,=1atm, k = 10sec)

The human CA (HCA) enhances the rate of hydratibCO, about 10times (K= 10° / sec) which is the
highest known Biological rate.
The enzyme also can catalyzeshydrolysis of esters as well as aldehydes

CHyCHO + HO = CHCH(OH),

In the RBC this enzyme perforn the important role of receiving G@om tissu¢ in the active muscle and
releasing it in the lunggE£ach molecule of HCA can hydrate ab1 million molecules 0'CO, /sec at body
temperature.

Active Site Structure of HCA
A number of closely related forms of CA are foundnammals its m.w.~ 30,000 ¢

The Zn(ll) ion is coordinately 4 ligand, three N atoms of 3 Histidinglis119, His94 & Hi-96) residue &
the fourth coordination is satisfied bywater moleculeThe geometry of the enzyme becomedistorted
tetrahedral molecule (Fig 3).
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The molecule roughly looks like ellipsoidal with Z# ion lies 12A deep cle The active site structure
contain other amino acids may function &bond formation, proton transfer (Fig 4).
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Essential Role of Zn

Now the question is why naturmsselect Zfi to design such type of important mloenzymes? And the
answer is,

+« The Zn(ll) ion inducesetrahedrallycoordinatedgeometry, as required in trmetalloenzymes
% Very good interactive chemistry and bonding relatiath water.

Zn(Il) ion highly stable anacts as a Lewis Acid.

% It shows importantatalytic activit' as many metalloenzymes.

% Itis observed that Zfion performs as a stabilizing the structofenanymetalloenzymes.
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Zn*? ion is essential for all form of life. Deficiencyf @n a large no. of diseases and disorders have
traced —

retarded growth,

anemia,

loss of appetite,

taste sensitivity

lots of metabolic disorde
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For an adult Human about 2® mg of Zn is required pday. It is found irfMeat, Egg, Fish, beaiand nuts.

Catalytic action of CA

The zr' ion is moreacidic centre in CA : the threHistidine-Nsare pull back the electrons making Zn
centre moreelectronegative and more acictowards the fourth position, where the water mdkeds
binded. The mechanistic cyctd# the conversion of C, to HCG; catalyse by HCA is shown below
(Scheme 1).
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Scheme 1

Step 1.Three NHistidines polarises the attached water molecud it will lose a proton forminZn-co-
ordinated hydroxgroup producing thActive site of the enzyme.

Step 2. Now the CQ molecule bind to thiactive siteby nucleophillic attack of thOH group of the CA.
Step 3. The OHgroup holding the Cyattached with the Zrorient itself in such a way that the above ati
[CO, — Zn"] may be possible with the construction 4-membered ring.

Step 4. After that a conformational change at Zn active site followed by nucleophillic attack water
generates HCgand thenitial Zn-metalloenzyme.

This zrl' — metalloenzymes igady to perform another catalytic cyas aboveand so on.
Catalytic action of CA- Model Study

Draw backs. The compounds of Zn(ll) are maximicolorless hence they showvery poor photo physical
and photo chemical propertyhey are also non magne- henceEPR, Méssbauer sile. Hence compounds
of Zn? ion are not identified easi Molecular modelling in vitro is the onlyay to study the mechanism

(Fig 4).
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To study the structural feature and the reactioijer of CA ascatalytic actiol, the Zri%ion [d'] is replaced
by the corresponding Cbion [d], Ni*? [d®] and CU? [d°], which is spectrscopyally active and we may
perform a variety of analysis as absorption, simigs CD, magnetic CD and the-Ray analysis.
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