Bioinorganic Chemistry:

Metal 1ons present in biological systems. classification of elements according to their action
in biological system. Geochemical effect on the distribution of metals. Sodium / K-pump.
carbonic anhydrase and carboxypeptidase. Excess and deficiency of some trace metals.
Toxicity of metal ions (Hg. Pb. Cd and As). reasons for toxicity. Use of chelating agents in

medicine.

Iron and its application in bio-systems. Haemoglobin: Storage and transfer of iron.



Carbonic Anhydrase

**The carbonic anhydrases (or carbonate dehydratases) form a family
of enzymes that catalyze the interconversion between carbon dioxide and water and
the dissociated ions of carbonic acid (i.e. bicarbonate and hydrogen ions). The active
site of most carbonic anhydrases contains a zinc ion. They are therefore classified
as metalloenzymes. The enzyme maintains acid-base balance and helps transport
carbon dioxide.

*¢Carbonic Anhydraseis an enzyme that is located in red blood cells.
It contains about .31 to .34% zinc.

**This is important because it’s the first known direct physiological function of zinc.

H,O + CO, = H" + HCO;




Carbonic Anhydrase Mechanism
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Carboxypeptidase

s A carboxypeptidase is a protease enzyme that hydrolyzes (cleaves) a peptide bond at
the carboxy-terminal (C-terminal) end of a protein or peptide. Humans, animals,
bacteria and plants contain several types of carboxypeptidases that have diverse
functions ranging from catabolism to protein maturation.

“*Structure: Carboxypeptidase A (CPA) contains a zinc (Zn?*) metal center in a
tetrahedral geometry with amino acid residues in close proximity around zinc to
facilitate catalysis and binding. Out of the 307 amino acids bonded in a peptide chain,
the following amino acid residues are important for catalysis and binding; Glu-270,
Arg-71, Arg-127, Asn-144, Arg-145, and Tyr-248. The zinc metal is a strong electrophilic
Lewis acid catalyst which stabilizes a coordinated water molecule as well as stabilizes
the negative intermediates that occur throughout the hydrolytic reaction. Stabilization
of both the coordinated water molecule and negative intermediates are assisted by
polar residues in the active site which are in close proximity to facilitate hydrogen
bonding. An active site of Carboxypeptidase A is shown in the figure.



Carboxypeptidase
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Carboxypeptidase

Mechanism of action of
carboxypeptidase A in the
hydrolysis of an amide linkage
in polypeptide.



Use of Chelating Agents in Medicine

Chelating agents are chemical compounds that react with metal ions to form a stable,
water-soluble complex. They are also known as chelants, chelators, or sequestering
agents. Chelating agents have a ring-like center which forms at least two bonds with
the metal ion allowing it to be excreted. Chelating agents are usually organic
compounds (a compound that contains carbon). Specific chelating agents bind iron,
lead, or copper in the blood and can be used to treat excessively high levels of these
metals. Chelating agents may also be used in the treatment of heavy metal poisoning.

Chelation therapy is a medical procedure that involves the administration
of chelating agents to remove heavy metals from the body. Chelation therapy has a
long history of use in clinical toxicology and remains in use for some very specific
medical treatments, although it is administered under very careful medical supervision
due to various inherent risks.




Use of Chelating Agents in Medicine
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Use of Chelating Agents in Medicine
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Use of Chelating Agents in Medicine

v' EDTA Chelation therapy is a treatment that involves repeated intravenous administration of
a chemical solution of ethylenediaminetetraacetic acid.

v Injected intravenously and once in the bloodstream, EDTA traps lead and other metals,
forming a compound that the body can get rid of in the urine. The process generally takes 1-3
hours.

v Is regarded by the body as a foreign substance, so the body eliminates the entire particle -
the heavy particle coated with EDTA.

v' Has been used extensively in mainstream medical settings to remove the toxic metal lead
from the human body.
v Acts as a powerful antioxidant to protect blood vessels from free radical damage.

v" EDTA chelation therapy is approved by the U.S. Food and Drug Administration (FDA) as a
treatment for lead and heavy metal poisoning. It is used to treat acute and chronic lead
poisoning by pulling toxins (including heavy metals such as lead, cadmium, and mercury) from
the bloodstream.



Use of Chelating Agents in Medicine




Use of Chelating Agents in Medicine
BAL/ British anti-Lewisite >

(Dimercaprol) /_Q_
HS OH

Lewisite Gas: CH,=CHAsC(I, 2.3-dimercaptopropanol

HS

? :
Cl OH OH
USES:

In poisoning due to

1. Arsenic(10 days), gold(3 months), bismuth, }
antimony, thallium, mercury (until recovery); Iy SRS
Pb, Hg e

L -. i H?t '

B 1
JECTION LIS

2. Oily solution of Dimercaprol instilled in to
conjunctival sac in arsenic (vesicant)
contamination of eye (within 5 min).

3. Wilson’s disease — allergic to penicillamine;
increases excretion of copper in urine.

Later on BAL was modified into DMSA



Use of Chelating Agents in Medicine
DMSA/ DIMERCAPTOSUCCINIC AC

meso-2,3-dimercaptosuccinic acid (1995)

Hg, Pb
It can cross the blood brain barrier and is used for extracting heavy
metal ions from brain.



Use of Chelating Agents in Medicine

DMPS/ Dimercapto -propane sulfonate Therapy
2,3,-dimercaptopropane-1-sulfonate (1956)
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Used in heavy metal poisining of Po,,,



Myoglobin

Structure: Myoglobin is a protein of molecular weight of about 17000 with the protein
chain containing 153 amino acid residues folded about the single heme group. It has a
globular structure. Myoglobin and hemoglobin are both part of the globin family; a
family of heme-containing globular polypeptides with eight aa-helices in their protein
fold. Myoglobin contains only one subunit of globin, while hemoglobin has four
subunits. Myoglobin can exist in the oxygen free form, deoxymyoglobin, or in a form in
which the oxygen molecule is bound, called oxymyoglobin. Myoglobin is a protein
found in muscles that binds oxygen with its heme group like hemoglobin. Heme group
consists of protoporphyrin organic component and an iron atom located in its center.
The heme group gives muscle and blood their distinctive red color.

Figure: Myoglobin molecule. The folding of polypeptide chain about the heme group.



Binding of Oxygen to Myoglobin

Myoglobin contains Fe(ll) in the high spin state. Fe(ll) is d® and when it is high spin it
has a radius of approximately 92 pm in a pseudo-octahedral environment, and the Fe
atom will not fit into the hole of the porphyrin ring. The Fe(ll) atom thus lies some 42
pm above the plane of the nitrogen atoms of the porphyrin ring.

When a dioxygen molecule binds to the Fe(ll) atom, the Fe(ll) becomes low spin d®°
configuration. The ionic radius of the low spin iron(ll) with coordination number six is
only 75 pm.

Difference in the radius of high spin and low spin Fe(ll): In octahedral complex, the e,
orbitals are those aimed at the ligands. If they contain electrons, in case of high spin
case (t,,*e,?), they will repel the ligands as opposed to low spin case (t,;°¢,°). Thus the
effective radius of the Fe(ll) atom is higher in the high spin state than in the low spin
state. The results is that the iron atom shrinks upon spin pairing and drops into the
hole of the porphyrin ring. All the ligands are able to approach the iron atom more
closely.




Binding of Oxygen to Myoglobin
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Binding of Oxygen to Myoglobin
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Haemoglobin

What Are Hemoproteins?

* Hemoproteins are Conjugated Proteins

* With Heme as a Prosthetic group in their structures.
Heme Containing Proteins

1. Hemoglobin (Hb)

2. Myoglobin (Mb)

3. Cytochromes (ETC Components)

Heme Containing Enzymes

1. Catalase

2. Peroxidase

3. Tryptophan Dioxygenase/
Tryptophan Pyrrolase

HOOC

COOH




Haemoglobin

What Is Hemoglobin?

* Hemoglobin(Hb) is a major Hemoprotein of Human body

* Hemoglobin Chemically is:
* Conjugated Protein

* In Hemoglobin
* Heme is a Prosthetic group
* Globin is a Protein part

(Hemoglobin = Heme + Globin)



Relative absorbance

Haemoglobin

* Hemoglobin(Hb) is Red color pigment

* Location Of Hemoglobin-
Inside Red blood cells/Erythrocytes of blood.
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Haemoglobin

Hemoglobin molecule

Red blood
cell

Red blood

cells contain

several hundred

thousand hemoglobin

molecules, which

transport oxygen Oxygen binds to heme on
the hemoglobin molecule




Haemoglobin

* Hemoglobin In RBCs Occupies:

* 33% of the RBC volume (1/3)
* 90-95% of the dry weight of RBC is by Hb.

* Normal concentration of Hemoglobin in the Human Blood:

Adult Males-
13.5-17.5 gm/dL

Adult Females-
12.5-16.5 gm/dL



Haemoglobin

Structure: It is considered as an approximate tetramer of myoglobin. It has a molecular weight
of 64,500 and contains four heme groups bound to four protein chains. Two of the chains
labelled beta, have 146 amino acids and are somewhat similar to the chain in myoglobin. The
other two chains labelled alpha, have 141 amino acids and are somewhat less like the
myoglobin chain. The difference in hemoglobin and myoglobin in their behaviour towards
dioxygen are related to the structure and movements of the four chains.




Deoxyhemoglobin

Oxyhemoglobin

\ Iron atom is flushed with

the heme group’s plane
with the binding of O3

Iron atom is lowered from
the heme group’splane
without the binding of Oy













































