
CH524: bioinorganic g
chemistryy

What do you think is 
bi i i h i t ?bioinorganic chemistry?



Progressive 
modification of Nomenclature 

1960s - Inorganic biochemistryg y

1980s - Bioinorganic Chemistryg y

2000 - Biological Inorganic2000  Biological Inorganic 
Chemistryy



What would we roughly cover in this course?

INTRODUCTORY ASPECTS

Introductory awareness of the role of metal ions in biologyIntroductory awareness of the role of metal ions in biology 
and medicine

Very general features of coordination chemistry, bio-
molecules, spectral and biochemical techniques

BIOINORGANIC CHEMISTRY APPROACH
Metalloproteins, metalloenzymes & metal activated 
enzymes

Some anion based aspects



Metalloproteins, metalloenzymes 
and metal activated enzymes

• Transport of alkali and alkaline earth ions and functioning of ATPases
• Toxic role of chromium
• Vanadium in haloperoxidases and nitrogenases

y

Vanadium in haloperoxidases and nitrogenases
• Role of manganese in the oxygen evolution cluster of photosystem – II
• Iron proteins & Enzymes:  Transport & storage; 

P h i d h i b d El t T t• Porphyrin and non-porphyrin based: Electron Transport; 
Monooxygenases, Dioxygenases; Phosphatases; Reductases; Superoxide 
dismutase
C b lt C b l i b d• Cobalt:  Cobalamine based enzymes

• Nickel:  Urease; Hydrogenases; Carbonmonooxide Dehydrogenases
• Copper:  Electron Transport; Oxidases; Monooxygenases; Dioxygenases; 

Various types of copper centers; Super oxide dismutase
• Zinc:  Hydrolases; Peptidases; Lyases; Ligages; Oxido-reductases; 

Transferases
• Molybdenum:  Nitrogenase; all types of Oxido-reductases
• Selenoenzymes (if time permits)



Periodic table



Aspects concerned in bioinorganic chemistry

•Which are the elements ESSENTIAL for living cells in biology?

•What AMOUNTS are these present?

•How are these CHOSEN?How are these CHOSEN?

•Are there any MUTUAL INTERACTIONS AMONG these elements of 
biology? (either cooperatively or antagonistically?)

O ?•HOW and WHERE are these present in biological systems?

•WHAT do these elements DO in biological systems?

•HOW do these elements DO THOSE FUNCTIONS/JOBS?HOW do these elements DO THOSE FUNCTIONS/JOBS?

Recent Concerns
HOW i t t i th t ti l l t i th t ti l f ti ?•HOW important is that particular element in that particular function?

•WHAT HAPPENS when you replace that element of biology by a 
different one?

•WHAT HAPPENS when you replace that particular binding site or 
amino acid residue by another?



Chronological order of the discovery of 
the essential elements of biology

Iron 17th century

Iodine 1850

Copper 1928

CManganese, Zinc, Cobalt 1931-35

Molybdenum, Selenium, Chromium 1953-59

Tin, Vanadium, Fluorine, Silicon 1970-72Tin, Vanadium, Fluorine, Silicon 1970 72

Nickel, Arsenic 1974-75

Lithium, Bromine, Cadmium, Lead Essentially was not well 

proven

Tungsten 1985



Elemental Composition of Human



Intake and/or utility of metal ions in life
(those other than through food particularly through drug 

ti )preparations)
Element Compound as Used for
Al Hydroxide antacid

Silicate antidiarrhoeal
Sb Gluconate antileishmaniasis
Bi Tripotassiumdicitrate antacid & antiulcerp
B Boric acid antifungal
Co Vitamin B12 pernicious anaemia
Fe Glycine sulphate Iron deficiency – anaemiaFe Glycine sulphate Iron deficiency anaemia
Au Thiomalate antiarthritis
Mg sulphate, hydroxide laxative, antacid
Pt dichlorodiammine antineoplastic disordersPt dichlorodiammine antineoplastic disorders
Se sulphate antidandruff
Ag sulphadiazene antibacterial
S Fl id ti iSn Fluoride anticaries
Zn sulphate nutrition & wound healing



Criteria for ESSENTIALITY of Elements in biology

•Should be present in the tissues of different animals at comparable 
concentrations

•A specific biochemical function (structural or catalytic or regulatory 
type) should be associated with that particular element

•Physiological deficiency appears when the element is removed from aPhysiological deficiency appears when the element is removed from a 
purified diet

•The deficiency can be relieved by the addition of that specific element

Additional Criterion that needs to be met before the element is 
accepted as essential isaccepted as essential is

•The essentiality of that particular element should be demonstrated 

by at least two research groupsy g p



Periodic Table Relevant to Biology



Elemental concentrations present in 
body, blood, sea water, earth crust



Criteria for the selection of elements

Elemental abundance is not only the determining factor

•Solubility of the element

•Charge type/Oxidation state

•Ionic Radius

•Ligating atoms

•Preferential coordination geometry

•Spin-pairing stablization

•Kinetic reactivity and other controls

•Thermodynamic aspects

Chemical reacti it•Chemical reactivity



Some essential elements:  Syndromes of deficiency & excess



Dose – Response Relation
(Bertrend’s plot) 

Intake per day



Iron absorption by intestines and release into blood



Antagonism among different metal ions during uptake

Synergism among different metal ions during uptakeSynergism among different metal ions during uptake
Increasing intake of copper in creases the hemoglobin as the 
same is coupled with the increase uptake of iron through itssame is coupled with the increase uptake of iron through its 
mobilization



Naturally occurring amino acids



Protein groups which participate in metal ion binding

Ionizable group Location/Residue Intrinsic pKa

α-COOH Carboxyl terminal 3.5 – 4

β,γ-COOH Aspartic (Asp) & Glutamic (Glu) 4 – 5

Imidazole Histidine (His) 6 – 8

α-NH3
+ Amino terminal 7.5 – 8

Sulfhydryl (-SH) Cysteine (Cys) 10

ε-NH3+ Lysine 10ε NH3+ Lysine 10

Phenolic Tyrosine (Tyr) 9.5 – 10.5

Guanidine Arginine (Arg) 12

Hydroxyl (-OH) Serine (Ser), Threonine (Thr) 12 - 14



Some metal ion binding motifs in biology (in proteins)



Structure of human serum transferrin –
Coordination about Fe

HUMAN SERUM TRANSFERRIN  
pdb code:1a8e



Structure of plastocyanin – Coordination about Cu & Zn

PLASTOCYANIN-pdb code:2w88



Primary coordination spheres in different Zn-enzymes



Primary coordination spheres in different Cu-enzymes



Primary coordination spheres in different Fe-enzymes



Likely binding groups for biologically active metal ions
ion Binding group(s) Geometry
K+ Singly charged or neutral oxygen ligands
Mg2+ Carboxylate; Phosphate; Nitrogen ligands
Ca2+ Carboxylate particularly ‘gla’ proteins proteins;Ca Carboxylate particularly gla  proteins proteins;

Less affinity than Mg2+ for N-ligands; Phosphate
Mn2+ Similar to Mg2+

Mn3+ Imidazole; Tyrosine; sulfur donor (in acid phosphate)  
Fe2+ Porphyrin; S2-; thiols (-SH); NH2; carboxylates; O2-

Fe3+ Porphyrin; carboxylate; tyrosine and otherFe Porphyrin; carboxylate; tyrosine and other
phenolic groups; NH2; S2-; hydroxamic acids; O2-

Co2+ Corrin
Ni2+ Porphyrin; -SH
Cu1+ -SH
Cu2+ Amines; carboxylates; imidazoleCu Amines; carboxylates; imidazole
Zn2+ Imidazole; cysteine (-SH); glutamic acid (COO-)
Cd2+ Cysteine (-SH)



General functions performed by essential elements in biology



Biological essential ions:  
Functions, recommended intake & binding groups



Biological essential ions:  
Functions, recommended intake & binding groups



S Year of 

Books where you may find SOME relevant material

S. 
No Name of the book Author(s)

ea of
Publi-
cation

Publisher

1 Bioinorganic Chemistry: a short course Rosette M. 
Roat-Malone 2007 John Wiley & sons, Inc.

Bioinorganic Chemistry- an inorganic perspective Dimitris P2 Bioinorganic Chemistry an inorganic perspective 
of life

Dimitris P. 
Kessissoglou 1995 Kluwer Academic Publishers

3 Principles of Bioinorganic Chemistry
Stephen J. 

Lippard, Jeremy 
Mark Berg

1994 University Science Books

4. Inorganic Biochemistry:  An Introduction James A Cowan 1993 VCH

5 Bioinorganic Chemistry Eckhard Bill 1991 Springer-Verlag

6 Bioinorganic Chemistry Ivano Bertini 1994 University Science Books

7 Bioinorganic Chemistry: The Biological Michael 2009 J h Wil & S Li it d7 g y g
Chemistry of Transition Metals Watkinson 2009 John Wiley & Sons, Limited

8 Physical methods in bioinorganic chemistry: 
spectroscopy and magnetism Lawrence Que 2000 University Science Books

9 H db k ll i
Ivano Bertini, 
A id Si l 2001 CRC P9 Handbook on metalloproteins Astrid Sigel, 
Helmut Sigel

2001 CRC Press

10 Bioinorganic chemistry: transition metals in 
biology and their coordination chemistry

Alfred 
Trautwein, 
Deutsche 1997 Deutsche  

Forschungsgemeinschaftbiology and their coordination chemistry Forschungsgeme
inschaft

Forschungsgemeinschaft


