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* Bioinorganic chemistry is concerned with the roles of inorganic 
elements in biological processes.  

 

*Metal ions can have structural roles, catalytic roles, or both. 

 

*Metals that have catalytic roles will be present at the active site of the 
biomolecule  which will likely be a metalloprotein (a metalloenzyme).  

 

*The reactivity of a metalloprotein is defined by the nature of the metal, 
particularly its electronic structure and oxidation state. 

 

*This, in turn, is determined by its coordination environment (ligand 
donor atoms) and molecular geometry, which is provided by the 
architecture of the protein surrounding the metal. 

 

 

  
 



Biologically Important Elements 

 

* 99% of human body is comprised of 11 elements: 

 

* Bulk biological elements: H, C, N, O, P, S, Cl (as PO4
3-, SO4

2-,Cl-) 

 

* Bulk metal ion nutrients:  Na, Mg, K, Ca 

 

* Essential elements for a wide range of bacteria/plants/animals 

 

* Transition metals: V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo  

 

* Non-Metals: (B), F, (Si), Se I, F.  

 Most abundant element???? 



Some Other Facts 

 Mammals  are believed to use only 25 of the known elements.  
 

 Eleven non-transition  elements that make up 99.9% of the 
human body  (O, C, H, N, Ca, P, S, K, Cl, Na, Mg), 
 

 Three transition metals, Fe, Zn and Cu are needed  in significant amounts. 
 
  “Trace quantities” of many other transition elements are required to maintain proper physical 

functioning. 
 

 Other  elements in the  human body (e.g. Rb, Zr, Sr, Al, Pb, Ba)  are not essential but incorporated 
inadvertently because they share chemical  and physical properties with essential elements. 

 
 Other elements are added to the list of elements thought to be essential as our knowledge of the 

chemistry of living systems increases. 
 

 In periodic table 91 metals, 7 metalloids present 
 



Symptoms of Elemental Deficiency in Humans  
   
 

 

                                           Ca  Retarded skeletal growth 

  Mg  Muscle cramps 

  Fe  Anemia, immune disorders 

  Zn  Stunted growth, skin damage, retarded maturation 

  Cu  Liver disorders, secondary anemia 

  Mn  Infertility, impaired skeletal growth 

  Mo  Retarded cellular growth 

  Co  Pernicious anemia 

  Ni  Depressed growth, dermatitis 

  Cr /V  Diabetes symptoms 

  Si  Skeletal growth disorders 

  F  Dental disorders 

  I  Thyroid disorders 

  Se  Cardiac muscular weakness 

  As  Impaired growth (in animals) 

                               
 



Biological Roles of Metallic Elements 
              Structural 
 Skeletal roles via biomineralization 
 Ca2+, Mg2+, P, O, C, Si, S, F as anions, e.g. PO4

3, CO3
2. 

  
 Charge neutralization.  
 Mg2+, Ca2+ to offset charge on DNA - phosphate anions  
 
 Charge carriers: Na+, K+, Ca2+  
 Transmembrane concentration gradients ("ion-pumps and channels") 
 Trigger mechanisms in muscle contraction (Ca). Electrical impulses in nerves (Na, K) 
 Heart rhythm (K). 
 
 Hydrolytic Catalysts: Zn2+ , Mg2+  
 Lewis acid/Lewis base Catalytic roles.  Small labile metals. 
 
 Redox Catalysts: Fe(II)/Fe(III)/Fe(IV), Cu(I)/Cu(II), Mn(II)/Mn(III)/(Mn(IV), 
 Mo(IV)/Mo(V)/Mo(VI), Co(I)/Co(II)/Co(III)  
            
             Transition metals with multiple oxidation states facilitate electron transfer - energy transfer. 

Biological ligands can stabilize metals in unusual oxidation states and fine tune redox potentials.  
 
 Activators of small molecules.  
 Transport and storage of O2  (Fe, Cu) 
 Fixation of nitrogen (Mo, Fe, V) 
 Reduction of CO2 (Ni, Fe) 
 
 Organometallic Transformations. 
 Cobalamins, B12 coenzymes (Co), Aconitase (Fe-S) 

 



Transition Metals in Biomolecules  
     Iron.  

 Most abundant metal in biology, used by all plants and animals including bacteria. Some roles 
duplicated by other metals, while others are unique to Fe. Iron use has survived the evolution of 
the O2 atmosphere on earth and the instability of Fe(II) with respect to oxidation to Fe(III). 

  

 Zinc. 

 Relatively abundant metal. Major concentration in metallo-thionein (which also serves as a 
reservoir for other metals, e.g. Cd, Cu, Hg). Many well characterized Zn proteins, including redox 
proteins, hydrolases and nucleic acid binding proteins.  

 

 Copper 

 Often participate together with Fe in proteins or has equivalent redox roles in same biological 
reactions. Reversible O2 binding, O2 activation, electron transfer, O2

- dismutation (SOD). 

   

 Cobalt. 

 Unique biological role in cobalamin (B12-coenzymes) isomerization reactions. 

  

 Manganese 

 Critical role in photosynthetic reaction centers, and SOD enzymes. 

  

 Molybdenum 

 Central role in nitrogenase enzymes catalyzing N2  NH3,  NO3
  NH3 

 

 Chromium, Vanadium and Nickel 

 Small quantities, uncertain biological roles. Sugar metabolism (Cr);  

 Ni only in plants and bacteria (role in CH4 production) and SOD enzymes. 

 



Biochemical Classification of Metallobiomolecules 

  Transport and storage proteins :    Transferrin (Fe) , Ferritin (Fe), Metallothionein (Zn) 

 

  O2 binding/transport:  Myoglobin (Fe), Hemoglobin (Fe), Hemerythrin (Fe) 

     Hemocyanin (Cu) 

     Enzymes (catalysts) 

 

 Hydrolases:   Carbonic anhydrase (Zn), Carboxypeptidase (Zn) 

  

 Oxido-Reductases:                  Alcohol dehydrogenase (Zn), Superoxide  
                    dismutase (Cu, Zn,Mn, Ni), Catalase, Peroxidase (Fe),        
                    Nitrogenase (Fe, Mo), Cytochrome oxidase (Fe, Cu),   
    Hydrogenase (Fe, Ni) 

 

 Isomerases:   B12 coenzymes (Co), Aconitase (Fe-S) 

  

 Oxygenases:   Cytochrome P450 (Fe), Nitric Oxide Synthases (Fe) 

 

 Electron carriers:   Cytochromes (Fe) 

 

 Electron transferases  Iron-sulfur (Fe) 

     Blue copper proteins (Cu) 

 Non Proteins 

 Transport Agents:   Siderophores (Fe) 

 



Position of Calcium in the periodic Table 

Ca = Atomic No: 20 ( Xe-4s2) 
   

Ca 



TERRESTRIAL ELEMENTAL ABUNDANCE 
 

5th abundant element 



TERRESTRIAL ELEMENTAL ABUNDANCE 

 







Composition of human body 
 













Binding properties of Calcium 





Distribution  



Different Forms of Calcium 

Most of the calcium in the body exists as the mineral   
hydroxyapatite, Ca10(PO4)6(OH)2. 

 

 Calcium in the plasma:   

 45% in ionized form (the physiologically active form) 

 

 45% bound to proteins (predominantly albumin) 

 

 10% complexed with anions (citrate, sulfate, phosphate) 

 

 

 

 



Body requirements  

Age (in years)        Calcium Requirement  

1 – 3                                500mg 

4 - 8                                 800mg 

9 - 18                               1300mg  

19 - 50                             1000mg 

51+                                   1500mg 

 

*Pregnant and lactating women are recommended 
a daily calcium intake of 1000 mg. 



source 

  Calcium is found in milk and dairy products, 

  Green leafy vegetables,  

 seafood,  

 almonds,  

 blackstrap molasses,  

 broccoli,  

 enriched soy and rice milk products, figs, 

  soybeans and tofu. 



Absorption of Ca 

 Absorption is taking place from the  first and second part of duodenum 
against concentration gradients 

 Absorption required a carrier protein , helped by Ca-dependent ATPase 
 Increased absorption- 
      - calcitriol , active form of Vit-D 
      -  PTH 
      -  acidic pH 
       - Lys and Arg 
 
 Inhibiting absorption - 
    - phytic acid 
    - oxalates 
    - phosphate 
     - Mg 
     - caffeine 

 
 



 Biological functions of Calcium 

 Bone  and teeth mineralization 

 Regulate  neuromuscular excitability 

 Blood coagulation 

 Secretory processes 

 Membrane integrity 

 Plasma membrane transport 

 Enzyme reactions 

 Release of hormones and neurotransmitters  

 Intracellular second messenger 

 

 



Physiological Importance of Calcium 

 Ca salts in bone provide structural integrity of the 
skeleton. 

 Ca is the most abundant mineral in the body. 

 The amount of Ca is balance among intake, storage, and 
excretion. 

 This balance is controlled by transfer of Ca among 3 
organs: intestine, bone, kidneys. 

 Ca ions in extracellular and cellular fluids is essential to 
normal function of a host of biochemical processes 

 Neuoromuscular excitability and signal transduction 

 Blood coagulation 

 Hormonal secretion 

 Enzymatic regulation 

 Neuron excitation 



Intake of Calcium 

 About 1000 mg of Ca is ingested per day. 

 About 200 mg of this is absorbed into the body. 

 Absorption occurs in the small intestine, and requires 
vitamin D (stay tuned....) 



Storage of Calcium 

 The primary site of storage is our bones (about 1000 grams).   

 Some calcium is stored within cells (endoplasmic reticulum 
and mitochondria). 

 Bone is produced by osteoblast cells which produce collagen, 
which is then mineralized by calcium and phosphate 
(hydroxyapatite). 

 Bone is remineralized (broken down) by osteoclasts, which 
secrete acid, causing the release of calcium and phosphate 
into the bloodstream. 

 There is constant exchange of calcium between bone and 
blood. 
 



Excretion of Calcium 

 The major site of Ca excretion in the body is the 
kidneys. 

 The rate of Ca loss and reabsorption at the 
kidney can be regulated. 

 Regulation of absorption, storage, and 
excretion of Ca results in maintenance of 
calcium homeostasis. 



Regulation of [Calcium] 

 The important role that calcium plays in so many 
processes dictates that its concentration, both 
extracellularly and intracellularly, be maintained 
within a very narrow range. 

 This is achieved by an elaborate system of controls
  



 Control of cellular Ca homeostasis is as 
carefully maintained as in extracellular fluids 

  [Ca2+]cyt is approximately 1/1000th of 
extracellular concentration 

 Stored in mitochondria and ER 

 “pump-leak” transport systems control [Ca2+]cyt  

 Calcium leaks into cytosolic compartment and is 
actively pumped into storage sites in organelles to 
shift it away from cytosolic pools.  

Regulation of Intracellular [Calcium] 





Extracellular Calcium 

 When extracellular calcium falls below normal, the 
nervous system becomes progressively more excitable 
because of increase permeability of neuronal 
membranes to sodium. 

 Hyperexcitability causes tetanic contractions 

 Hypercalcemic tetany [Ca2+]cyt  



 Three definable fractions of calcium in serum: 

 Ionized calcium 50% 

 Protein-bound calcium 40% 

 90% bound to albumin 

 Remainder bound to globulins 

 Calcium complexed to serum constituents 10% 

 Citrate and phosphate 

 

Extracellular Calcium 



 Binding of calcium to albumin is pH dependent 

 Acute alkalosis increases calcium binding to 
protein and decreases ionized calcium 

 Patients who develop acute respiratory alkalosis 
have increased neural excitability and are prone to 
seizures due to low ionized calcium in the 
extracellular fluid which results in increased 
permeability to sodium ions 

Extracellular Calcium 



Calcium and Phosphorous 

 Ca is tightly regulated with P in the body.   

 P is an essential mineral necessary for ATP, cAMP 2nd 
messenger systems, and other roles  



Calcium Turnover 


