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METAL IONS IN BIOLOGICAL SYSTEM :
ESSENTIAL AND TRACE METALS

Bio-inorganic chemistry constitutes the discipline at the interface of
the more classical areas of inorganic chemistry and biology. This has two
components: the study of naturally occurring inogranic elements

major _ . . :
.d the introduction of metals into biological systems.

in biology ar
The Chemistry of life involves many elements which are essential

and indispensible in biological system. The elements are classified on the
basis of their action in biological system and the molecules possessing
one or more metallic elements are called metallobiomolecules. These
metallobiomolecules are natural products and are usually complex
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ll-lydroluscs] IOxido-rcductuscsl Isomerascs & ‘ and P |
synthetases Structural "
Carbosydl peptidases (Zn) \flmmliu B-12 ' i
,I’ho;;phatus_cs (Mg, Zn, Mn) Coenzyme (Co Skeietal (Ca, Si) '
Aminopeptidases (Mg, Mn) ’ Chlorophyll (Mg) Siderophores (Fe) |
Photosystem-I - ' o
Oxidases (Fe, Cu, Mo) Photosystem-II (Mn, Mg) ,
Nitrogenases (Fe, Mo) i
Hydrogenases (Fe)
Superoxide dismutase (Cu, Zn, Mn) ,
Oxygenases (Fe) ?
Hydroxylases (Fe, Cu, Mo)
Dehydrogenases (Ie, Cu, Mo)
(Reductases)
- T
I Electron carrier I Metal storage, O, binding
I carrier & structural
Cytochromes (Fe) . | Myoglobin (Fe)
* . Iron-Sulphur (I'e) Ferritin (Fe) Hemoglobin (Fe)
¢ Hemerythrin (Fc)

il : Blue-Copper (Cu) ; Transferrin (Fe)

% Ceruloplasmin (Cu) ~ Hemocyanin (Cu)

Hemovanadins (V)

fFig, 1.1. Classification of Metallobiomolecules.
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—— l qiu;s) contain Val-im '\‘\2
co-ordination compounds, The active sites (met-ﬂ. iji(lding of oxogenm:i °
biochemical processes such as electron transfer : , .
molecules and catalysis (Fig, 1.1)
Essential and Trace Elements : . as essential and |
There ‘are thirty elements that have been reCOg')“is', that are roquired &\
smdispensibs (absolutely necessary) to life. The e.]en.lul hd those which are \
in relatively large quantity are called macronutrients \

e gt = : Jjents.
required in small quantities are called micronutrien oup
———— 08 i ad into two gl
The essential elements con be further divided int tration
. ’ A COI]C()I] : ‘
(i_Bulk elements : essential elements found in highe:
.

; entration
" - ) L - in low concentra
(11) Trace elements : essential elenients present

Table 1.1. Classification of essential elements

Bulk | Mi 1 o Ultra trace elements
o : ineral. ace .
| b:lx;xnclfat:lx;gl elements elements Metals Non-metals
o luorine, F
Hydrogen, H. Sodium, Na Iron, Fe Manganese, Mn (F ey I'
Carbon, C Potassium, K |Copper, Cu Molybdenum Mo |Iodine, !
Nitrogen, N Magnesium, Mg |Zinc, Zn Chromium, Cr |Boron,
Oxygen, O Calcium, Ca Vanadium, V' |[Silicon, Si
Phosphorus, Chlorine, Cl Nickel, Ni Arsenic, As
Sulphur, Cadmium, Cd  [Selenium, Se
Lithium, Li
Lead Pb
Tin, Sn
L.

The metallic elements play a variety of roles in biological system.
Important roles are as follows.

L. Regulatory action is exercised by Na*, K™ Mg*? and Ca*2 The flux
of these ioris through cell membranes and other boundary layers send
signals that turn metabolic reactions on and off.

rge
molecule portions, that would otherwise be only loosely linked. Metg] lons,

particularly known to do this, are Ca*2and 7p+2

3. An enormous amount of electron transfer chemistry goes on in
biological systems ‘and nearly all' of ‘this critically  depends on metal
containing ' electron transfer agents. These include cytochromes
(Fe), Ferredoxin (Fe) and a number of copper containing “blye proteins”
such as azurin, plastocyanin, and stellacyanin.

5r'metallocoen23’l‘1f‘-s are involved in g great deal
ty, which depends on the presence of metal jons gt the
or in a key coenzyme. Of the latter, the best
. which . contains CC. Important metalloenzymeg
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METAL IONS IN BIOLOGICAL SYSTEM : ESSENTIAL AND TRACE ...... L B
superoxide

iqclude carboxypeptidase (Zn), alcohol dehydrogenase (Zn),
dismutase (Cu, Zn), urease (Ni) and cytochrome P-450 (Fe).

5. All aerobic forms of life depend on oxygen carriers, molecules that
carry oxygen from the point of intake (such as the lungs) to tissues Where

Oy is used in oxidative processes that generate energy carriers and all (;)
them contain metal ions th he actual binding sites for the “2

at peroxide t
molecules. These types are:
Hemoglobins (Fe), found in all mammals.
I'iS‘mel’Y.th,IfinSA(Fe), found in various marine invertebrates.
Hemocyanins (Cu), found in arthropods and molluscs.
he basis of their action in biological system:
ts in the biological processes are :

\ Functions of elements on t
The roles of different elemen

A. Metals i

Commonly exist as-metallobio-molecules and occur as such.
tein ‘Which

Metal storage and Transport
copper binding. plasma pro
xidast ert Fe (1D

(i) Ceruloplasmin : It is blue_
exerts ’gycpa_taly'tic activity (serum ferronddase)__ip_rpla}_sur_na to conv

into Fe (IID).

(i) Transferrin : Iron released from the mucosal cell centers the gortal

bl\og_dmn__l_(_)gj:ly in Fe (ID) state. Fe (II) is oxidised to Fe (II1) and then picked
up by iron binding protein, transferrin. o

This protein is a glycoprotein of MW-=77 000 possessing two gimilar but

_not identical sites that bind two atoms of Fe (III) per molecule of protein to

form a red ferric protein complex.

B. Oxygen binding metallo-biomolecules :
(i) Hemerythrin "It is a non-heme oXygen binding iron protein
ty of marine Worms and phyla of marine

employed in great varie
_invertebrates. Iron (II) binds oxygen reversibly and when oxidised to Iron

- (IID) (methemerythrin) shows no tendency to bind oxygen.

(ii) Hemoglobin and myoglobin : Function of oxygen transport and
storage is provided by'Iron-porphyrin' complexes, hemoglobin and myoglobin.
Hb and Mb is in_(+ 2 xidation state. Oxygen molecule

| (The iron in Hb apd }
5 coordir'iéitééi"ﬁb"'Fé (11) from one end _of Keme and globin protects the Fe (ID

to be oxidised to Fe (II) by creating a hydrophobic environment so that water
3 molecule could not reach the site. ,
(iif) Hemocyanin : It possesses copper and bind one molecule of oxygen

‘ go: QYQI'Y pair of l,g}:c;yp'pe}:j (I) ions. When oxygen binds to hemocyanin its colour
e is _bl:qe_. othermse unbound hemocyanin is colourless. They are found only in
nd molluscs and arthropods (crustacea and arachnids).
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L——-'// ron sulphur proteing

Electron Carriers : \ hem g having cysteine

s : h
. ulphur protein 5 of peptide ¢ iron or cluster
(i) Iron T gon transfer made UP : Ir)is bounded to iron or cluster
take part.-:in)e ec'ety where cysteine sulphu o known as ferredoxins
(amino acids) mol Fo — S clusters ar

thesis. t

ior in photosyn
on carrier 1 p :
s and other plants. Tbe
anin, stellacyanin

of iron sulphur atoms.
these are the electron accep

(ii) Blue copper protgm
and is primarily present In alg
different forms of blue copper prot
and umecyanin.

(iii) Cytochromes : These are heme.
carrier and take part in photosynthesi
chelated to iron atom. Cytochromes are foun
The oxidation state of iron can be either (II) or (
intermediates in electron transfer reactions. They are prese o
for photosynthesis and in mitochondria for reverse process of respl .

tors in photosyn hesis

- This is an electr
ae, green lezz}ve <
eins are azurin, plastocy

proteins which behave as electron

s. It contains @ porphyrin 1l'uf1g
d in all aerobic forms of 1e:
III) and occurs as redox
nt in chloroplast

Non-protein metal transport :

Skeletal — (i) Calcium occurs in larger amount than any othe‘r
mineral element. About 99% of the body Ca is in the skeleton, where it
is present as deposits of CagPO, in a soft fibrous matrix.

(ii) Phosphorus occurs in every cell of the body but most of it
.(about 80% of the total) is combined with Ca in bones and teeth, 10% is
In combination with proteins, lipids and carbohydrates and in blood and

muscles. The great importance of the phosphate ester in energy transfer
1s also known.

(iii) Silicpn appears to be an integral component of acid
mucopolysaccharides and have structural role in connective tissue, cartilage,

skin and bone. Silicon s an essential element for growth and skeletal
development;

(iv) Sodium is the major component of the cations and the extracellular

ﬂuids Whjch . 5 . :
aci dbaseéqu?lfl?ilLrlsn,as chloride and bicarbonate. It helps in regulating
of the body fluid.

(v) Lithium is in the form of LiyCO3 employed in the treatment of

tl}l:;glc depressive illnes\s. Li* is present in intracellular and extracellular
S. '

(vi) Potassnum is present as cation in intracellular fluid as well
as in gxtrace}lulgr fluid. It 'fhpctions as sodium in extracellular fluid by
'mﬂuencqg(.acldbase um osmotic pressure and water retention. It

18 necessary for metaboli functions including protein biosynthesis by

: foij normal growth, reproduction and
and wound healing.
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METAL IONS IN BIOLOGICAL SYSTEM : ESSENTIAL AND TRACE ...... 5

(viii) Manganese essential for normal bone structure, reproduction
and the functioning of central nervous system.

Thus life needs a continuous material exchange which principally,
includes all chemical elements. The occurance of these elements in organisms
depends on external and endogenous conditions. Elements can be bioavailable
to variable extents but can also be enriched (bioaccumulated) by organisms

employing energy utilising processes involving a local reduction of entropy.

LA
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ROLE OF METAL IONS IN
BIOLOGICAL PROCESSES

SODIUM/POTASSIUM PUMP;
lntroduction :

The cations Na", K* as such can no Pass through the lipid layer of the
double walled protejn cell mem

1 brane. The encapsulation of metal lons
{acilitates ther transport, the encloged cations present in an organic lipid
soluble surface called Cavitands cqp pass through the cell membrane. In the
?gz)mal cells Na* jon concentration is 5-15 mM and K* ion concentration is
IOO-iig mﬁ’f In thi extracellular space the situation being reverse (Na* is
of the ﬁl and K* is 5.15 mM), this is essentially needed for the survival

el and many othe, physiological functions as well,

1 + 1+ .
(1) Na* g iong are required for the transmission of

! and othe i
nerve impulge, r gradients

ATP

Fig. 2.1 Thg{ Na'-K* ATPase pump for transport of three Na* out
32 i 33 into a cell against their gradients,

of a cell for every two K*
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ROLE OF METAL IONS IN BIOLOGICAL PROCESSES 7

Thus upto 20-40% of the total metabolic energy of the cell is consumed
in the maintenance of these ion ingredients, this energy consumption
reaches upto 70% in the neural tissues. The energy to maintain high
K ion concentration and low Na® ion concentration in the cytosol is
provided by a protein in the cell membrane, called Na*, K* ATPase or
Na*/K" pump. The energy derived from ATPase causes the transport of
Na* K" ions from lower concentration to higher concentration. This is

known as active transport or pump.
Working : The Na*, K* ATPase consists of two 0, B subunits possessing
cytoplasmic and extra-cellular domains, respectively. Each ATPase enzyme
molecule binds sodium ion and hydrolyses ATP to ADP on the cytoplasmic
side of the membrane (Fig. 2.1), to pump out three Na* ions out of the cell
and two K ions are transported into the cell. Since there is net movgment
of one positive charge outward per cycle, the Na*/K' pump is considered
electrogenic in nature. The net process can be represented as

ATP + HoO + 3Na' (inside) + 2K' (outside) — SADP+Pi+H0
+ 3Na* (outside) + 2K" (inside)

The enzyme ATPase exists in two-forms-E; and Eg. The E; form has
affinity for Na* and ATP, it readily gets phosphorylated in presence of Mg®'to
form E,-P carrying three occluded Na* ions. E{-P changes to E,-P , having
low affinity for Na* but high affinity for K*. Eg—P, therefore, releases
3 Na* ijons and binds 2K* ions on the outside of the cell giving rise to

E, - 2K* (Fig. 2.2) which releases 2K ions in the interior of the cell.

EXTRACELLULAR SPACE .

B\

-\
CYTOSOL, i R ATPase (E ) By 3Na" P

=N

O
ik
©

®
87
\%,

G % U

‘Fig:22. A miodel for the pumping cycle of Na'-K" ATPase involving reversible Na* dependent
% * . phosphorylation and K" dependent dephosphorylation of ATPase. '
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in its E9 - P state is useq
ity been' ShofWn thZ;nN&;:’rﬁniPsﬁ;’lel%g - P--2 (c'flrdijac gly$>o§i§1e)
by cardiac gl.YC?Slqg,stsogh emﬁnc%i,on of Na* K* A’I‘Pa§e resultnlg'm 1qm1;1}1t10n
gf)‘nslgcll?in,m;usm?Tllﬁs situation leads to gccumulatlcﬁli Of/ I\ll)ir Slggz lgf : :ls]x:
cells, encouraging endosmosis thus leading to swe }?g ertention
and consequent narrowing of blood vessels creating hyp

ROLE OF METAL IONS IN BIOLOGICAL PROCESSES :

Living organisms store and transport the metal ions in appropriate
! concentration tg carry out

various biological processes. The important meta]
ions of b

ological system can be divided into four major groups. (accordmg
; to periodic table), as shown in table (2.1) below.

§ — i Biology
i Table 2.1. The Division of Metals —
i Transition
i Group 1A Group IT A Group II B Metals
8 -\.\-
Examp]eg Na* K Mg'% Ca? 7n%* Ni2t Mn, Fe, Co, Cu, T
) ] b MO
Exchange Fast Medium Do not Do not exchange
‘ rate Exchange
Function Osmotic Triggers and Acid Catalysts |Redox Catalysts
Contro] Conformatjona]
Electrolytes Ion |contro]
Currents (Structures)
\\\__J
. First group (IA) comprises of the metals which oceyy largely as free
lons e.g. Ngt and Kt €Y Provide an osmot;
Current,

¢ balance and ap electrolyte
Second Eroup (IL:) of metq) ions Mg apnq Ca2t
binding, since they cap b i e
€an contro] the pro

. Thng+ group (_IIB) of metals are usually representeq by the element
Zinc (Zn ), now Include nijcke] (Ni%" also. These iong assist acid/bage
catalysis ang ¢an cross link Proteins,

are regulators of
1 chambers, They

of caseg by change of oxidation state, The last
the table) which do i

8s poisonous or for Medicina] purposes, eg., V, Cr, Hg, Au, Pt, Li, Bi,
their biochemistry is littlg‘,‘_,_'qnderstood.

The elements Na, K, Mg and C: are ubiquitous in living systems
and play various vital roles in biologica

1 systems.
Role ot sodium and Potassiun
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| pOtPS}fn::;;z ti};flsmalnfintraf:ellular cation. Important physiological functions
whic _ perform in the body of plants and amimals are :

11 .Mamtalnance of nompal hydration of the body through osmotic
regulations controlled by sodium/potassium pump.

9. Maintainance of normal acid base equilibrium by forming buffers,

whiC}l pl'ay important role in the regulation of pH under different
physiological conditions. |

3. In the gaseous transport of COy.

4. Maintainance of normal neuromuscular irritability and excitability:

.5. Maintainance of proper blood viscosity by keeping the globulins in
physical solution and regulating the degree of hydration of plasma proteins.

6. Na* K* ions are responsible for secreting digestive juices like
pancreatic, bile and gastric HCI etc.

7. Potassium is responsible for cell growth, repair and storage of
proteins and glycogen.

8. Sodium and potassium salts get excreted by kidneys ip tl}e urine.
Sodium salts are also excreted by okin in the form of prespiration.

Role of Calcium :

Calcium is the major cation in the Sy R
structural materials, such as teeth, bones, i g
shells and a number of other less well 0
known calcium-rich deposits.  These | Adenosine —O—P
calciferous biological materials, like bones, I(l) | I(l)
though  consist largely of calcium
carbonate and phosphate is continually

: N
being deposited and reabsorbed and as i
well act as buffer for body. Calcium and ! oo Yo
phosphate ions are controlled by hormonal 4] IL/
action. The form of calcium phosphate '
that occurs in bones and teeth has the
same composition as the mineral apatite o

(C10 POy Xq, where X =F, Clor OH). Fig. 2.3. Proposed structure of complex
formed between Mg?* and ATP.

Adenosine — O— ﬁ— O/ O

Among the most vital functions of
Ca?* is its involvement in enzymatic

systems, including its being a regulator of muscle contraction, a transmitter
of nervous pulses, and an agent of blood coagulation.

Role of Magnesium :

M.agnesium has high charge/radius ratio and consequent strong
bydr_atlon as (Mg (H20)5]2+, therefore it plays important role in biological
. system. One of its major roles is as a counterion to negatively

s el charged
ROPO:;H‘ groups in nucleotides and polynucleotides.

Magnesium helps to
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o of ribonucleic acid (RNA) q,

' ructure
tabilize the three diamension g
S ic acid (DNA) and thus cruci
deoxyribonucleic aci ¢
genetic gyichinery of the cell .ars is achieved in the presenc
. spho-sugars I '
“The ponversion of sugers 1 plmbpltil sgd by kinase enzyme. All kinage
AR D4 £ g

of adenosine triphogphate (ATP) fl!l‘(l m<ctylnetal ions, M2 being the mog
enzymes require the presence of divalen acilitating the cleavage of g
common complex with triphosphate group, 5o has a unique role in
phosphorus-oxygen hond, (Fig. 2.3) Mng,rnesni]m(F«';r 2
green plants as the central atom of chlor(.)phy £

I

’ H
H"("\‘c/

|

|

(
|
J
|
|

/\(\/YU L

Cli, CH,
Chlorophy]| 4 (R~ CHy)

Chlorophyl] (R = CHO)

Fig. 2.4, The structure of chlorophyll a ang p,

It is required fop phosph " duri
Phoresence to occur duyip the pr f
photosynthesis. 9 = 8 Drocess o

Role of Zinc :

: vely more. abundant in biological materials, In

nd in metalloprotein, which also binds copper,
aterials.

| to the proper functioning of

]

|

o
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conditions. It plays 11

. a structur
domains or zine by cogpqip al role formin

Carbonic antg ation with cystein
Y Canhydrase and cap
zinc enzymes, Latey carboxypeptidase (Fi :

: on - (Fig. 2.5) are first rec
are vesponsible for staggo other oy
as maintaining th

e sty v

samies, structure of proteins, that activ

g thfi peptide into multiple
and histadine,

R

Ll I
7N N
NN |

1 ¢
(11,010 (”) ‘]|1\C03'
Resting State) i \O(_) /U\l: Glutamic
—¢" e '
A i 2 | Acid 270

SN A ©
5._/N /(‘) N@CYHistadinc 196

Glutamic Acid

72

Fig. 2.5. The active Zn*' site of carboxypeptidase A.

Role of Nickel :

Only recently, the biological importance of nickel has been recognized.
All the nickel proteins known today are from plants or bacteria. Nickel
is a lightly bound component of urease and is essential for the activity
of the enzyme that catalyses the hydrolysis of urea to ammonia and
carbonic acid. Méthanogenic and several other types of bacteria are known
to have nickel containing hydrogenases which catalyse the reaction
2H, —_—39H" + 2e, the reduction of sulphate ion, the production of methane
and perhaps other reductive processes. Specific environments for nickel
are also indicated for nucleic acts (or nucleic acid binding proteins), since
nickel activates the gene for hydrogenase.

Role of Manganese :

Manganese plays a critical role in oxygen evolution catalysed by the
proteins of the photosynthetic reaction center. Manganese is the energy
source for a series of redox reactions which are dealt separately in
photosystem (I) and (ID).

In the photosystem (II) a strong oxidising agent is formed (P 680,
where P stands for pigment, 680 is the wavelength of light absorbed,)
and is responsible for the production of molecular oxygen. This oxidising
agent is reduced and recycled for further use by interaction with a manganese

e A e 5
B e st S e T T g R W S TR, L ! s

e —
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)

: reducti \ANZANese
complex. During the sequence of events loading to reduction, mang
displays three of its oxidation states. (Fig. 2.6)

e ———

2H* +0,

Mn (1I)
Mn (1)

o
‘/—\ Photosystem 11 '\_/

[ 0]

L 2H,0 \Mn (1V)

Fig. 2.6. . ]
8- 2.6. Proposed changes in the oxidation state of mangancse in photosystem (II)

M . :

well oreover, the superoxide dismutase of bacteria and mitochondria, as
as pyruvate carboxylase

responsib

o £ . / in mammals are also manganese proteins,
€ Ior various biological processes.
Role of Iron :

vt Iron is the most wide-spread transition metal found in the living
ystem. It; 1S most commonly found in the form of oxides and hydroxides.
?ron hydromdes‘ are relatively insoluble in water. To enable the uptake of
iron by plants it is sometimes necessary to mark the iron in an organic
complex. In the body of

) mammals iron is stored as iron (III) hydroxide
particles surrounded by proteinaceous coat, known as Ferritin. Iron is
transported through the blood stream via transferrins. In micro- organism
solubilization and transportation is achieved by low molecular
weight proteins called sidophores.
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The two main functions of iron containing materials are, (
of oxygen and (ii) mediation in electron transfe
the principal forms of iron containing pro
in the human body. Details of their stru
of different iron forms in living organisms s

chapters.

Role of Cobalt :

Cobalt can display thre
unstable but neve

finds its place in (+ 3) Oxida
of vitamin Byg (Fig. 2.7).
electron reduction leading to Co

may be acheived
flavinadenine dinucleotide (FAD)

extremely

Table
— 2.2. Functions of irop ¢ =
(1) ini .
) Natur ntaining proteins. -
Protein He e of Iron
me (H)Non. | Valence
s me (N) State of Iron Function
Hemoglobin T
~ 24+ e
Myoglobin Fe Oxygen transport in plasma
H
Transferrin Fe?* Oxygen storage in muscles
N
Ferritin Fe?t Iron transport via plasma
N
Herwsidar: Fe?* Iron storage in muscles
rin
N
Catal Fe3* Iron storage in cells.
ase
Oytoche H Fe2  |Metabolism of HOs
ochrome C
H Fe2/Fed* |Terminal oxidation
Peroxidase H
Metabolism of HyOs
Cytochrome H )
oxidases Fe2'/Fe** Terminal oxidation
Flav i
Deh Og rotein N Fe?* Oxidation reactions
LyCrogenases incorporation of molecular
Oxidases and % fn
Oxygenases | yge
) transport

r chains. Table (2.2) shows
teins and their respective functions
cture and chemistry of functioning
hall be discussed in proceeding

e oxidation states +3,+2,+1, the latter is
rtheless is important in biology. Cobalt ion
tion state at the core centre of corrin ring
Vitamin Bjo can undergo one electron or two
(11) and Co (D), respectively. These reductions

by nicotinamide adenine dinucleotide (NADH) and

NADH (Ie)
(Byy (Co TIT)] ———— Bz (CoTD
or

FAD (2e)
—_—

[Byg (Co 1)

o e e e R TR T B
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which suggests that

the first two being very important in biology. Du
adenine and guanine are broken to uric acid via xanthene. The oxidation of
. xanthene to uric acid is accomplished in the presence of the enzyme xanthine
 oxidase. This o

4 ' ESSENTIALS OF BIOINORGANIC CHEMISTRY
NHCOCH,CH: — CHy iy cp,cont,
NH,-CO-CH, H ¢
: N CHCH,CH,-CONH,
CH, )
CH; /N— )
Co’* =~
N ‘\‘\N / y
H,NOCCH,HC o /& - Clly
(l“ Cl\l\ CH,4 .
OCH,CH, CHy ) Corrin
(OCHRC lh gy Cl1,CH,CONH,
N“ |
|
gng
c1[3—g'~H
O\ /o-
P
(@) (l)
C—ro"
4 |
HO::H\O/ CH Dimethylbenzimidazole

Fig. 2.7. The structure of vitamin B ,,

(2) activation of di
10Xygen e.g., dopermine h T S
W and catechg] dioxygenases (Fe) rermine hydrowlase (Cu, tyrosinases

(3) electron transfer, e,

Cytochrome.c. (Fe), Plastocyanin (Cu), ferredoxin (Fe)

: atalyses the transfer of four electrons to dioxygen to form
water during respira

ti.on. Use of stored iron is reduced by copper deficiency,
ron metabolism may depend on copper proteins.

Role of Molybdenum : ’

Molybdenum displays four oxidation states (+6), (+ 4), (+ 3), and (+ 2),

ring metabolism of purines,

RO

,‘\_L%_.( 2 DR

yme is a complex ensemble involving two molybdenum
R T e y )
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oLt N BloLoaicaL proc s 1
j % 0 v fye . , " 4 g

nto'nl;*',f mM l;“l“ sulphur clusters and two flavin ndenine dinucleotide (FAD)

mole :l]( 8, ; oly )f.lunmu converts from 1 G to + 4 oxldation state during the

n . Y ( O ! '

cageade of reactions involved in (he production of urie neid, (Fig, 2.4)

1

|,
20 =Mo(VI)~N;" N
e L
I:IEJEJ ", - "‘"i‘
ol ™ i
4 \\\ Yanthine
~Mo(IV)=NZ"
L'
[WC)S"]
(@)
%‘} N
HN ~..
J:K/[ )=0 i
O N N ¥
11 H

Uric ncid

~Mo(1V)=NZ

HN N
I />‘()ll - i
8) Ny OH

~Mo(1V)-NZ

[2e,S, |

Fig. 2.8. Xanthine oxidation.

Nitrogen fixing bacteria use the enzyme nitrogenase for the fixation
of atmospheric nitrogen. The enzyme nitrogenase is comprised of two
protein chains, the smaller protein component contains an Fes Sy cluster,
while the larger protein (MoFe — protein) itself is tetrameric and has an
array of two Mo atoms, large number of Fe and sulphur ions. Both the

. o S
S\\ IC\ N /l‘-' ‘7,/
‘ I;'c" -~ S I §5=- 'I"c
. N N .
I" S S—h— l..
AN \‘ | \,y" i,
S——Fe~. YV __- I'c S
\So“"iM()"’\q /

Fig. 2.9. Proposed arrangement of Mo, S and Fe in active site of nitrogenase.
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proteins together are required for tlie nitrogen fixing actxvlt’{"MOI}fodvs:uir:
is vitally important, (Fig. 2.9) It has been shown that bac ;}I;a L;( e s
presence of tungsten (VI) oxide rather than m‘olybden.U{n (It.).o e S
incorporate tungsten, but show no nitrogen fixing activity. :13 P - i
therefore, that nitrogen actually coordinates with molybdenum during the

fixation process.

Role of Vanadium and Chromium : _

Both vanadium and chromium: are present in only small amounts in
most organisms. Their biological role is largely unknown. However, vanadium
is required for normal health and could act in vivo either as 'metal cation
or as a phosphate analogue, deperding on the oxidation state V (IV) or
V (V), respectively. Vanadium in a sea squirt (a primitive ve}'t'ebrate) "8
concentrated in blood cells apparantly as a major cellular transition, metal,
but whether it participates in the transport of dioxygen is not lfnown. ¥n
proteins vanadium is a cofactor in an algal bromoperoxidase and in certain
prokaryotic nitrogenases.

Chromium imbalance affects sugar metabolism and has been associated
with the glucose tolerance factor in animals as Cr (III). But little is known
about the structure of the factor or any other specific chromium complexes
from plants, animals and bacteria. Hole of metal ions in biological processes

can be summarized as :

Metals Biological Functions
Sodium Charge carrier, osmotic balance
Potassium Charge carrier, osmotic balance
Calcium Structure; trigger; charge carrier
Magnesium Structure hydrolase; isomerase
Zinc Structure; hydrolase
Nickel Hydrogenase; hydrolase
Manganese Photosynthesis; oxidase; oxotransfer
Iron Oxidase; dioxygen transport and storage; electron transfer;
4 nitrogen fixation,
Cobalt, Oxidase, alkyl group transfer
Copper. . Oxidase; dioxygen transport; electron transfer.
Molybdenum Nitfogen fixation; oxidase; oxo-transfer.
Vanadium Nitrogen fixation; oxidase
Unknown, possible involvement in glucose tolerance.

Chromium

i
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