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Abstract - Ca
2+

 ions are central to a complex intracellular 

messenger system that is mediating a wide range of 

biological processes: muscle contraction, secretion, 

glycolysis and gluconeogenesis, ion transport, cell division 

and growth. Ca
2+

 ions are also known to play various roles 

outside cells .Ca
2+ 

ions are instrumental in joining certain 

proteins in the blood-clotting system with membrane 

surfaces of circulating cells. An important class of 

transport proteins is the Ca
2+

-ATPases, which are 

particularly abundant in muscle cells. In higher organisms, 

the Ca
2+

 concentration in extracellular fluids generally is 

considerably higher than the intracellular concentrations. 

The mammary glands produce, among other substances, a 

Ca
2+

-binding enzyme activator, α-lactalbumin, that has 

about 40 percent sequence identity with lysozyme. This 

protein, which is involved in the conversion of glucose into 

lactose, is secreted in large quantities, and in human milk 

constitutes some 15 percent of total protein. Ca
2+

 ions are 

involved in the cascade of enzymatic events that results in 

blood clotting in mammals. 
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I. DISCUSSION 

Today it is widely recognized that Ca2+ ions are central to a 

complex intracellular messenger system that is mediating a 

wide range of biological processes: muscle contraction, 

secretion, glycolysis and gluconeogenesis, ion transport, cell 

division and growth .A prerequisite for the proper function of 

the calcium messenger system in higher organisms is that 

the cytosolic Ca2+ concentration in a "resting" cell be kept very 

low, on the order of 100 to 200 nM. Transitory increases in the 

Ca2+ concentration that may result from hormonal action on a 

membrane receptor must rapidly be reduced. Several transport 

proteins, driven either by ATP hydrolysis or by gradients of 

some other ion like Na+, are involved in this activity. Ca2+ ions 

are also known to play various roles outside cells. In the blood 

plasma of mammals, in which the Ca2+ concentration exceeds 

the intracellular by a factor of about 104, Ca2+ ions are 

instrumental in joining certain proteins in the blood-clotting 

system with membrane surfaces of circulating cells. Many 

extracellular enzymes also contain Ca2+ ions, sometimes at the 

active site but most often at other locations. It is generally 

believed that Ca2+ ions confer on proteins an increased thermal 

stability, and indeed proteins in heat-tolerant microorganisms 

often hold many such ions .Vertebrates require much calcium 

in their food; in the USA the recommended daily allowance 

(RDA) for adult humans is 800 mg, and most other countries 

have comparable recommendations. During gestation in 

mammals, calcium must be transported across the placenta 

into the fetus, in particular during those phases of pregnancy 

when bone formation is most rapid. 

Concentrations of uncomplexed, or "free," Ca2+ can be 

measured by Ca2+-selective microelectrodes, bioluminescence 

and complexing agents with Ca2+-dependent light absorption, 

fluorescence, or NMR spectra. Total Ca2+ concentrations, 

uncomplexed and complexed, can be measured by a variety of 

physical techniques. Some techniques, like atomic absorption, 

are sensitive but give poor spatial resolution. An important 

class of transport proteins is the Ca2+-ATPases, which are 

particularly abundant in muscle cells. These proteins 

translocate Ca2+ ions against large activity (or concentration) 

gradients through the expenditure of ATP. Transport of 

Ca2+ ions against activity gradients across membranes may 

also be accomplished by coupled transport of other ions, like 

Na+, with a gradient in the opposite direction. As a result of 

some external stimulus—the action of a hormone, for 

example—the "free" Ca2+-ion concentrations in the cytoplasm 

of many cell types may transiently increase several orders of 

magnitude. This increase largely results from the release of 

Ca2+ from intracellular stores (Endoplasmic Reticulam, 

Sarcoplasmic Reticulam) in response to the initial formation 

of a new type of messenger, 1,4,5-IP3. The activity of Ca2+-

transport proteins eventually restores the Ca2+ concentration 

levels to resting levels. This sequence of events forms the 

basis for Ca2+'s role in the regulation of a wide variety of 

cellular activities. In higher organisms, the Ca2+ concentration 

in extracellular fluids generally is considerably higher than the 

intracellular concentrations. In mammalian body fluids, the 

Ca2+ concentration is typically on the order of a few mM. The 

extracellular concentration levels are highly regulated and 

undergo only minor variations. A consequence of these high 

levels of Ca2+ in extracellular fluids is that the binding 
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constant need be only 103 to 104 M-1 in order for a protein site 

to be highly occupied by Ca2+. Several extracellular enzymes 

and enzyme activators have one or more Ca2+ ions as integral 

parts of their structures. Some Ca2+ ions are bound at, or near, 

the active cleft and may take part in the enzymatic reactions 

(e.g., phospholipase A2, α-amylase). In other molecules, for 

example, serine proteases like trypsin and chymotrypsin, the 

Ca2+ ion is not essential for enzymatic activity, and may play 

more of a structural role. Calcium is, along with iron, silicon, 

and the alkaline earth metals, an important constituent of 

mineralized biological tissues. Some Ca2+-based biominerals, 

like bone or mother-of-pearl, can be regarded as complex 

composites with microscopic crystallites embedded in a 

protein matrix. The formation of calcified biominerals is a 

highly regulated process, and human bone, for instance, is 

constantly being dissolved and rebuilt. When the rates of these 

two counteracting processes are not in balance, the result may 

be decalcification, or osteoporosis, which seriously reduces 

the strength of the bone. One particularly important aspect of 

Ca2+ in mammals is its role in the blood coagulation system. 

Here we will meet a new type of amino acid, γ-

carboxyglutamic acid ("Gla" )Gla-containing proteins are also 

encountered in some mineralized tissues. The formation of 

bone, teeth, and other calcified hard structures is an 

intriguingly complicated phenomenon. Discussion of the role 

of Ca2+ in some extracellular enzymes.In humans, uptake 

occurs in the small intestine, and transport is regulated by a 

metabolite of vitamin D, calcitriol (1,25-dihydroxy vitamin 

D3). The uptake process is not without loss; roughly 50 

percent of the calcium content in an average diet is not 

absorbed. To maintain homeostasis and keep the calcium level 

in blood plasma constant, excess Ca2+ is excreted through the 

kidney. The main factor controlling this phenomenon in 

vertebrates is the level of the parathyroid hormone that acts on 

kidney (increases Ca 2+ resorption), on bone, and, indirectly, 

via stimulated production of calcitriol, on the intestinal tract 

(increases Ca2+ uptake). Calcium enters the cells from the 

outside world, i.e., the intestinal lumen, by traveling through 

the brush-border membrane of the intestinal epithelial cells, 

through the cytosolic interior of these cells, and into the body 

fluids through the basal lateral membranes of the same cells.  

II. CALCIUM ROLE IN LACTION 

The mammary glands produce, among other substances, a 

Ca2+-binding enzyme activator, α-lactalbumin, that has about 

40 percent sequence identity with lysozyme. This protein, 

which is involved in the conversion of glucose into lactose, is 

secreted in large quantities, and in human milk constitutes 

some 15 percent of total protein. The Ca2+-binding constant of 

bovine or human α-lactalbumin is on the order of 10
7
 M

-

1 under physiological conditions. In addition to Ca2+, the 

enzyme also binds Zn2+. It appears that Ca2+-ion binding 

affects enzymatic activity, and somehow controls the secretion 

process, but the biological role of metal-ion binding to a-

lactalbumin needs to be studied further. The x-ray structure of 

a-lactalbumin from baboon milk (Mr ≈ 15 kDa) has been 

determined to a high resolution (~1.7 Å). The Ca2+-binding 

site has an interesting structure. The ion is surrounded by 

seven oxygen ligands, three from the carboxylate groups of 

aspartyl residues (82, 87, and 88), two carbonyl oxygens (79 

and 84), and two water molecules. The spatial arrangement is 

that of a slightly distorted pentagonal bipyramid with the 

carbonyl oxygens at the apices, and the five ligands donated 

by the proteins are part of a tight "elbow"-like turn. The α-

lactalbumin site has a superficial structural similarity to an 

"EF-hand," although the enzyme presumably has no 

evolutionary relationship with the intracellular Ca2+-binding 

regulatory proteins. 

III. BLOOD CLOTTING 

Blood clotting proceeds in a complicated form of linked 

events involving many enzymes and proenzymes. The several 

of these proteins contained a previously unknown amino 

acid, γ-carboxyglutamic acid (Gla), and more recently yet 

another new amino acid, β-hydroxyaspartie acid (Hya), has 

been discovered. The former is formed postribosomally by a 

vitamin-K-dependent process in the liver. Presently the most-

studied Gla protein in the blood-clotting system 

is prothrombin (Mr ≈ 66 kDa). Ten Gla residues are clustered 

pairwise in the N-terminal region, essentially lining one edge 

of the molecule, forming a highly negatively charged 

region. A small (48 residues) proteolytic fragment (F1) that 

contains all ten Gla amino acids can be prepared. Prothrombin 

can bind about 10 Ca2+ ions, but F1 binds only 7. Binding 

studies to F1 show that the Ca2+ ions bind at three high-

affinity cooperative sites and four noninteracting sites and that 

this binding takes places in conjunction with a 

spectroscopically detectable conformational change.Ca2+ ions 

are involved in the cascade of enzymatic events that results in 

blood clotting in mammals. Several of the proteins in this 

system contain two new amino acids, γ-carboxyglutamic acid 

(Gla) and β-hydroxyaspartic acid (Hya), which are strongly 

suspected to be involved as ligands in Ca2+ binding. In the 

presence of Ca2+ ions, prothrombin and other Gla-containing 

proteins will bind to cell membranes containing acidic 

phospholipids, in particular, the platelet membrane. It appears 

likely that Ca2+ ions form a link between the protein and the 

membrane surface. In the presence of Ca2+ ions, prothrombin 

and other vitamin-K-dependent proteins in the blood-

coagulation system will bind to cell membranes containing 

acidic phospholipids, in particular, the platelet membrane, 

which is rich in phosphatidylserine. 
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IV. CONCLUSION 

The mammary glands produce, a Ca2+-binding enzyme 

activator, α-lactalbumin,which is involved in the conversion 

of glucose into lactose, is secreted in large quantities, and in 

human milk constitutes some 15 percent of total 

protein.Ca2+ ions are involved in the cascade of enzymatic 

events that results in blood clotting in mammals. Several of 

the proteins in this system contain two new amino acids, γ-

carboxyglutamic acid (Gla) and β-hydroxyaspartic acid (Hya), 

which are strongly suspected to be involved as ligands in 

Ca2+ binding. In the presence of Ca2+ ions, prothrombin and 

other Gla-containing proteins will bind to cell membranes 

containing acidic phospholipids, in particular, the platelet 

membrane.Several extracellular enzymes and enzyme 

activators have one or more Ca2+ ions as integral parts of their 

structures. 

REFERENCES 

[1] Weizhuang Zhou, Grace W. Tang, and Russ B. 

Altman . High Resolution Prediction of Calcium-

Binding Sites in 3D Protein Structures Using 

FEATURE. Journal of Chemical Information and 

Modeling 2015, 55 (8), 1663-1672. 
[2] sé L. Arias and María S. Fernández. Polysaccharides 

and Proteoglycans in Calcium Carbonate-based 

Biomineralization. Chemical Reviews 2008, 108 (11) 

, 4475-4482. 
[3] Shen Tang, Xiaonan Deng, Jie Jiang, Michael 

Kirberger, Jenny J. Yang. Design of Calcium-

Binding Proteins to Sense 

Calcium. Molecules 2020, 25 (9), 2148. 
[4] JesicaUrbina, AdvaitPatil, KosukeFujishima, Ivan G. 

Paulino-Lima, Chad Saltikov, Lynn J. Rothschild. A 

new approach to biomining: Bioengineering surfaces 

for metal recovery from aqueous solutions. Scientific 

Reports 2019, 9 (1). 
[5] Calcium Dynamics Mediated by the 

Endoplasmic/Sarcoplasmic Reticulum and Related 

Diseases. International Journal of Molecular 

Sciences 2017, 18 (5), 1024. 
[6] Shen Tang, Florence Reddish, You Zhuo, Jenny J 

Yang. Fast kinetics of calcium signaling and sensor 

design. Current Opinion in Chemical 

Biology 2015, 27, 90-97. 
[7] 231. Jeffrey S Iwig, Yvonne Vercoulen, Rahul 

Das, Tiago Barros, Andre Limnander, Yan 

Che, Jeffrey G Pelton, David E Wemmer, Jeroen P 

Roose, John Kuriyan. Structural analysis of 

autoinhibition in the Ras-specific exchange factor 

RasGRP1. eLife 2013, 2. 

[8] Xu Wang, Liang Wen Xiong, Amina El 

Ayadi, Darren Boehning, John A. Putkey. The 

Calmodulin Regulator Protein, PEP-19, Sensitizes 

ATP-induced Ca2+ Release. Journal of Biological 

Chemistry 2013, 288 (3), 2040-2048. 
[9] Helen Webb, Barbara Mary Tynan-

Connolly, Gregory M. Lee, Damien Farrell, Fergal 

O'Meara, Chresten R. 

Søndergaard, KaareTeilum, ChandralalHewage, Law

rence P. McIntosh, Jens Erik Nielsen. Remeasuring 

HEWL pKa values by NMR spectroscopy: Methods, 

analysis, accuracy, and implications for theoretical 

pKa calculations. Proteins: Structure, Function, and 

Bioinformatics 2011, 79 (3), 685-702. 
[10] LilianaSantamaria-Kisiel, Gary S. 

Shaw. Identification of regions responsible for the 

open conformation of S100A10 using chimaeric 

S100A11–S100A10 proteins. Biochemical 

Journal 2011, 434 (1), 37-48. 
[11] D. Farrell, F. O'Meara, M. Johnston, J. Bradley, C. R. 

Sondergaard, N. Georgi, H. Webb, B. M. Tynan-

Connolly, U. Bjarnadottir, T. Carstensen, J. E. 

Nielsen. Capturing, sharing and analysing 

biophysical data from protein engineering and protein 

characterization studies. Nucleic Acids 

Research 2010, 38 (20), e186-e186. 
[12] Ricky C. K. Cheng, Boris S. Zhorov. Docking of 

calcium ions in proteins with flexible side chains and 

deformable backbones. European Biophysics 

Journal 2010, 39 (5), 825-838. 
[13] YanYi Chen, ShengHuiXue, YuBin Zhou, Jenny Jie 

Yang. Calciomics: prediction and analysis of EF-

hand calcium binding proteins by protein 

engineering. Science China Chemistry 2010, 53 (1), 

52-60. 
[14] Yi Lu, Natasha Yeung, Nathan Sieracki, Nicholas M. 

Marshall. Design of functional 

metalloproteins. Nature 2009, 460 (7257), 855-862. 
[15] Michael Kirberger, Jenny J. Yang. Structural 

differences between Pb2+- and Ca2+-binding sites in 

proteins: Implications with respect to 

toxicity. Journal of Inorganic 

Biochemistry 2008, 102 (10), 1901-1909. 
[16] Shunyi Li, Wei Yang, Anna W. Maniccia, Doyle 

Barrow Jr, HariantoTjong, Huan-Xiang Zhou, Jenny 

J. Yang. Rational design of a conformation-

switchable Ca2+- and Tb3+-binding protein without 

the use of multiple coupled metal-binding 

sites. FEBS Journal 2008, 275 (20), 5048-5061. 
[17] Michael Kirberger, Xue Wang, Hai Deng, Wei 

Yang, Guantao Chen, Jenny J. Yang. Statistical 

analysis of structural characteristics of protein Ca2+-



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 5, Issue 8, pp 1-4, August-2021 

https://doi.org/10.47001/IRJIET/2021.508001  

© 2021-2017 IRJIET All Rights Reserved                     www.irjiet.com                                 4                                                                    
 

binding sites. JBIC Journal of Biological Inorganic 

Chemistry 2008, 13 (7), 1169-1181. 
[18] Lisa M. Jones, Wei Yang, Anna W. Maniccia, Alice 

Harrison, P. Anton van der Merwe, Jenny J. 

Yang. Rational design of a novel calcium-binding 

site adjacent to the ligand-binding site on CD2 

increases its CD48 affinity. Protein 

Science 2008, 17 (3), 439-449. 
[19] Yun Huang, Yubin Zhou, Wei Yang, Robert 

Butters, Hsiau-Wei Lee, Shunyi Li, Adriana 

Castiblanco, Edward M. Brown, Jenny J. 

Yang. Identification and Dissection of Ca2+-binding 

Sites in the Extracellular Domain of Ca2+-sensing 

Receptor. Journal of Biological 

Chemistry 2007, 282 (26) , 19000-19010. 
[20] Feng Xiang, Ping Li, Shihai Yan, Lixiang 

Sun, Robert I. Cukier, Yuxiang Bu. Hydration effect 

on interaction mode between glutamic acid and Ca2+ 

and its biochemical implication: a theoretical 

exploration. New Journal of Chemistry 2006, 30 (6), 

890. 
[21] José L. Arias, AndrónicoNeira-Carrillo, José I. 

Arias, Carla Escobar, Marcia Bodero, Marcela 

David, María S. Fernández. Sulfated polymers in 

biological mineralization: a plausible source for bio-

inspired engineering. J. Mater. Chem. 2004, 14 (14), 

2154-2160. 
[22] Muggli R, Baumgartner HR, Tschopp TB, Keller H. 

Automated microdensitometry and protein assays as 

a measure for platelet adhesion and aggregation on 

collagen-coated slides under controlled flow 

conditions. J Lab ClinMed 1980;95:195–207. 

[23] Sakariassen KS, Ottenhof-Rovers M, Sixma JJ, 

Factor VHI-vonWille-brand factor requires calcium 

for facilitation of platelet adherence. Blood 

1984;63:996–1003. 
[24] Crawford N, Scrutton MC. Biochemistry of the 

blood platelet. In: Bloom AL, Thomas DP (eds). 

Hemostasis and thrombosis.Eddinburgh: Churchill 

and Livingstone, 1987:47–77. 
[25] Nelsestuen GL, Broderius M, Martin G. Role of γ-

carboxyglutamic acid. An unusual transition required 

for calcium-dependent binding of prothrombin to 

phospholipid. J BiolChem 1976; 251:5648–567. 
[26] Nelsestuen GL. Interaction of vitamin K-dependent 

proteins with calcium and phospholipid membranes. 

Fed Proc 1978; 37:2621–5. 
[27] Esmon CT, Suttie JW, Jackson CM. The functional 

significance of vitamin K action.Difference in 

phospholipid binding between normal and abnormal 

prothrombin. J BiolChem 1975;250: 4095–9. 
[28] Borowski M, Furie BC, Bauminger S, Furie B. 

Prothrombin requires two sequential metal-

dependent conformational transitions to bind 

phospholipid. JBiol Chem 1986; 261:14969–75. 
[29] Stenflo J, Fernlund P, Egan W, Roepstorff P. vitamin 

K-dependent modifications of glutamic acid residues 

in prothrombin. ProcNatlAcadSci USA 1974; 

71:2730–3. 
[30] Hibbard LS, Mann KG. The calcium-binding 

properties of bovine factor V. J BiolChem 1980; 

255:638–45. 

 

 

 

 

 

******* 

Citation of this Article: 

D.K.Awasthi, Meet Kamal, ―Calcium and its Protein Binding in Lactation in Mammary Gland and Blood Clotting‖ Published 

in International Research Journal of Innovations in Engineering and Technology - IRJIET, Volume 5, Issue 8, pp 1-4, August 

2021. Article DOI https://doi.org/10.47001/IRJIET/2021.508001  

 

https://doi.org/10.47001/IRJIET/2021.508001

