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ABSTRACT

This review 1s about the ¢-Lactalbumin (¢-LA), the major whey protein found in the milk of all
mammals. It is a simple Ca® binding milk protein, homologous in sequence to the lysozyme family
and has significant role in biosynthesis of lactose in the lactating mammary gland. The structural
and functional analyses so far cbtained about this protein were outlined here. As regards the
structure, it displays the best-characterized molten globule state which has been studied by varicus
techniques such as X-ray scattering, NMR, thermodynamic study, ultrascnic study ete. The
functional aspect shows many remarkable features of its caleium binding sites and is found to be
a valuable constituent to enrich the infant formula. In addition, «-LA can alter its biological
funection depending on the conformational state and actively interact with lipid membranes, which
leads to its antimicrobial and antitumor activity that has a vital role to induce apoptosis in tumor
cells. Recently it was found that fabrication of «-LLA nanoparticles to use in drug and food delivery
system in nanomedicine is also possible.

Key words: «-Lactalbumin, molten globule state, metal ion binding sites, membranes, infant
formulas, apoptosis activity, biological nanoparticle

INTRODUCTION
Milk and its components: Man has been drinking the milk of cows, goats, sheep, buffalo, horses
and other mammals for a long time. All mammals produce milk with different composition of its
constituents. Of course the composition of milk varies from cow to cow, for the various breeds, the
animal’s feed, the stage of lactation etc.

Milk is an opaque white hquid produced by the mammary glands of mammals which is almost.
a complete natural food (Bowen and Lawrence, 2005). It is an emulsion or colloid of buffer fat
globules within a water-based fluid. The major components of milk food are water, proteins, lactose,
fat, minerals, vitamins and others (Velusamy et al., 2007). Of all the macromolecules present,
protein seems to be more significant owing to their selective soluble nature in acidic and alkaline
mediums and its high absorption or low asscciation properties (Velusamy and Palaniappan, 2004).
Thus, the present study is centered about milk protein, in especially only one particular type.

Milk proteins: The total protein component of milk is composed of numerous specific proteins. The
primary groups of milk proteins are the caseins. There are 3 or 4 caseins in the milk of most species;
the different caseins are distinect molecules but are similar in structure. All other proteins found in
milk are grouped together under the name of whey proteins. The major whey proteins in cow milk
are B-lactoglobulin and e-LA (Hurley, 2009; Azman, 2009),
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All these major milk proteins are synthesized in the mammary epithelial cells and are only
produced by the mammary gland. The immuncglobulin and serum albumin in milk are not
synthesized by the epithelial cells. Instead, they are absorbed from the blood (both serum albumin
and the immunoeglobulin).

Whey proteins: There are many whey proteins in milk and the specific set of whey proteins
found in mammary secretions varies with the species, the stage of lactation, the presence of an
intra-mammary infection and other factors.

o- LA and its importance: ¢-LA is the most abundant whey protein in human milk (Heine ef al.,
1991). It is a small Ca*binding protein, of molecular weight 14,200 Dalton present in mammalian
milk and function as a specificity modifier of an enzyme, galactosyltransferase (Hill and Brew,
1975; Hiracka et al., 1980; Mckenzie and White, 1991; Ashikin and Razak, 2009). «-LA plays an
essential role in milk formation in all species (Brew and Grobler, 1992). During lactation, the
mammary gland expresses both the enzyme -1,4-galactosyltransferase (GT) and «-LA. These two
proteins form an enzyme complex, lactose synthase that is present in the Golgi Vesicles during
lactogenesis,

GT/ e-LA
UDP — GT + Glucose—Lactose + UDP

The important role of a-LA in lactose formation has been shown in experiments involving
transgenic animals (Stacey et al., 1995). In general, the metal cations such as Ca®*, Mg?*, Zn*,
Mn#, Na* etc. and/or the mineralogical compositions of heavier elements present in the individual
specimen are specifically reflected in their physical compactness (Kannappan ef al., 1999), This
special feature found in the case of «-LA aids to study about protein-membrane interaction and
protein-crganic compound interaction ete. (Kronman, 1889). In nutritional role, ¢-LA is rich in
tryptophan which is typically the limiting amino acid in infant formulas and as a result
¢-LA-enriched infant formula has been developed. Feeding «-LA as a scurce of tryptophan has
shown neurcbehavioral benefits in adults (Markus ef al., 2000, 2002), Conformation 1s again a
special phenomenon in cyclic molecules that offer two or more structural forms. The stable
conformational variant of such molecules including proteins expose distinct response in biclogical
activity (Sundaram and Palaniappan, 2005). An ¢-LA has different functions depending on its
conformational or folding state. For example some forms of «-LLA can induce apoptosis in tumor cells
(Svensson ef al., 1999; Creighton et @l., 1996; Hakansson et al.,, 1995). In recent years, the
production of biolegical nanoparticles from «-LA 1s being achieved for drug delivery and food
science applications (Mehravar et al., 2009). In view of these vital importances of this milk protein,
this review article is devoted to the detailed study of the compositional analysis of a-LA that
includes both the structural aspects and functional aspects.

STRUCTURAL ANALYSIS OF a-LA

Structure of milk protein: The primary structure of proteins consists of a polypeptide chain of
amino acid residues joined together by peptide linkages (Velusamy and Palaniappan, 2004) which
may also be cross-linked by disulphide bridges. The three-dimensional organization of proteins, or
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conformation also involves secondary, tertiary and quaternary structures (Sundaram and
Palaniappan, 2005). The secondary structure refers to the spatial arrangement of amino acid
residues that are near one another in the linear sequence. The alpha-helix and B-pleated sheet are
examples of secondary structures arising from regular and periodic steric relationships.

The tertiary structure refers to the spatial arrangement. of amine acid residues that are far
apart in the linear sequence, giving rise to further coiling and folding. If the protein is tightly
coiled and folded into somewhat spherical shape, it is called a globular protein. Quaternary
structure occurs when proteins with two or more polypeptide chain subunits are asscciated
(http:/f’www.foodsci.org). The structure of «-LA 1s different in its native and non-native states.

Native state of a-LA: ¢-LA 1s genetically and structurally homologous to C-type lysozyme and its
high-resolution X-ray crystallographic structure has been reported (Acharya et al., 1989, 1991;
Harata and Muraki, 1992; Ren et al., 1993). The structural properties of «-LA and its
interrelationships with lysozyme were reported (Kronman, 1989; Mckenzie and White, 1991).
However, lysozyme and ¢-LA also differ markedly in their metal-ion-binding properties (Kronman,
1989). Native a-LA consists of two domains and a B-sheet domain (Kuwajima, 1996). There are
four a-helices-Afresidues 5-11], B[23-24], C[86-99] and D[105-109] and three 3,,-helices[12-16,
101-104 and 115-119] in the e-helical domain and an anti-parallel B-sheet[40-50] and a
3,,-helix[76-82] in the f-sheet domain. The native state of ¢-LA is shown in Fig. 1.

Molten globule state of a-LA (non-native state): A composed denatured state is obtained
{Shortle, 1996 Dill and Shortle, 1995) under a mild denaturation condition for various
proteins. In this order, «-LA 1s the typical example for molten globule state which is also
known as non-native state. In non-native state, two types of conformation are cbserved. One is
a highly denatured or fully unfolded state and the other is the compact intermediates which
have been observed under both transient and equilibrium conditions. The potential energy
barrier will not so high enough between the conformers so that transitions from one form to other
are quite possible (Palaniappan, 2001a). Thus the molten globule is a rigorously defined structural
state with: (1) Substantial secondary structures, (2) absence of native-like tertiary structure, (3)
compact (Dolgikh et al., 1981) and globular and (4) without cooperative thermal denaturation
(Ptitsyn, 1987, 1992, 1995).

X-ray scattering study: The non-native conformation of a-LA i1s equally important as the
determination of the high-resolution 3-dimensional structure of the native state of «¢-LA. X-ray
scattering technique, in particular the solution X-Ray scattering, has been successfully utilized to
describe the characteristics of various nen-native conformations (Damaschun et af., 1991, 1993;
Katacka et al., 1993, 1995; Kataoka and Goto, 1996; Konno et al., 1995). In the X-ray scattering
study, it is cbserved that the radius of gyration (Rg) for the molten globule is 20-30% larger than
that for the native state. Radius of gyration of a molecule determines the scattering process.
Velusamy et al. (2007) have reported that size of the molecules is important in explaining the
cohesion effects whereas the mass 1s important regarding the inertial effects. The reports of Ptitsyn,
(1987, 1992, 1995) are in line with this observation as ¢-LA is a heavier molecule with larger size,
in which the Eg of the molten globule of a-LLA was almost identical to the value for the native state.
Further the structural characterization of the molten globule of a-LA studied by small-angle X-ray
scattering which revealed that the molten globule 1s not as compact as native state. Arai et al
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Fig. 1. Schematic representation of the native structure of human «-LA. (a) The ¢-domain is shown
in red (residues 1-39) and blue (residues 82-123) and the B-domain (residues 40-81) is
shown 1n green. The disulfide bonds present in 455 and [28-111] ¢-LA are indicated and
the «-domain helices are labeled. (b} Acidic (red) and basic (blue) residues are shown in a
ball-and-stick representation. The diagrams were generated using MOLSCRIFT and the
X-ray coordinates for the native protein (Résner and Redfield, 2009)

(2002) observed the fast compaction of ¢-LA during folding, studied by stopped-flow X-ray
scattering. Water being an aprotic solvent that can interact both in acidic and alkaline environment
it was suggested that the folding intermediate 1s more hydrated than the native state and that the
hydrated water molecules are dehydrated when specific side-chain packing is formed during the
change from the molten globule to the native state (Velusamy and Palaniappan, 2004; Samuel
Ebinezer et al., 2004),

NMR study: Based on NME study of ¢-LA, the molten globule is a bipartite structure with an
e-helical domain containing substantial secondary structure and native tertiary fold and with a
disordered B-sheet domain (Baum et al., 1989; Alexandrescu ef al, 1993, Chyan et al., 1993;
Peng and Kim, 1994; Schulman ef al., 1995). Its compactness suggested that the disordered (-sheet,
domain would be collapsed. The conceptual model was combined with the bipartite structural model.
This model suggested a more detailed concept in which (1) the tertiary fold formed in the e-helical
domain is stabilized by two disulfide bonds as well as by hydrophobic interaction (Thivagarajan and
Palaniappan, 2007h), (2) the disordered B-sheet domain is collapsed by one disulphide bond, (3) the
two domains are also connected by another disulfide bond to maintain molecular compactness and
(4) the disordered part cannot fluctuate and extend so randomly.
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AN =

Molten Globule

Fig. 2: Schematic description of various types of molten globule derived from the results of solution
X-ray scattering (Kataoka et al., 1997)

The various types of molten globule derived from the results of solution X-ray scattering is
shown in Fig. 2. Proteins folding of «-LA studied by Temperature qjump NMER indicate a formation
of non-native hydrophobic cluster in the unfolded state (Masaru and Kazuyuki, 1999). Further
Redfield ef al. (1999) reported that «¢-LA forms a compact molten globule in the absence of disulfide
bonds using NMR spectroscopy.

The solvent accessibility and side-chain dynamics of aromatic residues in the molten globule of
a-LA was investigated by the use of selective isotope labeling and (19) F-NMR and comparison was
made for properties of both the native and unfolded protein, which indicates that the a-LA molten
globule 1s highly heterogeneocus; each residue has its unique solvent accessibility and motional
environment. From this study, it was suggested that hydrophobic (Palaniappan and
Thivagarajan, 2008, Kannappan and Palaniappan, 1998) and van der Waals interactions
{(Palaniappan, 2001b) mediated by the inaccessible surface area could be sufficient to account for
all the stability of the «-LA molten globule, which is approximately 50% of the value for the native
protein (Bai et al., 2000).

The 15N-1H HS5QC NMR spectrum of the human «-LA molten globule at pH 2 and 20°C was
characterized by broad lines and found that an increase in temperature to 50°C leads to a dramatic
sharpening of peaks in the 15N-1H HSQC spectrum of human «-LA at pH 2 (Ramboarina and
Redfield, 2003). SOFAST real-time 2D NMER technique used by Schanda ef al. (2007) to monitor
the conformational transition of «-LA from a molten globular to the native state for a large number
of amide sites along the polypeptide chain revealed that the kinetic behavior was observed for the
disappearance of the molten globule and the appearance of the native state was mono exponential
and uniform along the polypeptide chain. This observation confirmed previcus findings that a
single transition state ensemble controls folding of ¢-LA from the molten globule to the native state.
Further the effect of higher temperatures on fast time-scale backbone dynamics of molten globules
was investigated and found that the disulfide bonds have a significant effect on backbone dynamics
within the pf-domain of the molten globule; within the ¢-domain, dynamics are not significantly
influenced by these bonds (Ramboearina and Redfield, 2008).

Résner and Redfield (2009) reported that the pH-dependent changes in stability cbserved for
the molten globule must arise from differences in the number and distribution of charged amino
acids at the two pH (2 and 7) values. On the other hand, the differences in pH-dependent changes
in stability were observed between the three «-LA protein variants and all-Ala «-LA must arise

from the way that disulfide bonds influence the relative positions of charged groups. Global Protein
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folding State mapping by multivariate NMR(GPS NMR) study had identified a number of known
thermodynamically stable partially folded o-LA states and the transitions between them
{Malmendal et al., 2010; Creighton ef al., 1996).

Thermodynamic study: Thermodynamic and thermoacoustic studies form another important tool
for defining the structure of any compenent, in particular about the molten globule state. The
intermolecular interactions revealed from such studies have been widely used to interpret the
structure and functional aspects between the various species (Kannappan and Palaniappan, 1997;
Palaniappan, 2002; Thairiyaraja et al., 2003). Yutani et al. (1992) have reported that the heat
capacity of the molten globule state is similar to that of the unfolded state in the absence of salt.
These studies suggested that factors other than hydrophobic interaction would also contribute to
the formation of ¢-LA molten globule. The thermal unfolding of the molten globule of ¢-LA were
shown by some thermodynamic studies which reflects the heat capacity changes upon thermal
unfolding (Xie et al., 1991, 1993; Griko ef al., 1994; Relkin and Mulwihill, 1996). The thermally
denatured states have been studied to elucidate the energetic residual structure and its
contributions to the stability of the native conformation.

Griko (1999, 2002) observed that a degree of residual structure in the denatured state must be
taken into account to yield a more accurate description of protein structural energetic. The value
of the heat capacity increment of «-LLA denaturation correlates closely with the amount, of residual
secondary structure in the denatured protein, therefore reflecting the degree of its disordering and
accessibility to solvent. Thermodynamic parameters such as the enthalpy and entropy of the
denaturation of e-LA to compact denatured state are always greater than the enthalpy and entropy
of its unfolding. This difference represents the unfolding of the molten glebule state. Calorimetric
measurements of the heat effect associated with the unfolding of the molten globule state reveal
that it 1s negative in sign over the temperature range of molten globule stability. It was concluded
that at physiological temperatures the entropy of dehydration is the dominant factor providing
stability for the compact intermediate state on the folding pathway, while for the stability of the
native state, the conformational enthalpy is the dominant factor.

The stability of different ¢-LA forms toward urea and thermal denaturation was studied at low
and physiological salt and in the absence as well as presence of 1 mM or 10 mM Ca?*. Denaturation
was studied by Differential Scanning Calorimetry (DSC). Three lines of evidence indicate that
human ¢-LA made lethal to tumor cells (HAMLET) is a kinetic trap: (1) It has lower stability than
a-LA, although it is a complex of ¢-LA and oleic acid; (2) its denaturation 1s irreversible and
HAMLET is lost after denaturation; (3) formation of HAMLET requires a specific conversion
protocol (Fast et al., 2005),

The thermodynamic folding barriers of two relatively large proteins of the same size and
topology: bovine «-LA (BLA) and hen-egg-white lysozyme (HEWL) were investigated by
Halskau et al. (2008) and Dolgikh ef al. (1985). From the analysis of DSC experiments with the
variable-barrier model, a high barrier for HEWL and a marginal folding barrier for BLA were
obtained. Peculiarly, it was found that the tuning of folding barriers in vitro by the engineering
of electrostatic interactions is quite possible. In recent years, computational procedures to design
surface charge distributions toward enhancement of protein stability have been developed and
tested (Loladze et al., 1999; Ibarra-Molero et al., 1999; Pace, 2000; Perl ef al., 2000; Sanchez-Ruiz
and Makhatadze, 2001; Strickler ef al., 2006; Pey et al., 2008).
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Ultrasonic study: The ultrasonic characterization technique finds wide application in bio-liquids
{(Thivagarajan and Palaniappan, 2007a, b). The magnitude of density as well as the velocity of
sound 1in human body fluid or its constituents are of vital importance for carrying out acoustical
analysis of human system or organs as a sudden excess or reduction of sound velocity indicates
abnormalities (Nithyanandham and Lakshmanan, 2010; Velusamy, 2003). Specific partial volume,
partial compressibility and sound absorption changes induced by the native-to-molten globule state
{acid) transition of the human «-LA were measured by means of densitometry and ultrasonic
techniques (Samuel Ebinezer and Palaniappan, 2007) and interpreted in terms of the protein
molecule phase transition and inter phase water transfer. It was found that the molten globule 1s
a highly hydrated state containing about 270 water molecules inside. The compressibility
measurement (Palaniappan, 2008; Thiyagarajan and Palaniappan, 2008) indicated that water
inside the molten globule interior occupies less velume and is less compressible than in solvent
phase (Kharakoz and Bychkova, 1997). Recently, ultrasonic effect on physicchemical and
functional properties of ¢-LA were analyzed by Jambrak et al. (2010), The result showed that pH
did not change significantly upon the passage of ultrasound, however conductivities increased
significantly after 20 kHz sonication. Electrical conduectivity decreased significantly for ultrasound
treatments in baths at 40 and 500 kHz for all samples. Solubility increased significantly for all
samples at 20 kHz. Foam capacities and foam stabilities were improved after ultrascund treatments
for both 20 and 40 kHz treatments. Foammng properties were not improved for protein model
suspensions for 500 kHz treatments. The molecular weight of the protein decreased significantly
after ultrasound treatments both using a 20 kHz probe and 40 kHz bath. The flow behavior of
e-LA was observed to be shear-thickening after all treatments.

In general as regarding the structural aspects it is clear that the term molten globule is
used in «-LA to describe a wide range of non-native conformations. The e-LA displays the
best-characterized molten globule state and is the best model protein in protein folding studies
when compared with the AZ-68 of CSF protein (Velusamy and Palaniappan, 2004),

FUNCTIONAL ANALYSIS OF «-LA

Significance of Calcium binding sites: ¢-LA is metalloprotein with calcium as its natural
ligand, is the regulatory component of the lactose synthase (Hill and Brew, 1975; Hiraoka et al.,
1980). a-LA has a number of binding sites for metal-ions including Ca?", Mn%*, Zn* (Kronman,
1989). Cat ion binding to the strong calcium site increases the stability of «¢-LA. The second
dernvative FTIR study of heat-induced and pressure-assisted cold-induced changes in the secondary
structure of bovine a-LA was carried out for native heloprotein and caleium ion depleted apoprotein.
The secondary structure and compactness of ¢-LA were examined in a temperature range from
20 to -15°C during the pressure-assisted cold treatments (Dzwolak et al., 2001). From this study,
it 1s observed that the protein’s compactness and secondary structure were both considerably
stabilized against an increase and decrease in temperature by the presence of calcium ion. The
binding of metal cations also increases the stability of a-LA against the cations denaturing agents
such as urea or guanidine hydrochloride (Permyakov ef al., 1985). Further it is observed that from
the above study, any denaturation transition in a-LA (pressure, temperature, denaturation
concentration) depends upon metal ion concentration.

Interaction with membranes: The interaction o-LA also extend with lipid membranes
{Cawthern et al., 1996; Grishchenko et al., 1996; Montich and Marsh, 1995; Banuelos and Muga,
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1996; Permyakov et al., 1993; Pelligrini ef al., 1999). The interaction of a¢-LA with the liposome
affects the phase transition from gel to liquid-crystalline state in liposome. From Calorimetric and
spectroscopic studies (Palaniappan, 1991, 1997), it was suggested that formation of flexable
structural intermediate of ¢-LA in solution is a preparation for its association with membranes.
Aggregation of the unfolded «-LA molecules and burial of hydrophobic surface upon formation of
ordered tertiary structure significantly reduce their membrane perturbing activity
{Thiyagarajan et al., 2004).

The overall exchange behavior of the membrane-bound state is molten globule-like,
suggesting an overall destabilization of the polypeptide. DNevertheless, the backbone amide
protons of residues R10, L12, C77, K98, V99 and W104 show significant protection against
solvent exchange in the membrane-bound protein. The membrane-bound conformation of
e-LA includes initial protonation of acidic side-chains at the membrane interface and formation
of an interacting site with the membrane which involves helixes A and C. Further, these helices
would slide away from each other, adopting a parallel orientation to the membrane and would
rotate to maximize the interaction between their hydrophobic residues and the lipid bilayer
{(Halskau et al., 2002).

The effect. of lipid structure on ¢-LA-membrane interaction and bi-layer integrity may throw
new light on the membranes disrupting mechanism of a conformer of human ¢-LA (HAMLET) that
induces death of tumor cells but not of normal cells (Rodland ef al., 2005). Surprisingly, it was
found that under certain conditions «-LA may interact reversibly with a plasma membrane
{(Halskau et al., 2009). Recent studies show that HAMLET interacts with lipid membranes and
perturbs their structure and integrity (Mossberg et ai., 2010},

Apoptosis-inducing activity: «-LA can alter its bioclogical function depending on the
conformational state (Jaafar et al.,, 2007). As ¢-LA 15 a second example of a protein that can acquire
different functions depending on its folding state (Svensson et af., 1999) an e-LA complex from
acid-precipitated human milk casein was shown to induce apoptosis in tumor cells and immature
cells, but not in mature, differential cells (Hakansson et al., 1995). HAMLET is a tumoricidal
complex of apo ¢-LA and oleic acid, formed in casein after low pH treatment of human milk
{(Svensson et al., 2000; Pettersson ef al., 2008, 2010),

Role in infant formulas: ¢-LA has an vital role in enriching the infant formula because ¢-LA
contains a relatively high concentration of tryptophan and other essential amino acids compared
with whole cow milk (Heine et al., 1991; Lien, 2003). Only infants receiving the formula with a
high coneentration of «-LA had serum tryptophan concentrations as high as those of breastfed
infants, as shown by Heine et al. (1996). Feeding infants ¢-LA-rich formulas results in higher
plasma tryptophan concentrations than did feeding infants by standard formulas. Tryptophan 1s
the precursor of the neurotransmitter serotonin and the neuro-secretory hormone melatonin,
Serotonin and melatonin regulate many neurchehavioral effects such as appetite, satiation, mood,
pain perception and the sleep-wake rhythm (Yogman et al., 1983; Heine et al., 1991). Thus, feeding
a-L.A has shown neuro behavioral benefits in adults.

Possibilities of biological a-LLA nanoparticles: In recent years, ferrofluids

(Samuel Ebinezer et af., 2003, 2005; Saraswathi et al., 2005; Thivagarajan et al., 2006), a
special system of Nanoparticles have been emerged as versatile systems for the specific delivery of
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drugs to organs and tissues (Langer ef al., 2008). Especially polymeric nanoparticles have
attractive physiochemical properties such as size, surface potential, hydrophilic-hydrophobic
balance ete. (Jaafar ef a¢l., 2007) and for this reason they have been recognized as potential drug
carrier for bicactive ingredient such as anticancer drugs, vaccines, oligonuclectides, peptides etc.
{(Jahanshahi et al., 2008b).

Nanomaterial derived from proteins, especially protein nanoparticles are bicdegradable,
non-antigenic, metabolizable and can also be easily amenable for surface modification and
covalent attachment of drugs and ligands. In view of the defined primary structure of proteins, the
protein-based nanoparticles may suggest various possibilities for surface alteration and covalent
drug attachment (Weber ef al., 2000),

In this way, a-LA has significant properties such as nutriticnal, rich in tryptophan, bacterial
or antitumor activity ete so that it finds important role in the preparation of nanoparticles. Basically
three different preparations of such protein nanoparticles have been described based on emulsion
formation, desolvation or coacervation (Jahanshahi et @f., 2008a). The nanotubular structures was
formed by partial hydrolysis of ¢-LLA by a protease from Bactllus licheniformis under appropriate
conditions (Graveland- Bikker ef al., 2008), as similarly reported by Yahaya (2009) and
Palaniappan et al. (2008). The growth of a-LA nanotubes and their dimensions were analyzed
using transmission electron microscopy, static hght scattering and small-angle X-ray scattering. The
scattering data were fitted using a model describing the growth of the tubes and using the form
factor of a hollow tube. The cylinder diameter was calculated to be 19.9 (2) nm and the cavity
diameter 8.7 (7) nm. Further the elongation rate of the nanotubes was about 10 nm min~! under
the experimental conditions. Recently, Mehravar ef al. (2009) prepared nanoparticles (102 nm and
454 nm size) from «-LA by the two step desolvation process. Many researches are being carried out
to explore the possibilities and the characteristics of ¢-LA nanoparticles.

CONCLUSION

Surprisingly, there is no exhaustion to find the biological and biochemical application from
e-LA. Even a small part of whey protein found in milk, ¢-LA, has numerous applications such as
lactose synthesis, model protein for protein folding study, enrich infant formula, therapy for tumor
cells and amyloidoses, suitable carrier for drug and delivery system etc. The review made here
shows that wide interdisciplinary researches still required among all science and technology
branches especially in Nanomedicine to explore many subtler details of the precise structure and
more proper functional analysis of this whey protein, a-LA.
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