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1. INTRODUCTION AND REVIEW OF
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The wordPROTEIN comes from Greek language (prota) which
means "of primary importance". This name was ohiced by Jons Jakob
Berzelius in 1838 for large organic compounds walmost equivalent
empirical formulas. A protein is a group of comypterganic macromolecules
that contain carbon, hydrogen, oxygen, nitroger asually sulfur and are
composed of one or more chains of amino acids.tefro are fundamental
components of all living cells and include manysahces, such as enzymes,
hormones, and antibodies that are necessary foortper functioning of an
organism. They are essential in the diet for ttoevth and repair of tissue and
can be obtained from foods such as meat, fish,,eggk, and legumes.
Proteins are biochemical compounds consisting ef @anmore polypeptides
typically folded into a globular or fibrous form ia biologically functional

way.

The gene functions are manifested in the form ofgins. Proteins are
the most abundant molecules in biology other thateww We contain perhaps
100,000 different types of protein and they stirteilar control virtually every
chemical process on which our lives depend. Hrstare central to various
biological processes. Proteins are synthesizedhenribosome and each
protein molecule must fold into the specific comf@tional state that is
encoded in its sequence in order to be able ty cautrits biological function.
This process happens in one of the most fascinatnagchallenging problems
in structural biology, the process oprbtein folding” (Dobson & Fersht,
1995).

The properties of the amino acid side chains armdpibptide bond
confer a high degree of conformational flexibility the protein molecule,
resulting in tremendous possible conformations fransingle polypeptide
chain (Cheolju & Myeong, 2005). The interior oteall is an extraordinarily
complex environment in which proteins and other noiolecules are present
at a concentration of 300—400 mg/ml (Ellis & Minf@®03).

1.1 Protein folding:

Protein folding is the process by which amino adjtte chemical

building blocks of proteins) interact with themsedvand form a stable three-
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dimensional structure during production of the emotwithin the cell. Folding
occurs very rapidly, probably within millisecondftea production of the
string of amino acids, and results in 3-D confoiorad which usually are
quite stable, which have specific biological funo8 (Anfinsen, 1973

Importantly, folding not only allows the productiai structures which can
perform particular functions in the cellular miliebbut it also prevents
inappropriate interactions between proteins, irt tbhlling hides elements of
the amino acid sequence which, if exposed, woiwddtraon-specifically with

other proteins.

Protein folding has been studied in detail by bexperimental and
theoretical procedures. In vitro folding of sometpins has been investigated
in detail by various optical techniques includiniyIR, circular dichroism and
fluorescence spectroscopy (Kumeta H et al 2003).

1.2 Process of protein folding:

The folding pathway of a large polypeptide chainesy complicated.
Many models have been proposed to describe prédddimg. One model
views folding as dierarchical process where local secondary structures form
first. Under this modek helices ang sheets form first, with longer range
interactions between helices and sheets formingrssgcondary structures
later. This process continues until the entireypeptide folds. Another
alternative model describes folding as a spontaneous collapse of the
polypeptide into a compact state. This collapdatess known as mnolten

globule.
1.3 Chaperones:

Chaperones bind to exposed hydrophobic surfacesotéins, thereby
sequestering unfolded polypeptide chains and ptengertheir aggregation.
Chaperones mediate correct folding of other protmih do not themselves
from a part of the final protein structure. Sontamerones are synthesized
constitutively and affect normal intracellular prwt trafficking, whereas
others are induced by stress, such as heat (heekt-gitoteins, e.g., hsp70,
hsp90).
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1.3.1 Molecular chaperones:

The term ‘molecular chaperones’ was originally usedlescribe the
function of nucleoplasmin, a nuclear protein thagwes correct assembly of
nucleosomes from DNA and histones. Molecular chapes assist the
folding of polypeptides as soon as they emerge ftemribosomal exit tunnel.
The molecular chaperone proteins bind to the fgldintermediates of

polypeptides, which prevents protein aggregatiasdad et al, 2004).

Not only do chaperones ensure correct folding bigb acorrect
assembly of the units of an oligomeric protein &agsport of a protein to its
particular subcellular compartment (ChattopadhZé1).

1.3.2 Chemical chaperones:

In certain disease conditions, some genes are @tugatd form faulty
protein. As the structural change is small, thetggns may not completely
lose their biological activity but they are not peoly processed and may be
guided towards the degradation pathways. In tlse cd cystic fibrosis, the
proteins get improperly folded due to certain moteg in gene. It is therefore
retained in endoplasmic reticulum and not trangubrto the plasma

membrane. At plasma membrane these proteins pertbeir biological

activity.

Table.L Cellular osmolytes (Dobson, 2004)
Amino acids & Carbohydrates Methylamines
derivatives
Alanine Arabitol Betain
Glutamic acid Glycerol Glycerophosphocholine
Proline Mannitol Sarcosine
y-aminobutyric acid Mannose Trimethylamine N-oxide
Taurine Sorbitol
Sucrose
Trehalose
Myo-inositol
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Folding defect is corrected by some low moleculaight substances
like glycerol and trimethylamine N-oxide. Theséstances, which help to
stabilize proteins in their natural conformationre acalled ‘chemical
chaperones’ (Welch & Brown, 1996). Some exampfaehemical chaperones
are organic solvents, trimethylamine N-oxide (TMA@)jmethyl sulfoxide
(DMSO) and some cellular osmolytes as showialte 1

Chaperons bind to the misfolded or unfolded prat@nd help them to
escape from the cellular degradation pathway. his tvay it plays an

important role in minimization of aggregation.

1.4 Protein misfolding, aggregation and diseases:

Ribosome

Transport out

hisfolded
g T —
<)

Modification
and folding

Winiguitin-

proteasome.

Corractly
foided

ER/;

Figure 1. Regulation of protein folding in ER (Dobson 2p03

If the folding process is not successful, the dasdapgrotein is
degraded by the cellular protective machinery. @fethe degradative
processes involves ubiquitin which is added toaheormal protein thereby
marking it for degradation by the proteasome comgle Figure 1 & 2).

There are several mechanisms by which protein rigldefects can
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cause intracellular accumulations or result in @aésevhich are listed irtable

no. 2

Aggregation is considered to be a non-productivé;pathway

reaction that competes with correct folding reawtio Aggregation is a

problem frequently encountered during the foldifig@aypeptide chains both

in vivo and in vitro. Study of protein aggregatisnmportant as aggregation

is associated with several human diseases and p@oseajor problem in

biotechnology industry. Diseases like Alzheimerarkinson’'s etc.

are

caused due to unfolded or misfolded proteins wigeh accumulated in ER

and trigger a number of cellular responses, catlee unfolded protein

response.
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Figure 2. A schematic representation of the factors inftirgg protein

folding and aggregation events in vivo (Jahn & Radif 2005).
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1.4.1 Aggregation of abnormal proteins:

Abnormal proteins may get deposited in tissue ameérfiere with
normal cellular functions. These deposits camb@cellular, extracellular, or

both. These aggregates cause the pathologic change

A wide range of human diseases (Dobson, 2004) ssecested with
protein folding process (itable 2). Mechanisms of protein aggregation are

not yet fully understood, but several possible naatdms have been proposed.

Table.2.Protein folding diseases

Disease Protein Site of folding
Hypercholesterolaemia| Low-density lipoproteiBR
receptor
Cystic fibrosis Cystic fibrosis trans- ER
membrane regulator
Phenylketonuria Phenylalanine Cytosol
hydroxylase
Huntington’s disease Huntingtin Cytosol
Marfan syndrome Fibrillin ER
Osteogenesis imperfectt  Procollagen ER
Sickle cell anaemia Haemoglobin Cytosol
a-Antitrypsin deficiency | al-Antitrypsin ER
Tay—Sachs disease B —Hexosaminidase ER
Scurvy Collagen ER
Alzheimer’s disease Amyloifl-peptide/tau ER
Parkinson’s disease a-Synuclein Cytosol
Scrapie/Creutzfeldt— Prion protein ER
Jakob disease
Familial amyloidoses Transthyretin/Lysozyme ER
Retinitis pigmentosa Rhodopsin ER
Cataracts Crystallins Cytosol
Cancer p53 Cytosol
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1.4.2 Mechanism of aggregation (in figure 3):

MECHANISM 1: REVERSIBLE ASSOCIATION OF THE NATIVE
MONOMER

The tendency to reversibly associate (aggregatahtisisic to the
native form of the protein. The surface of theveaprotein monomer is self-
complementary so it will readily self-associate frm reversible small
oligomers. There may be multiple “sticky” or corapientary patches on the
monomer surface. Those can then produce diffetgms of interfaces,
potentially producing multiple conformations foriggdmers of the same
stoichiometry and different patterns of oligomeowth. As the protein
concentration rises, larger oligomers form over etimnd these large
aggregates often become irreversible (Insulin bemg example (Pekar et al.,
1972)) Interleukin-1 receptor antagonist (rhiL-1RA) an example of a
product that undergoes reversible dimerization &h hconcentrations,
followed by formation of irreversible dimers anadrers.

MECHANISM 2: AGGREGATION OF CONFORMATIONALLY-
ALTERED MONOMER

Native monomer has a very low propensity to rewdysassociate.
However after it transiently undergoes a confororal change or partial
unfolding, the resultant altered conformational nforof the monomer
associates strongly. The first step is a confawnat change to a non-native
state. Aggregation will be promoted by stresseb s1$ heat or shear that may
trigger the initial conformational change and vadl inhibited by excipients or
conditions that stabilize the native conformatidrwo therapeutics where this
mechanism has been reported are interferon (Kdnaétial., 1998) and G-
CSF (Krishnan et al., 2002; Raso et al., 2005).

MECHANISM 3: AGGREGATION OF CHEMICALLY-MODIFIED
PRODUCT

Protein conformation that precedes aggregation d@ssed by a
difference in covalent structure. Usually thideliénce is caused by chemical

degradation such as oxidation of methionine, deatiud, or proteolysis.
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Figure 3. Mechanisms of aggregation (Philo & Arakawa, 2009

Chemical changes create a new sticky patch onutiace, or change
the electric charge in a way that reduces electtiostrepulsion between
monomers. In many cases the chemically differpeties does not promote
degradation, but remains as a normal variant witienproduct. For example,
in glycoproteins there might be an unglycosylated uader-glycosylated
fraction that is prone to aggregation. Improvihg themical stability will of
the protein will reduce aggregation, and conversétgmpts to improve the
conformational stability of the monomer may notueel aggregation. It is
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also known that aggregates of chemically alterexepm can be particularly

immunogenic.
MECHANISM 4: NUCLEATION-CONTROLLED AGGREGATION

Nucleation-controlled aggregation is a common meidma for
formation of visible particulates or precipitatels this mechanism the native
monomer has a low propensity for formation of snaatl moderately-sized
oligomers. An important feature of this mechanignthat the rate of
formation of the large particles or precipitatesially exhibits a lag phase.
That is, no particles or precipitates can be detetdr a long period of time
(perhaps months) but then rather suddenly the |sqgEcies appear and
accumulate. Two examples of contaminants repdddthve served as seeds
for aggregation are silica particles shed by prodigls and steel particles

shed by a piston pump used for filling vials.
MECHANISM 5

This aggregation process starts with binding ofrtaeve monomer to
a surface. Inthe case of an air-liquid interfd binding would probably be
driven by hydrophobic interactions, but for a comta favorable electrostatic
interactions might also be involved. After thigtiad reversible binding event
the monomer undergoes a change in conformatiore@@mple to increase the
contact area with the surface). In a special chgbis mechanism where the
surface that induces aggregation is the surfacéhefcritical nucleus. A
second point about this mechanism is that duriroglacated stability testing
the tests that involve agitation or that try tound shear forces by moving
balls through the liquid will produce conformatidiséress and therefore may
induce aggregation through Mechanism 2. It may agnultaneously
produce significant exposure to surfaces; so it tayinclear which stress is

actually inducing the aggregation.
1.4.3 Aggregation of therapeutic proteins:

Biotherapeutics are large macromolecules derivedstignofrom
biological sources using recombinant DNA technasgi Such therapeutics

include a diverse range of products including glovactors, cytokines,
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hormones, receptors, enzymes, clotting factors,atlonal antibodies (mAbs)

and protein based vaccines.

Structurally altered proteins have a strong tengeén@ggregate, often
leading to precipitation. Irreversible aggregatism major problem for long-
term storage stability of therapeutic proteins dod their shipping and
handling. Aggregates have been observed to forrthémapeutic proteins
during purification and storage, and the administnabf proteins containing
aggregates has been shown to stimulate immune mespocausing effects
ranging from mild skin irritation to anaphylaxis avg W, 2005).

Some external factors like temperature, solutiomddmns and
composition (pH, buffer type and concentration, iGostrength, protein
concentration, metal ions, denaturing and reduagents, impurities, organic
solvents, containers/closures), sources of prgtesasnple treatment, and
analytical methodologies also affect the proteigragation. Processing steps
(fermentation/expressionynfolding/refolding), purification, freeze - thaw,
shaking and shearing, pressurization, formulatidingi drying, preparation
of modified protein or delivery systems, etc., soligtate condition and

composition also may cause aggregation.
1.4.4 Protein aggregation in Crowded Environments:

Biological macromolecules evolve and function withintracellular
environments that are crowded with other macromubdsc Crowding results
in surprisingly large quantitative effects on bdtle rates and the equilibria of
interactions involving macromolecules, but sucterattions are commonly
studied outside the cell in uncrowded buffers €8RiJ, 2001). Living cells are
highly crowded due to the high total concentrattdrmacromolecules they
contain: 20-30 volume % of total (Han and Herzfel®93; Minton and
Zimmerman, 1993; Record et al., 1998). In the ghatem ofEscherichia coli,
the total protein concentration has been estimaidak in the range of 200-
300 g/L (Elowitz et al, 1999).
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Intermediate
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Figure.4. the crowded state of the cytoplasm in eukaryeit (Ellis RJ,
2001).

Exclusion volume theory also predicts that comfgaative) states are
stabilized under crowded conditions relative tesleempact partially folded
or unfolded states of proteins (Minton, 1981, 200D) experimental studies,
intracellular macromolecular crowding is typicaitymicked by the addition
of water-soluble polymers such as dextrans, FiI&HG, and proteins such as
hemoglobin and defatted BSA to concentrations randiom50 to 300 g/L.
When a complex of the denatured protein and SecB pvaformed, SecB
could completely prevent aggregation and promotdirig of MBP and
preMBP even in crowded solution (Kulothungan & 2asl, 2009).

1.5 Egg proteins:

Chicken eggs are probably one of the most multifonal ingredients.
Eggs are an excellent, inexpensive and low-calsderce of high quality
protein and several important nutrients (Anon.,9980ne egg contains six
grams of excellent quality protein and also confalit acid, Vitamins A, B,
D and E and iron (Davis & Reeves, 2002 ).

Chemical composition of hen egg:

It consists of 3 parts and their chemical compwsiis given in the
table 3:
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1) Egg yolk

2) Egg white

3) Egg shell and membrane

Table3. Chemical composition of hen egg (Craig & Reg, 2002)

T

Water | protein | Free | Oligosa- | Lipid | mineral |Total
sugar | ccharide
Egg yolk 9.1 3.1 0.1 0.1 5.8 0.3 18.1
Egg white 28.5 3.5 0.1 0.2 0.0 0.2 32.
Egg shelland| 0.1 0.4 - - - 5.9 6.4
membrane

1.5.1 Egg white

Protein (albumen) is the major component of eggtevk®.7-10.6%

wiv).

protein. The amount of lipid in the egg white egfgible (0.01%).

Proteins of egg white:

The carbohydrates exist either in the freemf or combined with

The major constituents of egg white and some af fiteysicochemical

and biologically or functionally important charatséics are summarised in

Table 4.

1.5.1.1 Ovalbumin:

Ovalbumin, is the major component of egg whitecoitnprises half of

the egg white proteins by weight and was one of fire# proteins to be

isolated in pure form (Hofmeister, 1889).

Ovalboms a monomeric

phosphoglycoprotein with a molecular weight of 4k[@a and an isoelectric

point of 4.5.

Its biological role in the egg remsilargely unknown

(Huntington & Stein, 2001). Ovalbumin contains rfaysteine residues and
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one cystine (Doi & Kitabatake, 19¢. Ovalbumin is very similar in amin

acid content to bovine serum albumin (B<

Figure 5. Sructure of ovalbumifrom PDB (uncleaved) PDB | 10VA.

Ovalbumin has become a key reference protein iohgimistr. As a
carrier, stabiliser, blocking ag¢ or standard, highly purified and crystalli
ovalbumin has served the fundamentalists as welkhas food industr.
Ovalbumin is the only egg white protein which camsafree sulfhydry
groups. The complete amino acid sequence of ovalbumin B @Biues
(Nisbet et al., 198.. The Nterminal amino acid is acetylated glycine ar-
terminal amino acid is proli. Ovalbumin isconverted into heat stak
protein Sevalbumin during the storage of eggs (Smith andkB&665. The
denaturation temperatuof native ovalbumin, $valbumin and intermediate
species were 84.5, 92.5 and 8C (Donovan and Mapes, 19°. New interest
in the structure and function of ovalbumin was siimbed by the unexpect:
finding that this protein belongs to the sersupefamily (Hunt and Dayhoft

1980). The serpins include the major serine protease itoingoof humar
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Table.4. Major constituents of egg white and their proper{€raig & Reg,

2002)
Proteins Amount | M Wt pl Characteristics
(%) (KDa)

Ovalbumin 54 45 4.5

Ovatransferrin | 12-13 77.7 6.0 Bind iron and other
metal ions

Ovamucoid 11 28 4.1 Inhibits serine
protinases

Lysozyme 3.4-3.5 14.3 10.7 Lysis of bacterial ce
walls

Ovomucin 1.5-3.5 220- 4.5-5.0 | Interacts with

270000 Lysozyme

G2 1.0 47 4.9-5.3

ovoglobulin

G2 1.0 50 4.8

ovoglobulin

Ovaflavoprot- | 0.8 32 4.0 Binds riboflavin

ein

Ovostatin 0.5 760-900| 4.5-4.7

Cystatin 0.05 12 5.1 Inhibits cysteine
proteinases

Avidin 0.05 68.3 10.0 Binds biotin

Thiamine- - 38 - Binds thiamine

binding protein

Glutamyl - 320 4.2

aminopeptidase

Minor - 52 5.7

glycoprotein 1
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Minor - 52 5.7
glycoprotein 2

plasma. Ovalbumin shows no protease inhibitoryviigtdespite a 30%
sequence homology with antitrypsin and other fumal inhibitors of the

serpin family.

The most widely used method for the purification efjg white
ovalbumin is precipitation at a specific salt camtcation, pH and temperature.
Ammonium sulfate (Sorensen and Hoyrup, 1915) oruwsndulfate (Kekwick
and Cannan, 1936) are salts commonly used for omalb precipitation.
Several procedures for ovalbumin purification hdeen developed either
with cation exchangers like CM-cellulose (Rhodealet1958), or with anion
exchangers like DEAE-cellulose (Levison et al., 299Purity rates for ion-
exchange chromatography are better than for otinéfigation methods.

Folding of ovalbumin:

Ovalbumin can be completely renatured after chelndeaaturation
(using guanidine hydrochloride, urea etc). Ovallsurenaturation will occur
upon dilution of the denatured protein solution gdner et al, 1983).
Renatured ovalbumin (OAR) has major differencemfrative protein (OAN)
and the renatured protein can be separated fromatiee protein by affinity
chromatography on Phenyl-Sepharose. Renaturedbwoval (OAR) is
checked by tryptophan fluorescence, u.v.-absorptéod c.d. spectra
(Klausner RD et al, 1983).

1.5.1.2 Lysozyme:

Lysozyme is a protein found in saliva, tears, hgg white and mucus.
It is a component of the egg white as listed ingheve table. It is presentin a
minor amount in the egg white. Human lysozyme ammonly associated
with innate immunity, which forms first line of deise against infections. It
is also known as 1, 4 N-acetyl muramidase or Nja@alyl muramidase . Itis
an anti-microbial enzyme. In egg white it compsiSe4 % of total protein and
has a molecular weight of 14.3 kDa. It is a singhain of 129 amino acid
residues witha + p fold and 5 to 7 alpha-helices & 3 standard antajel
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beta sheets in. Lysozymecatayzes hydrolysis of 1, 4 b-linkages between

N-acetyl muramic ac (NAM) and N-acetyl Dglucosamine (NAG) i
peptidoglycar(Duane W, 2010).

For Educational Use I:Ir'|17 | —

Figure 6. Sructure of lysozyme frorPDB (PDB ID -1GXV).

It is used in cheese production to prevent late blowinghuman
therapy for treatment of viral & bacterial infeais andalso in prophylaxi:
and therapy of leukopenia induced by antiblastid ionizing radiatiol. It
causesieutralization of acid substars released in the inflammatory proc.
Lysozymedecreass cell granulation leading reduction of histamine relea

and subsequent a-oedema effect (Ross Feldberg, 2005).

Lysozyme has an a-microbial activity (Spark,2004). It protects
against bacterial infection by breaking down thdohydrates in bacterial ce
walls, therebykilling them. Hence it is a part of the innate immune resp.
In saliva it protects the oral cavity from pathos. In times of incrased
inflammation, such as during inflammation of théivealy glands or after

tonsillectomy, there is an increase in lysoz. This protein also works i
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synergy with the bactericidal properties to inhibitral replication and

infection such as HIV. Lysozyme also interactshwénd increases the
function of histatin, a protein shown to be bacieal and fungicidal. It has
an important part in the process of cell lysisysdzyme, when reduced with

B-mercapto ethanol (BME), forms aggregates (Pui§4)19
1.6 Effect of various plant extracts on protein aggegation:

Some plants have different activities which remewel prevent the

aggregation.  Anti-amyloidogenic activity of garli¢Allium sativum)

protecting neurons from (A(Alzheimer’sp-amyloid fibrils) induced apoptosis
has been reported (Gupta & Rao; 2007). An agudeaf extract of

Caesalpinia crista prevents the formation of aggregates of oligomeosnf

monomers (Ramesh & Rao; 2010). Turmef@urCuma longa) roots have
polyphenolic compounds, curcuminoids, which giva iyellow color. The
compound called Curcumin is a very important conmgbas it is known to
have many medicinal properties. Curcumin has @itdant properties and
suppresses inflammatory responses of brain midrogib(Begum et al, 2008;
Cole et al, 2004; Miller et al, 2001). Protectigdect of curcumin is also
shown by reducing inflammation and oxidative damageAlzheimer’'s
diseases or by inhibiting protein misfolding andy@gation in Creutzfeld
Jakob disease (Hafner-Bratkovic et al, 2008) an#liRson’s diseases (Ono et
al, 2006).

Ginger, cinnamon, blueberries and turmeric have bkEen identified
as in vitro blockers of-amyloid aggregation (Guo et al, 2010). Amla r&ch

source of tannins, similar to blueberries.
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2. OBJECTIVE:
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We wanted to examine certain plant extracts foir tpetential to
prevent the aggregation of model proteins or diszsgage the already formed
aggregates. Instead of working with expensiveabeutic proteins, we chose
inexpensive model proteins for initial screenindf potential extracts are
identified, then the same studies would be perfdrmoe actual therapeutic
proteins or other proteins whose aggregation iswkndo pose several
problems. We chose ovalbumin and lysozyme obtaineth chicken egg
white as our model proteins as they are abundamature, easily purified, and

well known to form aggregates.

Plant extracts that we tested are of the fruitAmhla (Emblica
officinalis), root of Ginger Zingiber officinale) and bark of Cinnamon
(Cinnamomum zeylanicum). We chose these plant extracts because they are
all edible and normally included in or diet. THere they are expected to be
non-toxic to the body and lead to minimum side @ffe They are also known
to have been used previously to treat certain desea Ayurvedic system of
medicine, although without any scientific basisamy of these diseases have

been now shown to involve protein aggregation.
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3. MATERIALS AND METHODS
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3.1 Materials:

Chicken eggs, root of ginger, fruit of gooseberr{esnla), bark of
cinnamon, were bought from local market, Glycingrydamide, Calcium
Chloride, Citric Acid were purchased from MERCK, PIES, Tris-Base, Poly
Ethylene Glycol (PEG-20000), Guanidine hydrochlerigbeta-mercepto

ethanol, Ammonium Persulphate were from SRL.

Bis-Acrylamide, Sodium Dodecyl Sulfate (SDS) wereught from
HIMEDIA, Sephadex G-75 was from Sigma Aldrich., hychloric acid,
ammonium sulphate, congo red, comassie brilliané bvere purchased from
S.D. fine chem Ltd. Tri-sodium citrate bought nfroQualigens Fine
Chemicals, Sodium Chloride and was purchased frééNHKEM, RFCL.

3.2 Preparation of crude egg white from chicken egg

A window was cut out in the shells of four washed aleaned chicken
eggs. The egg white was carefully separated flomyblk and poured into a
beaker. It was then filtered through four thindesyof cheese cloth. An equal
volume of saturated ammonium sulphate solution adgaied to the egg white
to precipitate the proteins and placed on ice falf Bn hour. It was then
centrifuged at 12000 rpm for 15 minutes. The sogant was discarded
while the precipitate was dissolved in 0.1M potassiphosphate buffer, pH
7.0.

3.2.1 Purification of ovalbumin and lysozyme:
Purification of ovalbumin was done by gel filtratichromatography.
3.2.1.1Gel filtration chromatography:

Gel filtration separates molecules according tdediince in size as
they pass through a solid, porous medium packed tolumn. For the
separation of egg proteinSephadex G-75ffom Sigma Aldrich was swollen
in buffer and packed into a glass column (26 cm3xcin) The fractionation
range of Sephadex G-75 is 3 - 80 kDa. The moleauaghts of ovalbumin
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and lysozyme fall within this fractionation rangéhe mobile phase was 0.1M
potassium phosphate buffer, pH 7.0. 300f 27 mg/ml crude egg white
extract was loaded into the column at a flow rdt@.8 ml/min. 70 fractions
of 0.5 ml each were collected and their absorba@80 nm was measured
using a Shimadzu spectrophotometer. The preseficevalbumin or
lysozyme in the peak fractions were checked by ¢bigacrylamide gel
electrophoresis. The initial peak contained ovaliuwhile lysozyme eluted
at a later peak. Quantitation of the purified pne$ was done by Folin-Lowry
method.

3.3 SDS-PAGE of purified proteins:

SDS-PAGE  (sodium  dodecyl sulphate-polyacrylamide | ge
electrophoresis) technique is used for the searatf proteins according to
their molecular weight. The purity of the ovalbmmand lysozyme
preparations were checked by 15% SDS-PAGE, usingr8inam Biosciences
SE 245 Dual Gel electrophoresis unit. Moleculanght of the purified
proteins was checked using commercially availablee pbovine serum
albumin (BSA), lysozyme and protein molecular weigharkers (from
Bangalore Genei, Figure 21) as standards. Theggkb(1.0 mm thick) were
run at constant current of 100 mA. Coomassie iBntIBlue R250 (0.1% wi/v
in fixing solution) was used to stain protein band®estaining of the gel was
done in acetic acid (7.5% v/v) and methanol (10%) uhtil the background
was completely cleared and then the gel was phapbgd.

3.4 Denaturation and renaturation:

Ovalbumin was dissolved at a concentration of 9mmhgh 0.1M
phosphate buffer, pH 7.0, containing 20 mM NaQlclgsolutions were found
to remain stable for weeks. Denaturation of owallou was done by
incubating the protein with 6M guanidine hydrocider (GdmCI) in
phosphate buffer saline for three hours. Renaturawvas then initiated by
dilution with excess buffer. The buffer contain&g0% PEG-20000
(polyethylene glycol) to mimic the in vivo crowde@nvironment.
Aggregation during refolding was monitored by vismgpection initially and

then the kinetics of aggregate formation was moedtdy light scattering at
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365 nm in a Thermoscientific Spectronic 20D+ spmatotometer or in an
ELISA reader (Biorad) at 405nm.

Lysozyme formed aggregates upon reduction with -betecapto
ethanol (BME). The purified protein was first dissed in 20 mM potassium
phosphate buffer, pH 6.2 at a concentration of §hrth BME was added to a
12 mg/ml solution of lysozyme in buffer to a fir@ncentration of 500 mM to
reduce the disulfide bonds in the protein. Thedketo formation of visible
aggregates. The kinetics of aggregation as aibimaf time was monitored

spectrophotometrically from light scattering.

Proteins can form two kinds of aggregates, amorplaggregates and
amyloid fibrils. Congo red is known to bind to primyloid fibrils. To check
which type of aggregates is formed by lysozyme untiese conditions,
Congo red binding assay was done. The lysozymeeggtes were taken and
a solution of Congo red was added to it to a fow@mlcentration of 1M. This
was then spread on a slide, air dried and obsamddr a light microscope at

a magnification of 10x.
3.5 Preparation of plant extracts:

Various plant extracts were checked for their pudério prevent
aggregation or disaggregate already formed aggregat ovalbumin and
lysozyme. We used the bark of Cinnamon and friuirala, which are edible
parts of the plants, for this purpose. 30 gm gfainla was crushed in 200 ml
of distilled water while dry cinnamon bark (30 gmvas crushed in 80 ml
distilled water. The extracts were filtered thrbuyhatman No. 1 filter paper.
Filtrate obtained was 90 ml for amla and 40 midmnamon. The filtrate was
dried in a hot air oven at 50°C for 5 hours. Thedlextracted material was
redissolved in phosphate buffer to a concentratbr250 mg/ml and 320

mg/ml for Cinnamon and Amla, respectively and usedurther experiments.

Different concentrations of amla and cinnamon ettravere added to
aggregation reactions before the initiation of agation. Formation of
aggregates in the presence of these plant extveass monitored by light
scattering at 360 nm and 365 nm for lysozyme aradbawnin, respectively.
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4. RESULTS AND DISCUSSION
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OD at 280nm

4.1 Protein purification by gel filtration chromatograp hy:

Gel filtration chromatographic profile of crude egtite is shown in
Figure 7. The first large peak starting from about 9.0amélution contained

ovalbumin while the lysozyme eluted at a much lagak centered at 20 ml.

3.0

—&— volume(ml) vs o.d.

2.5 1

2.0 1

1.5 4

1.0 4

0.5 1

0.0

0 5 10 15 20 25 30 35

elution volume, ml

Figure 7. Gel filtration chromatography of egg crude.

The peak fractions were then analysed by SDS-PA®GRS inFigure
8. The bands of ovalbumin and lysozyme are cleaidible in the PAGE.
Fractions containing pure ovalbumin or pure lysoeywvere pooled and the
pure protein was precipitated out by 100 % ammorsutphate. They were
placed on ice for half an hour followed by cenigétion at 12000 rpm for 15
minutes. The supernatant was discarded and thet peds dissolved in the

respective buffers to obtain concentrated solubiopurified protein.
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ovalbumin
ovalbumin

lysozyme
lysozyme

Figure 8. SDS-PAGE of chromatography fractions. Lane-IB&A and

lysozyme marker; Lane-2 is crude egg white; Lane-3 is chromatography
fractions of ovalbumin; Lane-8 is lysozyme markieane-9 is BSA marker,
Lane-11 to 16 is chromatography fractions of lysneyand Lane-17 is protein

molecular weight marker.

4.2 Aggregation analysis of ovalbumin:

() (b)

0.4

—— time vs aggregation inPEG-phosphate buffer

0.3

0.2

scatter at 365nm

0.1

0.0

T T T
0 10 20 30

Time (in min)

Figure 9. Aggregation of ovalbumin during renaturation infleafcontaining
30% PEG 20,000(a) Aggregation in test tub@) Aggregation kinetics
monitored spectrophotometrically by light scattgrat 365 nm.
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The aggregation occurring during refolding of denatl ovalbumir
was monitored by lighscattering at 365 nmThe amount of scattincreased
with time, indicating formation of aggrega. Visibly also the solution turne

very hazy Figure 9).

In figure 9 (a) tube 1 is the clear buffer without any protein whilbe
2 has hazy solution ceed by aggregation of ovalbumin during renature.
The aggregation kinetics shownfigure 9 (b) shows that the light scatter
365 nm first increased with time and then reachepladeau in about 3
minutes, indicating that no further aggregatiorthe protein is occurring ar

all the protein has aggregat

4.3 Aggregation analysis of lysozyre:

() (b)

0.7

0.6

05

= TIME vs AGGREGATION

0.4

0.3

Scatter at 360 nm

0.2

0.1

0.0

0 20 40 60 80 100 120
TIME (Min.)

Figure 10. Aggregatiol of lysozyme during renaturation in phosphate bt
containing BME(a) in test tube(b) in visible spectrophotometer at 360 |

Formation of visible aggregates of lysozyme upoduction of its
disulfide bonds by BME is shown ifigure 10(a). Tube 1 isthe clear
potasium phosphate buffeicontaining 500 mM betemercapto ethanol
(BME). Tube 2shows the hazy solution formed due to lysozyme egggron
after reduction with BM. The aggregation kinetics shown figure 10 (b)
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also shows an increase in light scattering initiaéhich finally plateaus out
after about 100 minutes, so aggregation forms hamdd reach the point

where it becomes constant.

4.4 Congo Red Binding assay for lysozyme (microscopidservation)

Figure 11 Congo red binding assay

The lysozyme aggregates were treated with Cong@medspread out
on a microscopic slide and observed under a ligictascope. Figure 11
shows the slide. A network of red colored aggregia visible indicating that
the aggregates have bound the dye. This showshthatiggregates formed by

reduced lysozyme are indeed amyloid fibrils.
4.5 Aggregation of ovalbumin in the presence of plta extracts:

Aggregation of ovalbumin was carried out in thesprece of different
concentrations of amla, ginger and cinnamon exdrictheck whether any of
these extracts could prevent the aggregation. tDeswa protein was diluted

into buffer containing varying concentrations oé txtracts and the resulting
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aggregation was monitored visually and by light tscang in a

spectrophotometer. The results are given below.

Figure 12 (a)shows the extent of haziness due to protein agtgega
different concentrations of amla extract. Tubea$ the clear buffer without
any plant extract, while tubes 2 - 4 contain inshe@ concentrations of amla
extract (12.5, 25 and 62.5 mg/ml, respectivelylhe haziness in the tubes
decreased with increasing concentrations of theaetxtindicating that high
concentrations of amla extract could prevent foromadf aggregates to a large

extent.

(@) (b)

—— time vs with 0.25 mg/ml denatured protein
time vs 12.5 mg/ml amla

time vs 25 mg/ml amla

—— time vs 62.5 mg/ml amla

0.4

0.3 1

0.2 1

0.1 ‘I

scatter at 365nm

0.0

0 5 10 15 20 25 30

Time (min)

Figure 12 Aggregation analysis in presence of amla exff@cin test tube,
tube 1 is without plant extract and tubes £ contain increasing concentration
of extract (12.5, 25 and 62.5 mg/ml respectivelf)) in visible
spectrophotometer showed the decrease in aggregatith increase

concentration of extract.

Figure 12 (b) shows the ovalbumin aggregation kinetics in insirga
concentrations of amla extract. Here also thenmasked reduction in light
scattering with increasing concentrations of thzaet indicating decrease in
aggregate formation. With 62.5 mg/ml extract, ¢heras no light scattering
indicating complete suppression of aggregation utitese conditions. Thus
amla extract was able to efficiently suppress agagien of ovalbumin above

certain concentrations.
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(a) (b)

—— time vs without plant extract
—— time vs 32 mg/ml cinnamon
—— time vs 160 mg/ml cinnamon

0.4

0.3

0.2

scatter at 365nm

0.1

Time (in min)

Figure 13 Aggregation analysis of ovalbumin in presencecminamon
extract(a) in test tube, tube 1 is without plant extract &mge 2 & 3 contain
increasing concentration of extract (32 and 160nmhgéspectively)(b) In
visible spectrophotometer, decrease in aggregatitin respect to increasing

cinnamon extract concentration.

In case of cinnamon, increasing concentrationt®feixtract decreased
the haziness in the aggregation reaction tubes, unlike amla extract,
concentrations as high as 160 mg/ml in the cinnaextract was unable to

Figure 14. Aggregation analysis in presence of gingertest tubes haziness
increased with the plant extract concentrationbelll is without plant extract
and tube 2 - 5 contain 12.5, 25, 37.5 and 125 mgAhhigh concentration
(125 mg/ml) of ginger extract indicate the preventof aggregation.

completely prevent aggregatioRigure 13 (a)). The same result is shown in
the aggregation Kkinetics monitored spactrophotaocadly from light
scattering Eigure 13 (b)).
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In the case of ginger extract, lower concentratiorege unable to
suppress aggregation of ovalbumin. In fact, thew of haziness in the
tubes increased in comparison to the haziness @n ttibe containing
aggregate in the absence of any extract as showigure 14. Only very
high concentration of the extract (125 mg/ml) wddeato decrease the

haziness totally, indicating total prevention o§eegation.

4.6 Aggregation analysis of lysozyme in presence @hnt extracts:

Aggregation of lysozyme was carried out in the eneg of different
plant extracts like Amla, Ginger and Cinnamon teathwhich of these has
effect on aggregation of lysozyme or which plantrast can successfully

prevent the aggregation of lysozyme & disaggredate

1) WITH AMLA

Figure 15 Aggregation analysis of lysozyme with amla esttra Tube 1
contain buffer with BME (500 mM), Tube 2 containof@in (12 mg/ml) in
BME - buffer without any amla extract shows hazénedn Tube 3 — 5,
haziness decreased with increasing concentratiaméd extract (13, 26 &39
mg/ml, respectively)

Figure 15 shows the extent of haziness due to protein agtgegn
different concentrations of amla extract. Tubea$ the clear buffer without
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any kind of aggregatic. Tube 2 shows visible aggregates of lysme in the
form of haziness becaudisulfide bond wereeduced with BMI, while tubes
3 to 5 contain increasing concentrations of amlaaek (13,26 and 39
mg/ml, respectivel. The haziness in the tubes decreased with incre
concentrations of the extract, indicating that higincentrations of am

extract could prevent formatiorf aggregates to a large extt

2) WITH GINGER

Figure 16. Aggregation analysis of lysozyme with ginger ex. Tube 1
contain buffer with BME (500 mM), Tube 2 containofmin (12 mg/ml) ir
BME - buffer without any ginger extract shows hazi.. In Tube 3 — 5,
haziness is not decreased wincreasing concentration of gini extract (13,

26 &39 mg/ml, respectivel

In Figure 16, tube 1 shows clear solution with buffer and B in
tube 2 lysozyme at a concentration 1ehg/ml give the visble aggregates
(haziness) ancube 3 to 5 contain ineasing concentrations of ginger extr
(13, 26 and 39 mg/ml, respective. The haziness in the tubes increased"
increasing concentrations of ginger ext. In fact, the amount of haziness

the tubes containing ginger extract increased mparson to the haziness
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the tube containing aggrega so ginger did not prevernihe aggregation of
lysozyme.

3) WITH CINNAMON

Figure 17. Aggregation analysis of lysozyme with cinnamon et. Tube 1
contain buffer with BME (50(mM), Tube 2 contain protein (12 mg/ml)

BME - buffer without any cinnamon extract shows hazi. In Tube 3 — 5,
haziness is not decreased with increasing condemtraf cinnamon extrac
(13, 26 &39 mg/ml, respectivel

Here same experiment v perfamed with cinnamon extraciube 1 in
Figure 17 shows clear solution with buffer and BN in tube 2 lysozyme of
concentration 1 mg/ml gave the visible aggregaiesziness) with buffer ar
BME and tibe 3 to 5 conta aggregation in the preser of increasing
concentrations of cinnamon extract (13, 26 and 88t respectively. The
haziness in the tubes increased with increasincentrations of cinnamc
extract. In fact, the amount of haziness in the tubes coimtgi cinnamor
extract increased in conrison to the haziness in the tube contair

aggregates so it gives the same result as thergix¢ract in case of lysozyn

So, both ginger and cinnamon ve not able to prevent aggregatior

lysozyme.
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Table 5. Prevention of aggregation with different plant extr

PLAT EXTRACT RESULT
Amla Positive
Ginger Negative
Cinnamon Negative

From the above data, it was clear that only amla extract is able to
prevent aggregation of lysozyme. Hence further experiments were carried

out only with this extract.

Kinetics of lysozyme aggregation in the presencarofa extract was
checked by two ways: one with ELISA reader and la@otwith visible
spectrophotometer.

Lysozyme aggregation analysis with amla extract iELISA reader:

Figure 18 show the lysozyme aggregation kinetics in the atseand
presence of different concentration of amla extracAggregation was
prevented by 80 and 192 mg/ml of amla extract cotmagon. It is clearly
seen that as the concentration of amla increasex@ tvas decrease in the
aggregation of lysozyme hence amla extract at aerdmation above 192

mg/ml may be useful to prevent aggregation.
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1.4

129 | = Time vs Aggregation
= Time vs 80 mg/ml Amla
=== Time vs 192 mg/ml Amla

1.0

Scatter at 405 nm

(I) 1I0 2I0 3:0 4IO 5I0 6IO 70
Time (Min)
Figure 18 Aggregation kinetics of lysozyme with amla egtran ELISA
reader. Red line shows the aggregation of lysozgitteout any plant extract,

blue and pink line shows prevention of aggregatwith increasing

concentration of amla extract (80 & 192 mg/ml, exgpvely).

Lysozyme aggregation analysis with amla extract in Visible

Spectrophotometer.

Figure 19. Aggregation analysis of lysozyme with amla esttria test tube.
Tube 1 contain protein (12 mg/ml) with BME - bufi@ME - 500 mM) and
Tube 2 - 4 shows the prevention of lysozyme agdm@gavith increasing
concentration (40, 80 and 120 mg/ml respectivel\grola extract.
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Figure 19 shows aggregation of reduced lysozyme carried rotité absence
(Tube 1) and presence of 40, 80 and 120 mg/ml ¢ axtract (Tube 2, 3 and
4, respectively). With increasing extract concatmbn, the haziness in the
tubes decreased, indicating less aggregation. édkigher concentrations of

amla extract was capable of preventing aggregatioeduced lysozyme.

0.6

0.5 1
€ 04 - = TIME vs No Extract
< = TIME vs 40 mg/ml Amla
8 = TIME vs 80 mg/ml Amla
,02 = TIME vs 120 mg/ml Amla
< 0.3 1
g
®
B 0.2

0.1

00 v L) L] L] L] L] L]

0 10 20 30 40 50 60 70
Time (Min.)

Figure 20. Aggregation kinetics of lysozyme with amla in visib
spectrophotometer. Black line shows the aggregabiolysozyme without
any plant extract. Red, blue and pink line shgwes/ention of aggregation
with increasing concentration of amla extract () & 120 mg/ml,

respectively).

The kinetics of aggregation of reduced Ilysozyme itoosd
spectrophotometrically from light scatter at 360 isrshown inFigure 20. In
the absence of amla extract, the aggregation iseseaith time till it becomes
almost constant after about 30 minutes. When agdjen was carried out in
the presence of increasing concentration of amlaaetx there was much
reduced aggregation. Hence amla has the potetatigdrevent lysozyme

aggregation at high aggregation
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Conclusion:

From the above experiment we conclude that amlaachon and
higher concentrations of ginger extracts are ablerévent the aggregation of
ovalbumin. Only amla extract is able to prevet dggregation of lysozyme.
None of these plant extracts promote disaggregatibrovalbumin and
lysozyme aggregates. There may be certain bioacteenpound or
combination of bioactive compounds in these plaxiragts which were
preventing aggregation of egg protein. These etdrmay solve the problem
of aggregation of therapeutic proteins or diseasasse due to protein

aggregation problem.

Page 38 of 53



5. SUMMARY
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Protein misfolding and aggregation can be a nus#actor in many in
vitro studies of protein or it can cause major ecoit and technical problems
in biotechnology and pharmaceutical industriess dffects are lethal in
patients who suffer from a variety of diseases Iving protein aggregation,
such as Alzheimer’s disease, Prion disease etcleddlar chaperones guide
the correct folding of protein in vivo. There as@mpounds called chemical
chaperones, which help in the right folding of pios in vitro. Plant extracts
with medicinal importance, like ginger, amla andnamon etc. were checked
for anti-aggregation activity on the purified mogebteins, ovalbumin and
lysozyme from chicken egg white. These proteinsewmurified from crude
egg white using gel filteration chromatography. eTaggregation of the
ovalbumin and lysozyme was initiated by guanidingrbchloride andp-
mercapto ethanol (BME) respectively. Disaggregatmr prevention of
aggregation with plant extracts was monitored sppbbtometrically. None
of the plant extracts show any results in disagafing the aggregated model
proteins. Ginger seems to be effective at veryh hapncentration for
preventing aggregation of ovalbumin, whereas amd ainnamon have
shown positive results with different concentratidor preventing aggregation
of ovalbumin aggregates. In case of lysozyme antya has shown positive
result at low concentration for preventing aggregat
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6. FUTURE PROSPECTS
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As we have identified the plant extracts which hthe potential
of preventing aggregation of the model chicken wbge proteins. The
future plan for the project will be to identify tiieoactive compound or
the combination of the bioactive compounds whioh @sponsible for
their property of preventing aggregation and thasenpounds or
combination of compounds will be tested for thetian on aggregation
of therapeutic proteins like insulin, which are pessible for many
neurodegenerative diseases and major nuisance fackomoprocessing
and biotechnological and pharmaceutical industriel$. these plant
extracts are found to be effective in preventinggragation of the
therapeutic proteins then further it will be chettlan cell cultures and

thereafter on animal models.
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7. APPENDIX
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7.1 SDS-PAGE:
Regents:
1) 15 % resolving gel solution
- Distilled water -11Q0
- Tris-HCI (1.5 M, pH8.8) - 1300l
- 30 %Polyacrylamide - 2500
- SDS - pD
- 25 % Ammoniumpersulfate- 50
- TEMED -
2) 6% stacking gel solution:
- Distilled water -1150

- Tris-HCI (0.5 M, pH 6.8) - 33Q

- 30 %Polyacrylamide - 50
- SDS -ab
- Ammoniumpersulfate - 30

- TEMED -

3) 2X sample buffer: 0.06 M Tris-Cl, pH 6.8, 2% SD®9 Glycerol,
0.025% Bromophenol blue

4) 5X Electrode buffer0.025 M Tris, 0.192 M glycine, 0.1% w/v
SDS, pH 8.3

5) Polyacrylamide solution: 29.2 gm acrylamide and @@ N, N-
methylene-bisacrylamide add into distilled water and makeup

volume 100 ml.

6) SDS solution (10 % w/v)
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7) Ammoniumpersulfate solution (25 % wi/v)

8) TEMED (N,N,N,N-Tetramethylethylenediamine

9) Staining reagent: 40% Methanol, 10% Acetic Acid1%. w/v

Commasie Blue R-250.

10) Destaining reagent: Add 40ml methanol and 37.%aceltic acid into

400 ml distilled water and makeup 500 ml.

Procedure:

Assemble the gel sandwich plates according to tisgruction in

manual.

Prepare the resolving gel and poured between gt#gpivhich covered

the three fourth portion of plate.
Layer about 0.5 mL isobutyl alcohol on the tophad tesolving gel.
Stay remains for half an hour till gel get polynzeri

After half an hour make stacking gel and poured d¢ive resolving gel

and insert the comb for making wells.
Stay remains this for half an hour and after teatave comb.
Place plate on the Mini-PROTEAN cell.

Add 1X electrode buffer to the lower buffer chambad upper buffer

chamber.

Pipet 15ul bromophenol blue (tracking dye) into each weloal

visualization of the electrical front.
Turn on electric supply for 15 minutes at 100vriam tracking dye.
After 15 minutes add samples with 1X sample buffezach well.

Turn on electric supply. It will take approximatédl hour.
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- Turn off the power supply after complete running sdmple &

Remove plates and separate the gel between plates.
- Put gel into staining solution for half an hour.

- Stained gel put into destaining solution for 3 Isooin gel rocker.

Check the bands visibly after completely destain.
NOTE:

- Only check the pH of electrode buffer not changswith acid and
base.

- Use gloves when handle polyacrylamide because ithighly

neurotoxic.

7.2 Folin-Lowry method for quantitation of protein:

Reagents:

1. Complex forming reagent: Prepare immediately befese by mixing
the following stock solutions in thr proportion @00:1:1 (by vol),

respectively

Solution A: 2% (w/v) NaCQ; in distilled water.

Solution B: 1% (w/v) CuS©5H,0

Solution C: 2% (w/v) sodium potassium tartrate
2. 2N NaOH

3. Folin reagent: use at 1N concentration

4. Standards: use a stock solution of standard pr¢BS#A) containing 2

mg/ml protein in distilled water.

Procedure:
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1. To 0.5ml of sample or standard, add 0.5ml of 2N Na®lydrolyze at
100°C for 10min in a boiling water bath.

2. Cool the hydrolysates to room temperature add Sniteshly made

complex forming reagent. Let the solution standoaim temperature

for 10min.

3. Add 0.5ml of Folin reagent, using vortex mixer, detl the mixture

stand at room temperature for 30-60min

4. Read the absorbance at 660nm.

5. Plot the standard curve as a function of initiaggwatein concentration

and use it to determine the unknown protein comagan.

Stock solution(pl) 0 5 12.5{ 25 | 50 | 100 250 | 500
Water(pl) 500| 495|488 | 475/ 450| 400|250 | O
Protein 0 20 | 50 | 100 200 | 400| 1000| 2000
concentration(pg/ml)

7.3 Broad range protein molecular weight marker:

Protein molecular weight marker purchased from BANIGRE, GENIE.
Marker consist following proteins:

T IRERL

Figure 21 Various bands of the broad range protein mo&onkight marker
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Myosin, Rabbit Muscle 205,000
Phosphorylase b 97,400
Bovine Serum Albumin 66,000
Ovalbumin 43,000
Carbonic Anhydrase 29,000
Soyabean Trypsin Inhibitor 20,100
Lysozyme 14,300
Aprotinin 6,500
Insulin (@ andp chains) 3,000

7.4 Pottassium Phosphate buffer (pH 7.0, 0.1 M) containg
20mM NacCl:

a) Monobasic phosphate (KHPQO,) (0.2M):

2.72 gm of monobasic phosphate in 100 ml distiieder.
b) Dibasic phosphate (KHPO,) (0.2 M):

Take 3.48 gm of dibasic phosphate in 100 ml destilivater.

- Take 39 ml of monobasic solution (0.2M) and 61 frdibasic

asolution (0.2 M) and mix the both solution.

- Add 20 mM NacCl (0.16 gm for 200 ml phosphate byfferthis

solution and make up the final volume 200 ml wiistidled water.
7.5 Pottassium Phosphate buffer (pH 6.2, 20 mM):

c) Monobasic phosphate (KHPO,) (20 mM):
0.272 gm of monobasic phosphate in 100 ml distilater.
d) Dibasic phosphate (KHPO,) (20 mM):

Take 0.348 gm of dibasic phosphate in 100 ml testivater.
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- Take 80.8 ml of monobasic solution (0.02M) and 1812f dibasic

solution (0.02 M) and mix the both solution.
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