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Genetic variants o~ mi.1k proteins resu1t from ami.no acid

substitutions or sma11 fragment de1etion in the po1ypeptide

chain. It is ve1l documented that certain variants are close1y

related to mi1k production, milk composition and physico­

chemical properties of mi1k such as heat stability and

coaqulation properties during cheesemaJcing. So far, a11. the

qenetic variants have been characterized by various

electrophoretic methods. Therefore, only variants involving

differences in net charges could be identified. silent variants

are the resu1ts of amine acid substitutions or deletions vhich

do not accompany charge di~~erences and hence remain undetected

by conventional electrophoretic methods. The objective of the

present projeet is to develop proper methodology to iàenti~y and

characterize silent variants of mi.l.k proteins based on

hydrophobie properties of amino aeids. Indi.vidual caseins vere

isolated from 635 milk samples by anion-exchange chromatography

and their electrophoretie phenotype vas determined by

polyacrylamide gel electrophoresis under a1kaline and acidic

conditions. Trypsin hydrolysis of «at-casein, p-casein and K­

casein folloved by reversed-phase HPLC vas perfo~ed to identify

possible mutations causing changes in hydrophobicities of amine

acids. Among 627 aat-casein BB, 415 Ie-casein M, 158 p-casein

A1At and 128 p-casein AZAz according to electrophoresis, it vas

possible to find 25, 11, 16 and 7 samples respectively as

potential silent variants. Further ana1ysis of the aberrant

peptides from ~l-casein BB, Ie-casein AA and p-casein AZAZby mass

spectrometry did not confirm the existence of sil.ent variants;

whereas ana1.ysis of aberrant peptide ~rolll '-casein A1At revealed

a mutation resul.ting in an increase o~ 16 Da. Ana1.ysis of amino

acid composition of this aberrant p-casein A1A1 peptide 114-169

i
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showed a Leu repl..cinq a Pro residue. Resul.ts ~rolll amino .cid

sequencing co~irmed this mutation to be 10cated at position 137

of p-casein Al. A ~requency o~ ...... within p-casein Al vas

observed for thi. nove1 si1ent variant •

if
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Les variantes g6n6tiques de. prot6ines du lait viennent de

substitution du groupement amino-acide ou de la perte de petit

fragment sur la chalne polypeptitique. :Il est bien connu que

certaines variantes sont reli6es • la chaleur , • la composition

ou aux propriétés physico-chimiques du lait comme la stabilité à

la chaleur et les propriétés de coagulation pendant la

frabrication du fromage. Jusqu'. maintenant, toutes les

protéines variantes gén6tiques sont caractérisées par des

méthodes électrophorétiques. Cependant, seul les protéines avec

des différences de charges nettes peuvent Itre identifiées. Les

variations silencieuses sont 1e résu1tat de substitutions des

groupements amino-acide ou de perte de fragment qui donne lieu •

une protéine n'ayant pas de différence de charge et qui ne sont

donc pas détectable par électrophorèse. Le but de ce projet est

de développer une méthodologie convenable pour identifier et

caractériser ces protéines portant des modifications

sil.encieuses. La méthodologie sera basée sur les propriét6s

hydrophobiques des amino-acides. Des cas6ines individuels sont

isolés de 635 échantillons de lait par chromatographie d'échange

d'anion. Leur phénotype électrophorétique est déterminé par

électrophorèse sur gel polyacrylamide sous conditions a1kaline

et acide. L'hydrolyse de mal-casein, p-casein et ~-casein par la

trypsine est suivie par CLHP de phase renversé pour identifier

les mutations pouvant changer les propriétés hydrophobiques des

amino-acides. Parmi les 627 mal-casein BB, 415 ~-casein AA, 158

p-casein A1A1 et 128 p-casein A2A2 , i1 est possible de trouver

25, 11, 16 et 7 échantillons respectivement comme des variantes

silencieuses. L'analyse de peptides aberrant de œ.l-casein BB, K­

casein AA et p-casein A2A2 par 1e spectroscopie de masse n'. pas

confirmé l'existence des variantes silencieuses. Cependant

iü
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l'analyse du peptide aberrant venant de JI-casein A1A1 a montr6

une mutation qui cause une augmentation de en poid mo16culaire

de 16 Da. L'anal.yse de la composition de l'amino-acides de cet

aberrant p-casein A1A1 peptide 114-169 a montr6 une substitution

d'un groupement Pro par un groupement Leu. Les r6sul.tats de

l'analyse s6quencielle des amino-acide ont co~irm6s que la

mutation doit Atre en position 137 de JI-casein Al. One frequence

de 4.4% pour ce nouveau variante est observ6 dans p-casein At •
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1. Inuoduction

Bovine mi1k is an important rood source and has been

investigated ~or deeaàes. Studies on milk protein polymorphism

and their relationship with production traits have been well

documented sinee the first discovery of qenetic variants in p­

lactog1obulin (Aschaffenburg and Orevry, 1955). Most of the

studies indicate that qenetic variants of IIlilt proteins are

associated vith mi1k production, mi!k composition and milk

quality (Kraeker et a~., 1985a, 1985b; Lin et a~., 1986; van

Eenennaam and Medrano, 1991; Nq-Kwai-Hang and Grosclaude, 1992).

It is weIl accepted that œ.l-easein B, p-casein A%, p-casein AJ

and Ie-casein A variants are associated with hiqher milk yield

when compared vith other variants (Lin et a~., 1986; Ng-Kwai­

Hanq et al., 1984, 1986, 1990; Aleandri et a~., 1990; De-Lange

et al., 1991). It is qeneral1y agreed that Ie-casein Band p­

lactoqlobulin B milk contains more casein and fat (Ng-Kwai-Hanq

et a~., 1986, 1990; McLean, 1987; De-Lange et al., 1991; van den

Berg et a~., 1992; Tong et a~., 1993; Kim et al., 1996). Kilk

with Ie-casein BB and p-lactoglobulin BB give higher cheese yield

and provides better coagulation properties (Harziali and Ng­

Kwai-Hang, 1986a; Pagnacco and Caroli, 1987; Aleandri et .~.,

1990; Ng-Kwai.-Hang, 1990; 1993; Tong et .~., 1993).

Identification of milk protein variants provides an

important too! for improving the yield and quality of milk and

dairy products. Theoretically, geneti.c po!ymorphism of milk
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proteins is due to the res~ts o~ amino acid substitutions or

small peptide deletions along the polypeptide chain.. The

variation caused by post-translational modi~ication is not

considered as genetic variant. A11 the genetic variants so ~ar

described have been identi~ied by di~~erent electrophoretic

techniques. Therefore, they cou1d be referred as

•

"electrophoretic variants". A1thouqh electrophoresis is a fast

and simple procedure for determination of genetic variants of

milk proteins, it has l~tation because it could not be applied

to detect mutations which do not result in changes o~ net charge

of the proteine Non-electrophoretic variants are sometimes

referred to .s "Silent variant- and they re.ult ~rom amine acid

substitutions or deletions which do not generate a difference in

net charges and henee cannot be identified by electrophoresis.

It is of interests to point out that only five out of the

twenty amino acid residues carry either positive (Arq, His, Lys)

or neqative (Glu, Asp) charges, whereas, the remaining fifteen

have uncharqed side chain. Based on the random occurrence of

mutation, one would expect three tilDes as many non-

electrophoretic variants as there are electrophoretic ones. Like

the electrophoretie qenetic variants, the silent variants are

Most likely associated vith milk yield, milk composition and

other functionality properties of milk. The limitation of

electrophoresis for the identification o~ all the possible

genetic variants has prompted interests for searchinq of

•
procedures to identify the non-electrophoretic variants.
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Therefore, it is necessary to develop appropriate methodology

for detecting silent variants of milk proteins.

The objectives of the present study are:

1. To develop a suitable method ~or ~ractionation o~ pure forms

of ad-casein, IS-casein and Ie-casein in enouqh quantities for

identification of silent genetic variants.

2. To develop appropriate reversed-phase HPLC methods for the

resolution of tryptic hydro1ysates derived trom caseins.

3. To develop sensitive methods capable of detecting changes in

hydrophobicities of casein peptides due to mutations causine;

substitutions of &mino acids.

4. To identify the existence of silent variants.

5. To obtain the frequency distribution of silent variants •

6. To characterize the identities and positions of amino acids

involved in the silent variant •
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2. Ravi.. of Literature

2 .1. '!he naau:. o~ lIi.U

Mî1k is a comp1ex bioloqical ~luid and is widely used ~or the

nutrition o~ the young maDlDa1s. The mil.k ~rom certain speeies

could be used as a raw material ~or the making of a wide variety

of food products. On the average, bovine milk consists of vater

(87.3\), ~at (3.9\), proteins (3.3\), carbohydrates (4.6%) and

many other companents such as minerals (O. 65') , vitamins and

enzymes (Wa1stra and Jenness, 1984). ~thou9h mi1k ~at consists o~

numerous types o~ lipids, 98% o~ this ~racti.on is made up o~

triglycerides. Lactose is the disti.nctive sugar of milk and

contributes to a slight sweet taste. rt is a disaccharide composed

of glucose and galactose vhich are l.inked through a P-1,4 bond •

The mineraIs in milk are mainly inorgani.c sal.ts, and toqether vith

other ~at-soluble and water-soluble components, are mainly derived

from blood plasma.

2 .2. M:i.1k protein8

The tota1 amount ancl relative proportions o~ milk protein

components cli.rectly i~luence the nutritiona1 values and

•

manufacturinq properties of the milk. There are two main groups of

milk proteins whi.ch are classified as caseins and vhey or serum

proteins. Bovine caseins comprise approximately 80\ of the total

milk proteirus whi.ch are phosphoproteins and precipitate out upon

acidification to pH 4.6 at 20·C. There are four genes responsible

for the expression of caseins: Clal-casei.n, cz.z-casei.n, jI-casein and

Ie-casein. The relative proportion of these ~our caseins are 40,
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10, 35 and 12' respectively. Whey proteins, consistinq aL œ-

lactalbumin, p-lactoqlobu1in, bovine serum a1bumin and

•

•

immunoglob~in, occur in the ratio o~ 20:60:7:13 (Da~es and Law,

1980; svai.sqood, 1982). Most o~ the major milk proteins are knovn

ta exhibit qenetic polymorphism. Mi~k also contains numerous

"minor proteins • such as proteose-peptone ~raetion and enzymes

includLnq 1i.~e, phosphatase, oxidase and plasmiDe

rn their native state, caseins are associated vith calcium,

citrate, phosphate and other inorganic ions and exist as colloidal

particles ranqi.nq trom 20 to 300 JIIIl in diameter (Schmidt, 1982).

Those intricate partieles, knovn as casein micelles, are comprised

of 20 to 150,000 casein molecules and are responsible ~or the hiqh

turbidity o~ skiDned milk. The casein micelle is similar to

qlob~ar proteins by havinq a hydrophobie core to bury the most

hydrophobie parts of the casein molecules • Colloidal cücium

phosphate has been proposed to act as a "cementinq aqent" which

maintains the integrity of the mieellar structure (Richardson and

Creamer, 1974; Walstra and Jenness, 1984).

The occurrence of geneti.c polymorphism of the mi.lk proteins

was first demonstrated in p-lactoqlobulin by Ashaffenburg and

Drevry (1955). Since then, hundreds of papers have been published

on the existence of genetic variants of major milk proteins. All

the genetie variants of milk proteins described so far have been

revealed by di~ferent electrophoretic methods. Therefore, only
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mutations qivinq rise to di~~erences in electri~ charges due to

amine acid substitutions or deletions vould be detectable.

Mutations vhi.ch do not result in di~ferences o~ net charqes vill

remain undetectable and the teJ:!ll ·silent variants" vill be usecl

throuqhout this text ta dif~erentiate these variants from the

known electrophoretic variants.

caseins which account for 76 to 86% of total bovine milk

proteins are a group of phosphate-containinq milk-specific

proteins (Nq-Kvai-Hanq and Kroeker, 1984). Four kinds of

toqether vith their proteolytic products, are included in the

whol.e casein fraction. Non-qenetie variants a1so occur in some or

the mil.k proteins because of post-translationa1 modifications•
pol.ypeptide chains, designatecl as a.l-' œ.z-, p- and It-casein

•

which include phosphorylation and qlycosylation.

The primary structure ofClst-casein consists of 199 amino acid

residues vith a calculated molecular weight o~ 23,600 (Eiqel et

aI., 1984). It contains a calci~sensitive reqion betveen

position 41 and 80 in the amine acid sequence, a eluster of

phosphoseryl residues and three hydrophobie reqians between amino

acid sequence 1 to 44, 90 ta 113 and 132 ta 199 (Walstra and

Jenness, 1984) •
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Genetic polymorphism of CI81-easein vas fi.rst report.d by

Thompson et .~., (1962). Since then, five genetic variants have

been characterized accorâinq to their relative electrophoretic

mobilities and are denoted as A, D, B, C and E (Eigel .~ .~.,

1984). Compared to the most frequent variant of Clal-casein B,

variant A contains a 13 amine acid residue deletion from position

1.4 to 26. It could be the result of mBNA abnormal. splicing to one

exon of the gene (McKniqht, et al., 1989). The C variant results

from a sinqle amine acid substitution at position 192 where Glu 1.

replaced by Gly. OWing to another substitution of A1a for Thr at

position 53, Clal-casein 0 variant cou].d be dit'ferentiated from B

variant. The E variant consists of two amino acid substitutions :

GIn to Lys at position 59 and Glu to Gly at position 192. cx.l-

Casein is high1y sensitive to Ca2+ which can form an ester vith its

phosphate groups. Theret'ore, it aqgreqates and precipitates at

very low concentration of cal + (7mM ca2+, 28mM MaCl). In milk, there

are small amounts of peptides known as l.-caseins which have been

considered as originatinq from proteolysis ofa.l-casein.

CIa2-casein, the most hycirophilic of the easeins conta:i1Ul 207

amine acid residues vith a calculated molecular veight of 25,230

(Briqnon et al., 1977). Since it contains 11 phosphoseryl

residues, it is hiqhly sensitive to precipitation by ca2+ •

Furthexmore, CId-casein has a remarkabJ.e dipolar structure vith a
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concentration o~ negative charges near the N-termdnus and positive

charges near the C-te%Dlinus. Bovine œ.z-casein contains

•

•

i.ntermoleC\Ùar cli.su1phide bonds (Annan and Manson, 1969).

Genetie polymorphism o~ a.z-casein vas ~irst discovered in the

mi1.k o~ Yaks and Zebus (Grosclaude et a~., 1976a). Op to now, four

genetic variants of~-casein have been detected and are desi.gnated

as A, B, C, and o. Like cz.t-casein, one o~ the genetic variants o~

this protein, ~-casein 0, res~ts from a deletion in the sequence

invo1.ved in residues 50-58, 51-59 or 51-60 vhieh remove one

c1.uster of phosphoseryl residues in the structura1 sequence. 'rhe

amine acid replacements of Gl.u, Ala and Thr by G1y, Thr anel Ile at

the positions 33, 47 and 130, gives rise to variant C wnen

compared with variant A of CIa2-casein (Grosclaude et .~., 1979;

Swaisgood, 1982; Eigel et a~., 1984).

2.3.1.3. p-ca..in

p-casein is the Most hydrophobie of a11 maj or caseins. The p-

casein A2-5P consists of a single polypeptide chain vith 209 amine

acid residues and a calculateel mol.eC\Ùar weight o~ 23, 983 (Eiqel

et: .~., 1984). Ribadeau-Dumas et: a~. (1972) vas the ~irst to

report the primary structure of p-casein. Seven genetie variants

forp-casein have been revea1ed so far, a11 involving vari.ous amine

acid substitutions at the cli.fferent positions. When compared vith

the primary structure o~ p-casein Al variant, A'l is the resu1.t of •

single amine aciel mutation of Hi.s to Pro at position 67. Another
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amine acid rep1acement o~ His to G1n o~ variant A2 at pos~tion 106

qives p-case~n A3
• Mutation of Ser to ArC) at position 122 qives the

B variant. As rare1y reporteel variants, D and E are the result o~

amine acid substitut~ons o~ Ser to Lys at position 18 and Glu to

Lys at position 36 respective1y. The major genetic variants of

caseins vere separated by a1ka1ine urea gel e1ectrophoresis.

Electrophoresis under acidic conditions vas a1so requireel to

ctifferentiate Al, A2 and Al variants ~or p-casein (Peterson anel

Kopfler, 1966).

The family of T-caseins found even in fresh rav mi1k have

been identi!ied as proteolytic product o~ C-teJ:mina1 portions of

p-casein sequence. Th 12., and 13-caseins contëdn the peptide

sequences of 29 to 209, 106 to 209 and 108 to 209 respectively

(Tripathi and Gehrke, 1969; Gordon et .~., 1972; Groves et .~. 1

1972, 1973). Proteose-peptone components S, 8-slov and 8-fast are

formed elurinq proteoly.ia of N-termina1 of p-casein by p1asmin

(Eigel et a~., 1984).

2.3.1.4. ~-c...1n

The primary structure of ~-casein vhich contained 169 amine

aciels vas e1ucidateel by Mercier et a~.(1973). In common vith other

caseins, the structure of c-casein bas an N-teaninal hydrophobie

domain and a C-terminal polar domaine ~-easein is the only member

in the casein family vhi.ch contains both phosphorylation site
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(SerP-149) and heteroqeneous q1ycosylation component (N-acetyl

neuraminic acid) (Fournet et .~., 1979; van Ha1beek et .~., 1980).

K-casein is an important œdlk protein in food industry

because it stabil.ises the dispersion of casein mieell.es in milk

and is invo1ved the miJ.k-e1otting proeess. K-easein is rapidJ.y

hydrol.ysed at the Phe (105) -Met (106) bond by enzyme chyme.in or

other proteases, yieldinq para-K-casein whidh contains an N-

tennina1 fragment, and C-teJ:DLinaJ. macropeptide. K-easein

•

•

macropeptide contains al1. of the post-transl.ational. groups as well

as genetic substitutions of the known A ancl 8 variants. The

differenee between A and B variants are due to two amino aeid

mutations of Thr to Ile at position 136 and Asp to Ala at position

148. COmpared to the primary structure of A variant, C variant

consista of a replacement of His by Arg at position 97 while D

variant comprises a Gly instead of Ser at position 155. In the

native form, bovine l'-casein occurs as pol.ymer through -S-S-

1inkages which are formed from two Cys residues in para-K-casein

segment.

The separation of l'-casein A and B variants can be

accomp1ished by poJ.yacry1am1de ge1 electrophoresia under a1.ka1ine

condition in the presence of reducinq agent in order to break the

disul.fide bonds (Mackinlay et .~., 1966). In !DOat of the Western

breeda such as Ho1stein and Ayrahire, the A var~.nt of K-casein ia

predominant. However, le-casein B variant appears to be more

frequent in Jersey hercls. A comprehensive review on a1.1 qenetic
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variants ot c-casein vas qiven by Nq-Kwai.-Bang and Grosclaude

(1992).

2.3.2. -.y pro~

Whey proteins which account for 20.. ot total milk proteins

remain in solution durinq acidic precipitation of casein at pH 4.6

at 20·C. They are composed of four major proteins: p-

lactoqlobulin, a.-lactalbumin, bovine serum albumin and

•

•

immunoqlobulin with a relative proportion ot 60:20:7:13 (Nq-Kwai­

Hang and Kroeker, 1984). Whey proteins also contain other minor

fractions such as P2-microqlobulin, lactoterrin, transferrin and

proteose-peptone fractions. The propteose peptone fraction is a

complex mixture ot more than 38 ki.nds ot qlycoproteins,

phosphoproteins and proteolysis peptides from casein by indiqenous

proteinases (Andrews, 1978a, 1978b; Andrews and A1ichanidis, 1983;

Nejjar et al., 1986; Paquet et al., 1988; Paquet, 1989). lt

represents approximately 10% of total vhey proteins (Sore~en and

Peterson, 1993).

2.3.2.1.p-Lactog1Gbu1in

The primary structure of p-lactoqlobuJ.in consists ot 162

amino aciel residues and it has some si.mi.larities vith plasma

retinol-bindinq protein (Papiz et al., 1986). An important feature

of p-lactoqlobulin is the presence of both disulfides and a thiol

group in i.ts po1ypeptide. Durinq the heat treatment, the existence

of this thiol group vhich is equally distributed betveen Cys-119
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and Cys-121, is o~ great importance ~or the reaction vith other

proteins, notably c-casein and A-lactalbumin.

p-Lactoglobu1:i.n undergoes co~o%1llational chanqes vith

varyinq pH. Xt exists naturally as a dimer o~ tvo noncovalentl.y-

J.inked subunits. Seven genetic variants of p-lactoqlobul.in have

been descrïbed so far and 411 of them are due to different amine

acid substi.tutions (McKenzie et al., 1972; Bell et .~., 1981a;

Eigel et a~., 1984; Hamblinq et a~., 1992; Ng-Kvai-Hang and

Grosclaude, 1992). Conpared to A variant, B variant has two amino

acid substitutions: Asp to Gly at position 64 and Val to Ala at

position 118. The replacement of GLn by His at position 59 qives C

variant. The replacement of Glu in variant B by Gln at position 45

resul.ts in D variant (GroscJ.aude et a.l., 1976b). When cOllq)ared to

B variant, E variant has a GJ.y instead of GJ.u at position 158.

Variants F and Gare restricted to Baloi covs (Bell. et a~., 1981a).

Both variant F and G contain a mutation at position 158 vith a Gly

instead of GJ.u. In addition, F variant contains two mutations: Pro

to Ser at position 50 and A5p to Tyr at position 130. G variant is

the resul.t of replacement of Xle in B variant by Met at position

78.

2.3.2.2. g-Lac.·' ....·1n

Bovine A-lactalbumin is a nearly spherical, compact qlobul.ar

protein which is made up of 123 amino acid residues vith a

calcul.ated molecular veiqht of 14,175 (Brevet al., 1970; Eigel et

a~., 1984). Xt has • particularly interestinq ~eature because or
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i.ts homol.ogy vi.th lysozyme. œ-Lactal.bumin is a.lso a mocü.~i.er

protei.n of the enzyme qa~actosyl. trans~erase vhich promotes the

transfer o~ qa.lactose frOlll UDP-qalactose to glucose in lactose

biosynthesis.

Amdno aci.d substitutions qive rise to three qenetic variants:

A, Band C in u-lactalbumin. variant A cliffers from B by a amino

acicl substi.tution of Gln for Arq at position 10. Variant C

involves most probably a substitution of Asn for Asp. Major

components of bovine u-lacta1bumin are devoid of carbohydrate

whil.st minor a-lactal.bumin «10') is reported to contain covalently

bound carbohydrate moiety (Gordon, 1971; Hopper and McKenzie,

1973; Bell et a~., 1981b) •

2.3.2.3.~ .-z\a ·J"'-1n

As the maj or component of blood serum al.bumin, bovine serum

al.bumin is synthesised in the li.ver and secreted into milk by

manmary epithelium. It comprises only about 1.2% of the total mi1k

proteins. The single polypeptide of serum a1bumi.n consists of 582

amino aci.d residues • Zt also contai.ns clifferent kinds of

heteroqeneity due to polymer for.mation, su1fur linkages and

microheterogeneity. Althouqh, no qenetic variant has been

•

described so far, its heteroqeneity appears as several. bands by

isoelectric focusing separation (Spencer and King, 1971) •
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2.3.2 ••• ~"""'ina

The inmunoq1obul.in are the most heat-sensitive protein in

whey protein group. Amonq the five e1asses of iDlmmoq1obulins in

maumals, four (IgG, lqA, IgM and IgE) have been found in bovine

milk (Butler, 1969; Butler et al., 1971). Like bovine serum

albumin, iDlmmoql.obul.ins are lacteal secretions from blood serum

and are antibodies synthesised in response to stimulation by

forei9n antigens.. The monomeric fO%!ll of a11 iDmunoqlobuJ.ins

consists of two identica1 heavy chains and light ehaina which are

covalently linked by disulfide bonds. No genetic variant has been

described for illmunoqlobulins even throuqh they exhibit numerous

specifie bindinq sites for exogenous antigens •

2.... ca.n.Uc ...ct ~ mU pzo~po1.~_

~1 the major milk proteins are the products from autosomal

qenes transmitted from parents according to Mendelian inheritanee

(Aschaffenburq, 1968). They are expressed in female-limited trait

durinq lactation. Detection of genetic polymorphism of milk

protein can be approached at both DNA and protein levels. With the

development of technoloqy in mo1ecul.ar genetics, the methods

involved in pol.ymerase chain reaction and restriction fragment

length polymorphism are applicable to detect sam. genetic variant

of milk protein genes (Lev6ziel et .~., 1988, 1994; Zadworny et

a~., 1990; Schlieben et .~ .. , 1991; SCh1ee and Rottmann, 1992; Lien

and Rogne, 1993).

Genetic variants of milk proteins are caused by either amine

acid substitutions or a ~1 peptide de1etion. Op to nov, only
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two genetic variants qive rise to small ~ragment deletions. The

one reported in a.1-casein A is due to 13 amino acid deletion

between positions 14 and 26 anel that o~ a.z-casein D is the result

o~ 9 ~no aciel deletion ~rom position 50 to 58. The remaininq o~

28 variants so far c1escri.bed in the milk proteins are due to

substitutions of amino acid residues at different positions in the

poJ.ypeptide chain. The post-translational modifications which give

rise to the multiple bands c1urinq electrophoresis o~ miJ.k proteins

are not considered as genetic variants. These modifications

incJ.ude different degrees of phosphoryJ.ation, qlycosyl.ation and

poJ.ymerization.

Each mlk protein is expressed from one or more allel.es of a

gene (Grosclaude, et .~., 1973). Xn thia ca.e, genetic variants o~

the same pratein will represent the identi~ density bands on

eJ.ectrophoresis gel.. However, it is of interest to point out that

ctifferences exist in alJ.elic protein expression in the milk of

heterozygous K-casein (B>A) and p-lactoglobuJ.in (A>B) (Imafidon and

Ng-Kwai-Hanq, 1991; Ng-Kwai-Hang and Kim, 1996).

Another ~ortant aspect of milk protein is the close linkage

of four casein genes. The mode! proposed by GroscJ.aude (1979)

sugqests that ~1-casein andp-casein loci are located close to each

other whilst a.z-casein locus is situated betveen JS-casein and c-

casein J.oci. The phenomenon of cl.ose linkage o~ certain genetic

variants of milk proteins have a1so been reported. For example, p-

casein B and c-casein B combination vas ~r.quently observed in

Holstein breed (Brignon et LI., 1989).
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2.5. rz4Yl' 'GY cU..~t::i.an ~ ~t:ic ~ana 1ft mU prot:ei.nll

:It ia vell known that qenetic variants, as gene products,

reflect transmission of auto.omal. vene. ~rOlll parents to

offsprinqs. The occurrence of qenetic pol)'DlOrphism of milk

proteins are closely associated vith breeds and species. At the

DNA leveJ., four major casein qenes are clustered on 200 kb.

Therefore, it is of interest to study the possible linkage betveen

milk protein qenes as vell as exploration of the ancestral

variants.

2.5.1. a.-c._in

As a major component of casein, Clal-casein B variant is the

predominant variant in most western breeds. In contrast, C variant

was reported as havinq a frequency hiqher than 0.25 in Jersey,

Guernsey and Normande (Nq-Kwai-Hanq et al., 1984; Ng-Kwai-Hanq and

Grosclaude, 1992). The MOst recent survey vithin Quebec popu1ation

revealed that Jersey contained a frequency of 0.431 of Clal-casein C

variant (Kîm, 1994). A1so C variant is found predominantly in the

Yak which lacks of S variant (Grosclaude, 1979). Seing derived

from S, A variant, is the resu1t of abnonnaJ. mRNA splicinq, was

only found vith very low frequeneies in Holstein (0.003) and Red

Dani.sh «0.01) (Ng-Kwai-Hanq et ù., 1984; Bech and Kristiansen,

1990). As a rare variant, Clal-casein E vas initially found in

Flamande, and a150 occurs in 21 other breecls cli.stributed in
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popuJ.ation

•

•

(Grosclaude, 1979; Ng-KWai-Hang and Grosclaude, 1992).

Xn a.z-casein, A variant appear as the most cOlllllOn variant.

The other tvo variants, B and C vere ~ound specifically in yak

with a frequency around 0.10 (Grosclaude et a~ .. , 1982). Moreover,

~-casein 0 variant, with frequencies of 0.01 and 0 •09 were

observed in Montb61iarde and Vosgienne respectively (Grosclaude et

al., 1978).

2.5.2. p-ca_in

p-casein Al, A2 and B variants are the cODlllOn variants

present in western breeda.. During the studies by Hg-Kwai-Hang et

al. (1984) and Kim (1994), Al vas found predominantly in Holstein

(0.561), Ayrshire (0.601) and canadienne (0.585) while A2 has a

frequency of 0.499 and 0 .. 518 in Jersey and Brown Swiss. For 15-

casein B, i t has a frequency of 0.007 in Holstein, 0.002 in

Ayrshire, 0.308 in Jersey, 0.161 in Brown Swiss and 0.079 in

canadienne. With respect to a rare p-casein variant A3
, it vas

reported to have a frequency of 0.011 (Holstein), 0.161 (Brown

Sviss) and less than 0.001 in Ayrshire, Jersey, Canadienne. As a

rare variant, C is absent in Jersey (Aschaffenburg, 1968), Zebu

and possibly Bos taarus. Hovever, it vas observed in Monqolian

(Grosclaude et al., 1965), Kerean (Han et al., 1983) as vell as

Eqyptian breeds (Gram]. et al., 1986) ..
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2.5.3. c-at_in

As tvo cOlllllOn variants, A and B vere ~ound in most of the

western breeds. variant A is predominant in Holstein (0.744),

Ayrshi.re (0.881), Brown Swiss (0.704) and canadienne (0.789). B

variant represented hi.gher frequency in Jersey (O. 74) (Ng-Kwai­

Rang et a~., 1984; ~ 1994). Seibert et a~. (1987) detected a nev

IC.-casein variant, denoted as D, onJ.y in Gennan Sianental cattle.

Later, IC.-casein E with the low frequency vas demonstrated in

Holstein-Friesian, German Red cattle and Anq1er vith a frequency

of less than ta 0.05 (Erhardt, 1999; Buchberqer, 1995).

2.5.4. p-~obu1J.n

As the major component of whey proteins, p-Iactoqlobulin vas

found to have seven genetic variants. A and B variants are

commonly distributed vithin bovine and Zebu breeds. It vas found

that B variant was more frequent than A variant in Zebu as weIl as

most of the western breeda such as Holstein, Ayrshi.re, Jersey,

Brown Sviss and canadienne (Nq-KWai-Hanq et a~., 1984, 1990; Kim,

1994). Variant C was first observed in Australian Jersey by Bell

(1962). Variant D vi.th a frequency less than 0.04 vas reported in

Sirrmental cattle as vell as Danish Jersey (Baker and Manvell,

1980).

2. S. 8ign.1f'ic:.noe of' ~Uc po1,.ozphi- or .u.k pz"o~

Studies on variation of major milk proteins and their

relationship vi.th dai.ry related traits have been irdtiated for
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decades. Al.though ear1ier resul.ts are controversia1, MOst o~

researchers agree that genetic ~actors such as breed and genetic

polymorphïsm o~ milk proteins and environmental ~actors such as

season, age o~ cov, stage of lactation, udder infection, nutrition

and ambient temperature have close relationship vith mi1k

production, milk composition and mi1k quality (Anderson and

Andrews, 1977; Nq-Kwai-Hanq et a~., 1982, 1984, 1990; Kroeker et

a~., 1985a; Lin et a~., 1986; van Eenennaam and Kedrano, 1991;

Bovenhuis et a~., 1992; Lawrence, 1993; Kim, 1994). Amang the six

major milk proteins, CIaz-casein and œ-Iactalbumin are consiclered to

be relatively monomorphic in most o~ the clairy breeds, therefore,

Most of the interests on the imp1ication of 'lenetic po1ymorphi.sm

of milk proteins vere focused on œ.l-casein, Ii-casein, tC-casein and

p-Iactoqlobulin.

2 . fi .1. Nia production

Genetic variants of mille protein was extensively studied

durinq the past decade since it cou1.d be used as genetic marker

for economic production trait. However, there is no siqnificant

trends with regard to genetic variants and mi1k production.

Controversia1 reports on the re1ationship between genetie variants

and milk production have been published due to various reasons

inclucli.ng popu1.ation size, breeda, method of measurement,

•
frequency of qenetic variants under consideration as vell as

statistical model being used. In some stucli.es, it is we11 accepted

that a.l-casein B variant has higher milk yielc:1s when comparecl with
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other variants (Ng-Kvai-Hanq et 41., 1984, 1986, 1990; Lin e~ a~.,

1986; Aleandri et 41., 1990). In p-casein, superior milk yield vas

associated vith A variant especially vith A% and A3 (Matyukov,

1983; Nq-Kvai-Hanq et al., 1984, 1986; Lin et a~., 1986). Xt is

coumonJ.y accepted that wc-casein BB is associated vith hi.gher

protein yield but lover milk yield vhen compared vith AA

phenotype, wtU.le wc-casein AB is intenœdi.ate in te~ of protein

and mi~k yields (Nq-Kvai-Hanq et 41., 1984, 1986). Hovever, other

groups reported that no significant effect vas observed betveen

genetic variant of caseins and whey proteins vith respect to milk

yield over a complete lactation in Jersey, Friesian and Holstein

herds (McLean et al., 1984; Gonyon et 41., 1987) •

A significant effect of p-lactoqlob1Ùin AA qenotype on the

higher milk yield has been frequently reported in Holstein

Friesian covs (Nq-KWai-Hanq et al., 1986). However, many reports

shov that there i5 no siqnificant correlation betveen 15-

lactoqlob~in qenetic variants and milk production (Nq-Kwai-Hanq

et al., 1984; McLean et al., 1984; Lin et al., 1986; Gonyon et

al., 1987; De-Lange et al., 1991). More recently, Meyer et: al.

(1990a) reported that heifers vith p-lactoqlobulin AA had

•

significantly lover milk yield than covs havinq AB or BB

phenotype. At the same tilDe, their paper inclicated that the cow

carryinq cz.l-casein BB, p-casein A1A% and Ie-casein AB in combination

vith p-lactoqlobulin AB or BB had 5uperior milk production than

other combinations.
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2. &.2. lC:L1.k c i o.:1Uon

Milk composition as we1.1 as the relative proportions o~

components vi.ll. influence the overa1l value o~ milk. The e~~ects

of qenetic variants on milk composition are more consistent than

that on mi1k yield.

2.&.2.1.~pro~

Many reports have consistently shown that genetic variants of

mi1k protei.n have close relationship vith casein and whey protein

contents. MeLean (1987) sUlllnarizecl that the concentrations o~ Clel-

casein, p-casein and ~-casein in mi.lk vere siqni.~icantly influencecl

by elsl-casein (C>B), p-casein (B>A) and ~-casein (B>A). Among

various phenotype of milk proteins, Clal-casein Be, p-casein A1S and

IC.-casein BB are corre1ated vith casein contents (MeLean et a~.,

1984; Ng-Kwai-Hang et a~., 1984, 1986; Scharr et al., 1985). In

the p-casein system, A2A2 phenotype is associated with higher

protein concentration than A1Al and A1A2 beinq intermediate during

three lactation in Holstein (Nq-Kwai.-Hanq et al., 1986, 1990).

Meyer et al. (1990b) reportecl that ~or hei~ers in the ~irst

lactation, CIat-Casein SB, p-casein A2A2 and ~-casein 8B are more

favourable for protein yields than Be, A1A1 and AA respectively.

Amonq the whey proteins, p-lactoqlobu1in makes up about 55'

of the amount of whey proteins. Genetie variants o~ p­

lactoglobu1in has the MOst visible eLLect on its content in milk.



• 22
It is agreed that p-l.actoql.obulin BB mi.~k bas hi.gher casein than

AA vith the inteJ:mec:liate being AB (Kroeker et .~., 1985b; SCMar

et a~., 1985; Ng-Kwai-Kanq et a~., 1987; Keyer et a~., 1990b). The

opposite resu1t vas reported by De-Lange et a~. (1991) who

suggested that p-lactoglobuli.n A variant has a superiority in

protein contents. McLean et al (1984) reported that P-

•

•

lactoglebu1in BB vas associated vith lover protein concentration

than ether types in Australian Jersey and Friesian breeds. Most

recent study indicates that selection of p-lactogl.obulin A and K-

casein B will result in higher protein content (Kim, 1994, Jakob

and Puhan, 1995).

Apart from total protein concentration in mil.k, genetic

polymorphism o~ milk protein is also associated vith relative

proportion or major inc:lividual. milk proteins. Mil.k vith œ.l-casein

Be phenotype have higher a.-casein and lower p-lactoglobulin

content than the other phenotypes (Ng-Kwai-Hanq et a~., 1987).

Meanwhile, p-casein 8 variant has l.over Us-casein, p-lactoglobul.in

but hiqher p-casein and u-lactalbumin concentration when compared

to p-casein Al, A2
, and A3 variants. In K-casein, it is general.ly

aqreed that BB phenotype is more desirab1e because of its higher

casein (a.l-casein, K-casein) content and lover whey protein

contents (McLean et .1., 1984; Kroeker et .1., 1985b; Ng-Kwai-Hang

et al., 1987). More recently, several papers have confirmed that

Je-casein Band p-lactoql.obulin 8 are related vith higher casein

content.
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2.&.2.2.~ ~.~

llegarc1i.ng the association o~ genetie variant vith mi~k ~at

content, conf'1.i.cting resu1.ts are observed. Al.though it appears

that genetic variants has no consistent e~fect on fat yield (~,

1994). Some reports shov that e&.1-casein Be provides hi.qher fat

content in mi1.k (MUnro, 1978; Ng-KWai-Hang et al., 1986). rt is

common1y agreed that highest mi.lk fat is associated vith p-casein

B variant as vell as It-casein B variant (McLean et al., 1984; Ng­

Kwai-Hanq et a~., 1986). For vhey protein, in most case, p­

lactog1obul.in B variant was considered to be superior in ~.t

percentage (van den Berg, 1993; Tong et al., 1993) •

2. &.3. NU.k quallty

Manufacturinq properties of mi1k have been extensively

investigated for years. Genetie variants of mi1.k protein have been

clearly demonstrated to inf1uence physieo-chendcal behaviour of

milk. The inf1uence of genetic variants on coagulation properties

of milk vas first observed by Sherbon et ..~. (1967). Durinq

cheesemaking, K-easein phenotype exerts the greatest effeet. It is

reported that It-casein Band p-lactoq1obul.in B are assoeiated vith

increased heat stability (MeLean et al., 1987). Other vorkers

suggested that heat stability of different p-laetog1obu1in

phenotypes vas variable and depended on pH and composi.tion of

buffer (Imafidon and Nq-Kwu-Hang, 1991) •
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Durinq cheesemaking, a.1-casein 88 .s ve1.1 .s JI-cas.in A1A1

are associated with higher cheese yield (AJ.eanclri et .~., 1990).

Mille vith 1C.-casein 88 and lS-lactog~obu1in 88 has hi.qher cheese

yie~d and better rennet coaqu1ation characteristics (Marzi~i and

Ng-Kvai-Hanq, 1986a; Ng-Kvaï-Hanq, 1990, 1993; Horne et a~., 1993;

Puhan and Jakob, 1993; van den Berg, 1993). Milk containinq p-

casein A1, c-casein B and j1-1actoglobu1in 8 vari.ant are more

favourable for cheese yield (Ng-Kwai.-Hanq, 1990, 1993; Tong et

al., 1993).

Genetic polymorphism o~ milk proteins ean a~~eet the

coagulation properties o~ mille. Davel! et al. (1990) reported that

-:-casein A vas assoeiated vith shorter coagulation time, higher

rate of curd formation and hiqher curd f'irmness. Whi.1.e others

suggested that K-casein B alle1e led to better syneresis

properties, shorter coagulation time (Schaar, 1984; Paqnaeeo and

Caroli, 1987; ~eandri et a~., 1990). p-Lactoqlobulin AA mille qave

better clotting time and curd ~i%mness when compared to AB and BB

phenotype (Harziali and Nq-Kwai-Hanq, 1986b). More recent1.y, it

vas demonstrated that the nature of caprine mi1.k associated vith

no p-casein had longer coaqul.ation time and so~ter curd during

comparative assays on the aptitude of individual mille to coagulate

(Chianese et al., 1993).

Durinq yoqurt manufacture, it vas suggested that milk vith c-

casein AA and p-lactoqlobulin 88 vere more preferred due to their

lover syneresis (McLean and Schaar, 1989).
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So far, a considerable amount o~ in~ormation on genetic

polymorphism is available and it can be us.d to select ~or

production trait. In spite o~ extensive research on genetic

polymorphism o~ milk proteins, ef~orts to promote qenetic

improvement intended for certain selection have become more and

more important in order to optimize protein compositian and

processinq properties of milk.

Prior ta the 19505, the separation of milk proteins was only

limited to the so-callecl whole casein and the classical

lactalbumin and laetoqlobulin facti.ons of whey proteins CWalstra

and Jenness, 1984). The most cOlllllOnly used method is based upon

acid precipitation at the isoelectric pH of casein in order to

minimize solubility. Later on, fractionation of casein has been

achieveel by hiqh-speed centri~uqation and salt precipitation CW.ke

and Baldwin, 1961; McKenzie, 1971). Proteins in milk were

considered to be homoqeneous until the discovery of genetic

variants of p-lactoqlobulin (Aschaffenburq and Drevry, 1.955) •

Conse quently, qenetic polymo~hism of casein was first evidenced

by Blumberq and Tombs (1958) and Aschaffenburg (1961) who usecl

urea in order ta dissociate casein ~cellar forms. Durinq the past

decades , a number of procedures vere developed ta identify the

genetic variants of individual milk proteins, and they would be

mainly classifieel as electrophoretic anel chromatographie methods •
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2.7.1. U~UC_~

The basis o~ e~ectrophoretic separation o~ genetic variants

o~ mi~Jc proteins depends on the cli~~erence o~ their net charges.

With the exception o~ p-casein A variants, most o~ the cOlllDOn

variants of casein as vel~ as vhey proteins vere achieved at

alka1ine pH (Peterson and Kopfler, 1966; Kiddy, 1975; Grosclaude

et al., 1979; Ng-Kwai-Hanq and Kroeker, 1984; Medrano and Sharrow,

1989). rn most cases, urea vas used as clissoci.tion reagent ta

disaggregate casein mice1le whil.e p-mercaptoethanol vas applied

for cleavage disul.~ide bonds in ~-casein and Ie-casein. Kore

recently, separation of bovine p-lactoqlobu1in A, B and C variants

was a1so achieved by capillary zone electrophoresis (Paterson et

al., 1995).

2. 7 •1.1. bper e1.-=tz'aphore8i..

Different electrophoretic techniques have been applied to the

study of genetic po1ymorphism of milJc proteine Paper

electrophoresis was the first to be usecl for the resolution of

different variants of casein and whey proteins. After the

separation of A and B variants of p-lactoqlobulin by Aschaffenburg

and Drewey in 1955, this method has been applied for the cletection

of qenetic variants A, B, and C o~ p-casein in the presence o~

6.0M urea (Blumberq and Tombs, 1958; Aschaffenburg, 1961) •

However, the attempt to identify qenetic variants of ~l-casein and

K-casein was unsuccessfu1 by paper electrophoresis •



•

•

•

27

2.7.1.2. 8i:azah~ e1ec:~

Since paper e1ectrophoresis was not app1icab1e for the

res01ution of genetic variant of a.-casein and K-casein, starch gel

e1ectrophoresis was introduced and the separation of three

po1ymorphs of Clsl-casein vas reported by Wake and Ba1dvin (1961)

and Thompson et a.l. (1962) •

The e1ectrophoretie heterogeneity of K-casein remained

undetectab1e sinee it has the strongest tendeney to agqregate

amonq of the caseins. It vas on1y after the reduction of the

disul.fide bonds betveen the tvo polypeptides by reducing agent

such as p-mercaptoethano1 and dithioerythritol that the

heterozygous ~-casein co~d be separated into two distinct bands,

denoted A and B vith different mobi1ity on a1ka1ine ge1

electrophoresis (Swaisqood and Brunner, 1962; Neelin, 1964;

Schmidt, 1964; Woychik, 1964). Further resolution of p-casein A

variant family vas on1y accomplished by starch ge1 electrophoresis

under acidie conditions (Kiddy e~ a~., 1966; Peterson and KOf~er,

1966; Arave, 1967).

In addition to the two variants of p-laetoglobul.in resolved

by paper e1ectrophoresis, Be11 (1962) separated another variant,

termed as p-1actoglobulin Dr in Australian droughtmaster ceef

eattle. For e&-lactalbumin, starch qe1 eleetrophoresis was also

used to revea1 A and B variants (Blumberg and Tombs, 1958;

Bhattacharya et al., 1963). As an alternative method, agar ge1 vas
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used to success~u11y separate A, B, C and presumab1y D variant ~

p-lactoqlobu1in (Aschaffenburg, 1965).

Polyacrylamide gels ~orm a~ter polymerization of monomeric

acrylamide by cross-linldnq of vith N,N' -methylene-bisacrylamide.

The polymerization reaction is initiated by the addition of

arrmonium persulfate and the reaction is accelerated by N,N,N'-

tetramethy.lethylenec:liamine, which cata.lyzes the formation of free

radicals fram aDIDOnium persul.fate. Mter its introduction,

polyaerylamide gel vas exp.lored by Raymond and Wang (1960) as a

means of identifyinq genetie variants of milk proteins. Since

then, i t had become the standard technique for studying genetie

variabi.lity of proteins because it cou1d be prepared easiIy

without heat treatment and could be stai.ned without slicinq, as

well as conveniently stored (Raymond and Wang, 1960; Asha~fenburq,

1964) •

The procedure of alkaIine PAGE developed by Kiddy (1975) and

modified by Ng-Kwai-Hang et a~. (1984) provided sufficient

separation of most major caseins and whey proteins. Accorc1inq to

Nq-Kwai-Hanq et a~. (1984), major casein separation can be

accomplisheel wi.th larger pore size gel containinq 8'

•

polyacryl~de anel 4M urea, while resolution of major whey

proteins especiaIly P-Lq and ex-x. vere performed on the 12'

polyacrylamide in the absence of urea. However, eIectrophoresis in

alkaline qels does not resolve l'-casein A family into its three



• 29
components Al, A2 anel AJ

• An aJ.ternative electrophoretic run uneler

acidic pH 3.0 is requireel for further resolution (Aschaffenburg,

1966, 1968; Nq-Kvai-Hanq et al., 1984; Meclrano and Sharrow, 1989).

over the last decaeles, considerable deve~opment has been

achieveci for detection of protein polymorphism in bovine, ovine,

caprine, anel porcine mi1k (Nq-Kvai-Hanq anel Grosclaude, 1992).

Zonal electrophoresis with paper, starch, aqarose anel

•

•

polyacrylamiele supports are common1y useel for milk protein

phenotyping. Genetic variants of milk proteins vere classified

accordinq to the chronological order they are be~nq identi~ied and

their different migration on the supports (Thoft1)son and Pepper,

1964; Eigel et .~., 1984). Onder alkaline condi.tion, m.-casein

contains more negative charges than p-casein and ~-casein, and the

relative mobi1ities of major caseins are: Clel-casein> ~-casein> 15-

casein> K-casein. Similarly, accordinq to their difference in net

charges, among the five known genetic polymorphs of Usl-casein, the

order of electrophoretie mobilities is A>D>B>C>E (Eigel et al.,

1984; Whitney, 1988). The resolution of seven genetie variants of

p-casein needs to De perfol:lllecl by eoupling alkaline PAGE with

acidi.c PAGE. Onder alJcaline condi.tions, variants Al, AZ, A3 carry

the same net charges and have similar electrophoretic mobility

band denoteel as A; whereas, the migration orcier of genetie

variants of p-casein is :in the order of: A>B>D; E>C (Eiqel et a~.,

1984). With a supplemental lov pH run, the fo~lowing order of

migration is observed: C>B>D>A~E>Az>A3 (As~fenburg, 1966; Eiqel

et a~., 1984). In the native state, ~-casein locus is gener.~ly
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considered as dia~lelie, eonsistinq o~ the variants A and B which

had been discovered simul.taneous by Nee1in (1964), Schmidt (1964)

and Woyehik (1965). Monomers o~ ~-casein are usual.l.y l.inked

toqether through intennol.ecu1ar disu1ride bond and other

•

•

components attacheci to ~-casein molecu1e aJ.so contribute to the

c1ifference .in net charges (Woychïk, 1965; Fox, 1982; Walstra and

Jenness, 1984). As a qood exampl.e for e.l.ectrophoretic separation

under al.ka1.ine conditions, A variant contains Asp at position 148

while Ala is found in B variant vhich res~ts in one more neqative

charge in A variant. Therefore, A moves faster than B under

alkaline condition. 80th variants exhibit ~tipl.e bands vhich are

due to the variation in dirferent Ievels o~ post-transl.ational.

modification, mainly qlycosyl.ation by attachment of sialie acid•

Fox (1989) reporteci that the probability of phosphory1ation may,

somehov, a1so have influence on the migration of genetic variants

of K.-casein.

2 • 7 . 1.4. X.-1.cUic f'ocu.ing (Dr)

A.l.thouqh electrofoeusing vas introduced in 1960s, the

appl.ication of this technique only started in 1970s for the

purpose of phenotypinq milk proteins. This is due to the

requirements or l.onger running times and higher voltages

(Peterson, 1969, 1971; Finlayson and Chrambach, 1971; Kapl.an and

Foster, 1971; Josephson et al., 1971, 1972; Josephson, 1972).

Isoelectrie focuainq ia a poverful technique which provides

rel.iable phenotyping according to its hi,gh resolution. Peterson



•

•

•

31
(1969) reported the re.o~ution o~ peptide vith dJ.~~erence. ••

little .s 0.02 pH unit in their isoelectric point. The iaoelectric

points of major caseins rangecl from pH 4.9 to 5.9 with the

fol1owing increasing order: a.1-casein> a.z-casein> p-casein> c.-

casein (SWaisgood, 1982). The e~fective reso~ution o~ genetic

variants of milk protein has also been reported by this method in

po1yacrylamide medium vith sucrose gradient (Spencer and Kinq,

1971, Josephson, 1972; Pearce ana Zaaov, 1978).

After 1980s, substantial technica1 improvement in isoelectric

focusinq explorea its application for aemonstration of genetic

pol.ymorphism o~ milk protein (Tri6u-CUot and Gripon, 1981; Seibert

et .~., 1985, 1987; Erhardt and Senrt, 1987; K1o••, 1987; Addeo et

a~., 1988; Bovenhuis and Versteqe, 1989). Tri6u-CUot and Gripon

(1981) identified the bovine caseios and some of their clegradation

products by IEF carried out in a gel containinq 5' acrylamide for

3 hr. Improved method for simultaneous phenotyping of genetic

variants in cov's milk by isoe~ectric focusing has been reportea

by Seibert et a~. (1985). Isoelectric focusinq employed on

ultrathi.n-layer polyacrylamide gels can reso~ve all polymorphie

protein fractions within a 45 min single rune A new variant of c.-

casein, termed as tC-casein D vith a frequency of less than 0.01'

has been identified by the s&me group (Seibert et .~., 1987).

In addition, a modified IEF procedure usinq a vertical

polyacrylamiae miniqel system has been described by Robertson et

.~. (1987). Later, phenotypinq of mi.lk protein variants vas

achieved in one single run by Bovenhuis and Versteqe (1989) and
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this procedure have the advantage o~ standarclization, short

separation time and hiqh reso1ution.

2.7.1.S. ~o di

•

Hiqh reso1ution tvo dimensiona~ gel electrophoresis is

capab1e o~ separatinq more than a thousand proteins on a sing1e

ge1. In most o~ the cases, i t coup~es the ~irst dimensiona1

isoe1ectric focusinq vith the second dimensiona1 SeS-pAGE or the

reverse (Chianese et a~., 1992). Hovever, two-dimensiona~ gel

separations often suffer the difficuJ.ty of reproducibility and

interpretation. More recently, instead of SGE, PAGE or ordi.nary

IEF, tvo-dimensiona1 electrophoresis vith use o~ iJIInobilized pH

gradient for the first dimension have improved reproducibility•

Trièu-CUot and Gripon (1981) first described the app1ication

of two-dimensiona1 electrophoresis for detection of the qenetic

variants of mi1k proteine Later, this technique vas app1ied on an

immobi1ized pH graàient and accompli.shed hiqher resolution of milk

protein variants (Klose, 1987; Basha, 1988; Ho1t and Zeece, 1988).

Recent1y, Addeo et al. (1988) and Tutta et al. (1991) reported

studies of tvo-dimensiona1 e1ectrophoresis for caprine milk

protein polymorphisme Girardet et al. (1991) reported the

•

achievement of a proteose-peptone cartograph and Addeo et al.

(1992) confinned the occurrence of We1sh variants in ovine a.l-

casein vhich had the mobi1ity half vay between œ.-casein and p-

casein using two-climen.siona~ electrophoresis containinq PAGE vs

isoe1ectric focusinq •
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2. 7 • 1. ft. t mab10tUng

The !DOst recent development in electropboresis is to combine

electrophoretic and iDlmmochemi~ techniques in order to cletect

genetic polymorphïsm or milk proteins (Adeleo et • .1., 1992;

Chianese et a~., 1992; 1995; Addeo et a~., 1995; Lopez-Galvez et

a.1., 1995). When compared vith the traditio~ Coomassie staininq

procedures, :iJIIIlunoblotting is more sensitive anel make the

interpretation o~ results more speciric and easier. Thererore, it

reveals a bevilderinq array of milk proteins and their derivatives

in dairy produets such as cheese (Addeo et ~., 1992, 1995).

chianese et: • .1. (1992) described the application or

electrophoretic techniques coupled vith ; nnunoblotting vith

specifie polyclonal antibocli.es aqaïnst casein rractions to

identify ovine casein variants. Lopez-Galvez et: • .1. (1995)

reported the resolution of a major and a minor "satellite" band in

ovine p-lactoqlobul.in and the application of iDmunoblottinq

confirmed that the "band" belonqs to p-lactoglobulin and 4­

lacta1bumin fractions by usinq specifie :iJIIIlunosera aqainst them.

2. 7 .2. Application o~ colwm c::h.zc.a~aphy

2. 7.2. 1. JlractLanatian o~ .uk pzo~

Prior to 1980s, a number of techniques have been used vith

respect to separation and purification of IIli.lk proteins. Such

methods mainJ.y used sa1t and solvent rractionation (KcKenzie,

1971). Isolation and purification of different milk proteins vere
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traclitional.ly achieveel by ion-exchange chromatography and gel

fil.trati.on due to net charCJe and mol.ecul.ar size (Thoçson, 1966;

Rose et a~., 1969; Tripathi. and Gehrke , 1969; McKenzie, 1971:

Davies and Law, 1977; Yoshida, 1990). With the development of

technology, the app1ication of FPLC and HPLC made it possiDl.e to

achieve e~~icient separation of mil.k protein in rel.ativel.y short

time and with l.arqer quantity as have been wel.1 reviewed CPearce,

1983; Humphrey and Newsome, 1984; Andrews et .~., 1985; Barrefors

et a~., 1985; Visser et al.., 1986; Davies and Law, 1987;

•

Christenaen and Munksqaard, 1989; Gonzalez-Ll.ano et a~., 1990;

Law, 1993; Swaisgood, 1993) •

2 •7 •2.1.1. An:I.on-ezabanga ~Uip.p.y

Proteins are amphoteric and therefore their overall. charge is

very dependent on pH. Ion-exchange columns c1iscriminate between

proteins with reqard to their ionic character and sel.ectivity

inherent to the protein could be altered (Kopaciewicz and Regnier,

1983). Generall.y, salt qraclient are used to increase the ionic

strenqth of the mobile phase, to reduce the strenqth of

el.ectrostatic interactions, and to selectivel.y displace the

charqed residues of the retai.ned proteins ~rom ionic sites on the

support surface. CZal-' e&az-, JS- and c-Caseins are the four main

components which constitute whol.e casein of milk. These

•
phosphoryl-proteins tend to fOJ:Jll large micell.es. Anion-exchanqe

chromatography vith DEAE-cell.u1ose column was introduced by

Ribadeau-Dumas (1961) and Thompson (1966) and is now widely used
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~or casein Lractionation. Zn most cases, denaturing agent such as

urea was added to counteract casein micelle, and reducinq Agent

such as p-mercaptoethanol or OTT vas used to clissociate the

disul~ide bond between c-casein !DOl.ecules. A gradient o~ sodi.um

chloride concentration ascertain the moderate tractionation of ~-

casein, p-casein and Ie-casein (Rose et .~., 1969; YaquclU and Rose,

1971; Gordin et al., 1972; Davies and Lav, 1977; Donnelly, 1977;

McGann et: 41., 1979; Kanji et a~., 1985). More recently, the

compositional analysis has been achieved by TSK gel DEAE-5PW and

Mono Q HIlS /5 anion-exchange column vith increasinq ionic strenqth

buffer graclient (Humphrey and Newsome, 1984). Wei and Whitney

(1985) described the batch fractionation method on DEAE-cel1~ose

and step-wise salt extraction by usinq imidazole-NaCl (pH 7.0)

buffer system.

Different physico-chemical characteristic has a1so been used

for fractionation of clifferent caseins • Vreeman et: al. (1977 ;

1986) purifi.ed It-casein on a DEAE-cel1\Ùose column by decreasing

pH qradient from 6.0 to 4 •5 • Sango et a~. (1989) used caC12 as

eluant in an acetate buffer to puriLy ~l-casein sinee it is more

phosphorylated than AnY other caseins.

During recent years, developaent in FPLC and HPLC gave rise

to more efficient analytica1 scale fractionation and purification

of caseins. They provide several advantaqes in having high

rapidity and great reproducibility. Fraetionation of ildIk

proteins has been ascertained on TSK gel DEAE-5P1 and Mono Q HRS/5

anion-exchange column by salt elution gradient (HUJII)hrey and
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Newsome, 1984). For the separation and puri~ication o~ minor

caseins, L6on.il and Moll6 (1990) reported the puri~ication o~

carbohydrate free caseinmacropeptide (OŒ) from rennet-hydrolysed

caseinnate by tridhloroacetic acid precipitation and DEAE-TSK

Fractoqel-650 ion-exchanqe chromatoqraphy vith salt elution in 20

mM Tris-HCl buffer (pH 7.5). A rapid separation of bovine caseins

was obtained by mass ion-exchange chromatoqraphy on a QAE Zeta

Prep 250 cartridge usinq urea solution eontaininq O.02K imidazole

and O.03M 2-mercaptoethanol (Hg-Kwai-Hanq and P6lissier, 1989).

Later, four electrophoretically pure casein ~o%lDS vere obtaineel

from Protein-Pak DEAE 15HR anion-exchanqer ~inq NaCl gradient in

Tris-urea buffer (Nq-Kvai-Ranq and Donq, 1994).

The major whey proteins such as CI-La and P-Lq are also

amenable to be isolated anel puri~ied on a DUE-cellulose column

vith step-wise sodium chloride concentration (Yaguchi and kose,

1971; Swaisqood, 1982). Later, isolation and purification o~ p-

lactoqlobulin vas employeel on a QAE Zeta Prep cartridqe by eluting

vith O.05M phosphate buffer containinq O.3M HaCl. By this method,

the fractionation could be performed at the gram level. (~fidon

and Nq-Kwai-Hang, 1992).

2. 7 •2.1.2. caUcn~ c:hrc.aœgzçhy

Otilisation o~ cation-exchange columns explored another

option for casein separation. Arman and Manson (1969) ~i.r.t

described the procedure to purify CIe-casein on il S~phoethyl

Sephadex C-50 column. Later on, ~urther resolution o~ minor a.-
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casein (a.z-, CId-, CIH- and cz.rcasein), as ve1.1 as c-casein vere

perfo.aned on cation-exchanqe Amber1ite C650 co1umn vith 3H urea

and NaCl qradient at pH 6.0 (Snoeren et al., 1977). The separation

of casein vas also achieved on a cationic Kono S Cha/S/S column

vith pH 3.2-3.8 b~fers as reported by Andrews et al. (1985) and

st-Martin and Paquin (1990).

M an inqredient for dietetie foods, GMP attracted lots of

interests reeently. Satisfaetory separation of macro-peptide OfE-

casein had been accomplished by ~onil and Kollé (1991) usinq a

Mono S column vith pH 2.0 buffer. Purification of some vhey

protein components vere achieved by Sulphopropy~ cation-exchanqe

chromatoqraphy (Yoshida and Ye-Xiuyun, 1991) •

2.7.2.1.3. ~tLt:e

Whole casein separation vas achieved on various stationary

phase. Fractionation of vhole casein on hydroxyapatite vas

obtained by Addeo et a~. (1977). Later, Visser et a~. (1986)

reported that casein fractionation vas per!ormed on a Bio-Gel HPHT

column vith IŒIzPO. and caClz eontaininq mobil.e phase. From the

result, ,,-casein A and 8 variants are part1y distinquishable.

However, CIal-casein andCXa2-casein are co-e1uted.

2. 7.2.1••• M~J.JU.ty =rc.at.op.pay

The review of affinity ehromatoqraphy by Wilchek et al.

(1984) diseusses availab1e methods for activation of solid

supports, couplinq of ligands, absorption of proteins, and e1ution
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of protein from a~fi.ni.ty co1umns. The fractionation of casein vas

a1so perfonned by affinity chromatoqraphy in bovine (Nijhuis and

Klostermeyer, 1975) , porcine (Briqnon et LI., 1977; CerrUng-

Beroard and Zevaco, 1984), caprine (Razanajatova and Alais, 1977)

and ovine (0.11'0110 et .~., 1990) 1Id1k. Recently, sheep mi1k

casein vas fractionated into tvo components composed of aal-casein,

p-casein and ~-casein,c-casein on an activated thiol-sepharose 48

affinity co1umn (Da11'Olio et al., 1990). Hovever, no successfu1

fractionation of different genetic variants of milk proteins has

been reported so far.

introduced by Creamer and Richardson (1981) and then modified by

2 . 7 .2 •1.5. lIydropbobic J.nt:eraaUon

• Hydrophobie interaction chromatography vas first

•

Chaplin (1986) for bovine vhey protein and casein separation on

a phenyl-superose column. In this study, different casein

components shov the relative migration order of: p<a, a.z-<c-<a.l-

caseine Later, a rapid reproducible and 1ess denaturation method

to separate proteose-peptone vas described by Girardet et al.

(1991) on a TSK-Phenyl 5PW column vith ~ to OM ionie strenqth

of NaHzPO. at pH 6.8. Hydrophobie interaction chromatoqraphy vas

a1so adapted to purifY e&.l-easein vi.th a semi.preparative

spheroqel TSK-G Phenyl 5PW usinq 0 • 05M sodium phosphate urea

buffer (Sanogo et a~., 1989). An improved method for isolation

of disulphide-linked œ.z- and K-casein frolll bovine IDilk va•

ascertained on a Phenyl Superose RR5/5 column (Syvaoja, 1992).
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The elution eonsisteel of a linear grac:li.ent ~rom 0.48 K sodilDll

phosphate (pH 6.3) to 0.037 K same bufLer at pH 6.5 vith the

presence of 2.5 K urea and 0.02' sodium azide.

The chromatographie separation of protein mixture by size-

exclusion is dependent upon molecular sizes of the components.

Theorically, protein. larger than the pore size of the

•

chromatographie matrix vill be excluded and eluted in the voiel

volume. Those with sizes smaller th.n the pore size of the

matrix vill penetrate into the pore anel LollOW longer flov paths

in the arder oL large to small. rt was also oL interest ta stuely

the application of size exclusion methocl milk protein separation

in a rapicl and reliable vay (Barrefors et .~., 1985). Durinq the

earlier study, disulphide-linkecl CltIl2- anel ~-easein had been

fractionateel by gel chromatography from bovine skim milk (Toma

and Nakai, 1973). Later naturally occurring disulphide-linked

a~2- and c.-casein in bovine mil.k vas purified by gel

•

chromatography using a Sepharose CL-68 column (Rasmussen and

Petersen, 1991). In Most of the cases, the caseins vere too

s~lar in their size to be separated, whereas, high speeel gel

filtration can provide satisfactory separation of a11 the whey

proteins on Sephacryl.-S-1000 (Ekstrand and Larsson-Raznikiewiez,

1978) and Superose 12 column (Andrews et al., 1985). The

analysis oL qlycomacropeptide in rennet milk vas stuclied by

Sharma et al. (1993) vith HPLC on a protein pak-125 column. Size
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exclusion vas perfo~ed on TSK gel G3000 PWn column (Kavakamiet

et: al., 1992) anel TSK 2000 S. column (Lopez-Fandino et al.,

1993) for determination of ~-casein glycomacropeptiele.

FPLC anel RPLC have been useel for ge1. ~iJ.tration method

where the reso1ution is based on size of moJ.ecu1.es. Andrews et

al. (198S) reporteel for vhey protein separation on a Superose 12

column vith 0.1 M Tris-HCJ. butfer contailÜnq 0.5 M NaCl anel 10

mM NaN] • More recentl.y, purification anel characterization of

proteose peptone fractions of bovine ~l.k vere achieveel on

Sephadex G-75 co1umn vith 0.1 M NH.HCOJ butfer at pH 8.0

(Sorensen anel Petersen, 1993).

Characterization of bovineK-casein vas achieved by HP qe1-

permeation chromatography basecl on their difference in N­

acetylneuraminic acid (NeuAc) and/or phosphorus content (van

Hooydonk and ol.ieman , 1982; Vreeman et .~., 1986; Davies and

Law, 1987).

2.7.2.1.7.~...-p~ B1'LC

Utilization of reversed-phase col.umn has greatl.y expandeel

the anal.ytica1 capacity of cnromatography. Reverseel-phase HPLC

became the choice for resolvinq mixtures containing smal1

proteins anel peptides since it enab1es the deJ.ivery o~ qood

separation efficiency vith J.ov sampJ.e requirement (Covey et al.,

1991). Reverseel-phase separation of casein components were

carrieel out on C-18 column (CarIes, 1986; Visser et al., 1986;

Strange et al., 1991), C-4 column (Parris et al., 1990) as well
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1986).

•

•

Traditiona11y, the ~r.ctionation vas achieved by incr.asinq the

gradi.ent o~ acetonitri1e vith 0.1' TFA inside the mobile phase

(Gonza1ez-Ll.ano et .1., 1990; SwaisCJood, 1993). Mikke1sen et

a~.(1987) purified ~1-casein by reversed-phase HPLC.

App1ication of co~umn chromatoqraphy for mi.1k proteins are

mainl.y focused on protein separation and puri~ication by usinq

either ion-exchanqe or size exc1usion techniques. Regardinq

phenotypinq of mi1k proteins, the differences between genette

variants, in most of cases, are not sufficient to be discriminated

by size exc1usion method. During the past decades, a few papers

have been published invo1vinq in identification of genetic variant

by ion-exchange chromatoqraphy and reversed-phase HPLC. GeneraJ.ly,

chromatoqraphic methods are relatively laborious and ti.me-

consuminq compared to electrophoresis.

2. 7 .2.2.1. :Ion-.xchange cmzc.atognphy

In 19605, the use of DEAE-ce11u1ose ion-exchanqe co1umn

chromatoqraphy containinq urea helped to separate p-casein A

variant from C (Thompson and Pepper, 1964) and tt-casein A and B

variants (Tholl;)son, 1966). In these cases, the separation of

genetic variants is also ascertained according to the difference

of net charqes of the molecules. Later, reso1ution of p-casein A

and C variants vas achieved by QAE-cellul.ose ion-exchanqe

stationary phase (Nq-KWai-HanCJ and P61issier, 1989).
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The a~p1~cat~on o~ Fast Protein Liquid Chromatoqraphy ancl

Hiqh Per~ormance Liquid Chromatoqraphy significant1y clecreasecl

possib1e runninq time as we11 as the increased reso1ution.

Separation or p-1actoq1obul.in A and B variants was reported by

others (Pearce, 1983; Hl.Jq)hrey and Newsome, 1984; Andrews et .1.,

1985). GuiJ.1ou et .1. (1987) differentiated c-casein A and 8

variants as weJ.1 as JI-casein Al and C variants by ani.on-exchanqe

chromatoqraphy. The separation for Ie-casein A and B variants as

we11 as their ql.ycosy1ation components had been ascertained by

DEAE-ce11u1ose anion-exchanqe chromatoqraphy (Donq, 1992).

•

•

Quantitative examination of p-casein pol.ymorphism by cation-

exchanqe chromatoqraphy usinq acetate-urea burrer was describecl by

Ho11ar et al. (1991a, 1991b) and Law (1993). caprine c-casein

fractionation and its po1ymorphi.sm has been stu~ed on the same

kind of column (Law and Tziboul.a, 1993). But somehow the resu1t

was 1ess attractive than that from anionic co1umns.

2.7.2.2.2. ~-pha8e III'LC

Based on their ~fference on hydrophobicity, Jaubert and

Martin (1992) reportecl the clistinquishab1e Cld- and CI.2- qenetic

variants on a Vydac C-4 co1umn. Visser et .1. (1991) reported

the reso1ution of q1ycomacropeptide (GYP) A and B, œ.l-casein BIc

and D, p-casein Al, A2 and A3
, c-casein A and B as we11. as p-

1actoq1obu1in A and B variants on a C18 co1umn US~9 an

increasinq gradient of acetonitri1e. Moreover, the separation of



• 43
two variants o~ porcine P-Lg vas e1ucidated by Da1g1arrondo et

al. (1992) a~ter a subsequent sa1tinq-out at 10v pH.

2.7.3. C__in hydzo1y.i.

A great advantage o~ reversed-phase HPLC ia its

•

•

application for peptide mappinq after casein hydrolysis.

Reverseci-phase HPLC was initially uti1ized by Bican (1983) to

resolve the products of tryptic digests o~ total casein and

concluded that thi. method had attractive potentia1 for uae in

food industry. Later on, the separation of casein hydro1ysates

after treatment vith proteases such as chymotrypsin, bovine

plasmin and trypsin have been e1ucidated (Leaelbeater and Ward,

1987; Lemieux and Amiot, 1990; Le Bars and Gripon, 1993). The

examination of the extent of whey protein denaturation by

reversed-phase HPLC vas also described (parris and aaginski,

1991).

2.7.3.1. P1.-1.n

As a native proteinases of mi1k, hydro1ysis of casein by

bovine p1asmîn was first studied by Eige1 (1977). In bovine

milk, p- and Cla2-casein are easier to cl.eave than Clal-casein

while, ~-casein and whey proteins are more s1ov1y hyclro1ysed and

more resistant. Accordînq to Le aars and Gripon (1993), tv.nty

peptide bonds consisting of Lys-X or Arg-X in CI.l-casein can be

potentia11y cl.eaved by pl.asmin. Hovever, they onl.y identified

fourteen of them. This is possib1y due to the fact that «'1-
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casein is J.ess susceptibJ.e to pJ.asmi.n hydroJ.ysis vhen compared

to other protein such as p-casein (Visser et .~., 1989).

GeneraJ.J.y, peptide bonds vhich had an aromatic or

hydrophobie residue at the N-terminaJ. side of the scission bond

were found to be susceptib~e to hydroJ.ysis by chymosin. The

primary action of chymosin durinq cheesemaJdnq occurs at the

PhelOS-Metl05 of tt-casein and triqqers the coagulation process of

milk. A specific study for the action of chymosin by HPLC vas

reported by van Hooydonk and Olieman (1982). The recent study

for proteoJ.ytic specificity of chymosin on bovine m.l-casein vas

The comparative study of CMP from covs, eves• performed

conditions.

by McSveeney et a~. (1993) under variable pH

and

qoats milk by RP-HPLC vas investiqated for the fraction soluble

in 4% trichoroacetic acid after treatment vith chymosin (Lopez-

Fandino et a~., 1993).

2.7.3.3. ~.in

As the Most documented proteolyetic enzyme, trypsin

•

specificaJ.J.y cJ.eaves after Lys and Arq residues. Hovever, it is

also suqqested that tryptic hydro1ysis takes place more slovly

when a basic residue is adjacent 1n sequence to an aciclic

residue or to cysteine (Léonil and KoJ.l', 1990). Carles and

Ribadeau-Dumaa (1986) anaJ.ysed tryptic hydrolystaes of p-c.sein

Al. Later, an HPLC study for bitter peptides resul.tinq from
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tryptic hydro~ysis of p-casein A2 vas reported by Leadbeater and

Ward (1987) where sixteen theoretica~ fraqments cou1d be

expected. Later, the liberation o~ tryptic caseinomacropeptide

of IC-casein was determined by BPLC after trichloroaceti.c acid

precipitation and anion-exchange chromatoqraphy (L6onil and

Hollé, 1990). At the same time, the comprehensive study on

trypsin hydrolysis of who~e caseins vere reported by Lemeux and

Amiot (1990) usinq peptide mapping.

2 • 7 . c. H.. t:achno1.ogy and .:11.en~ YaZ':1anu

Nithin the past four decades , the maj or caseins and whey

proteins of bovine mi~k have been revea~ed to contain namerous

genetic variants. Among the 20 amine acids, three of them carry

positive (His, Arq, Lys) and two carry negative (Asp, G1u)

charges, whereas, the remaining 15 belong to the neutra~ amine

acid group. Vith regard to this condition, it could be predicted

that the presence of some genetic variants of mi1k proteins due

to mutations not invlovinq changes in net charges cannot be

established by electrophoresis. These are so-called non-

•

electrophoretic variants or "silent variants". Si1ent variants

resu1tinq trom neutra1 amine acid substitution was first

demonstrated in human hemoglobin by tryptic peptide mappinq

using reversed-phase HPLC (Schroeder et al., 1982). Shortly

after, the same group found the substitution ot Met .... Thr in Rb

Aztec peptide by Vydac ct reversed-phase column with a shallow

gradient of acetonitrile trom 44-55.6' in 60 min (Schroeder et
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a~., 1985). Later on, another siJ.ent variant invoJ.ving Val. to

Leu substitution vas distinguished rrom tryptic hydrol.ysate o~

HbA (Jones et a~., 1990). In mil.k proteins, the neutral amino

acid substitution o~ Pro to Leu vas round in p-casein rraqment

114-169 a~ter trypsin hydrolysis of Al variant (Car1es, 1986).

Another discovery of aberrant variant te~ed as "W" vas revealed

from p-lactoglobu1in B (Ile -+ Leu) (Presnell et .~., 1990).

Most recent1y, the nature of heteroqeneity of multiple

phosphorylation in mil.k protein peptides vas studied by Kass

Spectrometry combined vith other techniques. The determination

of peptide mapping of human serum albumin by chemi.cal and

enzymatic cleavage usinq HPLC and fast-atom bombardment mass

spectrometry vas described by Compaqnini et .~. (1994). The

study on proteolytic speciricity of chymosin on bovine Gal-casein

vas investiqated by HPLC and pl.asma desorption time-o~-flight

mass spectrometer (McSveeney et al., 1993). In caprine milk,

electrospray mass spectrometry (ESMS) analysis of the

•

chromatographie fractions of p-casein vas performed on a Bio-Q

triplequadrupole mass spectrometer to investiqate the dif~erence

in molecular veight o~ individual. components and to identify the

heterogeneity of attached phosphate residues (Chianese et al.,

1993). S~lar approach to l.ocate phosphorylation on synthesized

p-casein phosphopeptide vas reported by Liao et .~. (1994). Most

recently, l.oca1ization of phosphoryl.ation sites of ovine «&'1-

casein and its nev simple silent substitution (Ser -+ Pro) at
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the position 13 o~ C variant vas ascertained by HPLC and mass

spectrometry (Ferranti et .~., 1995).

A higtüy in~ormational. approach, mass spectrometry has

recent1y emerged as an indispensab1e and ~ast too1 ~or peptide

and protein structure ana1ysis (Covey et .~., 1988; Fenn et .~.,

1989; Carr et a~., 1991; Yates III et al., 1993) for providinq

precision information on minor structural. difference or

•

modifications of protein and peptide. In E1ectrospray Mass

Spectrometry, the ionisation process produces ionised fo~ ~rom

intact protein or peptide mo1ecuJ.es by nebul.isation in the

presence of strong electric field. Figure 1 is a schematic

diagram of a triple-quadrupol.e mass spectrometer and the

e1ectrospray interface. When the samp1e-containinq 1iquid i •

beinq pumped through an ionsprayer vhich has been maintained at

a high vol.tage, a mist of highl.y charged droplets is produced by

the formati.on of adducts vith several. protons. As the droplets

evaporate from the probe, ions are ejected into the gas phase by

a very lov energy process which does not induee fragmentation.

Compounds containinq one or more charged sites are observed as

singly or mu1ti.ply charged ions as they are being introduced

into a quadropo1e mass anal.yzer in the form o~ quasimolecul.ar

ions. In the mass determinations, peak centroid of the

•

experiment.l. mul.ticharged ion series vere considered in order to

qet exper~enta1 average molecul.ar mas. for comparison purpo•••

(Rouimd et .~., 1995). ~ ionspray can produce mul.tipl.y charged

ions predominantl.y by the formation of adduets vith several.

protons, Any pair of ions can be used to determdne the charge
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state and moleeular weiqht. Hovever, addi.ti.onal ions provide

confirmati.on of the charge state as vell as independent

measurement of molecular veight. The basic theory for "Hyper

Mass" funetion in APr III for molecular veight determination

using multiply charged ions is described in the follovinq

relationship:

and assuminq that the ions are adducts of the neutral

moleeule and protons

Then: nz - (ml - 1) 1 (ml - m2)

M - nz x (mz - 1)

•

•

While: nl,nZ: the number of charges

mh mz: mass to charqe ratio

M: the calculated molecular veiqht

Sensitivity and speed of the MS-based approaeh such as

tandem MS and on-line liquid ehromatoqraphy/mass speetrometry

using fast-.tom bombardment or electrospray ionization have be.n

integrated vith more conventional techniques in order to

increase the accuracy and speed of peptide and protein structure

characterization (Carr et: a~., 1991; Moll' and L'on!l, 1995).

Conversely, current techni.ques for structural analysis of

peptide and proteins sueh as nuelear _qnetic resonane. (NMIl)

spectroscopy and X-ray crystalloqraphy, are rel.atively time-
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consuming and typica11y require m111igram amounts o~ pure

materia1s (HOir et .~., 1995) •
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3. Naterial. aad M8~ocI

3.1. ()z'j.pn o~ .u.k ....1._

From a previous study (Ng-Kwai-Hanq et .~., 1990),

Holstein cows enrollecl in the Programme d'Analyse des Troupeaux

Laitiers du Quebec were phenotyped by electrophoresis for the

geneti.c variants of CZal-casein, p-casein, Ie-casein and p­

lactoglobulin. rn the present project, milk samples Lrom

identiried cows were selected to provide representives oL

different genetic variants of mi.lk proteins. Xt was possible to

obtain a.l-casein A, B, C; jS-casein Al, AZ, A' and B; IC.-casein A

and B in either the homozyqous or heterozygous fo~•

3.2. ~.tion o~ who1. ca_in

Approximately 25 mL of fresh milk samples vere collected

from the selected covs and skimmed twice by centrifugati.on at

3000 X 9 for 15 min at 4·C and the top layer of fat was removeel.

The skim milk vas adjusted to pH 4.6 by the addition of 1 M Hel

at room temperature. The precipitated whole casein was separated

out by centrifugation at 3000 X q and the supernatant vhich

containecl whey proteins was discareleel. The coaqulated whole

casein was subsequently v.shed vith deionized water and stored

at -20·C pendinq ~uture analysis. Prior to chromatoqraplUc

fractionation of the whole casein, electrophoresis vere

performed on a subsample to ascertain the phenotypes for œ.l-

casein, p-casein and Ie-casein.
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e1.c~Z'e8j,.

Genetic variants of œ.l-casein, p-casein and E.-casein vere

determined by po~yacry~amide ge~ electrophoresis in a vertica~

Bio-Rad minige~ system (Bio-Rad Laboratories, Richmond, CA). The

system contained tvo gel slabs vith the dimension or 10 X 8 X

0.1 cm and having 10 sample loading ve~ls each. The

identification of genetic variants vas carried out under

alkaline concütions (pH 8.3) according to the method described

by Kiddy (1975) and modified by Nq-Kwai-Hanq et a~. (1984). The

separation ge~ contained 4.5 M urea; 8% acrylamide; 0.3\ N,N'­

methylene-bis-acrylamïde; 0.025 H Trizma base; 0.065 H glycine;

0.003 H EDTA. The qe~ formation vas promoted by the addition of

0.6% of freshly prepared 10% ammonium persulfate and 0.06% of

N,N,N'-tetramethylethylenediamdne. The vhole casein samples vere

dissolved in sample buffer at the concentration of 50 mg/mL. The

sample buffer had the fo~lowing components: 4.5 M ureai 0.025 M

Trizma base: 0.065 M glycine: 0.003 M EDTA and 2' P-
mercaptoethanol. Tvo drops of 0.1% bromophenol blue vhich was

used as tracking dye vere added and mixed vith every 10 mL of

sampling buffer. For the eIectrophoresis, 3 f&L of the

•

solubi~ised whole casein sample vere 10.ded into e.ch wel~ of

the gel slab. Electrophoresis va. perforJlled vith an electrode

buffer (pH 8.3) having the same concentration of Trizma base,

glycine and EDTA as in the polyacry~amide gel. E~ectrophore.is

vas carriecl out at a constant voltage of 100 V for 100 min •
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After e1ectrophoresis, the qel vas removed betveen the glass

plates and trans~erred into staining solution containing 40..

methano1, 7' acetic acid and 0.1' Coomassie bri11iant blue R-250

in c:listi1.1ed vater. After staining ~or 10 min, the gel vas

careful1y removed and transferred into 7' acetic acid solution

for destaining by diffusion. The phenotyping ot each casein

component vas assessecl by visualization of the corresponcling

bands through transmittecl liqht. Onder the &bave conditions, œ.l-

casein had the hiqhest mobility folloved by JS-casein and IC-

caseine within a.l-casein, the foll.owing order of migration vas

observecl for the different variants: A > B > C. For p-casein,

variant A moved faster than Band C. tt-Casein A had faster

electrophoretic mobil.ity than Ie-casein B.

With polyacrylamide gel electrophoresis under alkaline

conditions, it was not possible to differentiate Al, AZ and A3

variants of p-casein. Therefore, e1ectrophoresis under acidic

conditions (pH 3.0) as described by Nq-Kvai-Hanq et a~. (1984)

was performed to phenotype JS-casein. The separation gel.

containecl 4 M urea, 6% acrylamide; 0.22% N,N'-lIlethylene-bis­

acrylamide; 8.6" acetic acid; 2.5' formic acid. Polymerization

was initiated vith 0.23% ammonium persul.phate and 0.65' TEMED.

Approximatel.y 50 mg of vet vhole casein vas completely dispersed

in 1 mL of sample butter containinq 6.6 H urea, 0.2' reducing

reagent JS-mercaptoethanol and 0.5" methy1 red as tracking c:lye.

Onder acic:lic conditions, p-casein carries net positive charges
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electroele.

•

•

Electrophoresis vas run vith a constant voltaqe o~ lSO V until

the traekinq elye reached the bottom edge o~ gel slab. At'ter

staininq and destaining, p-casein variants vere visualized and

had the ~olloving order of migration: B>A1>Az>A3 •

eJ.ectrophOZ08ai..

3 .... 1. ~CIIIl1:OgraplU.c f'zoacüonaUon of' wbol. aa..t.n

In the native state, casein exists as large micelle, and

therefore, it is necessary to denature its tertiary structure

before fractionation. Orea, a eODlllon protein denaturant vas

utilizeel throuqhout this study for this purpose. :In order to

avoid introduction o~ contamination from commercially purchased

urea (J.T.Baker), 4.5 M urea solution vas passed through a qlass

column containinq SOOq of mixinq bed AG SOl-Xe ion-exchanqe

resin (Bio-Rael Laboratories, Richmond, CA). The solution vas

then filtereel through a 0.45 micron pore size ~ilter membrane

(Whatman, Maidstone, Enqland). Additional deionization o~ the

urea solution vas ascertained by pumpinq it throuqh a QAE Zeta

Prep 250 cartridqe (LKB Produkter AB, Bromma, Sveden).

The isolation of individual casein from vhole casein was

performed on three di~ferent liquid chromatoqraphie systems:

3 ••• 1.1. tigh~O~ li.qu.t.d ~~agz:aphy

The hiqh per~ormance ion-exchange chromatography vas

carried out on a Waters HPLC system vhich consisted of a 600E
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multi-channel solvent delivery pump, a mu1ti-vavelenqth deteetor

and a Waters 745/7458 data acquisation moclule.

Approximately 250 mg o~ thaved vhole casein vere disslovecl

in 5 mL o~ Tris-urea bu~~er vhieh eontainecl 5 mM Tris in 4.S M

urea solution. The casein solution vas adjusteel to pH 6.0 by

dropvise addition of 1 M NaOH. Either 50 pL of p-mercapoethanol

or 1 mg of DTT vas addecl ta the reeonstituted solution one hour

prior to chromatoqraphic ~ractionation.

The separation of vhole casein vas ascertained on an AP-2

Protein PAl( DEAE-15HR anion-exchanqer packecl inside & thick-vall

glass column (20 X 2 cm, Waters Associates, Mîl~ord, MA). The

HPLC separation vas carriecl out as prevïously descri..bed (Nq­

Kwai-H&ng anel Dong, 1994) vith a gradient o~ sodium chloride

from 0 - 0.4 M in Tris-urea buffer. For optimum separation, the

pumpinq fl.ov rate vas maintained at 3.0 mL/min vith a back

pressure ranging fram 300 to 350 psi. The eluant vas monitored

through a UV deteetor at 280 Dm. Each chromatoqraphie run lasted

for 120 min incluclinq la min colwnn equilibration vith solvent

A, 20 min increasing gradient up to 30% solvent B, 15 min linear

gradient up to 40', 65 min increasinq gradient to 80% solvent B,

la min decreasinq qradient to 0% solvent 8 and a la min eolumn

reequilibration by 100% solvent A.

3 ....1.2 r ..t prot:e1n lJ.quJ.cl ~t:ograpby

Chromatographie separations o~ vhole caseins vere &150

carrieel out by a Fast Protein Liquid Chromatoqraphy (FPLC)

system (LKB Lab, Uppsala, SVeden) coup1ed vith the previous1y
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described ion-exchange column. The system included a single

wavelength detector at 280 nm, data acquisition device as vell

as a Frac-100 fraction collector (LKB Lab, Uppsala, Sveden).

Elution was performed at a constant flow rate of 3.0 mL/min vith

a linear qradient of sodium. chloride from 0 M to 0.4 M in the

buffer containinq 5 mM Tris and 4.5 M urea over a period of 70

min as previously described (Dong, 1992).

3. " .1.3. tio-Jtad Kcono 1J.quid c:=c.a~apby

A method for large scale isolation of electrophoretically

pure K-casein, p-casein, g.2-casein as vell as g.l-casein from 2 q

of thaved whole casein vas also developed usinq Bio-Rad Econo

Liquid chromatography (Bio-Rad Laboratories, Richmond, CA). The

system consisted of a programmable solvent delivery system, a

single vavelenqth UV detector at 280 nm, a salt conductivity

monitor, a fraction collector as well as a chart recorder which

responded to UV absorbancy and salt conductivity. The whol.e

casein fractionation vas achieved by increasinq NaCl from 0 M to

0.5 M in a stepwise manner in 5 mM Tris, 4.5 M urea solution at

pH of 7.0. Approximately 2 q of vet casein which oriqinated from

25 mL of fresh milk were reconstituted in 20 mL of Tris-urea

buffer and adjusted to pH 7.0 by dropvise addition of 1 M NaOH.

Then 5 mg of DTT was added to the casein solution one hour prior

to loadinq. The casein solution vas loaded onto a glass col.umn

(25 X 2.5 cm) packed vith Macro SOQ anion exchanger (Bio-Rad

Laboratories, Richmond, CA). The whole casein separation was

also achieved on Hiqh Q anion exchanger from the same supplier.
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A sequentia1 stepvise elution procedure ~or di~~erent

casein components vas carried out vith the ~o1lovin9 MaCl

concentration: 0.10 M, 0.15 M, 0.20 M and 0.25 M in Tris-ure.

buffer. The ~lov rate vas set at 3 mL/min and each o~ the

e1ution vith each sal.t concentration lasted ~or 30 mdn. Prior to

the whole elution procedure, there vas a 30 mdn equilibration

step vith buffer containinq 0 K NaC1 as vell as a 15 min clean

up step vith 0 • 5 If NaCl Tris-urea b~t'er at'ter each run.

Absorbance ot' the eluant vas monitored at 280 nm and ~ractions

correspondinq to each absorption peak vere eollected

•

•

individuall.y by the fraction coll.ector. tc-Casein el.uted faster

than p-casein which el.uted faster than ~2-casein and ~l-casein•

Fractions correspondinq to each type of casein vere

col.lected accordinq to their chromatographie peaks and elution

times. The concentration and desal.tinq ot' each casein ~ractions

vere achieved by a model. 8400 ultrafiltration ce1l (Amicon

Division, Danvers, MA) fitted with YHl0 membrane vhich has a

moleeular veight eut-ort' of 10000 dalton (Whatman, Maidstone,

Enqland). The liquid floved throuqh the cell. by a stream of

nitroqen at 40 psi. vith constant sti.rring. Bach ~raction from

HPLC and FPLC separation vas concentrated to a final volume of

approximately 1 mL vhile the final. sample volume trom large

scal.e separation in Bio-Rad system vas 5 mL.

The identity and purity o~ each casein sample vas

ascertained by po1yacrylamide gel electrophoresis under a1ka1ine
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and p-

mercaptoenthanol as prev1.ously described. A vol.ume o~ 10 pL o~

the concentrated casein rraction was dil.uted with the same

amount of sample bu~~er as described be~ore. For band

identi~ication, a standard whole casein sample was loadecl

together vith individual. casein fractions on the same gel slab.

The el.ectrophoresis was performed at a constant voltage of 100 v

until. the tracking dye reached the bottom end of the qel. ~ter

staininq and destaininq, casein fractions exhibited the

•

•

followinq relative order of miqration: ~O-~l->œ~->p->K-casein.

Exactly 10 mq of trypsin crystall.ized powder from bovine

pancreas (leM Biochemica1s, Cleveland, OH) vere weighed anel

dissolved in 100 mL of pH 7.44 phosphate buf~er which contains

0.04 M Na2HPO. and 0.01 M KH2PO.. The enzyme workinq solution was

diluted five folds vith the same phosphate bu~fer. The isolated,

desalted and concentrated casein fractions vere mixed vith the

enzyme solution in the ratio of 1:1 (v:v) for ~-casein, 3:1

(v:v) for p-casein as wel.1 as ~l-casein. The final volume for

the mixture vas 400 JIL.

Each casein/enzyme preparation was thorouqh1y mdxed usinq

a vortex mixer and then incubated for 30 h in a water-bath set

at 3S·C. lt was observed that the extent of hydrolysis of the

individual caseins as indi.cated by maximUlll number of peptides

was reproducible under those conditions. The hydrolysis reaction
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vas stopped by decreasing the pH or the reaction mixture to 2.2

vith the addition of 10 J&L 10% trifluoroacetic aci.d. After

allovinq the hydroJ.ysate to stand at rooID temperature for one

hour, the mixture vas centrifuqed at 10000 rpm for 15 min in

order to separate out the residual. protein vhich vas not

hydroJ.ysed. Then the supernatant containinq a mixture of

peptides vas transferred to a 1.8 mL glass autosampler vial

pendinq further analysis by HPLC.

Casein hydrolysates obtained froID the Above procedure vere

achieved by usinq a set-up comprised of a Waters 600E

chromatoqraphy. The separation of the different peptides vas

•
analysed by reversed-phase hiqh performance liquid

multisolvent delivery system, a multivavelength 490E UV

•

detector, a Waters 745/745A data inteqrator, an in-line C-18

quard column, a reversed-phase p.Bondapak phenyl SS analytical

column (3.9 X 300 mm, 10 micron, Waters Division, MiJ.J.ipore

Corp., Milford, MA). The system vas automatically operated via a

programmab1e Varian 9090 autosampler (Walnut Creek Division,

CA) •

The 501vents used cluring reversed-phase separation vere

prepared frOID deionized vater vhich vere obtained frOID NANO

ultrapure vater system (Barnstead Thermo1yne Corp., Dubuque,

IW). The eluant A contained 0.1. trifluoroacetic acid (TFA) in

deionized v.ter anà solvent B containecl 60\ acetonitrile in 0.1'

TFA. Solvent A and B vere deg••••d vith helium at a flov rate of
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100 mL/min ~or at least 15 min run and ~i1tered throuqh 0.45 pm

pore s~ze fi1ters pr~or to the chromatoqrap~c rune

Exact1y 150 ~ of casein hydro1ysate was applied via the

automatic injector into reversed-phase co1umn. Profile of casein

hydrolysate vas monitored at vavelength of 280 nm. Operatinq

flov rate vas maintained constant1y at 1. 0 mL/min vhi1e the

temperature of column vas maintained at 40·C vith the perfo~n9

back pressure ranqinq from 800 to 900 psi. The optimum

separation condi.tions vere determined accordinq to the maximum

resolution of the mixture of peptides from hydro1ysates. The

column vas equilibrated by passinq throuqh solvent A for 5 min.

After sample injection, the peptides were eluted by a linear

gradi.ent of 0% to 100% so1vent B vithin 7S min. E1ution vith

100% solvent B was mai.ntained for 5 min as a clean-up procedure.

This was fol1oved vith a shitt from 100% B to 0% B in 2 min and

a completion of column re-equilibration vith 100% A for 5 min

before the next sample injection.

Peptide maps vere classified accordinq to pre-established

electrophoretic phenotypes. In order to avoid confusion of

tryptic peptides from heterozyqous phenotype, only the samp1es

vith homozyqous variants vere carefu11y compared. Typica1 peak

retention t~e correspondinq to each peptide from hydrolysate of

recorded and used as reference. The standard profiles for each

casein cateqory vere selected by comparison of peptide maps vith

the same electrophoretic phenotype. The sample correspondinq to

the most representative elution pattern vas chosen for each
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casein type. To establ.ish the identity of individual. peaks

generated by peptide mapping, each peaks c01lected ~rom standard

tryptic mapping vas dried ~ec:liately under vacuum and stored at

-20·C. The i.dentification o~ .ach standard peaks vas .cMeved by

amine acid composition as well. as mass analysis. The comparison

with previously described casein elution pattern was also

employed in this study.

The aberrant pro~i~e vas also identifi.ed during the

comparison vith standard pro~ile vith the same electrophortic

pattern. The tryptic hydrolysates from aberrant samples vere

rechromatographed and peaks vith aberrant retent:ion time vere

collected and vacuum dried prior to further anal.ysis. In this

case, the identity of aberrant peptide fragment vas established

by a combination of the res1Ùts from analysis of &llÙ.no acid

composition, molecular veight determination by mass spectrometry

and amino acid sequencing.

Peptide mapping of tryptic casein fragments vere also

ascertained by a :Inertsil 150A/ODS2 (0.46 x 10 cm, 5 micron,

CSC, Montreal) reversed-phase column at the flow rate of 0.7

mL/mi.n. After the injection of 60 pL hydrolysate, the program

was initialized by holding at 100. solvent A (5t acetonitrile in

water vith 0.1' TFA) for 5 min. Separation gradient consiatecl of

increasinq to 30. solvent B in 40 min. Then, sol.vent B vas

linearly increaaed to SOt in 5 min anel then 100' in 2 min. ~ter

return to 100' A in 2 min, the column was then equi.li.brated vith

solvent A ~or 5 min prior to next injection. The total an.lysis

time vaa 60 min.
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3.4.5 • ..... ..-cua-~

Mass spectrometry ana~ysis o~ vho~e casein and se1ected

peptides t'rom casein hydrolysates vere per~ormed on a Sciex API

III trip~e-qu.drupole instrument (Seiex, Toronto). On~y the

first quadrupole vas used ~or determination of the mass to

charge ratio. Mass scale ca1ibration vas earried out usinq the

multiple charged ions of a standard lysozyme vhich has a

mo1ecu~ar veight o~ 14305. Quantitative analys!s of lysozyme vas

performed by inteqration of the multiple charged ions of the

sinq1e specie, the acceptanee criteria vas 14305 t 2. The

instrument Q1 scan vas operated over a mass ranqe of m/z from

200 to 2500. The dry peptide fractions in the eppendrof tubes

were reconstituted in 20 pL of 10. acetic acid prior to

injection and loaded into the ion source at a flov rate of 2

J1L/min by using a syringe pump (Harvest Apparatus, MA) via a

pneumatically assisted e1ectrospray interface. All spectra vere

recorded usinq an interface sprayer at a potential of SOOO V.

Positive ions vere generated by the ion-spray proeess and

entered the mass spectrometer tbrouqh a 100 pm orifice at an

interface potential of 650 V. All data acquisition vas achieved

on an Macintosh II computer equipped vith the softvare packaqe

Mac Spec 3.22.

A computer search .1qorithlll "Kac Pro Kass'" (Terri Lee,

City of Hope, Duarte, CA) vas used to identify protein sequences

in the previous established database vith peptide rnass

information obtained from tryptic digests of casein.. The
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averaqe mass o~ each tryptic peptide o~ casein vas used to

locate peptide ~ra9Ment on the vhole sequence.

3.4 • , • De~t::i.Oft o~ a.:Lno acd..d a 1 0.1UOil

The Pico-Taq method usinq precolumn phenylisothio-cyanate

(PITe) derivatization and liquid chromatography vas employed ~or

the determination of amina acid composition in tryptic peptides

(Sarwar et a~., 1988).

Peptide ~rom Fibronectin type III connectinq segment

(peptide 1 25, Sigma, St-Louis, MO) contains amine acids

•
comparable to the casein peptide o~ interests, especially a hiqh

proportion o~ Pro, vas used as a reference peptide to deteraine

recovery for all amino acid residues. In order to have an

adequate sample size for analysis, it vas necessary to pool the

fraction correspondinq to a peptide of interests from six

different chromatographi.e separation runs as previously

•

described (Section 3.4.4.). The pooled ~ractions vere collected

in a 6 x 50 mm culture tube and dried under vacuum. Exaetly 200

~l of 6 N HCl vere added and solution was well mixed by a vortex

mixer. Then, one drop each o~ phenol, p-mercaptoethanol and

octanoic acid vere added and the mixture vas flash ~rozen in

liquid nitroqen and folloved by thawinq under vacuum in order to

release the dissolved oxygene The tube vas sealed and maintained

at 110·C for 24 h. After coolinq down to room temperature, the

hydrolysate vas passed throuqh a 0.45 JIIIl pore size ~ilter by

centri~uginq at 3000 rpm ~or approximately 5 min •
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A mixture consistinq o~ 10 pL of hyclrol.y.ate and 10 pL o~

norleucine as internaI standard vere trans~erred and evaporated

to dryness under vacuum in a 5 x 50 DIIl cul.ture tube. Then, 50 fIL

of reducing solution containing methanol., vater, and

•

•

triethy1amine (TEA) in the proportion of 2:2:1 vere added. The

contents of the tube vere vel.l. mixed and fo11oved by evaporation

under vacuum at room temperature. The dry substrate at the

bottom of the tube vas dissol.ved in SOpL of PITC derivatization

reagent containing methanol., vater, TEA, and PITC in the ratio

7:1:1:1 and the content vere evaporated to dryness under vacuum.

Finally, the sample was reconstituted in 200 pL of sampl.e

diluent for HPLC analysis (Waters Cooporation) and centrifuqed

at 3000 rpm for 5 min to sett1e the precipitates. The

supernatant was transferred into an insert l.ocated in a sampl.e

injection via1 pending ana1ysis by HPLC.

The chromatographie system vas coupl.ed with a Waters Pico-

Taq amine acid ana1ysis co1umn (0.39 x 15 cm) beinq maintained

at 3S·C and a UV detector monitored at 254 RD. The mobi1e phase

A consisted of 60 mL of acetonitri1e and 940 mL of mixture vhich

contained 19.0 q sodium acetate, 500 pL of TEA vith pH adjusted

to 6.4 by the addition of acetic acid. The mobile phase B was

made up of 60\ acetonitri1e and 40' water. The gradient are

listed in the Table 1 vhich consisted of a 13.5 min gradient

separation at the flov rate of 1.0 mL/min and a 7 min

equi1ibration vith mobile phase A for the next ana1ysis. The

tota1 runninq t~e vas 20.5 min.



J. Table 1. Separation Gradient for Pico-Tag Amino Acid Analysis '5

Time Flow rate A% B% Curve*
(min) (mUmin)
0.0 1.0 100 0 5
1.0 1.0 88 12 6
3.0 1.0 80 20 6
11.0 1.0 60 40 6
11.5 1.0 25 75 6
13.0 1.0 0 100 6
13.5 1.5 0 100 6
14.0 1.5 100 0 6
20.0 1.5 100 0 6
20.5 1.0 100 0 0

• 5=concave; 6=linear

•

•
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The app~ication o~ the PITC derivatization, hovever, can

provide satis~actory reso1ution ~or most of the amdno acid

residues except ~or Trp, Met as Met s~fate and Cys as cysteic

acid. Kerein, Trp needs basic hydro1ysis as ve1~ as a decrease

in co1umn temperature (Sarwar et .~., 1988; Marty and Chavez,

1995) •

3. C. 7. a.:Lno ac:J.cl~

The N-terminal. sequencinq of the re~erence and aberrant

peptide of p-casein Al fragment 114-169 vas carried out by

automated Edman degradation method on an App1ied Biosystem

protein sequencer. In order to achieve enough quantity, tventy

col.lections of the aberrant peptide vere poo1ed and dried under

vacuum. Brief1y, each degradation cyc1e consists of three steps:

couplinq, cl.eavaqe and conversion as described by ~1en (1981).

In the coupl.inq step, the N-te~nus of the peptide ia modiried

by coupl.inq vith phenyl isothioeyanate under basic conditions

and fo~ed a phenyl.thiocarbamoyl (PTC) peptide. In the fo11owing

step, the PTC-peptide is c1eaved ~rom pol.ypeptide by

•

trifluoroacetic acid (TFA) to generate an anilinothiazoline

(ATZ)-amino acid derivative of the original. N-te~na1 residues.

Durinq the conversion step, the unstab1e ATZ-amino acid is

converted to stabl.e phenyl.thiohydantoin (PTH)-amino acid by

acid. At the same time, the new N-terminus for the Cn-1) peptide

is avail.abl.e ~or the next cye1e .
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4 .1. %Mnü~icaUon o~ ~Uc .-riant:. o~ c...in by

eJ..cUopbo~i.

A total o~ 635 inclividual IIlilk samples from Holstein­

Friesian vere used ~or this study. Electrophoretic variants of

caseins vere determined. by polyacrylamide gel electrophoresis

under alkaline and acidic concli.tions. Based on the alkaline

separation, four casein components have the relative miqration

orcier of ~l->md->p->E-casein. E1ectrophoresis under acidic

conc:lition vas performed to differentiate Al, Al and A3 variants

of p-casein. Most of the major phenotypes for caseins had be.n

observed in this study and they are included the folloving: A.l­

casein AB, BB, Be; p-casein A1A1 , A1A2 , A2A2 , A1B, A2a, A1A3; and

for E-casein AA, AB, BB.

4.1.1. cz.&-ca..tn

The typical resu1t of e1ectrophoretie separation of vhole

casein under alkaline condition is shown in Fiqure 2. Xn

alkaline pH, Cld-casein carries more neqative charges than Ad­

casein and p-casein vhich are followed by E-casein while genetic

variants of Cld-casein exhibit the relative mobility of A>B>C. As

indicated in Figure 2, 9 out of 10 individual whole caseins have

homozyqous BB type while whole casein sample in the 1ane .,
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+- ~-casein

• (-)' T 2 3 4 5" • ·7 •
-

• 10

+- K-easein

+- Sample loading

•

Figure 2. Phenotyping whole casein by polyacrylamide gel electrophoresis under alkaline
condition

1 2 3 4 5 6 7 8 9 10
Cls1-casein: 88 BB BB BB BB BB AB BB B8 BB
p-casein: AA AB AA AA AA AB AB AA AB AA
K-casein: AB BB AA AB AA AB AB AA BB AB
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contains heterozygous AB for œ.l-casein. The reason of this

reso~ution is baseel on the clifference of net charges of these

variants sinee there is a 13 amino aciel residues ele1etion from

position 14 to 26 in A variant. This deletion gives rise to •

distinctive negative charge when compareel with B variant which

consists of a positive residue Arq at position 22. As rare

variant, Clal-casein C was also observed as heterozygous Be type

in this study which has a s~ower mobil.ity than B variant,

however, it ls not shown in Figure 2.

The qenetie variants of a-casein are resolved by both

conditions, p-casein A variant coul.d be elistinquished from B• alkaline and acidic ge1 e1ectrophoresis. Onder alka1ine

•

variant by havinq a faster mobi1ity. In Fiqure 2, the samples at

lane 2, 6, 7 and 9 show two identical bands which represent p-

casein AB type while samples at ~ane 1, 3, 4, 5, 8 and 10 have

single band which belong to p-casein AA type. No differentiation

of p-casein Al, A2 and A3 ia possib~e due to their simi1ar

mobi1ity in the e1ectric field. In oreler to unambiquous1y

identify the nature of p-casein A variants, it is necessary to

perfO~ electrophoreaia under acidic condition. Figure 3 shows

the separation of p-casein variants on acidic e1ectrophoretic

ge1. It is observed that the samples at lane 2, 3, 4, 8, 9 anel

10 have two banels and thus woul.d be classified as heterozygous
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Figure 3. Phenotyping ~-casein by polyacrylamide gel electrophoresis under acidic
condition
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1 2 3 4 5 6 7 8 9 10

•

f3-casein:
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p-casein A1Az• The samp1e at lane 1 has single band vhich has

faster mobility vhen compared vith samples at lane 5, 6 and 7.

Therefore, it could be phenotyped as homozygous A1Al vhile

samples at lane 5, 6 and 7 could be te~ed as '-casein AZAz• The

difference o~ mobility of p-casein Al and A2 1s due to the amino

acid substitution at the position 67 vhere Al has a positive

residue His anel AZ has a Pro residue vhi.ch belonCJs to neutra1

amino acid. Therefore, variant Al moves faster tovard anode than

A2 under acicl.ic condition. Other variants such as ~-casein Al and

B vere observed in this stuely vith relative mobility of

B>A1>A2>A3
• The separation of p-casein Al and 8 vas not included

in Figure 3. S.imilar to previous result from the same

population, no p-casein C, D and E variant vas identified durinq

the study (Ng-Kwai-Hang et .~., 1986).

4.1.3. ~-ca.ein

~-Casein has the lovest mobility vhen compared vi.th a..l-

casein and ~-casein in a1kaline pH. As shown in Figure 2,

samples in lane 1, 4, 6, 7 and 10 consist of doub1e bands and

could be classified as heterozyqous AB type. Samp1es in lane 3,

5 and 8 contain single faster moving band as te~ed as

homozyqous AA. At the same time, samples in lane 2 and 9 have

single band vhich has slover mobility and therefore could be

recognized as 88 type. The difference of mobility of ~-casein A

and B variants is due to the amino aciel substitution at position
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148 where A has a neqative residue Asp and B consists of neutral

residue Ala. Onder a1ka1ine condition, A variant carries one

more neqative charge than B variant, there~ore, A moves faster

toward the positive side of e1ectric fie1d than B variant.

Successfu1 separation of c.-casein. A and 8 variants are

based on the presence of reducinq aqent which catalyzes the

disu1fide bond between c.-casein po1ypeptide. ~ c1early observed

in lane 1, 6 and 7, 8 variant appears to be more intense than A

variant on the basis of band density. The difference has been

attributed to uncertain qene requlation which resu1ts in the

difference in qene expression of c.-casein two a11e1es. A1so, K-

casein appears to be composed of several bands Above tvo major

e1ectrophoretic bands as indicated in Most of the samples. Zt is

suqqested that the oriqin of this heteroqeneity is depended on

mu1tiple qlycosylation and probably phosphorylation groups.

As noted by previous investigation, the distribution of

difference electrophoretic variants o~ casein. are closely

related to variation of breed, geoqraphic location as wel1 as

production trait adopted (Aschaffenburg, 1968; Ng-Kwai-Hanq and

Grosc1aude, 1992; ~, 1994; Kim et .~., 1996, 1998). The

summary of the occurrence of e1ectrophoretic variants aIIlong a

total of 635 Holstein covs invo1ved in thi. study are shown in

Table 2 •
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• Pr0t8ins Phenotype Number Percent
CXs,-Casein AB 1 0.16

(632) BB 627 99.2
BC 4 0.63

B-Casein A'A' 158 24.9
(634) A'A2 283 44.6

A2A2 128 20.2
A'B 33 5.21
A2B 27 4.26
A'A3 1 0_16
A3A3 1 0.16
BB 3 0.47

IC-easein AA 415 65.4
(635) AB 198 31.2

BB 22 3.7

•

•
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4.2.1. a...-c...:Ln

Vith the accordanee o~ previous ~:iterature, Clal-casein BB

i5 predominant in Ho~stein and accounts for 99.2' of 632 samples

anal.yzed as indicated in Table 2. As rare variants, Clal-casein A

and e vere onl.y observed in heterozyqous type vith lov frequency

of 0.63% for Be and 0.16% for AB phenotypes respectively. AJ.J.

these resu1ts are cl.ose1y in agreement vith previous findinq by

Ng-Kvai-Hanq et al. (1986) that Clal-casein BB, BC and AB

consisted of 94.03%, 5.38%, and 0.59% respeetively in a total of

2045 Holstein covs.

4.2.2. JI-C&8ein

Among 634 individual. covs beinq tested in this study, four

variants of p-casein Al, A2 , A3 and B with 8 different phenotypes

were observed. JI-Casein A1Al and A2A2 account for 24.9% and 20.2%

of the popu1ation respectivel.y. p-Casein A1A2 occurs with the

highest frequency and represents 44.6%. p-casein AlB, AZB and BB

had frequencies of 5.21%, 4.26% and O. 47% respective1y. There

was no observation for JI-casein A2A3 in this group while there

was a single observation for A3A3 and A1A3 was identified. P­

Casein B was a1so observed in homozygous and heterozyqous types

such as AlB, A2B and BB. These finc1ings are in accordance with

previous reports (Aschaffenburg, 1968, Nq-Kwai-Hanq et: al.,

1986) •
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C.2.3. ~-ca_ift

rt is known that variant A of Ie-casein is predominant in

most of the western breeds except for Jersey in which B variant

is found to be predominant (lfq-Kwai-Hanq and Grosclaude, 1992,

Kim, 1994). As incli.cated in Table 2, utonC) 635 samples being

investigated in this project, c-casein AA, AB and BB phenotypes

consiat of 65.4%-, 31.2%- and 3.46' respectiveJ.y. In addition, the

overa1.1 frequency of A and B variants account for 80.94\ and

19.05. respectively which are similar to those trom previous

investigation (Ng-Kvai-Hang et .~., 1986).

C.3. CIIz...togz'aplU.c .-paraUon o~ c-aèD8

A1l the whol.e casein samples isolated trom milk of 635

individua!. cowa were subjected to ion-exchanqe chromatography

usinq either qradien~ or stepvise elution procedure •

.& .3. 1. rractionation o~ _hoJ.. ca_" ft by ~acU.ent ~uUon

The fractionation of whole casein was pertormed on a DEAE

cel.l.ulose anion-exchanqe col.umn by HPLC and FPLC. The typical

el.ution pattern is presented in Fiqure 4. The optimal condition

for reproducïbl.e resul.t vas achieved by usinq Tris-urea bufter

at pH 6.0 and a linear increasinq of MaCl. moJ.arity in the mobile

phase as previously described (Dong, 1992; Ng-Kwai-Hanq and

Dong, 1994). Due to the strong tendency of aqgreqation for

casein micel.le, a samplinq bufter containinq 4.SM urea as

dissociation aqent vas utilized in order to promete dissociation
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of micellar components. At the SaBle tilDe, due to the presence of

dis~fide bond betveen ~-casein and c-casein, it is also

necessary to add reducing agent to the alkalized sample prior to

fractionation. The addition of reducing agent prevents the

formation of casein complex as vell as ~-casein dimer.

Elution characteristic of proteins is quite dependent on

their net charge under the perfo~ed pH. Elution of protein from

anion exchanqer is ascertained by increasing the concentration

of chloride ion. Figure 4 shows the elution profile of vhole

casein fractionation by NaCl gradient. In the present study, the

gradual increase of MaCl molarity from 0 to O.SM gives rise to 8

well-defined casein fractions denoted as I to VIII according to

their relative elution order. Their identity and purity were

determined by polyacrylamide gel electrophoresis with the

standard whole casein on the gel. The first peak, denoted as Fl,

el.uted before Nael. gradient corresponds to the reducing agent

and unbound component from loaded sample. The first peak eluted

by sal.t gradient, dencted as F2 consists of proteolysis

component in casein such as y-casein which vas considered as

breakdown product of p-casein polypeptide. The representative

electrophoresis gel vith regard to identification of casein

fractions is shown in Figure 5. Accordinq to their relative

migration when compared. with whole casein sample on the gel,

fraction X and XI contained ~-casein, fraction XIX corresponds

to p-casein, fractions rv and V represent minor a.-casein (u~-,

C1.«- and a..-casein) while fraction VI represents for C1n-casein.
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Fraction VII shovs the presence o~ u.o-casein. The last fraction

VIII is probably attri.buted to small amount of non-reduced It-

casein or to a complex between It-casein and Cla2-casein due to

inte~olecu2ar -s-s- linkage. It va. implied that all the major

casein components (fractions l, II, III and VI corresponding to

It-casein, p-casein and a.l-casein respectively) are in

electrophoretically pure forma.

For the It-casein fraction, electrophoresis indicates the

resolution of multiple bands which are due to different degree

of qlycosylation. This also implies that 5 or 6 It-casein

4.3.2. rractionation o~ who1. ca_in by .~ri_ tiuUon•
subcomponents

condition •

can be distinguished under the descri.bed

•

The fractionation of approximately 2.0 9 precipitated

casein was achieved on an Bio-Rad Econo Le system equipped vith

a Macro 50Q anion-exchanqer packed inside a glass column. The

casein separation vas perfo~ed by five elution procedures vith

increasing molarity of NaCl in Tris buffer containing 4.5M urea.

Isolation of large quantities of casein camponents was achieved

by stepwise elution with 0.1 M, 0.15 M, 0.2 M, 0.25 M and 0.5 M

NaCl eluant vith initial equilibrium and reequilibrium by .alt­

free mobile pha.e. The typical elution profile is presented in

Figure 6. The identity and purity of each casein fraction vas

ascertained by electrophoresis vhich exhibits similar pattern as

that shown in Figure 5. The resuJ.t shoved that Ie-casein vas
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eluted by the Tris-urea buffer containinq O.~ MaCl. '-Casein,

a.2-casein and œ.x-casein vere eluted by the b\dfer containing

O.15M NaCl, 0.20M NaCl and 0.25M MaCl respectively. An

•

•

appropriate ratio of 1:3:1:3 vas observed for the relative

proportion of peak area of E-casein, p-casein, a.z-casein and a.1-

casein. This described technique vas found to provide enough

resolution for a11 major caseions components of c-casein, p-

casein, œ.:z-casein and Œ.l-casein in electrophoreticall.y pure

forms. Thus, it could be performed in the range of gram quantity

of precipitated vhole caseine

Chromatoqraphy of proteins on ion-exchanqer involves the

establishment of mul.tiple electrostatic bonds betveen ionized

groups on the surface of the exchanger and opposite charges on

the protein, fo11owed by a selective release of these bonds by

chanqing in the concentration of Cl- or pH of the eluant

(Yaquchi and Rose, 1972). Accordinq to Svaisqood (1982), charqes

for different casein variants at pH 6.6 range from -20. 0 to -

22.6 for œ.l-casein; -18.0 to -13.2 for a.z-casein; -12.8 to -8.2

for p-casein and -3.9 to -3.0 for ~-casein respectively. These

phenomenon vould be used to explain the relative elution order

for different casein components (c-casein > ~-casein > ~-casein
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Opon the comparison of e~ution profi~e of c-casein AA vith

K-casein AS samp~es in Figure 7, it is observed that B variant

exhibits an extra peak in the front of major c-casein fraction.

In order to unambiquous~y prove its identity, e~ectrophoresis at

alka~ine pH vas carried out for this co~~ected fraction. The

difference in migration behavior confirmed that B variant c-

casein eluted faster than A variant. The influence of qenetic

variants of c-casein A and B on the elution pattern cou~d be

ascribed to the fact that A variant carries one more neqative

charge than B variant due to amine acid substitution at position

148 from ~a (in B variant) to Asp (in A variant). Therefore,

the latter variant vas retained stronqer and had longer

retention t~e during e~ution. The origin of heteroqeneity of K-

casein in fraction II (Figure 6) vere also dependent on the

existence of glycosylation such as N-acety~neuraminic acid

groups vhich mainly attached to Thr residues at positions 131

and 133 in the K-casein polypeptide.

The separation of genetic variants of p-casein and «'1-

casein by chromatographie methods vas somevhat ~ess

satisfaetory. No consistent separation vas achieved for the

differentiation of l'-casein qenetic variants since the

•
differences of net charges betveen the variants are too slight

to be separated by column chromatoqraphie Methode Thus, the

differences betveen Al, A2 and AJ po~ymorphs in p-casein are not

significant enouqh for separation by chromatographie separation.
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Partial resolution vere observed in some samples for p-casein A

and B variants during gradient elution. For the same reason, no

significant resolutions of Clal-easein A, Band C variants vere

observed.

Based on the elution pro~iles o~ chromatographie

•

•

separation of whole casein and the results of eleetrophoresis of

the eollected fractions, all the major caseins vere found to be

pure. A1so, they vere quantitatively recovered as indicated by

the values of inteqrated areas corresponding to each peak.

Correction are made for differences in absorbencies of the

individual casei.ns. Accordinq to Svaisqood (1982), there are

differences in the absorptivities for casein components at 280

nm. The absorptivities are 0.46 cmZImq for p-casein, o. 95 cmZImg

for K-casein, 1.05 cm2/mg for cz.l-casein Band 1.11 cm2 /mq for

us2-casein. The relative proportion of It-casein: p-casein: Il.z-

casein:usl-casein vere 1:3:1:3 vhich agree vith values quoted in

the literature.

With regard to casein fractionation, the described methods

for separation by RPLC and FPLC vith a gradient of NaCl app.ar

to be promisinq methods based on the hiqh deqree of purity of

the four casein fractions. These procedures eould also be used

for the quantitative estimation of the four caseins in vhole

casein samples due to the good resolutions obtained•
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Separation of casein components by elution with different

concentrations of NaCl in a stepwise methoe is also of interests

for obtaininq individual casein in a pure form as vell as in

relatively large quantity. With th!s method, ~2-easein cou1d be

distinctly separated from a.l-casein. Nost of the chromatographie

techniques described in the literature vary in their ability to

separate those two casein components.

The application of column chromatoqraphy for the

•

identi~ication of genetic variants in caseins is limited since

it is more tedious and time-consuming when compared with

electrophoretic methods. However, the resolution of K-casein A

and B variants have been observed eurinq whole casein

fractionation •

silent variant could not be detected by electrophoretic

methods since it does not involve differences of net charges.

The approach for identification of silent variant of milk

proteins is based on di.fferenees of hydrophobieities of the

peptides resulted trom mutation. The separation of milk proteins

and some of their genetic variants have been ascertained on

reversed-phase HPLC (Visser et .1. , 1991). Major casein

•

components consist of approx±mately 200 amino acids. Amino acid

substitutions giving rise to slight changes in hydrophobicities

might not be sufficient enough to be detected in the whole

polypeptide. Therefore, enzyme hydrolysis of the protein was
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introduced to produce smaller peptide rragments. The an.lysis o~

the hydrolysate by reversed-phase BPLC could then be used to

detect any chanqes in hydrophobicities vithin the smaller

peptides vhich are resu1ted from mutation.

Trypsin is speciric for the cleavaqe or peptide bond at

the carboxyl adjacent to Lys or Arg. In theory, one could

predict the number of peptides trom hydrolyzed protein by the

number or internal Arq and Lys residues. Based on their primary

structures, tryptic hyclrolysis or œ.l-casein BB will give a

mixture of 21 peptides compared to 16 for p-casein A1A1 or A%AZ,

and 1S for K-casein AA. rt is also known that the cleavage by

trypsin takes place more slovly when the basic amine acid

residues is adjacent to an acidic residue or to Cys. In

practice, a smaller number or peptides are obtained after

tryptic hydrolysis because of incomplete hydrolysis • The

described enz~e/substrate ratio, incubation bufter pH,

•

temperature, as vell as time course of the tryptic hydrolysis

were chosen in this study so as to qive maximum proteolysis

products (Dong, 1992).

The peptide mappinq of casein tryptic hydrolysates vas

performed by reversed-phase HPLC on the C1B stationary phase.

Although better separation could have been achieved by usinq

shallov qradient and varyinq the flov rate, the described

gradient represents a compromise betveen the max~um resolution

and running time as vell as elutinq peak shape or interest.

Generally, the peptides behaved predictably accordinq to their
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average hydrophobicity and a1so as suggested by Lemieux and

Amiot (1990) by its mo~ecular veight and composition.

The result of electrophoretic analysis in Table 2 shovs

that more than 99' of a..l-casein vere BB phenotype. A total of

632 G.a1-casein samples vere subjecteci to tryptic hycirolysis

fo11oved by peptide mappinq and 627 of them contain a..l-casein

BB.

The primary structure of bovine a..l-casein B-8P is shown in

Figure 8. It consists of 14 Lys and 6 Arq residues vhich are

trypsin-sensitive bonds as shown by arrovs in Fiqure 8. The

separation of tryptic hydrolysate from intact œ.l-casein vas

achieved by reversed-phase HPLC. The peptides vere separated by

elutinq vith a 1inear graclient of acetonitrile from 0 to 60% in

0.1% TFA for 75 min. A series of experiments vere previously

carried out in order to obtain opt~um condition for the

separation. Potentia1 silent variants vere identified based on

the comparison of peptide maps vith the same electrophoretic

phenotype. The profile representinq most of the samp~es vas

identified and considereci as standard profile. In order to avoid

confusion from heterozyqous phenotype, on~y homozygous samples

casein AA and c-casein BB vere ana1yzed in this project •
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As an example, the reversed-phase HPLC elution profi~. ~or

tryptic hyclrolysate of œ.l-casein BB phenotype obtained from a

C18 col.umn is shown in Fiqure 9. Approximately 20 tryptic

peptides vere resolved over a period o~ 61 min.

Individual peaks vere evaluated for purity on the basis of

symmetry and narrowness o~ the peak as suqqested by Lemieux and

Amiot (1990). A1~ the peptide maps obtained from the 627

hydrolysates of mal-casein BB vere compared vith respect to the

elution t~e of each peptide. The profile vhich represents the

Most common elution pattern vas identified. For peak

assignments, approximately 18 eluted peptide fractions from

tryptic hydrol.ysate oriqinatinq from standard m.l-casein BB vere

The fractions vere evaporatedrechromatoqraphie fractionation.• co~1ected into individual Eppendorf tubes durinq the

•

to dryness under vacuum and then subjected to amino acid

analysis. Table 3 summarizes the result of amine acid analysis

which vere conducted to determine the identity of tryptic

hydrolysates of a.t-casein BB. As a example, peak 6 has the

re1ative retention time of 36.54 min and it contai.ns 15 amine

acids from sequence 8-22. A1thouqh the fragment 120-124 has not

been identified, there are 18 peaka beinq vell located on the

remaininq part of primary structure of A.t-casein B containinq

various size of tryptie fragments vhich ranqe from 3 to 61

residues. Generally, smal.l.er and more polar peptides el.uted

faster than biqger and more hydrophobie peptides, however, amine
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Table 3. ldentity of peptides from tryptic hydrolysates of a.,-casein BB
Il• Peak Retention lime Position in Numberof

Number (min) sequence Residues
1 19.99 1-3, 103-105 3,3
2 29.65 80-83 4
3 31.00 4-7 4
4 32.48 91-100 10
5 34.89 194-199 6
6 36.54 8-22 15
7 37.80 84-100 17
8 38.88 35-42 8
9 44.97 23-34 12
10 46.52 125-151 27
11 48.13 43-58 16
12 51.28 133-151 19
13 52.29 59-79 21
14 52.94 106-119 14
15 53.&4 152-193 42
16 54.36 43-79 37
17 55.49 152-199 48

• 18 60.62 133-193 61

•
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acid composition o~ peptide a180 p1ays an important ro1e durinq

e1ution.

Aberrant peptide maps were identi~iecl by comparison o~

peptide prori1es with standard peptide mappinq. There vere 25

out e~ the 627 u.t-casein BB samples which could ce identified as

havinq abnormal elution pattern due te elif~erences in the

retention times of certain peaks. An example of comparison

between stanelard and aberrant peptide maps of a.t-casein B is

shown in Figure 10. AJ.thouqh MOSt of the elution peaks are

corresponding to each other in standard and aberrant profiles,

there are two extra peaks which are indicated by arrows as being

substitution which resu1ts in heterozygous Clat-casein phenotype

and this substitution could not be detected by electrophoresis.•
aberrant profile. This is possible due to amino acid

~l the aberrant samples were reanalyzed and aberrant peaks, if

still exist, vere collected in order to characterize the amine

acid substitution which resulted in the chanqe in

•

hydrophobicities of the peptide.

A tota1 of 415 c-casein AA, 198 K-casein AB and 22 K-casein

BB vas subj ected to trypsin hydro1ysis folloved by reversed-

phase HPLC in order to identify possible silent variants of c-

caseine

Figure 11 shows the pri..mary structure of c-casein which

consists or 169 amino acid residues vith 9 Lys and 5 Arq
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residues. There are 15 tryptic c~eavage sites as shown by arrovs

a10nq the primary structure o~ c-casein. The same concütions

used for peptide mappinq of hydrolysates of a.l-casei.n vere

app1ied to hydrolysates o~ ~-casein. Nore than 20 fraqments vere

observed on the HPLC profile of c-casein as indicated in Figure

12. This could probably be ascribed to the fact that in addition

to fi~teen peptides indicated above, there could be some

residual containinq uncleavaged peptides vith Lys or Arq vithin.

As consistent vith L6oni~ and Ho~16 (1990), certain intermediate

products could be expected to appear durinq proteolysis.

Table 4 summarizes the relationship betveen elution peak

and their identity on primary structure o~ Ie-casein A. Nine

peaks on the peptide map of ~-casein A have been located and

covered most sequence of the primary structure of Ie-casein

excludinq sequence 35-68. For example, peak number 8 has 57

amino acid residues from position 113 to 169. This peptide

includes an uncleavaqed site at LYS111-Thr117. Accordinq to

literature (Kesharavarz and Nakai, 1979; Chap1in, 1986), the

difference in elution behavior of each peptide relates with the

effective hydrophobicity vhich is based on amino acid

composition. Peak number 9 with larqer retention time contains

tryptic fraqment 117-169 vhich is smaller than that in peak

number 8. This eould be explained by the fact that three polar

amine acid residues (Asnl131 G1nll&, AsPU5) elusterinq in the

hydrophobieity.•
beqinninq of peptide 113-169 and hene• decreasinq its
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Peak
Number

1
2
3
4
5
6
7
8
9

Retention Time
(min)
31.73
36.82
42.01
43.73
45.50
47.08
49.68
51.08
52.61

Position in
Sequence

1-10
11-16

98-111
25-34
1-21

87-111
69.86

113-169
117-169

Numberof
Residues

10
6
14
10
21
27
18
57
53
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Potentia1 si1ent variants vere identiLied by comparing a~1

peptide proLi1e. vith the standard proLi1e. 'l'here vere 11 out of

415 c-easein AA samples vhich have been found to contain

possible si1ent variants due to a shiLtinq in the retention t~e

for one or more e1ution peaks. Figure 13 shovs the comparison of

peptide maps from standard and aberrant c-casein A hydrolysates.

~n spite of high consistency betveen standard and aberrant maps,

an extra big peak vith the retention time at 55.03 min, as beinq

indicated by arrow, ia observed in the aberrant profile

followinq the peak vith the retention time at 54.12 min. Thua,

both peaks have simi1ar peak height. According to the results in

Table 4, the peak vith the retention tise of 54.12 min

repreaents tryptic peptide 117-169. lt couJ.d be deduced that

potential silent variant miqht take place in this fragment and

this variant can not be differentiated from c-casein A variant

by convential electrophoretic techniques.

~thouqh 22 homozyqous c-casein BB samples have been

analyzed in this study, no siqnificant difference on peptide

maps of c-casein A and B has been observed. lt cou1d be

explained by the fact that the clifference in hydrophobicitiea

between c-casein A and B variants is not sufficient for chanqinq

the retention time of tryptic fragments 117-169 or 113-169.

These two tryptic fragments contain both amino acid substitution

sites at position 136 and 148. Thua, there ia no potentia~

silent variant being found in c-casein BB •
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p-Casein is the MOSt hydrophobie casein and its hydrolysis

products have been relatively well documented due to their

util.ization in ~ood inqredients as well as their potential to

rel.ease bioloqically active peptides such as oliqo-el.ement CP-

casein 1 - 25), opioids p-easomorphïn 7 cp-casein 60 - 66) and

pharmaceutical compounel for antihypertension CP-casein 177

183) (Bican, 1983; carles, 1986; Leadbeater and Ward, 1987;

Lemieux anel ~ot, 1990). The pr~ry structure o~ p-casein AZ-

SP presented in Fiqure 14, consists o~ 11 Lys and 4 Arq residues

and coul.d. pronde lS trypsin susceptible bonds. Theoretically,

sixteen ~ragments could be expected to result ~rom trypsin

hydrolysis.

BB and 1 p-casein A3A3 vere hydrolyzed by trypsin and their

hydrolysates were analyzed by reversed-phase HPLC. The peptide

maps for homozyqous p-casein Al, JI-casein AZ and p-casein B
J

variants are shown in Figures 15, 16 and i7 respeetivel.y. The

specifie peaks for eaeh variants are marked. on eaeh profil.es

that p-easein Al consists o~ specifie peaks 10 and 11; p-casein

A2 has special peaks 12 and 13 while the pro~ile of p-casein B

variant has specifie peak 4 vhich is absent in the pro~iles o~

p-casein Al and p-casein AZ• The results of identity of tryptic

peptides ~rom p-casein hydrolysates are sUllllUlrized. in Tabl.e 5 •
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Table 5. Identity of peptides from tyrptic hydrolysates of Jkaseins 105• Peak Retention Time Position in Sequence Nurnberof
Number (min) A' AZ B Residues

1 26.99-29.13 108-113,98-105 108-113.98-105 108-113,98-105 6,8
2 34.30-34.81 106-107,29-32 106-107,29-32 106-107.29-32 2,4
3 38.77-38.94 177-183 177-183 177-183 7
4 41.24 114-122 9
5 47.96-4.&4 184-202 184-202 184-202 19
6 49.24.50.36 2-25 2-25 2-25 24
7 52.28-53.29 33-48 33-48 33-48 16
8 54.39-54.52 3~8 ~ 3~8 19
9 54.95-55.37 1-25 1-25 1-25 25
10 57.29 49-97 49
11 58.04 33-97 65
12 58.42-58.89 49-97 49-97 49
13 59.06-59.69 33-97 33-97 65
14 60.~.65 114-169 114-169 114-169 56
15 62.Q4.62.20 114-176 114-176 114-176 63

•

•
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By amino acid analysis, it indicates that peak 10 on ~-casein Al

map contains p-casein sequence 49 97 while peak 11 has

•

incompletely hydrolyzed p-casein 33-97. Whereas, for ~-easein

A2
, peak 12 consists of fragment 49-97 anel peak 13 represents

33-97. This difference is due to the amino acid substitution at

position 67 from His (p-casein Al) to Pro Cp-casein A2 ) and thus

resu1ts in significant increase o~ hydrophobicity o~ fragments

49-97 anel 33-97 sinee Pro is more hydrophobie than His. In p-

casein B variant, the amino acid substitution at position 122

from Ser (Al and A Z variants) to ArC} (B variant) qives rise to

one more tryptic sensitive bond and there~ore results in extra

fragment of 114-122 whieh el.utes in peak 4 as shown in Fiqure

17. Generally, a tryptic hydrolysis of p-easein under the

condition described in materials and method results in more

fraqments than theoretically predicted. The additional peaks may

be due to incomplete hydrolysis of p-casein polypeptide which

results in intermediate peptide containinq one or more trypsin

specifie bonds. Moreover, these results indicate that reversed-

phase HPLC could be applieel for identification of qenetic

variants of p-casein sinee it has qreat potential in

•

differentiation of peptides based on the difference of

hydrophobicity.

The aberrant profile was identified by comparison vith

standard profi1e eontaininq the same electrophoretical type. The

typical exemples of standarel and aberrant ~-easein A1Al peptide
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maps are shown in Figure 18. By 8uperimposinq pro~iJ.es, tvo

profiles are close resemblance. Rovever, in the standard pro~iJ.e

of p-casein A1A1
, all the vell identi~ied peaks can be concordant

to the profile o~ aberrant p-casein A1A 1
• Except tvo additional

peaks vere observed in aberrant profile vith the retention t1mes

of 61.79 min and 63.35 min respectively. Moreover, these tvo

peaks matched the standard peaks vith the retention time of

60.98 min and 62.57 min but vi.th longer retention times and

slightly lover peak heiqhts. There:fore, the adciition o~ tvo

extra peaks in the aberrant p-casein A1A1 tryptic profile vould

he explained by the fact that this eleetrophoretically

•
homozygous p-casein A1A1 sample possLb1y consist of heterozygous

type in vhich MOSt likely contains amine acid substitution which

does not involve in the difference on net charge. The i.ncreasinq

of retention time beinq observed for the aberrant peaks sugqests

that very slightly ehanee of the occurrence of amino acid

deletion in this case. Based on the results depicted in Table 5,

it could be expected that the increasing of hydrophobicity of

the mutated amine acid residue in the sequence 114 - 169 of p-

casein A 1A 1
• Since this amine acid substitution could not be

differentiated from standard p-casein variant by

electrophoresis, it eonfi~ed the existence of silent variants

of 158 p-casein A1A1 , 16 o~ them have been ~ound containing

in milk proteins and it couJ.d be identi!ied due to their

difference in hydrophobieity by reversed-phase RPLC. In a total

• possible silent variants based on their chanqe. on
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hydrophobicities of tryptic peptides while 7 out o~ them contain

the same mutation involved in peptide 114-169.

Figure 19 shows a comparison of standard and aberrant

peptide maps for p-casein A2A2 • It is observed that the peak with

retention time of 48.49 min in standard profile is absent in

aberrant profile as shown by arrow. Accordinq to the result in

Table 5, the peak with the retention time o~ 48.49 min consists

of tryptic peptide 184-202. There~ore, it could be predieted

that there is a substitution or deletion oceurrinq in the

sequence 184-202 and this potential silent variant can not be

differentiated from p-easein A2 variant by eleetrophoresis. In a

total o~ 128 p-casein A2A2 samples, 7 potential silent variants

have been observed aecordinq to their ehanqes in retention time

of p-casein tryptic hydrolysates.

Due to relatively smal.l sample size, no potential silent

variants have been identified in homozyqous p-casein BB and A3A!

samples.

Enzyme hydrolysis was repeated ~or all the samples

containinq standard and aberrant samples. Most the aberrant

samples of cx.l-easein BB, p-casein A2A2 and ,,-casein AA show no

significant difference durinq reanalys!s. However, 7 out of 16

previously identified aberrant p-casein A1A1 still show the same

type of silent variant. In order te further characterize this

silent variant as well as other potential silent variants in œ.l-
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casein BB, II-casein A2A2 and Ie-casein AA, all aberrant pealal vere

col1ected and subjected to mass analysis.

As an indispensable tool ~or peptide and protein analys!s,

mass spectrometry ls now mostly demanded ror its high accuracy,

lov sample requi.rement and especially its speed for

•

•

determination o~ molecular weight o~ peptides. In the original

des~gn of this project, mass spectrometry vas chosen for

identification o~ silent variants by the means o~ molecul.ar

weight determination of the fractionated œ.l-casein, p-casein and

Ie-casein. Hovever, the assay ror these intact milk protein

components vas interfered by the impurity of sma11 molecules

such as urea and sodium chloride used for gradient elution sinee

the detection of electrospray ionization vas greatly restricted

due to its lov tolerance for non volatile buffers and alkal!

metal salts.

For each intact casein component, the average deviation

from Mean calculated mass ranqed ~rom 10 to 20 Da. This meant

that several potential substitutions vith • net mass change

around 40 dalton might be uncertain. Therefore, the ability of

rapid and highly efficient of mass spectrometry vas adapted to

determine the identity of tryptic fragments collected from

aberrant peptide hydrolysates and confi~ the possible change in

molecular weight betveen the standard and abnorma1 tryptic

peptides •
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4.5.1••Unda.rcl

Prior to analysis each batch o~ sample, lysozyme vas used

as standard ~or calibration o~ mass detector. Normally, three

signaIs at the mass to charge ratio o~ 1590, 1789 and 2045 vere

observed ~or lysozyme vhich vere generateci ~rolll the ~raCJDlents

containinq 9, 8 and 7 protons. There~ore, the mass ~or lysozyme

would be calculated as 14305±2 which is in good accordance vith

its theoretical value, and thu., indieates good accuracy ~or the

mass detection •

.. . 5.2. 1Ca8. mwJ.y.J.. o~ pepU" ~rca CId-oe_in hycko1.y_Q

Approximately 18 tryptic ~ractions correspondinq to Figure

9 vere individually coll.ectecl and subjected to mas. analys!••

Mass spectrum o~ the ascertainecl tryptic ~ragments could be

calculated based on Mac Spec procedure as described in the

previous section 3.4.5.. AlI the signaIs vere assignecl to the

correspondinq peptides from the reference sequence on the basis

of their mass value and enzyme specificity. ~he cleaved carboxyl

terminal o~ Lys and Arg in addition to His and the amine

terminus are the most likely protonated sites under electrospray

conditions. The typical mass spectrum ~or peak number 12 in a.1­

casein B hydrolysate is shown in Figure 20. ~he signal. vith m/z

ratio of 1159.6 and 2317.6 originatecl ~rom peptide vith the

observed mass o~ 2316.6 vhich matches vith CZal-casein peptide

133-151 vith the expectecl mass o~ 2316.1. Table 6 summarizes the

results of expected and observed molecu1ar veight ~or 1dent1~i.d
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peptides as well .s their primary sequence. Eleven peau ~rom

aat-casein B tryptic hydrolysate gave satis~actory resu1ts in

that their observed resu1ts match vith expected masse These

identi~ied peptides ranginq ~rom 748 to 4716 Da account ~or a

total coverage o~ about 75' of the entire sequence of 4 al-casein.

Peaks number 1, 2, 3, 7, 11, 17 and 18 have not been eon~i~ed

due ta certain possible interference from protein

•

•

phosphorylation or impurity during collection. The remaining

portion of unidentified peptides might be coeluted or do not

have enough absorbaney at the operating vave1ength (A - 280 nm)

vhich resu1ts in the loss during fraction collection. None of

the 25 œal-casein BB vhich vere previously tound to contain

potentia1 silent variant vas eonfirmed durinq the reanalysis •

Approximately 9 tryptic fractions from ~-casein hydrolysate

were resolved by peptide mappinq usinq Reversed-phase HPLC and

collected individually. Fiqure 21 represents the typical mass

spectrum for peptide 69-86 from c.-casein tryptic hydrolysate

vith the retention time of 49.68 ~n. Tvo major signaIs vith m/z

ratio o~ 992.0 and 1981.5 result from the peptide vith mass of

1980.5 vhich matches vith the peptide 69-86 vith predicteel mass

of 1981.1. The results for fast peak assiqnment vere achieveel by

mass ana1ysis and shawn in Table 7. Table 7 summarizes amino

acid sequence for each identified tryptic fraCJlllent with their

expeeteel anel observec:l molecu1ar veiqht. Five out of nine tryptic
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Table 6. Maas analysis of peptides from CXs1-casein BB tryptic hydrolysates
115• Peak Retention Time AminoAcid Maas

Numbe'" (min) Sequence Expected Observed

4 37.80 YlGYLEQLLR 1267.7 1266.9

5 34.89 nMPLW 748.4 748.5

6 38.54 HOGLPQEVlNENLLR 1780.0 1759.2

8 38.88 EKVNELSK 1026.5 1028.5

9 44.97 FFVAPFPQVFGK 1383.8 1383.7

10 4tS.52 EGIHAQQKEPMIGVNQELAYFYPELFR 3207.6 3209.2

12 51.28 EDVPSERYLGYLEQLLR 2316.1 2316.6

13 52.29 QMEAESISSSEEIVPNSVEQK 2321.1 2320.8

14 52.M VPQLEIVPNSAEER 1580.8 1580.8

15 53.&4 QFYQLDAVPSGAWVYVPLGTQYTDAPSFS 4716.2 4719.2

DIPNPIGSENSER

16 54.38 DIGSESTEOOAMEDIKQMEAESISSSEEIVP 4069.8 4066.8

NSVEQK

• • Peak number and retention time corresponding ta Fegure 9

•
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fragments of Ie-casein qave the matchinq results vhen compared

w~th predicted masse

In ac-casein, approximately 62. of tryptic fragments have

been identified by mass spectrometry. The relatively less number

of fra~ents beinq located by mass spectrometry miqht be due to

the followinq reasons: Firstly, impurity beinq introduced durinq

casein isolation and enzyme hydrolysis. Second1y, possible

cross-contamination durinq tryptic fraction collection. Thirdly,

the existence of carbohydrate compounds as well as disulfide

bond in the Ie-easein polypeptide. As ve are avare, Ie-casein is

heteroqeneous with respect to its carbohydrate moiety wh~eh is

includes clifferent extent of glycosylation

Caseinomacropeptide comprises of fragment 106 169 which

part.

(MacKinlay et .~.,

caseinomacropeptideitstolinkedexclusively

•
1966). Aecordinq to Swaisqood (1982), it ia also known that ac-

casein contains two Cys residues at positions 11 and 88 which

weu1.d lead to linkaqe between tvo remete peptides. This miqht

result in the co-e1.ution of tvo fragments durinq peptide mappinq

and therefore, influence the retention time for some oL the

tryptie fragments durinq elution.

As the most suceessful example durinq th!s project, p-

•
casein peptide map shows outstandinq pattern for each p-casein

variant as representecl in Figures 15, 16 and 11 for Al, AZ and B

respectively. For fast identification of elution peaks, 15



•
10

112.0

117

75

l
ze.
ïi
c•! 50

•-!•..
ct:

12'1.0

25

• 1111.5

500 750 1000 1250 1500

rn/z
1750 2000

•

Figure 21. Mass spectrum for peptide 69-86 from K-casein A tryptic hydrolysates.



•

•

•

Table 7. Maas analysis of peptides from ,,-casein tryptic hydrolysat••

Peak Retention Time AminoAcid Maas
Number (min) sequence Expected Observed

2 36.82 CEKOER 796.4 796.5

3 42.01 HPHPHLSFMAlPPK 1607.8 1608.0

4 43.73 YlPIQYVLSR 1250.7 1250.0

7 49.68 SPAQILQVVQVLS01VPAK 1981.1 1980.5

8 51.08 NQOKTEIPTINTIASGEPTSTPTTEAVES 6038.9 6032.2

'TVATLEOXPEVIESPPEJN1VQVTSTAV

• Peak number and retentien time corresponding to F"l9ure12•

III
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fractions originatinq from Al, A2 and 8 variants of p-casein were

co11ected and subjected to mass ana1ysis. Table 8 tabulates the

results o~ expected and observed mass ~or identi~ied ~ractions

as we1l as their relative retention t~. and pr~ry sequence.

potential si1ent variants durinq the first analysis usinq

peptide mappinq. However, no aberrant samp1es has been confi~ed

for p-casein A2A2 durinq reana1ysis. However, there are 7 out o~

158 p-casein A1Al samples containinq silent variant which resu1ts

in two extra peaks on the aberrant peptide pro~iles (Figure 18).

Accordinq to the previously described result in Table S, within

standard p-casein AlAl profile, the peak with the retention time

of 60.98 min was correlated to the peptide fragment o~ 114-169

of p-casein Al primary structure vhile the peak at the retention

t~e of 62.57 min contained incomplete digest fragment o~ 114­

176 which included a tryptie susceptible bond at the Lys 169.

For identification of possible silent variants involved in them,

mass analysis were carried out to determine the di.~ference o~

their molecu1ar weight. Figure 22 shows the mass spectrum for

the standard p-casein Al fra~ent 114-169 and mass spectrum for

aberrant p-casein Al as denoted to Al. is represented in Figure

23. In Figure 22, .11 the major signal shown in the spectrum can

be interpreted with the presence or series mass to charge ratios

of 1061.1, 1273.6, 1591.4 and 2121.6 vith the correspondinq

series o~ charges: 6, 5, 4, and 3 protons respectively•

According to the ca1culation fo~u1. o~ ~(K+n)/n, the estimated



Table 8. Mass analysis of peptides tram P-casein tryptic hydrolysates 120• Peak Retention Time AminoAcid Maas
Numbe'" (min) sequence Expected Observed

1 26.5&29.13 EMPFPK 748.4 748

VKEAMAPK 873.5 873.5

2 34.30-34.81 HK 284.2 284.•

3 38.77~.94 KIEl< 517.3 517.3

4 41.2. VPVQPFTER 1280.3 1280

5 47.9&-48.&4 OMPICAFLLYQQPVLGPVR 2185.2 2186.5

6 49.24-50.36 ELEELNVPGElVESLSSSEeSITR 2968.3 2968.2

7 52.28-53.29 FQSEEQQQTEDELQDK 1981.9 1981.2

8 54.39-54.52 IEKFQSEEQQQTEDELQDK 2352.1 2351.6

10 51.29 IHPFAQTQSLVYPFPGPIHNSLPQNIPPLTQT 5356.9 535&.5

PVVVPPFLQP~GVSK

11 58.04 FQSEEQQQTEDELQD~HPFAQTQSLVYPFPGP 7399.7 7399.5

IHNSLPQNIPPLTQTPVWPPFLQPEVMGVSK

• 14 60.44-60.85 YPVEPFTESQSLTLTOVENLHIPLPLLQSYJMHQP 6362.2 6362.8

HQPLP~FPPQSVLSlSQSK

• Peak number and retention time corresponding to Figures 15,16 and 17.

•
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molecu~ar weight of standard p-casein Al 114-169 fragment is

6362. Vith a series o~ siqna~ at 1063.8, 1276.9, 1595.2 and

2127.9 corresponding to 6, 5, 4 and 3 protons as shown in Figure

23, the molecular weiqht for abnormal p-casein Ala fragment 114-

169 is calculated to be 6378. This indicated that there is an

amine acid substitution occurring within the fragment 114-169 of

p-casein Al and th!s substitution lead to a increasing of

hydrophobicity and a~so an 16 dalton cli~ference in mo~ecular

weight for the aberrant peptide fragment when compared with the

matching part in standard profile.

There are 15 different types of amino acids in p-casein

tryptic peptide 114-169. Table 9 lists the molecular weiqht of

those 15 residues, their respect!ve lIlolecular weight and the

possible molecular weight after 16 Da increase. The fo~lowing

possibility could be expected for the substitution involvinq the

16 Da increase in molecular weight: Pro~Leu or Ile; Va~~Asp;

Phe-.Tyr; Ser-+Cys; Leu-+G~u; As~et; Met-.Phe. Based on the

hydrophobicity of each residues (.alstra and Jenness, 1984), the

substitutions consisting of Val~Asp and Leu~lu wil~ result in

the decrease in hydrophobicity because the hydrophobicities o~

these amino acids are respective~y 7.1, 0, 10.0, o. At

•

nucleotide level, 61 triplet codons represent 20 amino acids ,

thus each amine acid apart from Met has several codons. 'l'he

substitution in p-casein Ala would be due to mutation of one base

rather than mutation involvinq more than one base. Ther.fore,

with regard to single-base change in codon, the fol~owinq



Table 9. Amino acid composition of B-casein peptide 114-169 and its possitH 124• mutations

AminoAcid MoIecular 'Neight MW+16 Possible
Composition (MW) AminoAcid

Tyrosine 181 197
Praline 115 131 leu. Ile
Valine 117 133 Asp
Phenylalanine 165 181 Tyr
Threonine 119 135
Glutamic acid 147 163
Glutamine 146 162
Serine 105 121 Cys
leucine 131 141 Glu
Aspartic acid 133 149 Met
Asparigine 132 148
Histidine 155 111
Tryptophan 204 220
Methionine 149 165 Phe
lysine 146 162

•

•
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substitutions coul.c1 be exc1uded: Pro-+I1e and As~et vhich

shou1d invo1ve at 1east two base mutations. Furthermore, the

substitutions of ~p~et, Leu-+Glu and Val-+Glu would be

excluded because they involved the di~~erence in net charges and

hence vould be identi~ied by electrophoretic methods. The rest

of the possible amino acid substitutions in p-casein Al. vi11 be

limited to: Pro-+Leu, Phe-+Tyr, Ser-+cys or Het-+Phe because such

a change vi11 increase the hydrophobicity and invo1ve on1y one

base mutation. Amino acid ana1ysis vas carried out to further

identify the exact amine acids invo1ved in this substitution•

As sugqested by peptide mappinq resu1ts from revers.d­

phase KPLC, the silent amine acid substitution occurrinq vithin

p-casein Al po1ypeptide fragment 114 - 169 invo1ved an increase

in hydrophobicity of the fragment. In addition, the results from

electrophoresis indicated that there is no difference on net

charge between standard p-casein Al and aberrant p-casein Al.

variants. As complementary results from mass spectrometry, this

substitution qives rise to an increase of 16 dalton in molecu1ar

weiqht.

Therefore, it is of great interest to identify the exact

amino .cid substitution invo1ved in this case. Amino .cid

composition ana1ysis by standard Pico-Taq .ethod after acidi.c

hydrolysis of both standard p-ca.ein Al and aberrant p-ca.ein Ale

peptide 114-169 vere perfo~ed. The dete~nation of amine .cid
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composition or tryptic peptide i8 ba8ed on the re~easinq the• amino acid re8idues quantitativel.y vithout concoJlli.tant

•

•

deqradation. Onder the acidic hydro~ysis by 6 N HCI ~or 24 hr at

110·C under vacuum, several. amino acid vi~~ undergo certain

modification. Asn and Gl.n vi11 be eonverted quantitative1y to

Asp and Gl.u. A 108S of 5 to lOi vil.!. occur to Thr and Ser

respectivel.y. Tyr can be hal.oqenated durinq HCl hydro~ysis which

woul.d be prevented by the addition of one drop o~ phenol.

(approx~tel.y O.li, w/v). Oxidation or Met voul.d be avoided by

addinq p-mercaptoethano1. Trp i8 not qenera1.1y recovered in acid

hydrolysates and therefore, al.kal.ine hydrolysia ia requj.red to

quantitativel.y determine this residue. Previously, it vas arqued

that the possiD1e substitutions cou~d be restrieted to:

Pro-.Leu, Phe-+Tyr, Ser-+cys, or Met-+Phe. Thererore, the non-

discriminations of JUIn from Asp and G1n frolll G1u are o~ no

concern here. Likevise, Trp is most probably not invo~ved in the

substitution and one voul.d expeet to find one residue of Trp in

either the reference or aberrant peptide.

lt vas observed that a large proportion of Pro vas ~ost

durinq acid hydrolysis in the standarel Pico-Taq method. This

1055 coul.d be prevented by avoiding the addition of p-

mercaptoethanol and ocatanoie aeid. The comparabl.e peptide,

fibronectin type III connectinq segment vhich contains a high

percentaqe of Pro and Leu residues is used as reference to

ensure the accuracy of thJ.s assay. This 25 residue fragment

contain~ 5 Pro and 5 Leu residues vith the molec~ar veiqht of

2732.1. The resul.t for theoretical. and obtained amino acid
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composition or fibronectin type III connectinq segment is

depicteel in Table 10. The matchinq data ror all the resielues

indicate that this modirication provided promissinq recovery for

Pro residue and has no iM~uence on the accuracy of assay for

other amine acid residues.

Tab1e 11 summarizes the resu1ts from amino acid

•

composition of reference p-casein Al peptide 114-169 and

aberrant p-casein Al. peptide 114-169. These 56-resielue fragments

consiat of 15 clifferent types of amino acid residuea with one or

each Tyr, Asp, Asn, Trp and Lys. The reference fragment contains

10 Pro and 10 Leu reaiclues whereas there are 9.2 Pro and 11.1

Leu residues founel in the aberrant fragment 114-169. This

clearly indicated that there is a Pro to Leu replacement which

occurred within this reqion and qives rise to a molecular weight

difference of +16 dalton as well as an increase in

•

hydrophobicity for the tryptic fragment. This ia in qood

agreement vith previous observation by peptide mappinq and mass

analysia.

From a qenetic point of view, and a comparison of four of

the codons for Leu (coo, eue, COA, COG) and Pro (eCO, CCC, CCA,

CCG), it coulel be deduced that both amino acids have the same

first anel thirel bases. Therefore, the aberrant p-casein Al. anel

standard p-casein Al is elue to a point mutation resu1tinq from

the second base replacement of 0 by C. Hovever, since there are

10 Pro residues in the p-casein Al peptide 114-169, the exact

location of this mutation avaits for amine aciel sequencinq.
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Amino acid residue
Aspartic acidiAsparigine
Glutamic acidiGlutamine
Leucine
Preline
Valine
Threonine
Histidine
Glycine
Isoleueine
Serine

Theoretical nurnber
2+1
2+1

5
5
2
2
2
1
1
1

Observed number
3.1
3.1
5.3
5.2
2.1
1.8
2.0
1.1
0.9
1.0



• Table 11. Amino acict composition of peptide 114-169 from reference and

aberrant B-casein AtA1
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•

•

Aminoacid
residues
Tyrosine
Preline
Valine
Phenylalanine
Threonine
Aspartic acidlAsparigine
Glutamic acidiGlutamine
Serine
Leucine
Histidine
Tryptophan
Methionine
Lysine

Humber of residues
Reference B-casein Aberrant B-casein

1 0.8
10 9.2
4 4.0
2 1.7
4 3.7

1+1 1.&
2+7 8.&

7 6.9
10 11.1
3 2.7
1 0.8
2 1.8
1 0.9
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".7. AId.no ac:i.d ....-nc:i.ftg o~ JI-ca_ift Asa ~U. 114-1••

The identiLication oL N-tenlina1 sequence o~ aberrant tt­

casein Al. vere ascertained by automated Edman deqradation

procedure. In order to obtain suLficient sample quantity as well

as purity, tventy co1lections of aberrant p-casein Al. fragment

114-169 vere prepared, pooled and further purified. The amino

acid sequencinq startect from the position 114. The resuIta

indicated good concordance vith standard iI-casein Al sequence

except there is a mutation beinq observed at position 137 from

Pro to Leu res idue vhich is in agreement vith the previ.ous

observation. Therefore, it cou1d be concluded that, in the

sampIe which is termed as JI-casein Al., there is neutral amino

acid substitution from Pro to Leu at position 137 of the

polypeptide and this substitution qives rise to an increase in

hyctrophobici.ty of p-casein Al 114-169 fragment and an increase

in molecular veiqht of 16 dalton. More importantly, this

substitution can be desi.gnated as silent variant since it

involves a neutral amino acid replacement vhich coul.d not be

detected by electrophoretic methods.

" • 8. Di.u1J:nlUon f'~ay or .~l~~ YaZ~.ft:t:8

It is vell known that amonq the 20 standard amino acid

residues, orùy five of them carry either positive or neqative

charges, the remaining 15 residues belong ta neutral amino

acids. As theorized by Nq-Kwai-Hanq and Gro.claude (1992), the

occurrence of amino acid substitution or deletion vithout Any
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charge di~~erence shoul.d be IIlUch hiC)her than that r ••uJ.ted rrom

the a1teration or net charge. In the other vorda, the occurrence

o~ si1ent variants shouJ.d be at le.st three times more th.n

those known electrophoretic variants based on the ratio oL

neutral to charged residues (lS neutraI. residues .. S charqeel

•

•

resielues, 3: 1). Similar resul.ts coul.el be assumed accorctinq to

the calculation oL qenetic coelons relateel to neutral or charqeel

amino acid resielues. It is also Jcnovn that the possibility ot

silent variants ôeinq eletecteel elurinq the amine aciel sequencinq

or other alternative mole~ar techniques are rather smalI. anel

it is too expensive anel t~e consuminq.

The combination or peptiele mappinq and ...s spectrometry

invo~veel a relatively r.st approach ror ielentiLication o~ silent

variants accordinq to their cüLLerence o~ hyclrophobicity anel

mass shi~t.

In this stuely, a popu1ation consisti.nq of 635 samples

~-casein AA and K-casein BB were analyzeel using peptide mappinq

and mass spectrometry. Durinq peptide mapping, it was round that

25 out of 627 samples ot œ.l-casein BB, 16 out of 158 p-casein

contained potential silent variants due to their changes on

peptiele proLiles. However, Most or them show no indication of

the existence or silent variant during further reanalysis for

ad-casein, jI-casein A2Az and 1C-casein. As the conrirmed silent

variant, 7 of p-casein Al. variant have beeft identified vithin
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the 158 pre-screened p-casein AIA1 samples respectively a

distribution frequeney of approximately 4.4% in p-casein Al and

0.55% in JI-casein loci. Horeover, sinee onl.y heterozygous p-

casein A IA 1a was observed in this study with relatively low

frequency, it suqqests that the si1ent variant II-casein Al.

oriqinated from mutation of JI-casein Al durinq evo1ution. This

new1y found silent variant, termed as p-casein Al., involves the

neutra1 amino acid substitution from Pro to Leu at the position

137 on p-casein Al polypeptide.

Among 190 possible amine acid substitutions which could

shift of less than 5 dalton. Moreover, each amino acid residues

result in genetic variants, onJ.y nine of them consist of mass

• contain specifie hydrophobicity. Therefore, the combined

approach by peptide mappinq and mass analysis show great

potential in identification of silent variants. The 1ack of

specificity of the combination of peptide mappinq and mass

analysis for location of silent mutant make it necessary to

employ the comp1imentary characteristie by amino acid

•

composition analysis, or sometimes, amino acid sequencing.

Although, it could be expected that all the possible silent

variant would be detected by one or more of the previous

described techniques, a study of scanning silent variants for p-

lactoglobulin in New Zealand cov population indicated no silent

mutation identified among 109 p-lactoqlobulin, 9 c-casein, 22

each of a.l-casein, ~-casein and p-casein samples (Burr, 1996) •
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Toqether vith previous reports (carl.e., 1986; Addeo et .~.,

1995; Visser et .~., 1995), it indicate. the ~act that .il.ent

vari.ants oCcur in much l.ower ~requency than expected. This

phenomenon voul.d be due to the ~ollovin9 reason.:

First o~ a11, the determination method developed in this

study miqht not be sufficient to reveal al1 the possible silent

vari.ants of milk proteins. Silent variants occurrinq vithin

small tryptic peptides miqht be missed due to their shorter

retention durinq chromatoqraphy. There~ore, l.ess resol.ution

would be expected betveen those standard and aberrant peptide.

during peptide mappinq.

Second1y, sil.ent variants, vhich involve neutral. amino

acid substitutions or deletion might be lethal and therefore be

lost durinq long term evolution.

Also, silent variants miqht be associated vith lov milk

production and decreased durinq animal. selection.

Silent variants as genetic variants are o~ great interest

for their possible effect on production trait. The methodoloqy

approach for identification of silent variants in this study

explored the nev fiel.d for study of genetic variants of milk

proteins •
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s. S"!IID'''Y and COnC1U8ion

The identi~ication o~ genetic variants for CId-casein, 11­

casein and ~-casein vere achieved by polyacrylamide gel

electrophoresis under alkaline condition. Further separation of

B-casein Al, A2 and A3 variants vere carried out by

electrophoresis under acicU.c condition. A total or 635

individual. mil.k samples was analyzed in this project. The

distribution ~requency of different electrophoretic variants in

these major casein components are in qood accordance vith

previousl.y describecl results.

The isolation and purification of four caseins were

ascertainecl by anion-exchanqe chromatoqraphy by either gradient

or step-wise separation. Gradient elution provided high purity

of a.al-casein, C1a2-casein, II-casein and ~-casein forma vith

minimum cross-contamination. Whil.e, step-wise elution was

performed for large quantity of whole casein samples. Bath

fractionations were employed by usinq Tris-urea buffer with

increasing molarity of MaCl in the mobile phase. In this study,

the identity anel purity of each casein forms were achieved by

polyacryl.micle gel. electrophoresis and the results indicate that

the obtained casein component. are in electrophoretically pure

forma.

silent variants arise from amino acid substitutions or

deletions which do not involve in the diLference on net charqes

and henee vould not be detected by conventional eleetrophoretie
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methocis • rdenti~ication o~ silent variant, hovever, vould be

approached either by chanqes on hydrophobicity or molec\Ùar

weight. rn order to rapid1y target the possible mutations vhich

result ~rom neutral amino acid substitution or deletion, trypsin

hydrolysis vas per~ormecl on .ach casein ~orms. Peptide mapping

of the tryptie hydrolysates vere ascertainecl by reversecl-phase

HPLC vith increasing gradient o~ acetonitrile. Tryptic peptide

profiles vith the same homozygous eleetrophoretie phenotype vere

compared and standard pro~iles vere chosen. Potential silent

variants vere determined by comparison o~ peptide ..ps vith

standard re~ernce pro~iles.

Identity ~or each peak on the peptide profile vas obtained

by amine acid analysis and confi~ed by mass analysis. As part

of the result, this study demonstratecl that tryptic peptide

mapping by reversed-phase HPLC provides great potential in

phenotyping of genetic variants o~ milk proteins.

Although there is no indication of the existence of

s ilent variants beinq founcl in «al-casein, p-casein A2A2 and K-

casein, there are 7 out of 158 samples, vhich vere oriqinally

classified as p-casein A1A1
, beinq ~ound to contain silent

variants accordinq to their presence o~ tvo extra peAks on

peptide pro~iles. The increased retention tiJae for p-casein Al

tryptic peptide 114-169 indicates the occurrence of mutation in

this region vhich results in the increasinq of hydrophobicity.

Mass analysis ~or both standard and aberrant ~ragments suqqested

substitution g1ves• that it invol.ves an

rise

amino acid substitution anel thi.

to a increa.e of 16 Da in molecul.ar



• 136
masse Further ana1ysis by amino acid composition shows a

substitution ~rom Pro to Leu in the aberrant peptide. In order

to characterize the exact mutation invo1ved, amine acid

•

•

sequencinq ~or the aberrant pepti.de wa. per~ormed. The resu1t

suqqests that thi. substitution is 10cated in position 137 Along

the p-casein Al po1ypeptide and it arises from the amine acid

replacement from two neutral amino acid residues from Pro to

Leu. Only heterozyqous p-casein AIAla vas observed in this study

which sugqested that it oriqinated from mutati.on of p-casein Al

polypeptide. The nevly identified silent variant, termed as p-

casein Ala, shows distribution frequeney of 0.55. out of 634 p-

casein samples •
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6. C1ei" o~ Origine'ity 8Dd CoDai.baUoa = ItDow1edge

Based on the author's knov1edqe, the present study is the

~irst attempt to identi~y on a 1arqe sca1e, genetic variants o~

milk proteins vhich are not identiLiable by electrophoresis. The

followinq aspects o~ this study constitute original

contributions to knovledge:

1. Whole casein Lractionation on AP-2 Protein PAl( DEAE-15HIl

anion-exchanger column provides complete separation o~

•

electrophoretically pure ~o~ o~ a.t-casein, a.2-casein, p-

casein and K-casein. Thus, this fractionation cou1d be per~ormed

to provide gram quantities oL individual caseins.

2. Cifferentiation between qenetic variants A and B of K-casein

vas achieved by anion-exchange chromatography usinq AP-2 Protein

PAX DEAE-15HR column.

3. Oifferentiation of genetic variants At, A2 and B o~ p-casein

based on changes in hydrophobicities o~ peptides due to amine

acid substitution.

4. First application o~ mass spectrometry to complement results

of reversed-phase HPLC and amine acid an.lysis for

•

characterization of non-electrophoretic variants of caseins.

5. In the process o~ screening for non-electrophoretic variants

of caseins, this project is the first to report the existence of

a non-electrophoretic variant denoted as p-casein Al.. This nev

variant has a Leu at position 137 instead of a Pro as in p-

casein Al.
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6. The ~irst report of a frequency o~ 4.4. within p-casein Al of

the newly discovered variant •
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