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Abstract

This report reviews the changes and
additions to the nomenclature of the major
casein fractions, and of pB-lactaglobulin,
that have been necessary over the past
five years. In addition, fairly extensive
reports are included on y-casein, a-lactal-
bumin, the immune globuling, and the
proteose-peptone fraction. The informa-
tion is summarized in tabular form.

The nomenclature of all milk proteins
remains fluid and there seems little likeli-
hood that the situation will stabilize, ie.,
that discovery of additional components
and variants will cease.

Introduction

As noted in the Committee’s previous report
(126), the selection of specifie, definitive nomen-
clature systems has become more and more diffi-
cult as our knowledge of the complexity of the
milk proteins has increased. We have, for ex-
ample, been forced to add superseript numbers
(65, 101, 102) and a subseript letter (124) in
the nomenclature of B-casein, and there is rea-
son to assume that more variants will be discov-
ered. Most variants discovered to date can be
separated by zonal electrophoresis, and the
nomenclature is related to their mobility. How-
ever, B-casein B, (7, 124) is one exception and
it is probable that other variants differing in
uncharged amino fats will be discovered ; indeed,
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it has been suggested (100) that differences in
amino acid analyses reported by different labo-
ratories reflect such genetic variations. Under
these conditions, the nomenclature necessarily
reflects the incomplete state of our knowledge,
and your Committee ean only review and com-
ment without suggesting a uniform procedure
for selecting designations.

Caseins

ag-Caseins. The situation with regard to
agi-casein is essentially unchanged since the
previous revision (126), except that a newly
discovered variant, ay-D, must be included.
This variant has a mobility greater than B
but less than A (R,, = 1.13 on polyacrylamide
gels, pH 9.1, 45 m urea). It has been reported
as occurring in French Flamande (44) and cer-
tain Polish (87) breeds. An excellent review
on the breed distribution of milk protein vari-
ants has been published by Aschaffenburg (6).

The amino acid composition of the four
known variants of the ag-series is shown in
Table 2. While agreement among these values
is excellent, it should be assumed that correc-
tions will be necessary. The molecular weight
(28,600) selected for the calculation may be
high (114). It is also of interest to note that
an ag -casein prepared by a novel method (84)
was reported to contain 20.5 residues of aspar-
tic acid and 50.2 of glutamie acid per 28,600.
Further work on caseins prepared by novel
methods should be encouraged. Use of freshly
prepared caseins is recommended ; flrm data are
not available but the stability of purified prepa-
rations has been questioned.

There has been little inerease in our knowl-
edge of the other oy or ag-like caseins, largely
because of the extreme difficulty of purifying
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TaBLE 1. Proteins of cows’ milk and some of their properties.?

Occurrence
in eleetro-
Approx phoretic Sedimen-
% of pattern Electro- tation
Contemporary skimmilk (Peak phoretie constant Molecular
nomenclature protein number)® mobility® plé (Sgp)e weight! Components
a,-Casein 45 to 55 1= —6.78(61) 4.1(61) 3.99(121) 23,000(114)  ag-variants A, B, C, D.
g2y Qg3
«-Casein 8to 15 18 —6.78(61) 4.1(122) 14 (122) 19,0001 (132) Valfianats A and B, sub-
variants containing 0 to
5 carbohydrate chains
B-Casein 25 t0 35 2 —3.1 (81) 4.5(61) 1.57(121) 24,100(121) Variants A1, A2 A3 B, C,
D,B
v-Casein 3to7 3 —2.0 (61) 5.8 10 6.0(61) 1.55(94) 30,650 (94) V’arignts Al, A2 A3 B,
Components R, S, and TS.
(TS has two variants)
a-Lactalbumin 2t05 4 —42 (41) 5.1(70) 1.75(41) 14,437 (14) Variants A, B in Zebu
B-Lactoglobulin 7 to 12 6 —5.3 5.3 2.7 (128) 36,000(128)  Variants A, Ap,, B, Bp,,
C,D
Blood serum albuiiin 0.7 to 1.3 7 —6.7 (107) 4.7(107) 4.0 (34) 69,000(107) ’
IgG Immunoglobulins Al and A2 allotypes
IgG1 1to2 1 and 2 —2.0 to 2.2 6.3 150,000 to recognized on
IgG2 ~0.2t005 1 -11 (116) 6.6k 170,000 serum IgG!
900,000 to Insufficient data
IgM Immunoglobulin ~0.1t00.2 2 18 to 19% 1,000,000
300,000 to Insufficient data
TgA Immunoglobulin ~ ~0.05 to 0.10 2() 10 to 12k 500,0001
Proteose-peptone 4,100 to Multiple, including
fraction 2to 6 3,58 —3.8t09.3b 33t03.7"  0.8to4.00 200,000h glycoproteins

mittee.

2 The values included are not necessarily the best available, and their inclusion in this table does not constitute endorsement by the Com-

b Free-boundary electrophoresis, veronal buffer pH 8.6; casein components designated in descending order of mobility in casein pattern;
whey proteins, designated in ascending order of mobility in acid whey pattern (77).
¢ Electrophoretic mobility = X10-3 em? volts~! see! in Tiselius moving boundary method, 2 C, veronal buffer, pH 8.6, I'/2 0.01; descend-

ing pattern.

4 Tsoelectrie point, or pH of no electrophoretic migration.
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e Sedimentation coefficient, o9 == (dz/dt Xw2x) in Svedberg units (5 = 1 X 10-1%) corrected to 20 C.

f Refer to original literature for methods and conditions.
g Value for whole a-casein (i.e., a- and «-casein complex).

h Values taken from appropriate section of this revision.

t This value refers to the carbohydrate-free (A, or B,) fraction. Approximately 600 should be added for each earbohydrate chain.

i Average of values from Smith (116) and Murthy and Whitney (94). T-globulin and pseudoglobulin are considered to be primarily IgGl.

Euglobulin is too heterogeneous to fit into the current nomenclature.

k Average of values available in the more recent literature.

¥ Average of more recent literature values and estimations made from reported sedimentation studies.
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adequate quantities for study. Annan and
Manson (2) have recently isolated an ag ca-
sein, which is similar to a4 -casein, and a fur-
ther fraction containing at least three (a3 4-
caseins) components.

B-Caseins. Our recognition of the complexity
of the pB-caseins has inecreased considerably
over the past five years. B-Casein A has been
demonstrated to exist in three genetically deter-
mined forms (65, 102), and the presence of
two of these has also been observed in the milks
of African and Indian Zebu cattle (7). The
amino acid composition of a new variant, 8-
casein D, kas also been reported (125).

The suggested nomenclature of the A vari-
ants as Al, A% and A?® (65) appears satisfac-
tory, as does that of the D variant. However,
the By variant reported by Aschaffenburg,
Sen, and Thompson (7) must be regarded as
a special case, as it was detected by means of
“fingerprints” of chymotryptic peptides and
apparently canmot be distinguished from the
B variant by eleetrophoretic methods. It thus
represents the first example of the nomencla-
ture difficulties discussed in our Introduction.
The use of letters and superseript numbers for
variants differing in electrophoretic mobility,
and of letters and subseript letters for variants
that do not differ in mobility, is a possible sys-
tem of nomenclature, but it would necessitate
designation of the more common B-variant of
Western cattle with a subseript letter (w?).
Our Committee prefers to suggest that the By
designation be regarded as tentative and not
as a precedent.

Publication in tabular form of the amino acid
composition of the B-casein variants as abso-
lute analyses would appear to be unjustified at
this time, because analytical agreement among
different laboratories is not fully satisfactory.
It also appears that assignment of mRNA cod-
ing triplets at this time is unwarranted; the
variants apparently differ by more than one
amino acid.

k-Casein. Our understanding of the com-
plexity of x-casein has increased considerably
during the past five years. The two genetic
variants previously reported (95, 112, 131)
have been shown to differ by single residues of
aspartic acid, alanine, threonine, and isoleucine
(113, 132). Gel electrophoretic patterns and
partial separation by chromatography on
DEAE cellulose columns showed that each
genetic variant consisted of several components
(80, 109, 113, 132). Early attempts to isolate
these components were only partially success-
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TABLE 2. Amino acid composition of the genetic variants of a,, casein. Residues amino acid per
28,600 molecular weightf.2

Amino Acid agy-Variant
Ab Bb Be Qb Ce D4
Aspartic Acid 16.8 18.1 17.9 182 17.6 18.0
Threonine 6.7 6.0 5.7 6.1 58 6.3
Serine 17.8 17.3 16.8 17.6 16.6 15.8
Glutamie Acid 46.6 46.4 47.0 455 45.9 47.0
Proline 20.6 20.3 195 20.4 20.0 20.5
Glycine 10.7 10.7 10.7 11.8 11.8 109
Alanine 9.9 10.8 11.0 10.8 11.0 104
Valine 11.9 13.4 132 13.6 13.4 13.1
Methionine 5.9 57 5.7 5.7 586 53
Isoleucine 13.6 131 12.9 13.3 13.0 13.0
Leueine 17.3 20.3 20.1 20.5 20.1 20.1
Tyrosine 121 116 114 11.7 114 11.2
Phenylalanine 7.5 9.6 94 9.7 94 9.6
Tryptophan 2.8e 2.7¢ 34 2.8¢ 3.5 32
Lysine 181 17.0 16.3 17.0 16.2 16.6
Histidine 6.2 6.1 6.0 6.1 6.0 5.8
Arginine 6.2 7.2 7.0 7.2 7.0 7.2
NH; 271 311 323 29.7 331 33.0
POH 11.3 11.3 115 113 11.7 114
% aq -A caleulated on the basis of 28,000 molecular weight.
b Gordon et al., 1965 (40).
¢ de Koning and van Rooijen, 1965 (72).
4 de Koning and van Rooijen, 1967 (73).
e More recent analyses indicate this value to be 2.0 residues.
TasLE 3. Amino acid composition of «-casein, para-«-casein, and the macropeptide.
Macropeptide k-Casein
Para-k-casein A B A B
Reference {67) {63) (74) (74) (132) (132)
Aspartic Acid 7 8.2 4.3 35 12 11
Threonine 3 5.2 9.8 8.8 14 13
Serine 7 7.6 47 4.8 12t013 12to13
Glutamic Acid 18 17.9 8.8 8.7 27 27
Proline 13 129 6.6 6.4 20 20
Glycine 1 17 11 11 3 3
Alanine 9 9.7 4.2 4.9 13t0o14 14
Valine 5 6.5 49 4.9 10to 11 11
Cystine/2 2 1.8 2 2
Methionine 1 1.3 0.7 0.7 2 2
Isoleucine 6 74 49 5.7 11 12
Leucine 7 8.0 1.0 1.0 8 8
Tyrosine 9 8.8 8 8
Phenylalanine 4 41 4 4
Lysine 7 7.0 2.8 2.9 9 9
Histidine 3 2.9 3 3
Arginine 5 5.0 5 5
Tryptophan 12 12 1 1e
Total residues 108 116

JOURNAL OF DAIRY SCIENCE Vou. §8, No. 1

2 Value reported bv Sples (Anal. Chem., 39: 1412.79%?;?& x-casein.
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ful, but showed that they differed in carbo-
hydrate countent (80, 113, 132).

Studies on para-x-casein have helped to re-
solve this complexity. Several authors reported
(36, 63, 79, 132, 134) that para-k-casein was
heterogeneous, even when prepared with erys-
talline rennin! from a single genetic variant
of x-casein. MacKinlay et al. (79) were also
able to show that the minor (slowest moving
in gels above pH 7.5) component of the para-
x-casein arose from some of the minor fraetions
of k-casein, whereas the major para-x-casein
was formed from the major, carbohydrate-free
component of x-casein. Kim et al. (67) clari-
fied this situation by showing that rennin treat-
ment of «-casein preparations that had not
been exposed to urea (or certain other reagents)
formed only the major paera-x-casein compo-
nent. All minor para-x-casein components ap-

1The term, rennin, designates a purified enzyme
obtained from rennet, an extraet of calves’ stom-
ach. We suggest that use of rennin to deseribe
bacterial or mold enzymes having milk-clotting
activity should be discouraged.

(3

W, -

as,-Cos

pear to be artifacts formed by modification of
the net charge of the x-casein or para-x-casein
molecule. The commonest cause of the change
in net charge is the conversion of lysine to
homocittruline by c¢yanate present in urea solu-
tions, but similar changes in mobility can be
induced by exposure to guanidine hydrochloride
(134) and probably by some alkylation pro-
cedures.

Elimination of these artifacts reduced the
number of ecomponents of a genetic variant of
x-casein to about six. These probably differ
only in the number of attached carbohydrate
chains, which vary from zero in the major com-
ponent to five in the most minor component
detected to date (133). The use of subsecript
numbers to designate the number of carbo-
hydrate chains (e.g., x-casein Ay, Ay, ete.) has
been suggested (133).

Table 3 presents selected amino acid analy-
ses for x-casein and the two components ob-
tained by primary rennin aection.

Para-x-casein. Two signficant advances have
occurred that affect the nomeneclature of para-
x-casein. The first is the recognition that the

Fi1g. 1. Dise gel electrophoretic patterns, pH 9.6 and 4 M urea, of partially purified caseins and
of the original caseins, Types B and A2 with respect to B-casein. Slots a through f are purified easeins.
with ya2 prepared from milk typed g-A2 and vB prepared from milk typed g8-B. a = S-Casein. b =
TS-Casein A. ¢ = TS8-Casein B. d = y-Casein B. ¢ = R-Casein. f = v-Casein A2, g = Unfractionated
cagein typed B-, v-casein B. h = Unfractionated casein typed B-, y-casein A2, gl = Same as g, only
twice the concentration of casein. hl = Same as h, only twice the concentration of casein.

JOURNAL OF DAIRY SCIENCE VOL. 53. No. 1
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minor components reported by several authors
are artifacts (c¢f. above).? The second is that
the amino aeid differences between variants A
and B both oceur in the peptide portion that is
released by rennin (67, 74). Thus, para-x-
casein appears to be a single invariant protein
regardiess of the x-easein component from which
it is formed.

The soluble peptide released by rennin is,
of course, a multicomponent fraction (1, 4)
carrying both the genetic variations and the
variable amount of carbohydrate. The obvious
procedure for designating specific eomponents
of the macropeptide will be by identifying the
k-casein from which they were released. Be-
cause a major component of the soluble peptide
from unfractionated «x-casein will not contain
carbohydrate, we recommend disuse of the term
glyeo for such peptides.

v-Casein. Mellander (83) demonstrated the
existence of three electrophoretic fractions of
casein which he named a-, B8-, and y-casein
in order of decreasing mobility, and the first
Committee Report [Jenness et al. (61)] ac-
cepted vy-casein as one of the three principal
components of casein. Hipp et al. (58, 59)
devised methods for separating y-casein, by
fractionation with 509, ethanol and with urea,
and obtained preparations that were electro-
phoretically homogeneous on the alkaline side
of the isoelectric point, pH 5.8 to 6.0, but het-
erogeneous on the acid side. This y-casein had
a low phosphorus content, 0.11%, and it also
had a high sulfur content, 1.03%, relative to
o- and B-caseins. The preparation was thought
to he similar to the alcohol-soluble, low-phos-
phorus casein isolated by Osborne and Wake-
man (98).

The first revision (19) of the Committee’s
Report (61) revealed little or no progress in
the elucidation of y-casein. Murthy and Whit-
ney (94) econcluded that though vy-casein and
immune globulins are different proteins, they

2 Hill and Wake (57) maintain that the second
para-k-casein is not an artifaet, but they do so
on the assumption that “Reaction with cyanate
during the electrophoresis itself (in starech gel-
urea) eould mot acecount for the appearance of a
gsharp band.” This assumption is not valid, be-
canse the gel was heated in the presence of urea
and sufficient cyanate is, therefore, present to react
with casein before migration begins (292). Cyanate
reacts rapidly with SH groups (120), and proba-
bly reacts rapidly with e-amino groups; the slow
reaction rate normally attributed to earbamylation
results from the slow formation of eyanate at or
below ambient temperatures.

JOURNAL OF DAIRY SCIENCE Vor. 53, No. 1

are all present in the slow-moving peak in the
electrophoretic pattern of skimmilk at pH 8.7.
The molecular weight of y-casein was given as
30,650 and found to be dependent on pH,
buffer ion, and temperature. By 1860, more
powerful tools were available and preparation
of y-casein by ecolumn chromatography was
achieved by Groves et al. (50). Witk the
method of Wake and Baldwin (130) for deter-
mining homogeneity in starch-gel-urea electro-
phoresis, Groves et al. (50) found that y-casein
was eluted from DEAE-cellulose columns with
0.02 M phosphate buffer, pH 8.3. Conditions of
chromatography and electrophoresis were care-
fully determined and essentially homogeneous
preparations were obtained.

The first indication of genetic polymorphism
in the y-casein fraction of bovine milk was
noted by Aschaffenburg (5). Later, Bl-Negoumy
(35) demonstrated polymorphism in the o-
casein fraction of milks of 44 cows and con-
cluded that the y-casein fraction consisted of
five main components, y; to y5, three of which
ocenr as two variants designated A and B.
Groves and Kiddy (48) used dise gel electro-
phoresis, pH 9.6 in 4 M urea, to reveal y-casein
polymorphism in milks of individual ecows.
These workers defined y-casein as that fraction
eluted at 0.02m phosphate, pH 8.3, from
DEAE-cellulose columns as described by Groves
et al. (50). More recently, by employing col-
unm chromatography and gel electrophoresis
in acid and alkaline media, Groves et al. (47,
49, 129), have revealed the existence of at least
four polymorphic y-casein proteins and at least
three other minor proteins, designated R, S,
and TS. In addition, they have shown an inter-
esting relation between the 8-casein polymorphs
and the similarly designated y-casein poly-
morphs. In this connection, it is of some inter-
est to note that their y-casein apears to be
absent in milks found to be homozygous with
respeet to B-casein C. Further, the occurrence
of the other minor proteins appears to be re-
lated to the appearance of specific 8-, y-casein
polymorphs in the milks of individual eows.

To clarify the v-casein nomenclature, disc
and vertical gels are illustrated in Figures 1
and 2, respectively. The R protein occurs only
when y-casein A is present, the S protein only
when y-casein B is present. In milks heterozy-
gous for y-casein, both R and S proteins are
found. It should be noted that the y-casein A2
is not resolved from the R protein in vertical
gel electrophoresis in an alkaline medium. How-
ever, there is a satisfactory separation under
similar conditions using dise electrophoresis.
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Y-Cas A?
R-Cas
7-CasB
TS-Cas

. Ty 4

»

e ad
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T16. 2. Vertical gel electrophoresis, pH 8.6 and 4.5 M urca, of the same samples shown in Figure 1.

a = S-Casein, b = TS-Casein A.

¢ = TS-Casein B. d = v-Casein B.

e = R-Casein, f = 4-Casein AZ2,

¢ = Unfractionated casein typed g-, v-casein B. h = Unfractionated easein typed 8-, y-casein AZ

The TS protein, which is also polymorphie as
determined by zone electrophoresis at acid pH,
oceurs in all milks. The relation between --
casein and B-casein polymorphs may also be
adduced from Figures 1 and 2. Gamma casein,
typed A in alkaline media, can be shown to he
polymorphie in aeid media, three variants, Al,
A2 and A3, being distinguishable, with Al hav-
ing the fastest mobility of the three A variants
(in acid media, y-casein B travels faster than
A variants). The TS protein includes two
genetic species, A and B, demonstrated in acid
gel electrophoresis (A having faster mobility
in aecid).

Table 4 lists the amino acid composition of
some y-casein variants. These data inelude the
earlier work of Gordon et al. (42) and the
as yet unpublished data of Groves and Gor-
don (46).

In view of the above results, it seems neces-
sary to clarify the nomenclature of y-casein.
Your Committee suggests that the definition
given previously (126), i.e., “a fraction of whole
casein soluble in 3.3 M urea but insoluble in
1.7 urea at pH 4.7 upon the addition of
(NH,)»S0,” be maintained. However, in ac-

cord with the precedent of a-casein, this defini-
tion should now be considered as a generic name
for “whole-y,” and a specific fraction of this
complex, which is eluted from a DEAE column
with 0.02 m phosphate buffer pH 8.3 under con-
ditions specified by Groves et al. (50) may be
termed vy-casein. Thus, the R, S8, and TS pro-
teins may be considered as parts of the whole-y
but distinet from purified y-casein. It is sug-
gested that the locus symbol y-Cn be assigned
for use in designating the y-casein polymor-
phism. The codominant alleles may be desig-
nated y-Cn? and y-CnP, with the further sub-
division of the A-type into y-CnAl, y-CnAZ and
v-Cn43, even though these are not independent
of the B-casein alleles.

Whey Proteins

a-Lactalbumin. Recently, the protein a-lact-
albumin has come under intensive study relative
to the discovery of a biological role for it in the
enzymatic synthesis of lactose. Alpha-lactalbu-
min has long been known as a major component
of bovine milk whey and its counterpart has
been isolated from the milk of many other spe-

JOURNAL OF DAIRY SCIENCE VOL. 53, No. 1
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cies. The enzyme lactose synthetase® catalyzes
the following reaction as the last step in the
enzymatic synthesis of lactose (32):

Uridine Diphosphate

Galactose (UDPGal) + Glucose —>

Laectose +~ UDP

Brodbeck and Ebner (17, 18) found that the
lactose synthetase activity present in the mam-
mary gland and milk of rats and cows was
dependent on the presence of two proteins;
these two protein components were named A
and B protein subunits of lactose synthetase.
High concentrations of the B protein subunif
were found in milk and this protein was sub-
sequently isolated in the crystalline state from
bovine milk and shown to be identical to the
protein a-lactalbumin (16).

Studies with rat and bovine mammary tissue
(8, 17, 18, 27) have indicated that the A pro-
tein subunit is bound chiefly to the cellular
particulate matter; as yet it has not been iso-
lated in a pure state. The A protein subunit
was further identified by Brew et al. (15) as
a more general galactosyltransferase found nor-

3 The systematic name under the International
Union of Biochemistry, Commission on Enzymes,
is: UDP-galactose-d-glucose 1-galactosyltransferase
(EC 2.4.1.22).

TAapLE 4. Amino acid composition of various
y-casgeins,

Resi- Num-

Amino Acid due bers

— A28 —Ba b
Aspartic Acid 9 9 8
Threonine 10 10 9
Serine 13 12 13
Glutamie Acid 39 39 39
Proline 41 40 37
Glyeine 5 5 5
Alanine 6 6 6
Valine 20 20 22
Methionine 7 7 7
Isoleucine 8 8 8
Leucine 23 23 23
Tyrosine 5 5 5
Phenylalanine 11 11 9
Tryptophan 1 1 1
Lysine 12 12 11
Histidine 6 7 6
Arginine 3 4 3
Phosphate 1 1 1

2 Taken from Groves and Gordon (46).
b Caleulated on the basis of the data of Gor-
don et al. (42), assuming mole wt = 25,000,

JOURNAL OF DAIRY SOIENOE VOL. 53, No. 1

mally in a variety of tissues. In the ahsence
of the B protein subunit, the A protein subunit
was found (15) to transfer enzymatically the
galactose from UDPGalactose to a number of
compounds such as N-acetyl glucosamine but
not to glueose itself, unless it is present in very
high eoncentrations (31). Found in mammary
tissue before lactation, in the presence of the
B protein subunit (a-lactalbumin) present dur-
ing lactation, and dependent on its econcentra-
tion, the A protein subunit now transfers galac-
tose from UDPGalactose to glucose to make
lactose. No catalytic funetion has been found
for the B protein subunit alone and, thus,
Brew et al. (15) have ealled it a “specifier”
protein.

Proteins identified as oa-lactalbumins have
been isolated from the milks of various species
ineluding the human (81, 123), goat, pig,
sheep, and rat (123), and the gninea pig (13)
in addition to the cow. Ebner et al. (33, 123)
have found that the a-lactalbumins isolated
from these species all have activity as the B pro-
tein subunit when used with purified bovine
A protein subunit. It should be noted that
not all of these a-lactalbumins have similar
physical, chemieal, or immunological properties,
even though they have a similar enzymatie fune-
tion. The a-lactalbumins of the ruminant spe-
cies have been shown previously by Johke et al.
(62) to be very similar immunologically to
each other; however, collectively they bear little
immunological relationship to the B protein
subunits present in the milk of other species.

Further work by Brew et al. (14) has shown
that the B protein subunit (a-lactalbumin) of
hovine milk has an amino acid composition and
sequence very similar to that of the enzyme
lysozyme isolated from the white of the hen’s
egg, and preliminary studies on the three-
dimensional structures have indicated a close
relationship, suggesting a very similar genetie
evolutionary background for these two proteins
(104). Notwithstanding the similarities in
structure, the enzymatic functions of these two
proteins are distinet, and lysozyme will not sub-
stitute for a-lactalbumin in the lactose synthe-
tase complex nor does a-lactalbumin have any
activity as lysozyme. The amino acid sequence
and three-dimensional strueture of the lysozyme
found in bovine milk in low concentration is
not yet known.

This role of a-lactalbumin in the enzymatic
synthesis of lactose is a very interesting control
mechanism whereby the activity of an enzyme
already present is redirected to make a product
specifie to lactation. Enzyme complexes or sub-
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units are known in bacterial systems where
two proteins may also be required for catalytic
activity, especially those enzymes of a regula-
tory nature where one subunit direets in an
allosteric manner the functioning of the active
site of the enzyme present in the other protein
(32). However, this is the first such system to
be described from a mammalian source. In com-
parison with the bacterial systems, it is unusual
to have one of the subunits present in very
high concentration and to find the other or
active subunit performing a different function
in its absence.

The recent article of Ebner and Brodbeck
(32) may be consulted for an excellent review
of the biological role of a-lactalbumin.

The Committee recommends at this time that
both the terminology “a-lactalbumin” and the
“B protein subunit of lactose synthetase” be
retained for this protein. In reporting studies,
care should be taken to designate the species
from which such a protein is isolated. In the
future, protein isolated from the milk of some
species would be appropriately named as an
a-lactalbumin, if it functions as the B protein
subunit in the synthesis of lactose, but would
be given some other name if it does not perform
this function, even though it may have physiecal,
chemical, structural, or other properties similar
to the a-lactalbumin of bovine milk. Thus, the
Committee believes that the terms a-lactalbu-
min and the B protein subunit of lactose syn-
thetase can be used in a synonymous sense with
each other.

We realize that there are objections to this
recommendation for the retention of a trivial
name of a protein which has been implicated
as a subunit in an enzymatic function. How-
ever, the Commission on Enzymes of the Inter-
national Union of Biochemistry? will have diffi-
culty with the proper nomenclature of the
subunits until the composition of the complex
bhetween the A and B proteins is known. Al-
though not probable, it is also conceivable that
some additional biological funetion might be
found for «-lactalbumin.

B-Lactoglobulin. At the time of preparation
of the last Revision (126), three variants of
B-lactoglobulin had been reported and their
amino differences determined. Shortly there-
after, a fourth or D variant was reported (44)
and its oceurrence has been confirmed (75, 85,
86), but amino acid analyses are not currently
available, Additional variants from Australian
Droughtmaster cattle have also been reported
(10, 82); these are believed to be alleles of the
A and B variants, so have been designated Ap,

and Bp, (10). McKenzie (82) reported that
Ap; contained carbohydrate, but the signifi-
cance of this observation relative to the nomen-
clature cannot be assessed at present.

Immunoglobulinst

This section attempts to deseribe the general
charaecteristics and nomenclature of immuno-
globulins, to summarize the types of bovine
immunoglobulins in milk, and to introduce a
nomenclature consistent with that used for more
extensively studied species. Extensive reviews
of the immunoglobulins of other species (28,
66, 99) and of the cow (22) can be found else-
where.

Characteristics of immunoglobulins. The term
immunoglobulin is general and applies to a
heterogeneous family of large molecular weight
proteins that share common physico-chemical
characteristics and antigenic determinants.
These proteins occur in serum and other body
fluids, exhibit y- or slow B-electrophoretic mo-
bility, and include all moleeules with antibody
activity. The term immunoglobulin replaces
terms like “immune lactoglobulin,” “y-globu-
lin,” “euglobulin,” “pseudoglobulin,” and “T-
globulin” that can be found in earlier dairy
science literature.

The family of immunoglobulin molecules have
related structures. All immunoglobulins appear
to be either monomers or polymers of a four-
chain molecule consisting of two light polypep-
tide chains (L-chains:20,000 mole wt) and two
heavy polypeptide chains (H-chains), with
molecular weights varying from 50,000 to 70,000
for the different immunoglobulin classes (Fig.
3). Immunoglobulin IgM is a pentamer of the
four-chain wunit, IgA is often a dimer, and
IgG is normally a monomer. Immunoglobulin
structure is normally studied by reduction and
alkylation of intact molecules to yield their
constituent polypeptide chains. In addition,
immunoglobuling can be fragmented by proteo-
Iytic enzymes or cyanogen bromide. Digestion
(Fig. 3) with papain yields two Fab frag-
ments, composed of one light chain and half of
one heavy chain; and a single Fe fragment,
composed of the remaining portions of the two
disulfide-linked heavy chains. The Fe portion
of the molecule contains the carbohydrate moi-
ety and the half-cystine residues which bind
the subunits of the IgM and IgA polymers.
The carbohydrate content is relatively low for

4 Contributed by J. E. Butler, Eastern Utiliza-
tion Research and Development Division, USDA,
Washington, D.C. 20250.
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Fa b FRAGMENT

Site of Papain
Cleavage

FRAGMENT
FO‘ b FRAGMENT

Fig. 8. Classical four-polypeptide-chain struetu-
ral unit of an immunoglobulin. Heavy and light
chains, site of papain cleavage, and digestion frag-
ments are labelled. The half-cystine residues shown
on the right end of the heavy chains bind the IgA
and IgM subunits. CHO = Carbohydrate moiety.

IgG (2 to 3%) and higher for all others
(=10%).

It should be emphasized that immunoglobu-
lins were historically, and are currently, sepa-
rated into classes on the basis of their antigenie
determinants. Immunoelectrophoresis is the
technique normally employed for the initial
identification of these molecules. Modern inves-
tigations have shown that specific physieo-
chemical features of the molecules of each class
are responsible for these antigenic differences.
Because the light polypeptide chains are com-
mon to the immunoglobulins of all classes, the
antigenic and physico-chemical differences re-
side in the heavy polypeptide chains. Hence,
each immunoglobunlin eclass has distinctive
heavy chains which are named y- for IgG,
u- for TgM, a- for IgA, 8- for IgD, and - for
JgE. Smaller antigenic and physico-chemieal
differences among the molecules within a elass
give rise to subelass designations. In man, the
best-known species, the five classes have been
identified, with IgG represented by four sub-
classes and IgA by two subclasses.

Antigenic and physico-chemical differences
among classes and subclasses of immunoglobu-
lins are also correlated with differences in bio-
logical aectivity. The functional aspeets of
bovine immunoglobulins will be treated else-
where (22).

Bovine lacteal immunoglobulins. Three anti-
genically distinet classes of bovine immuno-
globulins have heen reported. All occur in the
lacteal seeretions and serum and are designated
IgeM (yM), IgA (vA), and IgG (yG). The

JOURNAL OF DAIRY SCIENCE Vou. 53, No. 1

Ig@G class is divided into two subeclasses: ITgGl
(1) and IgG2 (y2). The evidence supporting
this classification will be discussed in a forth-
coming review (22). Although both the Arabic
and Greek letter designations are in aceord
with the World Health Organization nomen-
clature report (20), the Arabic will be used
throughout this section of the revision. The
structure and ocecurrence of immunoglobulins
in the lacteal secretions of mammals deviates
from the pattern which is charaecteristic for
such proteins in the sera of these organisms.
At least one such deviation has long been rec-
ognized in the cow. This concerns the selective
accumulation of bovine IgGl in the colostrum
and normal milk. A summary of each class of
bovine lacteal immunoglobulins follows.

Bovine IgM. A macroglobulin having the
same physieo-chemical and biological properties
as the IgM of other species has been isolated
from colostral and normal whey (21, 43, 60,
91). In addition, immunoelectrophoretic pre-
cipitin ares characteristic for an IgM immuno-
globulin have been demonstrated (Fig. 4) (9,
51, 53, 54, 108, 110). This immunoglohulin has
a sedimentation constant of 19 S, is sensitive
to 2-mercaptoethanol, and has been reported to
contain 12.39% carhohydrate (43). When ana-
Iyzed by disc electrophoresis at pH 4.3, IgM
does not enter the separating gel but forms a
dense band at the separating gel/stacking gel
interface. IgM is eluted in the first peak (void
volume) from a Sephadex G-200 fractionation
when a fraction of whey insoluble in 339
(NH,),80, is used as the starting material.
Alpha-2-macroglobulin can be removed from
the IgM preparation by Pevikon block electro-
phoresis (69 92).

Bovine IgG1 and IgG23. The most abundant
immunoglobulins of milk belong to the class
IgG. All contain 2 to 4% carbohydrate (43,
45, 64, 97, 118) and sediment as approximately
7 S molecules upon ultra-centrifugation, al-
though a 198 IgG has heen reported (52).
The group can be subdivided into subclasses
by immunodiffusion, immunoelectrophoresis, an-
ion-exchange chromatography, eleetrophoresis,
and ethanol-fractionation (21, 45, 56, 64, 68,
91, 93, 116). The more basic IgG molecules are
called the IgG2 immunoglobulins and have a
mean S, value of 6.6. These molecules move
most rapidly to the cathode during agar electro-
phoresis at pH 8.25 and acrylamide gel electro-
phoresis at pH 4.3. The IgG2 immunoglobulins
are not retained on DEAE-cellulose at low ionic

5 Moves cathodally as a result of electro-osmosis,
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Fic. 4. Diagram of generalized immunoelectro-
phoretic pattern of bovine serum and lacteal im-
munoglobulins (21). Well 1 contains normal bo-
vine serum, Well 2 contains colostral or normal
whey. Antisera in troughs are labelled. See. IgA
= Secretory IgA. Dotted arc indicates position
of Kickhéfen's 41 and Grove's colostral IgG2.
Modified from Haurowitz (55).

strength, pH 8.3, and hence are eluted in the
break-through peak. Although abundant in
serum, the concentration of IgG2 is very low
in the lacteal secretions (9, 106, 127) and may
'he actually decreased during colostrum forma-
tion (25, 26) (Fig. 4).

The subclass Ig(31 consists of the less basic
IgG immunoglobulins, which are eluted at
higher ionic strength than IgG2 during frac-
tionation of whey on DEAE-columns and which
appear more heterogeneous on immunoelectro-
phoresis and ion-exchange chromatography than
IgG2 (21). The mean S, value for the IgGl
subelass is 6.3, although considerable deviations
from this value have been reported. Ig(l is
the principal immunoglobulin of the lacteal
secretions, especially in colostrum (25, 26, 88,
91, 106, 110, 116, 119) (Fig. 4). As much as
50 to 759 of the colostral protein in the cow
is composed of immunoglobulins, nearly all of
which is IgG1l that has been selectively trans-
ported from the serum (11, 25, 30, 38, 39, 76,
78). The lacteal IgG1l molecules are identical
to those of the serum (51, 90, 97, 105, 106),
although there is some evidence that a small
change may oceur during transport (64).

The two subclasses differ antigenically (21,
64, 106) and in amino acid composition (45,
64, 89). The IgGl molecules have a lower basic
amino acid eontent (45) and higher half-cystine
content than IgG2 (64). The subelasses appear
to share a common Fab fragment (93), but
differ antigenically in their Fe¢ fragments (64,

115). The antigenic (37), electrophoretic (37,
64), and amino acid composition and sequence
(89) differences between isolated <y-chains of
IgGl and IgGG2 may reside in their Fe frag-
ments.

In a recent paper by Kickhifen et al. (64),
the IgG immunoglobulins were subdivided into
three subgroups on the basis of their behavior
on DEAE-Sephadex and immunoelectrophoresis.
These investigators refer to IgG1 as yGs (secre-
tory yG), IgG2 as v2, and an intermediate sub-
group as yl. The vyl and 42 subgroups differ
in charge but could not be distinguished immu-
nologically, by half-cystine content, or by molec-
nlar weight. Kickhofen et al. (64) reported a
molecular weight of 163,000 for yGs (IgGl)
and 150,000 for vyl and 92 (IgG2), both of
which conflict with the average S, value for
the IgGl and IgG2 reported in this revision.
Originally, Pierce and Feinstein (106) reported
three IgG subgroups, but have more recently
classified their intermediate component as IgGl
(89). Groves (45) has isolated an IgG immuno-
globulin from colostrum whiech resembles the
71 of Kickhéfen. Recent studies (21) suggest
that it, like Kickhofen’s 1, should be consid-
ered an IgG2 immunoglobulin. Nevertheless,
such reports indicate that division of the IgG
immunoglobulins into only two subelasses may
be an oversimplification.

The two subeclasses of IgG can be correlated
with the early preparations of Emil Smith
(119) in the following manner (21). Although
antigenically heterogeneous, Smith’s pseudogloh-
ulin and plasma T-globulin contain mostly
IgGl. The pseudoglobulin fractions also con-
tain “secretory IgA” (see later). Smith’s serum
y-glohulin contains both IgGl and IgG2 (mostly
IgG2), and his euglobulin consists of IgG2-like
globulins, slower IgG1 globulins, IgA, and IgM.

Bovine IgA. An antigenically distinet immu-
noglobulin with slightly different ion-exchange
behavior than bovine IgGl has been reported
in the lacteal secretions (9, 24, 43, 54, 60, 91),
Because of the lack of collaboration among
investigators, it is possible that each has re-
ported a distinet but different immunoglobulin.
From the data available, this possibility seems
remote and the immunoglobulin in all cases is
probably IgA. On the contrary, the immuno-
globulin designated IgA by some (8, 9) is most
certainly IgGl1.

The IgA immunoglobulin isolated from the
milk is sensitive to 2-mercaptoethanol (24, 60),
has a carbohydrate content of 8 to 99 (43),
and a sedimentation coefficient of 10 to 12 8§
(24, 60). Lacteal IgA is eluted between the
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IgM and IgG peaks during Sephadex G-200
fractionation of whey. It has been demon-
strated that glycoprotein-a (45) oceurs both
free and bound to lacteal IgA (23). Hence,
glyeoprotein-a and lacteal IgA are probably re-
spectively homologous to the “secretory (trans-
port) piece” and “secretory IgA” deseribed for
other species.

The 10 8 contaminant in early preparations
of pseudoglobulin (45, 56, 103, 117) may have
been secretory IgA or aggregated IgGl.

Proteose-Peptone Fraction

MeKenzie (82) has suggested that the ferm
“proteose-peptone” be dropped, and we agree
that in the light of present knowledge (Table 5)
the term is inaceurate and unsuitable. How-
ever, present knowledge does not permit us
with assurance to assign the components of this
mixture to their proper categories; therefore,
we have retained the historic proteose-peptone
grouping for the present.

The proteose-peptone fraction is conveniently
defined as that portion of the protein system
not precipitated by heating at 95 to 100 C for
20 min and subsequent acidification to pH 4.7,
but precipitated by 129 (w/v) trichloroacetic
acid (111). The proteose-peptone proteins
account for 18 to 259 of the serum proteins
and about 49 of the total proteins in milk.
This fraction exhibited three electrophoretically

discernible peusks in a moving-boundary Tiselius
cell and these were designated milk serum Com-
ponents “3,” “5” and “8” in ascending order
of electrophoretic mobility (77). Zonal electro-
phoresis in polyaerylamide gels, employing a
continnous borate buffer system, revealed a
greater degree of heterogeneity (71). When
stained with - Amido Black, Component 3"
showed a single zone, Component “5” appeared
as a close-migrating doublet, whereas Compo-
nent “8” separated into two, multi-zonal areas.
When developed for glycoproteins, additional
zones were detected, especially in the area of
the gel oceupied by Component “3.” The two
staining procedures revealed approximately 15
electrophoretically discernible zones.
Preparative gel electrophoresis, gel filtration,
addition of ammonium sulfate in combination
with pH adjustments were employed singularly
or in ecombinations to prepare the four prinei-
pal fractions designated as serum Components
“3,7 “5,) “B-slow,” and “8-fast” (71, 96).
Selected compositional and physical character-
isties of these components are listed in Table 5.
These data indicate that the proteose-peptone
system is ecomposed primarily of low-molecular
weight glycoproteins. Their amino acid eompo-
sitions are characterized by low concentrations
of the aromatic residues and relatively high
concentrations of glutamiec and aspartic acids.
Low concentrations of methionine aceounted for

Tasre 5. Compositional and physical properties of proteose-peptone fractions.

Compo- Compo- Compo- Compo-
nent nent nent nent
Constituent (%) “37 “57 “8-slow” “8-fast”
Nitrogen 13.1 13.8 12.3 13.3
Phosphorus 0.5 1.0 2.0 24
Hexose 72 0.9 45 14
Hexosamine 6.0 0.2 25 0.3
Sialie Acid 3.0 0.3 3.3 0.4
Property
Electrophoretic
Mobility? —38 —48 —92 ~93
(X10-% em? v-1 gec1)
Isoelectric point (pH) 37 3.3
800,w (X 10-13g)e 4.0 1.2 14 0.8
Me_a 200103 14.3X108 9.9103 41103
401038 ... L
D%y o { X10-7 cm? sec71)e 18 e
a Average of descending and ascending channels in veronal buffer, pH 8.6, I'/2 = 0.1.
b Component “8” (mixture of “8-slow” and “8-fast”).
¢ Determined in veronal buffer, pH 8.6, I'/2 = 0.1.
4 Sedimentation-equilibrium at infinite dilution in veronal buffer, pH 8.6, T'/2 = 0.1.

e Mo, Determined in presence of 5 M guanidine-HCI.
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the sulfur-containing residues. Component 5"
contained 10.69% proline, The carbohydrate
moiety consisted of galactosamine, glucosamine,
galactose, glucose, mannose, fucose, and sialic
acid.

Component “3” was identified as a sernm pro-
tein, whereas Fractions “5” and “8” were found
in the serum as well as in casein micelles, from
which they seem to originate. All three compo-
nents have been isolated from both heated and
unheated skimmilk, thus refuting the idea that
they represent heat-induced artifaets.
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