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INTRODUCTION

It has been studied on the chemical and physical properties of bovine and
human milk components by various methods, and compared on the properties
each other2. It is also well known that these results obtained were useful
hasic data for manufacturing of milk products. Immunological and immunoche-
mical methods, on the other hand, were more sensitive and more specific
detection methods for macromolecular components of milk than the chemical
and physical methods; the methods were of great use as comparative examina-
tion on antigenicities of milk from various animals and as re-examination on
fractions obtained by chemical and biological methods. It seems consequently
that the fundamental data of milk by the immunochemical methods are placed
on new problems.

A more extensive discussion of immunological and immunochemical experi-
ments of milk components was found in 1935® and then in further references;
in the sera of human infants and children hemagglutinating, complement-fixing,
anaphylactic, nonprecipitating and precipitating antibodies to the milk proteins
have all been demonstrated®~1®, Ordinarily allergic symptoms developed in
children about three weeks after the first feeding with bovine milk!%19). The
other hand, Sood et al.® has mentioned that only one case of human milk
allergy was found during the last six years. It seems then that the symptoms
developed lwith bovine milk were observed more frequently than these with human
milk. Although many diverse types of milk antibodies and allergenicities may
be found, however, demonstrable pathologic significances were not always found
in all the children . In any cases, antigenicities of hovine milk components
were apparently differed from these of human milk. In highly purified milk
proteins were used for the Dual-ingestion Passive Transfer Test, it is then demon-
strated that pasteurized milk resulted in frequent reactions at sites passively
sensitized to alpha-casein, beta-lactoglobulin and alpha-lactalbumin %16, and

that the vast majority of infants sensitive to bovine milk could tolerated heat-
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denatured milk1®,

As a part of milk protein from immunological point of view, an investigation
of the antigenic composition of milk by the diffusion-in—gel or immune electropho-
retic techniques have recently been undertaken!’~3%), The methods also, if
the components are mixture, can be detected by antigen-antibody precipitation
reactions which are more specific and more sensitive than chemical detection
methods. These experiments were shown that bovine milk contained twelve
antigenic factors, and at least six of these substances were related to bovine
blood serum proteins. In human milk similar factors were found and these were
similarly related to human blood serum.

This paper reports preliminary ohservations on production of antisera against
milk and blood serum with mature rabbits, and on various comparisons of anti-
gen—antibody precipitation reaction by in-gel and immune electrophoresis.

MATERIALS

I. Preparation of antigens

1. Human milk and its protein fractions

Human mature milk (HM) was collected after 3 weeks of parturition from a
healthy woman. The milk was immediately centrifuged at 3000 r.p.m. for 30
min to prepare the skim milk. Human casein was prepared from the skim milk
by isoelectric precipitation method at pH 4.6%. Globulin, alpha-lactalbumin
and red-protein were prepared by the method of Maeno et al.®)., The skim
milk, casein and whey protein fractions were dialyzed against cold distilled water
for about 20 hours and lIyophilized and then stored in a desiccator at 4°C.

2. Bovine milk and its protein fractions

Bovine mature milk (BM) was collected from mixged-herd milk of Holstein
cows in our Farm attached to this Faculty, and its skim milk prepared by same
method and used throughout the studies. Bovine casein was prepared from the
fresh skim milk by iscelectric precipitation method at pH 4.6. Alpha- and beta-
casein were prepared by the method of Hipp et al.®. Beta-lactoglobulin and
alpha-lactalbumin were prepared from whey by the method of Aschaffenburg
and Drewry®®. Serum albumin and immune-globulin were also prepared by the
methods of Polis et al. 4 and Smith4D respectively.

3. Blood sera of human and bovine

Bovine blood serum was prepared from blood of a healthy Halstein cow.
Human blood serum was also prepared from a healthy human adalts. The both

sera were lyophilized and stored in a desiccator at 4°C.
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Table 1.
Effects of immunization methods and antigens on production of antibodies
Injection Antibody values Rabbits
Antigens Average amount Age* (wks.) used
of antigens Adjuvant Routes 4 7 (No.)
(mg/wks.) :
Skim milk
Bovine 50 Non Intra—peritoneal 4% 16 5
” 15 Absorption Intra—venous 16 32 4
” 20 ” Intra-muscular 16 32 3
Human 15 ” Intra-venous 8 32 3
” 120 ” Intra-muscular 32 128 3
Milk whey '
Bovine 70 Vs ” 64 64 3
Human 70 ” ” 64 128
Milk casein
Bovine 60 ” ” 8 16
” 60 Complete Freunds Vi 16 64
Blood serum
Bovine 50 Absorption ” 64 128
Human 50 ” ” 64 128

* As calculated from the first immunization.
#k The antibody values were expressed with average rate of dilution of the twofold
diluting antisera method.

II.  Preparation of antibodies

1.  Immunization methods

Mature rabbits were immunized against bovine and human raw milk (anti-
BM, anti-HM), bovine and human whey, bovine casein and bovine and human
blood sera (anti-BS, anti-HS). As shown in Table 1, the rabbits were injected
intraperitoneal, intravenously or intramuscularly three times a week for 7 —- 9
weeks with each solution of various antigens respectively. After a rest period of
1 week, approximately 40 ml of blood was obtained from carotis artery of the
rabbits, and then separated the antisera. About 0.01% methiolate as preservative
was added to the antisera and stored at 4°C respectively.

2. Making of antigen solutions

The solution of the antigens was prepared and used as follows, i) No adjuvant;
about 13 mg of lyophilized antigens were suspended in 3 ml distilled water. ii)
Adjuvant T (absorption); about 5 to 40 mg of antigens were suspended in 1 to 4
ml of 0.7% potassium alum solution. iii) Adjuvant II (complete Freund’s); ahout
20 mg of antigens were suspended in 0.5 ml of distilled water, and the solutions
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were emulsified with equal volumes of complete Freund’s adjuvant®.

METHODS
HI. Measurement of pH
The pH were measured with the glass electrode pH meter of Toa Denpa
Kogyo Co, Model HM-5A pH meter equipped with standard buffer solutions at
pH 4.00 and 6.90 at 15°C.

1V. DEAE-cellulose column chromategraphy

The method of chromatography on DEAE-cellulose column was made by the
method of Yaguchi et al.4?); the separation of the milk proteins was done by
stepwise changes of Na(Cl concentration in phosphate buffer solution at room
temperature, and the effluent was examined continously with Hitachi Model 101

spectrophotometer weared flow cell at 280 myp.

V. Methods of antigen-antibody reaction

1. Test of antibody value

About 1.5 ml of blood sample was drawn from ear vein of rabbits during
immunization, after clotting antisera were separated and antibody values were
tested by the method of twofold serial dilution tube tests lie 0.2 ml of 0.05%
antigen solution upon 0.5 ml of the serum. Antibody value was expressed with
diluent magnifications of the antisera.

The antisera were diluted with 1.5% arabic gum solution which was dissolved
in 0.85 g of sodium chloride and 0.1 g of methiolate per 100 ml of distilled
water.

2. Double diffusion-in-gel technigue

The double diffusion-in-gel technique of Oudin®® and Ouchterlony 4 glightly
modified by Hanson® was used; petri dishes (diameter; 10 cm) were coated with
a layer (thickness; 2 mm) of 1.5% agar in phosphate buffer solution (pH; 7.4,
1 0.05) containing 0.01% methiolate as a preservative. After the agar gelled
five small wells, 15-20 mm apart, were punched in the agar, and 0.05 to 0.10
ml of the various antigens was placed in the around wells, and a similar gquan-
tity of antisera was also placed in the central well. Diffusion of the antigens and
antisera occured in the agar at 30°C and bands of precipitation were observed
at 24 hours intervals.

About 10 mg of the lyophilized antigens were dissolved in 1 ml of 0.9%
sodium chloride solution, and antisera were dissolved in water to the original
volume of the antisera. Then the samples were used for the examinations.

3. 'The agar immune electrophoretic technigue

The technique of Grabar and williams® modified to micro method by

’?&pphedty thewlffcz)ﬂalsgrator}és, Mriéhigalilj U.S. A,
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Scheidegger® was used. The electrophoresis was made 2 mm layer on glass
plate 10 x 7 cm with 1.3% agar in veronal acetate buffer solution (pH; 8.6, u;
0.05). The central well 1.5 mm was filled with the antigen about 0.004 ml, and
electrophoretic separation was done at 1.5 mA/cm in the agar for 150 min at room
temperature. After the electrophoretic run a longitudinal through (1 x 70 mm)
parallel to the direction of the migration of the antigen was cut at a distance
of 4mm from the well. It was filled with about 0.02 ml of the antiserum. The
plate kept in humid chamber at 30°C. The resulting precipitation bands were
recorded by free-hand drawing and photography. If necessary, the plates were
then washed, dried and stained with 0.5% Amidoschwarts in methanol-water-
acetic acid solution (5:5:1).

Antigen and antibody solution were prepared as the same method as the
case of Double diffusion technique, especialy the former then was dialyzed with
the veronal acetate buffer solution for about 12 hours and used.

RESULTS AND DISCUSSION

VI. Production of antibody

As a preliminary investigation, production of antibody was observed under
the various conditions by the test of antibody value of antisera. The results were
summarized in Table 1.

1. Differences in adjuvant methods

The rabbits were immunized with the antigens by three kinds of adjuvant
methods. Antibody value of antisera immunizing with the adjuvant I method was
higher than that of the no adjuvant method, and that of the adjuvant II method
showed the highest antibody value among the other methods under the same
condition of immunization. The adjuvant II method, in other words, was devoted
to achieve a maximal antibody responses with a minimum quantity of antigen
and the fewest number of injections.

2. Differences in injecting routes

Antibody against the antigens was produced in rabbit’s blood by the method
of various injecting routes which are intraperitoneal, intravenous and intramu-
scular methods. On the results, intravenous and intramuscular injections showed
a similar antibody values, and intraperitoneal showed the lowest value. On the
case of intraperitoneal injection, a few of rabbits exhibited an arthus phenomenon
during hyperimmunizing, and the case of intravenous exhibited an anaphilactic
phenomenon.

From these it is quite possible that intramuscular injection to rabbit was
most safety and effective immunizing method for producing the highest antibody
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value.

3. Differences in antigens

The rate of antibody production against the various antigens under the same
condition was also observed. The value of antiserum against milk whey was
similar to that against blood serum, and higher than that against casein. The
value of anti-milk whey serum was similar to that of blood serum under the
same immunizing condition. As to the antibody values, further more, no diffe-
rences were observed between the same kinds of human and bovine source
antigens. As stated above, the antisera of various antibody values were prepared
in this examination. In these, the antisera showing the highest antibody values
against the same antigens were pooled and used in later desired reacting tests
respectively.
VII. Precipitation patterns cbtained

by double diffusion-in-gel analysis

Precipitation patterns were obtain-
ed by double diffusion-in-gel analysis
of human and bovine milk (HM and
BM) and human and bovine blood sera
(HS and BS) diffused against each
antiserum. The results were shown

in Figure 1.
1. Reactien of antigens-anti-BM
serum
Figure la was representative dia-
grams when anti-BM serum diffused

against the several antigens. Larger
Fig. 1. Diagrams of double diffusion number of precipitation lines were

in—gel patterns of antigens diffused formed with BM than with the other
against antisera.

Antigens. A; Bovine milk (BM). antigens, and no precipitation lines

B; Bovine blood sera (BS). were formed with HM and HS. In

C;, H ilk (HM). . . . .

D HE{EZE ﬁ;o(d(sera) (HS). the precipitation pattern of BM-anti-

Antibodies. a; Anti-BM. b; Anti-HM. BM serum and BS-anti-BM serum

c; Anti-BS. d; Anti-HS. . . )

reaction, at least six and four lines

were recognized respectively, and one

line of them was fused each other.

2. Reaction of antigens-anti-HM serum

Figure 1b was the diagrams of anti~-HM serum diffused against the several

antigens. Larger number of precipitation lines were formed with HM, and no

precipitation lines were formed with BM and BS. In the pattern seven and four
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lines, at least, were recognized in HM-anti-HM serum and HS-anti~-HM serum
spectra respectively, and one line of them was fused.

3. Reaction of antigens-anti-BS serum

Figure Ic was the diagrams of anti-BS serum diffused against the antigens.
Larger number of precipitation lines were recognized in BS-anti-BS serum reac-
tion, and a few lines were recognized in BM-anti-BS spectrum. No precipitation
lines were formed in HM-anti-BS and HS-anti-BS sera reactions. One of the
lines between BM and BS against anti-BS, at least, was fused as shown in
Figure lc.

4. Reaction of antigens-anti-YIS serum

Figure 1d was the diagrams of anti~IHS serum diffused against the antigens.
Larger number of precipitation lines were recognized in HS-anti-HS serum
reaction, and a few lines were recognized in HM-anti-IIS serum reaction. No
precipitation lines also were formed in BM-anti~-HS and BS-anti-HS serum reac-
tions. One of the lines between HM and HS against anti~HS serum, at least,
was fused as shown in Figure 1d.

It may be suggested from above the results that immunological analysis by
double diffusion method had revealed the several kinds of antigenic substances
in BM, B5, HM and HS. Some of these milk substances were found to be
immunologically related to blood serum substances, and at least one of identifiable
substances were found between BM and BS or HM and HS respectively. No
immunologically relations, however, were found between BM and HM, BM and
HS, HM and BS or HS and BS by the methods.

VIII. Immune electrophoretical precipitation patierns

Precipitation patterns were obtained by immune 'electrophoretic analysis of
BM, HM, BS and HS diffused against each antisera after electrophorezed antigen
in agar gel.

a :HS-anti-lS b I BS-anti-BS

Fig. 2. Diagrams of immune electrophoretic patterns of HS and
BS diffused against anti-HS and anti-BS sera.

Barbital buffer pH 8.6, px = 0.05, Ionagar 1.3%, Agar gel slide 7
x 10 cm, for 150 min at electric current 3 mA/cm.
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1. Reaction of HS-anti-HS and BS-anti-BS sera

The immune electrophoretical precipitation spectra of HS-anti~HS serum or
BS-anti-BS serum reactions have been examined and discussed by many workers.
In this examination the spectrum of HS-anti-HS serum reaction was consisted
of large number of precipitation lines. Agar gel electrophoresis of the human
blood serum showed after stainning with Aminoschwarz 10B, six fractions that
were suggested to be; albuinin, alpha,~, alphay~, beta,~, beta,~ and gamma-
globulin. From the immune electrophoretic pattern, the about fifteen or more
separate precipitation lines of HS-anti~HS serum reaction were localized at the
albumin, alpha;—, alphas—, beta;,—, beta,~ and gamma-globulin regions as shown
in Figure 2a. The spectrum of BS-anti-BS serum reaction also was consisted at
least of sixteen or more precipitation lines. The separate lines were then localized
at the regions with the electrophoretic pattern of bovine blood serum as shown
in Figure 2b.

From these results, it has been found that a large number of antigenic
substances is contained in both human blood serum and hovine blood serum, and
that the spectrum of HS-anti-HS serum reaction is nearly similar to that of
BS-anti-BS serum reaction. It has not been cleared, however, whether both of
them are serologically identical or not.

1'8" 2°931010 187’515 4" 6
o/

a : HM-anti-HM . b :HM-anti-HS ¢ : HS-anti-HM

Fig. 3. Diagrams of immune electrophoretic patterns of HM and
HS diffused against anti-HM and anti-HS sera.

2. Reaction of HM-anti-HS, HS-anti-HM, and HM-anti-HM sera

Of the precipitation pattern of HM-anti—HS serum reaction eight lines were
recognized as shown in Figure 3b. One of these was dense and situated in the
albumin, one line in the alpha,—, one in the alpha,~, two lines in the beta,— and
three lines in the betas-globulin region respectively. The spectrum of HS-anti-
HM serum was consisted nine lines as shown in Figure 3c. In these one line
was situated in the albumin, five lines in the alpha,~ to beta,~, two lines in the
betas- and one line in the gamma-globulin region. The precipitation pattern of
HM-anti-HM serum reaction consisted of thirteen separate lines as shown in
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Figure 3a. In these one line was situated in the albumin region, nine lines were
situated in the region of the alpha;—~ to beta,~globulin, of which one dense line
was situated with its maximum in the beta,— or beta;— and one line in the
gamma-globulin region when compared with the spectrum of HS-anti-HS serum
(Figure 2a).

From the precipitation pattern of HM-anti-HM serum reaction by immune
electrophoresis, twelve lines are recognized, among which at least eight or nine
precipitation lines are found to be closely related or identical to antigenic sub-
stances in human serumir.20.4g), This precipitation pattern obtained tends larger
in number of precipitation lines, compared to twelve lines in the same spectrum

which recently have been published by Hanson20,

1114327 1268 105 9

a : BM-anti-BM b ! BM-anti-BS ¢ :BS-anti-BM

Fig., 4. Diagrams of immune electrophoretic patterns of BM and
BS diffused against anti-BM and anti-BS sera.

3. Reaction of BM-anti-BS, BS-anti-BM and BM-anti-BM sera

The spectrum of BM-anti-BS serum reaction consisted of six precipitation
lines as shown in Figure 4b. Of these one dense line was situated in the albumin,
one line in the alpha,~, three lines in the beta,~ to the betas—globulin and one
line in the gamma- to alphas—globulin locales comparing with the pattern of
BS-anti-BS serum reaction (Figure 2b). The precipitation pattern of BS-anti-BM
serum reaction showed at least six separate lines as shown in Figure 4c. These
were situated throughout the regions of gamma-globulin to serum albumin. In
the precipitation pattern of BM-anti-BM serum reaction twelve separate lines
were recognized as shown in Figure 4a. It seems from the diagram that relative
mobilities and separable pattern of the antigenic proteins of milk in agar gel
varied that in filter paper and starch gel electrophoresis at same buffer solution.

As illustrated in Figure 4b and 4c, the relationship between the antigenic
factors in milk and blood serum would be suggested that at least six separate
antigenic factors in bovine milk were to be serologically identical or related to
bovine blood serum proteins. However, it has been unknown as to the structural
similarity of these antigenic substances. The fact that bovine milk is consisted
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of a number of antigenic factors was in agreement with the results by Hanson
et al. 19.50),

4. Other antigen-antibody precipitation reaction

Immune electrophoretic analysis on other antigen-antibody reaction, that are
HM-anti-BM, HM-anti-BS, HS-anti-BM, HS-anti-BS, BM-anti-HM, BM-anti-
HS, BS-anti-HM and BS-anti-HS, were carried out under the same condition as
stated above. No precipitation lines were found in the all the pairing of antigen—
antibody reactions. Then no immunological relations were recognized between
human source antigens and bovine source antigens under the immune electropho-
retic analysis.

These differences of antigenic factor probably related to that the allergic
symptoms developed more often in children with bovine milk, but not developed

with human milk as stated in this introduction41213),
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Fig. 5. Diagrams of immune electorophoretic patterns of various
milk protein fractions diffused against anti-BM and anti-
HM sera.
A; BM f{ractions-anti-BM.
B; HM fractions—anti-HM.
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IX. Immune electrophoretic analysis of milk protein fractions

1. Milk protein fractions against anti-milk sera

Representative diagrams showing the use of anti-milk sera for resolving the
milk protein fractions are shown in Figure 5. The diagrams of a) to f) in Figure
5 were immune electrophoretic analysis of BM protein fractions against anti-BM
serum, and g) to j) were of HM protein fractions against anti~-HM serum.

Table 2.
Identification of BM-anti-BM and HM-anti-HM spectra
by comparative immune electrophoresis

Bovine milk Human milk

Spectra No. * Component Spectra No. ** Component
1: Immune globulin 1 Immune globulin
2: 20
3: 3, Milk beta-globulin
4: Alpha-lactalbumin 4/ Lactalbumin
5: Alpha-casein 57 Red protein
6: Beta-casein 6/: Serum albumin
7: Beta-lactoglobulin 7! Casein
8: 8!

9: Serum albumin 9/
10: 107:
11: 11/:
12: 127:

137:

* Spectra No. in Fig. 4a.
#%  Spectra No. in Fig. 3a.

The Precipitation lines for bovine alpha-casein were observed on the anode
side of the origin as the Figure ba, and three lines, in which one was dense,
were formed in the pattern. It seems that three different antigenic factors were
recognized in bovine alpha-casein prepared by the Hipp’s method. For immune
globulin, three different lines also were observed as shown in Figure 5f. The
precipitation lines for bovine beta-casein, alpha-lactalbumin, beta-lactoglobulin
and serum albumin were observed one dense precipitation line respectively as
shown in Figure 5b, ¢, d and e. From the lines and comparative immune electro-
phoretic analysis, the precipitation lines of BM-anti-BM serum reaction (Figure
4a) were recognized locally as shown in Table 2. However, other remaining
precipitation lines were unknown. The many antigenic substances were contained
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in milk, and many of these were recognized the proteins. The investigation of
this antigenic factors and these active structures must be the subject of future
research.

On human milk protein fractions, one dense precipitation line was observed
on the each fraction against anti-HM serum reaction respectively. From the
same analysis the precipitation spectrum of HM-anti-HM serum (Figure 3a) was
also recognized locally as shown in Table 2. Further investigations of chemical
and immunological analysis on human milk proteins are more necessary than
the bovine milk proteins, and being carried out.
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Fig., 6. DEAE-cellulose column chromatograms of milk protein
by stepwise elution method. Column 6 x 5.5 cm, room
temp., Flow rate 800ml/hr., Collect. 20ml.

2. Relation between precipitation specira and DEAE-cellulose column chrom-
atographic fractions

DEAE-—cellulose column chromatogram of bovine milk was shown in Figure
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6a. The chromatogram has been obtained by many workers, and its each peaks
were examined: No 1, 2, 3-4, 5-6 and 8-10 were recognized as immune globulin,
alpha-lactalbumin, beta-lactoglobulin, beta-casein and alpha-casein respecti
vely45D), The pattern of bovine milk produced in Japan differed from that of
the milk produced in U. S. A. 4, The chromatogram of human milk was also
apparently differed from that of bovine milk and its peaks were marked with No
1, 2, 3/, 4, 5, 6" and 7' as shown in Figure 6b. Of these fractions peaks were
separated respectively and immune electrophoretically analyzed against anti-BM
and anti-HM sera. The representative diagrams were shown in Figure 7. From
the results, it appears that casein of bovine milk was not so clearly separated
same as the results of previous examinations %), Casein, globulin and lactalbu-

min on human milk protein were also not so clearly separated than the case of
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Fig. 7. Immune electrophoretic analysis of the fractions separated
by the DEAE-cellulose column chromatography showing in
Fig. 8.
A; BM fractions-anti-BM. B; HM fractions-anti-HM.
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bovine milk protein. In view of the experiments described above, it can be
suggested that the characters on hydration and zwitter ion structure of human
milk proteins were different from these of bovine milk proteins. It is an intere-
sting phenomenon with the different of antigenic factors between human and
bovine milk protein. This point is investigating.

SUMMARY

It is quite possible that immunological and immunochemical analysis, which
are more sensitive and more specific detection methods for macromolecular
substances, were of great use as comparative re-examination of the fractions of
milk obtained by chemical methods. This paper reports preliminary observations
on the antigenicities and their relationship of human and bovine milk and blood
sera by means of in-gel and immune electrophoresis.

1). It is the most effective condition for the production of antibodies that the
rabbits were hyperimmunized intramuscularly with milk whey protein and blood
serum which were prepared with Complete Freund’s Adjuvant (Adjuvant II).

2). Immunological analysis by double diffusion method had revealed the
several kinds of antigenic substances in bovine milk (BM), bovine serum (BS),
human milk (HM) and human serum (HS). Some of these milk substances were
found to be immunologically related to blood serum substances, especially, at
least one of identifiable substances was found between BM and BS or HM and
HS respectively. No immunologically relations, however, were found between
BM and HM, BM and HS, HM and BS or HS and BS by the method.

3). From the immune electrophoretical precipitation patterns, it has been
found that large number of antigenic substances are contained in both human
blood serum and bhovine blood serum, and that the spectrum of human-serum-
anti-human serum is nearly similar to that of bovine serum-anti-bovine serum.
It has not been cleared, however, whether both of them are serologically iden-
tical or not.

4).  In human milk, thirteen separate antigenic substances were recognized,
at least eight or nine of which were found to be identical or closely related to
these in human blood serum proteins. On the other hand, twelve separate anti-
genic substances in bovine milk were recognized, at least six of these were to
be serologically related to bovine blood serum proteins.

5). No precipitation lines were also found in the human milk-anti-bovine
milk, human milk-anti-bovine serum, human serum-anti-bovine milk, human
serum-anti-bovine serum, bovine milk-anti-human milk, bovine milk-anti-human

serum, bhovine serum-anti-human milk and bovine serum-anti-human serum
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spectra by immune electrophoresis. No immunological relations, in other words,
were recognized between human source antigens and bovine source antigens.

6). Bovine milk protein fractions which were prepared with various chemical
methods were immunologically examined against anti-bovine milk serum. The
three different antigenic factors were observed in alpha-casein and immune
globulin. On human milk protein fractions, however, one dense precipitation
lines were recognized on the each fractions against anti-human milk serum.

7). DEAE-cellulose column chromatogram of human milk were apparently
differed from these of bovine milk. It was found that the each fraction of the

chromatograms was not always one antigenic factor by immune electrophoresis.
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Lt X OIS B OFLE S L 8% O Hel s

%OH X ZWeE EE

AR FPER A

= 9

BT E OMEBTERE, 5 VXGRSO R Eokke LT, R bEnT
P X D GURTHORRNTH D Z LD, IREFITRS OFURNES R ORFIA S 7
M&ho2d5, FEEOIIUVIRIFOBL»S, FoBEM LIRS X ChnIhafi o2k
OWEFHT, T ORI LFERBIGE IS L7z — O EER & T2 T b, KIITT O,
EroFkban T AL, Fik LCAME, SiiFopREs L OREEIC OWTE
BL-ERCHS,

1. #EEmE U ClEE RS Vv, PR Freand 0584 Adjuvant F8LL, 57K
ST B2 HEPREDMEDO X, FlBabEmiikemlET o hkcdsd, ks, itk
X OIER DR & L TR PRtz 5 2 2 m% 753 Lic (Table 1.),

2. EXRNZEIEHGEE A OIeE—RRERISI X D, ANk L0403 & mighiz,
FNENFEOPVREWE OFEPRD b, Flo, TIHIMKIORN DV { Dl
TERS & B R I B B D, D1 ORE—ETH DL L DD, L L, 4
EANF, BELEAME, AFLEmE, H25WIEAME EFIE E OB OB ITIEmES
PR B ASFRD B o7z (Fig. D,

3. REREXIKEEIC X AU S, AMmiEs L OE i ic g < oPuREY
R B, Fi, ZOWMEDRZ —~ VWX ELL w3 (Fig 2), Z OEOEER
WE LB bTERLDDOT, REROERD I ahe—8T5, ks, ZOHERE
FEPERIAE & U C VT O ZERR OGN Ve,

4. AHPCWISEHEHOMBEEDESED B, TOND R LD 8~ 9FBIEHORMMIA
muﬁw%ﬁmabuamyfkuvt&ﬁﬂﬁﬁ&%7 (Fig. 3)o &z, FFLHC V12 OBURM

BHY, TOND 6 FMEMEFEOT N EEEER D (Fig 4, Tihbb, miGNmE
6~7@ﬁ®%mm%@iiﬂ%#®ﬁbf B D\ LRSI AR TR
Wb EHEZBND,

5. AXDEBEHE, b, ALBXCALBHROBS 4L v G-, Thbb,
£33 X OG- i opks & ORYICIE, REESUKENEIC X2 THUBERED i,
7oo Thbbh, CORBETEIEEGEEEFELWERTH S, 15T, AEEc
BB WERS L LT D,

6. HEx ORISR X 0 IR U 2Rl & PRl T B R RIS X D 25

{5 RBIBIE 4(2) 42,9
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Utzo & DFE, #E4 OUBMORE TR Sz (Fig.5, Table 2.), £/, a7+ 4
Y, RES e T v ORBEIER T L w2 & RO b, ARIZ oW T L ROERE
TT2720%, DR OREERIRH SN RELSHOBMTH D L5 IES,

7. ANABIUCHEFHODEAE—wAr—RAh T asn~ /5 a5kl (Fig. 6, 7,
T OFER, NFLR AT IERHR R RIREER R T % &A%, A3Uisyr & Ll U Cgad
iz, EHI, TNHEA Y~ Z7WpELT L dR—OhRtkE TSl



