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umMARrY  Highly purified human fourth component of complement (C4) which
S showed a single precipitin line against horse antihuman serum in the f;-
globulin region was used for identification of the precipitin line of B;g-globulin
(Bix-line) in the immunoelectrophoretic pattern of fresh human serum. Identifica-
tion was achieved by a combination of immunoelectrophoresis and Ouchterlony’s
double diffusion technique. Differentiation of the fy-line from other lines in the
Bi-globulin region has been facilitated by the use of anti By¢;14 serum and specific
absorbed horse antihuman serum.

In the immunoelectrophoretic pattern of normal human serum, the f;;-line ran
parallel with the f;¢/4-globulin line (f,¢14-line) from the antigen well to the f;-
globulin region and crossing of the two lines was never seen.

It was also shown that the f3;5-line of normal human serum changed in appearance,
and crossing of the f;p-line and f;);4-line was observed after hydrazine treatment
or addition of immune precipitate.

A close relationship between the serum C’4 level and the appearance of the S5~
line in the serum was demonstrated. It is interesting to note that the f;z-line was
indistinct or absent when the C'4 level of the serum was difinitely low.

INTRODUCTION

In the previous paper (INa1 et al,, 1967a),
it was reported that the serum complement
level was decreased in some cases in various

1 Parts of this work were reported at the Third
Symposium on Complement in August 1966 at
Hakone, Japan, and at the 16th Annual Meeting
of the Japanese Society of Allergy in October
1966 at Tokyo, Japan.

diseases, and that a markedly decreased or
zero C'4 level was also found in these condi-
tions.

In 1963, Miller-Eberhard and Biro reported
the isolation of a new protein fraction as the
result of purification of C'4 from human serum.
This was identified as Jig-globulin by im-
munoelectrophoretic analysis. However, in
their report, the differentiation of the f;g-line
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from other precipitin lines in the f;-globulin
region was not clear from the photograph of
the immunoelectrophoretic pattern of normal
human serum. Moreover, it is still uncertain
whether C’4 actually corresponds with fqe-
globulin. There have been numerous reports
of immunoelectrophoretic analyses of sera of
patients with various diseases, but no reports
on the relationship between the serum C'4
level and the fSip-line as far as we know.
FosTIROPORLOS ef al. (1965) investigated the
synovial fluid in patients with various joint
diseases and reported on the alteration of S;p-
globulin, but they did not mention the relation
between the C'4 level and f;p-globulin.

In the previous paper (INaI et al., 1967b),
we reported a new method for purifying C'4
which combined several methods that were
effective in eliminating the contaminating C’'1
inactivator. Immunoelectrophoretic analysis
of purified C'4 gave a single precipitin line and
this line corresponded to the line of 8;z-globulin
which was obtained with horse antihuman
serum.

The present study was to determine the
situation of the precipitin line of purified C'4
and to distinguish it from other lines of normal
human serum by immunoelectrophoresis.
The relation between the decrease of C'4
activity in patients’ sera and the alteration of
the precipitin line of pip-globulin was also
investigated.

MATERIALS AND METHODS

1. Purification of C'4

The procedure for purification of C’4 from fresh
human serum was described in the previous paper
(Inar et al., 1967 a).

2. Sera

As a control in immunoelectrophoresis, sera were
obtained from many healthy people, they were
pooled and stored at —20°Cuntiluse. Inthe clinical
investigation, sera of randomly selected persons with
rheumatoid arthritis, cirrhosis of liver and multiple
myeloma were obtained and stored at —20°C until
use. These serum specimens were not stored for
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more than 3 weeks.

3. Antisera

1) Horse antihuman serum

This was prepared at the Osaka Microbial Diseases
Research Foundation (Lot No. 2), and was used
for immunoelectrophoresis and Ouchterlony’s double
diffusion technique in this study.

2) Partially purified horse antihuman serum

As horse antihuman serum has remarkable anti-
complementary activity, elimination of this activity
was attempted.

To 4.7 ml of this antiserum was added an equal
volume of saturated ammonium sulphate. After
four hours at room temperature, the precipitate was
separated by centrifugation at 8,000 rpm at 0°C for
15 minutes and dissolved in deionized water. This
solution was dialysed overnight against tapping
water and for 24 hours against deionized water.
Then, this material was dialysed overnight against
Tris-phosphoric acid buffer of pH 8.4, conductance
1.2x10% micromhos. The dialysate was centri-
fuged at 4,000 rpm at 0°C. The supernatant was
applied to a 1.5 X 18 cm column of DEAE cellulose
previously equilibrated with Tris-phosphoric acid
buffer of pH 8.4, conductance 1.2 x 10® micromhos.
The column was thoroguhly washed with this
buffer of 1.2x10® micromhos conductance, then
with buffer of 1.95 x 10®> micromhos, and then with
buffer of 3.3 x10® micromhos conductance. The
fraction which was eluted with Tris-phosphoric acid
buffer of 3.3 x 10® micromhos conductance was col-
lected and concentrated to its original volume by
ultrafiltration. This fraction corresponded to T-
globulin and exhibited the same precipitin lines with
normal human serum as the original antiserum on
immunoelectrophoresis, and its anticomplementary
activity had been almost completely eliminated.

3) Absorbed horse antthuman serum

As described in the previous paper (INar et al.,
1967 b), horse antihuman serum was absorbed with
the fractions of human serum which did not include
C’4 and B;¢-globulin.

4) Rabbit antihuman C’4 serum

Five ml of purified C’4 (total protein content,
3.26 mg) in complete Freund’s adjuvant (contain-
ing 1 mg dried tubercle bacilli, 4.25 ml of Drackeol
No. 6 and 0.75 ml of Aracel A) was divided into
three equal portions and each was injected into the
foot pad and intracutan of the back of 3 rabbits.
Animals were bled one month after the injection.



The sera of these animals were frozen at —20°C
without inactivation. These sera gave a single
precipitin line not only with isolated C’4 but also
with normal human serum upon immunoeclectro-
phoresis and by Ouchterlony’s double diffusion
technique.

5) Goat antihuman §;¢/14-globulin serum

This antiserum produced by IHyland Laboratory
was used for differentiation of the §;y-line from the

Piciia-line.

4.  Materials used for immune hemolysis in gels

All diluents and preparation of sheep erythrocytes
(E), amboceptor (A), sensitized sheep erythrocytes
(EA), guinea pig C’1 (C’1 gp), guinea pig C’2
(C2 gp), EDTA treated guinea pig complement
(C’-EDTA) and EA with C'1 gp activity (EAC’1
gp) were as reported previously (NAGAKT et al.,
1967 a). Titration of C’HS0, C’1 and C4 was
done as described in the previous report (INAI et al.,

1967 a).

5. DImmunoelectrophoresis

Ten ml of 1 per cent Oxoid Ionagar No. 2 in
veronal-HCI buffer (p==0.05, pH 8.6) was layered
over a photographic glass slide (7.5x12 cm) and
then allowed to gelatinize. An antigen well (dia-
meter 2 mm) was punched out at a point 3 cm
from the cathodal end. This well was filled with
pooled human serum or purified human C’4. The
electrode reservoirs contained veronal-HCI buffer
(#=0.05, pH 8.6). Electrophoresis was carried out
at 4°C for 1.5 hours at 6 v/ecm. Under these
conditions, the spot indicating the albumin fraction
moved to the anodal side about 2.5 cm from the
antigen well, while the $,-globulin fraction did not
move.

After electrophoresis, an antibody trough (2 mm
width) was made with a razor blade. The distance
between the edge of the trough and the well was
usually 4 mm. Horse antihuman serum was put
into the trough, and the slide was kept in a moist
chamber at room temperature overnight.

After this procedure, precipitin lines were visua-
lized, and the plate was washed for one day in a
large volume of physiological saline solution, and
then dried at 37°C, and stained with 0.1 per cent
Amidoblack 10 B solution.

RESULTS

1. Hemolytic activity of C'4d after electro-
phoresis on agar plate

The situation of purified C'4 on the agar
plate after electrophoresis was studied.

In this experiment, C'4 with an activity of
about 20X 102 effective molecules (eff. mol.)
per ml was applied in a volume of 0.03 ml.
The electrophoresis of C'4 on agar gel was
performed as follows; a glass slide (7.5X%
2.5 cm) was coated with a layer of 1 per cent
Difco Special Agar Noble in veronal HCI
buffer (4=0.05, pH 8.6) which was allowed to
gelatinize. Then, a well (diameter 2 mm)
was punched out in the center of this slide,
and the C'4 was put into this well. Electro-
phoresis was carried out at 4°C for 1.5 hours,
at 6 v/cm.

To detect the hemolytic activity of C'4 to
EAC’'] on the agar gel, 4ml of 1 per cent
Difco Special Agar Noble, 4 ml of EAC’1 cells
(7.5x108 cells per ml), 4ml of C'2 (600 eff.
mol. per cell) and 0.2 ml of 1 per cent DEAE-
Dextran were mixed at 50°C. The C'4 on the
agar was subjected to electrophoresis and then
the above mixture was spread thinly on this
agar plate. The plate was incubated at 37°C
for 20 minutes and then it was treated with
12.5 fold of C'EDTA for 2 hours at 37°C.

As shown in Fig. 1, the hemolytic zone was
visualized as an oval shaped spot on the anodal
side from the original point. Namely, the
position of the hemolytic zone which was
produced by electrophoresis of hemolytically
active C'4 was in the f§;-globulin region.

2. Immunoelectrophoretic pattern of purified
C'4

To investigate the purity of the purified C'4,
immunoelectrophoretic analysis was performed
with horse antihuman serum.

Volumes of 0.03 ml of whole human serum
and purified C'4 (48.5x 1012 eff. mol. per ml,
protein content 2 mg per ml) were filled in the
wells. After electrophoresis, horse antithuman
serum was put into the troughs. As shown

Hiramarsu, S. et al. 8;z-Globulin in Human Serum 177












intervals (10, 20, 30 and 60 minutes), 1.25 ml
of this mixture was withdrawn and neutralized
with 0.25 ml of 0.075M HCl. In these ex-
periments, scarcely any C’4 activity was
detected even after 10 minutes. These sam-
ples and nontreated serum were subjected to
electrophoresis. After electrophoresis anti-
serum was put into the troughs.

As shown in Fig. 8, on treatment with
hydrazine, the Bip-line gradually extended to
the cathodal side with time and crossed the
Bio/ia-line. No change was found on the
anodal side, as C'4 activity had been lost after
30 minutes treatment.

7. Lffect of innnune precipitate on the 3 g-line

Peetoom and Pondman (1963) reported that
the immunoelectrophoretic pattern of fu-
globulin separated into fBqs; and ;g when
normal human serum was treated with immune
precipitate (Ea/anti-Ea). An experiment was
performed to confirm this.

As the immune precipitate, egg albumin and
anti-egg albumin specific precipitate were
used. Volumes of 7.5 ml, 6.0 ml, 3.0 ml and
1.5ml of suspension of immune precipitate
were introduced into 4 tubes and centrifuged
and the supernatants were discarded. To
these tubes, 1.5 ml of pooled human sera were
added and tubes were incubated for 30 minutes
at 30°C and centrifuged. Then the C’, C'1
and C'4 in each supernatant were measured.
As a control, a tube was set up containing
1.5 ml of pooled human serum without added
immune precipitate.

The C'H50, C'1H63 and C’4H63 in these

treated sera and in control serum are shown

in Table 1. Sample No. 3 contained the least
C'1H63 and C'4H63. The causes of the
discrepancy between the total N in the im-
mune precipitate used for treatment of serum
and the decreases in C'1H63 and C'4HG63 is
uncertain.

These samples and control sera were used
for immunoelectrophoretic analysis. As shown
in Fig. 9, with treated serum the Syy-line
crosses the fic/a-line, and the fijc-line is
converted to the Syp-line. However, transfer
of the fBig-line to the cathodal or anodal side
and formation of lines B,z and fg, were not
observed.

8. Immunoelectrophoretic pattern of the Piw-
line in the sera of various patients

The relationship between the activity of C'4
and the f,z-line of the serum in various diseases
was investigated.

Sera were subjected to electrophoresis on an
agar plate, and allowed to reacted with horse
antihuman serum, absorbed horse antihuman
serum or rabbit antthuman C’4 serum.

Results of these experiments were sum-
marized in Table 2.

These results show a close relationship
between the C'4 levels and the appearance of
the fjg-line in the serum in many cases.
Thus, the fBqp-line appeared normal when the
C’4 level was normal, and was not present
when the C'4 level was low or apparently zero.
In a few cases, as in case 3 on Aug. 10, 1966
(Fig. 13) and case 4 (Fig. 15), the f;x-line was
barely formed, and as in case 3 on Dec. 29,
1966 (Fig. 14), the C’4 level was apparently
zero but the fg-line was only slightly decreased.

TABLE 1 C’ and its components in serum specimens treated with immune precipitate

Total N in immune

Sample precipitate used (7) C’H50 C’'1H63 C’'4H63
1 1,500 3.4 35,500 21,500
2 1,200 4.2 10,000 14,000
3 600 6.3 7,800 7,600
4 300 16.4 88,000 63,000
Control 0 66.3 165,000 155,000
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Ficure 8 Effect of Hydrazine on the j;g-line.

The immunoelectrophoretic patterns of normal human serum treated with
hydrazine are shown. Control serum (untreated serum in well A) and
treated sera (treated for 10, 20, 30 and 60 minutes in wells B, C, D and E,
respectively) were subjected to electrophoresis. After electrophoresis, ab-
sorbed horse antiserum and unabsorbed horse antiserum were put into the
troughs from a to f alternatively. The 8,g-line extended to the cathodal side
with time and crossed the 5;¢/;4-line.

Ficure 9 Effect of immune precipitate on the §;g-line.
The immunoelectrophoretic patterns of normal human serum treated with
immune precitpitate are shown.
The j,g-line crossed the 8i¢r14-line, and the conversion of §;¢-line to 8,4~
line was observed.
control serum
sample No. 1
sample No. 2
sample No. 3
:  sample No. 4
troughs : absorbed horse antihuman serum

L= N
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Fieure 10  Immunoelectrophoretic pattern of the jp-line
The 8,p-line was normal.
P: serum of case 1
a: horse antihuman serum
b: absorbed horse antithuman serum

Freure 11  Immunoelectrophoretic pattern of the f§y-line
No f,-line was observed.
P: serum of case 2
a: absorbed horse antihuman serum
b: horse antihuman serum

Fioure 12 Immunoelectrophoretic pattern of the §,p-line
No fip-line was ohserved.
N: normal human serum
P: serum of case 2
aand ¢: horse antihuman serum
b: rabbit antthuman C’4 serum

Fieure 13 Immunoelectrophoretic pattern of the §,5-line
The strength of the j;p-line was slightly decreased.
N: normal human serum
P: serum of case 3
aand ¢: lhorse antihuman serum
b: rabbit antihuman C’4 serum
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case 1.

case 2.

case 2.

case 3.

Freure 14 Immunoelectrophoretic pattern of the fip-line
The strength of the 3, -line was slightly decreased.
N: normal human serum
P: serum of case 3
aand ¢: horse antihuman serum
b: rabbit antihuman C’4 serum

Freure 15 Immunoelectrophoretic pattern of the jp-line
The $;-line was very faint.
N: normal human serum
P: serum of casec 4
aand ¢: horse antihuman serum
b: rabbit antihuman C’4 serum

FiGure 16 Immunoelectrophoretic pattern of the 8p-line i

No fip-line was observed.
N: normal human serum
P: serum of case 5
aand ¢: horse antihuman serum
b: rabbit antihuman C’4 serum
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TABLE 2 Immunoelectrophoretic pattern of the Bip-line, and the C'H50 and C'4 levels in the sera

of various patients

C’4 level %10 Appearance of

\ i i g i J
Case No. Dignosis C’H50 off. mol. Byz-line Fig. No.
1 Rheumatoid arthritis 166.0 540.0 normal 10
. . . 3.6 not detected not observed 11
2 'rh liver
Cirrhosis of liver 5.0 0.45 not observed 12
S . 12.5 82.5 slightly decreased 13
3 Clrrhosis of liver 15.2 not detected slightly decreased 14
4 Cancer of stomach 10.0 not detected hardly observed 15
5 Cirrhosis of liver 10.0 0.27 not observed 16
6 Suspected multiple 16.7 42.0 not observed 17
myeloma
7 Bence-Jones type 92.3 6400.0 elongated and crossed 18
multiple myeloma Bicria-line
Case 7 (Fig. 18), which showed a persistently DISCUSSION

elevated serum C’4 level, as reported in the
previous paper, exhibited an interesting imm-
unoelectrophoretic  pattern.  The  fgz-line
obtained from a sample of this patient was
enlarged and crossed the f¢/;4-line on the
cathodal side, in parallel with the high C4
activity. This fip-line was hardly identified
and appeared to be absent in the precipitin
lines formed between the patient’s serum and
antihuman serum. However, when rabbit
antihuman C’4 serum was used, the fz-line
was clearly seen. Moreover, as the horse
antihuman serum used in this experiment did
not contain antibody to x-type Bence-Jones
protein, rabbit antiserum against x-type Bence-
Jones protein was used for determination of
the type of myeloma.

This suggests that the appearance of the
fie-line is closely related with the C'4 level,
but a few exceptions were seen when the
Biu-line was visible though the C'4 level was
apparently zero. However, no case was found
where C'4 was detected but no f;z-line was
formed.
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As reported in the previous paper (INa1, ef al.,
1967D), attempts were made to separate human
C’4 from C’1 inactivator by various procedures,
including DEAE cellulose column chromato-
graphy, CM-Sephadex column chromatography
and Pevikon block electrophoresis.

The purified human C’4 so obtained had
potent C'4 activity with a negligible amount of
C’1 inactivator, and showed a single precipitin
line in the f;-globulin region by immuno-
clectrophoresis. It was considered that this
precipitin line might correspond to the pre-
cipitin line of fp-globulin reported by
MijLLER-EBERHARD and Biro (1963).

To see whether C'4 is identical with S~
globulin or whether C'4 activity is simply
carried by molecules which are completely
unrelated to, although physicochemically
similar to fBip-globulin, several experiments
were performed by MULLER-EBERHARD and
Biro (1963). They concluded that pyp-
globulin might be identical with C'4. In this
experiment, it was clearly demonstrated that
the hemolytic zone of purified C'4 on an agar
plate was completely limited by a single pre-
cipitin line between purified C’4 and purified






Treatment of normal human serum with
immune precipitate also resulted in the crossing
of the two lines, though C’4 activity in treated
serum was moderately decreased. However
no cleavage of the Bp-line into two lines was
observed.

From these results, it is clear that the £~
line in human serum was changed but did not
disappear when the hemolytic activity of C'4
was reduced or completely destroyed by these
treatment.

It was found that there was a close rela-
tionship between the C’4 level in the sera of
patients and the appearance of the fip-line in
their sera. In particular, scarcely any of the
sera with a markedly decreased C'4 level
showed a fp-line by immunoelectrophoresis.
However, in a few cases, the f;g-line was found,
though the C’4 level was apparently zero.
However, in sera with a normal or high C’4
level, absence of a fig-line has never been
seen.
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The discrepancies between the serum C'4
level and pSip-line observed in a few cases
suggest that the appearance of a f;p-line in
the immunoelectrophoretic pattern does not
always imply the existence of C'4 activity in
the sample.

From the present results it seem likely that
the site of hemolytic activity of C'4 on mo-
lecules of Bg-globulin might differ from that
of the antigen determinant for the precipitin
reaction of fyp-globulin. Accordingly, the
existence of fp-globulin which lacks the site
of hemolytic activity of C'4 is conceivable.
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