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Previous studies demonstrated that nonspecifi- 
cally aggregated rabbit and human ~,-globulins, 
like antigen-antibody complexes, induce an 
increased permeability of guinea pig skin capil- 
laries and fix guinea pig complement (C p) (1-4). 
On a weight basis, the aggregated ~,-globulin 
and antigen-rabbit antibody complexes were 
comparable with respect to the biologic activities. 
Ishizaka et al. (5) presented evidence that 
mechanisms of C p fixation by aggregated human 
y-globulin were similar to those involved in C' 
fixation by antigen-antibody complexes. Rabbit 
albumin, a-globulin and flrglobulin developed 
neither skin reactive nor C'-fixing activities upon 
aggregation (6). Frommhagen and Fudenberg 
(4), who studied C'-fixing properties of macro- 
globulin from the sera of patients with Walden- 
strom's macroglobulinemia and of myeloma pro- 
teins, found that the macroglobulin consisting of 
19 S, 26 S and 45 S components did not fix C' 
either before or after heating at 63°C, and that 
similar heat treatment of some 7 S and 9.5 S ~,A 
myeloma paraprotein failed to produce anticom- 
plementary activity. Furthermore, the Fc frag- 
ment of normal rabbit ^/G-globulin, obtained by 
papain digestion, induces both skin reactivity 
and C'-fixing activities upon aggregation, whereas 
F~b fragment does not (7). These findings strongly 
suggest that structures in -),G-globulin molecules 
essential for the induction of these biologic ac- 
tivities are present in heavy chains. 

1 This work was supported by Research Grants 
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the American Cancer Society. 
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Recent studies on -},-globulin structure have 
shown that structural differences among the three 
major classes of immunoglobulins, i.e., */G, ~/A 
and 5'M, are restricted to their heavy chains 
rather than to their light chains (8-10). Antigenic 
subclasses of human "~,G-globulin, i.e., 5'2a-, 5'~b-, 
~%- and ~/2d-globulins, are also present in normal 
human serum (11-15). The distinguishing anti- 
genic characteristics of each subclass are associ- 
ated with the heavy chains (12). These findings 
suggested to us the possibility that biologic 
properties of aggregated ~,-globulins differ de- 
pending on the classes of immtmoglobulins and/or 
subclasses of -),G-globulin. The studies described 
below were undertaken to study this possibility. 

MATERIALS AND METHODS 

Human immunoglobulins. Normal human 5'A- 
globulins were isolated from fresh serum by zinc 
precipitation method (16) with slight modifica- 
tions (17). The normal 5,M-globulin was obtained 
by the method described in a previous article (17). 
Multiple myeloma proteins were prepared by 
block electrophoresis on starch (18) or Pevikon 
C-870(Fostabolage, Sweden) (19) from the sera of 
patients with multiple myeloma. A preparation of 
~,~d-globulin was kindly supplied by Dr. W. D. 
Terry, National Cancer Institute. Samples of 
purified macroglobulin were obtained from the 
sera of patients with Waldenstrom's macroglobu- 
linemia by gel filtration through Sephadex G 200 
(Pharmacia, Uppsala, Sweden) columns followed 
by zone electrophoresis. One of the macroglobulin 
preparations (Bo) was cryoglobulin and another 
(Ev) was pyroglobulin. 

Anlisera specific for human imraunoglobulins. 
The antisera specific for the "yG-, ~/A- and ~,M- 
globulins were the same preparations described in 
a previous article (17). In immunodiffusion (see 
below), each antibody preparation gave a single 
precipitin band of identical specificity with 
normal human serum and the respective immuno. 
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globulin but not with the other two immuno- 
globulins. A goat antiserum against whole human 
serum was also used. 

The antisera specific for either kappa or lambda 
chains were prepared by immunizing rabbits with 
Benee-Jones proteins included in complete 
Freund's adjuvant (Difco Lab., Detroit, Michi- 
gan). Four milligrams of the protein were used for 
the initial immunization and 2 mg were given at 
1-month intervals. Each antiserum was absorbed 
with Bence-Jones proteins of the opposite type. 
The antisera specific for subclasses of ~,G mye- 
loma proteins, e.g., ~'2~, ~'~b, ~'~ and ~,~ were pre- 
pared in rabbits by immunization with myeloma 
proteins (15). The myeloma proteins used as 
standards were previously typed with anti-~,~a, 
anti-~'~b, anti-~,2~ and anti-~,2d monkey antisera by 
Dr. W. Terry, National Cancer Institute. The 
antiserum against each subclass of ~,G-globutin 
was absorbed with a mixture of ~,G myeloma 
proteins of the other three subclasses to render it 
specific for that subclass. 

Complement and intermediate products. Fresh 
frozen guinea pig serum was purchased from 
Probio Inc., New York. Sheep erythrocytes in 
Alsever's solution were purchased from Colorado 
Serum Co., Denver, Colorado; the blood was ob- 
tained from the same sheep throughout the study. 
The guinea pig serum was absorbed twice with 
~0 volume of packed sheep erythrocytes of 0°C 
and stored at -40°C. The first component of C' 
(C'la) was purified from the guinea pig serum by 
the method described by Borsos et al. (20). The 
second component of C' (C'2) was kindly supplied 
by Dr. T. Borsos, National Cancer Institute. 
Rabbit antibody (A) to boiled stromas of sheep 
erythroeytes, sheep erythroeytes (E) sensitized 
optimally by A (EA) and the intermediate prod- 
ucts consisting of EA and the first and fourth 
components of C' (EAC'la,4) were prepared in 
the usual manner (21). The diluent for the re- 
agents was Veronal buffer containing optimal con- 
centrations of Ca ++ and Mg ++ and 0.1% gelatin 
(VB-saline) (21). The intermediate product con- 
sisting of EA and Cr4 ~ACt4) was prepared by 
a modification of the method by Beeker (22). 

Aggregation of immunoglobulins. Immuno- 
globulins were aggregated by coupling with bis- 
diazotized benzidine (2). One hundred milligrams 
of benzidine dihydrochloride was dissolved in 10 
ml of 0.25 N HC1 and cooled to 0°C; then 2.0 ml 
of precooled 0.5 N NaNO~ was added slowly with 

stirring. After 30 min, the solution of bis-di- 
azotized benzidine was diluted 10'times with cold 
distilled water. One-twentieth to ~ ml of the 
diluted solution was added to 2 ml of 0.5 to 1% 
solution of immunoglobulins in borate buffered 
saline, and the pH was adjusted to 8.5. After 15 
min to 1 hr, when the protein solutions became 
slightly opalescent, an equal volume of borate 
buffered saline was added and the mixtures were 
dialyzed against the same buffer for 24 hr. In- 
soluble aggregates were removed by centrifuga- 
tion at 3000 rpm and the supernatant fluids con- 
raining biphenyl azo-proteins were used in subse- 
quent experiments. 

Ultracentrifugation. Analytical ultracentrifuga- 
tion was carried out in a Spinco, model E Ultra- 
centrifuge at 20 ± 0.2°C at 52,640 rpm. The rela- 
tive apparent percentage of each component was 
determined from areas of the individual compo- 
nents. Corrections for the Johnson-Ogsten effect 
were not made. 

Sucrose density gradient ultracentrifugation 
(23) was employed to separate aggregated ~,M- 
globulin from nonaggregated protein. Four- 
tenths milliliter of the sample was applied to the 
top of the sucrose density gradient ranging from 
20% on top to 50% at the bottom in a total 
volume of 4.2 ml. The tubes containing the 
gradient were placed in a swinging bucket rotor, 
SW 39, and centrifuged at 35,000 rpm for 16 hr. 

Fractions of 0.5 ml were obtained from the top of 
the tubes and the pellets, if any, were resuspended 
in borate buffered saline. 

Immunodiffusion. Double diffusion in agar 
plates was carried out by the method of Ouehter- 
lony (24) and immunoelectrophoresis was per- 
formed following the modification of Seheidigger 
(25). The slides were incubated 2 days at room 
temperature and washed. The precipitin bands 
formed were stained with Amido schwartz 10B. 

Classificagon of myeloma proteins. The classifi- 
cation and subclassification of myeloma proteins 
were carried out by immunodiffusion. On Ouchter- 
lony plates, one of the antisera specific for ~'2a-, 
~'2b-, ~'2~-, 7~-, ~A- and ~,M-globulins was placed 
in a center well and reacted against the myeloma 
proteins in peripheral wells. Proteins of known 
antigenic subclass were used as a control. The 
~,G and ~'A myeloma proteins and ~,M-nmcro- 
globulin preparations were tested for the light 
chain type using antisera specific for K and 
chains. 
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Gm typing of myeloma proteins. Gm factors 
were determined by standard inhibition of ag- 
glutination methods (26). Under the experi- 
mental condition, myeloma proteins positive for a 
given factor inhibited the agglutination in con- 
centration of 0.01 mg/ml, whereas proteins nega- 
tive for the factor failed to inhibit even at 2.5 
mg/ml. 

Complement fixation. The amount of C r fixed by 
immunoglobulin preparations was determined by 
the method of Mayer et al. (27). The samples were 
added to 100 CPHs0 (50% unit of C t) in a final 
volume of 10 ml. After 19 hr at 3°C, the residual 
C' activity was determined. The concentration of 
each sample selected for testing was chosen so that 
the number of C'Hs0 inactivated would represent 
20 to 80 % of the hemolytic activity present in the 
control containing only buffer and C'. From the 
number of CtH50 fixed, the quantity of ~,-globulin 
required to fix 50 out of 100 C'H~0 was calculated 
(28). 

Ctl fixation tests were performed by a slight 
modification of the method described previously 
(29). The buffer used was VB-sucrose saline con- 
taining 0.001 M Ca ++ (30). The ionic strength of 
the buffer was 0.065. Appropriate dilutions of un- 
treated and aggregated immunoglobulins were 
incubated with 0.5 ml of 1:40 dilution of guinea 
pig C t containing approximately 500 CrlHs0. A 
control tube contained only C ~. The tubes were 
incubated for 20 rain at 30°C with constant shak- 
ing and 4.5 ml of ice cold diluent were added to 
each tube followed by immediate centrifugation 
at 30,000 rpm for 30 min in the cold. Ctl activity 
in the supernatant fluids was measured using 
EACr4, purified Cr2 and guinea pig C r diluted 
with ethylenediaminetetraacetie acid (EDTA) as 
C'3 source (31); details of the procedure are de- 
scribed in a previous article (29). C ' la  fixation 
tests were carried out using purified Ctla rather 
than whole guinea pig serum. Either 100 or 500 
CrlaHs0 units were incubated with immuno- 
globulin and the C ' la  activity left in the reaction 
mixture was measured without centrifngation. 

Skin reactions. Tests for skin reactivity of im- 
munogiobulin preparations were carried out in 
guinea pigs as previously described (]). Dilutions 
of the test preparations were injected into a 
shaved area of the back. The animals then re- 
ceived an intravenous injection of Evans blue and 
the reactions were measured from the inside sur- 
face of the skin 30 rain later. The minimum 

quantity of each preparation required to induce a 
reaction with average diameter of more than 8 
mm was determined. 

Reversed passive cutaneous anaphylaxis was 
carried out in guinea pigs by the method de- 
scribed by Ovary (32). 

RESULTS 

Normal immunoglobulin preparations and 
myeloma proteins were tested for purity by im- 
munodiffusion using antisera specific for each of 
the three classes of immunoglobulins and anti- 
human serum. The preparations gave a single 
precipitin band of identical specificity with the 
anti-human serum and with the antiserum specific 
for the homologous immunoglobulins, but not 
with the antisera specific for the other two im- 
munogiobulins. The sedimentation coefficients of 
~,A myeloma proteins were measured by analyti- 
cal ultracentrifuge. Most of the preparations gave 
a single peak with a sedimentation coefficient 
(s~0.~) of 6.5 to 6.8 S. One purified ~/A myeloma 
protein, composed of both polymer and monomer 
forms of which sedimentation coefficients were 
6.4 S and 13 S, was applied to a Sephadex G 200 
column to obtain polymer forms. Fractions cor- 
responding to the first peaks were pooled and re- 
chromatographed. The final preparation of the 
polymer form of ~/A myeloma protein was mainly 
composed of a 13 S component. 

The subclasses of "yG myeloma proteins, their 
content of the genetic factors and the results of 
light chain typing of ~/G myeloma proteins are 
shown in Table I, and the data on "yA and ~/M 
proteins are listed in Tables I I I  and IV. The 
immunoglobulins were aggregated by coupling 
with bis-diazotized benzidine. The optimal dose 
of bis-diazotized benzidine required for aggrega- 
tion differed for each class of immunoglobulins. 
For 5,G-giobulin, 50 to 100 #g benzidine base/100 
mg protein was sufficient, whereas two to three 
times as much was required for aggregation of 
~,A-giobulins. Aggregated ~,G- and ~,A-globulins 
were obtained by centrifuging the biphenyl azo 
proteins at 100,000 X G for 4 hr in a Spinco 
preparative ultracentrifuge. The pellets and 0.5 
ml of the solution at the bottom of the centrifuge 
tube were resuspended in borate buffered saline. 
The aggregated "yM-giobulins were separated 
from nonaggregated protein by sucrose density 
gradient ultracentrifugation. After centrifugation 
of biphenyl azo-~'M-giobulin at 35,000 rpm for 16 
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TABLE I 

C'-fixing and skin reactivity oJ aggregated 7G-globulins 

Subclass Type Subject 
Minimum Dose for 

Gm Inv C'Fso Skin Reaction 

a. b. f. 1 b Untreated Aggregated Untreated Aggregated 

72a 
~gN ~gN ~gN ~gN 

K Th -- -- -- :>800 45.7 :>20 :>16 
L Wa -- -- -- >800 35.0 :>20 :>20 

v2b K B a  - - -  -t- - -  1 1 9  8 . 2  > 1 8  1 . 0  

K To -- - ~ -- >800 11.9 >16 2.0 
K Sa -t- - -}- >800 30.9 :>16 4.0 
K P a  - -- -{- - -{- :>800 20 :>16 1.0 
K B u  -- -- -}- -{- -- :>800 33 :>16 1 .0  

L Wr -}- -- >800 11.6 :>16 1.0 
L P --  -- > 8 0 0  9.0 :>16 0.5 
L Ga -{- - 307 16.2 :>16 2.0 

~2c L Vi ~ - -- :>800 13.4 :>16 1.0 
L Br ~ -- -{- - -- -- 464 10.0 :> 16 2.0 

~2d b L Me - - :>800 :>800 :>16 :>8 
K D u  - -  -- - :>800 :>800 :>16 :>8 

a Vi was positive for Gm (g), whereas Br was negative for the factor. 
Aggregated ~d-globulins were purified by sucrose density gradient ultracentrifugation. 

TABLE II  
C'I and C'la fixation by aggregated .rG-globulins 

Sub class Type Subject 

C' Hs0 Fixed by C'  laF~o b 
10 ~gN a 

Aggre- Un- Aggregated Un- 
gated treated treated 

~gN ~gN 

-r2a K Th 355 0 
L Wa 357 35 3.1 > 50 

v2b K To 305 35 1.3 > 50 
K Sa 340 0 
L Pr 282 0 1.4 >50 
L P 350 0 1.2 >50 
L Ga 310 50 0.96 :>50 

~2e L Vi 415 0 
I Br 440 50 0.71 :>50 

-r2d L Me :>50 :>50 
K Du >50 :>50 

a 500 C'IHw were added to the reaction system. 
b Amount required to fix 50 C'laII~0 units out 

of 100. 

hr in a swinging bucket rotor, fractions of 0.5 ml 
were collected and the pellets were resuspended 
in borate buffered saline. Each fraction was 
diluted in borate buffered saline, and absorption 

a t  280 m~ determined. A representative result is 
shown in Figure 1. When untreated 7M-globulin 
was applied to a control tube, most protein was 
detected in the fourth and fifth fractions and the 
pellet was not detectable. Thus, the pellet frac- 
tion from biphenyl azo-~,M-globulin was used as 
aggregated protein in subsequent studies. 

The C'-fixing and skin reactive properties of 
untreated and aggregated 7G-globulins were 
studied. The dose of protein N required to fix 50 
C'Hs0 out of 100 is shown in Table I. I t  is evident 
that  7G myeloma proteins, except ~'2d-globulin, 
fix C' upon aggregation. Some of the untreated 
myeloma proteins were auticomplementary but  
the aggregated products showed much higher 
C'-fixing activity than the untreated protein. The 
untreated and aggregated proteins were injected 
intracutaneously into normal guinea pigs to test 
skin reactive properties. The aggregated 7~b- and 
~%-globulins gave definite skin reactions with 
0.5 to 2 #gN, whereas as much as 16 to 20 #gN 
of the untreated protein did not. The aggre- 

gated ~/2~- and 5'~d-globulins did not increase 
the permeability of guinea pig skin capillaries 
(Table I). Since the extent of aggregation for 
~/~-globulin by coupling with bis-diazotized 
benzidine was less than that for other proteins, 
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TABLE I I I  

C~l-fixing and skin reactivity of .rA-globulins 

C'IH~ Fixed Skin 
Type Subject Iav(l)  Treatment CrFs0 by 50 ~gN a C'laFso b Reactivity 

t~gN t~gN ~gN 
Lo ~ Aggregated 212 > 18 

Untreated 80 > 20 
K 

L J o  - -  Aggregated 340 > 18 
Untreated 73 > 20 

L C1 - Aggregated > 800 32 >50 > 16 
Untreated > 800 0 > 50 > 20 

L Br -{- Aggregated 390 0 :>50 >20 
Untreated 375 0 >50 > 20 

L H - Untreated ~ >800 >50 > 20 

14.L. normal Aggregated > 800 0 > 50 > 20 
Untreated >800 0 ~> 50 :> 20 

" 500 C~IH60 were added to the reaction system. 
Amount required to fix 50 C'laHso out of 100. 
Polymer form ~A. 

TABLE IV 

C'-fixing and skin reactivity of -/M-globulins 

C'IaH~ 
C~lHso Fixed Fixed by Skin 

Type Subject Inv(1) Treatment C 'F~ by 30 ~gN ~ 30 ~gN b Reactivity 

~gN ~gN 

14 V - Aggregated 108 315 >9 
Untreated > 800 15 > 16 

K C - Aggregated 63.8 140 >9 
Untreated > 800 0 > 16 

14 Bo ~ + Aggregated 115 346 180 > 20 
Untreated > 800 0 0 > 20 

L K a  - Aggregated 105 292 140 >9 
Untreated >800 62 0 > 16 

L E d - -  Aggregated 283 400 175 :> 20 
Untreated 700 0 0 > 20 

K.L. Normal Aggregated 110 385 145 > 16 
Untreated 685 25 5 > 16 

500 C'lHs0 units were added to the reaction system. 
500 CqaH~o units were added to the reaction system. 
Cryoglobulin; C'  fixation was carried out at 37°G. 
Pyroglobulin. 

aggregated protein was obtained by heating 
another preparation (Du) of 7~-globulin at 63°C 
for 20 rain (1), followed by centrifugation at  
100,000 X G for 4 hr. The pellet fraction showed 

neither C' fixing nor skin reactive properties. In 
order to confirm the lack of the biologic activities, 
aggregated 7~d-globulin was further purified by 
sucrose density gradient ul tracent~ugation.  
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Figure 1. Density gradient ultracentrifugation 
of biphenyl azo-~,M-globulin (V). After centrifu- 
gation, 0.5 ml fractions were obtained from top. 
Fraction 9 contained pellet and turbid. Each frac- 
tion was diluted four times with saline and absorp- 
tion at 280 m~ was measured. 

Two-tenth milliliter of the pellet fractions of both 
heated and biphenyl azo 5'2d-globulins were 
layered on top of sucrose gradients from 12% on 
top to 37 % at the bottom (23). The tubes were 
centrifuged at 35,000 rpm for 18 hr. After cen- 
trifugation, nine fractions were obtained from the 
top of the tubes. The pellets and 0.5 ml of the 
solution at the bottom of the tubes were resus- 
pended in borate buffered saline and concentrated 
by negative pressure dialysis against the buffer. 
Nonaggregated protein was detected in the third 
to fifth fractions from the top. The bottom frac- 
tions from heated and biphenyl azo ~/~-globulin 
fixed very little, if any, C' and gave no skin re- 
action in normal guinea pigs (Table 1). I t  is evi- 
dent that the ability of the aggregated 7G- 
globulins to induce skin reactions depends on the 
subclass of the original protein. The results also 
showed that the light chain types and Gin factors 
studied had no relation to the induction of either 
C'-fixing properties or skin reactivity upon ag- 
gregation. 

I t  has been reported by Terry (14) that ~2b-, 
~2~- and ~-globulins induce reversed passive 
cutaneous anaphylaxis in guinea pigs, indicating 
fixation of the proteins to animal skin tissues for 
passive sensitization. Lack of skin reaction by ag- 
gregated 5,~-globulin suggested that the ~,~- 
globulins used in the present experiments may not 
sensitize guinea pigs for reversed passive cu- 
taneous anaphylatie ((PCA) reactions. Reversed 
PCA reaction tests were therefore set up using 

~/2a-, ~2b- and ~/~d-globutins. It  was found that 0.1 
to 0.2 #gN of all myeloma proteins, except 72a- 
globulin, induced bluing reactions when guinea 
pigs were challenged with 100 #gN of anti-TG 
antibody. 

Since the C'-fixation involves many compo- 
nents of C', C'I fixation by the aggregated pro- 
reins was studied. The experiments were carried 
out in two ways. In one experiment, 500 C'IHs0 
units were incubated with 10 ~gN of either ag- 
gregated or untreated protein and the C'I ac- 
tivity left was measured. I t  was found that ag- 
gregated ~/2a, ~2b and 72~ myeloma proteins fixed 
a significant amount of C'I, whereas nonaggre- 
gated protein did not. In another experiment, 
purified C'la was used to study the fixation of 
C'I. When serial dilutions of aggregated ~,G mye- 
loma proteins were incubated with 100 C'laHs0 
units of purified C'la for 30 min, C'la units fixed 
as a function of the quantity of the aggregated 
~,-globulins followed a straight line in the range of 
20 to 75% fixation (Fig. 2). In view of these 
results, the quantity of the protein required to 
fix 50 C'laHso out of 100 was calculated for each 
preparation (28). The results of C'la fixation were 

5O 

?5 

25 

o:2 ois io 
,PEN 

Figure 2. Relation between the dose of aggre- 
gated ~,G-globulin (Br) added and C' laH~ units 
fixed. The aggregated ~,-globulin was incubated 
with 100 C' laH~ units of purified C' la and the 
activity remaining was measured using EAC'4 
(see text). 
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similar to those in Crl fixation and confirmed that 
aggregated ~'2,, ~'2b and ~,~ myeloma proteins 
fixed Ctla whereas nonaggregated protein did not. 
Among the subclasses of ~,G myeloma proteins, 
5'~d-globulin did not induce Crla-fixing ability 
upon aggregation (Table II).  

The experiments were extended to ~,A-glob- 
ulins from both normal individuals and myeloma 
patients. Some of the ~/A myeloma proteins were 
anticomplementary but no increase of Ct-fixing 
activity by aggregation was observed in any of 
these cases. I t  is evident from Table I I I  that ag- 
gregated ~,A-globulin had neither CP-fixing ac- 
tivity nor skin reactive properties. Lack of C r- 
fixation by aggregated ~,A-globutin was confirmed 
by CPl and C' la  fixation tests. No significant 
amount of either C~1 or Crla was inactivated by 
50 t~gN of aggregated "yA-giobulin. Furthermore, 
the polymer forms of ~,A-giobulin had neither 
C~-fixing properties nor skin reactivity. 

The Cr-fixing and skin reactivity of ),M prepa- 
rations were also studied. Some of the untreated 
-/M-globulin were anti-complementary. By ana- 
lytical ultracentrifuge, it was found that these 
preparations contained a small amount of soluble 
aggregates of which sedimentation coefficient 
(s2o.,) was 29 to 30 S. In order to remove the ag- 
gregates, the preparations were fractionated by 
sucrose density gradient ultracentrifugation. The 
concentration of sucrose gradient and the con- 
ditions for ultraeentrifugation were the same as 
those for the separation of aggregated 7M-glob- 
ulin. After centrifugation, 10 fractions were ob- 
tained and absorption at 280 m# was determined. 
The 5,M-globulin made a single peak at the middle 
of the sucrose gradient (cf. Frs. 4 to 6 in Figure 1) 
but the bottom fractions also contained some 
protein. Fractions 4 to 6 which corresponded to 
the major peak were pooled and concentrated by 
negative pressure dialysis. This procedure greatly 
reduced the anti-complementary activity of un- 
treated ~,M-globulin. The results of C' fixation 
by aggregated and nonaggregated 5,M-globulins 
are shown in Table I I I ;  it is evident that aggre- 
gated ~,M-globulin had significantly higher C'- 
fixing properties than nonaggregated proteins. In 
the case of ~,M-cryoglobulin (Bo), however, a 
significant CP-fixation by nonaggregated protein 
was observed when the reaction was carried out 
at 2 to 3°C. Therefore the C t fixation reaction for 
both nonaggregated and aggregated proteins were 
performed at 37°C. The C' fixation by non- 

aggregated protein was negligible, whereas the 
aggregated material fixed a significant amount of 
C' (Table III) .  The possibility arose that the in- 
crease of C r fixation upon aggregation might be 
due to coupling with benzidine itself rather than 
to aggregation. In order to study this possibility, 
nonaggregated biphenyl azo 7M protein was 
studied. Mter sucrose density gradient ultra- 
centrifugation of biphenyl azo ~,M-globulin (Ka), 
both pellet fraction and middle fractions (Frs. 4 
to 6 in Fig. 1) were obtained and tested for 
C'-fixing properties. Even 800 ~gN of the middle 
fraction did not fix a significant amount of C'. 
The C' I  and C' la  fixation tests were also per- 
formed. The difference between the activities of 
aggregated and nonaggregated macroglobulins 
was clearly shown in these tests (Table IV). These 
results indicate that ~/M-globulin induces C'I  
fixing activity upon aggregation. However, the 
aggregated ~,M-globulins did not increase permea- 
bility of guinea pig skin capillaries. 

DISCUSSION 

The Cr-fixing properties of aggregated mye- 
loma proteins were studied by Morse (33), but in 
her study, the myeloma proteins were not typed 
for subclass and quantitation of C~-fixation was 
not performed. The data presented in the present 
paper clearly show that the biologic activities of 
aggregated ~,-giobulins depend upon the class and 
subclasses of the original immunoglobulin. The 
aggregates of "y2~-, ~/2b-, ~/2~- and ~,M-globulins 
fixed Ctl, whereas aggregated 72d- and ~,A-glob- 
ulins did not. Further aggregated ~'2b- and 72~- 
globulins increased permeability of guinea pig skin 
capillaries, whereas aggregated ~,~-, ~'~d-, ~'A- 
and ~,M-globulins did not. The C ~ fixation by 
"l,M-globulin aggregates apparently differ from 
previous reports that heat-aggregated ~/M-glob- 
ulin did not fix C p (4); Murray et al. (34) showed 
that ~,M antibody lost Ct-fixing activity after 
heating at 60°C. The lack of C r fixation by heat 
aggregated ~,M-globulin is probably due to de- 
naturation of the original molecules. The possi- 
bility has to be considered that the induction of 
C'1 fixing activity by the formation of biphenyl 
azo "/M-globulin might be due to the coupling of 
benzidine rather than to aggregation. However, 
the 19 S fraction of the biphenyl azo protein did 
not show any C' fixing activities. The present 
results also suggested that the induction of C' 
fixing activity by aggregation is not restricted to 
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this method. Removal of naturally aggregated 
"rM-globulin from 19 S fraction by density 
gradient ultracentrifugation resulted in a decrease 
of anti-C' activity of the "rM-globulin prepara- 
tions. I t  was also found that "rM-cryoglobulin 
fixed C r at 2°C but not at 37°C. Presumably the 
cryoglobulin formed aggregates at low tempera- 
ture and fixed C'. 

The C' I  and C'-fixing activities of the aggre- 
gated "rM-globulin were much less on a weight 
basis than those of the aggregated "rG-globulius. 
The reasons for the quantitative difference must 
await further studies; however, it might be due 
mainly to technical difficulties of preparing "rM 
aggregates of small size. With the aggregated "rG- 
globulins, it was found that insoluble aggregates 
had less C' fixing activity than soluble aggregates. 
More recent studies indicate that soluble rabbit 
"rM aggregates have had very high C'-fixing prop- 
erties (35). 

The present data show a good correlation be- 
tween antigen-antibody complexes and non- 
specifically aggregated "r-globulins with respect 
to biologic activities. I t  has been reported that 
both "rG and "rM antibodies fixed C'I  and C' la  
with antigen, whereas "rA antibody did not (29). 
In regard to an increased permeability of guinea 
pig skin capillaries, Terry (14) reported that 
human "r2b-, "r~- and "r2a-globulins induced re- 
versed PCA reactions in guinea pigs, whereas 
"r2a-globulin did not. The results indicated that 
"r2a-globulin molecules lack affinity for guinea pig 
tissues for passive sensitization. We confirmed 
the results with the materials used in the present 
experiments. I t  also has been reported that 
neither "rA nor "rM antibodies (globulins) induced 
either direct or reversed PCA (17, 36, 37). The 
present data on skin reactivity of the aggregated 
"r-globulius agree with previous reports and sup- 
port the idea that combination of aggregated 
-r-globulin with certain tissue sites to which anti- 
body is fixed upon sensitization is one of the 
necessary prerequisites for the induction of skin 
reactions. However, fixation of aggregated "r-glob- 
ulin to the tissues is not sufficient for the induc- 
tion of the skin reactions. "r2a-Globulin fixes 
to the tissues but aggregates of the protein did 
not induce the skin reaction. Our more recent 
studies on soluble antigen-antibody complexes 
composed of guinea pig "rl antibody indicate that 
the complexes lacking C'-fixing properties induce 
skin reactions in guinea pigs. I t  is possible that 

the increased permeability of guinea pig skin 
capillaries may be induced by two different 
mechanisms, one of which involves C' fixation and 
another which does not. Another possibility is 
that some unknown structures in "r-globulin 
(antibody) molecules, as well as those involved in 
the fixation to the tissues, are necessary for the 
formation of skin reactive aggregates. Further 
studies are necessary to elucidate this point. 

With respect to C ' la  fixation by "rM anti- 
body, Borsos and Rapp (38) reported that a 
single molecule of "rM antibody on red cell 
surface generates a site for C'I  fixation. Their 
observation was confirmed in our previous ex- 
periments, using type A human erythrocytes 
and "rM isoagglutinin (29). However, our more 
recent studies on C' fixation by complexes of A 
substance and "rM anti-A antibody showed a 
definite inhibition of C' fixation in antigen excess 
re ,on.  The findings with the soluble antigen- 
antibody system suggest that aggregated'rM, but 
not a single molecule of "rM-globulin, fixed C'. 
Explanations for the difference between particu- 
late antigen systems and soluble antigen systems 
must await further studies. As suggested previ- 
ously (2), it is possible that the induction of C'- 
fixing activity by antigen-antibody reactions is 
due to distortion of antibody molecules. In the 
case of "rM antibody which has five to six combin- 
ing sites in a molecule (39), the antibody may 
combine with a red cell surface through multiple 
sites and consequently induce distortion of the 
molecule which may also be induced by non- 
specific aggregation. Studies are currently in 
progress using rabbit anti-A 'rM antibody which 
may aid in clarification of this point. 

The present data clearly show that the skin 
reactivity and C'-fixing activities of aggregated 
"r-globulins are related to heavy chain structures 
rather than light chains. None of the Gm nor 
Inv factors studied appear directly related to 
the induction of the biologic activities. These 
findings are in agreement with the evidence that 
the structures essential for C' fixation and skin 
fixation are present in heavy chains in the im- 
munoglobulin molecules (7). The relation between 
the structures involved in one of these activities 
have been studied in rabbit "rG-globulin (40) 
and guinea pig antibodies. Lack of C t fixation 
by guinea pig 5'1 antibody, which sensitizes 
homologous skin, indicates a difference between 
the structures (41, 42). The present data support 
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and extend these findings through the demon- 
stration that aggregated ~2,-globulin fixed C'1 
but induced no skin reaction whereas ~,~d-globulin 
fixing to skin tissues did not fix C ' I  upon aggrega- 
tion. These findings are in accord with results 
of peptide map studies showing that Fe frag- 
ment of ~/~-gtobulins differs markedly from 
the comparable fragment of "y2~, ~'2b and ~2~ 
proteins, though these three are very similar to 
each other (43). I t  is apparent that the part of 
~/-chain structure which is essential for C' fixa- 
tion is different from those involved in skin fixa- 
tion. 
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SUMMARY 

Human myeloma proteins, -y~a, ~/2b, ~/2c, 5'm 
and ~,A, normal ~A-globulin and ~,M-globulin 
from normal individuals and from Waldenstrom 
maeroglobulinemia patients were aggregated by 
coupling with bis-diazotized benzidine. The ag- 
gregates and the untreated proteins were studied 
for complement-fixing properties and skin reac- 
tivity in normal guinea pigs. Neither untreated 
nor aggregated "Y~d- and ~A-globulins showed 
either activity. The other immunoglobulins, 
e.g., ~/2,, ~/2b, ~'~ and ~,M, induced C' fixing 
properties upon aggregation. The results were 
confirmed by C'I  fixation tests. The aggregated 
~/~b- and ~2c-globulins induced increased per- 
meability of guinea pig skin capillaries, whereas 
neither aggregated q'2a- nor ~,M-globulin did. 
These activities of aggregated 5,-globulins were 
independent of types of light chains and of the 
presence of Gm factors (a) (b) and (f). The 
results indicate that the heavy chain structures 
which are essential for C'I  fixation are different 
from those involved in fixation of the ~-globulin 
molecules to guinea pig tissues for passive sen- 
sitization. 
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