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II. Characteristic properties of reaginic antibody different from human 
uA-isohemagglutinin and vD-globulin 
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Two reaginic sera from atopic patients were fractionat& by chromatography on 
DEAE celhlose cohmns, and by gel filtration through Sephadex G-ZOO columns. 
The skin-sensitizing activity in the chromatographic fractions did not parallel the 
concentration of yD-globulin (IgD). Gamma-l) globulin in the rcagin-containiwg 
fractions and one of the origkal sera wre precipitated with rabbit antibody specific 
for yD-globulin. Essentially all reaginic activity in the fractions and in the serum 
remained in the supernatants, indicating that Ihc reaginic antibody is not yD- 
globulin. 

Comparisons were made betzt>een the reaginic antibody and human yA anti-d 
isoagglutinins. When anti-yA-globnlin antibody was added to the mixture of the 
reagin-containing fraction aad yA anti-A isoagglutinin, the isoagglutinin was oom- 
plctcly precipitated, whereas all reaginic activity wmained in the supcrnatant. In 
sucrose density-gradient ultracentrifugation, the reaginic antibody sedimented inter- 
mediate between polymer and monomer forms of yA-globulin antibodies. The 
aao-age sedimentation coeficient of the rcaginic antibody was estimated to be 8 S. 
The electrophorctic mobili,ty of the rcaginio antibody is slower than yA isoagglutinin 
in Scphadex G-25 zone electrophorcsis. These findings together with our previous 
rcportl indicate that the rcaginic antibody is associated with none of th,c known, 
few immu,noglobulins, i.e., yG-, yX, yA-, and yD-globdins, and sug,gcst the presence 
of n fifth immzlnoglobulin as a carrier of rcaginic activity. 

I n a previons paper,’ evidence was presented that reaginic antibody in two 
atopic patients’ srra was associated with a unique protein other than yA- OI 
yG-globulin. When the scra were fractionated by chromatography on diethyl- 
aminoethyl (DEAE) ceUnlosc columns and by gel filtration, reaginic activity 
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in the fractions did not parallel either yA- or YG-globulin concentration. It 
was also found that essentially all skin-sensitizing activity in the reagin- 
containing fractions rcmaincd in the supcrnatant after the precipitation of 
both immu~~oglobnli~~s with rabbit, antibodies specific for one of these proteins. 
The reaginic activity in the supcrnxtant was coprecipitated with yG-globulin- 
anti-light cdhuin antibody complexes, indicating that the skin-sensitizing anti- 
body was associated with a protein having light chain(s) of immunoglobulins. 

A fourth inirllurloglol)ulin, YD (IgD), was dcmonstratcd by Rowe and 
Fahey’ in normal human sera. The present experiments were undertaken to 
study whether the rraginic antibody is YD-globulin. In view of the difference 
of the rraginic antibody from the bulk of yA-globulin with respect to anti- 
genie structure, the 1)hysicochelnical properties of the reaginic antibody arc 
compared with those of human YA-isohemagglutinin. The results indicate that 
the reaginic ant,ibody is not associated with yD-globulin and that the antibody 
is different from YA-isohemagglutinins with respect to antigenie structure, 
molecular size, and elcctrophoretic mobility. 

MATERIALS AND METHODS 

Reaginic sera and their fractions 

The patients sern and their fractions used in the present espcrimcnts were 
the same as those described in a previous paper.] The serum from a ragweed- 
sensitive patient is a gift from Dr. Maxwell Richter ancl the other serum 
from an egg-sensitive patient was obtained at the Children’s Asthma Research 
Tnstitute. The globulin fraction of the ragweed-sensitive strum was obtainecl 
by l)recipitation with l/2 saturation of ammonium sulfate and was chromato- 
graphed on DEAE cellulose (C’alifornia Iliochcmical Corporation, Los Angeles, 
California) columns. Proteins were cllutcd stepwisc with 0.00511, O.OlM, 
O.O35i\I, and 0.0811 phosphate buffers of pIl 8.0, and the fractions cluted with 
each buffer were pooled separately (Frs. I to IV). The protein eluted with 
0.033,\1 buffer (FL’. III) was further fractionated by gel-filt,ration through a 
Sclphadex G-200 (Pharmacia, Uppsala, Sweden) column into three fractions 
(F’rs. ITT,, III,, and III,).l Fr. III*, having the highest skin-sensitizing ac- 
tivity, was rechromatographed on a DEAF: cellulose column. The fraction was 
tlialyzcd against O.OBJI phosphate buficr (pit 8.0) ant1 applied to the column 
(2 by 43 cm.) which had been eyuilibratrtl with the buf!fer. Protein fractions 
obtait~ctl with 0.02X and 0.035M phosphate buf!fers wcrc pooled separately 
and concentrated (F’rs. rn 11 and III,,). The protein fractions of the egg- 
sensitive scrurn wcrc ol)tainctl by gel filtration through Sephadex G-200 
columns followed by DF:AE ct~llulose column chromatography. The molarity 
of the phosphate buffers used to obtain each fraction and the protein con- 
centration of the final 1)reparations arc shown in Table I. 

Anti-A isoagglutinins 

Three individuals of type 0 received two subcutaneous injections of 1 mg. 
of A substance (Pfizer Laboratories and Knickerbocker Inc., New York) one 
week apart, and were bled one week after the second immunization. Pro- 



Table I. I)istriDution of rcnginic n&city and illlllblLnonlobulins ilz 
~hrontcx.tollrcrljhic fractions of atopic Vera 

Xinimum c’onccntration 

Phosphate 
for detwtin,q 

Fraction bfcfcr fop Protein 
Presence oft Rf~aginic 

c~7ution" concrntrat ior, YA 1 YG YTj$ mtibody~ 

<‘I. A ~n.yl~~~d~s~7~siti~e pnticnt’s swum 
mole/L. 

I 
pg N/ml. pg N/ml. pg N/ml. 

0.005 760 - + 
1 1. 

>I600 100 
0.01 i60 - + > 760 2 

1 II,, 0.02 I77 + + 88 0.1 0.2 
IK* 0.035 i90 + + 25 2 
III, 0.035 )I 420 + + 54 1 
II 1, 0.035/l 790 + + i90 10 

B. An egg-scnsitiuc patient’s swum 

ifi 
0.005 330 + > 330 >40 
0.01 170 + 0.X 

El 
0.02 260 + + > g;; 0.2 
0.035 1050 + + 130 0.8 

E 0.05 140 + + > 140 4 

“Nolarity of phosphate buffers for stepwise clutiorl from DEAE crllulose Columns. 
tRelative concentration of the proteins were described by Ishizaka and 1sllizaka.l 
$YD was detected by immunodiffusion. 

protein Concentration. 
> signs represent negative reaction with the 

$I)etcCted by P-K rrwtion. Five-hundredths milliliter was injected for passive scnsit,iza- 
tion. 

1!Frs. lII, and 111, Tvere olbined 1)~ gel filtration through a EScphadex G-200 column. 

cedures for the purification of yG- and YA-globulin from the immune sera 
were the same as reported previously.3 Gamma-G globulin fraction was obtained 
by chromatography on a DEAF: cellulose column. Eight milliliters of one of 
these sera was dialyzed against phosphate buffer (pH 8.0, O.OlM) and applied 
to the column (2 by 45 cm.) which had been equilibrated with the same buffer. 
The protein fractions clutctl with the buffer were pooled and concentrated 
by negative pressure filtration. Gamma-A globulin was purified from 100 to 
150 ml. of each serum by the method of Vacrman and co-authors.4 Euglobulin 
was precipitated by dialysis of the scra against 0.02M phosphate buffer 
(pH 6.0). The @globulin in the supcrnatant was removed by precipitation 
with 0.05M zinc sulfate at pH 6.8 at 28O C. Supernatant fluids were dialyzed 
against distilled water and concentrat,ed. The yA-globulin in the supernatant 
was then precipitated with 1/z sat,uration of ammonium sulfate (pH 7.0) 
and further purified by blocked electrophoresis in Pevicon C-870 (E’osfat- 
bolaget, Sweden), with barbital buffer of pH 8.6 and ionic strength of 0.L5 
Eluatcs from each 1 cm. segment were tested by immunodiffusion against the 
goat antiserum specific for yA-globulin and antihuman serunl.3 Only cluates 
giving a single precipitin band of identical specificity with both antisera 
were pooled, dialyzed against distilled water, and concentrated in the cold 
by negative pressure filtrat,ion. The YA-globulin fraction from each serum was 
tested for purity by immunodiffusion and then pooled. The final preparation 
(250 pg N per milliliter) gave a single precipitin band of identical specificity 
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Fig. 1 
Gel filtration of y&globulin through a Sephadex G-200 column. A solid line represents ab- 
sorption at 280 mp. il broken line represents the hemagglutinin titer of the fractions. 

with the anti-yA-globulin serum and anti-whole serum but not with either 
anti-yG- or anti-YM-globulin. 

The yA-globulin was fractionated into polymer and monomer forms by gel 
filtration.” Six milliliters of YA-globulin were dialyzed against borate buffered 
saline and applied to a Sephadex G-200 column (2 by 100 cm.). Two milliliter 
fractions were collected and absorption at 280 ml” determined. As reported pre- 
viously,” hemagglutinating activity did not, parallel the protein concentration 
of the chromatographic fractions (Fig. 1). The ratio of hemagglutinating titer 
to the absorption at 280 n+ was calculated for each chromatographic fraction 
and the fractions with similar ratios were pooled separately (Frs. P and M in 
F’ig. 1) and concentrated. The protein concentration of Frs. P and M were 
38 pg N per milliliter and 286 pg N per milliliter, respectively. 

Antisera specific for human immunoglobulins 

Rabbit antisera specific for YG-, YA-, or yM-globulin wcrc the same prcp- 
arations described in previous papers. l, 3 The y-globulin fraction of the anti- 
sera, which were obtained by the immunization of rabbits with one of the 
three immunoglobulins, was precipitated with ammonium sulfate at ‘13 
saturation at pH 7.8. Cross-reacting antibody in the rabbit y-globulin frac- 
tions was rcmovcd by absorption with appropriate purified human immuno- 
globulin at the equivalcncc region. The y-globulin fractions of anti-yA and 
anti-yM sera were absorbed with y(+ and that of anti-yG serum was absorbed 
with Flat, fragment of the YG-globulin. The y-globulin fractions of the anti- 

4 Y- antisera were further purified by chromatography on a DEAE cellu- 
lose column. The protcin eluted from the column with O.OlM phosphate buffer 
(pH 8.0) was concentrated. The specificity of the anti-YG, anti-YA, and anti- 
yM antibody preparations was tested by immunodiffusion with human serum 
and purified immunoglobulins. Each antibody preparation gave a single pre- 
cipitin band of identical specificity against human serum and homologous 
immunoglobulin but not with t,he other two immunoglobulins.l, 3 The goat 
antiserum specific for yA-globulin was purchased from Hyland Laboratories, 
Los Angclcs, California. The Y-globulin fraction of the antiserum was ob- 
t,ained by chromatography on a DEAE cellulose column using 0.02M phos- 
phate buffer (pII 8.0). 
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The rabbit antiserum specific for yl)-globulin was supplied by Drs. J. 
Fahey ad II. Rowe, Pl’ational C’mccr Tnstitutc, I:ethcsdu, Maryland. It WAS 
prepared by immunization of rabbits with ~1) myeloma protein followed by 
absorption of cross-reacting antibodies. The antiserum gave a single pre- 
cipitin band with the standard serum supplied by Dr. I’ahcy but not with 
either yG-, yA-, or yM-globulin by inlrnunodiffusion. 

Density gradient ultracentrifugation 

The method of Martin and Ames” was applied. A continuous sucrose 
density gradient of 5 to 20 per cent in ljoratc-bufferctl saline (pII 7.0) Was 
made in a total volume of 4.6 ml. A snm~~le of 0.2 ml. was layered on top 
of t,he sucrose density gradient. Tn some csl)crimcnts, a sucrose gradient of 
1% to 36 per cent with a volume of 4.2 ml. was used,’ and a 0.4 ml. saml~le 
was layered on top. C’cntrifugution was carried out in a Spinco Model L 
ultraecntrifuge with an SW 39 swinging bucket rotor at 35,000 r.p.m. for 
18 hours. Fractions were collected by pirrcin, 0’ the bottom of the cent,rifugc 
tubes. 

Zone electrophoresis 

Sephatles G-25 (I’harmacia, ITl~lx+ala, Sweden) in barbital buffer of pH 
8.6 and ionic strength 0.1 was used for supporting medium. The block used 
was 2.0 by 1.5 by 44 cm. Electroyhorcsis was carried out at 380 volts for 
24 hours at 1 to 2O C. Each 1 em. segment was clnted with 3 ml. saline and 
the protein concentration in the eluates were determined by the Folin- 
C’iocaltcu method.* 

Immunological techniques 

Tn~~unodi#‘usion. Douhlc diffusion in agar plates was carried out by the 
met,hod of Ouchterlony.” The plates were incubated at room ternperaturc for 
48 hours, washed, and the prccipitin bands stained wit.11 Amide schwartz 
10B. Goat antihuman serum used in irnrnunodiffusion was purchased from 
Hyland Laboratories, Los Angeles, C’alifornia. 

Henzagglutinntion. Fresh human erythroeytcs from an A, individual were 
used. Twofold dilutions of samples wcrc made in barbital-buffered saline 
containing 0.05 per cent gelatin10 and an equal volume of a 2 per cent sus- 
pension of erythrocytes was added to each tube. The tnbcs were incubated at 
:X0 (1. for 1 hour and centrifuged at 1,000 r.1j.m. for 3 minutes. Hemaggln- 
tination reactions were graclccl macroscopically from 1 plus to 4 plus. 

Prausnitz-Kiistner reactions. The tests were carried out on individuals in- 
sensitive to the allergens test.ed. One-twentieth milliliter of test samples was 
injected, intracutaneousl?~. Twenty-four hours later, the sites received an 
intradermal injection of 0.02 rril. of ragweed allergen extract, (Center Lab., 
New York, New York) containing 10 PN units or of 0.01 per cent crystalline 
oralbumin (5 times recrystallized, Nutritional Biochem., Cleveland, Ohio). 
Erythema.-wheal reactions which a.ppeared 15 to 20 minutes after the injection 
of allergen were traced on a transparent plate which was applied to the area. 
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When the reaginic activity of several samples was compared, the samples 
were tested in the same individuals. The maximal dilution of the samples 
giving a positive reaction was detcrmincd in duplicate: in two different in- 
dividuals. 

EXPERIMENTAL RESULTS 
A. Reaginic antibody and yD-globulin 

The chromatographic fractions of the two reaginic sera were tested for the 
presence of yD-globulin by immunodiftusion. As shown in Table I, YD-globulin 
wa.s detected in the fractions which were eluted from DEAE cellulose columns 
with 0.02M and 0.03511 buffers, but not in the other fractions. In order 
to estimate the concentrations of yD-globulin in the two fractions, twofold 
dilutions of the fractions wcrc placed in peripheral wells of Ouchterlony 
plates against the anti-yD-globulin serum in the center well. The minimum 
concentration of the fractions required to give a positive precipitin band 
with the anti-YD-globulin serum are shown in Table I. Skin-sensitizing ac- 
tivity of the chromatographic fractions were determined by P-K reactions. 
Serial twofold dilutions of the reagin-containing fractions were injected in- 
tracutaneously into normal individuals and the sites were challenged with ho- 
mologous allergen 24 hours later. The minimum protein concentration in each 
fraction required to give a positive erythema-wheal reaction is shown in 
Table I. In the fractions from ragweed-sensitive serum (Table I, A), Fr. II 
and Fr. III,? were comparable on a weight basis with respect to skin-sensi- 
tizing activity. The YD-globulin was detected in 25 pg N per milliliter of 
Fr. III,,, whereas 30 times as high concentration of Fr. II did not contain 
a detectable amount of yD-globulin. It was also found that Fr. III,, having the 
highest sensitizing activity contained less yD-globulin than Fr. IIIIZ. Similar 
findings were obtained with the fractions from the egg-sensitive patient’s 
serum (Table I, I%). It is evident that the skin-sensitizing activity of the 
fractions does not parallel YD-globulin concentration. 

The YD-globulin in the fractions having the highest skin-sensitizing ac- 
tivity was precipitated with anti-yD-globulin serum. As preliminary experi- 
ments, aliquots of Fr. III,, were mixed with increasing amounts of anti-yD 
serum and incubated at O” C. for 24 hours. The tubes were centrifuged to 
remove specific precipitates and the supernatants were tested for the presence 
of either yD or anti-yD antibody by interfacial ring test using Fr. III,, as 
antigen. When rh volume of the antiserum was added to one volume of Fr. 
III,,, neither yD nor anti-yD was detected in the supernatant. In order to 
absorb yD-globulin in antibody cxccss, 0.06 ml. volume of the antiserum was 
added to 0.2 ml. of Fr. III,,. Another 0.2 ml. aliquot of Fr. III,, was mixed 
with 0.06 ml. of saline. After 24 hours at O” C. the specific precipitate was 
removed by centrifugation. The anti-yD antibody but no YD-globulin was de- 
tectecl in the supernatant. Serial dilutions of the suyernatant and the control 
were injected intracutaneously in the same individuals and the skin sites were 
challcngcd with ragweed pollen extract 24 hours later. No significant differ- 
cnce was observed between the skin reactions with the supcrnatant and with 
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the control, indicating that the skin-sensitizing antibody in the fraction wx 

not precipitated with the yD-globulin-anti-yD-globulin complexes (Table II). 
The P-K reactions wcrc duplicated in two different individuals with com- 
parable results. Representative reactions are shown in Fig. 2. The experiments 
were repeated using Fr. C of the egg-sensitive serum with similar results. 
Four-hundredth milliliter of anti-yD serum was added to 0.2 ml. of Fr. C to 
precipitate yD-globulin. After removal of the specific precipitate, the super- 
natant contained anti-yD antibody but no YD-globulin. The results of the 
P-K reactions are shown in Table II. 

The effect of the precipitat,ion of yD-globulin in a whole reaginic serum 
was studied. The ragweed-sensitive serum gave a precipitin band with anti- 
yD serum in immunodiffusion. The YD-globulin in the serum was completely 
precipitated by the addition of one-half volume of the anti-yD serum leaving 
excess antibody in the supernatant. The skin-sensitizing activity of the super- 
natant was comparable to that of unabsorbed serum (Table II), These results 
indicate that the reaginic antibody in t,he serum is not yD-globulin. 

B. Comparisons between reaginic antibody and YA-isohemagglutinin 

It was found in previous studies 1 that essentially all skin-sensitizing 
activity in the reagin-containing fractions, such as Fr. III, and Fr. C (Table 
I), remained in the supernatants after precipitation of yA- or yG-globulin. 
Since Fr. III,, had the highest skin-sensitizing activity, the absorption ex- 
periments were repeated with the fraction to confirm the previous findings. 
Two-tenth milliliter of Fr. III,, was mixed with 0.04 ml. of YA-isohemagglu- 
tinin and an equal volume of the rabbit anti-yA preparation was added to the 
mixture. After 24 hours, the specific precipitates were removed by centrifu- 
gation in the cold. A control mixture consisted of Fr. III,,, yil-isohemag- 

Table II. Effect of precipitation. of YD-globulin on reaginic activity* 

Absorption 1 

Fr. III,, 

Fr. C 

Ragmeed-sensi- 
tive serum 

with 
anti-yD Dilwtions of the preparations injected 

I 2%0x i 440x 880x 1760x 

+a 43x50 (12) 30x44 (10.5) 31x35 (7.5) 22x24(6.5) 
- 36 x40 (11.5) 27x 28 (9.5) 27x34(8) 13x17 (5.5) 

160X11 3dOx 640x 1280x 

+a 38 x41(14) 38x40(12) 35X38(10) 30x33(8) 
- 38 x 39 (15) 33x41(12) 35x37 (11) 25x36 (7) 

850x 500x 1000x d000x 

+I 35x37 (11) 28x32 (9) 23x28(8) 13x20(7) 
- 3iu42 (11) 28x35 (8.5) 20x25(7) 10x16 (6) 

*Numerals in this table represent the diameters of erythema in millimeters; the numerals 
in parentheses represent the average diameter of the whcal in P-K reactions. 

tFractions in Table I. 
$Unabsorbed fraction contained 0.8 pg N per milliliter. 
§Anti-yD but no yD-globulin was detected in supernatants by interfacial ring tests. 
jlunabsorbed fraction contained 1.6 pg K per milliliter. 
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Fig. 2 
Prausnitz-Kiistner reactions with a reagin-containing fraction (Fr. III,,) before (left) and 
after (right) the precipitation of yD-globulin with specific antibody. Skin sites l-5 (bottom 
to top) received twofold dilutions of the control (C) and supernatant (abs) from l/170 to 
l/2720. Dilutions l/170 of the control contained 0.8 pg N per milliliter. 

glutinin and saline, in place of rabbit anti-YA antibody. The skin-sensitizing 
activity and hemagglutinin titer of the supernatant and control were dcter- 
mined. The isohemagglutinin was not detected in the supcrnatant, whereas 
the hemagglutinin titer of the control was 1:128. With respect to the skin- 
sensitizing activity, the supernatant and control showed comparable P-K 
titers. The maximal dilution of both solutions giving a positive P-K reaction 
was 1:800. These findings indicate that the reaginic antibody cloes not have 
the major antigenic determinant of yA-globulin which is present in the iso- 
hemagglutinin. The experiments were repeated, using a goat anti-yA-globulin 
preparation, with comparable results. An aliquot of I+. III,, was incubated 
with an equal volume of the y-globulin fraction of the goat anti-yA serum to 
precipitate yA-globulin. Although no YA-globulin was detected in the super- 
natant by immunodiffusion, essentially all rcaginic activity remained in it. 

In order to study molecular size of the rcaginic antibody, 3.9 ml. of Fr. II 
was applied to Sephadex G-200 column (2 by 100 cm.) and protein eluted 
with borate buffcrecl saline (Fig. 3). Serial dilutions of each 2 ml. fractions 
were injected intracutaneously into normal individuals to determine the maxi- 
mal dilution of each fraction giring a positive P-K reaction. It was found that 
the skin-sensitizing antibody was present in the ascending portion of the peak, 
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Fig. 3 
Gel filtration 
at280mp; a 

of Fr. II through a Sephadex G-200 column. A solid 
broken line represents P-K titer of the fractions. 

line represents absorption 

indicating that the rcaginic antibody is larger than yG-globulin. These findings 
are in agreement with previous findings11-13 that the skin-sensitizing antibody 
in reaginic sera comes off Sephadex G-200 columns earlier than the bulk of 
yG-globulin. 

The reaginic antibody and isohemagglutinins were compared with each 
other with respect to sedimentation velocity in sucrose density gradient. Two- 
tenths milliliter aliquots of Fr. III,, were mixed with 0.05 ml. of either yG- 
globulin, the monomer form of yA- or the polymer form of the YA-globulin 
fraction containing isoagglutinin, and each mixture was layered on top of 
sucrose density gradient of 5 per cent to 20 per cent. The protein concentra- 
tion of the mixtures was 0.09 to 0.4 per cent. After centrifugation at 35,000 
r.p.m. for 18 hours, both hemagglutinin and skin-sensitizing activities in the 
gradient fractions were determined. The results shown in Fig. 4, a indicated 
that the sedimentation velocity of the reaginic antibody was intermediate 
between those of the monomer and polymer forms of yA isoagglutinin. The 
results also showed that the sedimentation velocities of the monomer form 
of yA- and the yG-isoagglutinins were comparable (Fig. 4, b). With respect 
to yA-globulin, Vaerman and associates I4 demonstrated 10.5 S and 17 S com- 
ponents. In order to study whether the major component of the polymer form 
yA-isoagglutinin is a.sso&ted with 10.5 S or 17 S component, the yA-iso- 
agglutinin preparations were analyzed by sucrose density gradient ultra- 
centrifugation. Normal human YG- and yM-globulins which had been pre- 
viously absorbed with an equal volume of packed type A cells were used as 
markers. Fifty micrograms N of ~0, and 100 ,ug N of yM-globulin were mixed 
wit.h 0.4 ml. of monomer fraction or polymer fraction of yA-isoagglutinin in 
total volume of 0.5 ml., and 0.4 ml. of each mixture was layered on top of 
the sucrose density gradient of 12 per cent to 36 per cent. After centrifuga- 
tion at 35,000 r.p.m. for 18 hours, the distribution of isoagglutinin was deter- 



Volume 37 
Number 6 

Yhysicoche~nicnl properties of mngi~zic untibocl~ 345 

I 

1200 

800 

Fig. 4 

Density gradient ultracentrifugation showing the dist,ribution of hemagglutinin and reagin. 
Solid lines represeut P-K titer and broken lines represent hemagglutinin titer of the fractions. 
a, Comparison of reagin with polymer (I’) and monomer (If) forms of yd-isoagglutinius. 
b, Comparisons of reagin with yG-isoagglutinin. Ju a and b, samples were layered on top of 
sucrose density gradient from 5 per cent to 20 per cent,. c, The distributions of polymer (P) 
and monomer (Jl) forms of isoagglutinins in gradient fractions from 12 per cent on top to 
36 per cent at the bottom. The presence of YM- and yG-globulins added as markers in c is 
shown under the figure. 

mined by hemagglutination reactions and of imnlunoglobulins by immuno- 
diffusion using antisera, specific for one of the three immunoglobulins. It is 
apparent from Fig. 4, c that the major component of the polymer form of 
yA-isoagglutinin scdimented slightly Paster than the monomer form of yA- 
and yG-globulin. In addition to the major component, the polymer fraction 
contained a minor component of which the sedimentation velocity was slightly 
slower than that of yM-globulin. The results indicated that the major com- 
ponent of the polymer forrn of YA-isoagglutinin is probably associated with 
the 10.5 S component and thcreforc suggest that the sedimentation rclocity 
of the reapinic antibody is intermediate between 7 S and 10.5 S. 

Electrophorctic mobility of the reaginic antibody was studied. In order 
to minimize the absorption of protein to supporting media, blocks were made 
with Sephadex G-25. The ragweed-scnsitivc s(lrum was absorbccl with one-half 
volume of packed type A cells, and 0.6 ml. of the serum was mixed with 0.3 
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ml. of YA-globulin containing anti-A isoagglutinin. The mixture was frac- 
tionated by electrophoresis. Eluates from 1 cm. segments were tested for 
protein concentration, skin-sensitizing and hcmagglutinating activities. The 
distributions of .,,c;- and yA-globulins were determined by immunodiffusion, 
using the antisera specific for one of these immunoglobulins. AS shown in 
Fig. 5, reaginic and hemagglutinating activities did not parallel each other; 
the reaginic antibody was present in the region of the starting point, whereas 
the hemagglutinating antibody and yA-globulin migrated toward the anode. 
The experiment was repeated with Fr. III,, of the serum. Six-tenths milliliter 
of the fraction was mixed with 0.3 ml. of the yA-isoagglutinin preparation and 
the rnixture was fractionated by zone electrophoresis. The results were essen- 
tially the same as those obtained with the original serum: reaginic activity 
was detected in Frs. 19 to 21, whereas hemagglutinin was present in Frs. 21 
to 25. The peak of the hemagglntinin titer was observed in Frs. 23 and 24. 
It is apparent that the electrophoretic mobility of the reaginic antibody is 
slower than that of yA-isohcmagglutinin. 

DISCUSSION 

The data presented in Part A clearly showed that the skin-sensitizing 
antibodies in two reaginic sera were not associated with yD-globulin. The 
reaginic activity in chromatographic fractions of the sera did not parallel 
the yD-globulin concentration. As reported by Rowe and Fahey,2 yD-globulin 
was not cletccted in the fractions which were elntcd with O.OlM phosphate 
buffer from DEAE cellulose columns. However, the rcaginic activity of these 
fractions (Frs. II and B) was comparable to that of Frs. III,, and D which 
contained the highest concentration of yD-globulin (Table I). Some yD-globu- 
lin was detected in the fractions having the highest skin-sensitizing activity. 
However, the precipitation of this protein with the anti-yD-globulin antibody 
was not accompanied by any decrease in the skin-sensitizing activity. It was 
also found that the reaginic activity in the original serum did not decrease 
with the absorption of YD-globulin. These findings exclude the possibility that 
the reaginic antibody is yD-globulin. 

The present findings cxtcnd previous observations indicating that the 
rcaginie antibody is not ?A-globulin. When the anti-yA rabbit antibody was 
added to a mixture of YA-isoa,gglutinin and a, reagin-containing fraction (Fr. 
III,,), the isoa,gglutinin was completely precipitated, whereas essentially all 
reaginic activity remained in the supcrnatant. It is evident t,hat the reaginic 
antibody does not have the major antigenic determinant of yA-globulin which 
is possessed by yA-isoagglutinin. 

The differences between the reaginic antibody and YA-isoagglutinin were 
also detected by zone elcctrophoresis and sucrose density gradient ultra- 
centrifugation. Electrophorctic mobility of the reaginic antibody was slower 
than that of y&isoagglutinin and t.he sedimentation yclocity of the reaginic 
antibody in the density gradient was intermediate between those of the 
polymer and monomer forms of yd-isoagglutinins. In density gradient ultra- 
centrifugat,ion, Martin and Ames” showed that for macromolecules of the 
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same partial specific volume, the ratio of the distances traveled from the 
meniscus was equal to the ratio of their sedimentation coefficients (S,,,,). 
From the results obtained in Fig. 4, b and assuming that the partial specific 
volume is the same for the reaginic antibody and $isoagglutinin and that 
S 20,W of yG-isoagglutinin is 6.8, the sedimentation coefficient of reaginic anti- 
body was estimated to be 8.0 X. The sedimentation coefficient of the polymer 
form of yA-isoagglutinin (Fig. 4, a) was estimated to be 11.1 S from a com- 
parison with the yG-isoagglutinin in a separate tube (Fig. 4, b). This result 
is in satisfactory agreement with the observations of IIercmans and co- 
authorP and Vaerman and associates,l” who demonstrated a 10.5 S component 
in normal yA-globulin. This indicatrs that the polymer form of yrl-isoagglu- 
tinin in Fig. 4, a is the 10.5 S component rather than the 17 S component 
demonstrated by Vaermau and co-workcrs.14 Prom a comparison of the polymer 
form of yA-isoagglutinin and rcaginic antibody in Fig. 4, a, the sedimentation 
coefficient of the reaginie antibody was estimated to be 8.3 by assuming that 
the SzO,m of the polymer form of isoagglutinin was 10.5 S. Thus, in both cases 
the SzO,~ of the reaginic antibody was close to 8 S. 

As reported by Anderson and Vannier, lG the distribution of the reaginic 
antibody in gradient fractions was homogeneous. It is unlikely that the anti- 
bodies are composed of both 7 S and lo-11 S components because the polymer 
and monomer forms of yA-isoagglutinins were completely separated under 
the present experimental condition (Fig. 4). 

Fig. 5 
Zone electrophoresis of a ragweed sensitive patient’s serum. The serum sample was mixed 
with yA-globulin containing isoagglutinin. A solid line represents protein concentration de- 
termined by Folin reagent. A broken line and dot-dash lines represent hcmagglutinin and 
P-K titers, rcspcctirely. Starting point is marked by an arrow. 



348 Ishimka, Ishixaka, and Lee J. Allergy 
June, 1966 

Gel filtration of rcaginic sera through Sephadex G-200 columns was carried 
out by previous invcstigators.11-13 In all cxpcriments, a close correlation was 
observed between the distribution of reaginic antibody and of yA-globulin 
in chromatographic fractions. However, these findings do not necessarily sup- 

port the concept that the reaginic antibody is yA-globulin. In the present 
experiments, the reaginic antibody in I+. 11, which lacked yA-globulin, was 
eluted from a Scphadex G-200 column before the bulk of yG-globulin and the 
activity in the fraction did not significantly decrease by the addition of anti- 
yA-globu1in.l It sCems that the correlation between reaginic activity and 
YA-globulin in the previous cxperimentsll-l” merely indicates that the rcaginic 
ant’ibody and yA-globulin can not be separated from each other by gel filtra- 
tion. 

The physicochemical properties of the reaginic antibody studied in the 
present expcrirncnts are in agreement with those reported by previous investi- 
gators. Eleetrophoretically, the reaginic activity was generally detected in 
the fast y-globulin.171 I8 With respect to the sedimentation velocity of reaginic 
antibodies in sucrose density gradient ultraccntrifugation, Anderson and 
VannieF reported that the average S20,m o f reaginic antibody in 6 patients’ 
sera was 7.7 S and Rockey and Kunkel 19 found that the reaginic antibody 
reacting with glucagon had a sedimentation rate in the range of 8 to 11 S. 
The similarities of our data to their findings suggest that t,he reaginic anti- 
body studied in the present experiments is not exceptional. 

As discussed above, it is apparent that the reaginic antibody is different 
from yA-globulin antibody in 1~ot.h physicochemical properties and antigenic 
structure. The sedimentation velocity of the reaginic antibody also excludes 
the possibility that the antibody is y&I-globulin. The data presented in the 
present and previous papers,l therefore, indicate that the reaginic antibody 
is associated with none of the four immunoglobulins, i.e., yG-, yA-, yM-, and 
yD-globulins. As reported in the previous paper, the reaginic antibody was 
coprecipitated with yG-globulin-anti-light chain complexes, indicating that 
the antibody molecules have light chain(s) of immunoglobulins. These findings 
strongly suggest the presence of a unique irnmunoglobulin as a carrier of 
rcaginic activity. 

The possibility exists that the reaginic antibody may be associated with 
one immunoglobulin in one group of individuals and with other immuno- 
globulins in another group of individuals. It has been reported that highly 
purified yA-globulin from reaginic sera contained reaginic activity.zO, ‘l Fire- 
man and associates11 a.nd Augustin and co-workerP report,ed that reaginic 
activity in patients’ sera has been precipitated by the addition of anti-yA- 
globulin. The present experiments do not exclude the possibility that reaginic 
antibody in some other individuals is associated with yA-globulin. Further 
investigations are currently in progress to study whether a part of reaginic 
antibody is yA-globulin. 

We are especially indehted to Dr. J. L. Fahey and Dr. D. S. Rome, for the antiserum 
specific for yD-globulin, and to Dr. M. Richter for a ragweed-sensitive patient’s serum. We 
also express our gratitude to Dr. 1). W. Talmage for his criticisms in the preparation of this 
manuscript. 
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