GEL FILTRATION OF HUMAN SKIN-SENSITIZING
ANTIBODY AND £.,-GLOBULIN

Abba 1 Tore, MDLG and dopp 1 Benty, .S Ann Arbor, Mich,

I'(‘ ix now well established that antibodies in man as well as in other species
may exist in two distinet molecutar forms based on size having sedimenta-
tion constants in the ultracentrifuge of approximately 78 and 195, vespee-
tivelv.! Attempts to determine  the molecular size of the  skin-sensitizing
antibody  (atopie reagini rvesponsible for hman atopie allergy have led 1o
conflicting results. Sehon > 7 usine fixed and moving partition eells in the analytie
wtracentrifoge, initially reported that the skinssensitizing antibody 1o ragweed
pollen sedimented as a 195 protein, although he dater interpreted his vesudts
as showing sedimentation constants varving from 058 (o 2258, depending
wpon the length of time of centrifugation.” Augustin and  Hayvwavd® found
that the sedimentation ebaracteristios of reagins to grass pollens from seram
samples which were prepaved by ammonium sulfate fractionation and DAL
cellulose  ehrotmatography were chavacteristic of 78 globudins. Furthermore,
Be-macroglobulins were absent Mo these fractions on immunoeleetrophoretic
analvsis. Stanworth? cploved the method of density-gradient sedimentation
on aoserum containing horse dander reagins and found the veaginie getivity
to be present in the 78 fraction. Barnett and co-workers™ obtained simifar ve-
sults with the sertm ot a patient with skin-seusitizing antibody 1o horse serum,
Heimlich, Vannicr, and Camphell® subjected sera containing a variety of veaging
fo repeated eveles of ultracentritugation and fonnd cqual activity v the T
containing supernatant and in the 198-containing pellet. Rockey and Kunkel®
found that the sedimentation of skin-sensitizing antibody v o elucagon-sensitive
patient was intermediate between T8 and TS o0 suerose density aradient.

There has been considerable interest recently in the possibifity that the
human skin-sensitizing antibody may he in the Bog-globulin fraction of serum.
This was sugeested by Heremans and Vaerman, who tound  skin-sensitizing
detivity in their Bog-etohuling preparations from alergie seruni althougl this
preparation contained traces of other sertm proteine as well™ Fireman and
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his colleagues were able to absorh out the skin-sensitizing activity of ragwoeed
allergic serum using specific anti 8. -antiserum prepared in rabbits.”” Recently,
Ishizaka and colleagues have shown that the passive transfer of skin-sensitizing
antibody can he blocked by prior injeetion of the skin sites with purified
Bea-globulin hut not by v-globulin or Bu-globulin.'

The molecular weight of Bux-globulin has not heen as firmly established
to date as the molecular weights of  the other two  immunoglobulins
y-globulin and Buy-globulin. However, Heremans has reported that Bua-elobulin
is a 78 protein, although his preparations admittedly contained some materials
of higher molecular weight which he felt were contaminants.” ' Fahey showed
that Boa-globulin (myeloma) consisted of 6:68, 98, 118, and 138 componeits,
and he speeulated that the faster sedimenting components were polymers made
up of two, three, and four units of the basie 6.68 B.s-globulin moleeule.'”

In this study we have attempted to gain information about the molecular
stze of both the skin-sensitizing antibody and B.i-elobulin in the serum of
patients allergie to ragweed pollen, using the technigue of gel filtration on
Sephadex (-200 columns. Sephadex (2200 s a loosely erosslinked polymer of
dextran which permits some separation of macromolecules in the size range of
the serum proteins. Flodin and Killander showed that the proteins in human
serum separate into three peaks when fractionated on Sephadex (=200 columny;
these peaks correspond to proteins with sedimentation constants of approxi-
mately 195, T8, and 48, rvespeetivelv.™ They further showed that several 198
and 78 antibodies could he separated hy this method,

MATERIALS AND METHODS

Alergic Sera—Scrum  samples  from  four untreated ragweed-sensitive
allergic subjeets were obtained and kept frozen at =20°C, until ready tor usc.

Antisera—Rabbit antiserum to human serum was prepared by repeated
injection of rabbits with pooled normal human serum in complete Freund s
adjuvant.® Speeifie goat antihuman 78 y-globulin, antihuman .y-elobulin, and
antihuman Buy-globulin were obtained commereially.t These latter three sera
were extensively tested against a vaviety ol serwm samples by immunoelectro-
phoresis and were found to be specifie for these three immunoglobulins.

Gel Filtration—Sephadex (-200% was suspended in 0.1M Tris buffer pli
8.0 containing 1.0M Na('l and then deacrated by negative pressure in a filter
fask. The gel suspension was poured into a 3.8 hy 116 e, column using cuare
not to trap air bubbles within the gel. Five milliliter serum samples were
dialyzed against the Tris buffer, applied to the column, and eluted with the
same buffer at 4°C. Flow rates varied between 10 and 30 ml. per hour. Ten
milliliter fractions were colleeted and analyzed for protein spectrophotometri-
cally at 280 mg. The fractions obtained were then pooled into larger fractions
and eoncentrated by dialysis against polyethvlene alyveol §

*Difco Laboratories, Detroit, Mich.

THyland Laboratories, [.os Angeles, Calif.

fPharmacia, New York, N. Y.

fCarbowax 20M, obtained from Uniun Carbide Chemicals Company, New York, N, Y.
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were sterilized by filveation, and the skosensitinng o Lo e e e
determined Dy the passive franster feelomaue of Pravsan s el Rasine: R
Nkin sites on nonallerale recipients wepe sensitized with o000 no ol e sernn
fraction and challenged 24 houes Tator sl 002 b dasd vauweed, © 00

Pinnnoclectrophoresis. Tmmunoclecirophoretic anaivsis was perioriel
by the micromethod of Scheideeeer on <tandavd ieroseope stides Diffasior
against the rabbit antihuman serun was carried out for 24 houes, after whieh
the slides were washed e osaline, dried, and stained with Ando black 1B,

Dnacnoglobulin delcrpanations. A semiguantitilve estinnation o4 the
vontent ol y-elobulin, Boy-olobuting and Buy-globulin in the individuat sernou
Fractions obtained by gel filtration was wade Dy using the speeifie goat autisera
i niero-Ouchiterlony tests on microseope shides. Nerizgi twofold dhlutions ol
each serum fraction were pernitied to diffnse against the speeifie antisermn Yoy
A5 hours. Slides were then washed, deied, and stained with Amido black, and
the titer of immunoglobulin Tor a0 pactiewdar Daction was Taken as the last
dilntion giving a definite precipitin e on the stained slide

RESULTS

(ol Plivation of 1Twnan Seraon. On Sephadex G200 the serunn proteins
are Dractionated into three distinet peaks, Tabeled ©H and T in g 1 T
this experiment the eluates were pooled ito nine different fractions as indi
cated. concentrated, and analvzed by immunoclectrophoresis. As expected, o
rumber of imdividual proteins comprise cach peak, sinee immunoelectrophoretic
analyvsis is capable of deteeting over twenty antigenieally distinet <cvuimn pro
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Fig, 1.—Gel filtration of whole
serun, showing immunoelectro-
phoretic analysis of the effluent
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nmber

teins, Peak T contains the macroglobulins: Boy-globulin and a.-macroglobulin.
The y-globulin is eluted with peak T but small amounts appear also in the
arca between the first two peaks. Albumin is eluted with peak 1L
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Fig. Z.-—Gel filtration of allergic serum A\, T.. showing distribution of skin-sensitizing antibody
and Bua-globuling
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Fig. 3.—xel filtration of serum . W, showing distribution of skin-sensitizing antibody and
Baa-globulin,
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and the Bya-globulin are cluted together and ave clearly separated from the 195
globulin in peak I, They appear before the bulk of the protein of peak T1
although there is some overlap into this peak. The 1raction taken at the height
of peak 11 is devoid of both skin-sensitizing activity and B.a-globulin. Figs, 3.
4, and H show identical experiments using three other allergie sera. The skin-
sensitizing activity in these sera, however, was determined by serial-dilution
P-K testing, and the P-K titer is expressed in terms ol the highest dilution
giving a positive reaction for that particular fraction. In serum 0 WL there
v considerably greater spread in the skin-sensitizing activity compared 1o that
ol the other three sera, although most of the activity appears to be eluted ahead
of the main peak I1. In sera M. H. and W. B. the separation of the skin-
sensitizing activity from peak T is more apparent.

Gel Filtration of Invmunoglobulins.—The whole serum from patient W. B,
was subjected to gel filtration in a separate experiment. The offluent was
divided into 34 equal fractions, which were then coneentrated, and the titer of
y-globulin, B,.-globulin, and B.y-globulin was determined on each fraction, The
results are shown in Fig. 6. As expected, Boy-globulin appears in peak I The
highest titers of y-globulin are present at the height ol peak 11, B.y-elobulin is
eluted between peaks T and 11 and is absent at the height of peak 11

Sinee most of the Bu.i-globulin-containing fractions contain y-e¢lobulin as
well, this portion of the effluent—from 450 to 640 ml.—was pooled, coneen-
trated, and refiltered through the Sephadex a second time. The results are
shown in IFig. 7. On refiltration, a single hroad protein peak appeared, but on
micro-Ouchterlony analysis it can be seen that a further partial separation of
B.a-globulin and y-globulin has been achieved. Onee again, the skin-sensitizing
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activity closely parallels that of B.a-globulin. 1t should be noted that all of the
P -reactive fractions contain B.y-globuling although y-elobulin is present i
some of these fractions, athers contain no deteetable y-elobulin by this method.

PSCUSRRION

1

Gel filtration on Sephadex €G-200 15 a0 conventent method for separating
proteins from serum on the hasis ol molecular size. The method has the ad-
vantage of being applicable on a preparvative seale, so that individual profein
(ractions can be recovered for further study, When colinns of any reasonable
size are used, separation is lmited 1o rather lavge differences in molecular
weight, demonstrated by the Taet that only three peaks, corresponding {o mo
feeular welghts of approximately 1,000,000, 160,000 and 70,000, can he achieved,
although further separvation wieght he possible by use of reeveling ehiromatog-

I~

raphy.™ Tmmunoelectrophoretic analysis of the effluent fractions, as shown in
[Pig. 1, reveals that the three main protein peaks, as well as the arcas hetween
the peaks, are quite lieterogeneous, so that purification ol individual proteins
from whole serum is not feasible by this teehnique alone.

Nevertheless, our results with ecl filtration of serwm containing skin-sensi
tizing antibody to ragweed permit al least some speculation regarding the mo.
leeular size ol thig antibody. Tnoall tour sera tested, the skin-sensitizing activity
was completely separated from, and eluted later than, the 198 globulins. In
three of the four sera, no skin-sensitizing aectivity was present in the fraction



\\;Ll}llyl:fll::; 7; GEL FILTRATION OF HUMAN SKIN-SENSITIZING ANTIBODY RN
at the height of the 7S peak, and in all four the distribution of the activity was
located distinetly ahead of the distribution of the 7S globulins, although com-
plete separation from the 78 y-globulin was not achieved. These gel filtration
data cannot be used to assign a sedimentation constant or moleeular weight
to skin-sensitizing antibody, other than to place these between 735 and 198, or
160,000 and 1,000,000, vespeetively. Analvtic ultracentrifugation ot the frac-
tions containing the skin-sensitizing activity was not pertformed, hut this would
probably De of limited value bhecause of the heterogeneity noted on immuno-
eleetrophoresis.

Iireman and colleagues have also reported on gel filtration of human skin-
sensitizing antibody with results similar to ours,'' although the separation of
skin-sensitizing activity from the 78 peak was not as apparent in their study,
Rockey and Kunkel have obtained similar results using densitv-gradient sedi-
mentation of a serum containing reagin to glicagon.” It is possible that the
widely varying results of ultracentrifugation experiments by Sehon,* Augustin
and Hayward® and Heimlich and co-workers® can be reconeiled if the antibody
is actually of intermediate size; in fact, cach of these investigators has alluded
to this possibility in the interpretation of his results,

The elose correlation between the distributions of the skin-sensitizing anti-
body and B.s-globulins in all four sera in this study lends further support to
the eurrent eoncept that this antibody is indeed a Bag-globulin.te-®

The relative distributions of B.i-globulin and y-globulin observed in this
study are of interest, since they do not confirm previous investigations, which
indicated that both of these proteing belong to the 78 elass of elohulins.’® ** In
faet, it would appear from our results that most of the B.y-globulin in these
sera may be of higher molecular weight than 78 y-globulin, Heremans found
that the bulk of his B.i-globulin fraction had a sedimentation constant of 78
in the ultracentrifuge, hut lesser amounts of higher molecular weight material
were present as well. However, his method of isolation of 8,4-globulin did not
result in a pure fraction.” Fahey' has shown that B.i-myeloma protein eon-
sists ol 6.65, 98, 118, and 138 components. Deutseh? has deseribed s Bua-
nyeloma protein with a sedimentation constant of 9.65 and molecular weight
of 400,000. However, the protein synthesized by the neoplastic cells in myeloma
may be different from that produced hy normal cclls. Perhaps this point will
be clarified when better methods for isolation of B.y-elobulin from normal
serum are avallable. Present methods based on the zine precipitation teehnique
of Heremans yield Bea-globulin fractions contaminated with small wmounts of
y-globulin and other proteins

SUMMARY

(iel filtration on Sephadex (1-200 columns of scra from four untreated rag-
weed-sensitive patients was performed. Skin-sensitizing activity was present in
protein fractions larger than 78S y-globulin but distinetly smaller than 198
macroglobulin. There was a elose correlation hetween skin-sensitizing activity
and B.a-globulin. These results Tend support to the current eoncept that skin-
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sensitizing antibody s o0 Boc-olobuling ol taether that B -ulobubin

may consist largely of molecules of internediate molectibay size,
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