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ABSTRACT 

A study was made of faotors in normal human sera whioh are able 

to blook Prausnitz-Kustner (P-K) sensitization with ragweed 

reagins. DEAE-Sephadex fraotions of normal buman serum 

oontaining YG as the only deteotable immunoglobulin had the 

highest activity in blocking P-K sensit1zation. Fraotions oon

taining,YA globulin had minimal aotivity while YM fraotions 

had little or no blooking aotivity. Heterogene1ty of blooking 

faotors in normal human sera was demonstrated by suorose 
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High molecular size fractions, with components sedim.enting at 

7S or greater were aotive, but the MoSt aotive of the'blocking 

fraotions ws a low molecu1ar size fraotion, sedimenting at 1-)5. 
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PREF ATORY NorE 

The present investigations originated in 

close connection with the problem of the 1mml1no

globulin nature of' the sk1n sensitizing antibodies 

in human allergie serum. It is theref'ore appropriate 

to preface a consideration of reagins in allergic 

serum and blocking factors in normal serum with a 

review of some of the structural and biological 

properties of the immunoglobulins. 

viii 
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PART 1: GENERAL INTRODUCTION 

CHAPTm l 

THE lMMUNOGLOBULINS: SOME STRUCTURAL AND BIOLOGlCAL PROPERTIES 

1. Heterogeneitl ot the Immunog10bulins 

Antibodies belong to groups ot se1'UJll proteins collec

ti vely' known as the immunoglobo.1ins (or Y globulbls). The im

munoglobulins display considerable heterogeneity in the par~ 

maters ot charge, size, and. antigenic determinants. ReceDt 

studies have e1uc1dated the molecular structure ot the various 

groups ot immunog10bulins and the relationship ot strncture to 

the bio10gical aetivities ot these proteins. 

a. Charge Heterogeneity 

In 1938, Tiselius and Kabat (1) 10calized the antibo

dy-active proteins of serum to those globllins that:. disp1ayed 

the least electrophoretic mobility. On paper electrophoresis, 

the bulk ot the y globulins migraté as a broad, diffuse band to 

occupy the relatively slow, cathodic region (the If'( region") ot 

the e1ectropherogram (Fig. 1). Some immunoglobulins, however, 

have mobilities corresponding to the "a" and even "a." region ot 
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t~e electrophsrogrlbl. The broad. and. dif'tuse nature of the "Y" 

electrophoretic band 15 evidence or the heterogeneity or charge 

of the constituent immanoglobulins. 

Differences bat_en the net charges or serum pl'Otein 

molecules are the basic of a wide1;v used method or separating Y 

globulin fractions: viz., ion-exchange cbrClllatograplw. Thul, 

a colum.~ or DEAE-cellulose treated with a crude iDmunoglobulin 

solution and e1uted successive1;v with but'ters of increasing mo

larity and decreasing pH can be made to yield successi'Ve peaks 

containing Y globulins of 1ncreasing net aoleeular charge (2, 

3). 

b~ Mo1ecular Weight Heterogeneity 

In addition to charge, the y globulins show hetero

geneity of mo1ecular size and wight (4, 5). Ultracentrif'ugal 

analysis of e1ectrophoretic~ sep~ated fractions of serum 

globulin shows that 78 is the characteristic sedimentation co

efricient of the bulk of the y globulin in normal snd 1mnnme 

serum (6).· This 78 traction has a mo1ecular weight of about 

145,000, and inc1udes both the e1ectrophoretica1.l.y slowest Y as 

vell as y globulins of higher lIlobility. Antibod;y activity i8 

also pre sent in the more rapidly sedimenting (198) component of 

immune serum, of about 1,000,000 molecular wight (7). This 

198 component movas electrophoretic~ vith the faster y 



globulins. 

c. AnUserdc Determinants 

Immwiodithsion (8) and immunoe1ectrophoresis (9) in 

agar have revealed the existence or antigenic s1m11arities and 

ditterences between 195 and. 75 y globulins (10). For ex_p1e, 

rabbit antiserum prepared. against hUlllan 195 gave p"cipitin 

lines with both 195 and 75 on gel diffUsion againet whol. human 

serum. Alter specifie anti-75 antibody had been removed b.Y the 

addition or pur1tied 75 y globulin and sp1nn1ng out the result

ing precip1tate, the antisel"Ulll (abeorbed in thie way) still 

gave a precipitin 1ine with 195 globulin. Thue, 195 and 75 y 

globulins each have same specitic antigenic deter.m1nant not 

shared vith the otber. 

The antigenic heterogeneity of y globu1ins was fUr

ther revea1ed vith the disco very' of a third c1ass, the TA glo

butins (11), e1ectI."Ophoretically taster moving than the bulle ot 

the 75 y globu1in and antigenically distinct from both it and 

the 195 T globuline (10,11). 

Immunoglobuline are ditterentiated on the basis of 

antigenic spec1ticity. .All antibod1es or immunog1obulins share 

a common antigenic structural unit, the 1ight or L chain (12). 
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The heavy or H chains (13) ot the 1mmunoglobulin classes are 

antigenic~ distinct and determ1ne the characteristics ot 

each ot the major classes ot immunoglobtü1ns, which are desig

nated. (14) as: lG, Y A and YM. 1\18 antigenic deterM1n8l'lts that 

conter specificity on the d1f'ferent classes are a property ot 

the Fa ragion ot the heavy chaine (see below). Within the lG 

and lA 1mmunoglobulinc1asses, there are subclasses detined by 

addit1onaJ. antigen1c deteminants located on the H chain (1.5, 

16). Two ant1genic types ot L chains (", and À) have been de

scribed which are common to aU iMmunoglobulin classes (17,18). 

2. structure ot la Globulin 

a. Polypeptide Chaine 

As noted earl1er, the YG g10bulins have a molecu1ar 

wight of approx1mately 14.5,000. Each mole cule is made up ot 

two identical L and two ident1cal H polypeptide chains (Fig. 2) 

(19, 20). Each 11ght chain has a molecular wight ot approxi

mately 20,000 and d1fters marked1,. in pr1mary structure (amino 

&cid sequence) trom the H ohain, whioh has a molecular weight 

ot approximately 53,000 (21). In addition to non-covalent 

bonds, the light and heavy chains are held together by 
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disultide bonds, one disultide bond. holding the two H ohains to

gether and at 1east one disu1f1de bond l.1nld.ng one L ohain to 

one H cbain (22). The l1ght and heavy chains om be readily 

dissociated by reduotion with suoh agents as Mercaptoethano1 

tollowed by al.lc;y1ation with iod.oacetam1de (19). 

b~ Enzymaticall.y Prepared Fragments 

Porter (23) reported that papain digestion split rab

bit TG globu1in into 3 f'ragments. Two ot the fragments vere 

s1ml1ar, e&ch conta1ning one antibody site capable of' spec1t1c 

combinat ion with antigen. The univalent fragments _re there

fore designated Fab (antibody fragments). The third fragment 

derived f'rcm rabbit TG globulin wu crystallizab1e, and bence 

called the Fe fragment. HmIlan TG globulin om be s1lll1larly di

gested by papain to produee equivalent fragments (2#, 25), and. 

tbsse fratPlents have the same nomenolature as descr1bed above 

tor the rabbit fragments (14). The Fab and Fe fragments have 

molecular weights of' 52,000 and 48,000, respeet1vely. Bath 

have the same sedimentation co-ef'f'1oient ot 3.55 (26, 27). The 

Fab fragment ce.."l be turther degraded by reduetion to its con

stituent parts: the L chain and part of' the H chain (the Fd 

piece). 

Nisonofr et s1 (28) showed that pepsin degrades TG 



globul.in to a 58 tragmerrt with a moleculer wight of 100,000. 

The 5S tragmerrt is composed essentia1~, but not precisely, of 

two Fab tragments (29), and retains bivalent antibody' activ1ty, 

so that it precipitates vith antigen (28). This fragment is 

designated F (ab)2. The Fe portion of the. TG globulin mole

cule is digested into smaller fragmerrts by pepsin (30). The 

F(ab)2 fragment cm be split into 2 identical hal"Vas by 

reduction of a single disult1de bond (31). 

Fig. 3 showatbe model of. the TG ant1boqr mole cule 

suggested by ideIman am. Galley (32.). The mole cule has an el

l1psoid shape measuring 240 ! in length and 191 by 57 ! in 

cross section. The combining sites in th1s model are visualiz

ed as shallow craters, e&ch involving one L and one fi chain. 

The N-teminal am1no acids are at the antibody cOmbining site, 

whUe the C-term1nal 8IIlino acids are at the other end of the 

mole cule on the fi chains. The carbobydraté moiety is fued to 

the H ahains at. the C-terminal end. 

6 

The sequence of degradation steps to chaine ani frag

ments of the above model of a YG globulin mole cule 1s show in 

Fig. 4 (32). 
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J. structure of ether Immunoglobulins 

a. TA aDd. TH Globullna _ 

The T Â and TM globulins represent cOlllbinations ot 

light vith heavy chains. The L chaine of rA am. TM are repor

ted to be the same as those of TG. Thus, antibod1es against YG 

l1ght chaine react vith both lA and TH (:33). 

As hlls al.ready been noted, the iDd1v1dual classes ot 

y globulin rest on ditterences in the antigenio structure of 

the he avy chains ?f these proteins, dif'ferences read1ly d1st1n

guishable by 1II8&nS of specific ant1sera. The TA molecule 1a 

aS8\1D1ed to be a po11mer of a basic group of two light chains 

8Dd two heav chains. The sedimentation eo-efticient of YA 

globulin ranges :fl'CIIl 8S to 148, but JI10st of the TA globu11n in 

serum. 18 of the 8S variety (34). 

The JIlolecular wight of YM globulin 18 approxi!llate4r 

800,000 to 1,000,000, or 5 to 6 times tbat of TG (35). Since 

reduction ot TM g10bulin read1ly dissociates the molecule from. 

one vith a sedimentation co-etticient of 19S to one of approxi

mate1y 1S (36), the TH g10bulin JIlolecules appear to consist ot 

ti'Va to six 7S units. 

A f'urther dif'terence in the st.t"Ucture of the Y 
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globulins relates to their sugar content. YG globulin containe 

2.3~ by weigbt of carbohydrate (17). It i8 not known at pres

em. ~ the carbol\vdrate plqs any part in the antigenici ty' or 

fUnction of the YGmolecule. YA globulin containe about lO~ 

carbol\Ydrate associa'ted vith its H chain (34). Like the YA 

globulins, YM globuline contain l~ carboh\rdrate b;y weight 

associated with the H chain (37). 

b. Low Holecular "Weight ·lmIIlunoglobulins 

The lov molecu1ar wight immunoglobulus of serom 

have antigenic struotures idmllar to those of light chains and 

reaot w1 th antisera against the light chains of YG globl1l.1n 

(38, 39). They have mo1ecular weights of approximately 13,000 

and appear to contain at least two groups of related proteins: 

one vith sedimentation co-effic1ent of approximately 3S and an 

electrophoretic mobility of Y 1 globulin (anodic); the other, 

having a sed1me~tation co-efficient of awroodmately 2S and an 

electrophoretic mobility ot a Y2 globl1l.1n (cathodic) (40). 

Williams and Schmid (41) have shown that only 2l~ ot the iso

lated 3SY 1 globuline contain ant1genic structures similar to 

the light chains. The rema1nder are ant1gen1ca.lly distinct 

f'rcIIl the convantional immunoglobulins, as well as their deriv

ative fragments. Tbis could he interpreted to Mean ths:t. other 
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immunoglobulin structures which are present in the 309Yl globu

lin and which are not related to l1ght chains are poor antigens. 

Low molecular weight y globulins are also round in 

the urine (42, 43). The urinary proteins have an electrophor

etic mobilit;y between the Yl and. y 2 globulins at pH 8.6, an av

erage sedimentation co-etticient of 1.75, a molecular weight of 

approrlmatel;y 12,900 and thermosolubi1it;y properties like those 

of Bence-Jones proteins. These y globulins are immnnochemical-

1y related to the L chains ot other 1mmunoglobulins, but their 

size and the results ot immunochem1cal studies indicate wide 

ditterences between these proteine and L chaine (44). The on
gin ot the low molecular wight Y globuline in serum and urine 

1s controversial and it would ~pear that they are in part break

down products of serum Y globulin and in part s.ynthesized inde

pendently (39, 44). 

c. SecretoIT y A Globulin 

The body secretions (saliva, tears, colostrum, nasal 

and bronchial secretions, etc.) contain immunoglorulins, of 

which YA is present in highest concentration (45). Serum and 

seeretory YA globuline are not structurall;y identical upon an

tigenic analyses. It appears that secretor,y YA globulins con

tain an additional structural unit (T chain) having the same 
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molecular weight as the. L chains but~ .presumably, ant1genica.1.l.y 

distinct trom. the latter. Seèretory YA glo~1ns are princi

pally 118 molecules consisting of 4 H chains, each having a JIIO-

1ecu1ar weight of 64,500, 4 L chains, each of 22,000 molecular 

veight and 1 T chain, ot 22,000 molecular weight (45). The -T" 
chain or "transport piece" apparently f'acilitates transport of 

these mo1ecules into secretions. 

4. Biological Properties of the Immunoglobulin,! 

a. Antibody Acti vit y 

The YG globu1ins comprise at least 80~ of the serum 

antibodies. AntibOdies to gram positive pyogenic bacteria, an

tiviral antibodies and anti-toxins in adult human sera are f'ound 

~ost exclusive~ among the YG globulins. 

The y A gloJ:nùins ccmprise about l~ of' the antibodie s 

in hum&n sera. Isohemagglutinins, anti-brucella, ant1-

diptheria and anti-insulin antibod.1es have been round in isola-

ted lA fractions '(46, 47). YA globulin 1s also t'rond in rel .... 

tively large amoums in saliva, colostrom and tears, all of 

wh1ch contain only a trace amount of lG globulin (45, 48). 
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,Between 5 and 1~ ot the total s.:rœn antibody is 

:round in the YM cl88s. The YM antibodies, wh1ch usually appear 

tirst in the course of immunization (49), readily coat particu-

1ate antigens Rch as bacter1a (50), but b1nd re1atively poorly 

to soluble antigens such as toxine. Thus, most of the human se

rum antibodies to the lipopolysaccharide antigens are YM glo-

. bulins. The heterophile and Wasseman antibod1es, co1d agg1ut

irdns, and antibodies to endotoxins of gram negativ8 baoteria 

are found almOl5t exolusively in the YM globulin chss (51). 

b. Placenta! Transport. 

The normal human infant is born with a plasma con

centration of YG globulin equal ta or higher than that of the 

mother and very litt1e, if arry YM or VA. This quantitative re

lationship i8 attributab1e to the tact that YG globlllin read1ly 

traverses the placenta while lM and YA do not, and to the fact 

that the infant at birth synthesizes little or no YG or YA and 

very litt1e if any YM (52). The transfer ot YG globulin tram 

mother to tetus, as well as the :rc.!lure ot such transfer ot YA 

and YM has been attributed. to the specifie strncture of the Fe 

portion ot the YG heavy ehains (52). The permeability ot the 

placenta to YG globulin and its 1mpermeabUity to YA 8JJd YM is 

not simply a matter ot mo1ecu1ar size, since albumin am. 



12 

transferrin (molecular weights: 65,000 and 90,000, respect1ve

].y) cross the placenta far less reaci11y than TG (53). Evidence 

tor the presence of an act1'V8 transport site on the Fe piace 1s 

turther suggested by stud1es in rabbits which demonstrated that 

the Fe fragment of TG globul1n passes the placental barrier much 

more readily than does the Fab fragment (52). 

c. Complement Fixation 

The complement fixation reaction ie 1n1tiated by y 

globulin in antigen-antibody reactions (,54). Complemellt:fixa

tion can aIso be produced by aggregated y globulin (55) or Fe 

fragments (;4). Bowever, the 55 pepsin fragment (which laeks 

the Fe region) can also fix a sign1f'1cant amount of complement t 

80 that the precise localization of this fUnct10n 18 not clear 

(56). 

d. FiXation of Antibocly ta Skin 

The antibodies that Mediate certain bypersensitivity 

reactions have the property of fixing to skin and other tissues 

(57). The technique of passive cutaneous anaphylaxie (PC!) has 

been used to investigate the skin attaching properties of Varl.

ous antibodies in the guinea pig (58). In the PCA reaction~ 



iDt.rademal injection of antiseram 18 fo110wd (atter a latent 

period ot :3 or 4 hours) by intrawnous injection ot antigen to-

o gether vith e. b1ue~. A positive reaction is show by ditf'tl

sion of' dye through a localized area of increased pemeability 

due to re1ease of histamine and other vasoacti'V8 mediators (,58). 

The latent period is required pres\1lllabq for 8Iltibody to beCCllle 

tixed to cells in situ (e .. g., to mast cells) (59). 

Ovary et al (57) showed that human 0 YG antibodies are 

able to allcit a positiw PCA test in guinee. pigs whereas YM 

ant1bodies of the same speeificity gave a negativ.e response, 

apparently owing to an inability to fu toguinea pig tissue. 

SUbsequent stud1e~ have shown that normal lmman YA and nine 

difterent YA myeloma proteins belonging to the two major antt

genie groups, were all unab1e to sensitize guinea pig tissaes 

(60). These etudies indieate that, of the human immunog1obu

lins, only YG can sensitize the skin of the guinea pige FUr

ther investigation revealed that the Fe piece of the YG glob

ulin was the sldn fixing fragment of the mole cule (61). 

or the 7S antibodies of the guinea pig, only the y 1 

e1ectrophoretic group ean sensitize guinea pig skin tor PCA 

reaction; the Y 2 group is inactive (62). SimUarly, the rat, 

re.bbit, dog and mouse ean he passively sensitized for PCA by 

the corresponding Y l' and not by Y 2 antibodies. SUch tissue-
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:f'1x1ng antibodies have been termed homooytotropic (6:3). 

t'he y 2 guiDea pig antibodies cm sensitize the sk1n 

of other species (e.g., lilan am. mouse) and. have theref'ore been 

cal1ed heterocy'totropic. M8IIl1Ilalian antibodies ili." general. can 

he categorized as hamoq'totrop1c, (i.e., thsy' sens1t1ze the 

homo1ogous spec1es) and heterocy'totrop10 (i.e., they sens1tize 

a number of' f'ore1gn speciea). In Table lare sammarized the 

p~sico-chem1cal and bio1ogica1 properties of mammalien 

cytotropic ant1bodie5~ 
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CHAPTER II 

BIOLOGICAL ACTIVITY AND IMMUNOGLOBJLIN NATURE OF HUMAN REAGINS 

Clinical al1ergy is f'ound in a segment of' the popula

tion with an inherited predisposition to become ~ersensitive 

to enviromental substances, such as the pollens of trees, 

grasses, ragweed, as we11 as foods, mould spores, fangi and 

dust. Such individuals (termed atopics), oniDhalation or in

gestion of' the appropriate allergen rap1dly deve10p ~tams 

such as rhinitis, asthma and urticaria. The combination in 

vi vo of allergen vith human hOJllocytotropic antibodies (f'ixed to 

target organcel1s, such as Mast oells) causes the release of' 

pharmaco1ogical Mediators such as histamine. The Mediators, in 

turn, act on secondary tissues, mainly smooth muscle and blood 

vessels, and the s,ymptom complex produced constitutes the clin

ical manitestaticms of' the allergie state. The hClllocytotropic 

antibodies of man responsib1e for atopic lvPersensitivity are 

oalled skin sensitizing or reaginic antibodies. 
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1. Fixation ot Reagins to Skin and other Tissues 

a. System1c Anaphylax1s 

The role ot reagin1c ant1bod1es in qstemic anapb;yla

xis 1s supported by indirect evidence. All ot 18 patients with 

recent immed1ate aystemic react10ns to pen1clllin had sldn sen

sitizing ant1-penclll1n antibod1es in the1r serum demonstr8ble 

by the P-K test (64). There was a good correlation bat_en skin 

sensit1zing ant1b~ t1ters and severity ot symptams accamp~

ing intravenous injection ot ragweed extract in a group ot rag

weed allerg1c patients (65.) In another group ot patients un

dergoing treatment with aqueous ragweed extract or ragweed ex

tract emulsions, skin sensit1zing ant1b~ titers were sigüif1-

cantly higher in patients who had systemic react10ns compared 

to control patients (66). 

Blood obtained trom allergic donors and transfUsed to 

normal recipients produced clinical s,ymptoms in these recipi

ents when they were exposed to the specific allergen. On dir

ect skin tests wi th specifie allergen, the transfused recipi

ents showed positive wheal and erythema reactions, indicating 

that following transfusion, the reaginic ant1bodies had become 

fixed to at least this tissue (67). 
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b. Sensitization by Local CIltaneous Transf'er 

A charact8ristic f'eature ot reaginic antibod.ies ie 

their marked. capacity to sensitize human epithelial tissue. 

This property fOrlls the basis tOI' the pusi'98 transter or 

Prausnitz-Kustner (p-x) test (68) f'or the d.etection and 1 ASsay 

of serum reagins. .Aliquots of' serum containing reaginic anti

body are injected intrad&1'D1aJ.l3r into the sldn ot n01'D1al 1'ecipi

ents, followed., atter a period .ot 24 - 48 hOllrs, b7 challenge 

vith ant1gen administered. by intradermal. injection or pin prick 

at the seme site. A wheal and erythema reaction (due to local 

relasse of histamine) is produced at this site inclicating the 

fixation ot reaginic antibody to the skin of' the normal indivi

dual. The P-X test continues to he a prlma.ry method. ot assay 

of reaginic antibodies (69). 

Stanworth (70) ccnf'1med earller observations that 

reaginic antibodies are tinnly and quickly attached to f'ixed 

tissue elements. studies by Loveless et al (67) 1ndicated that 

human reaginic antibody persists at a passively sensitized skin 

site tor at le ast 4 weeks. The amount of reaginic antibody ne-

cess&ry for passive transf'er is extremely minute: tor example, 

Ishizaka et al (71) reported that passi V8 sensi.t1.z.ation could 

-4 
be accomplished with as little as 10 }1g of' antibody nitrogen. 

In contrsst ta human YG globulin antibody, human 
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reag1n1c arrtibody' does not appear to sensitize the guinea pig 

:tor PCA ("2). However, passive transf'er ot sensitivity has 

been accamplished in the monkey (73) and otb8r sub-buman pri

mates (74). Indeed, Rose et al (7S) have d8lllOnstrated a close 

correspondence between the P-K titers in bumans and the PCA 

reactions obtained in the monleey. It wouild. appear that. the sldn 

f'1:xing activity of buman reagins is species specifie. 

c. AnaphYl&etic Reactions in Vitro 

Katz and Cohen (76) f'irst d8lllonstrated. the re1ease of' 

histamine fram venous blood of' allergic indi viduals :f'ollowing 

in vitro contact with specific antigen. Liehenstein and Osler 

(77) employed washed human leukocytes from ragweed sensitive 

donors in an in vitro test f'or the detection of' reaginie anti

bodie s and coneluded that such leukocytes acquire a coating of 

antibody in vivo. Washed leukocytes derived f'rœ the blood of 

non-allergic donors can be passive~ sensitized in vitro with 

reagin1c serum to release histamine on challenge ~th specifie 

allergen (78). 

Several human tissues, including lung (70), appendix 

(80), uterus and ileum (81) have been passive~ sensitized. with 

human allergic serum to gi va in vitro Shultz-Dal.e reactions on 

challenge with appropriate allergen. 
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!rbe8lll1ft et al (82) have demonstrated that isolated 

strips of Rhesus monkey ileum. May be passi valy sensitised w1 th 

human allergic serum for Shultz .. Dale reactions. In a turther 

development, Goodf'r1end. and bis associat .. s (83,84) hava demon

strated that chopped preparations ot monkey lung and skin cm 

also be passively sensitized. vith allergic serum to release 

smooth muscle stimula tors on challenge vith allergen. 

2. Comparison of Reaginic vith Blocldng Antibod1es 

Cooke et al (85) observed that tollowing lwPosensit1-

zation therapy vith specifie allergen, sel'U1l1 of the treated al

lergic patients acqu1red the capac"ity to inhibit the response 

ot passively sensitized skin to the specifie allergen. Loveless 

(86) round that the antibody induced in normal subjects by cut

aneous injections of pollen allergen did not sensitise skin bat 

inhibited (blocked) P-K sensitization vith reagins by specific

ally combining with the same pollen allergen. Unl1ke reag1ns, 

the blocking antibody' was stable arter heating at 56°C for as 

long as 5 hours and disappeared rram the inoculated cutsmeous 

site in less than 24 hours. 

Blocking antibody has been shown to sectlment ultra-
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centrifugally with the ·75 components ot serum (87) and to be 

eluted trom DUE cellulose vith the Y 2 globulins (88). 

. The matemal. tetal. membranes in man appear to be im

permeable to reaginic ant1b~(89), wbereas the blocldng ant1-

body, a 75 y 2 globulin, presumably directed against the same 

ant1gen1c deter.m1nants, doas cross. these structures (90). Un

like blocking antibodY", reag1n1c antibody .. appears to he incap

able or fixing co.mplement (77). 

In ad41t1on to beat lab1l1ty, lmman reag1n1c ant1bod

ies are inact1vated by recmctioD..w1th...mercaptans, undercondi

t10ns in ..m1ch human YG ant1bodie8 retain the1r antigen binding 

capac1ty (91).. It 18 IlOt known whether the reducingagents act 

by damaging the tissue binding sites of reaginic antibody or 

whether they may af'tect other portions of the molecule, such as 

the antigen combining site. Ishizaka and. Ishizaka (92) have 

suggested that the tissue bilXiing site of the molecu1e 18 

degraded. 

~ Association of Reagins vith YAGlobulins 

A:f'ter the isolation and character1zat1on of the YA 

globulin c1ass (Chapter 1), evidence accumulated that reagin1c 

act1vity was associated wi.th th1s class of immunoglobulins. 
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Augustin and Hqward. (93) round that reaginic activ.1-

ty was ma1~ localizad in thosa se1"l11ll tractions obtained. by' 

DEAE-cellulose chromatograpb:;y which vere rich in YA glo'bllins. 

Vae:rman et al (94) slso round reag1n1c activ1ty in pur1t1ed. YA 

globulln tractions prepared trom allergie sera by' a zinc sulph

ate precipitation method. Tarr and Bentz (9.5) tractionated 

four allergie sera by' Sephadex G-200 gel filtration and tound 

a close correlation between sldn senaitizing activ.1ty and YA 

globulin fractions. The bulk ot the skin sensitizing activ1ty' 

was eluted f'rom the gel slong vith mst ot the YA globulin on 

the ascending side ot the 78 peak. From the distribution it 

was inferred that the size of the reagin1c. antibodies vas greater 

thsn 78. This vas conf'irmed in the studies of' Anderson and 

Vanier (96) employing the technique ot sucrose denaity-gradient 

centrifugation. The sucrose d.ensity-gradient tractions, con

taining the peak of reag1n1c activity', hsd a sedimentation co

efficient of approximately Bs. 

Important evidence associating reaginic ant1bod1es 

with lA globuJ.in vas reported by Fireman et al (72). Thaae workers 

pertomed immunoabsorption of reagin-rich rA globulln fractions 

by antisera specifie to human lA myeloma globuline Absorption 

of' the rA globulin vas accompanied by loss of reaginic activity. 
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Fu.rther ev1d.ence associating YA globuline mi reaginio 

antibodies vas the- findingthat. bam.an lacrimal and salivar,y se

cretions conta1n reag~_ic activ1ty and. YA as the only detectable 

1:mmunoglobulin (<n, 98). 

Final.ly, the association ofreaginic antibody vith lA 

globulins was strongl7 supported by: the t1nd1ng by Ishizaka et 

al (99) that lA prepared !"rom normal human serum by zinc sul

phate precipitation blocked P-K sensitimation with ragweed ra&

gins. As this latter t1nd1ng was of p&rticular relevance to 

the present investigation, it will be discussed separately in 

the following cbapter. 



CHAPTER III 

BU>CKING OF PRAUSNlTZ-KUSTNER SENSITIZATION WITH REAGIN BI 

NORMAL HUMAN SERUM CCHPONENTS 

1. The PCA Model 
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Âs has ~8~ been noted, one of the characteristic 

properties of reaginic antibody is a relati wly firm. :fixation 

to human ep~thelial tissues. A close experimental model of the 

biologie al activity of human reag1n, in which tissue fixation 

has been thoroughly studied, 18 pass1ve autaneous anap~laxis 

(PCA) 1n the guinea pige Of partiClllar relevance was the t1nd.

ing by Ovary (100) and. others (101, 102) that the PCA l'8action 

mediated by guinea-pig Y 1 antibody' can be blocked very effect1-

valy by non-immune (nomal) guinea-pig Y 1 globulin. A plausi

ble mechanism far this effect 1s that the nomal Y 1 globulin 

has a structure - parl1cu1arly in the Fe region - similar to 

that of ant1body Y 1 globul1n and is a.ble to ccmpete with the 

latter for sites on the target organ cells. It this mechanism 

were valid. for inhibition ot cutaneous react10ns in mammalian 

species in general, it would follow that the normal hUDlan serum 

globulin able to competit1vely inhibit the P-K reaction in man 



would have a sim11ar structure to the reag:l.n1c ant1body. 

2. mocking ot P-K SaDSit1zat1on vith Reagin br Normal ban 

YA Globul1n 

Based on the above general cona1derat1ons, Isb1zaka 

et al (99) studied the abU1ty ot normal lmman sel'UJll "YG, YA and 

YM globulins to block P-K sens1t1zat1on vith. ragweed reagins. 

The purity ot the immunoglobul1n tractions vas establ1shed by 

immunodittus1on in agar with specifie ant1sera. The reag1n1c 

sera utU1zed vas d1luted to 1:4000, suf'f1c1ent to sens1t1ze 

normal sldn to g1 ve apprec1 able weal and erytbema react1ons. 

In the b10cking test procedure, the normal. serum globulins were 

1njected intradermally and 24 hours later the reag1n1c se1'\11ll 

vas injected into the same sites. The globulin-sel'UJll sites 

vere challenged 24 hours later w1th aqueous ragweed extract. 

Ish1zaka et al reported that 2.5 p.g or more of YA globul1n ni.

trogen effect1 vely b10cked the vhea1 and erythEllla react1on. In 

contrast, amounts ot YG and. YM globulin as h1gh as 10 - 20 Jlg N 

vere essentially lI1thout eftect. From their tindings, Ishizaka 

et al. suggested that the most likely mechanism tor the b10cking 

of sensit1zat1œ 1s that nomal Y A globulin has an atfinity for 

the same tissue sites vith wh1ch reagin combines. As f'ixation 
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of sldn 18 a characteristic property of' reagins, 1t was conclu

ded that reagins are in f'act TA globuline. 

In a later study, Iehizaka et al. (103) tested the 

separated H and L chains of' normal lmman TA globulin f'or their 

ab1l1ty to block passive sendtization with reagins. The bloc

king aotivity was f'ound to be associated with the H chain 

rather than the L chain of the TA globulin Molecules. Since 

the H chain carries the spec1fic clus. antigenic determinants 

of' the immunoglobulins, this f'1nd1ng was interpreted as fUr

ther evidence that reagin1c activity was spec1f'ical.ly associa.

ted with the TA class of immunoglobuline 

3. Aima of the Present Investigations 

Despite the acClllllUlated exper1mental data associating 

reaginic act1vity with TA globulins, much ev.1dence began to ap

pear that cast doubt on this conclusion. Love1ess (104) 8lld 

others (105, 106) dallmlstrated that reagins ware present in the 

sera of allergic individuals with no detectable TA globulin. 

Goodf"riend and bis associates (107-110) reported that fraotiont. 

of allergie serum could be prepared by DEAE-Sephadex chrœato

grapl\v wbich were reaginically &Cti va and contained TG as the 

only detectable immIlnog10bulin. Menze1 and Sherman (111) were 



, 

, 

26 

able to separate most of the reaginie activ1ty of a ragweed al

lergie seram from almost al.l of the lA globulins by means of 

Rivanol fractionation. Terr am Bentz (112) found P-K trans

ferable reagin1c activity in the,'sera of non-atopic patients 

with serum sicknessto be associated vith their YG and. YM trac

tions, while YA globulin r1ch tractions are inactive. 

Thus, trClll the etudies cited, ev1dence emerged that 

reag1nic antibodies in both atopic and non-atopic sera might be 

associated with globulins other than lA. SUch ev1dence con

nicted with the tinding by Ishizaka et al (99) that normal hn

man YA globulin uniquely blocked passive sens1tization with 

reagins of nomal. human skin sites. It wu therefol"8 considered 

of interest to re-examine the relationsb1p of the major immuno

globulin classes YG, YA and YM, to blocking activlty and to 

characterize the blocking factors in normal. human serum. A re

port of soma of the findings of this study has been published 

(113). 
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PART na THE PRESENT INVESTIGATIONS 

CHAPTm IV 

RELATIONSHIP OF NORMAL ROMAN SERUM DOOJNOGUlBULINS 1'0 BLOCKING 

OF PRAUSNITZ-KUSTNER SENSITIZATION 

1. Introduotion 

As noted in Chapter III, Goodtriend and his assooiates 

(l07-ll) reported that reaginio aotivity was looalized in DEAE

Sephadex fractions devoid of Y A am containing YG as the only' 

detectable immunoglobuline The method of DEAE-Sephadex ohroma.

tography employed by these workers was adopted in order to es

t8blish the relationship between the major immunoglobulin clas-

ses and blocking aoti vi ty :in normal lmman serum. The DEAE-Sephad.ex 

fractions were compared for hmmnoglobulin content and aotivity 

in blooking P-K sensitization with ragweed allergie sera. 
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2. Materials and Methods 

a. Sera 

Six sera, fOur no~al (A.K., A.B., T.W., J.P.) and 

two ragweed allergie (S.M., B.U.), vere employed for this study. 

The sera vere atored in aliquots at _10°C until used. 

b.· Allergen 

An aqueous axtract of short ragweed pollen of known 

nitrogen content, was purchased from Center Laboratories, Port 

Washington, N.Y. The extract vas kept in sterile vials at 5°C. 

c. DEAE-Sephadex Chromatography 

DEAE-Sephadex 11.-50 (Pharmacia) vas allowed to swell 

in distilled water for 72 hours and de-f'ined by repeated decan

tations. The slurry vas equilibrated vith the initial starting 

butfer before pouring into a wat~~ jacketed column (2.5 x 26 am) 

thermostated at 5°C. The initial butfer vas also run through 

the column for at least 24 hours prior to chromatography. 

Aliquots of 6 ml of normal serum 'tfaa applied to the 



co1umn and the proteins W8re e1uted by Tris*-H\:.'l blfters ot 

pH 8.0. An initial peak vas e1uted with 0.1 M Hel. b1ff'er and 

subsequent peaks by a gradient of 0.1 to 0.5 M baffer (Method 1). 

In separate experiments, the e1ution scheme ot the Tris-Hel. btf'

fers, pH 8.0 was moditied to inc1ude an initial step ot 0.14 M 

followed bj- a gradient of 0.14 to O.) M and :f1nally by' a step 

of 0.5 M butter (Method n)., The e1uates were collect&d in 5 ml 

volumes in a Spinco fraction collector refrigerated at 5°C. 

Eluate fractions were IIlOnitored by fluorescence in a 'l't1rner 

Fluorometer (Model lll) or by the absorption at 280 lII}1 in a 

Beckman DU spectrophotom.eter. The cuts for the various frac

tions were made according to the shape ot the fluorescence or 

optical density curves. The fractions _re concentrated to in

itial sercm volume (6 ml) by' ultrafiltration in Diaflo cells 

(Amicon Corp., Cambridge, Mass.) using UM-2 fi1ters, and exhaus

ti vely dialy'sed against saline. The fractions were aruù'ysed 

for their immwnog1obulin content (described be1ow) and Millipore 

fUtered (0.22 ~ fi1ters) prior to being assayed tor blocking 

activity. 

* Tris = tris (hydroxmethy1) amino-methane, was of certified 

primary standard grade, purchased f'rom Fisher Scientine Co., 

Montreal. 
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d. . Gel . Filtration on Sephadex 0-200 

Sephadex G-200 (Pharmacia) was allowed to swell in 

distilled water for 3 d~s and de-fined by repeated decantatiaœ. 

The slurry was equUibrated with 0.1 M Tris-HCl + 1.0 M NaCl, 

pH 8.0, befoN pouring into a water-jacketed column (2.5 x 

100 cm) themostated at 5°C. The same biffer was run through 

the co11lJllJl for at least 24 hours prior to chromatograplw. DEAE

Sephadex fractions of nomal human sel'Wll (A.K.) wera separately 

fUte:red on Sephadex 0.200 and. fractions were eluted with the 

S81118 buffer employed for equilibratian. Eluatef'ractions.we.re 

collected in a Spinco fraction collector at ,oC. The eluates 

were pooled and the pooled fractions proces8ed as described in 

Section c. 

e. Single Radial lirmnmodiffusion 

Norm81 sera and serum fractions were tested for their 

content of YG, Y A and YM globulin by' single radial immunodif'fu

sion (114) using immunoplates of lJyland Laboratories. Three 

standard solutions (supplied by Hylarn Laboratories) of lmown 

immunoglobulin contant and thrae test solutions liera separately 

deposited in the antigen wells of each immunoplate. The Y A and 

YM immunoplatas wera incubated for 16 hours at roan temperature 
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and the YG 1mmunoplates tor 4 hours at 37°C. The precipitate 

ring di8llleters tormed were me asured w1 th a lIlagnitied sc ale • 

standard aurves drawn tor ring di81lleter versus 1mm.unoglobulin 

concentration (mg/lOO ml) vere used to determine the immuno-
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globulin content ot the sera and serum fractions. The expert

mental error varied from 5 to 15~ ard a sensitivity ot 10 p,g/mJ. 

vas observed tor YG 8l1d YA globulin am 20 pg/ml tor YM 

globuline 

t. Blocldng ot P-K Sensitization 

Aliquots (0.1 ml) ot DEAE-Sephadex tractions ot nor-

mal serum and saline controls were injected into the back of a 

normal (non-allergic) recipient and 24 hours later 0.05 ml ot 

reaginic serum S.M. diluted 1:100 with saline, vere injected 

into each ot the same sites. One day later the sites .. ere chal-

lenged wi th 50 PNU* of aqueous ragweed extract. The length and 

width ot the vheals were measured and the square area ot the 

wheal calculated. The square areas or the blocking and saline 

control sites were compared to determine the percent age block

ing ot the P-K reaction. 

( -5 * 1 PHU protein nitrogen unit) = 10 mg. 



1 

1 

3. Experiments am Results 

a. Blocldng Acti 'Vi tl of DEAE-Sephadex Fractions 

Prepared br Method l 
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Normal lmman serum A.K. was chromatographed on DEAE

Sephad.ex A-50 (Method I) and the distribution of lG, lA and YM 

immunoglobulins 8lIlOng the eluata fractions wh1ch wera obtained 

is show in Fig. S. ,The blockingeffect of the DEAE-Sephadex 

fractions on the P-K reactions is gi ven in Table ll. Wh1le JI10Bt 

of the fractions had blocking activ1ty, those conta1ning 'only lG 

globulin blocked Most effectively. Fractions containing both lG 

and lA also blocked but to a 1esser degree than those containing 

onlylG globuline On the other hand, Fraction IX containing YM, 

lG and lA globulins had no blocldng act'ivity. 

b. mocking Activit:y of DEAE-Sephadex Fractions 

Prepared br Method II 

A better separation of the blocking factor from the lA 

globulin was obtained by DEAE-Sephaclex chromatography using a 

modified system of elution buffers (M .. :'thod II). The distribu

tion of the immunoglobulins among the various fractions derived 

from serum A.K. is shown in Fig. 6. The activity of the fractions 
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in the blocldng of the P-K reaction is shawn in Table III. 

Again, preparations con:t:.a1n1ng YG globulins only' as well as 

both YG mi YA globulins blocked eftecti valy, whereas' those 

containing YM, YA and YG had little or no blocking lCtivity. 

It is notewort~ that traction VI contained y A globulin. at 

more than t'Wice theconcen:t:.r&tion tound for this 1mnmnoglobulin 

in the active tractions mi yet was essentia11y inactive in 
. . 

blocking P-K sensitization. 

A similar distribution ot blocking activity was ob

served on DEAE-Sephadex chrClllatograp~ (Method II) of nomal 

hmn.an serum A.B. (Fig. 7, Table IV). In contrast to DEAE-

Sephadex traction VI of serum A.K., traction VI of serum A.B. 

showed some blocking activity but ot an appreciably lower order 

than the activity of tractions contain1ng YG globulin alone. 

Because of the ma!"ked ditference in activ1ty between 

fraction VI and other y A conta1ning fractions, i t was of inter-

est to determi.ne if a component in this traction might be in

hibiting the blocking eftect. The non-blocking traction VI and 

blocking fractions III and IV ot se1'llD1 A.K. were concentrated 

2-fold and equal aliquots of the concentrated traotions were 

separately combined as shown in Table V. The addition ot trac

tion VI to fractions III and IV was without effect on the acti-

vit Y of the latter preparations, dElllonstrating the absence 
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frcm fraction VI of an inh1b1tor of bloc1d.ng activ1ty. 

c. Molecular Si~e D1strib1tion of TA globulins 111 .. 
Blocking and Bon-blocking Fractions 

In v1ew of the presence in normal se:rum of polymerie 

forms of TA globulin (115) it was possible that the fa11ure of 

~Sephadex traction VI to block P-K sensitization was due to 

the presence in th1s fraction of ~active po~ric and/or ag

gregated TA globulins as the predominant species. of this pro

tein. A s"tuctr was theretore made to determine if the T~ 

conta1n1ng blocking and non-blocking tractions of serum A.K. 

had the same molecular size distribution of TA globulins. Af-

ter incorporating TG globulin to serve as a Marker, a pool of 

the blocking tractions III, IV and V and the non-blocking DEAE

Sephadex fraction VI were separately filtered on Sephadex G-200. 

The elution profiles of optical density and TA globulin content 

are shown in Fig. 8. While the non-blocking traction VI showed 

a rel&tively greater proportion of higher molecn1ar wight TA 

globulins, the bulk of the TA globulins in both fraction VI and 

the pooled fraction peaked at identical positions relative to 

the TG globuline 
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d. T1me study of Blocldng .Activity 

A t1me study vas carried out to detem1ne how long 

the blocking factor in. DOmal. lmman sel'Wll retained its effect 

on passive sensitization (Table VI). ID the blocking frac

tions maintained their effects for 5 days but to a lesser deg

ree. It is notevorthy that the YG-containing ~actions main

tained their blocking activity for the longest period (10 dqs). 

-i. Ef'fect of Dilutiori of YG-Fractions on Blocldng Activity 

Compared to other DEAE-Sephadex tractions, the YG 

globulin containing tractions l and II of both normal. sera con

sistent~ showed the highest blocking activity (Tables II - \'1). 

It was of interest to determine the bloc king capacity of these 

fractions on dilution to lower levals ot constituent YG globul

in. The results sholU'l in Table VII demonstrate that fractions 

l and II retained appreciable activity even af'ter 30. and 5-told 

dilution, respectively. 

f. A Control Experiment 

A control experiment vas done to ensure that the 

. blocking activity of f'ractions l and II vas not due to the pres

ence of breakdown products of the ion-exchanger having non-



specifie b10cking e~tects. For this purpose, 0.1 M Tris-Hel 

was 8l10wed to pass th~gh the co1umn of DEAE-Sephadex in a 

volume equal to that required to elute serum fractions l and II 

(approximately 500 IIÙ). The butter eluate, after concentration 

to 6 ml, dial.ysis against 0.15 M saline, and mlllipore fUtra

tion, was found to have no activ1ty in blocldng passive 

sensitization with reagins. 

4. Discussion 

A study was made of the relationsbip ot the lG, lA 

and. YM globuline in DEAE-Sephadex fretions ot normal human se

rum to the activ1ty of these fractions in blocking P-K sensiti

zation. The results d8l11onstrated that lG globulin fractions as 

well as fractions conta1ning both lG am. lA globulins effective

ly blocked passive sensitization. Fractions conta1ning 'TM in 

addition to Y A am YG globuline showed either no or minimal 

blocking activ1ty. 

A time study demonstrated that the activa DEA&

Sephadex fractions maintained their effect for 5-10 days. This 

would suggest a relativaly f'irm, long-lasting fixation ot the 

blocking factor (s) to normal lmman skin. It is noteworthy 
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that TG containing. tractions were Most active in this respect. 

A control experiment exeluded the possibU1.ty that 

the activ1ty of the TG tractions was due to the presence of 

DEAE-Sephadex breakdown products having non-specifie blocking 

effects. 



CHAPTER V 

STUDIES ON THE HETEROGENEITY OF THE BLOCKING 

FACTORS· IN NœMAL ROMAN SmtUM 

1. Introduction 

In the previous chapter,· evidence was presentad that. 

the DEAE-Sephad.ex fractions of nomal (non-atopic) h\1Dlan sera, 

conta1n1nK YG as the o~ detectable 1mm:unoglobulin, could ef

fective~ block·passive sensitization with reagins to ragweed. 

Indead, the blocking activity of the DEAE-Sephadex fractions 

paralleled the YG more closely than th. YA or YM globulin con

tent of thase fractions. In the studies to be described in 

this chaptar, the Most active YG globulin fraction was examin

ad. by cation exchange ohromatograph;y to dete1'm1ne if the block

ing activity was uniquely assooiated vith the YG globuline To 

investigata the molecular size distribution of the blocking 

factors, the Most active YG globulin fraction as well as whole 

normal human sarum were analysed by gel f'iltration arrl sucrose 

density-gradient centrifUgation. 
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2.' Maierial.s and' Methods 

a. Cation Exchange Chramatograpbr 

Carboxymetbyl (CM-)· Sephadex C-50 (Pharmacia) vas aJ.

lowed ,to swell in distilled, water for 72 hours 'am. de-fined by 

repeated decantations. The slurr,y lias equilibrated vith the 

starting butter and. this ba.tf'er was rIln through the column tor 

at least 24 hours prior to chromatograplv". 

An aliquot of 10';ml ot DEAE-Sephadex traction II (see 

DEAE-Sephadex chranatography, Method l, Chapter IV) was applied 

to ,a column (2.5 x ,26, C)Ift) ot ~-Sephadex and the proteins were 

eluted with sodi1lDl acetate-acet,ic acid butf'ers ot pH 5.4. Elu

tions were carried out stepwise using molarities ot 0.10, 0.15, 

0.20, 0.25, 0.30 and 0.35. A final step utilized 0.5 M Tris

phosphate ourter, pH 8.0. 

b. Gel Filtration 

Sephadex G-75 superfine (Phamacia) vas allowed to 

swell in distilled water tor :3 dqs, and. de-f'1ned by repeated 

decantations. The slurry was equilibrated vith 0.1 M Tris-HCl 

+ 1.0 M sodium chloride, pH 8.0, batore pouring. DEAE-Sephadex 

fraction II (10 ml) was applied to a Sephadex G-75 column 
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(5 x 100 cm) and proteins w1'8 a1.uted with the butfer employed 

for equUibration. 

The fractions derived fro1ll both chromatographie pro

cedures were di~sed against 0.15 M sodium cbloride, concen

trated by pressure filtration, fUtered thl'Ough mUlipore fU

ters'and testedfor blocking activity. 

c. Sucrose Density-Gradient Centiil'u.gation 

The sedimentation coefficients of blocking factors in 

normal serum and derivati~ DEAE-Sephadex fractions ware deter

mined by the method of Martin and.Ames (116) • Serum or serum 

fractions were dialysed for 16 hours at 5°C against phosphate

saline buffer (0.05 M sodium phosphate + 0.15 M sodium chloride, 

pH 7.0) and aliquots of 0.2 ml were overlayered onto a 5-20~ su

crose density-gradient. Centrifugation was performed for 18 

hours at 35,000 l1l'1 in a Spinco Model L ultracentrifUge equip

ped vith 'a swinging bucket, rotor (S.W., ,39) pre-cooled to 5°C. 

After completion of the run the tubes were pierced at the bot

tom and 13 drops (0.2 ml) were collected trom each tube. For 

each serum or serum fraction three separate runs vere performed 

so that a total of 1,8 ml of sample was applied to the sucrose 

density-grad1ent. The fractions obtained vere exhaustively di

alysed against saline, concentrated by pressure filtration to 
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1.8 ml, f'Utered through 1/2" Swinney mU1ipore .lUters (O.22}1) 

8l'Jd tested f'or bloold.ng activity. 

A lG globulin preparation (Pentex Cahn Fraction 2) 

served as the standard and it s distribution in. the gradient vas 

detemined by measuring the optical density at 280 JIll in a 

Beckman DU spectrophotometer. A range of' sedimentation coef'fi

cients of' the ef'fiuent tractions vas determined by' comparing 

the distance of'. migration of' the f'ractions wi th that of' the TG 

globulin standard. A sedimentation coeff'icient of' 6.9 S vas 

employed f'or the TG globulin standard as detemined in a Spinco 

Model E ultracentrifUge equipped with Schlieren optics. 

other Materi&1.s am Methods 8IIlployed in the ex:peri

ments of' this Chapter were as described in Chapter IV. 

;3. Experiments and Results 

a. RelationsMp of' TG Globulin to mocking of P-K Sensiti~ation 

Two normal human sera (A.K. and T.W.) were separately 

chramatographed on DEAE-Sephadex ~50. The fluorescence profile 

of' the eluted fractions obtained for serum A.K. is shown in 

Fig. 9. A simUar distribution was obtained for serum T.W. 

Fig. 9 &1.80 shows the iDmunoglobulin content and acti vit y in 

· '. 
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blocking P-K sensitization ot DEAE-Sephadex. tractions I-X. As 

can be seen, tractions l and II (herearter denoted DEAE-I and 

DEAE-II, respecti valy) conta1ned YG globul1n andwera Most et

tective in blocking the P-K reaction. Fractions contt.d.ning YG 

and YA globulins (V-X) 8J.so blocked but to a 18sser ment. It 

is particu1arq noteworthy that tractions IX and X, which cont

ained the bulle ot the YM as well as the YA globuline and relat-

1valy smal.l aaounts ot YG globulin, had l1ttle or noblocldng 

&eti vi ty. A simllar distribution ot 1mmunoglobollns and block

iilg activity was obtained with serum T.V. (Table VIII). 

. b. O!-Sephadex ChrOll1atography of DEAE-D 

DEAE-II derived trom serum A.K. was turther resolved. 

on CM-Sephadex and the results are shown on Fig. 10. The block

ing activity was spread amongst the CM-Sephadex tractions and 

there was no apparent relationship between blocldng activity and 

YG globulin content of the fractions. Two tractions (I and VI) 

contained little or no detectable YG globulin yet had apprecia

ble activity. 

c. SUcrose Density-Gradient CentrifUgation 

The results of CM-Sephadex chromatograpb;v of DEAE-II 
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indieated a possible heterogen~ity of the b~ekiug factors sinee 

blocking activ1ty was found for fractions eontaining TG as vell 

as fraotions devo1d of YG globulin. To turtber characterize the 

b10cking flLctors, eaeh DEAE-II separately prepared tram two !:tera 

(A.K. and T.W.) was subjeeted to sucrose density-grad1ent cent

rifugation and the effluent fractions tested for b10cking aeti

vity. Fig. 11 shows a typical optical density profile of the 

eft1uent fractions obtained with DEAE-II of serum A.K. A simi-

1ar distribu.tion was found. tor DEAE-II of se1'l1D1 T.W. Cuts were 

made according to the optical density profile covering a range 

of sedimentation coetficients of approximately 1-)5, 3-55 and 

>95. The sucrase aensity-gradient fractions derived f'rom both 

sera were tested for TG globulin content and b10cking activit,y. 

The results obtained are given in Table IX. 'Wh11e sucrose 

density-gradient traction II, containing the bulk of the TG 

globulin, had. some b10cldng activ1ty, fraction IV, devoid of 

detectab1e TG globulin and conta1ning components peaking at 

1-)5, was highly effective in b10cking P-K sensitization. 

d. Gel Filtration Chromatographv of DEAE-II on 5ephadex G-75 

The presence of low molecular weight factor or factors 

vith b10cking &cti vit Y in DEAE-II was contimed by the results 

of gel filtration studies using Sephadex G-75. Fig. 12 shows 
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the fluorescence protileand TG globulin contant in the effluent 

fractions obtained for DEAE-II of serum A.K. S1m1lar results 

were obtained for DEAE-II of serum T.W. The effluent 8ephadex 

G-7.5 for both sera wre separately tested for blocldng actinty 

and. the results are given in Table X. WhUe tractions l and II 

. of both sera, conta1ning the bulle of the TG globùl.1n, had sig

nit1cant blocldng aotinty, the most retarded fraction (nI), 

containing trace amounts of TG globulin, was the moat active 

blocking traction derivad trom both sera. 

e. Size Heterogeneity· of mocldng· Factors·1n Norm8J. ·lbnan· seM 

The isolation of an active "low molecular weight frac

tion" (1-38) in DEAE-II pl'Ompted an investigation of the molecu. 

lar weight distribution and sedimentation coefficients of block

ing factors in whole normal human serum. For this purpose, two 

normal sera (J.P. and A.K.) were separately examined by Sephadex 

G-200 gel filtration and by sucrose density-gradient 

centrifugation. 

The Sephadex G-200 chromatogr8lll for one of the sera 

(A.K.) i8 shawn in Fig. 13. For both sera, some blocldng acti

vit Y was associated with the 19S and 75 peaks (peales l and 2). 

The albumin peak (peak 3) was least active whereaa fraction VI, 

eluted af'ter the albumin peak, had the highest blocking actinty. 
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The results of sucrose densit:r-grad1ent centrifUg .... 

tion are shown in Table XI. For bath sera, Most of the blocld.ng 

activity was located in the 1-38 region of the sucrose density'

gradient. Appreciable activity was also found with components 

of sedimentation coefficients greater than 58. 

4. Discussion 

The results of CM-Sephadex chromatograph;y of DEAE-n 

indieated a possible heterogeneity of block1ng factors sinee 

tractions dewid of YG as well as those eontaining YG globulin 

had Appreciable blocldng acti'Vity. 

Evidence for size heterogeneity was obtained b.Y su

crose density-gradient centrifUgation of ~II: 2 major bloc

king fractions vere obtained, sedimenting in the range 1-38 and 

} 5S, respectively, as weIl as a relatively inactive intermediate 

fraction of appl"O:ximately 3-55. 51mUar results vere obtained 

by gel filtration of DEAE-II on Sephadex G-75. By both methods 

of fractionation, a low molecu1ar weight fraction vas p&rticu

lar~ effective in blocking P-K sensitization. 

Further evidence for size heterogeneity vas obtained 

~ gel filtration on Sephadex G-200 and sucrose density-gradient 
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centrifUgation or whole normal J:mman sel"Wll. !gain, appreciab1e 

activity was tound tor rel.&tively bigh molecu1ar size tractions 

but the greatest activ1ty was associated vith low lIlOl.eaular 

wight fractions (of' 1-:3S by mcrose density-gradient 

centrifugation). 
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CHAPTER VI 

STUDIES ON THE LOW MOLECULAR WEIGHT BIDCKING FRACTION 

1. Introduction 

As shown in Chapter V, gel filtration of DEAE-II on 

Sephadex G-?.5 yielded a fraction, retarded on the gel, which 

vas highly effective in inhibiting P-K sensitization with rag-

weed :r-eagins" The "low Molecular weight" fraction consistently 

contained trace amounts of YG globulin.. Studies lIere therefore 

undertaken to det8l'J1line if the constituent YG globulin May have 

participated in or even cOMplete~ accounted for the blocking 

activity of the fraction and ta determine to what extent block

ing activity was due to the low Molecular weight oomponents. 

For this purpose, the blocking acti vi ty of the fraction was de

termined bafore ~ 8fter immunoabsorption of the YG globuline 

Â control stuqy was dona to exclude the possibility 

that low molecular weight caltponents were artif'ilctllally produ

ced through the interaction of serum protein {e.g., YG globu

lin)with the ion-exchanger DEAE-Sephadex, and thereby' to pro

vida evidance that such componants are natively present in nor

~al human Aerum. 
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2. Materials and Methods 

a. Sera 

A pool ot 2 normal lmman sera (A.K. and. T.W.) was em

ployed tor this stuctr. Also employed lI8re goat antisera 

(lVland) to human Y chain, hUDlan Fe-fragment, hlDll8ll 1( and }t. 

light chains, and human YG, YA and YM globulins, albumin and 

transterrin. 

b. Immunoabsorption 

The method ot Avramaas and Ternynck (117) was 8Dl

ployad to prepare insoluble antiserum to human YG globuline 

Nine ml ot a goat antise1'l11ll to human YG globulin (obtained trom 

~land Laboratories) was lyophUized, and dis sol ved in 20 ml or 
0.2 M Acetate butter, pH 5.0. Etbyl cblorotormate (0.6 ml) was 

added dropw1se to the solution with constant stirring. A pH 

mater (Beckman) was used to monitor the pH which vas maintained 

at 5.0 by intermittent addition of IN NaOH. The mixture was 

stirred for 15-20 mins., during which time a white noccu1ent 

precipitate tOl'llled (the polymerized antiserum). The polymer 

was allowed to stand at room temperature tor 1 hour and. centri

fuged. M'ter decanting the supematant, the po~er was dis

P,cersed in 0.01 M phosphate + 0.15 M NaCl, pH 7.2 (phosphate-
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buf'fered saline). 

To rem.ove excess et~l chlorofo1"lllate and any non

polymarized Y globulin, the precipitate was washed vith )00 ml 

ot phosphate~'6uf'tered saline, 100 ml of' O.l~ sodium carbonate 

and 100 ml of 0.1 M. glycine-HC1, pH 2.2. The &&l. polymer

butter mixture was centrif'uged at 10,000 rpm and the optical 

density (O.D.) of Slpematant Wh d.etel'lllined in a DU spectro

photOll1eter (Beckman) at 280 mu f'or the presenoe of proteine 

Washing was continued untU the O.D. reading for the supernatant 

equaled that of the buffer. The polymer wu washed vith phoe

phate-buffered saline until the suspension and supernates 

reached pH 7.2. 

The polymer was isolated ~ suotion filtration through 

Whatman No. 2 filter paper and added to 9 ml of' the serum frac

tion. The mixture was stirred overnight at 4°C and oentrifUged 

to isolate the supernatant. 

c. lDmmodiffusion in Agar 

IDmunodif'fusion tests in Agar vere perf'onned on mic

roscope sl1d.es ~ the method of Ouchterlony (8). The develop.

ment of' precipitin lines was allowed to proceed for 24-72 hours 

at roOll1 tem.perature in a humid atmosphere. 
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d. Pob'acry1811l1.de Gel Dise Electl'Ophoresis 

Dise e1ectrophoresis wu pertormed at pH 9.5 using 

the discontinuous buf"fer system of Ornstein and Davis (118, 

119) in conjunction with a ~ running gel. S8lIlp1es (1-2 ml) 

were 1qered on top of the gel in '3~ sucrase. Electraphore

sis was carried out in tubes (0.7 lIIDl x 12 cm) tor 2 - '3 hours. 

ru amples were run until the marker dye had trave11ed a :f1x

ed distance (7.0 - 8.0 cm). Gels vere stained with 0.5~ am1do 

black in 7~ acetic acid and destained e1ectrically. 

other Materials and Methods 8IIlployed in the experi

ments of this Chapter were as described in Chapter IV. 

3. Experimenta and Resulta 

a. Immunoabsorption of Low Mo1ecu1ar Weight Blocking Fraction 

A low mo1ecu1ar weight fraction (final volume: 9 ml) 

was prepared by Sephadex 0-7.5 gel filtration of DEAE-II from 

60 ml of pooled nomal human sera A.K. and T.W. The traction 

was absorbed with insoluble goat antiserum to human YG globulin. 

The unabsorbed am. absorbed tractions were tested by 
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Fig. 14, the unabsorbed fraction gave preaipitin arcs with an

tisera to TG globulin mi to the Fc fragment. A taint line wu 

observed with antiserum to T chain (not re~ seen in the 

figure). The lines obtained wi th antiseram to TG and toFc 

fragment were bent toward the wells containing antiserum to the 

light chains. No reaction was observed with antisera to h'lDllan 

TA and TM globulins, albmDin am. transterrin. In contrast, 

tollowing immunoabsorption with anti-TG (Fig. 14), no precipi

tin lines were obtained with sny ot the specitic antisera, 

suggesting that the absorption of TG globulin had. been 

complete-. 

The absorbed traction (G-75-3A) was f'urther analyzed 

by disc electroph~resis using normal serum as a reterence 

standard. Prior to analysis, fraction G-75-3A was concentrated 

10-told. It aan be seen trèml Fig. 15 that fraction G-75-JA gave 

oJ1ly one band which migrated towards the anode slightl1 taster 

than albumine 

Bath tractions G-75-3 and G-75-3A were tested tor 

their ability ta block passive sensitization with ragweed 

reagins. The results shown in Table m demonstrate that both 

tractions had. essentiall1 identical actt vit y in blocking 

passive sensitization. 



b. Blocldng Activity of Sephade:!: o.Z5-' lI'ractions vith 

and witbout Low Holecul.ar Weight Camponents 

S2 

Experiments lIBre done to date mine if the low molecu

lar weight cOlllponents in Fraction 0.75-:3 might have arisen by 

interaction of serum protein, (e.g., YG globulin), with the ion

exchanger DEAE-Sephadex. For this purpose, a 75 globulin frac

tion vas prepared by gel filtration of. nol'Jllal. hum8ll sermn A.K. 

(6 ml) on a column (2.5 x 100 cm) of Sephadex G-200 (Fig. 16A). 

The Middle peak of the chromatogr8lll, containing primarily 75 

components, vas rechomatographed on 5ephadex G-200 to obtain 

fUrther removal of any low molecu1ar weight co.mponents 

(Fig. l6B). 

The 75 globu1in preparation and an aliquot of serum 

A. K. containing apPl'Oximately the s_e level of YG globu1in (as 

determined by immunoplate assay) vere separately chromatographed 

on 2 columns (each 2.5 x 26 cm) of DEAE-Sephadex prepared frcm 

the same slurry. The chramatograms obtained in bath cases were 

essentially identical (Fig. 17). Identical cuts lIBre made to 

give the corresponding DEAE-II fractions and the latter were 

separately filtered on Sephadex 0.75. 

Fig. l8A shows the chromatogr8l1l obtained for the 

DEAE-II fraction deri ved fran whole serma. A peak of fiuores

cence was obtained in the region corresponding to the 0.75-:3 
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fraction. No s1m1lar peak was observed. for the DEAE-II fraction 

derived fl'om the 75 globulin preparation (Fig. 18B). 

The two G-75-3 ragions wre separate:q poo1ed as shown 

in Fig. 18, c.oncentrated. by u1.trafiltration to identical vo11l11les 

(3 ml) and s1mu11:1aneously' tested for blocking. activity. Only' 

the G-75-3 fraction derived fram the DEAE-n fraction of who1e 

serumwas effective in inhibiting P-K sensitization (Table XIII) 

4. Discussion 

The 1mnmnoabsorption technique of Avrameas" .and" Tel"l'\Yllk 

(117) has been found to be efficacious for the specific absorp

tion of TG globulin tram serum tractions (120). Application of 

this technique to the G-75-3 fraction derived trom DEAE-n of 

no~a1 human serum removed detectSble TG globu11n.t.ram.th1s 

fraction. Only one relati vely fast-moving band was tOtlnd for 

the absorbed fraction on dise electrophoresis st pH 9.5, in~ 

cating a high degree ot puritication. The absence of a s1mUar 

band in a comparable region of the dise electropherogram ot 

normal human serum i8 likely due to its presence in .low concen

tration in serum. The essentially unimpaired b10cking activ1ty 

found for the G-75-3 fraction after absorption strongly suggests 



that the YG globulin present in the unabsorbed traction vas not 

the active factor and that blocldng acti vit Y vas mediated by 

lover molecular weight components. 

The control experiment provided evidence that the 

block1ng activity ot the lov molecul.ar wight .fraction «(3..75-3) 

vas not due to the presence of' extraneous materials deri ved. 

tram interaction of serum pretein vith the ~Sephadex ion

exchanger. It vas Werred trelll th1s result that lov molecular 

wight blocldng components ot 1-35 are nati vel.y present in 

nomal buman serum. 



CHAPTER VII: GENERAL DISCUSSION 

1. Immunoglobulin Nature of Blocking Factors 

in Normal Human Serum 
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This study was und.ertaken to detemine the nature of 

the factors in normal. human serum able to block passive sensi

tization of nomal human skin with reagins and thereby help 

clarit,y the relationship between reagins and serum immunoglo

bulins. As previousl:v discussed, there was considerable ev1d .. 

ence associating the reagins with lA globulins, but data had 

also accumulated which questioned this association.studies b;v 

Goodtriend and. his associates (107-110) am others (104-106) 

provided evidence that reaginic antibody was present in aller

gie serum tractions devoid of detectab1e lA globulin, suggest

ing that reagins might he associated with hnmmog1obulins 

other than lA globulin. 

Since important evidence associating reaginic activi

t:v with lA globulin vas the b10cking effect of nomal lA globu

lin preparations on passive sensitization with ragweed reagine 

(99, 103) and. since this tinding conflicted vith the etudies 

cited above, it was considered of interest to re-investigate 
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the distribution ot blocking activ1ty among the DEAE-Sephadex 

tractions dari ved trom n01'D1al human sel'Wll. 

The initial stud1es (Chapt&r IV; see Also Ret. (113» 

emplqyed. DEAE-Sephadex chromatograplw' of n01'D1al. human sera am. 

demonstrated that ŒAE-fractions conta1n1ng lG as the onl;y de

tectable 1mmnnoglobulin effectivalyblocked passive sen~itiza

tion with ragweed reagins. Wb1le tractions containing both lG 

mi lA globulins also blocked., it is notewortb;r that tractions 

containing lG; lA and lM immunoglobulins had no blocldng activ

ity. In subsequent studies (Chapter V), an even more pronounced 

separation of blocking activ1ty from lA globulin was achieved. 

These studies provided clear evidence that lG-containing trac

tions were the MOst acti V8 while tractions containing both lG 

and lA globulins blocked much less ertectively. The tact that 

lM globulin-containing tractions were consistently inactive 

(U) was confirmed in these studies. 

The f1nding that lA globulin tractions were onl;y mm

imally active in blocking passive sensitization was st variance 

with studies by lshizaka and bis associates in which lA globulin 

was :implicated as the unique carrier of blocking activ1ty in 

nomal human se1'U1l1. As discussed in the General Introduction, 

VA globulins are heterogeneous in molecular size ()l.I.). lt was 

theretore considered that the divergence in results obtained by 
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Ishizaka et al. and. those of the present investigation Ilight be 

due to molecu1ar size dif'terences in the TA population. Holf

ewr, the elution protiles obtained by gel filtration ot TA 

globnlin on Sephadex G-200 indicated that the TA. globuline in 

the blocking and. non-blocking fractions hai essenti~ identi

cal lIlOlecu1ar size distributions. Analysis of s1m1lar tractions 

by sucrose density-gradient centrifugation demonstrated that the 

balk of the TA globulins in the blocldng and. non-blocldng frac

tions were of the monomeric, 8s variety. Thus the divergence 

in data cannot be explained by Moleoular size dif'terences in 

the TA globulin population. 

As noted in the General Introduction, the TA globulins 

are heterogeneous vith respect to electrophoretic charge (1l5). 

Recent4", electrophoretically distinct sub-classes ot human TA 

globulins haw been described which differ in antigenic deter

minants on the H chains (16). Snch sub-classes Mq also dUfer 

in the skin-tixing activ1ty ot their respective Fc fragment 

regions. It is possible that the disparity in the tindings ot 

Ishizaka et al and ot the present study is related to electroph

oretic ditterences in the TA population. In Chapter IV it was 

shawn that the More anodic DEAE-Sephadex tractions ot nor.mal 

human serum, containing the balk. ot the TA globulin, hai little 

or no blocking activ1ty. In contrast, fractions conta1ning the 
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acti ûty displqed by TA globulin would be due to this 

electrophoretic group. / 

The results of the prasent study demonstl'ated that 

DEAE-Sephadex fractions containing TG as the only. detectable 

immunoglobulin were the most active in blocking pusi ve sensiti

zation vith reagins. A t1me study showed that the TG-containing 

tractions were the most effective in maintaining a f'1m, long

lasting inhibition of P-K sensitization. Soma of the more 

anodic TG-containing frac.tions were inactive, however. Reid et 

al (12O) conf'imed. the f'indings of the present study (U) that 

the more electrophoretically cathodic TG globulin preparations 

were active in blocking P ... K sensitization, while the more anodic 

showed little or no activity. As in the case of TA globulin, it 

18 possible that psrticular, electrophoretically distinct sub

classes of TG globulin carry skin-t'1:rlng sites. In this connec

tion, it is worth noting that e1ectrophoNtically disbinct sub

classes of human lG globulin have been described (see General 

Introduction) associated with differences in antigenic deter

minants on their H chains. Only' certain of the sub-classes of 

TG globulin have been show to mediate PCA in the guinea pig, 

wbereas others do not (15). It has not yat been excluded that 

soma sub-classes of TG globulin also f'1x to the same epithelial 
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cell. sites as do reaginic antibodias and thereby ef'facti'98~ 

cClllpete with these antibodies. The existence of' such blocldng 

sub-groups of'· lG globl1l.1n could explain the t1nding by 

Ishizaka et al (99) that YG was relative~ inetf'ective ccmpared 

to lA globalin in blocking P-K sensitization, since the block

ing &Cti vit y of a particular YG globulin preparation lI'Ould dep

end on the extent to which the preparation contained active 

sub-groups. 

2. lDw Molecular Weight Blocking Factors 

in NODial Human Serum 

An altemative explanation tor the blocking activity 

of' YG globulin observed in the present studies and in those of 

Reid et al (121) is that the YG globulin preparations were con

taminated with as yet uncharacterized immunoglobuline and/or 

other se1"llD1 components. In order to f'urther clarify" the nature 

of' the blocking factor or f'actors in the active DEAE-Sephadex 

tractions, studies were dona on one of the Most active and leaet 

complex of' these f'ractions, DEAE-n. Chromatography of DEAE-II 

on the cation-exchanger ~Sephadex demonstrated that sUb

tractions ot DEAE-II which were devoid of YG globulin were able 
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to iDh1bit P-K sensitization. FUrthenaore, by ncrose density

gradient centrifugation and gel filtration on.Sephadex 0.75, 

two mole oulu size blocking tractions were tourd in DEAE-II: 

one, associated with YG globulin, the other (0.75-3) with low 

moleoulu size oomponents in the 1-3S range t conta:1n1ng relati

valy trace amowrts of YG globulin, 

The latter tinding prompted an investigation ot the 

molecular size distribution ot blocking factors in whol. nor.mal 

sera. Two normal. sera. were separately' tUtered on 5ephadex 

0.200 and, in add1tion, vere separately f'ractionated by ncrose 

density--gradiellt centrifugation. The results obtained by both 

techniques demonstrated the presence in whole serum ot the two 

active moleoular· size fractions: one, associated JI1~ with 

the ?S region, the other, vith the lo'W moleculer wight 1-35 

region .. 

As has a1read;)r been mentioned, the active low moleou

lar weight traction (G-75-3) obtained by gel filtration ot 

DEAE-n on Sephadex G-75, contained relatively trace amounts ot 

YG globuline Removal of the YG globulin by immunoabsorption 

with specifie ant1seram did not diminish the abUity ot traction 

G-75-3 to block passive sensituation, indicating that the bloc

king activ1ty was due to the lev molecu1ar weight components. 

That a high degree of purification had. bean achieved. was 



61 

ind.1cated. by' the single band observed on disc electrophoresis 

of the absorhed fraction. In pre11minar,v tests, the absorbed 

traction was found to he ninhydr1n positi'V8 and to contain l-~ 

carbol\vdrate (based on dry wright). 

Two control exper1ments provided evidence that the 

low molecular veight fraction G-7.5-3 was not artitactua.1.l.y pro

duced by the chromatographie techniques employed. One control 

excluded the possibility- that passage ot eluate butfer through 

the DEAE-Sephadex column vas accompanied by' "leaching" of low 

molecular weight columnar materials vith non-specific blocking 

activitYt into the eluate fractions. Another control excluded 

the possibility that interaction of serum protein vith DEAE

Sephadex and with Sephadex 0..75 produced low molecular weight 

contaminants vith biological activity. 

The identity of the blocldng factors in the low mole

oular weight fraction 0..75-3 remains to he detel'lllined. Immuno

diffùsion analY!lis of 0..7.5-3 revealed no antigenic ide nt it y 

with human YG globulin or its Fc piece. S1milarly, no ant1genic 

relationship was observed with h1Dll8D YA and YM globuline, &1.

bumin and transferrin. Cross-reaction with the serum proteins 

cohld not he campletely ruled out since the level of concentra

tion of the active components in ~75-3 May not have been suff'i

ciently high for detection b.Y the immttnodiffùsion test. No 
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attempt was made to dete:nn1ne the ant1gen1c relatitmsb 1p of' the 

G-75-3 components w1th the recently d1scowred YD globulin 

(122) 80 that the poss1b1l1ty cannot yet be excluded that the 

low molecular s1~e blocldng components 8l'9 fragments ot the he

av chains of' TD globuline 

Wh11e this study was in progress Ish1~aka et al. (123) 

descr1bed a new immunoglobulln, lE, which carries much ot the 

resg1n1c act1vity in allerg1c se1"llJl1. It 18 possible that the 

lov mo1ecular weight b10cking traction contains f'ragments ot lE 

globulin in normal. sera, fragments carrying the skin-tixing 

sites and thus able to compete with the TE 1"8 ag1n1c antibody 

tor tissue sites. JohanssoD et al (124) have recently reported 

on the1r discovery' ot a mye10ma prote in (mo) w1th heavy chain 

ant1genic determinants distinct trom those ot the known immnno

globulin classes. The TND 1Dmunoglobulin appears to be s1mllar 

or related to TE (125). stanworth et al. (125) haw reported 

that TND blocked passive sens1t1~ation with reagins. This 

would suggest tbat the "high lIIOleoular wight Il blocking factors 

in normal lmman se1"llJl1 are TND type globulins, at least in part, 

while the low mo1.ecular wight factors may- be fragments of TND 

globulins. The b10cldng &Cti vi ty ot normal serum fractions 

containing TND globulin bas not yet been reported, however. 

It was pointed out in the General Introduction that 



-
llImIlal human serum conta1ns low .oleeul.ar wight Yglobulins, 

or which )SY 1 and 28Y 2 types h&98 t1ms far -baen -descr.!bed (40). 

Williams and Scbldd.t (41) have recentq reported that SCIlle 2fYI, 

of the 35Y 1 globulins oonta1n ~ aM ~ ligbt ohms, wh11e the 

rema1n1ng 8~ mq he associatèd vith as yet unkno1ln immunoglob-

ul1n types. It seEllls reasonable to suggest. on the basis of 

1IlO1ecular size and aDt1genic propert1es, that the bl.ack1ng COll

ponents in G-75-3 may be relatec1 or 1dentioal to the 1atte;r type 

of )SY 1 globulina and. to the 28Y 2 var1ety. 

The b101ogical s1gn1ficance of the b10cking factors, 

particularly of the low mo1ecular wight cClllpOnents, remains to 

be dete:rm1.ned. It is tempting to speculate that they bear SCIlle 

re1ationship to the biosynthesis am degradation of the Dmmno

globulin prototype of reaginic. antibod1es. Furthel'llore, their 

leve1s in the circulation May detem1ne the degree of c1inical. 

l\Ypersensitiv1ty in the atopic patient. Further physicoohanical. 

and hmmnological characteriz&tion of the se b10cking f'actors May 

lead to a hetter understanding of' the pathogenetio mechaniSllls of 

allergic disease. 
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SUMMARY 

A study RS made of the factors in normal human serum 

able to block Prausn1tz-Kustner (P-K) sensit1zation vith ragweed 

reagins. 

1. DEAE-Sephadex fractions contain1ng only detectable YG 

globul.1n had the highest activity in blocking P-K sensitiz

tion. Fractions contain1ng YG aM YA globul1ns had only 

m1n1mal blocking activ1ty, wb1le a fraction containing YM 

as well as YG and YA globul.1ns had little or no blocking 

activ1ty. 

2. SUcrose densi~-gradient centrifugation and 5ephadex G-75 

gel fUtration of a YG-contain1ng fraction (DEAE-II) showed 

the presence of a higb moleoular size fraction vith 

components sed1menting at greater than 55 and a low molecular 

size fraction (G-75-3) with components sed1menting at 1-35, 

the latter being the MOst active. 

3. SUcrose densi ty-gradient centrifugation and Sephadex G-200 

gel fU tration of two whole normal sera conf'irmed the 

existence of a heterogeneous group of blocking factors, as 

blocking activ1ty RS found in the high molecular size 

fractions of 7S or greater, as vell as in the lover molecul.ar 

size fractions vith components sedimenting at 1-35. This 
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latter traction vas ~e most active. 

4. Removal by immImoabsorption ot trace amounts ot YG globulin 

in the 10. IIIOlecular wight traction G-75-3 RS without 

ettect on the blocldng activity, ind1cating that the 10. 

moleoular wight components wre responsible tor the 

activity ot the traction. Disc electrophoresis ot the 

absorbed traction showed a single component which migrated 

slightly taster than albumine 

5. A. control exper1ment excluded the l»0ssibUi ty that passage 

ot eluate butter through the DEAE-Sephadex columns vas 

accompanied by "leachingn of lov molecular wight columnar 

materials into the eluate tractions with non-specific bloeld.ng 

activity. A. second control exper1ment excluded the possibllity 

that the interaction of serum protein vith DEAE-Sephadex and 

w1 th Sephadex G-75 produced low moleoular contaminants vi th 

biological activity. 

6. Immunoditfusion with specifie antisera provided evidence that 

the lov molecular weight components did. not carry the antigenic 

determinants ot the YG, VA. or YM immunoglobulins. 

7. The rel.ationship between the immunoglobllin classes, reaginic 

antibodies and the normal human serum blocldng tactors vas 

discussed. 
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CLAIMS TO ORIGINALITY 

~. Ut1llzing the technique or lEAE-Sephadex: chromatography, 

it was shown that blocldng activity in nc,l'IIial human serum 

vas not uniquely related to YA global.in. 

2. The YG-containing DEAE-5ephadex: fractions were shown to 

have the highest blocldng activity on P-K sensi tization 

with ragweed reagins. 

3. Heterogeneity of blocking factors in normal human sera 

ws demonstrated using the techniques of sucrose density

gradient centrifugation and5ephadex: gel filtration. 

High molecular size fractions, with components sec:liment

ing at 75 or greater vere active, but the MOst active 

of the blocking fractions ws a lov molecu1ar size 

fraction with components sed1menting at 1-)5. 
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TABLE l 

PROPERTIES OF CYTCYl'ROPIC ANJ.'IBODIES 

Human Guinea Pig 
Properties Homo Hetero Homo Hetero 

Immnnoglobulin Probably n Y2 
type YG 

Sedimentation 7.4-11S 7S 7S 7S 
coefficient 

Complement fixation 0 + 0 + 

Heat labUity + 0 0 0 

Mercaptan labUity 10 0 + 0 -
Passive sensitiza-
tion of sld.n in. 

Same speoies + 0 + 0 
ot.her species monkey rabbit, rat rat, 

guinea pig human 

Persistence in passiv~ 
sensitized sld.n sites Long Short Short Short 

Transmission across 
placenta 0 + + + 

(Continued next page) 
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TABLE l (Continued) 

PROPERl'IES OF CITarROPIC ANrIBODIES 

Rat Mouse 
Properties HoDlO Hetero HoDlO Hetero 

Immwloglolmlin Fast Y Y2 Yl Y2a 
type 

Sedimentation 7-19S 7S 7S 7S 
coefficient 

Complement fixation 0 + 0 + 

Heat lab1J.ity + 0 0 0 

Mercaptan lab1J.ity + 0 ± 0 -
Passive sensitiza-
tion of skin inl 

S~ species + 0 + 0 
other species 0 Guinea pig 0 Rat, 

guinea pig, 
chicken 

Persistence in passively 
sensitized skin sites Long Short Short Short 

Transmission &Cross 
placenta ? ? ? ? 

(Continued next page) 



69 

TABLE l (Continued) 

PROPERmS OF CYTOTROPIC ANTIBODIES 

Rabbit Dog 
Properties Homo Hetero Homo Hetero 

11IIIIQnoglobulin Fast Y YG Fast Y Y2 
type 

Sedimentation 7-19S 7S 7-19S ? 
coefficient 

Complement fixation 0 + 0 + 

Heat lab1lity + 0 + 0 

Mercliptan labllity 0 1+ + 0 

Passive sensitiza-
tion of skin inl 

Same spacies + 0 + 0 
other spacies 0 Guinea 0 Guinea pig 

pig, etc. 

Persistance in passively 
seDsitized skin sites Long Short Long Short 

Transmission across 
placenta ? 1 ? + 

Reproduced from Ref. (63). 
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TABLE II 

BLOCKlNG OF THE P-K merlON BI 
DEAE-SEPHADEX FRAerIONS* OF NORMAL SERUM A.K. 

2 
Immunoglobulin (pg)** Wheal size (mm ) 
YG YA YM 

144-
Fractions 

1*** 250 0 0 56 

II 200 0 0 72 

III 50 0 0 72 

IV 25 0 0 90 

V 35 10 0 100 

VI JO 25 0 90 

VII JO 35 0 90 

VIII 20 20 0 120 

IX 25 15 40 140 

• Prepared by chromatographie Method l (see text) • 

70 

~ . Blocld.ng 

0 

60 

50 

50 

35 

30 

35 

35 

15 

0 

•• Amount of immunoglobin in the aliquot of each fraction 
injected. 

••• Fraction l (7.5 mg YG/ml) was diluted 1 J 3 with saline for 
the bloeking as say • 
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TABLE III 

BLOCKING OF THE P-K REAcrION BI 
DEAE-SEPHADEX FRACTIONS* OF NORMAL SERUM A. K. 

2 
Immunoglobulin (}1g)** Wheal size (mm ) ~ Blocld.ng 

test subjects test subjects 
YG YA YM 1 2 1 2 

Saline 108 120 0 0 
Fractions 

I*** 250 0 0 35 0 70 100 

II 100 0 0 36 0 70 100 

III 25 15 0 25 0 80 100 

IV 30 20 0 30 0 70 100 

V 20 20 0 80 100 26 20 

VI 35 50 60 110 110 0 0 

* Prepared by chromatographie Method II (see text). 

** Amount of immnnoglobulin in the aliquot of each fraction 
injected. 

*** Diluted 1 • 3 (Table I). 
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TABLE IV 

BLOCKING OF THE P-K REACTION BI 
DEAE-SEPHAlEX FRACTIONS* OF NORMAL SERUM A.B. 

2 

72 

lmmIlnoglobulin (Ilg)** Wheal size (mm ) cf, Blocldng 
YG YG YM 

Saline 146 0 
Fr.otions 

1*** 250 0 0 56 61 

II 250 0 0 72 50 

III 26 13 0 110 23 

IV 13 28 0 100 Jl 

V 11 2l 0 88 40 

VI 12 45 55 120 18 

* Prepared by chromatographie Method l (see text). 

** Amount of immunoglobulin in the aliquot of each fraction 
injected. 

*** Diluted 1 1 3 (Table 1). 



Saline 
Fractions 

III 

IV 

VI 

III + VI 

IV + VI 
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TABLE V 

BLOCKING ACTIVITY OF MIXTURES OF 
DEAE-SEPHADEX FRACTIONS. OF NORMAL ROMAN SERUM A.K. 

2 
Immnno81obulin '~g) •• Wheal SiBe (mm ) % Blocld.ng 
YG YA YM 

120 0 

25 15 0 0 100 

30 20 0 0 100 

35 50 60 110 8 

30 35 60 0 100 

'30 35 60 0 100 

• Prepared by chromatographie Method II (see ten). 

•• Amount of immunoglobulin in the aliquot of each fraction 
injected. 
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I··*· 

TI 

nI 

IV 
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TABLE VI 

TIME S'rUDI ON BLOC KING OF P-K REACTION BI 
DEAE-SEPHADEI FRACTIONS. OF NORMAL SERUM A.K. 

ImmnrJoglobul1n (pg) •• 
YG YA YM 

250 0 0 

100 0 0 

25 15 0 

30 20 0 

% Bl.ocldng on Day •• * 
1 5 10 

100 

100 

100 

100 

41 33 

20 

.0 

o 

• Prepared by chromatographie Method II (see taxt.). 

** Amount of immunoglobuJ.in in the aliquot of each fraction 
injected. 

*.. Time of incubation of DEAE-Sephadex fractions in skin site 
before P-K sensitization • 

• *.* Diluted 1 1 :3 (Table 1). 



TABLE ID 

THE EFFECT OF DlLUTION OF YG-CONTAINING 
DEAE-SEPHADEX FRACTIONS ON BLOCKING ACTIVITY 

Fra"tion Dilution YG-Globulin Injeoted (pg) 

l (Serum A.K.)* 1 1 3 250 
1 1 15 50 
1 1 30 25 

l (Serum A.B.) •• 1 1 3 ·:.2~0 

1 1 7.5 100 
1 1 15 50 

II (Serum A.B.) •• 111 250 
1 1 2.5 100 
115 50 

* Prepared by chromatographie Method l (see text). 

•• Prepared by chromatographie Method II (see text). 

75 

% Blooldng 

61 
61 
37 

60 
60 
52 

50 
30 
38 
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TABLE VIII 

BLOCKING OF THE P-K REACTION BI 
DEAE-SEPHADEX FRACTIONS* OF NORMAL SERUM T. W. 

2 
Immnnoglobulin (pg) ** Wheal size (mm ) 
YG YA YM 

Fractions 132 

1*** 100 75 

lA 25 85 

II 230 61 

IIA 50 85 

III 40 93 

IV 29 uo 
V 21 U5 

VI 18 24 115 

VII 40 52 18 105 

VIII 12 40 40 UO 

IX 22 20 U8 

X U5 

* Prepared by ohromatographic Method l (see text., 

76 

% Blocld.ng 

43 

36 

53 

36 

21 

16 

12 

12 

20 

16 

l.0 

12 

chapter IV). 

•• !Mount ot 1mmunoglobulin in the aliquot ot each traction 
injectecl. 

••• Fraction l (4 mgm YG/ml. ) vas dlluted 1 1 4 vith saline tor 
the blocking assay. 



Fractions 

1 

2 

3 

4 

TABLE IX 

BLOCKING OF P-K REACTION BI SUCROSE 
DENSITY-GRADIENl' FRACTIONS OF DEAE-II 

YG Gl.obulin 
Range of Content 'tg). 

S020 A.K. .P. 

8 10 10 

5-8 180 240 

3-5 10 10 

1-3 10 10 

% HLocld.ng 
A.K. J.P. 

22 33 

28 41 

18 20 

100 63 

• Amount of YG globul1n in the aliquot of each fraction 1njected. 



Fractions 

l 

II 

III 

TABLE X 

BLOCKING OF P-K REACTION BY 
SEPHADEX G-75 FRACTIONS OF DEAE-II 

YG globulin Content ~g)* ~ Blocldng 

T.W. A.K. T .W. A.K. 

230 300 45 55 

300 400 

10 10 55 65 

78 

* Amount of YG,globulin in the aliquot of each fraction injeoted. 



Fractions 

1 

2 

:3 

4 

TABLE XI 

BLOCKING OF P-K REAcrION BI SUCROSE 
DENSITY -GRADIENr FRAcrIONS OF NORMAL SERA 

YG G10bulin 
Range or Content (ug.) * % Blocking 

8020 A.K. J.P. A.K • J.P. 
• L 

8 10 10 45 30 

5-8 70 90 48 36 

3-5 10 10 2l 15 

1-3 10 10 63 45 

79 

* Amount of YG globulin in the aliquot of each fraction injected. 



80 

TABLE nI 

CœPARISON OF BLOCKING OF P-K REACTION BI 
FRACTION G-75-J BEFORE AND AFTER ABSORPTION· OF YG-GLOBULIN 

YG. Wheal Area (1l/Il12) ~ Blocking 
Fractions content <lg)* 1** 2** l!,* 2*· 

Saline 0 90 80 0 0 

G-75-3 10 45 35 50 56 

G-75-3*** 0 40 JO 55 60 

* Amount of YG-globulin in the aliquot of ea.ch fraction 
injected. 

1** Reaginic serum (B.U.) diluted to l 1 )00. 

2** Reaginic serum (B. U.) diluted tel: 500. 

*** Representa fraction G-75-) after removal of YG-globulin. 



TABLE ml 

BLOCKING OF P-K REACTION BI T'WC 
PREPARATIONS OF FRACTION G-75-3 

r 
YG Globulin Wheal Area (mm2) f, BLocldng 

Fractions Content (p.g)* 1** 2** l 2 

Saline 0 80 70 0 . 0 

G-75-)A·*· 10 35 25 56 (J4, 

G-75-3B*·· 10 80 58 0 17 

• Amount of YG-globulin in the aliquot of each fraction 
injected. 

** l = Reaginic serum (B.U.) diluted to l : 300. 

2 - Reaginic serum (B.U.) dilutecl to l c 500 • 

• *. A = Sephadex G-75 fraction obtained from DEAE-II of 
wole serum. 

B = Sephadex G-75 fraotion obtainecl from DEAE-II of 
a 7S globulin preparation (see text). 

81. 
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Fig. 1. Schemat1c diagram of an electrophoretic pattern of 

.human serum in pH 8.6 VeroDal buffer obtained by 

82 

paper electrophores1s. The direction of migration i6 

from left to r1ght. The spread of the "Y -globulins" 

18 denoted. by the 801id aurve running trom the uy" to 

the n«" region. The remain1ng ourves represent other 

imIIIIlnoglobù1n types. A = albumin. 
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ci 
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TRIS pH 8·0 0'14 M GRADIENT 0·14-+0·3 ·O·5M 
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ci l II III 
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Fig. 6. DEAE-Sephadex chromatography of normal human serum 

A.K. by Method II (see text). 
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1·0 ~ 
GRADIENT 0·14·.0·3--"~ O·5M 

~ .~ 
E 
c 
o 
al . 
~0·5 
cS 
d m'IV V 

o 500 1000 1500 2000ml 

50 

'tG 
mg 

0 

YA 
3 

mg 
0 

YM 
mg 

Fig. 7. DEAE-Sephadex chromatography of normal human serum 

A.B. by Method II (see text). 
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-, 
POOL m,lVa V 

'fA CONTENT mm 1 

YA 

mQ 

'tG CONTENTŒJ 5 

YG 
mg -E 0 c: 

0 
FRACTION VI Q) 

N -ci 
d 1 

'fA 
mg! 

0 

'tG 5 

YG, 
mg 

0 
0 250 500 750 ml 

Fig. 8. Gel filtration on Sephadex G-200 of pool III - V and 

fraétion VI of serum A.K. Prior to chromatography, 

2 ml aliquots of fraction l from serum A.K. (containing 

7.5 mg YG globulin/ml) were separately added to 4 ml 

each of the pooled fraction (containing 0.55 mg y A 

globulin/ml and fraction VI (containing 0.50 mg YA 

globulin/ml) • 
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Fig. 9. DEAE-Sephadex chromatography of normal human 

serum A.K. (Method 1). 
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ACETATE BUFFER TRIS BUFFER 
pH 5·5 pH 8'0 - \00 

~ ~ ~ ~ ~ ~ \00 
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Fig. 10. CM-Sephadex chromatography of DElE-Sephadex fraction 

II of normal human serum A..K. 
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Fig_ n. Sucrose density-gradient centrifugation of DEAE-

Saphadex traotion II of serum A.K. 
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Fig. 12. Gel filtration on Sephadex G-75 (superfine) of DEAE-Sephadex fraction II of 

serum A.K. 
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Fig. 1:3. Gel fUtration on Sephadex G-200 of normal human 

serum A. K. Fractions 1-7 vere each concentrated. 

to the initial serum volume and tested for blocking 

activity. 



e 

Fig. 14. Immnodif'fu8ion in Agar ot traction G-75-3 bef'ore (wll. 6) and af''ter (well 7) 

absorption of YG-globulin. Wells l, 2, 3, 4 and 5 oonta1ned goat antisera to 

human YG-globulin, '{ chain, Fc fragment, ~.,light chain and ~ 1ight chain, 

respective1y. 
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Fig. 15. Polyaerylamide gel dise eleetrophoresis at pH 9.5 of 

normal human serum (18ft) and G-75-3 atter absorption 

of YG-globulin (right). 
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Fig. 16. Gel. filtration on 5ephadex G-200 of normal human serum 

A.K. (A) The arrows denote the eut made to obtain a 

75 globulin fraction. The latter vas re-cbromatographed 

on 5ephadex G-200 (B) and a eut made (arrows) to obtain 

a purified 75 globulin preparation. 
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Fig. 17. Preparation ot DEAE-II troll whole normal hulIIan serum 

A. K. (A) and troll the correspoDding 7S globulin pre

paration (B). In each case, the traction (arrow to 

arrov) vas eluted trom DEAE-Sephadex with 0.1 M Tris

H'l, pH 8.0. 
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Fig. 18. Gel fUtration on Sephadex G-75 (superfine) of DEAZ-II 

derived from normal human serum A.K. (A) and the 

corresponding 7S globulin preparation (B). The 

arrows dellOte cuts made to obtain the two preparations 

of G-75-3. 
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