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The (31 system of genetically detemined differences between normsl human 

gmma globulins was first described by Grubb (10). These differences may be 

delineated by the capacity of sople norml gspllns globulins to inhibit a test 

system in which tamic acid-treated sheep erythrocytes, coated with normal '&5 

humau gamaa globuli?~ heated to %'C., are agglutinated by selected serafrom 

patients with peripheral rheumatoid arthritis (2). Hacroglobulin rheumatoid 

factors in these sera act as anti& agglutinating substances. Seven differ- 

ent Gm determinants have been described to date (8), of which only the 

Gm (a)-anti& (a) systa is discussed in the present study. 

Caanms globulin may be digested by the enzyme papain to yield three frag- 

meats (I&6). In the plresent study, papain hydrolysis was applied to 7s 

human gazma globulin isolated from the sera of three Eim (a+) and two C&II (a-) 

persons in sn effort to find a fraction of the intact zmlecule that retains 

the genetically determined specificity. 

HATERIALS AND HETHol?s 

1. Gssmaglobulin. Isolation of humau 7s gamaa globulin from the sera 

of donors of previously detemined Qp (a) specificity was accomplished by gel 

filtration, using polymerized dextran followed by anion snd cation erchsnge 

coluzm chromatography (4). Studies to determine whether the (3m (a+) indi- 

viduals were homzygous or heterozygous for this trait were not performed. 
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2. Enzsratic diRestion. Themethod of Porter (ll)was followed, using 

mercuri-papain (Worthington Biochemical, Lot Bo. 6102). Digestions were 

carried out for 12 to 17 hours at 37%. 

3. Isolation of digestion fractions. Diethylasdnoethyl cellulose and 

carboxymethyl cellulose were employed. conditions of chroulatographic sepa- 

ration were exactly those of F'rsnlclin (6). 

4. Serolonicsl studies. Tsnnic acid-treated sheep erythrocytes were 

coated with human 7B gsmma globulin isolated from single donors. when ganea 

globulin W-4760 is used as the cell coat and rhe-toid 8eDp B-4501 as the 

agglutinator, the test system has been demonstrated to be specific for Gm (a) 

(3); that is, sera typsd as Gm (a+) cause inhibition to dilutions as great as 

1:40,000, whereas those typed as cha (a-) fail to inhibit this systg above 

dilutions of 1:lOO. 

Inhibition studies were performed by serial dilution of 0.5 ml volumes 

of equal protein concentrations of intact gssasa globulin snd the fractions 

obtained by digestion. A 1:56 dilution of serum B-4501 was added to each 

tube. After the mixture had been incubated at 37% for one hour, 0.5 ml of 

a 0.25% suspension of cells coated with gamma globulin B-4760 was sdded to 

each tube. Tubes were read by the pattern of settled cells dter 16 hours at 

4-c. 

5. Ultracentrifuml snalmds. Ssmpleswerssnal.y5sdatasinglepro- 

tein concentration in a Spinco Bodel E analytic ultracentrifuge at 56,100 

rp with schleiren optics. ~corrected sedimentation values were calculated. 

6. Ismunoelectrophoresis. Asdcrotechniqus using 38 agar on75mx25 

mglass slides was smployed. Precipitinbsndswere developedwith antisera 

from rabbits ismauized with cmercial Cohn fraction II. 

The papain digestion sdxture was fractionated into peaks A, B, C snd D 

by a wmbination of cation and anion column chromatography. Ultracentrifu- 

gation of peak A revealed a 3.6s major component and approximately 2% of 6.6 
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to 6.85 materisl. Re4chromatography of this pe8kon carbozqmethylcellulose 

at g 5.3, 0.01 W phosphate, utilising constant volrm gr8dient elution with 

increasing ionic streugth to 0.3 M HaCl at constaut pH, allowed recovery of 

au early fraction that contained only the 3.6s coqonent. This fraction will 

8UbSeqUeUtl.y be referred to a8 fraction A. Fractions Baud Cwms entirely 

3.2 to 3.6s and no heavier material na8 observed. 

Ismtinoelectrophoretic patterns of fraction8 A, B 8nd C were essentially 

the 888~4 a8 those described by Franklin, with the B frwt adgrat2ng PtDre 

rapldly toward the enode than fractions A or C (6). No contamkmtion of the 

A or C frapwnte with B, or vice versa, was detected by tioelectrophoresia 

The results of hemagglutination inhibition studies of the intact '@ 

gsasglobulina andthe fragnente obtainedbppapainhydro48is are shownin 

Table I. All solutions tested for inhibitory capacity were adjusted to an 

initial protein concentration of 0.1 mg of protein per ml a8 measured at 280 

nyr in a Beti DU spe&.rophotom&er. Results Similar to those shown for 

gssma globulin N-4760 were obtained with two other ti (a+) gamma globulins. 

One other ($I (a-) globulin yielded similar results to those obtained for 

N-4757. 

As shown in Table I, intact gempa globulin iron serum N-4760 (th (a+)) 

had aa inhibitory titer greater than log2 = 8. Papain fraction B of this 

serum had an inhibitory titer of log2 = 7, while fractions A and C cau8ed 

no inhibition, even when tested at an initial conosntration of 1.0 ng of pro- 

tein per 8il of solution. 

leither the intad. gglyr globulin nor any of the papain fraction8 of 

se- a-4757 (Gm (a-)) had an inhibitory titer of more than log2 = 1. In- 

hibitory activity did not increase when the fraction8 were tested at a con- 

centration ten times that employed above. 

Inhibition was not deePonstrated by these g888m globulins or their pa- 

p& fraction8 when tested in a systa of specificity other than (38 (a)- 

anti-k (a). 
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Table I 
FLesults of Hemaglutination Inhibition Studies of 

Intact 7s Geem Globuliue and F'ragmente 

(Cell coating: rw-4760 (Gtn (a+)) 
( 

Qa Test System (Agglutinating serum: R-4501 (1:56) (anti-(jm (a)) 

[control: 2+ egglutiuation 

Source of Inhibiting 
Inhibition Test Pattern* 

Material Log2 Dilution of Inhibiting Haterial 

1 2 3 4 5 6 7 8 

YH-4760 (Qa (a+)) 
Intact Y 0 0 0 0 0 0 0 
Fraction A 2 2 2 
Fraction B : 0 z 0 2 
Fraction C 2 2 2 2 2 2 2 2 

Y&4757 (Get (a-1) 
Intact 7 2 2 2 2 2 2 2 2 
fraction A 12 2 2 2 2" 2 2 
Fraction B 12 2 2 2 2 2 
Fraction C 12 2 2 2 2 2 2 

0 = no agglutination; 2 = complete agglutination 

Pahey and Lawler (5) aud Fudenberg (9) have shown that Gin (a) specificity 

i8 Ch~aCt8Xistic only of 7s geema globulins. The work presented hers demn- 

etratea that C&a (a) d&eminent.8 of humen 7s gama globulin are COufimd to a 

fragment of the molecule. Sizdlar observations have been made using the een- 

eitized D cell system (7,8). This frameut is the B fraction of Franklin and 

probably is identical to Porter's fraction III (11) end Ed&naute F component 

(1). It is characterized by rapid electrophorstic mobility, en S value of 

about 3.5, and a molecular weight of between 40,000 and 55,ooO, which is 

approximately one-third the weight of the intact molecule (6). 

The possibility that en enmu emeller molecular fragment having geneti- 

celly determiued structural specificity may be present in fraction B is under 

investigation. 
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S- 

The technique of enzymatic hyxirolysis has been utiU%ed to demonstrate 

that for the five sera investigated the determinant of Gm (a) specificity is 

confined to a 3.5s fragment of the human 7s gamma globulin molecule. 

This investigation was supported by grants from the National Institutes 

of Health (A-1229) and the Northern California Chapter of the Arthritis and 
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