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Summary· 

Antibodies of restricted specificity· haH been identified in the 

human in response to certain antigens. The present study 

analyzed tetanus and diphtheria antitoxins isolated from sclc{·tcd 

human scra and suggested a restricted rcponsc in antibody 

production to each of these antigens. Purified antibodies from 

eight scrum specimens with elevated hcmagglutination titers to 

tetanus and four to diphtheria yielded only lgG proteins in 

concentrations of 160-500 µg/ml. Although some of the tetanus 

specimens w(•re derived from cord sera and tetanus immuno

globulin, none of the total group had antibodies of the lgA and 

lgM classes. Utililing immunoeledrophoresis against heavy· 

chain subclasses, gcnctk markers. and K and A quantitations. a 

prcdeliction for the 1< lgG, subclass was established for hoth 

tetanus and diphtheria antibodies. The >. light chains were 

present in diminished quantities. lgG" heavy chains were absent . 

and the lgG,, and lgG, chains were variably identified. 

Speculation 

The elucidation of those antigens which result in restricted 

antibody formation has apparent clinical signifirnncc, in ~icw of 

the fact that some individuals possess selective defects in the 

production of certain lgG subclasses. 

TIJL· light and hean- chain difkrl'nces cause hum a n in1111U11P

globulins nf each of the classes to exist in se\eral forms. in 

al'l'ordancL' 11 ith 1·ariati,111s in the way in which thl'SL' chains 

combine . Since lg(; hL·avy chains. as an example, occur in four 

subclasses (lg(i,, lgG". lgG:i , and lgG,) and the light cl1ains in 

two typL'S (K and >,.). eight ditfrrL·nt lg(i mokcuks arL' possibil' 

by 1·arying combina tions of light and heavy chains . Normally, 

the lg(i, subclass eonstitutcs about <,r, r·; nf lt>tal lg(i, 2,F; 

lgCi,. 7', lgCi :1, and .v; lgG, . When ct>mbincd with thL' lg(i, 

chain, thL· light chain K:A ratit> is about 2: I. 

Although n111sl antibodit·s prnducL·d in the human appL'ar to 

he hetenigcnL·ous, thL' rc·s1"1nsc· tn certain antigens may rL'sult 

in antihndy in11m1noglohulin which is relatively llr c' I.L'n cnm

pil'tl'iy rL'StriclL'd. Rh antibody, as an c·xampil', is primarily an 

lgG, immurwglobulin II ith SllmL· lgCi,1 and lg Ci, hut no lgCi, 

mllil'cuks ( :'i . I (I) . 11 here as hactL·rial pt>lysaccharide antigi:ns 

clicil pre Li<iminantly lgG, prllduction (7) . Antibt>dii:s against 

fact,ir \'Ill arL· r,,rmi:d prdi:rcntially within th.: lgG, subclass 

(I) . Lc1an prt,1llkL·s a highly ri:stricti:d manufacturi: llf K lgG" 

gl(lhulins. approaching the lwm(lgcncity of a myeloma protl'in 

( I 7) . 
U tilizing a1·ailabk immunll[llgic k ·chniqucs, critL· ria havi: bei:n 

prllposcd f, ir c·stahlishing antibody specificity ( 3. 16). Employ

ing sL·1·n ,d llf thcsi: nitnia , the rL·sults llf this invi:stigatinn 

suggest that the human rcspllnds with partial antibody ri:strictinn 

lll the· lll ., ins nf ( 1nstrit!i11111 l<'tani and Corr111'hac/<'ri11m dip/11/tc

rra. 

M A TI-RIALS AND Ml'.THODS 

I-:ight spl'l·imens L'llntaining lL'tanus antiblldii:s were dnivl'll 

frllm three sllUrL'L's : fiYL' 11.:re sampli:s of ni:wbllrn cord si:ra, 

t11n 11erL' takt:n frllm human antitctanus immunoglnbulin pnllls, 

and nnL' I\ as snum t>f a :'i-year-llld burn patii:nt taki:n seYnal 

wc·c·ks after a tc·tanus lllxoid h,Histt:r immunization. h1ur sera 

cllntaining diphthtTia antiblldii:s wcri: lr(llll childri:n, agi:d 7 

months to 11 ,cars, with rcl't:nt clinical diphtheria. Spi:cimi:ns 

11erL' obtainL·d within a perilld 1101 excel'ding <, months frllm th.: 

timL' (lf actil"L' disease. Antiblldy tilers t(l tetanus and diphthi:ria 

in SL'ra :ind in purifil'd antihndv prq1;ira1ions were meas urL'd by 

a hL·magglutinati(ln ti:chniquc using th.: tllX(lids (lf either antigi:n 

coupkd t(l human type O Rh · red blood cells by th.: diromic 

chill ride ml'llwd ( 2). 
l'urifinl anlihlldy prt:paratit>ns 11ni: prL'parc·d in the following 

manni:r. Ti:tanus (lr diphthi:ria !llX(lid (Wyi:th, aluminum-prl'

t·ipitatL'd toxoid nlntaining () _()I mg proti:in N / ml for tt:tanus 

and O.Oll-1 mg proti:in N /ml t.,r diphthi:ria) (.1--1 ml) was 

int·ubatcd 11i1h I ml SL' l"lllll frn I hr at 37" . then rdrignati:d 

<1vt:rnight. Tht· prc,: ipitati: was washL·d 12 timi:s . Thi: superna

tant and L'arly 11asht:s IIL'rL' disL·ardL·d aftl'r !King IL'slL'd for 

spi:cific antiblldy activity. Thi: precipitate 11as thL'n inl'ubated 

11i1h al'id-glveinc hufkr. pH 3.11 ( I ml). overnight at n,llm 

lL'mpcraturc·. ThL· supernatant I\ as dialv1L'll against nllrmal 

saline for I hr and th.: rL·sidual matnial discardL·d. ThL· dialysati: 

(ahnut I ml in quantity), rq1rcsL·nting a purified antibndy 

prcparati<1n . 11as used for subsequent analysL'S. 
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The following methods wnc applied to scra or the purified 
preparations to establish the nature of the antibody isolated . 
(I) The major immunoglobulin classes wnc quantitatcd by 
doubk radial immunodiffusion using rnmmcrcially available 
reagents (o) . (2) Gm (a) . Gm (b). and Gm (f) antigens (Gm 
numerical 110111.:nclaturc: Gm (a) = I: Gm (b) = 5: Gm (f) = 
-1) were typed by inhibition of hcmagglutination using specific 
Gm antibodies and appropriate Rh coats \if known Gm specific
ity. c,1uplcd to Rh positive red blood cells ( 13). The Gm (a) 
and Gm (f) markers were used to identify the IgG, heavy chain 
and the Gm (b) marker. the IgG:, heavy chain. Gm (a) and (f) 
quantitations ,,·ere done by an automated method . described by 
Litwin (-1). which measures the percentage of inhibition of 
hcmagglutination of each Gm type. ( 3) ThL' K and A light chains 
were quantitall'd by doubk radial immunodiffusion on plates 
prepared in our laboratory using specific antiscra derived from 
immunization of New Zealand white rabbits with isolated 13encc
Joncs proteins. (-I) The heavy chain subclasses of IgG,. IgG,. 
IgG:,. and IgG4 were identified by immunoe lectrophoresis and 
double diffusion against specific heavy chain antisera obtained 
from immunization of Ne w Zealand white rabbits with specific 
myl'loma proteins having lgG,. IgG,. and IgG, chains. IgG:, 
antiscra was obtained by immunization of a baboon with an 
IgG:, myl'loma proll'in. 

RESULTS 

The major scrum immunoglobulin classes in patients Gr 
(tetanus) and 39 , -10. and 131 (diphtheria) ,,we within normal 
limits. with mean values of IgG I I \J-1 mg/di. IgM I 17 mg/di. 
and lgA 23\J mg/di. 

The titer of purified tetanw, antibody. with one exception . 
was one to three 2-fold tube dilutions lower than that found in 
the scra. Of the major immunoglobulin classes. IgG was present . 
and IgM and lgA wcr..: abs..:nt in all separations (Tabk I) . The 
lowest limit of SL' nsitivity for the dcll'ction of lgA and IgM was 
5 µg /m l. Th..: same information for the purified diphthnia 
antibody preparations is shown at the bottom of Tabk I. Herc. 
the antibody till'rs ,,er..: all one 2-fold tube dilution lower than 
thl· kvds in Sl' rum . As noted in the tl'lanu s pr..:parations. 
purified diphtheria antibody revealed the presence of lgG y
globulin only. IgM and lgA wcrl' absL·nt. 

Table 2 shows th..: K and>,. light chain quantitations. and the 
corresponding lgG concentrations of the purified tetanus anti
body preparations. Both K and >,. light chains were identified: 
the proportion of IgG moleculcs containing K chains was 80-
\)()r;, of the total. as compared to I 0-2or, for the A. The lower 
limit of sensitivitv for the detection of lambda molecules was 
about 2:'i µg/ml. Th..: data for purified diphtheria antibody shm, 
similar proportions of K- to >..-containing antibody. 

The heavy chain analyses of tetanus purified antibody. as 
d..:termincd by the Gm syst..:ms which identify lgG, and lgG:,. 
and hy immunoL·kctrophor..:sis with spn·ific subclass antiscra 
for all four types . arc dcpil'lcd in Table 3. For comparison . Gm 
phL·notypcs of th..: scra ar..: also shown with each corr..:sponding 
phenotype of purified antibody in thL· adjacent column. f'ach of 
the samples rc,cal Gm (a) and/or Gm (f) markers and. as 
expected. the IgG, heavy chain on which these antigens arc 
located is present. Where Gm ( h) is found . so also is the IgG:, 
chain. Thl· lgG, and lgG, heavy chain identification . shown hy 
antiscrn reactions only. rcwal thL· absence of lgG, chains in all 
of the specimens (with thL· exception of Tl(, Ill . which was not 
tested) . 

Data fm diphtheria purified antibody arL· sh,m n in Tabk 3. 
The Gm and heavy chain antiscra analyses correspond. In L·ach 
of the four specimens lgG, and lgG, heavy chains arc present 
and lgG, and lgG;, chains arc lacking . The lower limit of 
sensitivity fur the detection of heavy d1ains \\ as = I :'i µg / ml. 

The Gm (a) and Gm (f) allotypic quantitations . as a reflection 
of the amount of lgG, heavy chain present in th,: purified 
,pccimL·ns . arc shown in Table -l. Determinations wnc made 

Tahk I. l'uri.finl awihocly Jll'('j11m11io11.1 I im11111110/!.loh11/i11 
class('s /111icmgra111s jl('I' 111/)) 

Patient lgG lgM lg.A 

Tetanus 
Be1 :'-00 0 0 ,.,1 300 0 () 

w;1 .mo 0 0 
/'er 200 () () 

/fol J(,() () () 

(ir .1.1() () () 

T/Ci II ' 1-l-HI () 0 
Tf(j Ill' l)(J() 0 () 

Diphtheria 
39 2.:'iO () () 

.JO -lO.:'i (I () 

21 :ioO () () 

131 -lOO 0 () 

1 Cord hlood specimens. 
' Pooled human tetanus immunoglohulin . 

Tahlc 2. /'11rifiecl a111ihotl_r /Jrt'fl/lrtllio11.1· (li/f.l11 chain 
conce111ra1io11.1 /111icro/!.ra111.1· JJCT ml)) 

Patient K A lg(i 

Tetanus 
Be 3XO 78 _';00 
Fi 2'):'i 6:'i .,oo 
Wi .170 .,o -l()O 
Pe 17() ~) 200 
Ho 33:'i -lO 360 
Cir 32.:'i 60 .rn1 
T/Ci II 13.:'iO N'fl 1-l-lO 
T/Ci I II 1110 NT <)<,() 

Diphtheria 
39 ~2) -l:'i 2:'iO 
.JO 3-l:i !JO -lO:i 
21 -l70 NT :i60 
/.l / 3-lO NT -lOO 

1 Not tested . 

on three of the tetanus and the four diphtheria samples. For the 
most part. the quantitations uf these allotypic markers approxi
mate the IgG concentrations measured. indicating a predomi
nance of the lgG 1 chain in the purified preparations. 

To determine what effect. if any, aL·id-glycinc might have on 
immunoglohulin content. two specimens of normal scra . brought 
to a concentration of y-globulin approximating tha t of the 
antibody preparations. were reacted with the buffer and then 
dialyzed against normal saline. For C\imparison. similar dilutions 
of scra were made with normal saline . The combined results nf 
thcsL' studies arc shown in Table :'i. All immunoglobulin antigens 
tested were present after reaction with the buffer . although 
there ,,as some decline in IgG concentration. The IgA and IgM 
globulins remained intart after being subjected to buffer . and 
bllth K and >,. light chains ( in proper proportions) and all heavy 
chains ,,ere in evidence. 

Because of the small quantities of purifiL·d material derived. 
and the number of procedures done with thL·sc specimens . 
antibody nitrogen determination was not attempted. Tu ensure 
that all specific antibody was removed from each of the original 
scrum samples. the initial supernatant fluids. after precipitation 
from scra and the first washes of the precipitate . were tested for 
eithn tetanus or diphtheria antibodies. In none could antibody 
he detected . Further . the purified antibody of patient Cr was 
rcprccipitatcd with tetanus antigen to determine whether any 
nonspecific y-glohulin was present in the supernatant of the 
purified preparation. Herc . too. none was fpund. ThL'SC results 
indicate that the purification process isolated all specific anti
body and did not carry along nonspecific immunoglobulins. 
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Tabk 3. fg(i allot_1p1'S 

Patil'nt 

TL'tanu, 
/fr 
Fi 
Wi 
l'c 
/lo 
(ir 

Tl< i II 
TIG Ill 

Diphtheria 
34 
./Ii 

21 
131 

1 Not tl'stl'd. 

SL'rum (im phL'notype 

a-+ h+ f-
a-+ h+ f-
a-+ b t f-
a+ b t f-
a+ b-t f -
at h+ ft 
a+ h-+ ft 
a-+ b+ f + 

a- b+ f-+ 
a+ h-+ f+ 
a+ h- f
a+ h+ f+ 

(im phenotype 

a+ h+ I-
a+ h+ f-
a-+ IH f-
a+ h f-
a+ h+ f 
a+ h -· f-
at h+ ft 
a+ b+ f+ 

a- b- f+ 
a+h-f+ 
a-+ h f
a+ b- f+ 

Tahk .i. l'11rifil'd antihodr f'l"l'f!llrntio11., 

((i111 (ii) and (i111 (.f) (}111mtitlltio11.1 /111icrogra111.1· pa 111/)) 

(im phl'notype (im (a) (im (I) lg(i 

TL'lanu, 
Tl<i II a+ f +- 7S0 460 1440 

T/(ill/ a+ f+ ))0 .,0() lJ(,0 

( ;,. at f- 2SU 0 :no 
Diphthl'ria 

34 a -- f+ () 2)0 2)0 

./Ii a+ ft 10() l)0 40:i 

21 a+ f- 700 II :,60 

/3/ a+ f+ 2:'il) 100 400 

Table .'i. Control saa lit 1:20 di/11tio11 rl'actl'd with salinl' lint! 

acid-glrcinl' h11.ffi'r 

lgA. IgM. lg(i. K. "· µg/ml µg/111I µg/111I µg/111I µg/111I lg(i, lgCi, lg(i:i lg(i, 

nz 
Salinl' l()l) 7-; 660 nJ0 260 

Buffl'r 106 (,l) 410 420 237 + + + + 

<iN 
Salinl' :,4 I 2:'i )()0 :,()0 22S 

Buffer :'i() 107 .'\70 ."l'JO IJO + 

DISCUSSION 

No significance. with rL·gard to antibody SL'lectivity. can be 

attributed to the expected absence llf IgA and IgM classes of y

glohulins in the specimens derived from cord sera or from 

tetanus immune globulin pools. The failure to identify the,L' 

i111111unoglohulin, in the purifiL·d tetanus antihod~ prq,aratinn 

of the burn patient who received a ll'tanus toxoid boostl'r is 

important. Of added significance. in terms of antibody restric

tion. \las the ahsencL· of an lgA or IgM class of diphtheria 

antibody in the purified material derived from four patients 

who had recent clinical disease. These findings arc at variance 

with those of Yount l't lli. ( 17). who describe IgA and IgM 

tetanus and diphtheria antibodies in one adult subject after the 

administration of tetanus and diphtheria toxoid,. Conceivably. 

some IgA and IgM antibodies may have been present in our 

prL·parations. hut in quantities t,H1 small to he detected by our 

test systems. i.l'., in amounts<_'; µg/ml. Alternatively. since we 

were unable to determine precisdy whether the times of blood 

sampling were still within thl' acutc phases of disease. later 

sampling raises the possibility that IgA and IgM antibody 

production ceased at an earlier stage. 

lg(j J 

+ 

+ 

+ 
+ 

+ 

Puritinl antihod~ 

lg(i, 

NT' 

lg(j J 

+ 
+ 

+ 

NI 

----- ---

lgG I 

+ 
+ 
+ 

NT 

+ 

+ 
+ 
+ 

In onkr tll bL· as.,ured that L'.\ogenous factors were not 

rL·sponsibk for the destruction of lgA and IgM mokcules. two 

specimens of normal scra \\L'rc incubated 11 ith the acid-glycine 

buffer. as in the separation prnccdurc. No changes in IgA and 

Igl\1 concentrations 11erc observed. Some decline in IgG concen

tration 11as noted following the buffer treatment. but the normal 

K:A ratio remained unaltcrcd and rwne of the hca1·y chain 

subclasses 11crc eliminatcd. The fall in IgCi content probably 

results from aggregation of thL'se molecuks ( 1.i) and may 

explain thL· somc11 hat lower antibody till'rs measured in the 

purified preparations when compared 11ith the titers measured 

in scrum. 
Thus. using mctlwds to quantitall' immunoglobulin classes 

and light chains. to describe and quantitatc Cim factors. and to 

identify hca1y chain subclasses \\l' have been ahk to demon

strall' that thL'rL' exists partial antibody restriction within the 

lg(i class in response to the toxins of tetanus and diphtheria. 

Although uniform homogeneity of antibody could not he estab

lished. since some A-containing mokcules and lgG:i and lgG, 

heavy chains were variably identified. the quantitative data 

strongly suggest a K IgCi 1 prL·dl'!iction fur these antitoxins. 

ThL· ahsL·ncc of the lg(i, heavy chain in all of our specimens 

is ckarly of significance. Although one might argue that lgG" in 

curd sera may be relativdy scarce ( I :'i). others have shown cord 

scra to pl1,scss normal adult proportions of this heavy chain in 

relation to the other three subclasses (S. 9). Furthermore. our 

other prq1arations also lacked the IgCi, chain. As IgCi" antibody 

ll'nds to hL· associall'd with bacterial capsular polysaccharid<.:s. 

the failure to find this mokcuk in any of our samples ma~ 

rdatc to the protL·in nature of the ll'tanus and diphtheria 

antigL'n, ( 1.i). 
Snnal reports ha1c described indi1iduals with an inability to 

pn1ducL' certain hca\\ chain nwlecuks. 11hilc maintaining the 

L'apahilitv tn manufacturL· othL·r, ( I I. 12. IS). Such partial 

defects oftL'll result in an increased susceptibility to infections. 

The L'XistL·ncc of hca1y chain subclass dektions in thL' human 

adds clinical relnancc to the rccol!nition of those antigens 

which elicit rcstrictl'd antibody rL'spo,;scs. 
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