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ABSTRACT 

The recently discovered and relatively unstudied immuno-

globulin, 1D, was investigated to further elucidate its nature. It 

was found to be virtually absent from umbilical cord blood and to 

increase until age 6 when adult serum levels were attained. The mean 

serum level of 1D was found to be elevated in cystic fibrosis of the 

pancreas, in Laennec' s cirrhosis and in infants with the visceral 

larva migrans syndrome, but was decreased in hypoagSDlllaglobulinemia. 

Small quantities were found in normal saliva, colostrum and breast 

milk. Evidence was found of 1D antibody acti vi ty following diphtheria 

toxoid booster immunizations, of 1D antibody to bovine gamma globulin 

in a milk-sensitive child, and of 1D anti-nuclear antibodies in 

dissemi.nated lupus erythematosis. Antiserum to 1D was shown to 

induce blastogenesis in human lymphocyte cultures. 

1D was found to have a S~o,w value of 6.7 - 7.0, a 

molecular weight of 200,000, a high carbohydrate content (16%) and 

a low proline content. It is unusua.l.ly labile on exposure to heat, 

low pH, or high molarity, and is quite susceptible to spontaneous 

degradation • 
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II. INTRODUCTION 

ln the summer o~ 1966 when a project was to be selected. ~or investi

gational s'tudy leading to the degree o~ Ph. D. in Experimental Medicine, ~our 

classes o~ 1mmunoglobulins were recognized. '!hase were YG, YA, YM and. YD. 

'!he most recently recognized was YD and. this was also the :1mmunoglobulin about 

which lea.st was known. This investigator had recentJ.y received l ml ot anti

se:rom specitic ~or the heavy chain ot YD trom Dr. John L. Fahey, co-discoverer 

wi th Rowe (1964) o~ the immunoglobuline Shortly bef'ore aIlbarking on this 

study, it was possible through the use of' the mti YD antiserum to identif,y a 

subject wi th YD myeloma and to obtain a moderate amount of' serum f'raIIl this 

subject. Initial attanpts to induce the f'o:rmation ot mti D-myel.ollla antibodies 

in rabbits vere successful, and vith this encouragement the current s'tudy was 

undertaken. This preliminary work was completed by the autbor at the University 

of' Utah bef'ore coming to McGill. 

'!he purpose of' select1ng ID as the object of' s'tudy vas threetold. 

Firstly, it was hoped that it would. be possible to increase the reported know

ledge concerning YD and thereby contribute to the body of' scient1.t1c intom

ation about immunoglobulins. Seconclly, it was the intention ot the investigator 

to acquire as much ~acili ty as he oould in handling immunoglobulins by immuno

chem1.cal and. physicochemical means in order to s'tudy their biological l'Ole, 

partioularly as they relate to diseases sean in humans. 'lldrdly, it was hoped 

that a number o~ immllnological techniques could be adapted ~or use in the study 

o~ small quantities o~ antigens and. antibod1es. '!he writer is a Pediatrician 

who has many tilles been conf'ronted. with ch1ldren with perplexing prob18l1s ~or 
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whom information of value was at least theoretically obtainable by immuno

logicalllle&ns but studies were limited by the very small quantities of serum 

or other body fluids which could be obtained for study. Bence an important 

goal of these studies has been the adaptation of as lIlany investigative tech

niques to a micro scale as possible vi thout decreasing the accuracy or the 

reproducibility' of the tindings. The modifications of techniques wbich have 

been made in this regard will be indicated in the section on exper1mental work. 

At the inception of this s'tudy it wu not known that YD was a highly 

labile protein nor was it known that this in itself had prevanted several 

other labora"tories from completi.."lg a number of investigative studies on this 

proteine '!his fact was indicated to me during personal conversations with 

Dr. Fahey in 1968. As it turned out, the YD of the initial patient vith D

mye10ma vas exceedingly labile, but vith persistent searching and vith assist.

ance fram colleagues who sent mye10ma sera for testing, a second subject vith 

YD mye10ma was identified and admi tted to the Royal Victoria Hospi ta1 for 

worknp. It was possible to obtain moderately large quantities of serum from 

this subject, and his seram YD proved easier to liOrk vi th t.han tha t of the 

first subject, enabling the s'tudy to proceed to a degree that otherw.Lse would 

have been 'impossible. Neverthe1ess, 1'requentJ..y repea.ted attanpts at isolation 

were necessary because exposure to re1atively mi1d changes in pH or lIlOlarity 

or repeated. f'reezing and thawing often was associated vith lIlOlecular breakdown 

or denaturation. This marked. lability of YD was of sufficient interest to 

s'tudy in i tself'. These resul ta were reported a t the American Association of 

!lII!lunologists' lIleeting in Atlantic City (Heiner, Saba and Rose, 1968) •.. ' JÀlring 

the course of the currant investigations, very little was written by otber 



workers about YD. The reasons f'or this appear to be at least three-f'old: the 

unusual labUity of' YD making it ditficult to study, the scarcity of' D-myelcma 

and the low serum YD in healtby subjects maldng very limited quantities of 

material available t'or study, and the lack of' recognition of' a comparable 

j JIIJIIl1noglobulin in experimental animals. 

Since 11 ttle is known concerning the biological l'Ole of lO, those 

f'unctions and. properties commonly ascribed to otber iœmunoglobulins will be 

reviewed as a reminder of i ts possible actions. '!his of' course does not close 

the door to a search for new and. unique roles for tbis iDmunoglobulin. 'l'hose 

historical aspects of' research on immunoglobulins which are of partioular 

interest to the writer have been EIIlphasized and no attanpt has been made to 

include every contribution to the field. 
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III. HIS'roRICAL REVIEW 

A. General Remarks 

'!he history o~ inmunoglobulins or antibodies begins with the history 

o~ res1s'tanee to disease. It probably had 1 ts ear11est seeds in the recogni

tion o~ immunity ~ollowing recovery tram many intectious diseases, an observa

tion almost as old as recordeel history. '!he Greek historian, Thu~es, who 

11 veel in the 4th century B. C. and whose HistoU o~ the Peloponnes1an War 18 a 

mst important historical book, indicated that the s1ck and dying peop1e in 

A.thens would have rece1ved no nursing care at a1l had 1t not been ~or the de

votion o~ those who had already recovered tram the plague, since it was known 

tbat no one ever had. 1 t a second time. According to Major (1945) there has 

been some dispute for many centuries conceming the exact nature o~ the p1ague 

o~ 'lbucydides, 1t having been identifieel by various historians as the plague, 

measles, yellow ~ever, searlet ~ever, typhus fever, typboid ~ever, small pox 

and even ergot po1soning. Bowever, most scbolars are o~ the opinion that the 

description indeed represented glandular plague, or as 1t 1s more cammonly 

calleel, the Bubonie Plague. Regardless o~ whether or not the pestilence 

describeel by Tbu.cydides represented Bubonic Plagus 1t was recognizeel at the 

time tbat recovery from certain ~ectious diseases co~erred imImmi ty. 

Not until 1890 was 1t clearly dElllOnstrated that a ~aetor in serum 

could. play a major role in this protection ~ollowing recovery 1'rom ~ection. 

In that year 'VOn Behring and Kitasato demonstrated that animals 1mmunized with 

tetanus toxin produceel a serum ~aetor which they calleel anti-toxin and that the 
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antl-toxin could be transf'erred to another animal protecting lt passlv~ 

.t'rom the ef'fects of tetanus toxin (Humphrey and 'White, 1963). Soon there

af'ter von Behring demonstrated that a simi' ar protection was aff'ordecl by 

immune serum preparecl against diphtheria toxine These tindings were rapl~ 

coni'ilmed by many 'WOrkers and the substances which appeared in the serum in 

response to "hIlM!1nlzation became generally known as antibodies, a term which 

ls almost synonymous vith the tem 'immunoglobulins. The specific properties 

of antibodies wUl be brief'l.y reviewed in subsequent sections bu.t at this 

point 1 t ls "NOrthwbile to trace the developa.ent of the more modern concept 

of immunoglobulins. 

B. Development of the lmmunoglobùin Concept 

In 1936 Tise1ius separated the serum pro teins into albumin, CI, 8 and 

Y globulins according to their e1ectrophoretic mobility. 'lbe tem gaDllla glob

ulin (or y globulin) was used to designate tbose proteins of slowest electro

pboretic mobility. Soon thereafter Tiselius and Kabat (1938) demonstrated 

that the majority of antibodies are contained in the gamma globalin traction 

of serum and for m.any years f'oll.owing this 1 t became customary to associate 

antibodies with gamma globulins. However, as methods :for the separation and. 

identification of serum. proteins improved lt became evident that some antibodies 

migrated in the 8 globulin region on e1ectrophoresls, and arter the developa.ent 

of immunoe1ectrophoresis by Grabar and Williams (1953) it became evident that 

several classes rather than a single class of serum protein were involved in 

antibody activity. Theraf'ore the tem immunoglobulin came into use to apply 

to that group of serum proteins which vere associated vith immunit,y or antibody 



6. 

activity. It was boped. this would avoid some of the errors whicb reaulted 

fram identl.fying antibody activity with a particular electl'ophoretic mobiliV. 

In May 1964 a CCIIDIIlittee spon80red. by the ~rld. Bealth Organization met in 

Prague te make recaumeDdations concerning the nomenolature of immnnoglobulins 

since many ditf'erent and same&es contu.sing designations bad appeared in the 

wrld literature. At that tble three iDmunoglobulin classes were recognized., 

the most prevalent baving hem designated. by different workers as Y, 7SY, 

6.6sY, Y2, YSS, or s:imply gamma globuline It RS proposed. tbat this class of 

immnnoglobulins be called. either YG or IgG. The 1mmunoglobulin present in 

the next greatest concentration bad been temed BU, or nA, and the designa

tian recoDll'lended wu YA or IgA. The tbird. 1mmunoglobulin class was previous

ly called YlH, B2M, 19SY, or gamma. maC1'Oglobulin. The recCIIlllumdation for this 

third class of immunoglobulin vas tbat it be called. lM or IgH. It vas propos

ed. tbat fUture immnnoglobulin classes, once pl'Oper~ daaonstrated., sbould be 

identified. as YD or IgD, then YB or IgB, etc. It was not envisioned. by early' 

workers tba t perbaps an immunoglobulin class would be recognized. whicb may 

IlOt have demonstrable antibody aotivity. Nevertheless, precisely tbis pl'Oblc 

arose the following year, whm Bon and Fahey (1965) described. a nell elass of 

serum protein whicb met all. the criteria. for Dmunoglobllins except that anti

body activity bad IlOt hem demonstrated.. As a matter of fact, up te the 

present time, no oonvincing evidenoe bas been presented in the literature te 

suggest tbat tbis immnnoglobulin bas antibody activity. nms the possibility 

exists am. bas apparently been accepted. by investigaters in the field tbat a 

nomal hmmnoglobulin need. not necessarily' bave demons'tzoable ant1~ aotivity. 

It must, bowever, bave other major attribu.tes of 1mmunoglobulins such as 



production by plasma cells or related. celllines; it should be found in 

increased amounts in certain subjects with myeloma, macl"Oglobulinemia, or 

related disorders and it must have immunologically distinctive heavy chains 

and light chains cODIIIIOn to other immunoglobulins. It also S8EJllS to be a 

requiranent that a:ny new iDIII.unoglobulin class should represent a protein 

which is demonstrable in the majority of noma1 subjects. A historicaJ.l.y 

oriented description of the biologieal l'Ole of immunoglobulins and of their 

immunology and pb,ysical cheistry' will be presented below. 

c. Biological Bole of lBImmoglobulins 

1. General 

T1!I!!Imoglobulins are know to :f\metion largel1' as the rerut of 

their pl'Operty of combining wi th specifie antigens or allergens. '!bey are 

vital in the iDIImnity of normal subjects and their deficiency bas been assoo

iated wi th profound susceptibili ty to infections caused by microorgani sns of 

various kinds. '!'hua there have bec lIWlY' differant primary immunoglobW.1n 

deficiencies deseribed ranging from severe inabili ty to fom ury of the imBuno

globulins to partial deficieneies and to the group of disorders now recognised 

as primary dyagammaglobulinemias. '!hese di80rders are called. primary because 

the imnmnoglobulin deficiency is not secoMary' to a:ny knolm disease pl"OC8SS 

such as multiple myeloma, other malignancy, nephrosis, pl"Ote1n los1ng enœre

patby, infection, etc. In addition to this, there are a fairl.y large mmiber 

of causes of so-called secondary immnnoglobulin deficiencies. A third group 

of 1mmunoglobulin disorders are the parapl"Oteineadas in which patbologically 

increased amounts of a specifie class of imm'lnoglobu1in apparentJ.y serving no 
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usef\ù. tunction are produced. Beyond. these disorders, all. of which mq man1-

f'est an jmpaired resistance to infection, it 18 now apparent that :hmauno

g10bulins are intmately involved. in hypersensitivity pheDOlllena. It appears 

~t tbey may also play a role in lymphocyte reactivity, in graf't rejection, 

in the regulation of' antibody synthesis and in certain fo1'm8 of' iDmunosuppres

sion. Bach of' these roles will be cliscussed. brieny, since it is possible 

that YD may be foUl'ld te be involved. in several or DWJY of' these tlmctions and 

the recognition of' such possibilities could be helptul in f'u'b1re studiea. 

2. T1!I!I!nnity 

(a) Torln neutralization. Sewall (1887) demonstrated that pigeons 

could. be 1mmunized against the venom of' rattlesnake and thereby pl'Otected trôm 

its lethal effects. This vas the tirst experimental daaonstration of toxin 

neutralization although the involvEIIlent of antibodies vas not recognized. 

!bu (1894) dElllOnstrated that the serum of' horses iDmunized. vith diphtheria 

toxin lad to a cure of' diphtheria when injected into a patient suf'f'ering :f'rom 

tbis clisease. 'lhis was the tirst dauonstration tbat sel"Ulll factors vere capable 

of' neu.tralizing the et.f'ect of toxins in human subjects. Snch factors later 

came to be lœown as "anti-toxins" (iilmpbrey and White, 1963). Although the 

fi,ndings of' Roux were conf'irmed by others and demonstrated many times, it was 

not possible to f'ind. such a salutory effect on other intect10us disease pro

cesses vith passively administered antibody once the disease had been establish

ad. in the patient. However, the f'indings in regard to diphtheria stimulated a 

great deal of' interest in antibodies as therapeutic agents. 'lbe value of' tetanus 

anti-toxin as a prophylactic (as opposed to therapeutic) measure to prevent the 



deve10piumt o~ tetanus af'ter wounds vere sustained vas dramatical.l.y proved 

dnring the tirst lbr1d War. 

(b) Bacterio1;ysis and bacter1.cidal antibodies. In 1894 Pf'e1f'ter 

and Issaet~ dElllOnstrated that iJmmme sera prepared agamst the cholera vibrio 

caused the death and destl'U.ction of tbis microorganiSJll and that this Pl"Operty 

o~ iamune sel'Ulll could be transt'erred passively to a second an:1Jaal. Antibodies 

that 1I'9re inst1'œler1tal in bringing abcn1t bacter1.al cell dest1"U.ction wera 

ca1led 1ysins or bacteria1 ly'sins. In 1895 Bordet del101\strated that bacte~ 

io1yt1c and bac$er1.cidal activities in iDmame sera ~requently depended on 

two distinct tactors, one being themo1abUe and present in nomal S8l'Ul1 and 

the other the1'lllOstab1e and specific, being present only' in imIIlune se1"UDl. 

The t'omer substance, which vas called alex:iJ'l (Ehrlich, 1897), ha. proved. 

to be the complex o~ macl'Ollloleœles which is nov mOlln as sel'lDll complement. 

'!'he thermostable ~actors, bactencidal antibodies or lysins, are nov lmom 

to be specific immImoglobulins directed towards the bacter1a in question. 

(c) Agglutination. In 1889 Charriu and Roger dalOnstrated that 

Damme se1"Ulll 1IOUld cause agglutination ot bacter1.a and in 1896 Widal applied 

this lmowledge to produce a laboratory technique vhich bas become helpfulin 

the diagnosis ot' typhoid and paratypho1d tevers (Boyd, 1956). ~ch sntibodies 

are called agglutinins. In vivo agglutination and iDIIIob1l1zation ot llicro

organiSlls is tbought to be a helptul detense lleehan1sm. 

(d) Precipitation. In 1897 ICraus demonstrated that ce1l.-tree 

tUtrates ot bacterial oultures frequently induced. antibody' production in an 
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iDmunized. animal and that the immune SeruDl therea.rter precipit&ted substances 

in culture f'1ltrates. 'lhis was the tirst danonstration of antibod1es vith the 

property which led. to their becoming known as prec1pit1ns (Kabat, 1961). 

Initially" it vas uncertain whether or not the antigen actua1l\v' entered into 

the precipitate or whether it in 80IIle vay smp~ altered. the colloidal state 

of the serum globulins by denaturing them and rendering than insoluble. 'lb1s 

question was &nswered by von l)mgem (1902) when he demonstrated that crab 

hanocyanin induced ant1bod.1es aM the precipitate turned. blue on exposure to 

air, a known property of the hsaocyanin antigen which theretore was an integral. 

part of the precipi tata. 

'!he prec1pi& reaction bas probab~ been the IIIOst tboroughly studiai 

of al.l the modes of antibody activi ty. So much so in fact tbat it 18 regular

ly utUized. by near~ aU immunolog1sts in their investigative work. It 18 now 

generally recognized. that preoip1tating ant1bodies can be produced. against JIlOst 

prote1ns and against some polysaccharide antigens (He1de1berger, 1956). Pre

cipitation is be1ieved. to be a secondary phencmenon following an interval of 

tme need.ed for the primar,y union of antigen and. ant1body. It appears neceSB

ary that the reacting antigen and antibody molecules fom a lattic..,rk of 

complexes suf'f'iciently large ()r surticiently ~phobic that they beccme 

insoluble and precipitate fram solution. 

(e) Opsonization. Antibodies which promote phagocytosis of bacteria 

or other specific antigens are called opsonins (Wud and. Enders, 19:3:3). 

(f) Comp18llent :fixation. Some antibodies have the property of fix

ing complanent when they react vith specific ant1gen and these have been temed 
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complement-fixing antibodies (Osborne, 1937). '!he important ro1e of compl&

ment components in chemotaxis, bactericidial antibody activity, and in the 

re1ease of the chémical media tors of immune reactions bas recen~ bean review

ed by Mul.ler-!berhard (1968). '!he fixation of compl_ent is frequantly used 

in serologie tests for certain antigen.o.antibody reactions as a dj agnost1c 

measure. 

(g) Virus neutralization. Some antibodies are temed. protective 

or neu.trallzing (Kabat, 1961) because they neutralize the eff'ect of viruses 

e1ther in intact anhlals or in tissue cultures. 

(h) Immune el.1mination. It is a rather general propervof anti

bodies that they increase the speed of e1imination of a fore1gn substance 

trom the boctr, an ettect called "1mune e]imination- (DhDn et al, 1959). 

Not only does this plq an obvious protective l'Ole in reaoving fore1gn JIl&C1"O-

1II01ecules !rom the body in IIWJY circUIIStances but it 18 used as a scsitive 

index of the vigor of the Dmune response. For exmp1e, animal s vi th illlllQUlO

logic paralysis or specifie immune to1erance toward an antigen do not d8llOD

strate immune e11mination, but when the paralysis or to1erance is lost, the 

capacity for immune elimination returns (Dietrich aM Weig1e, 1964). 

(i) Autoantibodies. Some ;.ntibodies are directed towards constitu

ents of the boat producing the' antibodies and these U'e called autoantibodies. 

Examples of this are seen in auto-immune h8lOlytic anaaia lihere ant1bodies to 

rad ceU antigans are produced and. are found coated. on the patient's rad cells 

(BoomaD, 1946). Amther axamp1e is rheumatoid factor, a YM ant.1body directed. 

towards the YG mo1ecules of the seme ind1vidual (Vaughan, 1959). Closeq ald.n 
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to tMs are mixec1 cryoglobulins wherein lM antibodies combine wi th YG globulins 

of the host to produce bigh molecular weight complexes vith high viscosity and 

the property of precipitation on lowering the temperature of the serum (ID

Spalluto et al, 1962). Another example of autoantibodies is found in the 

disease dissaninated. lupus erythematos1s in which antibodies to DIA (DeoJCY

ribonucleic acid) and other cellular consti tuents May be present (Holman, 1966). 

It is believed. that these antibodies JIlay play a role in intravascular 1mmun~ 

com.p1ex fOl'm&tion w.lth subsequent depos1tion in the lddney, resu1ting in renal 

disease. It 1s also possible that autoantibodies may constitute a protective 

'immune mecbanism in the 'body, el1minating unwantec1 body cells suoh as tbose 

which have undergone malignant transfomation. 

(j) Discussion. It should be mentioned that several or ma.ny of the 

above :f'Imctions IB&y be properties of a single antiboc:1y species or of a given 

immunoglobulin class. For examp1e, precipitating antibody' cm also be h ... 

gglutinating antibody and at the same time may increue the rate of immune 

el1m-tnation of an antigen from an animal bost or JDq' participate in other fOMs 

of antigen-anti.boày interaction. '!here are circlmlstances, bowever, where a 

particular iDImmoglobulin class is more efficient a t a certain an~ :f'Imotion 

than another bmunoglobulin class. Illustrations of tbis are haugglutination 

and bacterial. agglutination which are accomplished more e:rtectiveq by YM anti

bodies tban by other iDaunoglobulin classes. Antibodies to polysaocharides 

such as dextran or 1evan are almost exc1usi veq of the YG variety, and more 

particularq of the YG2 subc1ass (Kabat, 1968). YG and YM antibodies f:1.x 

oomp1E11lent whereas YA does not. '!he bulle of the toxin neu.t1"alizing activity 

in ll1Per1mamne tetanus antiserum residues in the YG il!Dlll1!1Oglobulin class. 



Antisera produced. in animals early in the course of immunization tend to be 

lM in nature and 1a1:.er to be YG and YA. On secondary imlmmization a much 

greater booster effect occurs among the YG antibodies than the YM. Obviœsly, 

to be tborough in one' s surch for the biological signif'icance of an immuno

globulin such as YD caretul investigation must be made into as many potantial 

1'01es as possible. 

3. Nomal serum lDaunog10bulin levels 

'!he serum 1eve1s or the differmt immunoglobulins vary cons1derably 

at dif'ferent ages and also the abso1ute 1eve1s round in different 1aboratories 

seldom correspond precisely. Some of the reasons for the variations in the 

find1ngs of one 1aborator.r as com.pared to aœther are as follows. Almost all 

laboratories use immunochallical methods of assq which depend on specifie anti

sera, and each usu~ eploys ant1sera prepared in difierent anblals, under 

difierent conditions and uaing slightly different preparations of antigens. 

Frequently some ant1aera are partially directed towarcls different atruc'b.1ral 

groups than other antisera. For axamp1e, Seligman outUned in 19ffl a rmmber 

of dif'ferent areaa on Dmnmog10bulin mo1ecules which could 1ndu.ce antibody 

fOl'mation including various sites on the heav.y chain, the light chain, and 

areas involving both chaina such as in the Fab region. Also antisera mq 

axh1bi t different degrees of avidi ty for the :1mmunoglobulin to which they are 

directed. One 1aborator.r may use anti-YA. produced by injecting one A-myeloma 

protein into rabbits while a second. laborator.r May use a different A.-mye1oma 

protein for immunizing purposes and mq produce antisel"lllll with samewhat diff

erent specificity, particu1ar1y to idiotypic determinants on the P\i part of 
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the heavy chain (see page 43 for a discussion of idioVi>ic determ1.nants). 

Slight variations in assay techniques may also play a l'Ole, as may the accur

aay of standards used in computing the resu1ts. Such limitations in reproduc

ibility must be kept in mind. when one evaluates the results reported by ditf

erent investigators. 

A comparison of immunoglobulin levels found by a mmlber of investi

gatorsis given in Table l. Deteminations perf'oxmed by this investigator are 

included for comparative purposes. Differences in the resul.ts of various lab

oratories are apparent. Altbough part or the -v:...-i2.tion !!y!y be due to ditf

erences in the population samples, at least. some of thEiil .... ~ due to d1tterences 

in antisera and laboratory techniques (Stiebm and Fudenberg, 1966). '!he vari

ations in reported levels of the normal leve1 of YD are no'tewortJly. 
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TABLII 

Mean Serum T1II!!D1nog1obulin Levels in Rea1tby Adults (mg~) 

Jw.tbor 1& YA !!1 !l2 l! -
RerElUJ"..s 1960 1200 112 72 

Claman &: Merrill 1964 99.5 177 187 

McKelvey &: Fahey 196.5 1240 280 120 3 

Fabey 1965 1240 390 120 3 

steibm &: Ftldenberg 1966 1158 200 99 

Allansmi th 1966 104.5 169 89 

Kohler &: Farr 1967 1350 236 83 

Buckley &: Dees 1967 1080 280 78 

Buckley et al 1968 1061 266 76 

Norberg 1967 1143 204 74 

Johansson 1967 1323 158 88 11.7 0.03 

Reiner &: Evans 1967 1400 23.5 80 8 

Reiner, current s'tudy 1210 205 6.5 5 
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4. IDmunoglobulins in other body fiuids 

It sbould be noted tbat immunoglobulins bave been detected in 

cerebrospinal tluid, saliva, intestinal secretions, stools, joint fluids, 

urine, tears and nasal secret1ons. As part of the current investigation, 

some of these tluicls have been analyzed. and will be discussed. in the experi-

mental section. Se1.ected findings of one group of investigators are listed 

as Table II because they contain information on YD. 

TABLE II 

Average 'hrmmnoglobulin concentrations in serum, colostrum and saliva (md)* 

No. tested m :rA !! m 
serum 12 790 310 110 3.1 

colostrum 12 '51.5 1116 89.5 ND 

~ of serum value 4.9 Yl6 8l 

serum 28 1075 375 65 4.95 

saliva 28 .50 5.4 .078 ND 

~ of serum value .047 1.44 .12 

* Adapted fl"om Rowe (1968) 
ND = not detectable 

It 18 worth noting that Rowe and co-workers reported the above YD 

data as ~ of a standard. The lower lbdt of detectability of YD by' the1r 

technique was stated. to be between 2.5 and 5tJ, of the standard. which had a 

level. of .33 mg/ml. '!hus tbeir technique could detect onq amounts in axeesa 

of app1'Oximately 0.01 mg/ml or 1 md. Since the sera of the subjects trom 
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whœ colostl'a -.s obta1necl coutaiDee! cml.y 9.~ ot the stmda1'd ~ '.1 a6 
the tecbnique could. DOt baye deteoted ~ 1.21 t.hm 2S~ ot tU seNII· 

Talne. In the oase of YG only 4." ot th. sel'UJa laye]. as present in colo ... 

t1'UJl. Ir a siailar pmportion ot the se1"l2ll YD wre proesct in 001ost1'\1ll 1t 

1ICIIlld baYe been campletely llissec! by the technique. Bance th.e autllDrs 

sbould have pointed oa.t this taot sinee one can ~ ga1a the _preas»n 

that lD is probab~ DOt present Ùl colostl"Ulll. The sae reasonizlg bolda iD 

regard to saliv&l7 YD. 'rhese points are brought out beomse eridcce bear1ng 

directq on the .. total' bas bMll accmed. as part. or the œrreZlt 1nYestigation. 

It 121 l1kely tut there is a potent1al biological rola ot antibodi. 

in bo<\y tlu1ds aM d1fterenees between int1'&Vascul.ar and e:xtravasc:alar dis

tr1ba.tion of the Tarlous i..,nogl.obllins are theretore of interest. YD and. 

tH for __ pla, are restrieted h their Clttravasealar distribution (approx

Daa~ 25-'~) wbereas in the case ot the other '..,noglob:lJ.1ns So..~ 18 

:m the Gtravascml.ar coapartaent (Table m, p. 19). It is ot iDtarest in 

this rega!'d tbat the .,le=lar wight of YD is Bearer to that of YG aDd YA 

t.han 1t ia YM, nggesting tbat the anravascular diatr1l:nltion of iwnnnoglolNli "a 

de~ on aore tactors thm .,leaalar size aloBe. 

5. Rates Gr !l!theais and catabolisa ot àEDodobtl.1as 

The ntes ot IJ)'Ilthes1a and. catabol1sa ot the 'V&r1oua '.."mglobul:1ns 

ha~. been sn ... r1sed by BOgent1ne et al (1966). These autbo1'8 have done 

l'eeat studio 1Ih1ch 1nclude d..t.eNhat:1olls ot the Ç"Dthet1o ad oatabol1c 

rates of YD. 10 ODe bas yet done CCIIplete atudies ot this Jda:l 

on Yij but Johansson reported that the trac:t:1onal oatabol1c rate of yS vas 
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approximately 16~ in :3 subjects and that app~ximately 5~ was 1ntravascular 

(1968). The proportion ot the total immunoglobulin which is present in the 

intravascular compartment may be detemined by the method ot sterling (1951). 

Radiolabelled immunoglobulin 1s injectai intravascularly and an adequate mun

ber ot spaced blood samples are obtained tram which a c:mrve ot the plasma radio

activity is constructed. '!he labelled molecules (counts per minute par ml) 

decrease rapidly at tirst but atter l to :3 days the rate of disappearance 1s 

muoh slower and becomes steady. '!he slope ot the latter part of the curve 

represents the catabolic rate expressed as a fraction of the total labelled 

protein and this line projected back to the ordinate indicates the fraction of 

the labelled protein lthich ordinarily 1s intravascular (Fig. l ). Care must 

be taken to assure that the protein 1s not denatured by the radiolabelling 

process and is theretore eliminated at a nomal rate. '!he extravucular pro

portion 1s calculated by simple subtraction ot the intravascular from the total 

radiolabelled pool. 

'!he currently available data on human immunoglobulins are summarized 

in Table ru trom which it can be seen that YG 1s synthes1zed in the greatest 

quantities in normal subjects am Also bas the slowest rate of cataboliSll, the 

two combining to g1ve i t the highest serum level. YA and lM are degraded at 

roughly the sarne speed but there 1s a higher rate of synthes1s of YA and hence 

the serum concentration 1s greater for this immunoglobuline "fI) 1s synthesi,zed 

at a much lower rate than the three major immunoglobulins and it also has the 

h1ghest catabolic rate ot tmy immunoglobulin studied so far. 



TABlE III 

Metabo1isn ot Immunoglobulins 

:m* !!* 111* ru* YI** -
Mean sel'Ulll 1evel (m6) 1CYlO 250 71 2.3 .03 

tj, Intravascular 44 40 70 73 50 

Synthetic rate (mg/kg/day) 42 21.1 4.13 .396 

Fractional catabo1ic rate 
(tj, intravascular pool. 

16 catabolized. daUy) 6.:3 23.7 17.9 37 

Biologic hill lite (days) 22 6 5 2.8 

* From Rogentine et al, 1966 

** From Johansson, 1968. 

Rogentine et al suggested that the tract10nal catabolic rate ot YD 

(the traction ot the in travascular pool ca tabolized. daily) 18 influenced by 

the serum YD concentration in a vay opposite to that tor YG. In the case ot 

YD, high serum 1evals appear to be associated. vith low tractional catabol1c 

rates 'Whereas in the case ot YG higb serum 1evels are associa ted wi th rapid 

catabolism. It is quite cleu that both the synthesis and catabolism ot YD 

are largely independent ot the other immunoglobulins. 

6. Pr:bngy Immunoglobulin Deticiencies 

(a) General. The clinical importance ot gamma globulins in re1a tion 

to 1mDIlnity vas strikingly dEll10nstrated by Bru'ton's discovery ot agamu.globul

!nada in 1952. A tour yur old boy was tound to have severe recurrent 
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infections, ~ of wh1ch iDYo1ved paamococcal septictlllias .A.tt_pts vere 

made to '11IImDise bill vith c1iphtheria and tetanus toxoids but DG antibody res

poue ws attained. on mme1"Ol1S occas1cn,s. llum elect1'Ophoratic studies wra 

done, it vas gpected that the child lIOUld be foa.nd. to haTe ~_aglobul-

1a-u, ba.t to Dr. Bl'v.ton's surprise he had 110 detectab1e g ... a g1obalia. 

This, in oonjunctÜtn vith bis fa:llure to Blake antibod1es 111 response to 1"",niz ... 

tions, praapted. the eue report; aIld was the begtnning of intensi'Ye studies in 

seyeral 1aboratories into the disol'ders 1Ihich came to be Jœown as ag_aglobul

inaa:1:.. 

It is of interest tbat fraa 1952 UJltU the presmt lIOat lIOrkers 

baye considerecl the Bmton type of ag8l8&globlllinma ta represent a s~1iDlced 

congerdt.al daf'ect with iDheritace si1lilar to that of haaopbilia. The reason 

t'or thisis tbat nearly all of the early subsequent cases wh1ch wera disooyered, 

did haye sex.-lirlked inherit&nce. Bowever, in retl'Osp8ct am on rerl.ew of the 

original tindings, there are a mDlbe:- of' tacts which wera c:l1tterent about the 

orig1Dal patiant fl'01ll the more classical. patients vith sax-l1l'lkecl &g8llll&g10bl1l.

inElllia. Bmton' s or1g1na1 patient had large tonsUs lIhich vere reIIOved. Be 

d1d. not haye dittica.lty vith infection mtil h. vas tour yeara of age ancl h. 

had no f'~ bisto17 ot troubles vith :infection. A particularly 1nteresting 

point about lrla 18 that his .,thar said he w.a nomal. ia al.l respects until 

he had a S8l'er& case ot Nd .easl.es at tour years of &ge, tl"Clll wh1ch Ulla he 

began to bave frequmt inf'ectÜtns (Bmton, 1968). In th. light of œrrct 

knowledge, as S12IIII&rized. in a recent book (Berg_a, 1968), it is highly likely 

tbat this boy actually had acquired A«amaglobulinallia sinee in th1s tom more 

traquently there is a delayad onset of' s,mptœs, the tonsUs becoJle ealarged, thert 

18 DO f'udly histo17 of seyere 1D:f'ectÜtns, and there may he an ons et following 
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viral infections. Since 1952 an impressive variety of 1iPes of ~agamma.

globulinarda have been described. It has been the custom of Many investigators 

to label a condition agaumag10bulinarda if there is 1ess than 100 md of tota1 

gamma g10bulln in the serum and hypoagammag10bulinemia if there is between 

100 and 400 md .. 

The production of gamma globulin 15 associa ted. vi th the plasma cell 

Une of mononuclear cells in the body, and. patients vith congenita1 agllllllll&

globulinarla have an absence or marked reduction of plasma cells al.ong vith 

an inability to make specific antibodies. They May or May not have other dis

orders of the iJœmne response such as impaired gratt rejeotion and del.qed 

hypersensitivity reactions. !he severity of the disorders SeaJlS to depend on 

the nature of the stem cell.wh1ch 1s detectiTe. 

(b) Reticular dysgenesia. With inwlvSllent of the mst primitive 

cell type 50 far described it appears that a sten cell involving aU white 

c_ells is deticient or defective. Almost no po1ymorphonuclear leucocytes, 

lymphocytes, or_"p1asma cells were found. in the body in the di50rder as it was 

described in two twills of a single family by de Vaal (1959). The chHdren had 

no lymph nodes, 'tonsils, or Peyer's patches in the intesti.nal. tract at post 

!DOrtan examination, and only a very qpoplastic rudlmentary thymus. Both 

chl1clren died tdthin eight days of birth. The disorder was tem.ed reticular 

dysgenesia vith congenital aleukia. 

(c) Smss-type ag!!l!l1Slobulintaia. The next Most severe kind of 

~g8lllll&g1obulinada is that now gener~ recognized as the Swiss-type. 'lhis 

vas originally described by Glanzm&nn and. Riniker (1950) and. later by Hitzig 
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et al. (1958). The def'ect is due ta involvaaent of a ~boid stem cell which 

appears te be not qu1te so prllilitive as that m'VOlved in reticular dysgenesia. 

These patients do net have plasma cells or circul.ating ant:ibody and are def'ici

ent in lymphocytes as well as having a marked. def'ic1ency or absence of' all 

immunoglobulins. Polymorphonuclear leucocytes, however, are usually nomal.. 

These patients are unable te develop delqed ~rsensitivity or to reject 

homograf'ts which in all likel.ihood is re1ated to their lymphocyte deticiency 

and te their rudimen'tary thymuses. 

(d) Classical sex-linked agammaglobulinElllia seems te involve a less 

primitive cell type af'f'ecting only the plasma cell series. '!he lymphocyte, 

polymorphonuclear leucocyte population and the 't:byJms usually are quite nomal. 

These subjects do not have an absence of' delayed sensitivity and they are able 

te reject gratta although graf't rejection in some may be somewhat slow (Good 

et al, 1968). 'Ibis immuno1ogic disorder as well as tbose ot a more prof'ound 

nature have a marked. depletion or absence ot the four major immunog1om1ins in 

most instances. 'lhis includes YD which supports the valldity of' including YD 

in the classification of' immtmoglobulins even tbough its l'Ole as an antibody 

bas not been clarif'ied. up ta the present. 

(e) Additional variants. '!here are additional variants ot hypo- and 

agammaglobulinarda. Some instances of' congenital. agamuglobulinemia are not 

sex-linked (Good, 1968). In other subjects, marked immnnoglobulin def'iciency 

is clearly acquired and it DOW appears tllat tbis mq follow viral infections 

snch as rubella or measles, and. perhaps others (Good, 1968). Disorders of' 

~c function and de1ayed hyperseasitivity have bec described. without 
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inwlvement of the :immunoglobulins (DiGeorge, 1968, Nezel.of et al, 1964). In 

one syndrome vi th t.bymic dysplasia and immunologie inccapetence but nomal. 

immunoglobulin levels there are absent or very primi ti va para tbroid glands; 

these glands arise trom the same branchial cleft as the ~s duriDg embroy

genesis (DiGeorge, 1968). Milder f'oms of' a Swiss-like .. ~ammaglobulinemia have 

also been described, some of' which are sex-linked. and some note One large 

ca tegory is the secondary hypogamaglobulinElllias which includes diseases assoc

iated vith excessive loss of immunoglobulins (nephrosis, protein-losing entero

pathy, draining fistulae, etc.) and diseases which interfere vith nomal 1Dmuno

globulin synthesis such as 1eukemia, multiple myelO111a, etc. 1he number of' 

possible variations of congenital and acquired. immunologie deticiencies seems 

to be almost limitJ.ess and in the future it is 1ikely that these disorders will 

be grouped into rather broad. categories belpf'ul in undersbnding their basic 

patbophysiology. 

7. Drsg8llllll'flobulinaDias 

1he te:rm dysgaDlllag10bulinemia bas been used to describe two ditferent 

kinds of disorders. In the tirst, immunog10bulins are present in nomal or 

increased quantities, but are non-functional in the sense that it i8 diff'icu1t 

to induce antibodies te a particular antigen or microorganislll, and there is 

decreased resistance to certain infections (Giedion and Sche1degger, 1957). 

'!bere are pl'Obably Many variations of' this kind of def'ect, one of' which appears 

to occur in subjects vith meas1es who develop giant cell pneumonia (ntus et al, 

1959), and. another in patients who devel.op progressive vaccinia but who have 

nomal :immunog10bulin levels (Xaape, 1968). '!he latter subjects are helped 

markedly by the administration of' specifie anti-vaccinial gamma globùin. A 
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more common use ot the term, dysgammag1obulinemia, however, applies to 

conditions in which one or two ot the immunoglobJ.lin classes are absent or 

markedly djminishecl while the others are in nomal concentration or even 

increased. Such detects have been summarized by Hobbs (1968) and untor'bma tely 

have been given dif'f'erent designations by various authors in the literature. 

It wuld appear to tbis writer that the most satistactory solution wuld be te 

designate each disorder by the manitest immunog1obulin detects and DOt to use 

numbers such as dysgaDlllaglobulinemia type m or IV, etc., since 'there are 

confiicting numerical designations which aIready are Pl'Oving to be coniUsing. 

'!hus, a subject who bas an absence ot YA might bast be recognized as "Dys

gaDlllaglobulinElllia with an lsolated Absence ot YA", or a subject wi'th what is 

usually ca11ecl type l dysga:mmaglobulinarda (Rasen aM Bougas, 1961) could more 

easily be understood if oalled "Dysg8l1ll1&g1obulinemia with deticient YA and YG 

but with nomal 1eve1s ot YM". 

8. !lJmunoglobulin Paraproteins 

(a) General. It is 1mportant to detine what is commonly meant by 

paraproteinElllias that in'V01ve hmnmoglobulins and to indicate the importance 

ot this group ot disorders in the developnent ot knowledge about antibodies 

and immunoglobulins. Certain diseases, particularly multiple mye10ma but also 

Waldenstrom 's macrog1obulinarda, lymphomas, and a tew miscellaneous disorders 

may be associated with the production ot extrEme1y large amounts ot hcmogeneous 

or "monoclonal" imnnlDOglobulins. In a given patient the appearance ot a mono

clonal or "M" peak represents the proliferation to an excessive degree or cells 

producing a particu1ar kind or immunoglobulin. '!hese immunog1obulins have most, 



if not all, pbysico-chanical characteri.stics of antibod1es except that they 

represent a much more homogenous group of moleoules than do the usual an~ 

body populations. Paraproteins, for aDDIPle, usually consist of a popula

tion of a single type of immunoglobulin molecule an w1 th the saille ldnd of 

heavy chain and. the same kind of light chain, vith 1dentical genetic markers, 

and. belong1ng to the saille iDlnunoglobulin subclass. '!he very high serum leve1s 

of tbese proteins makes tban rel.atively easy to isolate from other prote1ns 

and permits their chem1cal s'tudy in a manner which would othenrise be impossible. 

(b) Properties of monoclonal :1mmunoglobulln paraprote1ns. Mono

clonal paraproteins contrast sharply vith the spectrum of immunoglobulln of 

a givan class found in a given nomal serum. Monoclonal jmmnnoglobu11ns tend 

to migrate as a single dense band on electl'Ophores1s because the molecules 

have an 1dentical amino acid cœpos1 tion and a sim11 ar electric charge. Nor-

mal haunoglobulins on the other band, have a vide range of e1.ectrical charge 

and may migrate in much of the region be'twean the C&2 and a globulins and. the 

slowest gamma globulins. Antibodies to a g1ven antigen tend to migrate in a 

somewhat more bomogenous manner wh1ch bears some re1ationship to the molecular 

charge 8lld conformation of the antigen which induced 1ts formation (Sala, 1968). 

Since Many antigens are involved in the induction of the antibod1es that ccmprise 

the nomal gamma globul1n population 1 t 1s perhaps easy to SM wq the el.ectric 

charge and. electl'Ophoretic migra tio:'l varies from molecule to molecule. It bas 

also become apparent that 1t 1s very dif'1"1cult to isolate prec1se1y sim1l.ar 

specifie antibodies from two different individuals because the individuals 

produce antibodies of slightly ditferent specifici ty and av1d1 ty in response 
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te the same antigenie st1zmlus. It 1s s1m1larly tme that DO tllO m.yelcaa 

protebls fl'Cllll dif'terent 1Di1v1duals are ident1eal, each appeari!!g to 

represent the prodnot of a specifie elo!1e of oells and haTiJ2g 1 te ovn 

unique amillo ac1d sequence and. 1II01eC\Üar charge. It 18 the virtuaJ. 

bcaogane1ty' in lIIOleetüar CClllpos1t1on, col'l1'omation, and. fu!1etlonal act1v1ty 

(if' &Dy') of a giTan monoclonal paraPl"Ote1!t and 1ts ease of separation 

that di.stUgu1shes 1 t and lIlakes 1 t parl1eularly Taluab1e to the reseal"Ch 

zrkar. 

(c) Parapl'Otems and class1t1cations of Dammog1obùiDs. It 1s 

possible to prepare antisera to specifie Ç'tÙODla proteine and thereby' to 

stuq-the iBmmologic relatioDships of ODe to tbe other (101''!lgOld and 

Lipari, 1956; Slater et al, 1955). Over the last th1rtee1l or tourteen 

years OOlÇ&Z'&t1ve Ulalyses ot etigen1e relatio!lSh1ps ot lIIm7 ç-elcaa 

prote1ns haTe estab1ished what ia 'no. regal"dad as fiTe _jor ia1moglobll.1n 

classes, each he1Jlg represented. by a distinct1Te heavy ohaift mi ha'rlDg 

J.ipt ch.ine shared by the other classes (D1ll. lbrld Bealth Org., 1964; 

I:oid. ~ 1968). !here are t'ID major subclass88 ot 1ight chaifts, kappa 

am. lambda, each ct which cm cœbÙle vith ~ of the tiTe heny chains, 

T, A, p.., 0 or e: • ID addition, enzym,aticall,. pl"OChlced submdts baTe 

bee!1 prodaced and studied in detail am a unitom classitioatlon prepal'8d 

(Table IV). 



tABLE IV 

Naaumc1ature ot I:IaIuJIoglobalins 

Sabstana.e 

IDmanog10bulin 

Polypeptide cb.1!1s 

Beny chain of YG 
Il Il Il YA 
Il .. Il rH 
Il Il Il YD 

Il "" YE 

Light chains (COlIDIOn to 
all bumnoglobulins) 

Papain fr&glllents 

Peptic frapets 

Mo1eealar f01"lllll.ae YG 
Il .. YA 
.. Il lX 
.. Il YD 
Il Il YE 

Curent. 
bencla'ture 

lG, IgG 
lA, IgA 
YH, IgK 
ro, Igl) 
YB, IgE 

heavy chain 
1ight chain 

1 (Yl, 12, l', Y4) 
Il (cü., a2) 
)! (J1l, )12) 
o 
E 

kappa, or k 
1nbda, or À 

Fab 
Fc 
Fd 

F(ab)2 
Fab 

Prerious .. 
W.enclat1lre 

?:l. 

Y2, YSS, 7SY, 6.6sr 
Y1A,82A 
Y111, SaM, 19SY 

YE globalln, IgND 

H, A 
L, B 

12b, 12&, Y2c, Y2d 

l, B 
II, A 

l, n, A, C, S 
In, B, F 
A piece 

58 dtyalent fragment 
umTalent fragment 

ldapted f1'OJll Cohen am K1lstein (1967) am ban et al (1968). 

* T = transport piace associated. vith secreto1"7 YA. 
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In add1 i:.ioil to tbis, aU normal sera contain a varlety of ~globulin sub

groups. Perhaps the best studied. of tbese are the subgroups of YG globuline 

They are most eas111' illustrated. in tabular fom (Table V). 

TABLE V 

Subgroups of human YG* 

<llrrent Previous ~ of ~ vith ~ vith 
name name total. YG k"ehains 4 ehains 

n Y2b, We, C 77 54.5 22.5 

Y2 Y2a, Ne 11 5.8 5.2 

Yj Y2e, Vi, Z 9 4.7 4.2 

Y4 Y~, Ge :3 2.6 0.5 

-
100 67.6 )2.4 

* Adapted. from Cohen and Milstein (1967) and Tomasi et al (1968). 

'!hese subgl"OUpS vere diseoverecl through studies on myeloma proteins and have 

been found to have definite relations to the Qn genetie types (see section on 

11!1D!'1Jl101ogy of jJllD"llnog1obulins). Sube1asses of YA have been reported by Kunke1 

and Prendergast (1966), Feinstein and FrankJjn (1966), Vaeman and Herauns 

(1966) am. Terry and Robert (1966). '!he subgl"Oups of the first tbree of these 

reports are identical. Subgl"Oups of YM and of 4 hmmnoglobulin chains have also 

been deseribed, and undoubtedly addi tional subgroups ldll be found. 



Certain ganet1c amers are tœnd in association 1I1th specit1c 

DImnoglobulin classes and. subëlasses. For cample, the lm' g8llet1c factor 

18 assoc1ated o!Ù1' with kappa type light chains &l'lIi the GIll tacto:rs are 

assoc1ated. only 1r1t1rgamma type hea:vy cbains. This v1ll be disœssed. in 

JIlora detaU in the section on the 1ImDnology ot imamJ1oglob1l.ins. 

(d) Am1no acid sequence studies. WLthin the put tllO 1'8&:rs a 

mmber ot 1IlOnoclonal light chains, or Bence-Jones prote1ns, hl;ye been studied 

in sutticient chElllical detail to enable a compar1son or thei.r ..mo ac1d 

sequences (Pa.tn8lll et al, 1967). These studies have d8lOnstrated the presence 

ot what bas bean t8med constant and variable portions ot each light chain. 

In other words, al1 À light cha1.Jls are ver,y s1ll1lar or id8lltical in the amino 

acid sequence ot appl"OXimataly bal.t ot the molecale, wh1ch happe1'JS to be the 

cal'boxy-teDlinal halt. The other halt ot the moleœ1e urles considerably 

tl'Clll one Bence-Jones protein to eother. The sae 1s tl"lle ot kappa Bence

Jones proteiJls, which are s1la1lar to one another in halt the .,leeale. A 

preoisely analogous situation 1s be1ng tound vith respect to the am1œ acid 

sequences ot ilBmog10balin heavy chains al tbough the heay cha1ns are 

approx1lllately tnce as loJ!g as l1ght. cha1ns &l'Jd sa. to have t1:aree areas ot 

hOIlo1ogy, one iJl _ch of the three quarte!'-moleeale sepumts ot the c-t.emiMl 

8I'Id (Bill et al, 196&, PD.tn_, 1969; ltielJun, 1969). '!Ims 1t u.y becse 

apparent dter turther studies ot heavy chain sequences have been coapleted, 

that the usual 111D11M globulin molecule 1s COIlposed of tm heay m:l tllD 11ght 

cha1ns, each 11ght chain am hea~ chain conta1n1ng a so-called constant 

segaant which 1s cœmao!1 to an polypeptide chaiJls ot that part1ea1ar class 



or aubelass, and a variable reglon in tAe N-teminaI. part of the ohain. 

The var1ab1e region involves the area of the moleeale responsible for 

i ts 81'ltigen-b1nd111g speeificity'. 

TheN also appears to be sigrdf'icant hcmology bemen the 

const81'lt portion of the light chain, each halt of the Fe fraga_t and 

the o-tem1nal half of the Fd fragment, suggesting an ancestral 111!k 

between these areas (Fig. 2) and 1Micatil'g that they Ilay bave originated 

fl'Clll a camBOll gene (HUl et al, 1966; Flltnllll at al, 1967). In addition 
.. 

it 18 lmown that the COOB-teBd.na1 elXis of rabbit, lmaan am horse 

y chains aN l'lear1y 1d8l'lti.cal. in their final 11 res:1d.ues wherau the 

c-tembal 8l'lds of CI and Y claaina fm. tD.e sam. or unre1ated specie. d1tfer~ 

markedly (TcIlasi et al, 1968). 'n11s suggests that 81'l mportant taIlctional 

difteN!1ce bet_en YG and YA ~globalins has been preserved tbrouglloat 

evolution. 

(e) Disc:a.ssion. Ware it !'lot for the occ:a.rrence of paraprotebs 

&1Jd methods to 8~ th_,1œo1llec!ge concernil1g the i,..,m1ogic relationsldps 

DOng iIImImoglobul.1ns, the1r subgl'Dups am. their su.buits 1I01Ü.d he _ch less 

sec:a.1'8. DetaUed chmoal mi st1"l1ctu1'&l A1'1&l.yses WJUld ba mz-ely d1ff1cult 

and otte1:apGsslbl.e. .en 1UJl7 theoriu of iwnm globul.1Jl tanct10Jl deptmd on 

stadies of par&pl'OteiDs. For euapla, one c:a.rrent theo1')" states tut the 

functlo!'l of the constant regions of ~g1.obal1n 1I01eeü.. 18 tG pmYide 

stab1lity' te the variable %'8g1on and &Il advantag __ ~ccmt1g11ration ta the 

JIOl8C\Ü.e at the s.e ttae enhanc~ th. JllU.tual affin1tyof heavy am ligllt 

chains am the accessibility of ant1bod;r CCIIlbi.n1.ftg sites (ktn., 1969). 

The functional advantage of the variable 
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portion of the jmmunoglobu1in MOlecule in an likelibood relates to the 

uniqu.e antigen-b1nding specitici ty of iDmnmoglo bulin molecules and the wide 

variety of antigenic determinants wi th which diff'erent antibodies must be 

capable of reacting. Probab13 variable regions pemi t complEmentary confom

ation to antigenic detenninants (Pu. tnam et al, 1967). It is like1y that 

tram sequence analyses of the heavy as well as light chains of a suff'icient 

number of myeloma pl'Oteins inc1uding tbose with antibody activity, it will 

be possible to learn what mnino acid sequences are responsible for specific 

binding of antigen. Also studies of the Fc part of the heavy chain sbould 

indicate the structural confonnity needed for homocytQ'tropic skin attachment 

such as occurs wi th human ~ YI antibodies in Prausni tz-Kustner reactions and 

tor heterocytotl'Opic activity such as occurs with lmman TG in guinea pig 

passive cutaneous anaphylaxis (PCA) reactions. It will also be ot consider

able interest to learn what sequences in Fc tragœent are concerned. with class

specific antigenic detezminants, for complEment fixation and tor the placental 

transmission of TG. All ot these sean wi thin the realm. of understanding. 

9. '!he Bele of Jwmnmglobulins in Hypersensitivitr 

(a) General. Since there is considerable evidence tbat :imDnmo

globo.lins are intimately in'VOlved. in ~ersensitivity and since evidence was 

accrueci during the course ot the current investigations to suggest that YD 

mq at times be associated with antibody activity in ~ersensitive subjects, 

the history of the concept of allergy and. secondly the l'Ole of :lmmunoglobul.ins 

will be reviewed brief'ly. 



(b) '!he concept of allem and atopy. 'lhat allergic disorders 

have been present on the earth for Dl8llY centuries seGS qui te certain. It 

bas been reported, for enmp1e, that several centuries B. C. the Greeks 

described symptoms resGbling astbma. (Fe1nberg, 1944). Another early des

cription of astbma in which a primitive fom of treatment 18 found 1s in the 

!bers Papyrus (Sobhy, 1934). The trans1ent, recurrent, and seasonal occur

rence of astbma appears to have been f'irst c1early reported by Helmont in 

1607. In 1698 F.loyer observed that astbmatic attacks could be prec1p1tated 

by cJJ.mate or by dietary indiscretions, and excellent deta1led cl.inical 

descriptions and observations on astbma were recorded in 1859 in a book on 

astlDa (Sal. ter, 1859). 

The first description of hq fever was made by Botallus in 1565 

where1n symptoms vere described as resulting f'rom the jnhalation of the oder 

of roses. The epon;9D1 "rose fever" which 18 synonymous wi th hq fever had 1 ta 

origin here. About a century later another autbor, Mather, rEIIlarked on the 

ill etfects of inhaled substances in bis book called ~kab1e Providence". 

In part, he described. it tbis wayz "Some men also have strange antipathies 

in the1r natures against that sort of food which others love and live upon. 

l have read of one that could not endure to eat either bread or flesh of 

aDOther animal. who fell into a swooning fit at the smell of a rose. There 

are some who if a cat accidentally cae into the room, tbough they neither 

see it or are told of 1t, will presently be in a sweat and ready to die away." 

In 1828, Bostock presented a very detailed. description of bis own 

~toms and proposed. the term hq fever for the first time. In 1873, 

mackl.ey wrote an even more detaUed description of hay fever and of cperimenta 



relating to it. Be d8lOnstrated tbat hq taver in bis 01ll'1 instance wu due 

to the pollens ot gr&8S am. that he oould artit1cia"7 reproduce theae çç

toms by the nasal inhalation ot grus pollen during the -S8UOn when he was 

not having symptals. Be 1f&S the t1rst person to do a scratch skin test with 

pollen, pl"Oducing a severe local reaction on himselt b7 the procedure. Be 

also pert01'lled pollen counts and showed a clo.e correlat1on ot bis QDlPtoIU 

w1 th outdoor poUe comts. Be vas the tirst to deonstrate a causal eftect 

f1"CIIIl the inhal ation ot mould spores in upper respb&to1'7 tract alle1"87. 'lbere 

vere lew advances ot major signit1cance in the understand1ng ot hq tfrfllr 

trom mackl.q·s t.1me unt.1.l the past tn years. w"un, however, in 1872 pub-

1ished a book "Aubmnal Catarrh- (hay tever) in wh1ch he daDOnstrated. that 

ragweed pollm _s an important cause ot autumn hq teve. Bis nnd:Jngs have 

since bec contbmed b7 JIWJT invest1gators. It is ot note that the anUges 

ot ragned and the antibodies vhich th.,. iDduce in allergie subjects have 

bec "1'7 içortant in modem s'bldies ot alle1"87 and in the ro1e plqed b7 

1pnnmglobalins (Sehon et al, 1955; Yagi et al, 196,; Goodtriend, Perelautter 

aM Bose, 1965; Osl .. , Lichtenstein ADd Lev, 1968; Ishizaka and Ishi zab, 

1968; and ~ others). 

\bn Pirquet had introduced the te1'Il "alle1"87- in 1906 to iDclica'te 

an al tered or almo1'lUl. response to toreign substances and he included in this 

an increased sensi ti vit,. to tubercul.in on wh1ch he reporteci. 'lbe te1'Il was 

subseqll8l1tq used by JIl&IQ" vosers in descr1bing cl1tterct t01'U ot lqpersens

itivity' inc1uding hq tever and utbu. In 192', Coca and Cooke intzooduced 

the appell.at1on -atow- to distiDguish trOll other bJpersensitivities the group 

of disorders exemplit1ed by astbu &rJd bq tever vbich depended on an 
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hereditary predisposition more than on lUIlsual mt.1.gen1c exposve. Th •• 

disorders vere characterized b;y :bmled1.te urt1earial. reaetions in the skin 

on aposure to ant1gen, aM. vere considered by' Coca to be as80c1ated mth 

positive dezmal passive transte reaet10ns or Praum1tB-XustDer reaotiol'ls. 

(e) Anaphy1axis - earb bistol'l. Al though the QIlPtoJu wh1ch could 

resul.t f1"OIlinjeetion ot tore1gn proteins h~ b~:l üôteci earl1.er, the t1rst 

g-~ experlmental lIOrk on 1Ihat i8 DOV called anaph7lu1s 11&8 reported b;y 

Hagendie in 1839. Be mted tbat dogs injected repeate..~ mth egg albœ1n 

o:tten d1ed sudd8lÜy' atter an injection. In 1902 Portier aDd. Richet named the 

sudden death 1Ihich tollowed second inoculations ot eel Serulll .1nto ani"" S (dogs) 

·anap~lax1s·. In 1907 otto dtm)nstrated that anaplvla:ds depeded on s..,. 

an~ by producing the syDdroae in gainea pigs wh1ch bad bec passiveq 

transfUsed. w1 th sel"Ulll t1'œl aDOther scsi t1zed ani.,'. S"mi' ,r fi Mi ngs in 

UIJ7 ditterent .,,1"als vere 8001'1 reported by' a maber ot lIOrkers. At about 

the s •• tiae it vu sbo1lD by otto and. iDdepeDdent.l.7 by Bearedka and. Ste1nb,rt 

(1907) that a sensi t1zed an
'
"'' could be JUde retraetory to anapbl'laxis or de

sensit1zed by giv1ng repeated .111 injections ot the mUgen. 

(d) ~tbus phfllDCBeDOn. Arthus reported in 190' that repeated ab

œtaneous injections ot bone Sel'Qll into rabbi te at several dq interval8 gaTe 

rise to ed __ , sterile abscesses, h8llOrrbage aDd necrosis at the site ot 1no~ 

t1on. This phenoaenon bec_e apparent 4 - 24 houn attel" the inject10n and. bas 

sine. been temed the Arthus pheDDlltllDn. It bas lION recent.l.7 been thought to 

be assoeiated 1t1th 1Ja1moglobulins ot the YG w.r1.ty. 



(e) Serœa dclcness. '!he name Serml sic1œess vas appl1ed to t9IIP

toms which 'VOn Pirquet and Schick (1905) described in cM' dren 5 to 10 days 

atter therap_tic injeotions of diphtheria anti-toxin in the fom of horse 

seraa. MaD;y s'bldies into the nature of serma sielcness have subsequm'toq bec 

reported and it is DOW b.u.e~ that JIIOst of the manitest&tions are due to 

antigen-anti'bodJ' OOIIIplens. '!he pathogenesis bas been 'Ver'1' we1l su..ar1sed. 

by Dimn et al (1959). '!he add1 tiond '1lIIpor'tanee of reag1n1c antibod1es in 

S8l"alll sickness as vell as a close correlation betwe.l h-agg1ut1nating ti 1:ers 

to horse SC"1DIl antigens aDd the appearance of c11n1ca1 QIlPtoJU bas beeD re

ported.. '!he ev1dence for th1s bas been SUIIIIII&ri~ed by .lrbesman (1965). 

(f) '!he concept of reaginic antibody. In 1919. Bm1rez transtused 

blood frœa a horse-sensiti" indiviclual into a subject suffer1ng floœl pern1o

ious anem1a. 'lbe ree1pient developed QllP1:au of astàu. when he vas n4!DCt ex

posecl to horses. whereas he had previousq DOt had &'q c:l1ft1C1Üt.r f'roa such 

uposure. 'lh1s suggestecl that passive transfer of allergie sensitidty with 

serœ wu possible. In 1921, Prausn1t~ mi Xustzler sbowed that injection of 

SC'QIIl from a subject allergie to fuh into the s1d.n of a hea1t.bJ' !JOn-allergic 

iDdiv1dual could resul.t in passive sensithation of the sld.n ml that a local. 

1ntl.amutory reaction woul.d de'nlop in the sld.n site when the recipient ate 

tish or when .tracts of tish were injected into the si te. Coca introdueecl 

the tem "reagin- in 1923 to deseribe this sldn-sellsitizing factor in Serail 

and the tem has persistecl to the pres8llt t:ime. 

(g) '!he ch.a1ca1 na'b1re of reaginic antibociy. Scherrer in 1930 de

IIOnstrated. that reag1n1c an~es _re present in the pseado-globulin rather 
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than the eng10bulin traction ot patients' serum. 'lbese antibod1es vere COD

cen'trated in traction m by the Cobn etlwlo1 tr&ctioution pl'Ocedure 1M1cat

iDg tbat they are ditterent .f'rom the bulle ot the g8lllU global.1ns, be1Dg .ore 

s1m1lar to certain e globul1ns 1n tb1s regardt(Va,~_~:4Jt àl';U952). On zone 

electropboresis reagin1c activity S8 toUDd 1argely in the e and n globulin 

region by Sebon et al. (1955) and byCanu and Lovelace (1951). Pract.1.onatlon 

ot reag1n1c serœa on DlAl-cel.lulose co11.11ms revealed that the earl1est peak 

conta1niDg largely TG globu1in usually 1acks reag1n1c activ1 V (BnphreT; and 

Porter, 19S1). 'lhese tlD:lings W8l'8 confirmed by' StamIorth (1959) ed. tMs 

bas since been the eatper1ence wi'th ~ 1IOrkers. Upon sed1lllentation in the 

ultracent1'1f'ugal tield activ1ty -.s tound te res1de scaewhere betwm the 7S 

g8llll& globullna and the 19S traction. An average sed1aen'tation coeft1cient ot 

appl'Oximately' 7.8S wu recorded by' ADdC"80n mi Vamder (1964). '!hese tind1n gs 

suggested that reag1ns d1ttered trœa TG aM 'YH in p~s1co-chea1cal p1"Opert:1es 

but d1d DOt separate th. out tl'aIl a th1rd major 1Bmmoglobal.1n, TA, 11b1oh bas 

1IlaDY character1stics in CCIID)n 111 th reag1n. F1rauD et al (196,) and Vae1'UD 

et al (1964) both presented e'ridcce suggesti.Dg that reagin JII&y be assoc1ated 

vith TA globa.lin and Isb1zaka et al (196,) suggested tbat a TA globallD traction 

ot S81"\1lll 'tmt DOt TG ft l'H tractions wll1 block passive sensit1u.tiDn by lmun 

reag1ns. '!he tirst important ev1dence aga1nst the concept ot reag1na be1ong

hg to the TA clus ot antibod1es vas presented by' IDve1ace (1964) who descr1b

ed the preSeDCe ot reagin in a subject vith DO detec'tab1e TA global'in. IBh1zaka 

et al (1962) hm predously shom tbat TA gloœ11as are IlOt necessarll,y 8k1n 

sel1sit1zing. Ragweed. b1Dd1n,g ant1bod.1es vere toUDd to be pr __ t 1n TA, l'H 
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finding, however, constituted no pt'OOt tor an association of reagin vith 

any hmmnoglobulin class. 

Ishizaka and Ish:1zaka (1966) and Goodtriand et al (1966) independ

enU)" deduced that reagin must be10ng to an immnnoglobulin class c:lif'terent 

fl'Olll YA, YG. YH or YD. These conclusions vere largely' based on the behavior 

of reaginic antibod1es on DEAE ion-exchange am Sephadex co11Dllns since the 

presence of reagin in eluates d:1d IlOt parallel. that of artS of the tour major 

hmmnoglobulins. S'mU sr conclusions vere also suggested by the stud1ea ot 

Rei_an et al (1965) who showed that the presence of' YA an~ did not 

correlate vith the sldn sensi tizing activi ty ot reaginic serua. Ishizaka 

et al (1966) then reported a close correlation between reagin aDd a new 

imlmmoglobulin class 1Ih1ch vas ca1led YE globuline Subsequent lIOrk by 

Ishizaka and. by Johansson and CO-lIOrkers (s .. section. C 9 j) bas contimed 

and strengthened the vin that a separate iDDmnoglobulin c1ass is associated 

vith IlOSt ot the reaginic activity in hume se1"Wll. 

(h) Studies of an !-&el.œaa proteine The t1ndi ng of a subject 

vith ~l.olIa by the Swedish lIOl'kers Johansson aDd Bezmich (1967 8Dd 1968) 

has permitted studies which al.so have re1ntorced the vi .. that reaginic 

antibodies are associated vith a tif th :ba.unoglobulin class, YB. Johansson 

(1968) d...,nBtrated that there are e1evated leveIs of YB or as he or1gin~ 

called it. IgND, in subjects vith extr.1nsic astbma but that levels are 

no mal. in subjects vith intrinsic astbaa (inciting allergens not recognizable 

and fn if artS positive skin tests). El89'ated level.s ot YE vere found IlOt 

only in cases of astbu and hq fever but also in cases of W1skott-Aldrich 
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syndl"œle, a'topio eoz.u &Dd in sa.bjects vith parasitio d1aeases (JohaDSson, 

1968). Johmsson and CO-lIOrkers also ind10atecl that patienta vith Jl\Ùtip1.e 

allergies have higher 1 ... 8115 01: lE than patients in 1IhCII o~ single anergCls 

provoke S)'Ilptoas (Wide, Bennioh and Johanason, 1967). It vas 01: interest 

that el.89'ated 1eve1a ot YE 1181'8 1:oUDd in three subjecta vith absent lA but 

vith obvious atopic allergy. 

The suggestion bas been made by Johansson (1968) that YB antibociy 

to sp801t1c allergens 1UJ' constitute the major part of the YE JIOiety since 

a sign1tioant aount ot YE could be r.oved by' absorption with singl. 

inso1ublliHd allergans. Also a Ve17 h1gh correlation vas tœDà. bat_en 

the ae1'Ulll 1ev81 ot YB antibodies to specifie allergms aDd provocation tests 

using the anergens to indnc. symptcas in the s.. patient (il1de et al, 1967). 

Fu.rth.mo1'8, it _15 possible to 1nh1bit sk1n tixation c4 reaginic antibodiea 

with an &.Ir,yeJ.oma protein (st&mlOrUl .t al, 1967). Leve1s ot IgE do DOt 

appear to be e1 ... ated in chronio or S".N intactiona in contrast to the 

1 ... e1s 01: YG, A, If and D 1Ih1oh otten are. 

All ot the aboY. t'ncHnge stl'Ongly iDd1cate the mportance of the 

YE class c4 antibocl1es in th. gl'OUp ot d1aol'ders lIhich constitute atopic 

allergy. It should b. DOted that near~ an descriptions ot ~elaIIla 

bave belll disCl188ed under the tem IgRD or a;yel O'Ia-Im rather tban IgE or YE; 

it i8 only upon recent 1'8calllleDdations (Ball. lOrld Heal.th Org., 1968) that 

the tinal duignation YB has b.c given to this l17eloma protein sinee it 

haa DOW been conc1usiveq shown that the heavy chain ct ~a protein RD 

is antigenically identioal vith that ot ths heavy chain ot the YB discoyered 

by lshizaka. As Ishizaka has pointed out, the pos8ibility still mats tbat 
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perhaps Dlmnoglobulina other than YB 'IIIlI.Y at tiaes possess reagin1c activ1 ty. 

As yet, the1'8 bas been DO er1dence that a s:1xtb UDd1scov.red. 1--moglobul.1n 

class Il1ght b. present. which could dao contain l'8ag1n1c act1v1ty, although 

the poss1b111 ty has not been 1Uled out. 

(1) The relatlonship betWMl1 i,.""noglobul.1Ds am hnos8D81tization. 

As prev1oa.sly indicatecl, otto am others d.onstrated in 1907 that an ani_al. 

sens1t1zed ~or anaphylaxis coul.d be de-seDs1t1zecl by l'8peatecl SIIIÜ.l injections 

o~ the &ntigen. At about that tiae, th. suggestion _s made by lbltt-B1sner 

that 1mun ~rsens1t1v1ty in the tom ot hq tever vas probab~ ral.atecl to 

anaphy1axis in anlllals (1906). In 1910, Heltz.r suggested that astbu. vas 

also a phmomeDOn ot anaphylu1s and the ~01lov1rJg yeu, Hoon (1911) &Id. 

1re.an (1911) both report.ecl controlled exper1amts on active pollea 

' .... n1 zatton suggesting that de-sems1t1zat1on in lmIIlans to pollen antigcs 

wu a poss1bUity. Even prier to th1s t1a., O1rt18 (1900) 1'8portecl that he 

vas able to get a:cellmt resu1.ts in the treataent ot hay tfl'ler by oral 

.àninistratiDn ot an a:tract tl'œ. tl.owers. These resul.ts, bo1l8V'er, w1'8 

apparantJ.y DOt vell docamented and were not taken ve1"1' s.r1oU8~ sinc. th.,. 

w1'8 DOt tested tor JII&IlY years. As 1s wll known, hJposcms1t1zat1on 18 now 

cons1dered by BiOst cl.1n1cal alle1'l1sts to b. helptul. therapy in JUDY toms 

ot atopy, part1eo.l.arly tbose rel.ated to inhaled alle1'lens. The etticacy ot 

hyposens1t1zatlon bas been ascr1bed to Sft'eral. mecban 1eu, the 1IOst logical 

ot 1Ih1ch 18 the pl'Odllctlon or tlb10c1d.ng- antjbodi •• , t1nt d.scribed by 

Cboke et al in 1935. SIlch ant.1bod1es are t.hicJadlt to caapete vith l'8agin 

or other luldiator-releasiDg '~nogloballns ~or s1t.8 on alle1'l8DS 1Ih1ch 
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cause syaptolllS. other authors have suggested that lvPos8l'lsitization 

may induee a deg1"8e ot ÛIIIIlmlogic to1eral'lee (Shaldcm, LoveU am 

Mathews, 1967) but if this ocours its mechaniSlll 1s poorly understood as 

i t relates to patients vith aneIV. 

(j) The st:hI:ul.ation ot ant1body rasponses by inguted or 

inhaled allergens. In orcier tor specifie antibodies or iBI1moglobulins to 

be·f()med am partieipate in the COJIIIIIOn toms ot atopic hype1'881lsitivity 

the antigen lIUst stiJml.ate antibody' toming ce Us e1ther directl:r or 

indil'8ctl:r. Bruner and Walser (1928) deaonstrated tbat sul.l aounts ot 

undigested proteins are 1'101'!IAJ.4r absorbed tl'Olll the gast1"OiDtest1nal traot. 

They d1d this b:r showing tbat the ingestion ot tish 1KnÜd cause local 

reactions in sldrt sites ot 98~ ot subjects sensitised b:r local injection 

ot fish reagin f1'Oll a sensitive subjeet. B:r a reverse technique of' tirst 

feeding the ottend1Jlg food and theraatter injectiJIg reag1n at 1Jtte~als, 

Walser shoad tUt abSOrbad ant1gen reached its highest lnelin the 

c1reulat1on at one Utd. Olla-balt to t., hours atter 1J!gestioll of the food 

sinee at this t'1ae njected reagin 1IO\Üd el1cit a -n1IIal react1cm. 

Ci1"elÜating antigen raaained d-.ollstrable tor about 48 houa alter 

1.!2gestion as judged b:r this technique. 

libUe these studiu as ven as ~ others (e.g. Ascoli, 1902; 

CJooftoll, 1908; Schloss and lbrth8l'l, 1916; BalteYer am INz, 1925; Lippard 

et al, 19)6; GzusIca:r and Cooke, 1955) have sbown the absorptioll of' antigen1o

aUy active pl"Otein aoieties fre. the gastl"Ointest1!lal t1"&ct, th.,. do mt 

in th_salTeS proye the 1JIam1logenicity' ot absorbed P1"Ote1ns or peptides. 
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I!Igested tood prote1l'l CO\1ld, tOI' exaapl., st:imul.ate local ant1body 

proœct1on in the gastl'Omtesti!lal. tract ind.epende!l't.q ot qst-a,c 

absorpt10n. lrl arq evet, 1t is • CCBII)n cl1Bical cpel"181'lce to obse". 

instances ot markad sesitivity to tood proteirls when patieu DaTe ben 

axposed to thes8 toreign nbstances 01'Ùy through the gastl'Oirltest1nal 

tract. 

There 1. ...id81'lce to sqg6iit th~t etig81'ls JI&y 'be a'bsorbecl in 

sufticiel'lt degree artel' 1Malation te cause the appearece ot reag1ldc 

&1'ltibodies in the blood and te s_iUse the nbject (Fe1l1bel'K, 1939). 

Saltzberger ad Vauglm (19~) ci-.cmstrated the prodllct1on ot sk1l1 

sensitirtty tollow1.J'lg passi'V'e nasal applicatiol'l or sille antigen and 101m 

et al. d8llOnstrated the saille thing tollowing the application or ragveed 

pollel'l te the l'lOse (1930). III addition, there 1. abmdant .idece that 

1ngested toods can lead. to the prodllction ot ant1bod1e. to tood protein. 

(Ganther et al, 1962; Heiner et al, 1962; lbthberg and Fan, 1964). In 

s~ YD, therefore, one 1D1Ud do well te search 101' spec1t1c YD 

al'ltibocl1e. to food proteins 11'l sensiti'V'e subjects. This has he., done 

in the pnset st11c:\Y'. 

(k) Cell-aed1ated h.ypel'8ensitirlty. l1'l addition to the 

antibod;T-lIed.1ated. iBauDe response. cl1sCI1ssed above there i. a large 

literatuN conceming cell.aediated hypers81'lsitiTity ot the delqec! or 

tubereal.1n type. Se1"aJll mt1bodies are appa1"8ntly not iDolTecl ci1rectly 

sUtce pas siTe tanster is et'tectecl b;r cells or ceU COl'lstitue.ts 'bI1t l'lOt 
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by se~. 'l'his 811bject bas bH1'1 rev1ewd in detaU by others (c.wle, 

1962; Mackeess, 1968; moca and Chase, 1967; Uhr, 1968) and wlll mt 

be discussed here. lD1ftWer, if' cell-aecl1ated 1"8spol'18es involve s'tl'Gct1lru 

01'1 the suriace 0'E sull l,apboC7tes which are sbdlar to or 1detical with 

DaaI1l'1og10balirl aoleeales as auggested by a mœber 0'E 1arkers (Sell AIld 

A!of'sky', 1968; Mitch1son, 1967) the YD or a YD-like st1'\1oture ccnùd be 

indirectly' involved alo~ with other DImnoglohll.1Jls. &Be eridence 

11'l this regard has becm reported fl'Clll tbis laborato17 by?'He1l1er et al. 

(1968.) who found tut anUsera specifie to the heay cha1!1 of' YD causes 

blastog8l'1ic tresf'omati01'1 of' _shed hw;~ l.,~pbocytes suggest1ftg that 

YD-like str\1ctures do iMeed. exiat on the surtace of saall ~phoc:ytes 

as do receptors bearing the etig8J1ic deteminants of other iasMglo'balills 

(see cper1llental sectiO!1). 

10. I!g!l.aton; role of ant1bod,y 01'1 the iBlBme 1"8spollSe 

Ilt omer to more eœapletel.y llDderstand. the possible mech-I" 's 

of' action of YD another future of i:ammloglobulin aetirity should be 

mntioDed as a 1"aIlil'1der tut YD oould also oo1'1ceinbly be im'Olved 111 

such activ1ty. It has b88l'1 daaonstrated by a maber of' mrkers that 

mmnoglobl1l1ns are ilrvalvecl in the regulation of aJlt~ syzthesis, the 

evid.e1'1ce tor which has bee1'1 8UlB&r1zecl receU,. by Uhr and Moller (1968). 

In partioalar it has bee d-.o1'1stratecl tut passive administration ot 

spee1tic &l'1~ to an:ia&l.s irlhiDi ts the f'oraation of Dn antiboc:V' to 

the CO!'l'espond1ng antige. 1Jl a S81'1S8 this 1s a tom of 1JamnolUppression 



and it uy bave iaport&nt implications in regard to cancer Dmmology, 

autobummity,defects in the regulation of antibody' synthesis, ·iDiuct1on 

of 1Iummo1ogical to1erance, e~c. 

The coDlDlOn ilmIImoglobüin l'X)IDJlclature vas bnetly discmssed 

in the section 011 p&raproteins. .A!ltiger1ic differences reaponsib1e for 

the major heavy chai!l classes am subclasses are detemined by' separate 

gees and are ref'erred to as isotypic specifiai ties. A secom type of 

alltibod1' or Dmamoglobalin spec1t1ai ty bas bec called allo'typic Uld 

retera to &!ltigenic de'temi%1ants which are detem1n.ed by' allel1c g8l1es 

am hence are not pres et 1n alllll_bel'S of a g1ven spec1es. The lnY 

am GIll dete1!d.!lets are i!l tb1s catagory. A th1ld ld.M of Ult1g8!l1e 

specif1c1ty UIOllgat iImamoglob1al1ns 1s called. 1diotyp1e. This 1s fOUM 

in speeif1c 1so1ated. mt:1bod1es am in JII1'e1oma prote1fts am rerera to 

the fact that each of these has detemi!lUlts 1Ih1ch are c:lifterent f1"'Cll 

al! other atibocl:ies or a:valaaa proteins, aven of the same clus (Cohen 

al'ld H1l.ste1n, 1967; Perms, 1967). SIlch va1"iat.1ou in 1aImoglobüms 

al_ys appear to occmr on the rab frapet &Di Cal! be loealized either 

to the rd part of the heavy chain, to the 1ight chain or to detemiJwlta 

that requ1re both of these st1'llctures. OUd1n (1966) deser1bed idiot~:> 

spec1:t1eity 1ft 1so1ated. ant1bod1es. AIltisera deteet1J1g these spec1t1e1t1es 

!'Met oJÜ.y vith the &Ilt~ result1J!g fl'Oll mmnization vith a specifie 
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antigen and May react with similar specifie antibody raised in other 

animaIs, but not with normal immunoglobulins or specifie antibodies 

directed towards different antigens. It thus appears that idiotypic 

specificity is associated with the antigen-comoining specificity of the 

antibodies which in turn is determined largely by the variable segments 

of F(ab) fragments. A fourth type of specificity is species specifie. 

This is characteristic of each species and involves both heavy and light 

immunoglobulin chains (Tomasi et al, 1968). Cross reactions of rabbit 

antiserum to bovine 1G wi th human 1G provide an example of this kind of 

specificit:·~ When the cross-reacting antibodies are absorbed out, 

species-specific ,antibodies remain. 

There are over 20 am allotypes of 1G heavy chains known at the 

present time. These originally were designated qy alphabetical letters 

but the current terminology (Table VI) is one which labels them 1, 2, 3, 

4, etc. (Bull World Health Org., 1965). am specificities are located 

only on the 1 variety of H chains, Most of them being present on the Fe 

- part of the chain but others, i. e. Gm 4 and Gm 17, on the Fd fragment 

(Steinberg and Polmar, 1965; Litwin and Kunkel, 1966). Some Gm factors 

are present only on 11 heavy chains (am 1, Gm 2, Gm 4, Gm 17 and. Gm 22), 

whereas others, Gm 5, Gm 6, am 14, Gm 15 and am 16, are found only on 

13 heavy chains (Martensson, 1966). Another, Gm 24, is associated only 

with 12 Molecules (Kunkel et al, 1966. One factor, Gm 4, is dependent 

on the quarternary structure of the Molecule and cannot be detected when 

the light and heavy chains are separated one froM another by reduction 

with mercaptoethanol (Polmar and Steinberg, 1964). 



TABLE VI 

BIDIan G!l and Inv Allotypes 

Current Original C1rrent Orig1nal 
Specitic1ty Name Name 'Rame N ... 

GIll 1 a 13 b3 
(on l ahaiJls) 2 x 14 b4 

3 bW, b2 15 s 
4 f 16 t 
5 b, b' 17 z 
6 0, QIl-1ike 18 
7 r 19 
8 e 20 
9 p 21 g 

10 ba 22 Y' 
n be 23 
12 bl 24 n 

InY. 
(on k chains) 1 1 

2 a 
3 b 

Fmll Cohen and Milstein, 1967. 

Because eacb Gal factor is coM"ined to one S\lbclass of lG 

hea..,. chains, it has bMn S\lggeated by sft'eral illY.stigators that thera 

are four genetie 10c111hich direct thesy!lthesis of Y l:leavy chams. 

Accordirag to this theo17 the n 1o=s contl'Ols the synthes18 ot the 

y chams of a certain varlety, th. l2 10au.8 cont1'01s th. synth.sis of 

another variev- haring part.iaular ca allotypes, etc. (Cohen am M1l.steiJl, 

1967). 
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InY acUY1ty', the other wll-studied. 1'0111 ot imamg10bal.1ll 

allot:ype, 18 present enly on kappa chains a1'Jd oJ'Ù.,. TG Rbcluse5 YGl 

am YG:3 are &lSsociated with the l1ght chams carryil'lg I!l'I deteDl1Jwrt.a. 

A s1l!g1e a1œ &cid nbstitut10n .t position 191 ot kappa light chain 

detenlines the I:nv allo'type of' the IIID1ecmle. lil81'l _iM acid 191 is 

valme the geetic tactor 18 I1w (:3+) and _en it is lsuD.l'le it beccaes 

Illy (2+) (Eas181' and Puttwa, 1966; B~l1o!d. et al, 1966; Pt1t1l_ et al, 

1961). 

One 1JIIzIImoglob\ll.in, YM, is CCIIlposad of :t'ive 75 un1ts 11rlked 

b7 inter heav-cha1n diRl.t1de bol'lds. In scae lo_r vert.ebrates 1mIImo

glo'tW.1Jus aulogous to l'X are mt. cZ'Oss-11J1ked m this tuhion url lWI81n 

in a 75 Jl)DCBer tom. This has also been descr1bed. in occaslonal hIDIas 

(lbthtield, 1965; stobo aM. Tœu.s1~ 1966). Â spec1alized :t'om ot another 

1I!11W1Mglobal1n, secretor:r or tIXOc1"1ne TA, i5 &!l Ult:1ga1~ distinct 

IIID1eeale tood in the exocr1ne secretions wh1ch possesses a spec1aJ.1sed. 

fragacmt· called the tl"8J15pol"'t p1ece. 'lbe 1I01eca.lar wight ot hmlan 

secretor:r TA 18 approx1u.te1y 510,000 and its stl'V.cture has ben postul.atecl 

tG co1'ls18t of' :3 7S TA 1Udts CCIIbbled vith one tl'U1SPDrt traga8llt (I»Dg et 

al, 1966). The tanct10n ot the so-called "transport p1eceM has IlOt been 

o1ear1,. d..,œtrated, altbo1lgh it bas been tbought to play & ro1. 11'1 th. 

process ot secretion ot eacocrine TA. 



K. Hetel'Og81'le1ty of .AJltibodiea 

As nggested iD a pl"8riaus section, wlum &!l .mu1 1s 

1Jmmized w1th a puolfied Pl'Ote1n 1t pmcb1cea mtibod1u whicJ:l beloll« 

to sneral 3Jmnoglobüm classes. It Also prodIlees etibodies of olle 

1J1111Mglob1lill class tut f1'eCl11e!ltq ctemd oyer a r&J1ge o! electro

phoretie IlObill tin. Some ot the ant1boc:l1es appear to be d1rected 

tovuds olle portion of the et1ge!l IDOleeale ad otbers are d1reet.ed 

towal'ds d1tteremt. antigem.e sites. Scae haye bigher atn.n1ty tor the 

antigen than others. bs, 1t. SMU to be chaacteri_Uc ot th. Dam. 

respoJ'lSe tut. a large !ail,. ot Ult:1.bod1es are det'e1.oped (Sela, 1968). 

It. 18 possible to iaolate 81'ltiboc:l1es vith d1tf'eNllt b1ldiftg 

att1!d.ty tOI' antiges:arxl vith d1tterent s1zes 01' coab1n1.J.g sites b7 

sequent1al P1"8C1p1tat1oll of a portion ot the -t1bo<b" .,lecales trœ a 

_el'ml us1Jtg Ul iDsolub1e 8l'1t1ge added in beNaeJ1ta, tollDwed by' el1lt1cm 

of ant1bod.Y' !r. _ah preoip1tate obt.a1necl. AIlt1boctles 1I1tà the highest 

b1tld1!tg a:t:t1Jd.ty are pree1p1t&tect by the least additiou et 8Ilt1g81'l, 

&rd IW\Y' popalat.1ou of G'lt.1bod1. v1th deereas1mg Mwlbg a:t:t11d.Vare 

obta1fted as succeari.y. addit10JlS of anUge are JUde (Xabat., 1968). Orle 

1IOIÜd BpeOt hetemgee1, ty to he a charaoteristio 01' YD jut as 1 t 18 01' 

the other clas •• _ 01' ~lobal1ns al. thoagh orù,. 1I1Idul. nideoe 18 

a'Vdl.able tOI' th1s .t pNaumt, e.g. the dittereoes 1D e1.ectropho1'8t1c 

lligatio1'1 of D-myel.oaa pmteillS. 
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F. Ph.y!ical CbaBistry of IWlJMglobü:bls 

1. General. 

HJ.ysical ch_ical studi.s on ~globü.irls baTe bee perfomecl 

in '& lal'ge mœber of laborator1.s 8Ild SCIIl. of these s'b1d1es baT. be., 

disaassed bl'ietly iD pl"ft'icn1s sectiou of this rerift. The iaolatioD fd 

gau glo'baliM iD luge qunt.1t1_ by' ethaœl fracticmat10D (Cobn et al, 

1950) aM tAe lat.er dwe1opae!lt. ct t.eelmiques to recogBise &IX! isolat.e 

ayelsa prote1Jls _eh proTic1ed a buic lIIpetu tcr ~oal cbmcal 

s'bldies on Dmnoglo1:Ral1Jls. I1lit1.al.l:r t.be .1eaal.ar w1«ht. ot YG !lobt1i"s 

wu oolls1dered to be 160,000 althougb lIOre recet. studiu 1Jd1oa't.e it. 1;0 be 

Gloser to 145,000 (Joel.ke et al, 196.5). The .1eaalar 1I8ight. ot S8ftll YA 

18 abolit 180,000, tAat. ot TM abcRlt. 900,000 arx1 tAat. ot YE about 195,000 

(Johau..n aJKl Bennich, 1967). The sedi1len'tat.ion coMtat of YG preri01lÙT 

wu thougbt to be 7.2 or 7S am is nov lœoe to be Il_rel' to 6.7 ~O,. 

(Svedborg UIlits) as IlOted by' Bansson et al (1966). The onq pmbl1ahecl 

report OD tAe JII01eaa.l.ar wight of YD suggests a Talue near 180,000 

(Hs1I1er et al, 1968). 

'1'J:le or1gi!lal eridelloe tAat YG moleaales .eaBUN appra1utel7 

• 235 x 4JI. A (Onclq, 1949) bas be811 llpdated as a resalt of electl"on 

aicrosoopioal stud1u. The aal"NDt est1aat1on is that these 1I01ea.l.u are 

•• • approx1llate1,. 105 ... 120 A in 1qth, 80 A vide at the bas. arx1 35 A 111 

heigbt, beiJ\g somnhat trimgalar in shape (Fe1J1ste1n UId ln'e, 1965) • 
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2. Solub1lity in ammonium sulfate 

rG globu11n kas been skown to be prec1pitated fram solution 

best wità ammonium sulfate concentrations between 1.49 and 1.64 molar 

whereas 1M precip1tates best at between 1.64 and 2.05 molar (Olesen et 

al, 1965). It is of interest that 1D ~as been found 1n tàis laboratory 

to require a àig~er saturation of ammonium sulfate for maximal precipi

tation than any of tàe other 1mmunoglobulins, being most similar to 1M 

in this regard (see experimental section, Isolation of D-myeloma Protein). 

3. Carboàydrate constituents 

Tàe total carbohydrate content of 1G 1s less tàan of tae otàer 

immunoglobulins as indicated in Table VIa (Heimberger et al, 1964; 

Johansson and Bennich, 1967). The content of the individual carbohydrate 

moieties reported for eacà of the immunoglobulin classes are also l1sted. 

It will be seen tkat hexoses generally comprise just under àalf the total 

carbohydrate. Acetylàexosam1ne àas a representation approximat1ng tàat 

~f total àexoses 1n 7G but 1s lees tàan total aexose 1n eacà of tae otàer 

immunoglobul1ns. Fucose surpr18ingly 1s 1n approx1mately equal amounts 

in rG and 1A but is a proportionately greater part of eacà of tàe otàer 

immunoglobul1ns. S1alic ac1d i8 low in rG. 



TABLK VI a 

Carboh,ydrate Co1'1tent or :rm.moglol:al:bls 

m lA !!! .m* 

Huose ~ 1.2 '.3 S." 
Acetyl.hGDsaa1Jle • 1.3 2.3 4.4 
IUcose ~ 0.2 0.22 0.7 
Si a' i.e acr1d ~ 0.3 1.8 1.3 
Total 
carboJvdrate ~ 2.9 7.5 11.8 

Data t_ YG, YA and YH tre. lUdaberger et al (1~). 
Data tor YB t~ Johnssoll Pd Bemd.ch (1967). 
• Jo reports to date. 
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!! 

5.5 
3.64 
0.56 
1.0 

10.7 

The aboT. data are t4 interest as th.,. relate to the 

carbohJdrate &!1alysu sade. 011 IgD 111. the course ot th1. inYestigat10ll 

(see sect10ll 011 Bz:periaeta1 Besult.). 

A _rd 18 il! omer OOllce1'tdng the eo.rreIlt OOlloepts ot lbkage 

c4 cuboh."fdrate to 1 'ta&lobal.1lllllDleaules. It 18 Do1lll tbat O&1'bolJ.ydrates 

are ] "'!dari to i-nmglob1l.:1J1 ~ptide chaiM throv.gh the bet.-CXlOH 

g1"m1p ot aspartyl res1daes (lIelol1ers aM Kne~, 19(7). ErlÀeJloe ha. 

bec pt'Hented b;v th .. e authors tbat thera 1. seq1leJlt1al addit1cm ot 

carbolvdrate metieties to ~bal.i!1 polypeptide cba1ns, glucos .. :ble 

beiz!g attached. to u.acèt peptide èhaills as the;r are be1Jlg t01'llled. OD 

po~ .. e. a!1d additio!1&l glncosaa:me, JU.!mOse aDd galactose appare!lt17 

beiIlg added atter a short; t:!ae lag. The t1llal. groups ot C&1'bobJdrate 



res1cbles to be 1Jlcorporateci are galactose, tucose aM s1al.1c acid. There 

1s suggestive ev1de.ce tbat th. latter res1dues are addeci ~ or after 

secretion of the DEftoglo'bt11in f~ the celle !hese av.thora suggest that 

the attacbllent of ca1'boh1drate residu.s ...,.. he a pre-:a.-aqu1s1te tor 

trms})C)rt ot the prote1Jl across the pl .... call .IBree 1rlto 1r1terst.1t1al 

fiuid and thance 1r1to the b100d. stre.m. '!'heu f1ncl1mgs vere ~ 

oontimed by Horoz and Uhr (1967) 1Iho dtBOnstrated that scae cU'boh1ùrate 

mo1et1es are added atter prote1n SJ!lthes1s bas heen stopped by p11'OJ1.YC1!l. 

S1al1c acid res1dlles appear to he attached last U2d V&1'7iJ!g degrees ot 

.tta ..... ot th1s IIOUV baTe beeIl sho1Il'l to be reB}X)fts1ble for the 

heterogenei:ty ot 1II1grat1on obsU"Ied 111 certa1r1 1so1ated _.cl.o!l8l ',.130.. 
globul1r1 po~e cha1Ils on vea-sta1"Cb gel electropbores1a (Hel chers 

et al, 1966). The .ttect of eal'boJvdl'ate 011 the flmct10Jlal act.1ri.ty of 

immnoglobal.iD 1I01eeales after they are secreted t1'Oll the pl .... cella in . 

wh1ch the,. are fomed 18 qui te UJ1known at present. Data obtaiJled 11'1 the 

car1'e!lt 1Mest1gation nggest tut C&1'bohydrate as1dv. •• ma,. poss1b17 be 

l"8lated to the lab1l1t,. of "-moglobul.1ns. This 1dll. be d1seused in":.the 

experlmental" section. 

4. 1IIino &cid 6o!pos1t1on 

Since the lIIino &cid CCIIlposition of each of the DmImoglobRl.1Ds 

TarieS with1l1 a giftft 1mImoglobl111n clus, olÙ.y l:ba1ted 1Dtomat1on CUl 

he obt.a.1Mcl t~ acapar.blg adno &cid ealyses. Nwerthelus, after 

analyses of s8Yeral "'11'D""Oglobal1ns of one clus are ocapared to those of 
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another clUI, certain i!Jtomation ot mterest 18 obtained such as the 

nwaber of hal.t ayste1Jle residues 1à11ch 1Dd1cate the potent1al mœber ot 

c::lisulfid.e boJXls pel' molecm1e. .Also the maber ot pl'Ol.1!le res1d11es pel' 

mole -y suggest aont01'!ll&tional characterlstics sinee the U8I1a1. Cl-helix 

configuration 18 :1nterra.pted at p1'01:1ne residues. This has ~ed ot 

interest in our studies of YD. Hore mearting.fulild"omat1on 18 ayaUable 

t1'Oll caapar1sons ot the a1Do acid sequences ot iIIzIImoglobal.1ns, but 

lIOrk on YD has DOt p:rogressed to this point in arrr labora1:o1"7 aM. the 

subject vi1l thus œt be disallssed fUrther. 

G. Ca.rrcmt statua ot bovledge about ln 

1. General. 

Verr l1ttle 18 1œo1lll aboa.t the biolog1cal l'Ole ot YD altbcn1gh 

s.e Werences cm be cira_ traa· S'b1d18S ot sel'Ull 1eYels iD a varlet,. 

ot cl1n1cal disol'ders. In the or1g1nal description. ot YD by lb_ and 

Fah.,. (1965) it .15 sho1ll1 that YD JUy' be the 01Ù.7 ' .. mglobü.iJ1 

aleyated an rare cases ot ~}. Th.,. showeci tAat ln wu present 

in IIOSt nomal adult s.ra ~t RB œt detectabl. 1~ ~ of tae _subjects by 

te. ~lmique used becaue -:' the acmOeJltration va. 1.ss than O., ~, 
the 10_1' 1eyel ot stmsitiv1ty ot their metbod. '!.'he a .... rag. seraa yalue 

1I&S ,ad, and the top nomal. 11&8 about 40 m6. CoIlflict1J2g t1.Jxi1J!gs 

have 'bee1l report.ed. in 1"8gal'd to rD levels in an.1'g1c subjects. Kohler 

&Di Farr (1967) reported el.,.ated 189'811 ot YD m atop1c subjects whereas 



Johalls80n (1961) f'elUld œ dif'temnoe in YD leyels in atepics ad. controls. 

Ibva &!Xl Fahey f'oum the leyels of' YD "17 low "1' UDdetectable in sera 

:t1'Oll patients 1d.th agawt.~obaliHlia aM redv.ced 1Jl JIDltiple~ 
(other tha.n ~au.) &Di b II&Oroglobal1l1aia. They al80 stated that 

el.ated. lwels of' TD wre f'01md. 1Jl BaIlle patients vith ch1'onic iJJ.f'ecticnls 

diseases. Hence the 1n.f'eNftt1a1. biological erideJ!oe 1s quite good that 

th1s pl'Otem belongs aong the .... MglobaliDs as i ta chtlll10al association 

vith both kappa am lUlbda l1ght chains suggesta it does. 

A nther UJ1IUn1al f'eatm-e of' ln 1s the broad rage of' se1'UJl 

levels f'01md in the DOmal popalation. This invol.,es at least a lOO-f'old 

Tariation fl"alll lov œ1'Ul to h1gh normal 1d:doh 18 a IIDlch ld.d.er range t.han 

18 ObS81"9'ed 111 the case of TG. TA. lX or TE. The iMeperx:bmt synthetic 

am catabol1c rates of' TD vaN œtl.ined in detail 1Jl a prn:I.œ. section. 

lbbbs et al (1966) descr1bed studies on six cases of . 'll4.rel.au.. 

which veN f'ound 8JII01'Jg a total of' 204 Jl.?'elcaas or about ~ of' the JQ"elomas 

in theil" series. They œted certain pecularit1es aboa.t D-mploaa. naely 

that 1 t _s likely to be f'oed in what prn:I.œs~ had been tboaght to he 

Jl.?'8lol1as 1f1th orù,.. Bence-Jones protem-a or pl'Ote1m11"1a. witbout mm

clonal. (or "Mil) protem peaks. '!'here appeared ta be a partiaalar 

pl'Opens1ty towards renal f'ailure aM prote1mr1a. In each ot the1r cases 

the other ~global1ns vere rednced in concentration. Frequ8l'lt17 the 

p8rcentage of' pl.amu. cells in the bone JI1&1"l"01f 1I&S not as great as in 
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other ~el.cIlas &JKl they relt that there vas less reduct1cm in the m~ 

IJ,Yeloma i1IIIIIuloglobulins the in cases or G- or A..m:YelOllla. AU six or 

their cases had lambda-type Ben~Jones prote1.mu-1a aM they noted tut 

only two of 17 TD 1Ç'8l.caas reported up to that time veN of the kappa 

varlety, a 1"eYersal of the unusul predam1nmce or kappa oTer.·1ambda 

types of ~el.oIIla proteine 

Hansson et al (1966) studied 1300 sera vith "HW peaks and tound 

that rour vere due to D-Blya1011la pl"Oteins. 'flms one out of 325 sera w1th 

"MW peaks vere due to YD or about O.~. Sedimentation COl1stmts for YD 

vere toa.m to be sillll.ar to thase ot nomal YG, al1 three of their YD's 

vere of the lambda varlety. The GIll allotype deteminants vere lliss1ng 

fl"OJll e&eh of the l)..ayelœa proteins. 

The IIOst recent report on D-myelcsas is that of Fah.,- et al 

(1968) in wbich certain character!stics of 24 patients _ .. presented. 

'rhe se1'U1ll YD concentrations varlad frca 80 md to 3'00 md. The .e%'!' 10. 

18Yâls enecnmtered in 801Ie patients _1"8 ascribed to rap1d catabolia of 

TD. This future cm malee the detect10n of D-IIIrelOllla IIOre ditfi.cnùt than 

that of J.. or· ~elOll& or Waldenstrœl's aacl"Oglobulin-u since 80 ~ 

YD can b. ba.ried aongst the other iaIIa.noglobulins. One patiet ws 

described who had both G- and I).myel.au Pl"Ote:1ns in the se:ra. Patients 

vere d1agnosed as harlng Imlt1p1e .,.elou by Fahq et al 011 the bas1s of 

tlae presence of .,re t.han 1~ JUl.1pant plaSlll& ceUs in the bone marrow 

or jav tmIor and other symptoas and signs or myel.c.a. Total se1'UJl proteins 

are el8Yated in o~ 5 of 15 patients. Abnomal prote1n peaks vere 
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detec'table on caretal C81Il1nation in 10 out of the 15 patients on paper 

elect1"Opboresis. In each of the 15 sera 1 t -.s possible to iden1:11Y an 

e1evated. rD by DIIIIeo81ectrophores1s Utd in each instec. this rD had 

restr1cted mobill ty aIKi had e1 ther kappa or 1abda l1glrt cha1Jis bit mt 

botb. 'Dle mthora pointed out that D-myeJ.ou. p1'Ote1n 121 easily altered 

in stoNd sel'a and Bay cielllDnst1'&te DlUl. tiple ooaponents on 'P1!!!"'Oelect:ro

phoresis. S1xteen ot 20 patients _zoe fcnmd to baTe 1abd.-type l1ght. 

chains and the ~er kappa light chains, ccmf1ming the rwersed 

ratio cf kappa/1811bda hl the cas. of D-~loIla p1'Ote1u. Thezoe _21 DO 

oeU IIOrpholog;r in the bone 1Il&1'l"OW unique to n...,-el.aaa and 1 t wu 

impossible to aate a speo1f10 diagDOsis of ~a by oMiDa17 histologie 

~. They oœIIented that the sost str1ld.rlg tiMing was the presence of 

Bemee-Jolles prote1mlna in aJ.l of the patients reported. In this 00=.0-
tion, 1t 1s of interest that olle of the two subjecta :reported in the preseftt 

s'bldy dicl IlOt have detec'table Benee-Jonu prote1mna, 1Ihe:reas the other 1wi 

botb Be!lce-Jones prote:inur1a ed Bence-Jones proteinada ot the 11111bda 

variety. 

3. Biologie blpl1catlons ot stadies on rD to date 

It W&8 shoe bath by Ishizaka et al. (1966) md by Goodtn.nd et 

al (1966) that YD wu mt associated wi'th the antib0d7 acttY1ty e umly 

lcnoe as atop1.e :reagin. A d1fterel1t ro1e in hypers8Jl81ti'f'ity phea.ena 

has Mt beell mled out. Pe1'lds et al. (1966) de.ol'lStrated th. presence of 

YD m-moglobalins 1:11 hlœe spleen cell. 11'l a ratio ot approx1aately 
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• 1' YD-COI'1ta1rd.!!g cella per 100 ceUs sta.iJdng for YG. l'Il t_ .&:l1t:1cmal 

patients they fo1mCl .45 and. .,0 rD ceUs par 100 YG cells. The1r oollo1us1on 

was, therefoN, that the .erua coJlcentratioI'1 of YD deperds l&Z'gely 011 the 

DDlber of YD prodD.c1Jlg oeUs present. (One notes, hownr,. that the data 

of lDgent1ne et al (1966) suggest rap1d oa~bolisa of YD also plays &l'l 

!aporbnt role 1!l the 1011' se1'D levels of th1s 1m1IImoglobal.1!l.) Mature as 

_11 as __ tllre spl8llio plamu cella contained YD and. 1l'1 addition it vas 

se., 11" the cytopla_ of seae large l,aphocytes. The YI).ccmt.a.1Jr1JIg cells 

in the spleen are Mt clustered together ba.t vere scattered ~ 

aoJlgst the other oells, ngge.t1ng te these authora tbat YD-proc:hlcbg 

cells Ol!" their precursors oan readil.1' be displaced by other cell lines. 

IDw .t al (1968) st1ld1ecl rD l_els in sel'Ulll UIà. ~ fi1l1ds. 

They skted that rD was ~ toud 111 1IIIb111cal COM plaau am uaually 

1I'&S 1'!Ot detectable in seNa dur1ng the t1rst six lIIOJ1ths ot lite. They 

tmmd elwated levels ot rD 111 cem1l'1 ohl"Onio lDtect10ns blt no eleY.tion 

111 auto-ilamne diseaaes and it w.s lIsually absent in h.Y'Pog-8I1.Gbalinema. 

They cono1.uded tbat l,.pboid oells oeDtaiJliJ')g rD _re rare in l.Japh !lOdes, 

spletm Uld 11"test1Ml Jacosa 1Jl OCIIlparilOJ1 11'1 th cells oonta.iJdng other 

o1.ass85 ot ~global.ins. They suted that YD-CO!1ta1,.",. cells wre 

relatively 1lOr8 treqaent 1Jl the adenoids vhere the;r _1'8 s1a1lar in llUlbers 

to oe11s conu1!d.ng YM. rD wu Ilot detected in aolostraa, SaliT_, 1lriBe, 

lacr1aal. .ecretiolls, bile, jejtœal secretions, lmIIaD m1lk or cerebro-

. spinal fiu1d. The authora report that th.,. _re uable te show YD &l'ltib0d7 

activ1ty 1Jl nbjects who _N 1mImdzed 8Ia1nst diphther1a aJId tetams 
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toxoids us1ng tU teclm1que ot rad101mRmoel.ectropboresis. Th.., toad 

that YD 1_e1s _re Mt elented 1Il nbjects 1Iho had ril_ato1d artbr1tis, 

Sjogren' s syndmme, Bash1llote 's tlu'01d1 tis, "Or exper1llental _alar1al. 

Ùltectiolls, altbDagh other :ilmlmoglobt11ns are illereased 111 each ot thue 

coJ1d1t101'ls. They did, hovwer, t1.lxl high 1.81s ot ln iD a ch:1l.d n'th 

chrome ostec.yel1tis, 1Il tive abjects 1Ii.th leprosy, aM 1Il a ch1ld w:l.th 

recnl!"Nllt sId.Il 1nf'ectlolts. In additloll, th. stated tlaat h1gh l_ûs were 

soaetbles to\mCl 112 obi.] dND w1th kwasb10rkDr aIX1 stated tbat el..atio!ls 

_ra fraCllumt in eb1l.dre1t b a "pr1a1t1ve UriCaJl ".,...,Jdty". C1"Ibbe ad 

lieftllWlS (1966) dllllOllStrated the presence of a 1al'ge n.ber ot pl ... cells 

COlltai!d.l!g YD i.!l the rectal_cosa of a pat181'lt vith ~o.rat1ve col1tis. 

Be1Mr ad lWans (1967) aN.Nd the ~g1oblll.1ll 1"81. 1Il 

oœaerc1al preparat1ol'ls ot gaaa glo1u1.1n am tOUlld that YD wu absent t~ 

SOJIe bIlt as co!le8l'1t~ted to a .œeate degree 1Il others, the ldghut l"el.s 

be1ng tcnmd 1Il a aDlBerc1al preparatioll JUde by 4~ a.olliua nltate 

tract1oll&tlo!l ot p001ecl pla... The suggestioll as· JUde tbat labels 

1Ild1catim! tu md1ridul. 3mœGglobal1l1 ccmcentratiollS ot various .,..erc1al 

preparatiolts II1ght be ot value mee o~ YG 'DB s1Illlar in the ct1tf'ererat 

prochlcta Oll the JU.1'ket. It as tel.t tut oert.a1ll cl.1!d.oal trial.ot g .... 

globul.1n theraW OO1Ùd be better eyaluated 1t DION preci.e CCllposit1ol'lS 

wra mOllZl. Colltradieto17 reports, tor axaple, haYe appe&NClin Ngard 

to the ett1cacy ot g __ globali.Jl in allergic disomens (Bemtol'l, 19"1 

Abemathy, 1958; Bedr1er and MaftDw. 196,; H:iJJlUl, 1969). 
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4'. Meas of relative lack of knowledge 

There is virtually no direct information in the literature 

concerning the fUnctional role of lD although it is increased in certain 

infections, li ver diseases and specifie myelomas, and is usually decreased 

in hypogammaglobulinemias. It appears to be less frequently implicated 

in antibody responses than is any other 1mmunoglobulin class including 

lE wbich is present in even smaller quantities. 

There have been no papers published dealing with the specifie 

molecular weight of lD, its amino acid composition, carbohydrate content, 

ammonium sulfate precipitability, heat and acid lability, or structural 

conformation. It is believed, therefore, that information pertinent to 

the above points should contribute to the understanding of this protein 

and its role in human immunObioIogy. 
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IV. EXPERIMENTAL STUDIES 

A. Isolation of D-myeloma Protein 

1. Introduction 

The immunoglobulin about which least is known at the present 

time is lD. The desirability of learning more about it is obvious. In 

order to carry out studies of its properties and physicochemical nature 

it is necessary to isolate the protein in a sufficient degree of purity 

that one can be confident the results obtained represent lD rather than 

contaminating proteins. This has been a particular challenge in the case 

of lD, a very labile protein which was not available to us in serum 

having more than a faint suggestion of a monoclonal or "M" protein peak. 

Most detailed studies on specifie classes of immunoglobulins in the pa st 

have been made on myeloma proteins of the monoclonal variety. The 

invaluable nature of "M" proteins is especially evident in the case of 

the immunoglobulin classes or subclasses which are present in small 

quantities in nor.mal serum as are lD and lE. Such a protein peak was 

present in the D-myeloma serum originally studied by Rowe and Fahey (1964) 

and in the E-myeloma reported by Bennich and Johansson (1967). lshi zaka 

has had notable success in working immunochemically with non~onoclonal 

lE, but even bis work has been restricted to investigations which 

can be carried out on minute amounts of protein not of an optimal 



degree of plrity. For campl.e. 1t bas DOt been possible for h1II to do 

moleœlar we1ght dete1'!lliDat1oJlS. lIII1no ae1c.i an~e8 or a88qs of the 

carbohydrate content ot YE. 
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In the case ot the t., ~a sera witbout Y pealœ report.ed 

haret 1!d.t1al col'lCentrations of YD which appl'Oached. the concetrat1o:ns ot 

YG JUde it possible 1:0 turther isolat. YD unt1l 1t vas ot 9~ or greater 

ptr1ty and to pNpare th1s 1n sutfic1ent UIOlUlts œ p&1l'S11e these 

11'lTest1gat1ons. 

2. Haterials and mathods 

(a) Ident1ticat1on ot YD. 

(1) M:1cm-oa.chtarlony. Orla III ot antise1'lDl specific t.o the 

heoy or &-cham of YD wu ld.~ supplied by' Dr. Jolm Fahe7. NatloMl 

mstitute of Hsalth. as wu l ml of a standard se1'lDll con+.aird"g 0.33 ag/ral 

ot YD. It vas possible 1:0 deaonstrat. a distmct spec1t1c prec1pitate 

l11'le 11l aicro-oa.chterlony ~ses using tbree or four-fold d1lu~ons of 

each ot thesa Nagents. Upon turther dilution ot the retarece seraJI 1t 

vas possible 1:0 show that the tip of a raterence YD prec1p1 tate line 

prodnced by th .. e reagents vas b8llt by' as l1ttla as 20 ug/mJ. or 0.02 ag/al. 

of YD placeci 1n an adjacet 1'8Se~1r. The k11'ld ot prec1p1tate pattems 

prodnced by this techn1que &1"8 Ulustrated. 11'l Fig. 3. W1en S8N11 1Jl 

1"8sarvo1r 3 contains 0.02 rather than 0.12 .".,/ml of YD the p1"8c1p1tate 

line toms :1JmIediatel.7 adjacent to 1"8se1"9'Oir :3 giri.ng the appearance ot 

bencl.iJlg the t1p of the rete1"8!1ce line. This pr1rlciple 1s turther 
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illustrated in the section on plexiglas micro~chterlo~ and in Figure 10. 

Initially one hundred sera including 15 from subjects with multiple 

myeloma were studied. One myeloma serum bent the standard precipitate line 

when diluted 128 fold suggesting a concentration of lD in excess of 2 mg/ml. 

An aliquot of this serum was sent to Dr. Fahey who confirmed the diagnosis 

of lD myeloma. AU the other 99 sera had less than 0.4 mg/ml of lD and 

one third had less than 0.02 mg/ml. The micro-Ouchterlony technique has 

been used both for qualitative identification of 1D and as a method of rough 

quantitation of this immunoglobulin using seriaI dilutions of sera, column 

eluates or other fractions. The technique involves the application of 

2 ml of 1~ Noble agar in 0.1 M borate burfer, pH 7.5, to a clean microscopie 

slide precoated with 0.1~ agar. Reservoirs in the agar are 2 mm in diameter 

and 2 mm apart and are filled with :3 microliters (3).) of serum or antiserum 

using a Hamilton microliter pipette and narrow gage polyethylene tubing 

ex1ending b~nd the needle. 

(ii) Immunoelectrophoresis. In order to identify contaminating 

proteins in purified fractions of lD, and to establish the lack of unwanted 

antibodies in absorbed antisera, immunoelectrophoresis was used in addition 

to micro-Ouchterlony analyses. National Instrument Compa~ immunoelectro

phoresis ceUs, slide frames and agar cutters were amployed. Three reservoirs 

and two troughs were eut from the agar on each microscopie slide. Two ml of 

z:/; Noble agar in 0.15 M barbital burfer, pH 8.5 was applied to each of eight 



slides placeci on a leTel table &!Id 2À of se1"Ull or sera fraction 

(collccmtrated to 5-50 lIg prote1Jl/ml) ws placeci 1!l each rese1'901r, 

artel' which the sl1des _re 1W'W1Ciiately electropbo:resed for 50 lIimtes 

usi!lg 40 'YOlts and 50 w1111_peres. Fo1lo1l11'1g electl"Dphoresis the 

slides 11'81'8 rallDveci, the tl"Dughs f1l1ed vith :}04 of approprlate et1-

sél'Ulll, and the slides i1't=bated ovemight 1!l a eist ch_ber at 1"OCIIl 

teaperature. Unprecipi tated prote1!ls vere _shed from the slides b.Y 

placing th. in 500 Ill. of 0.1 M borate barfer, pH 7.5 for 2 days vith 

agitation frca a ugnet1c st1rrer and one butfer change at 24 bours. 

Followil'lg tb1s elect1'olytes vere vashed away 1!l distilled _ter for 

2-4 bours. The slides vere the staineci v1th .l~ 'rhiaziJle Red-R in 
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l~ acetie &el4, rinsed in aoatic acid mi d:1st1lled water, and drlecl 

overrdght in an 1n=bator at 37·C. .A dMp of PelWlUt c.ent W&8 

placeci on each slide and OOTerslips atf1xad. for permanent preserration. 

In searching for Strall proteiJls in colUllJl eluates or ...,n1ma 

SD.l.f'ate fract1olls, the electl'Ophoresed fractions vere dweloped with tllO 

d1t:tirent anUsera to whole hmaaft se1"\11ll, one oontaiJÙ.J!g antibodies to YD 

as vell as to other sel'Ulll proteins. &l'ld the other oontaining antibodies to 

.,re th8.!l 15 Se1"Ulll ool'lstituents. In order to identity' 1M1v1d11al prec1pitate 

arcs, specifie absol'bed mtisera vere l1Sed, as vere puo1tied proteins, vhen 

available. The absenoe of sigld.ficant 8JIœJ1ts of unvanted antibod1es in 

specif'1o antisera .s confimecl by mamoe1.eotl'Opbo1'Osis of 1Ihole serua 

and deTel.oping vith the absorbeci antisel'Ull plaoed in a trough. 



(b) Preparat10ll of atisera. Initially ale S.1'QJIl f1"Olll the 

subject vith D-ayaloma vas diluted 115 with 0.15 M sterile sa1ine8lXl 

8II1l.sitied in m equaJ. ClUmtity of complete Freund' s adjuvant. Two ml. of 

the emuls10n was adm1n1sterecl intraperitoneally and tliO al. subœtal'leously 

into eaeh of two Nev Zeal.and white rabbits. AIl addit10nal tllO Ill. of th. 

eamlsioll _s given subœta!leoa.sly olle month later, am at tliO molltAs sena 

_s harvested tor s'tudy. It wu shaw both by ilamoelectropberesis am 

by OI1chter101'lY' a!l&l.ys1s that et1.bod1es Jwi bee pl'Odalcecl to m. By' 

absozbing al.iquots ot the mtis.ra vith one toUtlh quaJrt.it1es of sft'eral. 

IlOmal sera oolltaiJdJ'lg 1ess tbaJl 10 ug/ml of YD one sel'Ulll vas found whieh 

COlIlplete1.y absorbed out all antibocl1es to other iIaDmog10btlill- heay or 

1ight chains aM to other se1"Qll pmte1ns while havirlg l1ttle affect on the 

titer ot pree1pitins to YD as dellOnstrated by OI1ehter10!ly &Jl&lys1s am 
1Jm:moelec'tmpboresis. 'f!ms this olle sel'Ull bad a Tirtual 1ack ot m whieh 

JUde it vahable for IUrposes of absorbiJ!g antise1'Qlll to m in orcier to 

obtain spec1tic 8l'lti o.chain sel'Ulll (Fig. 4). The il11tial absozbecl anU-JO 

seNi vas 1Jldeed specific but the antibod1es .... re in 10v titer 8l'ld the 

etise1"Ull lwi to be usecl tall strengt.h for gel. d1tt\tSioll studies. 

SIlbsequ8lltly i t vas possible to produce etisel'Ull of cou1derab1y higher 

titer by usirlg TD-rlch fract10JlS for iJmmizat.1oll of rabbits. 'lbes. vere 

prepared by .-cni_ salf'ate precipitation of the D-m7elala seralll followed 

either by G-200 Sephadex gel fUtratioll or DEAB-co1-.n clD'aIlatogra}ily. It 

vas also pssible to pmdD.ce et1sel"Ul1 to the YD ot a !!Omal abject who 

had a high se!'Ull 1eve1 of this m.mog10bal.i1'l. 
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Antise1'lDl to YG was pMducec:l by 1IauJd.s1J1g rabbits vith h1ghly' 

JX1r:U:ied p001ed nomal. YG in adjllvant, the YG bebg obtaifteci troa The 

Protabl Fo1mdation, J ... iea Plahl., Hass. 1'he reB11ltant antiseraa vas 

absorbed vith iso1ated kappa ad laabda Bence-Jones PMteinS. 

A1'1tisera to rH wu prepareci by 1njecting into rabbits an adj\rr&llt 

.w.sion of 15 mg ot washecl YH eaglobt1in precipitate obta.1.ned by exhaustive 

dial.ysis against dist1lled wter tl"Oll the s.~ ot a JUcl'Og1obal.iJl.uc sub

ject. !he anUserua _a absol'bed vith UIIlbilieal corel sel'Qlll devoid ~t 'YK 

am vas show by the llsual teclmiques te have anUbodiu directed o~ to 

the J1 chain ot YM. 

A1'1Usema to YI. wu preparee! by injectiJ!g illto rabbits 15 lIg ot 

an adjaTaftt -.1s1on ot iso1ated YA. t1'Olll a subject with~. 'rhe 

resul ting antise1'a vas absol'bed with on. tenth T011llle ot serua tra a 

abject haTing an absece ot se1"Ull Y Jo. and the abso1'bed &!ltis.~ wu sbo1IIl 

by Oachterlo!!7 analyses a!1d 1IIIIaœoe1eotl'Ophoresis to be spec1t1e tor the 

CI chdn ot YA. 

A1'1Useraa to the 10 tragment of YI ws kDd.l.y npp11eci by 

Dra. S.G.O. Johansson Uld H. Bemlich ot Sveden as _s a refe1"8l'l0. Hl'aIl 

containing 88 ug/ml YB. 

AnUs.ra te kappa and 18J1bda light chaills 118l'8 produced Dy 

repeatedly injecting 10 mg quanti tiea ot urinal'7 Bence-Jones pmteins 

Of the appl'Opriate type iao1ated by' DEAi-co1Ul11D chrœatograp}ly into rabbits 

as adjavant amlsions. A1'1U.era te kappa chaiJ1s 1IU'8 absol'bed vith .1. 

llr1nar,y pMteuus tl'œ tllO subjeets with 1mbda Benoe-Jone& pro1:e1Jl1r1a. 



Ant1sera to lambda chains vere similar1Y' absorbed. vith an flXeess of 

urinary pl"Ote1ns fl"'01ll two subjects vith kappa BenCe-JOIlU p1'Ote1rmria. 

The specifici tY' of aU antisera was col'lfimed bY' 1JIIIIIImoelectro

pboresis &rd Ouchter1ony double dittusion techniques against who1e nomal 

se~ as well. as aga:1nst iso1ated .,-loma. and Benee-Jo!les Pl'Ote1Jls. 8ach 

ant1stll"ml1 (w1:th the exeeption of ant1sera to ln &l'Xi yg) 11&8 turthe1"JDOre 

shown to have idantical specificity" to mono-spec1fic misera obtained 

fl'œ B,y1am Laboratories, Califomia, and the BoehriJJgwerke Ag, Ge1'm8J'lY'. 

Antisel'mll to YD vas shown to be specifie bY' Ouchterlony at'1&lYS88 campar.i1'lg 

it vith ant!-ln supplied bY' Dr. Fahey. 

(c) Qu8l'1titation usipg JliCl'O-OI1C!in tubes. Experience with 

quantitatiO!l of ~glol:ulil'ls by' the dilution method in',Oltch'terlony plates 

and us1ng puoehased ~land lImImopla'tes nggested. tbat a JIOre precise tech

nique 1I&S desirable. Mter experiment1ng vith S8Yeral llCldificatio!ls of 

HarlcW's (1964) rad1al. d1ftusion techn1que as well as with limtley's (1963) 

JIOdificatio!l of Gitlirl's (1964) Zllicro-Oadin technique, the latter _s 

selected beCa11se ot its reprodllo1b1lity, ecol'2Clll)" of anUsera aJXi ease or 

pertolUnce. lI1en _pl~'to quantitate ro, this techJdque CO!lsiats of 

incorporating app1'Opriate concentrations ot spec1t1c rabb1t ant1-T~; into 

lle1ted. agar at 55·C, mixhg tbo1'D\1ghly, and f'1lling cap11lar,r tubes (3-

long vith an intemal diaeter of 1.5 JIll) hal.f .fül.l. of the ant1serum-agar 

solution by' caplllar,y attractio!l. Imediate1y af'ter f1llbg each tube, 

the end 1s seal.ed with plastic cl..,.. Af'ter the Agar has been allowed to 
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sol1d1fy tor hal.t an hour solutions to be tested are overla1d on the Agar 

by aeans ot a capillary tube ot 1.2 JIIIl extemal d1aaeter 1Ii th oare to &void 

the t01'll&tion ot an air blbble. The tubes which are now 3/4 t1lled are 

18ft tor 16 hr in a vertical position in a oonstant tsaperature chaJaber at 

'5l- to pel'llit aigration ot YD into the gel. By oing three sera or kno1ll1 

YD concentration as standards each t1JIle tests are done. it 1s possible to 

oonstl'U.ct a l1l'1e on saa..log paper indicatbtg the conCfmtration ot YD tor 

aJ!Y obsel"t'ed distance ot migration ot precipitate tl'al the liqu1d-gel 

interiace into the Agar (Fig. 5). By adjusting the COJlcantration ot 

an~ YD in the agar do1ll'l1M1"d until a relat1v81y taint but st1l1 d1stiJlct 

zone ot precipitation toms it 121 possible to JUke the test seu1tiT8 to 

lnels ot 5 m6 ot rD (.05 ag/ml). 'ftle test 1s perf'Ollled. in dIlplicate. 

Using the same teclmique md other spec1t10 anUsera 1t 1s possible to 

deteet as l1ttle as .05 ag/al ot YG (Fig. 6) or YA (Fig. 7), and. .15 .,,/111 

of YM (Fig. 8). 'l'his teclmique has been used routirlely in this laborato1'7 

to detemine YG, VA, YM and TD 'iJlallml)globll.iJt 1_8121 in se1"\1lll or other fiu1ds. 

Nn stedard C1l1"9'eS are prep&l'8d tor each iImImoglob1Ü1J1 lIhen8Yer a nev batch 

of ant1serma-in-~ar tubes 115 prepared.. The SUle sted.a!d sera are 11sad 

t.luoougbmlt as wera the sae pools ot spec1t1c antisera. The teolm1qu.e v1l1 

be reterred to as "JaiCl'O-Oa.din" in tbis thesis. 

(d) 9uantitat1oll us1.!!g plax1glas rese1"t'01rs. It _s round that 

still muller quant1t1es ot each ot the iBmnoglobùins coal.d be detectecl 

by' a di.tf'erent lIlethod ot Ilicro-Ol7.chterlcmy analys1s utu1zing a special 



e 
plexiglas matr1x llOditied f1'O!ll,those described by Crovle (1958). kperi

mentation dalOnstrated that at least a ten-fold increase irl sensitiTity 

over the mst sensitive aicro-OQchterloJ!Y, m1cro-Oad1n or lVland lmImmoplate 

techniques could be attained by utilizing rese1"1Oirs vith centers :3 JIll 

apart (lieiner and Evans, 196'7). 'rhe eSS81'1tial itaa of equ1lBant is the 

plexiglas rese1"'9Oir. 'l'his is shown in Fig. 9. By th1. tecb1'l1que it is 

possible to rel1ably detect 111g/m! of YD, TG or TA, or 5 ug/ml TH by the 

method outlined in Fig. 10. This sensitive teclmique is scmun.bat more 

ditfiault to pertom the the other aetbods of quantitation because of 

sld.ll requ1red in fil' ing the aul.l holes and the t8!Klene;y for Agar to d1")" 

under the plexiglas and cause leakage f1'œl belov the resel"'WOirs. NeYerthe

less, it is rel1able 1ft exper1enced bands ed is rout.in~ usecl,:.hen deal.1ng 

vith 1zmatJ'lOglobulin levels belov 30-40 ug/ml. studies w1th this metbod are 

regularly done in duplicate and occasionall.y in triplicate or quadmplicate 

if necessary. The technique is reterred to as plexiglas aiczoo-OQchterloJ'J;V. 

Details of the metbod are as follolll' 

Six per1pheral rese1'9'o1rs vere arraJ1ged &round a central reservoir 

in a 1" squue of plexiglas wldch 1I&S 3 JIIIIl thick. The reservoirs 1I8re 

1.5 .. in d1aaeter at po11'lt of contact vi th the Agar aJXl are counter-nnk 

tl'Om the top to a depth of 2.2 _ alXl a diameter of 2.5 _. The bol es vere 

3 - apart, ctmter to CeJiter, lblble thickness layers ot electr1cal tape 

were affixed to glass slides precoated vith .~ Noble Agar and the p1llx1g1u 

squares vere placeci across the tape strips as shovn in Fig. 9. One percent 

agar in 0.1 H borate butter vas introduced beneath each plexiglas square to 
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f'fi the space between the plexiglas 8l'ld. the slide. Practice is required 

in introdncing the pl'Oper :.amount. of' agar but with axperience this cm be 

readily done. The reactants are then placed. in the appl'Opriate resel'V'oirs 

and allowed to deve10p ovemight. .Arter Ws the plexiglas squares are 

gently 11tted from the agar surtace and the slides are exam1ned. for 

precipitate lines in the agar. They are then washed. for 2 days to remove 

unprecipitated. pl'Otein and are stained vith thiazine rad R. Followlng Ws 

the slides are dried, a drop or two of' mounting fiuid is placed. on the 

surface of' each, and covel'Slips are af'fixed to pl'Oduce pe:œanent. mounted. 

slides. 

(e) Fractional ammom'Wll sulf'ate precipitation. 1'wo ml of l).myeloma 

sel'Wll (L.P.) were d1l.uted vith 2 ml 0.15 M NaCl and made up to 2~ saturated. 

ammonium sulf'ate us~ the nomogram of mxon (1953) to detemine the amount 

of 8DIIlOmum sulf'ate wh1ch should be added.. The small. amount of prec1pitate 

vas labelled 2~ .AS and vas saved. for study' as indicated. below. The super

natant vas then made up to 35~ 8IIIIIIOnium sulfate again employing Dixon' s 

nGDlOgram. The resultirlg precip1tate vas washed. tvice vith 35~ saturated. 

ammonium sulfate and d1.ssolved. in 1 ml en M tris-HCl butter, pH 8.0. This 

sëblution vas dialyzed. tor 24 hours in the cold against 100 volumes of 0.1 M 

tris-IàCl, pH 8.0 which vas changed. tvice. The f'raction vas made up to 2 ml 

and vas called 2()..35~ AS. The supematmt f'l"CIIl the 35~ precipitation vas 

made up to 45~ 8JIIIJOm'lDll sulfate saturation, the resulti..'1g prec1pitate was 

tvice washed with 45~ saturated 8IIUIIOnium sul.f'ate, dissolved in 0.1 N tris-NaCl, 

pH 8.0, ~ed as above, reconstituted to 2 ml and called. 35-45~ AS. The 



supematant f'l"CIIl the 45~ saturated ammonium sulf'ate precipitation vas 

d1a.lyzed axhaustively' vith 0.1 M tris-NaCl and vas called > 45~ AS. 

f:IJ. 

Preliminar,y micro-Ou.chterlony' analyses of the above fractions 

indicated that only TG vas present in 2~ AS, pred.om1n8D~ TG in 20-'5~ AS, 

and predominantly rD in the '5-45~ AS fraction. A number of non-tammno

globulin sel'Ulll proteins were also present in small amounts in this f'raction. 

Negligible amounts of YD and TG were present in > 45~ AS. On the basis of' 

these results a 50 ml. aliquot of D-myelcma se1'll1ll (L.P.) vas fract:1onated in 

precisely the same lIWmer except f'or the larger volumes of' reagents _ployed. 

tater a second D-myeloma sel'lDll (J.H.) vas fract10nated by this technique, 

and subsequently additional aliquots of' each myeloma sel'lDll and sera fl"Clll 

several non-lIlY'elaaa subjects were sm1larly subjected to this procedure, 

generally as a prellmina1'"1' step te gel filtration or ion-exchange chromato

graplv'. 

(f') Sephadex G-200 gel filtration. The '.5-45~ AS fraction tl"Clll 

50 ml. of' L.P. serum vas dissolved in 10 ml. tris-NaCl., pB 8.0, dial.yzed, 

and made to a final vol'Ullle of 15.5 ml. The total protein concentration 

vas 10.1 'M/ml, the concentration of YD was 6.4 mg/ml. and. of TG 1.7 mg/mJ. 

as measured by micro-Ou.din. The remainder of the prote1n represented 

other :immo.noglobalins and non-1mmnoglobalin sel"Ulll proteins. Sephadax 

G-200 (Phamacia) vas prepared by swe111ng the gel beads in distilled 

water for 48 hours, removing slowl.y' sedmenting fines three t1mes, then 

washing vith 0.1 H NaCl, 0.05 M tris-BCl, pH 8.0. A 7 x 75 ail column vas 

:prèpaiot;d':. C20 cm vater pressure)and. equllibrated vith the same buffer 
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ovemight. F1tteen ml of the YD-rich 3~5~ AS fraotion vas then applied. 

This represented 151.5 mg Pl'Otein of lihich approx1mately 96 mg 1I&S YD. 

F1ltration vas allowecl to prooeed. at the rate of 10 drops per miJmte and 

10 ml fractions vere oollected at 4·C using an LIB autclllatic fraotion 

collecter. The optioal densi ty of the solution in each tube vas read in 

a Beckman ID Speotrophotometer at 280 mp. and aliquots f:rœ ind1vidual tubes 

vere tested by micro-OI1chter1o!\1 for approDmate Damnoglobalin content. 

The protein peaks vere then poo1ed and labelled. I, n, m and IV. The 

20-35~ AS fraction of L.P. vas prepared an:i applied to a second Sephadax 

G-200 co1umn in a manner identioal te that just desor1bed.. lilo1e sel'Wll 

fl"all nO~OIIla subject K.G. vas also fraotionated. in tbis lIlamler. 

(g) DEAE-cellulose oolmm cln'aIatography. DEAE-oellulose 

vas prepared by initial suspension in dist1l1ed _ter followecl by wasldng 

al. temately vith 2 N BCl. and 2 N NaOH for three washes eaoh, the final 

wash being NaOH. The suspension vas then _shed four tm8S vith 0.015 M 

sodium phosphate, pH 8.2, and was considered re~ for use. A 2 x 25 CIL 

co1umn vas packed under m1l.d air pressure vith freshly prepa.red DEAE

cellulose and _5 equi11.Drated ovemight vith 0.015 M phosphate buUer. 

Four lmndred and fifty mg of an ammoniUlll ~ate fraction of L.P. ~ 

sel'Wll (35-45~ AS) vas disso1ved in 0.015 M SodiUlll phosphate butter, pH 8.2, 

exh&ustively dialyzed agamst the saille blffer and brought to a volume of 

15 ml. This vas applied to the oolumn and _s e1uted in 15 ml aliquots 

using stepwise increases in ba..."'fer mo1arity at constant pH. Several 
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subsequent oolumn chrœatographic separations vere pertom.ed. in s1m1l.ar 

manner using 3S-45~ AS fractions of J .M. ]).lÇ'eloma sel"lllll or s1mU ar 

preparations of non-myel.cma sel"lllll. 

j. Results 

<a> Fractions obtained. by trIIDIIOmum sulfate precipitation 1181'8 

tested by the mcro-Ondin technique after d1al.ysis against 0.15 M sodium 

chl.oride. This revealed. that 50-7~ of the total prote1n in the 3.5-45~ AS 

fractions vas rD in each fractionation ot D-m:ye1oma sel"mll 1à1ereas only' 

lo..3~ Vas YG. The remainder was YM, YA, cre m&Croglobüin am several. 

other sel'mll proteins in ..n. quantities, as demonstrated. by 'IiJ11Dme1.ectro

pboresis of concentrated fractions. The 2~ AS fractioJlS vere ccl.usively 

YG am the 20-35~ AS fractions oonta1J1ed 8-10 times as _ch YG as YD. This 

indicated that fractional 8DIIIlOmum suJ..tate :&lrecipitation was a useful 

procedure for concentrating YD relative to YG in sel'Ulll samples. 

(b> Seph,dc: G-200 gel filtration ot a 150 mg aliquot of the 

2o..35~ AS fraction of L.P. IÇ'eloma sel"Wll is show in Pig. 11. The e1ution 

rate was 0.5 ml/m. un the baffer was 0.1 N tris in 0.1 N NaCl, pH 8.0 

throughout. The traction eluteci as tllO minor peaks and one major peak, 

one lIinor peak appear1ng as the ascEmCling shoulder of the major peak. 

The tirst peak consisted almost exc1usively' of lM as dete1!ldned by m1czo

OI1chterlony, micro-OUdin am u-moe1ectrophoretic analyses both baf'ore and 

atter 100..fold concentration by' peNaporation. Peak II contained largely 

YD but also oontained YA, whereas the 1arger peak, III, vas almost cc1.usive-

1y YG. 
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The 35-45~ .AS traction e1uted. as three major and one m1Mr 

peak on Saphadc G-200 gel filtration (Fig. 12)0 Peak l represented. a 

smal1 amount of YH and a larger amount ot CI2M, peak II was ccmposed. large1;r 

of rD and peak III contained ln and a SaIlEnlhat smaller amount of YG. Peak 

!Y vas found to contain, among other things, tragments of rD lIh1ch on 

bmamoe1ect1'Ophoresis migrated as rab and Fe fragments. YD vas thus shawn 

to fragment to a s1gn1ticant degree under the relative1;r mild conditions 

or 8JIIIlOnium sulfate precipitation and Sephadax G-200 gel. filtration, an 

evidenee of 1ts frag111ty' which has been frequently' sean in th1s laboratory. 

YG has been obseNed to fragment but to a lesser degree. This frag111ty' 

vas also demon5trable in the ooneentrated fraction IV on bmmnoeleet1'OphoreSis ~ 

Sephadex G-200 gel filtration of a 45~ UIIlOnimll sultate prec1p1tate 

of a reag1n1c non.-JÇ'el.oma sel'Wll vas analyzed. for ccmparative p1rposes (Fig. 

13). In this sel'Wll the YD concentration vas 0.015 mg/ml and the lE 

concentration (ldndly determ1ned by' Dr. S.G.O. Johansson) was 0.0073 mg/ml 

(or one half' the YD lsvel). The YD and lE each vere assessed. in concen.trated 

gel filtration eluates pooled. as indicated in the figure. YA vas present 

in 100 tmes greater concentration than "rD, which 1s probabl;r the reason it 

vas detectable in fraction l, sven though it peaked. in fraction 3. There 

vas slightly' more YD in pool 2 than 11'1 pool 3 wh8reas the re'l'erse vas tra.e 

for YE suggesting that in this serma rD vas retarded less by' the gel a.nd 

hence ma,. be a slightly' larger molecale the YE. Passive transfer sk1n 

reactions (FIC tests) vere also done on representative UJlconcentrated fractions 

and are imicated. at the bot1:œl of the figure as an additional. point of ref'erece. 



(c) DEAE-callulose colmm chrollAtograph.y ot .L.P. JVeJ.ama se1"Wll 

traction 35-4S~ AS is shown in 1P1g. 14. lbile YG vas the only protein 

eluted in peak l, mi both YG and YD ... -are e1uted. in peaks II 8!ld. m, 
peak !Y was tound to contain YD:YG in a l'&tio of 18:1 both by micro

OI1chter10rty' 8Mlysis ot unconcentrated aliquots and by micro-Owiin tests 

on the concentrated peak. !Jmmmoelectropboresis ot peak JY using anU rD 

as well as anti who1e lmman se~ revea1ed a high concentration of YD, a 

min1mal. concentration of YG and no other detectable proteins (Fig. 15). 

This peak vas used tor am1no acid analysis and ultracetrltugal studies 

sven though YG vas present as a contaminant in an amount ot about 1~ 

An additional tract1onation of L.P. D-JV8lcma sel'Ulll vas made in a DWmer 

s1m1l.ar to this and prec1se~ s1m11ar results we1"8 obtained.. The peak 

containing rD in highest proportion vas caleul.ated to be 9~ pue br 

micro-Ou.d:in 8Ild this vas conti1'!lled by hIaunoe1ectl"ophoretic analyses. 

This peak vas used for carbohydrate det81'!llinations. In neither traction 

: W&S YM or YA tCJUl'ld to be present in the rD..rich peak in an 8J11)unt exceed1ng 

2f1, of the total proteine Further tractionation ot rD by Sephadax G-200 

gel til. tration vas attEllpted ba.t vas l'lOt empl.oyed at this stage because 

of the excessive losses ot rD which occurred.. 

D-JVeloma se1"Wll (J .M.) vas fractionated. using a 35-45~ AS 

traction as startmg mate1'1al but a sl1ght~ ditterent stepw1se butter 

e1ution schElle as shown in Fig. 16. Only YiÇ- vas e1uted. m peak l a!1d. YD 

vas e1uted large1y in peak II. A small. amount ot Y A vas present in each 

of the last tllO peaks. Three additional chraœatograms have been made of 



3S-4S~ f1'&ctions of J.M. IQ'elœ1a sel'Ull, each wi th s'imllar resul ts to 

those shown here. Peaks found to contain YD in 9~ or greater pu.rity 

74. 

were used for aDd.rIo acid analys1s, ultracentrll"ugal etudies and C&l'boÇdrate 

deteminations (one peak on each of 3 columns proved to be sui table). 

Column chramatogra~ on DEAE-cellulose of a non-myeloma seram 

containing a high concentration of lE vas carr1ed out aDd 1s included f'or 

puoposes of CODlpal'ing ·elution patterns of' the f'1ve Dmmnoglobal.1ns. It 

1s sean that YD was el.uted in two ragions vith a peak slight.1y' preced1JJg 

that of lA blt follov1ng that of' lE (Fig. 17). Column chmmatograplv of 

the same atopic serum vas also carr1ed out on DEAE-Sephadex using a 

slightly ditf'erent butter and including PK titres wh1ch are sean to 

corralate better vith the presence of' lE tban with YD or azrr other ","",'no

globulln tbough the correlation was hlpertect· 8V'8n vith YI (Fig. 18). 

4. Discussion 

IMring the p1"Ocess of isolating YD for immImolog1c and phys1co

chemical. studies the molecule vas found to prec1p1tate best at greater 

ammonium sulfate concentrations than YG and this Pl'Operty- of YD vas 

explo1ted in preparative procedures. It vas· also shown to elute earl1er 

fram Sephadex G-200 than lG, being recovered at almost the SUle location 

as lA and lE but pea.ld.ng slight11' betore e1ther, suggest1ng 1t mq be a 

SOJIl88bat larger molecul.e than YG, monOlller lA, or YE, bu.t smiller than rH. 

In addition, fragments of both YD and lG containing heavy and l1ght chain 

detel'lllinants were fOuM by gel tlltration, the molecular brealcdollft being 
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most mal'ked. in the case ot lD. Using tractional. ammonium sulfate 

prec:1pi'tation and DEAE column chrœ1atography it vas possible to prepare 

YD ot appl'Oximately- 9~ pu-ity tl"Olll the sera ot tlJO D-Ily-eloma subjects. 

Wdle this degree ot p11"i ty- 1s net opt1ul 1t 1s the best that 

COIlld be attained atter repeated. attempts. Wlenever an addit10nal step 

was employed to attaitl a greater degree ot p11'1 ty' the loss ot YD vas so 

great that insutt1c1ent remained tor analytical studies. The justification 

tor using the 9~ p:tre material. rests on the reasonable assamption that 

the l~ ot :implnties in all likelihood wuld IlOt s1gn1t1cantly' alter 

the resul ts ot amino acid and carbo~ate analyses nor ot ul tracentrif'ugal 

studies. Proot that this assumpt10n 1s correct JIlUst await the availab:U.1ty

ot larger amounts ot starting matarial and etrect1ve JIletbods 1:0 prevent YD 

breakdo'Wn so that additi.onal plrification will became possible. Ea,ch ot 

the imDlm0 globl1lins had a unique pattem ot elution upon anion exchqe 

chrœatogra~ wi'th considerable overlap in JIWJY tractions. 



76. 

B. Isolation ot lambda Light Chains trcm L.P. Urine 

1. liiti'Oduction 

!bst subjects wi'th ~l.oma bave lambda Bence-Jones Pl'Ote1D in 

the urine, a p8CIÜar1t,.. that suggests either & unique atfinity ot & -heavy 

chains tor À-light chains, or the pl'Odnction ot a special var1ety ot À 

chain in subjects vith D-aye1ama, or both. In an attElllpt to gain SCIlle 

insight into the reason tor the high incidence ot À Bence-Jones pl"Oteinuria 

and into the nature ot the À chains themselves, the urines ot subjects L.P. 

and J.H. vere studied. Urine L.P. vas tound to have a high concmtration 

ot À Bence-Jones pl"Otein whereas urine J.H. had only' Yel'7 ..n (nomal) 

amounts ot both k and À light chains. Urine L.P. vas therafore subjected 

to turther s~. 

2. Materla1s and aethods 

'l'Yo liters ot L.P. urine containing approx1:utely 5 gras ot 

prote1n par liter vere placed in 2.5 CIl di8lletar VisJdng tubing and diaqzed 

tor tllO days against cold tap _ter. The dialyzed urine was shell tl"Ozan 

in 300 ml aliquots and qoph11ized. 

Initiall.y 5 ml ot a solution ot 47 mg /ml urinar.1 protein (235 mg) 

vas dialyzed against 0.05 M sodium phosphate butter, pB 7.6 Md applied to 

a 3 x 40 CIl column ot regenerated DEAE cellulose equi11brated 1Ii.th the 

same butter. step.wise e1ution vas carried out &S ind1cated in Figure 19. 
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Three addi tional aliquots of L.P. urinary protein (100 mg each) were 

chromatographed separately under almost identical conditions. For the 

1ast two chromatograms urine was used which had been stored for several 

months at 4°C in the presence of 1:10,000 sodium azide as a preservative. 

Antiserum to L.P. urinary proteins was prepared by emulsifying 

50 mg of dialyzed and lyophilized urine in 2 ml complete Freund' s adjuvant 

and injecting half of this into each of two white New Zealand rabbits. 

Booster injections were given at 1 month and antiserum was harvested 2-3 

times monthly beginning at 2 months. Precipitating antibodies to urinary 

proteins vere demonstrated by immunoe1ectrophoresis against concentrated 

urinary proteins and antibodies te serum proteins by immunoe1ectrophoresis 

against undi1uted L.P. serum. 

3. Resu1ts 

Representative tubes comprising each protein peak were ana1yzed 

as obtained fram the co1umns for k, À,1 and S chains. Only À chains were 

found in unconcentrated fractions tested by micro-Ouchter1ony and these were 

distributed as indicated in Fig. 19. The 1ast protein peak was judged to 

be pure À chains since no other protein was detected when this peak was 

concentrated to 30 mg/ml and tested by immunoe1ectrophoresis, and the À 

chains accounted for aIl the protein according to quantitative gel diffusion 

tests. This protein peak was saved and used for the subsequent studies on 

L.P. À chains reported herein. 

The next DEAE co1umn chromatograms performed on L.P. urine were of 

interest in that the second chromatogram had simi1ar protein peaks in response 
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to blffer changes but intact À cha1ns vere restricted to the final. peak 

except f'or trace 8IIOunts in a sma1l preceding peak (Fig. 20). AD 1dellt1cal. 

optical density elution pattem vas obtained fl"Clll the th1l"d. chrœatog1'81l 

except no À chains œul.d be ident1f1ed 11'1 any peak nen tbough À BeIlce

Jones prote1n vas present in ldgh concentration in the l11'1ne bef'ore 

lyoph1l1zat1on. The f'œ.rth cJuoamatogram :resulted in a prote1n elutlon 

pattem sim11ar te the othe1'8 but again no À chain wu detectable bmIlno

chaa1eally in any of' the peaks. This vas intarpreted as daaonstrating 

mariced labUity of the À-chain antigen1c detemdnants in th1s subject's 

urine. 

4. D1sCllssion 

Chramatography of L.P. urine bas daaonstrated an UDUsa.al. pattem 

of' L-cha:1n elution wi th late .el'gence of' a sharp À peak. .A.t the sae t1ae 

ev1danee 'aS obtainecl that L.P. À chains are h1ghly labll.e and ma7 1o.e 

prec1p1tating 4-chain antigenic characterist1es atter JIild preparat1ve 

procedures. Be-study' of' the original urines and eluates 1"8'1ealed that in 

the later f'raetionations the antigen1c dete1'ft1nants beCGle denatured da.r1ng 

the lyoph1l1zation procedures rather tban while on the columns. In ne1ther 

instance did the denaturation attect the elution pattem of' the prote:1ns. 

This lab1l.1ty 1s smuar to that observed tOI' who1e YJ): lIOlecales and 

suggests that labll.e À cha1ns ma7 be :respons1b1e in part fol' the labllity' 

of' YD. It also brings up the poss1bUity that YD hea'Y7 chams _7 have a 

specifie attinit7 f'or un1quel.y' 1abUe À 11ght chains. 
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c. studies on the Labllity of ln 

1. Int1'Odv.ction 

In view of the ease of frapentation ot YD dur1ng S'torage, upon 

repeated. treezing and thawing, during lyoPhilization or during the lIild 

separative pl"Oced.ures utilizecl tor isolating the prat.in, an attslpt vas 

made te gain 11101"8 insight into this behavior. It vas tound tbat not o~ 

d1d fragmentation occu 1i:dch vas erident on ilIJmnoelectl"Opho1"8ais but 

alse the apparent concentration ot YD in the se:rma. or chromatographie 

tractions vas trequently' tound to decrease vi th storage and. handling. 

In other lI3rds, there appeared te be deterioration or perhaps masking of 

'-chain antigenic deteminants 1I11ch more readil.y than vas the case vith 

YG, YA or YH. 

An :important objective vas to stu~ 1mnmnoglob1l.in lability' in 

tems of resistence to del'1atuntion on exposure to contrallecl heat. An 

equally 11Ilportant ailIl vas to learn wbat ranges of pB and JlDlar1ty could 

be applied. to solutions of YD wlthout causing signiticant denaturation. 

The latter inf'omation vas also helpful in choosing conditions for elution 

tl"ODl iJaDamoso1'bants usecl in the isolation of YD. 

2. Materia1s and aethoc:ls 

Ca> Denaturation on freezing and thaving. Sera t1'01ll tllO subjects 

'Ni th D-m;yeloma vere repeatedly' tl"Ozen and thawed. over a six month period 

dnr:lng vbich times smal.l. aliquots vere removed. for routine stud1es. New 
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Pasteur pipettes were used to remove each aliquot in order to minimize 

the chance of problems resulting from an accidental lapse in glassware 

cleaning technique. Immunoglobulin concentrations were determined at 

the beginning and the end of the six month periode 

(b) Fragmentation during ammoni1lJll sulfate precipitation. Sera 

fram both ~eloma subjects were fractionated by ammonium sulfate as 

previously described. Paired aliquots of the serum specimens were not 

fractionated. Prior to quantitation, aIl samples were dialyzed against 

0.1 M barbital butfer, pH 8.5 and tested qy immunoelectrophoresis under 

identical conditions. Evidence of molecular fragmentation was recorded 

and selected reactions were photographed. 

(c) Heat stressing. Undiluted sera from two D-myeloma subjects 

and from two non-myeloma subjects were heated to various temperatures as 

were dilutions in 0.1 M phosphate buffer, pH 7.4 adjusted to contain 

approximatelyequivalent amounts of 1D (0.05 to 0.10 mg/ml). One of the 

non~loma subjects was healthy and had a serum level of 0.35 mg/ml, the 

other had hepatic cirrhosis and a level of 0.90 mg/ml. Heating was 

accompli shed qy placing six 0.3 ml aliquots of each serum and ser1lJll dilution 

in a water bath at 520 C for l hour, after which one aliquot of each was 

removed. Another aliquot of each was removed at 4 hours. The remaining 

tubes were then heated to 56°C for 1 hour and 4 hours, &fier which additional 

aliquots of each preparation were removed. The final aliquots were heated to 

600 C for four hours. A fourth control aliquot of each preparation was kept 

o 
unheated at 25 C and was analyzed for immunoglobulin content along with the 

heated samples. 
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(d) .AlteD.tions . in pH and mo1arltr. Aliquots ot 1/2 ml ot 

seram tl"OBl each of the tllO ~e1QJ11& subjects and fl"CBll the same tllO 

non-myeloma subjects as in (c) 1I8re placed in 1/4- di_eter Visking 

d1alysis tubing and dialyzed tor 22 MUrs :in 500 ml of butter having the 

composition indicated. in the table below. BIltters vere changed. at 16 hou.rs 

and vere kept in constant agitation by a magnetic st1rrer 

'fABLE VII 

Buttera evaluated tor affect on rD integrity 

Mo1arity ot Added 0.1 M 
Exper No. .Added. Salt ~ bufter Final. pH 

1 2.0 KI phosphate 7.4 
2 2.0 Il Tris 9.0 
3 2.0 KI Tris 10.0 
4 2.0 KI Tris 11.0 
5 2.0 KCl Gly-HCl 4.5 
6 2.0 KCl Gly-HCl 3.0 
7 Gly-HCl 2.2 
8 8 H urea phosphate 7.4 

Control phosphate 7.4 
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(a> Sentaneous breakdD1Ift. The etteet ot storage and treeze-

thav1ng on the apparent COl'leentration ot YD as detcma:1necl by' m1c:ro-Oud1.'i 

anal.7sis on sera betore and after a. 6.aoi1th obsel'V'ation period wu as 

f'ollowss 

md 
~ :ni lA m m 

L.P. Initial. 550 40 20 500 

• S'tom 500 ~ 17 100 

J.H. lm. t1al 500 25 5 660 

• stored 520 25 5 300 

These resul ts suggest the lablli ty of' YD .der ccmd1tions as 

IIild as the treezing and tbav1ng and removaJ. of' aJ.iquots f'l'CIIl test tubes 

which oecur with caref'ul eweryday laborato17 activ1t1es • 

.An illustration ot the splitting of' YD precip1tate arcs wh1ch 

of'ten ocœrred f'ollowing treezing and tbawing ot L.P. sel"Qa 1s shown 1Jl 

Fig. 21. An aliquot of' J.JI. se1'U1ll exposed to the same degre. of' f'reezing 

and thawing sbowed no detectab1e f'ragmentation (Fig. 22). 

(h) .A1mIon1œa sulf'ate. Fragmentation of' a small to lIloderate 

proportion ot the YD tract1onated. by IZIIIIOnium sultate precipitation at 

35~ and 45~ saturation ws evidenced by break1ng ot 1II01ec:ules into Fe 

and Fab-1ike f'ragments. SI1ch f'ragmentation vaned oons1derab~ f'1'OIIl one 

8JIIIIO!11um sulfate precipitation to the nm and the l'8&sons tOI' the 

variation vere not evident. SoIIlet1llles as li ttle as lo..15~ of' rD vas 



tragaented and at othel" ta_ as II111ch &8 80-9~ &8 jt1dged by' ilmmmo

elect1"Opbores1s and by' ultracentr1tc.gat1on. Of'tea the1"8 vas SCIlle fragaanta

tion upon DIIIOn11m1 sultate precipitation and turthel" fraglllentation attel" 

DEAE-cel.lulose ch1"omatography. Part1calar17 strildng axamples ot the 

fragmerltation which occasionaJ,q occu.rred &l'8 shom tOl" L.P. YD in Fig. 23 

and tOl" J.H. YD in Fig. 24. 

(c) I!Ë. '!'he affect ot heat on the prec1p1.tab1l1ty of YD in 

the 4 sera studied 1s indicated in Fig. 25. '!hue values were averaged 

and CCIIlpared. in Fig. 26 to the s1multaneous ef'tect ot heating 011 the othel" 

Dmlmoglobul.1ns. It 1s sean that 8&1"l1' deDaturation ot YD oocurred at 52·0 

vith a p1"Ogress1ve mcre.se in the proportion dmatv.red as taaperatures 

vere increased to 60·0. Of the tour major 11!1!1!QD oglobulins tested by' th1s 

technique,lX vas net to YD in lab1l1ty, lG was 1east heat-labUe and 

lA vas intemed1ate between YH and lG. Se1'UIIl t1"Oll a subject, vith & h1gh 

t1ter ot reag1n1c ant1bod1es vas heated in the same lIWD'1el" and the ettect 

on passive transtel" tests of the P-K variety inc111Cled tOl" caa:pal"1son 

al though the Prausn1 tz-Kustnel" JIletbod ot ind1cating lE 1abill ty 18 d1!f'1eal. t 

to relate to the lIlethod or p1"8c1p1tabU1ty by' spec1fio ant1serma. 

(d) pH and molariV. The .ttect of variation in pH and 1I01ar1ty 

on the prec1p1tabU1ty by spec1f'1c anUsera ot lG, lA, YH and rD and on 

the P-K actirlty ot reagin10 sel"Ulll 1s sho1l'lin Fig. 2:1. A1l sera W81"8 

l"estored to pB 7.4 and 0.15 K sal.1ne-phosphate beto1"8 test1ng. The d1ag1"8lll 

has been a:na.nged to indioate increasing degrees ot denaturat10n of rD. 
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It is seen that YD again is more labile than YG, YA or lM and. i8 perhaps 

silllilar in lability to reagirlic antibodies or YE, alloving for the 

d1fference in the P-I assay aethod. used for reag1ns. It may be notad 

that YD al.one appears to be labile in 2 M KI at pB 4. S. E1ght .,181' 

ure. in 0.1 M phosphate, pB 1.4, CCIIIlplet~ danaturad YD bIlt had no attect 

on YG. 'lbe .tfacts on YA and lM of 8 H urea were not studied and. thel'e

fore this solution 18 not includad in the f1gnre. 

4. Discussion 

The lIl&l'ked labilityof YD is a finding not etioipated at the 

beg1nning of this s~ but one 1Ih1ch bas nov been COIIIIIlel1ted upon by' 

wol'kers in at leut five separate commnnications (Beiner and Evans, 1961; 

Skvarll and Radl, 1961; Beiner, Saba and lbse, 1968; Jahans80n, 1968; 

Fahey et al, 1968). The current studies indicate that this lablliV 

mvolved both myelollla YD and n~elOll& YD. It obviousl.y' increases "the 

ditfiaulty of 1IDrking with the 8JII8l.l quantities of YD ord:1nar1l7 ava1lable 

for stu~. It is perhaps possible, tbough \U1proved at preseI'lt, that the 

ve17 high catabolic rate of YD in the body is related to its lab1lity in 

the test tube. Possible causes of the labllity of' YD include a molecal.ar 

configuation maldng it pal"tiaa1arly susoeptible to attack by' a sel'Ulll 

proteolytic anz,ae suoh as plaSllln, or a configuration IUIldng it ea&y' to 

untold but difficul t to re!old. The fomer is perhaps suggested by' F1gve 

24 wherein J .M. YD acqu1red a more anodio migration (smaller number of' 

positive charges) &fter fragmentation. This oould be explained on the 

basis of a 1088 of predom1nantl3' positiveq charged. peptides or amino acids 



as a 1"8sult of' enz,utic activity. Beat and acid labllity 1IOUl.d suggest 

tbat molecalar fol.d1Dg and ref'0l.d1ng say also be important. 

D. Atte!pts te Isolat8 Sel'Ull YD 11'O11l a Bealtb,y Slb 'ect 

1. Introdnction 

Pzoel1m1n8.17 attempts te isolate YD 1"rom non~eloma sera in this 

laborato17 by the Iletbods out11ned in section IV (a) vere unsuccessful. 

This vas tbought to be due to the relatively SIlall amounts of YD in nOD

myeloma sera, to the difficmlty of separating YD f'l"OIl that proportion ot 

seNll YG which bas dailar chaJoge and chraDatograph1c eharacter1stics, 

aIld to the labil1ty ot YD and ~t1ng loss dur1ng f'ract1onation. An 

1ll.ustration of the probl. 18 p1'OV1ded by one sel'tml wh1ch had YD in 

average normal. amounts (0.0.5 JJg/ml) and which vas f'ractionated tirst by 

precipitation vith 4~ ammon11Jm sulfate and thance by DEA&-cellulose 

chlœlatography to leam 11" the nomal YD could..'be PI1r1t1ed s1gn1t1cantly 

by these tllD p1'lOceclu1oes alone. Most ôf the YD-containmg fractions also 

contained tllO 01" three other '1:aaImoglob1l1ns :in greater aIOet and aU 

fractions Rre shcnIn to have more than 2.5 times as_ch YG and YD (Fig. 18). 

'fb.eretore, & d1t.f'erant app1'lOach te the isolation of non-myeloma 

YD using :bIBmoso1'b8'1ts wu triad. 
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2. Haterids and .etbods 

(a) PrelD1nm bDmmosorbents. Since on1,. SlII8l.l amounts of 

YD and anti-S chain antiseram vere available init1al.1,. and large amounts 

of l'G and anti-l'. ··chain vere on band, the first 1amlosorbent8 prepared 

involved. l'G. These served as models to gain experimce. In the f'irst 

experiment, a higbly pu.r1tilid preparation of nomal bmun l'G (obtained 

from the Prote1n Foundaticm, Jamaioa Plain, Mass.) ... copol1merized w1th 

ethylane maleic annh.ldride (00.) by the metbod. of Centano and Sebon (1966), 

a procedure adapted trcm the original .,ric of Levin et al (1964). 'fh1s 

iDmImosorbent vas used to selectively remove antibcdies to YG fram a 

rabbit aIltiseram containing antibodies to l'G, YD and severa! other sel'Ulll 

constituants. AU antibodies directed to YG vere selectivel.,. l'SIOVed 

and i".",oelect1"Ophoretic studies indicatecl no signif'icant alteration 

in the concafttration of other ant1bodies. The procedure for preparing 

the YG immlosol'bent vas as tolloG a 

Etb3rlene maleic anltvdride coPD11aer Nsin D x 840 - :3l (Konsanto, 
. Tan ml of 

Canada, Ltd.) vas dissolved in Acetone to malee a 1~ solution vt/vol. A This 

soluticm was added dJoopwise to 50 III ot a solution ot Plr.if1ed YG, 4 mg /al 

in 0.1 H phosphate butter, pB 5.5, ed the reaction JB1.xtu1"e wu constantl,. 

agitated by a magnetic stirrer. '!'he copo~erized YG separated as a fiüy 

white p1'8cipi tata wh1ch vas vashed in 0.1 H phosphate, pB 7.4 until the 

supemate had ail opticaJ. demsity of le88 than 0.020. !he p:recipitate was 

then washed vith 2 Kiel, pB 3.0 and again vith 0.1 K phosphate, pB 7.4 
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after which i t was ready for use as an antigen immunosorbent for removal 

of antibodies te 1G !rail rabbit anUsera. 

Next, rabbit antisel"1lll1 to 7G was !ractionated by precipitation 

with 35% saturated ammoni'um sulfate to separate most of the rabbit anti

bodies in a sOll1ewhat purified forme The antibody globulins were then 

copolymerized wi th EMA by the technique mentioned above to make an anti

body immunosorbent which was used in an attempt to remove 7G from a 

chromatographie serum fraction containing equal parts of 1G and mye10ma 

1D. It was possible by means bf micro-Ouchterlony analyses to show that 

1G indeed could be se1ectively removed !rom the reaction mixture (Fig. 28). 

However. very large quanti ties of anti-1 chain immunosorbent were needed 

to remove small amounts of 1G in comparison with the re1atively sma11 

amounts of 1G immunosorbent which would effecti vely remove anti-7G !rom 

antisya. One contributing reason for this is probably that much of the 

protein copolymerized in the anti-1G immunosorbent was non-specifie and 

only a fraction of the final product was specifie antibody te 1G. Also 

it is probable that some antibodr combining sites were buried and no 

longer avai1ab1e for combination with antigen after the copolymerization 

procedure. When purified 7G was used as an antigen immunosorbent, on the 

other hand, al1 protein emp10yed for the immunosorbent contained antigenic 

sites, and perhaps more than two antigenic si tes per original mo1ecule 

were avai1ab1e for combination vith antibody (Kabat, t96t), hence a 

greater immunosorbent efficiency. 
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In the prel.Ddnary Bperience vith :i.JIuIIlmosorblDts the prepal"eit 

tions were .. de in oonto:nunce to the procedure outlinecl by' Centeao and 

Sehon. The method ot :imlamosorbent preparation _21 thereatter aodifiecl 

when the autbor leamed. abollt the plbl1cation ot kR_eu and 'l'e1'ft1!lck 

(1967) d8llcrlhmg the copo~er1zat1on ot antigena;; and/or antibod1es us1ng 

ethyl chlorofomate, a techn1qcle which held pl'Clllise of be1ng .,re ea~ 

pertomed.. 

(b) Copobaerization ot a seras lae1d.ng in YD. In orcier te 

obta1n insoluble serœa pl"Otems (axcept 1'01" YD) for use in absorbing ct~ 

sera te prov1de ant1,.... YD lIithout soluble ccap1.ces, sel"Ull'" obta1ned fre. 

A heal.tlw subject (A.U.) moc to have an isolated abslDce of 10. TweDty 

m1ll11iters vere dialysed against So .... 1_88 of 0.2 li sod1ua Acetate, 

pH S.O, tor 20 houl"8 vith one change ot butter. 0.6 ml ot et~l chloro

tomate (èct), obtained. tl"Om Eastman Iodak 00., lbcllester, New Yol'k, -.s 

added. to the dialyzed A.U. sel'ala and slo1Ù.)" mixed witA a ugnet1c st1.rrer. 

The pH wu checked fRe~ 2 amutes cd _21 readjastecl te pH S.O by the 

addition ot l R HaCH whenever the pH deereased te 4 • .5, keep1ng tU pH 

between 4.S and .5.0 thro\lghcut the procedl1re. Artel" 20-30 -mutes a 

heavy precip1tate had tomed and at 30 minutes 7.5 ml of 2 aolar sod'".. 

Acetate pH S.o was added to ma1ntain the des1red pH and allow the react10n 

to go to ODIlpletion for another half bour. '!he precipitate vas separated 

by cctr1tagation and _s _shed with 0.1 If sod11D1l phosphate butter, 

pH 7.4 untU the O.D. ot the supemate wu 0.02.5 01" less. flds requ1red 



s&Yen or eight W&8he8 uS1llg 5 - 10 '901,.. of butter per _ah. Detel'ldna

tian of the pl'Otein oontet of the f1rst sup8matant 1Ild1catec1 tbat less 

than 5~ of the seram Pl'Oteins had. 1'8I&ineci soluble. 

The oopo~er _s _ahecl tviee with 2 M Il, pH 10, to l"eIIOVe 

ar17 adao1'bed soluble P1"Ote1ns and the bl'Ought bact to pH 7.4 vith 0.1 M 

phosphate. It vas then allowd to sit for t1Io àqs to allow art.,. unzw.cted 

active g1"Ol.lps to cœlbine atter lIhich it vas _shed again with 0.1 M 

sod:1ma pbosphate pH 7.4 and vas ~ for use. It 'D8 calleCl ecf.AD. 

(c) Preparation of complex-free mUserua to YD. One hal.t the 

w&shed ecf-AD wu m1xed w1 th 20 III of unab.orbed 1Ihole rabbit ant1se1'Qll 

to TD. !he antiserua used. hsd large acnmts of mU ln md lUll 8IIOUDts 

of contudnating anti,. YG and other an~es. It could De a.pl. ... ~ 

absorbed. w1 tb. one twmtietà vol_e or l Ill. of fiuid .el'all AU. About 5 

t1JIes this aouDt of ecf'-JU vas required for absorption bit cicRlble the 

needed aount vas used to be eertain small IIIOIlDts of UDdetecteci anti,. 

bodies to sel'Ulll proteins other than YD did not reaain. The m1xture vas 

stirred at roaa temperature for one heur and left at 4·C oTemight atter 

which the supernate _s removad. followlng oantr1tugat1.on at 5,000 rpIl 

for one hal.t hoa.r. The supemate wu tested. by :m:1Cl'O-OI1chterlony an~s 

and by. iJamoelectl'Ophoresis to daaonstrate the cœaplm raaoval of 

antibodies to YG, k, À, and other serma proteins. It was eallad COIlplex,. 

free anti-YD, sinee the absol'bed antisel\1Jll conta1ned DO soluble ant.igtn

antibody ccmplexes. 
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(d) Copob!erization and test\ng ot aamplG-free antise1'\1ll1 to 

m. The above 20 lIÛ. of collpl __ free antiseralll vas oopo~erizad. vith 

Oe6 ml ecf, according to the technique described aboTe, _s washed vith 

0.1 M phosphate, pH 7.4 untU the O.D. vas 0.01.5 and wu then treated 

sucoessively n'th 2 M I!,.tris, pH 11, 0.1 H phosphate, pB 7.4, 2 K ICl. 

in 0.1 M glycine HCl., pH 4.0, and fin~ vith three vashes of 0.1 M 

phosphate, pH 7.4. The anti-'ID immanosol'bant wu oalled. ecf-anti-YD. 

It .was testad for eftectiveness by preparillg a slu1'1"1'of the mUre 

precipitate made to 20 ml vith 0.1 N phosphate, pH 7.4 md plachg l JIl 

of the slurry in a separate test tube. To Ws vas added 1 ml of a 

L.P. JÇ'elOlU serum fraction contaming 0.0) mg/ml TG and 0.0:3 mg/mJ. Tl). 

The m:1xture vas mverted seYeru tDes, wentr1taged, and the npemate 

tested for its content of YG and YD. Since YD vas NIOTed. and TG wu 

not aacol"ding to adcro-Ollchterlony analyses the 1Bammosorbet vas OOftside~ 

ad. re~ for use. 

(41) Rsmoval. of YD f1"01l nomal seza. To te ml of anU-YD 

slurry (lmOllft to be capable of r.ov1ng at least 0.0) mg/aJ. or .:3 mg of 

YD) vere added 10 ml of I.S. SS1'UIl conta1ning 0.)5 ag/lil rD or :3.5 mg rD. 

This wu stirred slo~ at 1"OGI t_pera'ture tor l bou, the overn1ght 

at 4·C. 'lbs :bmmnosorbel'lt vas cetrifuged. to the botte. of the tube at 

:3.000 rpa for 1/2 hour and the supemate savad for testiDg. The YD 

concentration in the supemate _s found. to have decreased fl"Olll 0.:35 ./ml 

te 0.02 mg/ml indicating lIOst of it had been removed by the 1mDmosorbct. 
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The YG concentration had decreased troll 12 'IIJf!./ml te abo1lt 1.5 mg/ml 

wh1ch CCItlld be accounted for by' d1lut1on. The :œ.molOlbet and adsorbed. 

Pl'Ote1ns WH then vashed m'th 00 1 M phosphate, pH 7.4, until the 0'». 

1I&S UJ'lder 0.020 and an att_pt wu made to eJ.u'te the YD by' stepw1se 

addition ot ditferent buffers (SM Besults). 

(t) Regeneration ot i"""",osorbmts. !t'ter exposing the 

:iJmlmosorbmt-YD exapl_ to the desired buttera and separating the eJ.utecl 

p1"Ote:lns by' cetrifugation it vas possible te regeerata _oh 1".",,0-

sorbant. fbis vas aCCOlllpl1shed. by successive double additions of 0.1 JI! 

glycine-HCl. pH 3.0 and 2 H ItCl. in 0.1 H ti'1s, pH 11.0, tollowed by washas 

vith 0.1 H phosphate, pH 1.4, until neutrali ty vas reached.. The:DaaanO

sorbets ccnù.d be kept .t1"Ozen as a wet precipitate or ~pMl1zed. and 

JIIOst <4 their activity mdJlad. Ji)wwer, trea1:ae!lt 1Ii'th glycine-BCl 

batfer at pH ranges below ~.O causad pemanent loss ot CCIIb1lling activity 

of the an~ :1mBmosol'bents, the inactiTatioD being ocapl&te mm final 

pH wu 2.2 or balow. 

The detinitive cperiJunts partial.l7 ooftfimed the TaliditY' of 

this lI.ethocl tOI' isolat1ng non-1I1'eloma YD f1"Cllll lmman serail. BDweYer, the 

success vas associated. vith problallS, l'lot all ot whioh vere solved.. The 

antigen Dmanosolbent (whole semm lack:1ng in YD) vas very effective sinoe 

its capacitY' in raBlln/ing aU unwmtecl antibodies troll rabb1t antisemm to 
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rD vas repeatedly demonstrated. It vas also possible to oopo~er1ze 

the result.1ng specifie &l'lt1. ID w1thout concem that U!lvmtecl ant1gen

ant.~ ccaplexes Ddght 1ntertere w1th its spec1f'ic1ty. It vas : ... 

demonstrated on several occas:1cms using d1tferent 1mmanoaomcts prepar-

ad as described above that rD could be rawed. f1"Olll nomal selœl. &Wft'er, 

it vas ve17 d1tfica1t to p1"O'f'e that rD vas the onl,. protein r.aoved t1'Cllll 

the sema. Table VIII illustrates the results of the exper1aent Ü1 wb1ch 

the specit1c ant1-YD iaDamosorbmt w.s charged w1'th 10 ml. ot nomal serua 

(conta1ning 3.5 mg of ln) and _15 elutecl w1'th successive additions of t.., 

T01UJlles each of t.b.ree d1tterent. ba.t:ters. The eluat.es obtained vith each 

bnffer 1I8N d1alyzed aga1nst. 0.1 H phosphate, pH 7.4 and then st.udied by 

the sensit.ive plexiglas m1cro-OU,cht.erlony tachn1que to det.ect imBmoglobul1ns. 

mLEvm 

Elut10n of YD fl"Clll lDmmnosorbant 

Final pH mg Pl'Otein mg native mg other nat1ve 
Baffer addecl of eluate in ell1at.e rD alut.ed YG prgteiDs -
(1) 2 H ICl, 0.05 
H acetata, pH 5.5 6.1 .g? 0* 0.2 0 

(2) 2 M 1Cl, 0.1 H 
glycine-HCl, pH 
4.0 4.5 4.6 0.48 0 0 

(3) 0.1 H~ .. 
Hel, pH 2.2 2.5 2.1 0* 0 0 

* ln 18 CQIIlplet.el.y and irrft'ers1b~ denatured at. pH 2.2, theretore, it 

1I011ld DOt. be detected 1t e1uted.. 



lt cm be sean that 80Ile P1"Otein 11&8 reIIIOTed f1'Olll the 1:aDmmo

sorbent vith each butter, most being released. at pli 4.5. Orù.y' this elute 

contained. det.ectable nat.1Te m. Ho1l89'er, each ot the other t110 eluates 

iDhibited the precipitation of ID by spaoific ant.1sel."lDl il! !I1cro-OI1chterloDy 

slides saggesting tbat they IIIAY haTe contained !IUÜl 8JIIOUI1ts of partiallJ' 

dcatured m. lt is al80 evident t1"Olll the above that about twice as lIlIlch 

total P1'Otein vas elut.ecl tram the imgmnosol'bent (7.z/ mg) as the acnmt 

of native YD in the sel"Ulll. to which it was exposed. (3.5 mg). bat one of 

three posaibUities probably' ocœrred: 

(1) The se1'l11ll contained denatured YD which was not detected by the original. 

m quantitation but 1Ihich retained sut.ticient antigenio idantity to he 

removed t1'(8 the ae:raa by the DmIIm080l'bet, and 8I1bsequentq tl'CB the 

~osorbeDt by the . solutions of high molarlty. 

(2) Thera _s non-specifie adsorption ot ae1"Ull Pl'Ote1ns other tban YD to 

the :bmImo80l'bern.t lIhich wra not l"8IOYed. by the WShu lut .. ra by acicl 

bufters. This possibility vas inTest1gated by mic:ro-Onchterlony testing 

of the eluat.es vith full strength, 1:4 and 1116 dilutioDS of t., d1tterent 

&!ltisera to wbole h1Dam sera, and by searching tor YG, lA or Y!I by plexi

glas mic:ro-Onchterlony.. No sel'Wll pl'Otein other than m could be deteoted. 

in eluate No. 2. The IlOst likely' pl'Otid.ns to be iIlvolved 10Uld he 

cœponenta of COIlplement. t ~ of which lDuld IlOt baTe been detected. by 

the antisera uaed. 

(3) A certain 8IIIOUl'lt ot the :bmmmosorbent may have auto-digeat.ecl and the 

shed p1'Otein fragments lI1ght have caused an inerease in the optical. denaity 
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of the eluates fram which the total protein concentration was determined. 

It has been noted that the optical densi ty of suspending buffers of certain 

carefully washed ecf-immunosorbents increase slightly on standing for 

several days at 4°C. This suggests the possibility that serum proteolytic 

enzymes (e.g. plasmin) may be active in immunosorbents prepared from whole 

serum, and perhaps may account for the excess protein eluted fram the 

anti-1D immunosorbent. 

Subsequent attempts were made to reproduce this exclusive elution 

of normal 1D fram the immunosorbent. Similar problems as well as others 

vere encountered. In one experlment 1D and 1G were eluted in approximately 

.. _ equal amounts w:i th both buffers employed wi th the elution scheme out

lined above. In another an atteDipt was made to elute with 1.5 M KI, pH 7.5, 

followed by elution with 0.1 N NaOH in 2$ Na2C0
3
, pH 12.2. The 1.5 M KI, 

pH 7.5 resulted in elution of 1.2 mg protein containing 0.06 mg of native 

1D, the pH 12.2 buffer released 0.4 mg of protein of Which 0.08 mg was rG 

but no native rD. Collateral tests indicated that dialysis against pH 12.2 

denatured all 1D. 

In addition to the above, an attempt was made to remove rD trom 

normal serum using a different preparation of anti.6 chain immunosorbent 

anploying a larger quanti ty and 2 M KI at pH 10 for elution. It was not 

possible to attain elution of 1D free of 1G but on severaI occasions they 

vere eluted in approximately equal quantities, thus attaining a considerable 

degree of purification over what existed in whole serum. 
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4. Discussion 

Ammonium sulfate precipitation and DEAE chromatography in 

themselves were not adequate for purification of normal lD. Perhaps 

wi th larger volumes and wi th the sequential use of recycling Sephadex 

G-200 gel filtration this goal could have been realized but the procedures 

would be lengthy and probably would have failed because of the los ses 

which usually occur with lD. 

The poor correlation of 1D wi th reaginic acti vi ty in the serum 

studied and the better correlation of reagins with lE is:in agreement 

with the findings of most other investigators. 

'nle preliminary studies wi th lG and anti-1G imlI1unosorbents indic at

ed the feasibility of using copolymerized whole serum lacking in lD as an 

immunosorbent to prepare complex-free specific anti-1D. In addition, these 

experiments damonstrated tbat byusing large amounts of anti-l chain immuno

sorbent lG could be selecti vely removed from a mixture containing lG and lD 

in equal proportions. leaving mucb of the lD in solution. This in turn 

suggested the possibility of selectively removing lD !rom whole serum in one 

step using an anti-b chain immunosorbent, bopeful.ly permitting Many of the 

usual steps needed to isolate normal lD to be by-passed. This however was 

onlY partially successful in that on only one occasion could lD be directly 

removed from normal serum using an anti-1D immunosorbent wi thout the concomi t

ant removal of lG. In addition tbere was real difficulty in eluting lD from 

immunosorbents without signific~t denaturation. Reference to Table VI 
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indicates that an &Terage ot 6~ or ln mo1ecules are denatured and &1") 

!!o longer precipitated ~ spec1t1c antise1"Ulll to TD atter axposure to 

2 M 1c:L at pH 4.5. Tberefore, if one asS1Dlles this degree ot denatur&tion 

as a resul t of the f1rst two butter elut1cms ind1cated in Table VIII, 

one lIOUld estiDate that 1.20 mg or TD vas eluted by this butter lIhich 1s 

bel1eved to be approx1mately correct. In order to ga1n more insight into 

the nature or the 4.6 mg or p%'Otein or peptide eluted tl"Clll the 1:aano

soment at pH 4.5, it as analyzed tor amino acid contet. The deta1ls 

ot the tec1m1que are the same as tbose presanted in a subsequent sect1cm. 

The results are preSeI'lted in Table IX along vith 8Dd!lo acid eaqses on 

poo1ed nomal YG and one ~oma proteine They suggest that sœe 

pl'Oteins or peptides other tban YD or YG vere rel8&8ed t1'Olll the ~o

sorbet sinee the eluted protein contained JIOre lysine, hal.t eystines, and 

1so~8t1cine than would be c.pected tl"œ 1pmnn oglobùins alone. 
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TABLE IX 

Ccaparison or amino &cid analyses or protein e1uted r1'Oll an mU-YD 

bummosoment vith nol'lUl TG and ~ proteine 

.. 
Amino Acid Komal TG Eluted "YJ)" lUelala YD 

lys 89 107 51 
bis 29 17 15 

arg 44 45 58 
asp 112 149 131-

thr 109 141 155 

sel' 152 1l.i9 197 

glu 1:36 175 195 

pro 1~ 94 58 
gly 100 119 133 
ala 81. l2.4 133 
ars/2 26 32 24 

val 126 127 131-
met 19 15 20 

11. 38 60 40 

1_ 105 141 179 
tyr 68 62 71 
phe 51 65 'rl 

It 115 quit. possible th&t human CCIIlpl_ent _s fixecl 'b7 the 

rabbi t ant.ibo~-1mImosorbent-lmman YD complex and that both ccapl_ent 

and YD vas elu.ted. $lob a poss1b1l1ty _8 not tested in tb1s mstance 

because or the SIIlaU Uk)unt or YD ava1l.abl. and the neecl te use 1t for 

other sta.d1es. Ibwever, 1t bas be8l'1 shollft (Hemel', 1968) that ccapl. ... t 

does part;1c1pate in DDmosoment ant1gen-antibo~ reactions and cm he 

detected in concentrated elu.tes l1S1ng spec1t1c ant1sera to ~ and ~. 

It may be desirable in future attflllpts to isolat. "no1Ul" YD 

with iBammosoments to use purer fractions obtdned by prel.1a1narr 
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tract1cmal 811111Cmi,. saltate precipitation, DEAE-cellulose colUlln chrœuto

graphy, and G-200 Sepbadax gel tiltration. 

E. Se1'Œll Leve1s ot YD ed other larImoglobtlins, 

1. Int1"'OdIlction 

I:mmImoglobiü.1n sel"Ull 18'181s were diseussecl brief'ly in the 

historical section. Little has beEl'l pabl1shed il'l regard to 18Ye1s ot 

YD in ditterent age grœps or the variations which -1' be a'loounterecl 

in spec1tic diseases. Prior to the W1"1ter's presmt postgradDate studies 

and resea.rch he began a s1;udy' ot sera YD 1ev81s. !he stadias _ra 

oompleted dul"1!1g the curent investigation and an are included tor the 

sake ot CCIIIlPleteness sinee l'leme baTe bem preriously p!bl1shed. 

2. Katerials and lIet.bod.s 

Sel'Ulll samplea .re collected tl'Cll 19 pregnant .. en on the 

day ot del.1ve1'7', USl1~ v1thin a tn minates of del1ve17, and tl'CR the 

aord b100d ot the 19 infants. s."ples 1181"8 also obtaiDed tma 13 infants 

6 - 16 1I8eks ot age, t1'Oll 9 intants 4 - 12 IlOnths ot age and f'1'œl lS 

ch"dren 1 - S ye&l'S of' age in a wall baby' c1in1c. AU vere heal~. 

Sel'Ull was also obtained tl"Olll 89 cbl1 drm S - 6 yean ot age during pre-

age and f'l'aIl 9 who vere 11 - 15 years ot age. 'fwer1ty healtlJly adnl.:ts 

vere s:iJdl.arly atud1ed, CCIIlpriSing JUdical studets, rese&1'Ch laborato17 

lIOl"kers, aed.ioal. schoa1 taeal.ty and secretaries. 



Sera frœ subjects vith a v&l"1et,. of' diseases vere also stud1ed.. 

!bS't ve1'8 coll.ected 'b;r, or sant to, the m'ter f'or studies ot ilBmo

globul.:1n 1eve1s or :t'or spec1t1c 1:amDmolog1c tests. They are s'toree! 

t1'Ozen at -20·C unt:1l usecl. 

Leve1s vere det.eDliDed by the a1cro-oadiD technique in all 

instances axcept tor len1s ot ln œder 5 JIIg~ or 0.05 JJg/mJ.. These 

vere dete:ndned by plexiglas III1cl'o-ClIlC:hter1cmy which 1s Jlore sensitive. 

!he Jlean '1lIImnoglobal:1n 1ev81s in each age group vere used 

to constnct graphs ind1cat1ng the DlOst 11lcel.y aND values f'or all agu 

tl'al b1rth to adDl ta &ssmaing an 1nt1n1te nmp1.1ng had been possible. 

!hese graphs then _1'8 used to detem:1ne nomal values at t.n1' age. 

The ages of' the subjects vith each disease _re aTeraged. as _re their 

Dmimog1obul.1n l_81s. The aTerage ot the aeasurecl values 18 CCllparecl 

wi'th th. expected valu. f'or tUt age der1ved trœ the appl'Opriate graph 

and the nomal 18 expressed in parmtheses m the tables. 

{a} Mean serail :!aanoglob:ù.1ft 1ev81s of' healtbJ' subjects are 

g1ven in fab1e X and are graphed to produce the theoretical Jlean values 

f'or al.1 ages in Figa1'88 29-32. It v11l. be SHft tbat cozd b100d 1evels 

of' lG axceeded. those of' the JIOther obtained at the t1ae of' b1rth. lhab111ca1 

cord b100d 1ev81s of' all other hmlmoglobùins are urkedl.y recb1ced at birth, 

as 1s w1l lcnoz, and re:f'lsct the 1ack ot the1r placental. trClmssiDn. 
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TABLE X 

Me&1'! Sel'Wa aDd Salivar;r Ig 's iD lieal.th3r So.bjects 

lG lA YM YD 
Mo! !?. îïdse ildse .d s.r .ds.r 

Matema1 19 1.1l 2ZI ... ., .. 98 " ft· 16.', 

Q,rd blood 19 1.38 0.3 9 0.1 

6-16 wks 13 .66 17 32 0.2 

4-12110 9 .61 45 46 0.7 

l.-4yr 15 1.00 102 53 3-4 

5-6 yr 89 1.11 146 67 8.3 

7-10 yr 25 1.33 154 $ 8.3 

11-15 yr 9 1.22 202 71 8.2 

Adnlt 20 1.40 235 80 8.0 
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It is quite cl.ear that tbe placenta tranSll1ts TG frœ the .,ther ta 

the infant, pel'haps evm against suU concentration gradients, and 

it bas bMll reported that this character1stic depe~ on th. Fo trapmt 

of the T.wyY' chain (Git1.in et al, 1965). 

(b ) Mean 1Jmmoglobüin 1_8121 in seleoted diseases &l'e Ù01Il 

in Table II. Althœgh in tb1s stud.T a mmber ot variations tral the 

expected nomal value of _ch i .. noglobal.1n _re obsel'9'ed, this investi,

gation as concemed l&1"geq vith v&l"1at1ons in the obs81"'1ed l.vels of 

m. bSt YD 1ave1a vere round to be ccmsiderably elevated in rh .... tic 

tfl'f'er 1n cb11 d ren, in cystio tib1"Osis, in the visceral. la1'V'a aigrans 

sync:lrœae and in cirrhosis. They vere 1I1ldly. elevatecl in milk-induced 

gastloointestinal b1eedingt in childreft vith p1'eCipitins to antigllls 

in cow's Ililkt in astlaa and iB l"8=rrE1'lt or chmnic otitis aed:1a. !he 

high mean 1ft'8l. in ~h8QDIatic t_er _21 largely due to three cb11 dren 

whose sera had lavels ot 7S-125·/Jag~. ibN recent1y the sera ot 20 adults 

vith chronic rhemutic heart. disease have been s'b1died tor the1r YD 

189'e1 and have been found te have an average T81ue ve~ close ta that 

of health.Y adults. bs, the e1.89'atecl lfl'f'els in l'heamatic fenr vere 

restr1cted to a tev chl1dren in the writer's exper1ence, and the significanoe 

of the tinding is uncertain. 
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TABlE II 

Mean Sel'Wl Ig's in Se1eated Disease and Bea1th,y ( ) OBntro1s 

DisMse ~. gII ~ lG .. ~ lA 111« ~_YH 111« ... ~ lO 

Ce1iaa disNse 44 1.32 (l.lS) 203 (148) 88 (S6) 4.7 (6.S) 

1ù1.ll. h..,siderosis 13 1.S3 (1.01) 161 (120) 82 (54) 7.4 (5.9) 

Milk-induaed gastro-
0.70 (0.6S) 77 ( S6) 56 (S3) 2.2 (1.0) intestinal b1eed1ng 16 

Pos. mUk preaipitins 74 1.20 (0.90) 106 ( 87) 66 (57) S.O (2.6) 

Rhenmato1d arthritis 10 2.13 (1.21) 302 (17S) 96 (78) S.6 (6.8) 

ChUd. mewaatia tft'er 19 1.30 (l.lS) 284 (203) 8S (61) 29.8 (6.2) 

Cystia fibrosis 18 1.80 (1.17) 324 (148) 8S (71) 19.5 (S.S) 

Astbaa 'R 1.10 (1.03) 1'1l (122) 71 (57) 8.1 (S.S) 

Urtiaar1a lS ,1.30.(1610) 210 (17S) 9S (71) S.S (7.0) 

Recurrent otitis media 'Zl 0.94 (0.92) lOS ( 96) 6S (S5) 4.8 (3.1) 

Cirrhosis 18 2.57 (1.21) 880 (20S) 308 (80) 20 (8) 

Visaera1 1arva a1grans S 2.02 (1.10) 121 (100) 131 (54) 11 (:3> 

Ag...ag10bu1inaBia· 10 0.1,5 (1.1 ) 2 (100) 18.7 (,54) 1 (4) .... 
~ 

• One subjeat had an e1eYated YM (16,5 ad) and another had a no:ntal. 1_81 of lO (811d). 
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Cbildren wi th eystie fibrosis and adults wi th eirrhosis fre

quently have rather marked elevations of all immunoglobulins, ineluding 

1D. To the Wl"iter' s knowledge information regarding lD levels in these 

disorders has not l"et appeared in the literature. Signifieantly low 

levels of lD were found in Most subjeets wi th agammaglobulinemia and in 

-
those with multiple myeloma other than D~eloMa. The latter patients 

. . 
appear to have low levels of lD whether or not the serum contains a 

1G or lA monoclonal "W"protein peak. 

4. Discussion 

At the present time the significance of a mild elevation or a 

depression in the serum lD level in a given person is quite uncertain 

sinee healthy indi viduals have levels which vary from undetectable 

(under 1 ~fml) to 0.4 mg/ml. or ten times the adult mean value. Such 

400-fold normal variations are unique to lD. Nevertheless, some insight 

into the possible biological role of· lD May be gained from studying levels 

in groups of subjeets with the same diagnosis. rD levels are particularll" 

valuable in identifYing D-myeloma subjects among the myelomas IlOt 

associated with signifieant elevations in 1G, lA, 'lM or 1E. In such 

patients a level of lD in excess of 1 mg/ml makes the diagnosis of D-

myeloma very likely. Certainly ~eloma must be strongly suspected 

in a subjeet wi th ml" provisional diagnosis if one finds a serum level 

in excess of 3 mg/ml (300 ~). 



F. Detection of YD in Body Fluids 

1. Introduction 

104. 

As pointed out in the his'torical section, ID vas not idantitied 

in body fiuids other than sel"Wll by Bon et al (1968). BDwever, the 

sensitirlty of the technique used. by' these au'thors was such that it 

would not detect YD in sia1lar proportionaJ. _mmts ta YG when each wu 

related te the se~ level. Since the tunctionaJ. 1"01e of YD is largeq 

unknown, its presence or absence in bod.Y fiuids beCCftes an iJaportant 

aonsideration. 

2. Materials and methods 

Sera, colostrmll, breast milk, mixed. saliva, stools, and urines 

.. re collected. f!'01ll no!Ul. individnals; gastric and duodenal juices were 

obtained tros smal.l chUdren vith il'On deficieney analia, and spinal fiuids 

tl"Cllll divers patients 1"8ceiving diagnostic lUllbar panctures. OneobviOl1sly 

cannot be certain that the gastnc and duodenal fiuids or the spinal fiuids 

are representative ot the nomal si'blation. In addition, m1xed saliva _s 

obtained. t1'01ll the tvo subjects vith D-JII3'eloma as as urine t1"Olll each. !he 

latter vas conoentrated 200 told whereas the saliva vas tested. vithout 

concentration. In all inst&!lces, the plexiglas lIicro-OUchterlony technique 

was used. and dnplicate dete1'!ldnations vere made. 



The f'1ndinga are 1iated in Table XII. 0nlY' adnlt se1"Q1l and 

one specilllen of colo st1'\Dl contained. in ccess or 2 md YD. live sera 

conta1ned 0.1 to 2.0 md YD. In each or the other fiuids 1Ih1ch contained 

YD. the amount present vas betwHn 0.1 - 2.0 ad ccept for urine which 

had bean concentrated. 200 fo1d in each instance bef'ore th1s 8IIlOI1Ilt could 

be detected. 

TABLE XII 

Bod1' Flu1d Ilmmnog10bul1ns (mg if,) 

Naabe~ Naber Pos. 
!Q rA YM !l2 ~ested for YD * 

Adult serwa 1400 235 80 8 20 18 
Cord b100d sel'Wll 1400 0.5 9 0.06 19 3 
Colost1'\Dl 500 1800 200 3 3 2 
:areast lI1lk 20 100 0 0.3 5 4 
Adul. t saliva 3 8 0.5 0 8 1 
Gastric ju1ce 0.2 0.5 5 0.04 10 1 

**stool 0.3 6 2 0 3 0 
DIlodenal ji1ce not done 2 1 
Urine Il 7 0 
Spinal fiuid Il 7 0 
D-mye1oaa saliva Il 2 2 
D-myelou. urine .. 2 2 

* YD detectab1e in a concentration ot 0.1 mg~ or greater. 

** stools vere di1uted vi th equal parts of 0.1 M borate butter. 
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4. Dl.scussion 

It is quite clear tbat YD is present in sull. amcmnts in 

sQllla cord bloods, colostl'Ull, breast milk, and mixad. saliva in nomal 

acbl.ts. It U7 also ba found in gastric juice and duodenal JUGe in 

1Mn def'iciancy anemia, and appears to ba readi .1 '7 detected in mixed 

saliva fl'all subjects vith ~elCll& as vell as in tha1r urine. 'lbe 

implication is that rD probably is present in Dl8D7 ~ fiuids in 

amœnts which Dlay be pzoportional to the sel'Wll YD lev81. In other 

lIOrds, it seems to be present in a concentration of about l~ fihe sel"UDl 

level in mGly fiuids which is veIT s1JIlUar ta tha situation vith YG. 

If YD bas an important tunctional 1'01a in bod1ly :hImmne 

Dlechanislls, it is antirely possible that these ~ fiuid concentra

tions of rD are of signitieance. Though low, th8,1 &l"8 in the range 

of concentration of YE in the sa1'& of allergie indiTidnals. The latter 

1s believed to be of considerable physiologie importance wi th respect 

to hypersensitivity phenomena. 'Ib.erefore, one should consider ID as 

a1so being a potentia11y functiona1 protein in body fiuids and should 

seek methods to e1ucidate whether or not this is so. 
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G. l'D Antibody Actirltr Detected br Radio1mmunodiftusion 

1. Intl'odnction 

Since there had been DO previous iderl'tification of anti'boc:1Jr 

aetivity attributable to ID it _s f81t that a careful. investigation 

intc the possibili ty _s 1rl order. '!'he first attempt iD this regard 

vas made by bumnizing a healthy subjeet who had a relatively high 

18'181 of ln (.'5 mg/ml) vith a vanetyof antigens, then se1ectively 

rellK)ving ln f'1'OlIl his sel'Ull 118ing a speeif'ic anti- S chain Danosol'bent 

prepared. as described aboTe to see if' any reduction in Ult~ titre 

OCC\1rred. The results are indicatecl in Table IIII. It is evident that 

rtBOval of' YD vith the imlmnosol'beiAt d1d. not lover antib0d7 lft'els 

detectably in the YD-f'ree sel'Wll. It should be pointed OI1t, howver, 

that since YD comprised only ~ of' the 1Dmmnoglobulins in the subject's 

S81UJll, if' ~ ~ ot the antibody act1vity _s removed this lIOUld not 

be detected. It cm cmly be said that a IUjonty of the antibodies 

vere net of' the YD variety. 
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TABLE ml 

Erfect of Spec1f'ic Rsmoval of YD on Antibod1' Titreâ* 

HeciErocal titres 
betore atter TD 

ilDmnization imlmmization removed. 

Diphth. tox1n hemagg1utinifts 0 1280 1280 
TetaDus " " 0 0 0 
Innuenza A liemagg1ut. inhibe 128 64 32 
Intlnenza B " " 8 :32 :32 
s. t,'pbosa "0" agg1utinins 0 160 272 
s. typbosa "B" " 0 40 136 
Paratyphoid A "H" " 0 160 272 
Paratyphoid B tiR" Il 0 40 1:36 
Polio type 1. ft8l1tralizing Ab. 128 256 256 
Pollo type 2. Il Il 8 128 128 
Polio type 3. Il Il 8 256' 256 

* Most determinations performed in hospita1 diagnostic laboratories. 

the next proceda.re ElIIIlployed vas the testing for antiboC\Y 

activity of a sul.l amount of YD from the iDDmmized aubject atter 

isolation and elution fl'alll an ad anti-YD jmumnoaorbent by the metbod 

previously described. The el.uted YD vas present in a concentration of 

0.07 mg/ml or 7 !ad as lIleasured by serial. dilution in lIlicro-Oa.chter1ony. 

This vas equivalent ta about O.5~ of the total mmmoglobulin in the 

vho1e sel"QJll and if' YD had a full proportionate share of hemagg1utinating 

antibo~ acti'Vity for diphthe1"ia toxin the solution shDuld haye caused 

hemaggluttnation in a titre of l z6. !bwaver. no hsugg1utinating 

activity vas obse1"'1ed. auggesting e1.ther than YD did not oontain anti-

diphtheria hemagg1utinating activity in significant 8II01lDt, or that the 



ID had been altered by the isolation procedure sven though it wu 

antigenically intact. 

It _s theretore considered necess&l7 to employ a more 

8ensitive technique tor the study ot the antigen-comb1ning capac1ty 

ot YD. Rad101Dlmmodittusion emplo,-ing the 1l1ero-Q1chterlony technique 

vas selacted becau8e ot 1ts sens1tivity and the need tor only' lIIIAll 

amounts ot re&gellts. 

2. Haterials and metbods 

(a) Sera and antis91'a. Sera vere obtained trom 6 individuals 

who had 1"8cently' been 1mmn1zecl vith diphtheria and tetanus toxoids. 

1'hese _re analyzed by micro-Q1chterlony analys1s to leam èether they 

contained suf'fic1ent YD to produca a good prec1p1tate in gel. Sera troll 

4 ot the subjects pt'OVed satistactor;r in this regard. Later 8era trom 

50 subjects who wera kno1l'1 to have high levaIs ot antibodies to one or 

more spec1tic mtigen vere studied tor erl.dence ot antibod1es ot the YD 

variety. Antisera vere prodllced locally' and vere the sae as tbose used 

throughout tha eI1rrent investigation; the only one obtained elsevhere 

was antisaram to lE. 

(b) Rad101abel.l1ng ot antigen8. The technique ot Hanter and 

GreertllOod (1962) vas used tor 125I label.ling ot tetanu8 toxoid (Cormaught 

Laboratories), " diphtheria toxoid (Unive1'S1ty ot !bntreal). bovine 

sazœn album1n (Armour). bovine gCIIIUL globulin (Per1tex). alpha casein 
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(T.L. HcHeeldn, USDA). and wheat- a-gliadin (USDA). The essentials of 

the teclmique were the 8 .. e for each protein and the 1abelling of 

diphtheria toxoid wlll· be describecl as an __ ple. The toxoid vas 

eoncentrated by p8rvaporation and then dia1yzed againat tlD changes 

of 0.2 H sodium phosphate butter, pB 1.5. The final. Pl'Otein concemtra

tion wu 3.0; mg/ml. Fif'teen 1Iio1'011ters of toxo:1d (apPl'Ox1Ju.tely 

45 ug) vere addecl to 2.38 ae 1.2.5r as Hal disso1ved in 20 micl'Ol1ters 

distilled _ter to which 25 mic1"011ters of 0.5 K sodium phosphate, 

pB 1.5, had bee added. 

To this mixture vas added 25 JI1c1"01it~ of clüoramine-t at 

a concentration of 4 mg/ml. The JD1xture vas agitated tor 30 seconds 

and the reaction stoppecl by' add1ng 100 aic1"01iters ot sodiœ metab1sul.fite 

(2.5 mg/ml) at'ter vh1ch 200 aicl'Ol1ters ot potassiua iodide (10 -«/ml) 

vere added. The lIixt.ure _s then passee! th1oo11gh a 1 x 20 CIl colœm ot 

Sephadax G-25 1Ih1ch had been pretreatecl vith 0.5 ml ot 2~ hmun serum 

al.b\Dlin (BSA) and _shed wi'th 15 ml ot 0.1 M phosphate butter, pB 1.5. 

Eluates of the 1abelled a1xture vere collectee! in 3 ml aliquote in test 

t1tbes containing 0.3 ml 2~ BSA and _1'8 counted in a Packard. autautic 

vell-type gUIIUL counter. The counts .erg1ng in the P1"Ote1n peak 

(1,537 ,353) divided by' the counte in an tubes (1,688,412) gave the 

fraction ot 125I bound to Pl'Otein. '!bis proved to be 0.91 or 91~. 

!he specitic activi ty of the 1abelled toxoid vu theretore approxiJla~ 

.91 x 2.38 1 45 = O.~ lIilliellries or la8 lIicl"OCD.r1es/microgra of 

proteine 
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(c) Rad1o~od:1ftu8ion. Either the m1cro-Ollchterlony or 

the plexiglas Il1c~chter1ony technique vas _plDyed depend1!!g on 

the serma ocmcentraticm ot YD. J).~laIla P1"Otain in a concentration 

of .1 mg/mJ. vas placee! 1a ihe central rese1"VOir and spec1tic ant1-YD 

rabbit se1'\Dl vas placed in l"8se1"YOirs 2 and 5 for the m1cro-OU,chter1ony 

sl1des. Sera to be tested we1"8 placeci in reservoirs ". ,. and 6. 

Diffusion vas allowed to proceed. ovemight atter which the sl1des _ra 

vashed in 0.1 K borate butter with constant agitatioll and da1ly butter 

changes for , àays to NIIOVe unprecipit&ted proteine !han 12~ diphtheria 

t0x01d. vas placed 1n ras81'YOirs 2 and 5 and alloved to àittuse ovemigbt. 

P'ollow1ng this, the slides wra _shed in borate matter tor ml addit101lal. 

:3 dqs, clr1ed, stained vith tbiazine red-R, dried agdn md radioauto

gr&Pled for 4 - 8 days by direct application of the dr1ed gel surEace 

to Kodak type RB-2 ccameroial x..ray tilm. The tillas we1"8 deyel.oped by 

band us:1ng CCIIIIlerc1a1 deye10per 8!!Â tixer accord1ng to standard p1"OcedI1res. 

None ot the four mmniseci subjects showed rD t0x01d,.b1nd1ng 

act1Tity by this techniq1le whereas aJ.1 four showd good TG toxoid

binding men tested by the s.e technique using a 11100 se1"UDl d1lut1cm 

1"8sul.ting in a TG concentration of app1"OX11llatel.y .1 mg/ml (s1JI11ar to 

the YD concentration in the unc111uted sera). 

'l'heretore, the tolloving DDd1f'icat1cns vere JUde. !he subject 

vith the highest YD 1I&S giTan a seoond booster of d1phtllerla ed tetanus 

toxoids (six DlOnths atter initial booster). This t3e he had. considerably 

more swel.ling and tendemess than betol"8 at the site of the di}ilther1a 
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t0x01d. iDjecticm as well as Il&la1se 8l'ld lIl11d fflVer for 48 hours. There 

vas _eh less tandemess at the site of the tetanus t0x01d injection. 

This subject had rece1ved both diphther1a and tetanus abots 8l'ld boosters 

as a chUd, 8l'ld he recalla having a S01'8 am w1'th assoelatee! ft!1Ver 

folloving a p1"8rious diphther.l.a toxo1d 1r1ject1on 15 ysars earlier. 

Several. rad:1oimllmnodittusion stlld1es on the Se1'\Dl. of the subject 

vith the high TD 1Iho 'AS give tllD diphtheria tolroid boosters _re negative 

tor YD antibodies axe.pt that one radioau'tograph 1ih1ch was aU01I8d. to 

d_elop for t., .ek. sbcnll!d faiDt label.l1ng of the YD atter tAe .econd 

booster. Since there vas no 1abell1ng of the pmPD1,d,zat1cm TD or ot 

the -.relaala YB on the SUle a1ide, the find1ngs appeared to be s1gnitioant. 

fberetol'e, the concentrationa of each or the zoeactanta _a 1r1creased il'l 

an att_pt to .ttain 1101"8 cleu eut results. This 8a done by precipita

ting the anti-YD sel'Ull and the subjeotts sera separate1y w1th 45~ aIIIIOnilœ 

sulf'ate and conCEll'ltrating each 10 tDaes in the procas. The concentrated 

f:ractiona vere then dialyzed ed used 1n Ilicm-OI1chterlony radioilmllmo

dittua:ioD. The concentration of D-Jqel.au. protein placed in the central. 

resel"9Oir _s alse il'lcreased te 1 mg/ml resulting in a precipita te line 

conta1ning roughl.y 10 tilles lIOre YD than 011 ord1n&l'7 moro-Ouchterlony 

a11d.es. Follov1ng these p!'()cedurea, spec1t1c diphther1a toxoid bil'lding 

vas c1early arident in the post-ilallmization sel'Ull (Fig. 33). A 1e88er 



degree ot toxoià binding vas evident in the pre-1amniz~t1cn m but 

little if any vas bound by the myelCllla m. S1ailar analyses W8I'e 

repeated a total ot tour tilles and the duration ot vash1ngs vas inC1"8&S

ad to 5 daya to eftSl11"8 thol"OUgh el.ut1or1 ot aU other 1munoglobl1l1ns 

prior to application ot the labeUed toxoid.. Bach t.1me the sae 1"8sal.ts 

vere obtaineci. 

'!he tive other ant1g8llS wre then _ployeci individn..:u,. in a 

search tor ~binding in each sera. None _s tound &Yen in the s\ù).. 

jects who vere receiltly bmmnized md in whœ YG and Y A. anti~ activity 

_s readily' dt!lllonstrable. Perhaps the lack ot damnstrable m antibodies 

in th.ese instances _s a reflection ot a relativel7l1ild local reaction 

te the 1mamizat1on sinee in no iDstanee vas local swlling or a systeic 

reaction obta1ned app1'Oachmg that which OCel1rred tollow1ng ad:Il1nistration 

ot diphther1a toxoid in the subject who devaloped YD antiboc:\Y. 

The titty sera tinally salected tor st~ because they had 

pNYiœsly bean sho1I1 1:0 have antibodies to one or JION ot the 

laballed antigefts _1"8 than tested tor YD antibod1es 'b7 radioi1allmo

dif'f'a.sicm. .A siDgle UDCOl'lCemtrated sel'Ulll had rD binding ot bonne g .... 

glob11in. This il abolit in l1g. 34~ This subjeet had chronic respiratory 

disease, clinical sensitivity to cow's milk, and lIUltiple precipitins to 

cow's JIIilk proteinl in high titre, a syndrome previously repol"ted (Reiner 

et al, 1962). Binding ot BOO by the YD ot this se1'Ulll as 'repea~ 

dsaonst1'llble. 
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4. Diacmsaion 

It appears that und.r same c:11'CU11stances, YD ma)" have 

mtigen-bind1ng capabU1ty. '!'he observation tUt YD bound diphth.r1a 

t0x01d onl)" artel' a second booster injection wh1ch was &ssoc1ateci vith 

a JIOderate to Dlarkad local reaation and system1c s,aptou suggests 

that a v1gcl"OUS iJulane response 1s r6qilired to el1c1t certain YD mt1-

bodies. The same conclusion ma)" be drawn f1"Oll the YD bindiDg of BOO 

b)" the subject who _s 1zIIIIImolog1call.)" hypeJ.'l-reactiTe to a naber of 

const1tu.Ü'in cow's 1I11k. '!'he latter subject also d8lllOnstrates that 

YD antibOC\r acUv1 ty occmrs at least occas1onal.l.;v as a 1'9 sul t ot na'b1raJ. 

exposure to fore1gn ant1gens in hypersensit1ve subjects md that 1'9peated 

pa1'9nteral injections are not necessarily 1'9qU1red. !ndead, 1t 1s 

bel1eved possible that YD m&y,;,I101'9 fraquentl)" play' a l'Ole in imtmme 

1'9sponses than these experhlemts would suggest. This might be 50 if 

YD antibodies ordinar1l.y had a1'1 exceed1ngly low af'finity' for antigens 

so that pl"Ocedl1res such as washing of p1'9cipitates in gel could lead 

to dissociation of the antigen-antibod;r CO!I'1plexes and han ce pNYent 

the1r 1'9cognition. If' tbis occmrred, one might also expect the antigen

binding aTid1 ty' of YD ant1bodies to inc1'9&se vith 1'8peatedimlllmization 

as OCCU1'S w1 th other 1œmmoglobillins. Perhaps a s1mUar increase in 

aridity' OCCUl'S in certain spontaneous b;yperimmune states. Altbough this 

possibllity' of a part1C1Üarly low &T1d1ty' of YD antibodies might p8m1t 

a rasonable axplanation for the diffiealt)" usually' ancountered in 
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demonstrating rD antibody activity, no direct ev1dence bas been brought 

to bear on this question dur1ng the eu.rren.t investigations. 

11. Detection ot rD Antimlelear Antibodies in Snbjects with llbsaa1nated 

Ines Er;ythEIIIIAtosia CDLE) 

1. lntrodnation 

After the daaonstration ot antigan-bind:1ng activity in tllO sera 

as deseribed above, a joint eftort WU JUde vith Drs. l. Wt.tson and 

A. Bootello in this laborato1'1' to search tor YD ant.1mLclear ant1bodies 

by. ind1rect 1IIDmnotluoreseence. This _21 aonsideNd a reasonable avenue 

tor exploration sinee antibodies detected by this techn1qlle JIq be 

readily groupad according to iDDmnoglob11in c1us, the technique i8 

smsitiTe to 8D18l.l quantities ot antibody', and a rather large rmmber ot 

b:mu.n sera vere ava11ab1e which had prerious1y been showl to have high 

1.,e1s ot YG and YM antimlclear antibodiea. 

2. Materiala and aethods 

The indirect 1.mBmnot111orescent technique described by CDona 

(1954) was used. Frozen sections vere made ot rat liTer slices. These 

were fixed in absolllte aethano1, then fiooded vith a drop ot S81'UDl tl'Clll 

a subject vith DLE. The non-reacting sel'Ull pl'Oteifts vere raIIOved by 

tœr washes in buttered sa1intt and each section vas then tlooded vith 

specific rabbit anti-6'. ,chain se:ram which bad been absol'bed vith a 
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three-f'old exceBs or a no1'll8l se1"Q1l lac1d.ng in 'YD. The sections _1"8 

then _shed. 1I1th tour changes ot butt.r and fiuoresce1nated. goat anti

rabbit YG vas applied. The goat anti .... :to rab bit YG had been absorbed 

tfith cm ... rourth volUllle ot nomal hmaan sel'\Dl to reIIOVe any possible 

c1"08S-1'8acting antibodies which could have raacted vith hmun YG attached 

to the liver cells to cause talse positive raactions. This ensa.red. that 

the tluorasceinated goat antibodies reacted. OM,. vith rabbit YG which in 

tum vas spec1tic for bwaan YD attached to the liver nuclei. Follov1ng 

application or the final layer, the sections _ra pass4d through another 

series ot washes, 1I8re JII.O\Ulted in glycer1n, and a coverslip vas atf'1xed 

prior to exam:1nation under the tluorescent Ilic1"Oscope. 'rhe experiIIa'lts 

and centrols vera arranged as follows 1 

Antig8l'l First layer Second layer Tbird laDr 

Experimental Rat liver 
nuclei DLE Be1"Ulll labbit anti-ô Fluoresce1nated 

hœIlan chain goat anti-rabbit YG 

Control A Il nomal .. Il 

lmman sel'Ulll 

Control B Il OLE se1"Q1l nomal rabbit .. 
se1"Ull1 

3. Results 

Fort,. sera f1"01ll twenty-rive patimts vith d1sscinated lupus 

er.ythematosus ot var,ymg disease actirl ty wera exam1ned. Eighteen shovecl 
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some degrea of YD 8l'lt1-nuclear activity. In ganaral the staining vas 

weaker, was detectad. in lover titres and assumed. a mora hœloganaous 

pattem than wu the case for YG or YH antinucl8l!.r antibodies f1'01l'1 the 

SUla sel'Wll. The SUle vas t1"U.e evan whan a higher titra of rabbit ant1-

YD selUl than anti-YG or anti-YH vas used.. Nomal hmun sera had no 

YD antim1c1ear activ1ty and each of the above controls vas consistently 

negative. Art example of ID antinuc1aar antibodies is shown in Figure :35. 

4. Discussion 

The demonstration of rD antinuclear antibodies in DLB provides 

evidence of the relatiVfT frequency of YD antigen-binding activity. !gain 

the findings suggest low anti'bod1' levels or perhaps wealc binding to the 

nuc1ear antigens. High titres or YG or YH antinuclear antibodi.s do Dot 

appear to intertere vith YD nuclear bind:1ng. They ara in tact independent 

of _ch other but are frequantJ.y fcnmd in association ODe w1 th anoth.r. 

It is possible tbat the YD antibodies are directed towards dif'terent 

nuclear ant1genic dete!Dlinants than are the YG antibodies. In fact, the 

homogeneous patte1'1'l of YD ant:lbodies "en when YG 8l'ltibod1es assaed a 

predaminantly peripheral patte1'1'l suggests that this may be so. 
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1. Detection of YD Deteminants on Lymphocytes 

1. Intl"OdIlction 

The won of Sell and colleagues demonstrated tbat antisera to 

spec1tic rabbi t i:ImIunoglobalin classes caused blastog.nc tranaf'01'llation 

of rabbit J.,aphocyte eal.tures (Se11 and Asotsky, 1968). Sincs antissl'Ull 

to specific rabbit YG allotypes 1IOlÙ.d stimulate the tranaf'omation of 

l:vmphocytes frall rabbi ta of the appropriate corresponding allotype but 

not froa rabbi ta 01' other allDtypes a high degree of apec1tici ty vas 

eddertt. The Pl"Oposal vas made that thsre _ra probab1,. bammoglobulin-

11ks receptora on the J.,aphocyte surface which oontainec1 the allot)'pic 

det&mil'lants 01' the rabbi ta :m.mog1obulin heavy chain, and that perhaps 

the l'8ceptora Oonsisted 01' ialmoglobü.in molecules th.selves. This 

bl"Ought up the question of lIhether or not bmaan lymphocytes had YD anti

gen.ic dstsraineta on their aurf'aces, and if' they did, vere th. preSertt 

on only a SIIall fraction of the l:vmphocytes or on a majorit,. as Sell 

suggested vas the case for each 01' the ilamnoglobulins in rabbitaT With 

theae questions in Jlind the following atudies wera undertaken in cooperation 

vith Dra. Charles Naspitz and Haxvell Richter of this laboratOl? (1968a). 

2. Materials and Ketboda 

Peripheral white cella wera harvested from healthy volunteera 

by collecting 1Ihole blood in heparin and allowing i t to sediment b7 

gravity for 45 minutes. The 1.aocyte-r1ch plamu. was NIIOVed and the 
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lJmphoaytes counted in a heaaoeytometer. Four million l\vDlphocytes vere 

placeci in eacb œlture tube vith 4 111 or Eagle's Iled1UJ1l 199 containing 

l~ autologous se1'lDl. Penic1llin 100 units per 111 and streptomycin 

10 ug per ml vere added. as vere 0.11Ù of either rabbit antise1'\Dl to 

spec1tic iaumnoglob1l1n or rabbit antisel'Ull te hwun al.bwdn as a control. 

Appropl"iate tubes vere incubated vithout antisel'Wll but instead. Nceived 

phytoh.agglutinin (PB!) on day 4 of inanbation. 

'l'tIO lIicrocmr1es of tritiated ~idine and l UgIl camer 

t~e 1I8re added te each tube at day 6 of the inea.bation. 'l'vmty-

four bœrs later the tubes vere centrifUged for 10 - 15 Il1nutes at 

1000 l'pl, the supematants discal"ded. and the cell button suspendeci in 

2 ml of 5~ trichlo:racetic acid. A ceU button wu &gain obta1ned by 

cantr11'ugation and vas resuspended in triehloracetic acid. On~halt III 

of ~e (Packal"d Inst. Co.) vas then addeci to each tube and alloved 

to digest tor 24 hours in the clark. The contents ot each tube _1'8 thCl 

transf'el"l'ed to coanting vials, sc1nt:lllation solution 11&8 added, and. the 

vials vere analyzeci tor radioactivity in a Pack&l'd Modal 4000 Scintillation 

Counter. The results vere expZ08sSed as cœnts per minute for each tube • 

.All detel'minations W8re done in emplicate and the sean value recol"ded.. 

Besul ta were discamed 1t the duplicata deteminations val"ied .ore than 

2~ f1"OJll one another. 

The antisera to hmaan Dalunoglobüins vere prepared as described. 

previously but special absorptions vere carried. out in the case of the 

antise1'Ulll to YD. The aliquot of anti-YD wh1cb vas unabsorbed oontainad 
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antibodies pr1mar1ly to YD but also antibod1es to YG as jmdgecl by 

1Jaunoe1ect1"Ophoresis and trace aounts of antibodies to tllO non-

1Bummog1obul1n sel"Dll p:roteins. Aliquots of th1s se~ were Jlixed vith 

mcreasing amounts of anomal lmman seNll 1ack1ng in m, the precipit

ates vere reaoved by centrifugation, and the aliquob tested for anU

bod1' activity by both Dumnoe1ectl'Ophoresis and OI1chter10ny anaqsis 

and for the presence ot YG and YD in antigen exeess by Ou.chter1ony 

analyses. 

Antisera vere then se1ectad so that one containad antiserœa to 

ln only, the ant~ YG having be.t absorbed out at equiT&1ece (no trae YG 

or anti.YG vas detectab1e), and tbere 1I8H no antibod1. to other Stmml 

proteins. This _s called ant~YD abs. Eq. Another aliquot vas absorbed 

ri th tw1.ce as much ot the sel'Ull 1acld.ng m and this was tound to baTe 

trace ..unts ot :t'ree YG but a'. high titre ot antibodies remainad to ln 

heavy chain. It wu cal.led anti-YD &bs 21. A th11'd aliquot vas &bsorbed 

vith an _cess ot ~œaa sel'Ulll in such a .1' that slight UIO\D1ts ot 

tree YD and YG cœld be det8cted in antigem scess and no trae anti-m 

or anti.YG vas present. rus antisel'Ull vas CODlp1et~ inactive in regard 

to precipi tating antibody' and vas called ant~ YD inactive. 

3. Resulta 

A total ot six separat8 experlaenb _ra perfomed. in which 

peripheral 1eukoey'tea :t'raa 3 to 10 donors vere used and a vari.V of 

antiaera added to the cal. ture tubes. !he earlier cper1aents indicated 
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that ant1-YD vas stimulate17 te the œl:bll"8s in s:ha1lar or greater degree 

than ant1sera to lG, Y A, or lM. There 'DS variation in the ett1c181l01' ot 

anUsera to a givan ilDmoglobul1n obta1ned trœ d1tterent rabb1ts. 'rlms 

one ant1sel'Ulll te lG cons1sten~ C&1lsed greater blastogenes1s tban a 

second anti-YG serœa evan though precip1tating ant1bod1es to YG vere 

present in greater IJIDUnts in the second antise1"U1ll. Si_il ar ind1v1dual 

variations in ant1sera vere noted tor each ot the tour major imamo

globul.1ns, and turtbe1'llOre, antisera obtained one or t1D::·months apart 

tram the 15_41 rabbit trequ8lltly vanad in blastog8ll1c capabl1it,.. 1'bere

tore, ant1sel'Ulll pools vere prepared and the most active used th1'oughaut 

these experimants. A typical axperbumt 115 shom in '!'able lIV. Sine. 

pre11Jl1nary axper1mants d..,nstr&ted tbat ant1gan-antibody CCIIlp].exes in 

thaselves aould st1mtùate blut.oganes1s, ant1sera to YG, lA and lM 

lIY'el.aaa proteins _re selected which contained no antibodies te other 

1Bmamoglobù.1n-heavy chains withmlt absorption. They conta1ned saall 

-UI01D'lts ot anti'bod\Y to bamnoglobll1n llght chains but to no other se'l'Ull 

prote1ns. '!'he,. _re used unabsol'bed to l.TOid the OOJIplmt,. which arises 

tro. the aJmost inerltable presence or ant1gan-antibody COIIlpl __ in 

absorbed ant1sera. 
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TABLE X1.V 

L1Iacooyte 1"8sponse ot fiTe sabjects to var1cft1s rabb1t mUsera 

(Uptake ot trit1ated. th:fm1dine in ccnmts pel' II1nute pel' tube) 

nve healthl leucoc,te dono1'8 
.Additive H B Y .1 ! Mean CHI - - -
none (control 1) 6,000 3,:300 2,400 1,600 3,000 ),300 
ant1 HS! (cont. 2) 6,200 2,000 1,500 1,500 3,100 2,900 
PliA 160,000 138,000 95,000 145,000 180,000 148,000 
mU l'G 24,000 12,000 9,000 9,800 36,000 18,200 
anU l'A 6,000 3,500 4,000 2,400 8,000 '4,800 
ant1 l'M 28,000 18,900 11,000 6,500 19,000 14,700 
ant1 YD abs Fq 38,000 11,000 28,000 24,000 29,000 26,000 
anU l'D unabs 27,000 19,800 8,000 10,000 34,000 19,800 
anti l'D aba ~ &! 11,000 12,400 12,000 21,000 16,000 14,500 
ant1 YD inactive 13,000 7,600 12,000 10,000 11,000 10,700 

t 

It can be sec troa the results that there wu .odva'te st1Jml.a-

tion tl'Olll the anUsera te l'G and l'H bIlt less te l'A. .Aside t1'Oll the responae 

to PliA, the greatest stimulation in th1a expemet vas p1'OChtced by the 

antise1'mll te l'D which _s ab80zbed. at equ1valece. SiDce the ant1-l'D 

unab80l'bed. contained jut as JIl11ch ant1-YD acUrity, it 1s possible tbat 

the greater ettect ot the abao!'bed antisel'Ull represented the ccmbined 

ettect ot ant1-l'D plus the &ttect ot CCIIpl_es atill in solution but not 

deteotab1e by Dmmnod1ttus1on. S1gn1t1cant at1lmlato1'7 activ1ty p8l'1isted 

in the ant1-l'D which had been eaaplete~ absozbed in antigm secess 80 

that no t:ree ant1~ te l'D or other se1Wl proteins vas present. This 18 

a turther indication ot the l,.phocyte st1:nlater,v .ttact ot antigen-

antibod.Y OQIIlplces in antigen excesa. 



4. Dis au don 

!he above reruts d-.nstrate that mUsera to YD...,. st1alate 

blastog_es18 of hmu.n l8l1cocytes e1ther when unabsol'becl or when absol'bed 

at equ1valance for TG Sc; that onl1' frae mU-YD (mU-6 cha1n) act1v1t1' 

vas present but 1II1rdlIal quanti Ua of ant1gm-ant1bocV' CCIlplces wre 

&1so in solution. Vith tutller absorption prodnc1ng TG ant~ TG ocapleates 

in antigen cce.s, there _15 le •• stimulatory activity. PNsmubly tl1e 

presence ct certain oc:aplexes oan decreue the st:bml.ato17 affect ot mt1-

TD. On the other hed, when the anUs81'Ull .. ccaplete1.y absol'bed. 1d.th 

D-ayelc:aa seram in mUge excess for an P1'Ote1ns:'so tbat no prec1p1tat11'lg 

an~ to any sel'Ull con.t1'b1ent lWIIlined, there st111 wu persistent 

blastogen1c act1v1ty. fh1s 1nd1cated tbat ant1gen-ant~ CCIIlplexes in 

antigin excess "1' in tÀauelyes he blastogen1c. Tbe 1"&& ot uch 

antigan and ant1bo~ .. y be impol'tant, md pemaps the ettects ot scae 

ccaplexes are 1nh1b1to1'7 and cancel out the ettects ot otheN. '1'heref'01"8, 

Olle IlUst be partiaul.arly caut10us 1n interp1"8ting the results of experJaents 

of this natv.1"8 wben absol"bed st1sera &1"8 llsed to stDml.ate 1Japht)cyt8 

blùtoganesu. The axper.blets d1d net sner tlae question ot 1Ihat 

pl'Oportion of the or1g1Dal ~pbocytu carried YD-l1ke receptors on the1r 

cell surtace riDce the eal'b1res wera g1'01Il'l for seven d.qs md the1"8 115 no 

11&7 ot know1n« how Ully ceU d1v1s1cms had talc_. place. Thera &1"8 no 

m01ll'l allotypic yariants ot TD and no Womat1on supporting TD allotypy 
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was obtained during these studies. The fact that antiseram to a single 

D-myeloma protein was found to cause blastogenesis of the lymphocytes 

of a total of 10 different donors suggests that the antiseram was not 

specific to a particular allotype. 

J. Ph.ysicochemical Studies 

1. Introduction 

Since there was very little infor.mation available in the 

literature concerning the physicochemical nature of 1D it was felt that 

studies to elucidate this aspect of 1D were necessary. These studies 

vere done in collaboration with Dr. Anil Saba. Because there were 

relati vely small quanti ties of purified D-myeloma available for study, 

every attempt vas made to modify analytical procedures 50 they could be 

done with minimal material without sacrificing accuracy. 

In all instances lD vas purified by fractional ammonium sulfate 

precipitation, using the 35-45% fraction for subsequent DEAE-cellulose 

chromatography as described in section IV-A. Difficulty with loss of 

1D through fragmentation or unexplained denaturation precluded the addition

al use of G-200 for preparative purposes with the material at hand although 

this was attempted. The materials used for physicochemi.cal studies were 

peak 4 of Fig. 14 (identical to a and c of Fig. 15), and peak 2 of Fig. 16. 

In each instance lD, 1G, 1A and 1M vere quantitated by the micro-Ondin 
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technique and 1D was found ~o constitute 85-9~ of the total immunog1obulins. 

In addition, a 1ack of other detectab1e proteins vas demonstrated b.1 immuno-

e1ectrophoresis. 

In some of the 1ater experiments, it was necessar,y to use 1D 

which was 1arge1y fragmented and in all instances there was probably a 

degree of fragmentation of the mole cule even though it was not always 

detectable by immunoe1ectrophoresis. In spite of this, it is believed 

that these physicochemica1 studies represent the Most accurate picture 

of 1D vhich could be attained at the time since some determinations were 

previously done on samp1es of the same D-mye1oma protein fragmented to a 

1esser degree and a further check was availab1e in the studies done on 

the second D-myeloma proteine In Most instances, no information concern-

ing a particu1ar physicochemical property of 1D was avai1ab1e in the 

1iterature to serve as a guide. 

2. Materials and Methods 

(a) Sedimentation ve10city coefficient values were determined 

with a Beckman/Spinco Model E Ana1ytical Ultracentrifuge with Sch1ieren 

o optics, at 20 , and at a rotor speed of .56.000 rp!1. Rotors vere chil1ed 

o to 20 before use. The sedimentation velo city coefficients were corrected 

for rotor temperature and stretching as weIl as for the vi sco sit Y and 

density of the solutions (Svedberg and Pedersen, 1940). Relative 

viscositymeasurements were made on Cannon-Ubbelohde sami-micro dilution 
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viscometers (Kragh, 1961), 50 ml, at 20 :: 0.010
, with water now time 

of 254 and 'Z72 seconds. The solutions were filtered twice through 

Mill1pore filters of pore size 0.4 m~ before introduction into the 

viscometers. The concentration of protein used for the ultracentrifugal 

analysis and viscometry was determined by exhaustive dialysis of a 

concentrated protein solution against 0.2 M ammonium bicarbonate butfer, 

pH 8.6, followed b.1 a determination of the weight obtained on dr,ying an 

al1quot at 1080 for 18 hr in a forced circulation oven. The denSity of 

solutions was determined with 5 ml capillary vent pyenometers. Solutions 

were kept dust-free by careful handIing throughout and b.1 repeated 

Millipore filtering. 

Sedimentation velocity coefficient values were caleulated 

according to the Svedberg equation, 

1 dlnr l'tt 
( 1 - v P )20,w 

S = 20,w 2 dt 1'( 20, w ( 1 - v P )t,soIn w 

where~ is the viscosity of the solvent at the tamperature of the 

experiment, P 20 is the viscosity of water at 200
, v the partial specifie 

volume of the solute, P20 w the density of the solution at 200 and the , 
pressure of one atmosphere, r is the distance of the peak (the Mid point) 

from the meniscus with respect to .time, t, in seconds and w the rotor 

speed in radians/sec. The term, (1 - v P )20,w was ignored because 

( 1 - v P )t,sol'n 
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of i ts insignificant contribution towards the S value of the globular 

proteins. 

(b) Mo1ecular veight determinations were made by sedimentation 

equilibrium using the Mode1 E analytica1 ultracentrifuge fitted with an 

ultraviolet monochromator, an automatic doub1e-beam photoelectric scanner, 

and multiple ceU scanning accessories (Beckman Bull., 1967). Two rotors 

(AN-D. a 2-ho1e rotor, and AN-F, a 4-ho1e rotor) vere used wi th double 

sector ceIIs, 12 mm and 2.50 fi1led-Epon center pieces. In Most instances 

the ~ho1e rotor vas used and three double sector ceUs vere EIIlp10yed 

wi th one hole containing the special scanner counterbalance. The short 

liquid column method vas used. A 0.115 ml volume of protein solution vas 

1ayered over 0.05 ml of FC-43 nuorocarbon oi1 (Beclanan Instruments Inc.) 

in each of two sectors and 0.2 ml of butfer in the fourth sector. Hamilton 

microliter syringes were used in each instance. Equilibrium was attained 

according to the method of Yphantis (1964) and the weight-average mo1ecu1ar 

weight calculated according to the equations of Svedberg and Pedersen (1940). 

2RT 
M :: 2 

w,app (l-vp)w 

(~ - Cm) 
2 2 

C (rb - r ) o m 

where R is the gas constant. T the abso1ute temperature, v the partial 

specific volume of the proteim. p the density of the solution. w the angular 

ve10city in radians/sec, and C the concentration of the protein solution 

evaluated at a radial distance. r. 
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The partial specifie volume, i, for 1G vas determined to be 

0.730. For IgA, IgM and IgD, i vas assumed to be 0.72 - 0.71. The 

concentration of the protein solution, C , vas determined at 280 mjJ. 
o 

fifteen minutes after the rotor attained the speed of 9,000 rpm. An 

over-speed of 4,000 - 6,000 rpm above the actual operational rotor speed 

vas occasionally used to facili tate early distribution of mass throughout 

the celle The rotor speed was so chosen that the total time elapsing for 

the attainment of each equilibrium was approximately' the same (15 hr). 

For each calibration step recorded b.Y the scanner, a routine check vas 

made to relate the step to the optical density of the protein solution as 

determined by a Ca~ double-beam Recording Spectrophotometer, MOdel 14. 

The operational parameters for equilibrium runs vere as follows: 

operation - split beam; the optical slit width - 0.14 1!11'1; mode- absorbance; 

optical density range - 1 O.D.; scanner recorder sensitivity - 5000 mv/cm; 

scan speed - medium (4.75 x 1); and scanner chan speed - 5 m/sec. 

(c) Amino acid analyses vere performed on a Beckman Model 120 B 

Amino Acid Analyzer according to the method of Spackman, Stein and MOore 

(1958) using an accelerated procedure with a butfer flow rate of 70 ml/hr 

and a ninhydrin now rate of 35 ml/hr at 550
• A short (0.9 x 5.0 cm) 

column for basic amine acids, and two long (0.9 x .58.0 cm) columns, for 

neutral and acidic amino acids, vere used. These columns contained 

Beckman Custom Spherical Resin PA-35 and PA-28 (Beckman Instruments !nc.). 
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The analyzer was fitted with a high sensitivity cuvette, range expander 

am an aut~atic regeneration system. The recorder chart speed was 6 "/hr 

with dot printing every two seconds. Buffers contained n-propanol and 

benzyl alcohol as suggested by Hubbard (1965). Proteins were exhaustive

ly dialyzed against 0.1 M ammonium bicarbonate buffer, pH 8.6, after which 

aliquots of 2-3 mg of protein were dried overnight at 1080 in a forced 

circulation oven and weighed. One to two mg of dried protein was 

hydrolyzed in vacuo with glass distilled 6 M HCl at 1080 for 22, 48 and 

70 hours. Oxygen was removed frClll the tube by parehing wi th special 

grade ni. trogen previously fiushed through pyrogallo'l solution. The 

hydrolysis loss was evaluated by extrapolating to 0 hours. 

Total disulphide bonds were calculated according to Moore (1963) 

using performic acid oxidation. 

Tryptophan was determined on a 0.9 x 16 cm column of Beckman 

resin PA-35 (7.5% cross-linked) after hydrolyzing 4-5 mg of lG or lA in 

2 M Ba(OH)2 for 70 hours at 1080 according to NoltMan et al (1962). 

Tryptophan and disulphide bond determinations were not done on lD due 

to a shortage of material 

(d) Carbohydrate analyses 

(ii) Total hexose (mannose plus galactose) was determined by 

the indole method of Dische am Popper (1926) with modifications proposed 

by Oettgen et al (1965) using preparations containing mannose to galactose 
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in a ratio of 5:3 as reference standards. This i5 the ratio of mannose: 

galactose found in 1G by Clamp and Putnam (1964) and is similar to the 

ratios reported for lA and TM. When high mannose:galaetose ratios (16:7 

as has been reported for lA, or 2:1 as reported for lM) were used for the 

standards, the total hexose values became slightly greater but the relative 

hexose coneentrations in different immunoglobulins remained unchanged, 

henee the 5:3 standard was used for all determinations. Carefully 

filtered 0.5 ml samples of purified immunoglobulins were thoroughly 

dialyzed against 100 volumes of 0.1 M tris-li.Cl, pH 8.6 for 24 hours. 

Then 0.2 - 1.0 mg amounts of protein representing 10-80 ug of protein 

hexose were.mixed with 4.5 ml of 75%sulpaur1c acid in an iee-water bath. 

To this was added 0.2 ml of a 1% solution of indole in absolute ethanol 

wi th thorough mixing. The mixtures were heated at 1000 for 10 min, eooled 

in iee water, and optieal densi ties read at 470 MJ.Io. '!he optical densi ties 

were eorreeted for the color of blanks eontaining the protein and. sulplu:ar1c 

acid but no indole. The hexose eontent of the protein was then ealeulated 

by reading from the standa~ eurve obtained fram different eoneentrations 

of the 5:3 mixture of pure mannose:galaetose (Fig. )6). AlI glassware was 

washed with dust-free distilled water before use and aIl deter.minations 

were done in duplieate. 

(ii) Fucose was measured by the cysteine hydroehloride method 

of Disehe and Shettles (1958). One ml fUeose standards eontaining from 

2 to 20 ug/ml vere prepared in dust-free distilled water. In one 
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experiment 1-4 mg quantities of filtered and dialyzed solutions of 

purified lG and 'lM immunoglobulins were used. In the other, known 

coœentrations of purified lG, lA, 1M and lD were added to 10.0 lJ.g 

of fucose in amounts expected to increase the total fucose to 12-15 ~ 

per ml according to published data for lG , lA and 'lM. The purpose of 

this was to minimize the loss of immunoglobulin fucose during handling 

and hence to maximize the reproducibility of the tests. The percent 

fucose in rD was assumed to be similar to that in 'TM (this was later 

confirmed experimentally). To these preparations were added 4 • .5 ml of ice

chilled concentrated H2S04 mixed 6:1 with distilled water. The resulting 

mixtures were then warmed to room temperature before heating for precisely 

3 minutes in a boiling water bath. They were then cooled and 0.1 M of JI; 

aqueous cysteine-HCl was added wi th thorough mixing. The samples were 

then stored in the dark for 1-2 hr and the optical densities read at )96 

~d 4'2:1 mJ.l.. Both Tungsten and deuteri1Dll lamps were employed and the latter 

was found to give consistent results on repeated readings, hence if was 

used for all fucose determinations. 

The corrected readings (O.D. J96 MJ.I. - 42:1 mJ.l.) of the pure fucose 

standards were used to construct a curve (fig. 'Yl) from which the fucose 

values of the protein or the fucose-protein solutions were read. In the 

an~ses of the immunoglobulins to which 10.0 ~ of pure fucose was 

added, this amount was subtracted from the final result to give the 

value of tmmunoglobulin fucose. There was good agreement between the 

values for lG done wi th and wi thout added fucose as well as for 'lM. 

Thus adcled fucose was used for aJ~l lD determinations. AlI sets of 
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determinations were done in duplicate with close agreement betveen the 

duplicate samples. 

(iii) Hexosamines (glucosamine and galactosamine) were determined 

after hydrolysis of protein samp1es in 4 M HGI for 4, 6 and 8 hr at 1000 

umer nitrogen (Spiro, 1962). Amino sugars were separated and estimated 

on the amine acid analyzer using Beckman Custom Research Rasin PA-35 
. 

(7 :5% cross-linked) in a 0.9 x 16 cm c01umn and a duplicate run on 

Beckman resin PA-28 in a 0.9 x 57 cm c01umn using the usual amino acid 

analysis buffers containing n-propanol and benzyl alcohol. Extrapolated 

values to 0 hour took into account the 10ss of hexosamine due to hydrolysis. 

(iv) Sialic acid was not determined for 'lD but the amount (18 

residues per mole) recently reported by Spigelberg, Prahl and Gray (1969) 

has been assumed to be correct. rus has been included with data on the 

other 'lD carbohydrates obtained in this 1aboratory in order to estimate 

the total carbohydrate content of 'lD. The method of Warren (1959) has 

been employed to determine the sialic acid content of a few ~eloma pro teins 

in this laboratory (as indicated in Table xvn) but at the time of wri ting 

of this thesis 'lD had not been analyzed. 

3. Results 

(a) The sedimentation velocity coefficients of the two D-myeloma 

proteins and the lambda Bence-Jones protein of L.P. were as follows: 
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J.M. ~eloma protein: SO 
2O,w = 6.7 

L.P. D~eloma protein: So 
2O,w = 7.0 

L.P. Bence-Jones protein: 0 
S20,w = 4.1 

Schlieren patterns of whole L.P. D~elOD1a serum (Fig. )8) were not 

abnomal. !he ultracentrifugal analysis of 20-35~ and 35-45% ammomUJll 

sulfate fractional precipitates (Fig. 39) were also unremarkable and 

failed to distinguish between 1D and 1G. However, the pattern of 

fraction 2 from the G-200 gel filtration of L.P. D-myeloma protein (Fig.12 ) 

showed a double peak corresponding to the 1D and 1G concentrations of the 

fraction (Fig. 40). 

The sedimentation velocity coefficients of L.P. Bence-Jones 

protein at varions protein concentrations are plotted in Fig. 41. 

Sedimentation velocity coefficient values of 1D proteins as 

reported by Fahey et al (1968) and as observed in our laboratory were 

higher than those of 1G myeloma proteins which varied fram 6.2 to 6.65. 

These observations prompted the use of comparative sedimentation equilibrium 

rans employing multiple cell scanning accessories. 

(b). Sedimentation eguilibrium analyses revealed that the cell 

memseus clearance of 1D was faster than that of 1G for a gi ven rotor speed 

and nearly equal initial protein concentrations. Fig. 42 illustrates the 

mass distribution of J .M. D-myeloma proteine The -weight-average apparent 



molecular weight of this ID was found to be 200 t 000 ! 2000. The partial 

specific volume, V, was assumed to be 0.72, since the ID protein was 

found to contain a large amount of oligosaccharide moieties. Fig. 42 

aIso demonstrates the plot ln c vs r 2, for lG, the theoreticaI mass 

distribution being obtained for 7G on the basis of its mol. wt. as 150,000. 

The partial specific volume, V, of rG myeloma proteins was determined as 

0.73 in 0.1 M tris-Hel butfer, pH 8.6, at 200
• During sedimentation 

equilibrium runs, no molecular aggregation was observed at the celi bottom 

wi th or wi. thout FC-43 fluorocarbon oil. The theoretical slope difference 

between ID and lG reflected the ratio of their respective moleeular weights. 

During the characterization studies on ID, it was observed that 

storage at 30 often was accompanied b.Y fragmentation of the native 

Molecules. The presence of Fab and Fc-like fragments was reported by 

Fahey and Rowe (1965) and fragmentation during storage was reported by 

Skvaril and Radl (1966) and has aIso been observed in our laboratory 
'" '('"' 

(Fig. 21). It was considered of interest to assess the molecular weight 

of the fragments resulting from immunoelectrophoretically complete 

spontaneous degradation. The basic sedimentation equilibrium equation 

describes the mass distribution of a homogeneous component in the absence 

of self-association and interaction with others. This equation May be 

represented as foliows: 

d ln c = (1 _ vp)w2 

dr
2 2RT 

M w,app = A w2 M w,app 
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'A 1 - va where = 2RT • In a sectorial ultracentrifuge ceU, where conserva-

tion of mass is assumed, the mass distribution of a component is related 

to M for a sui table range of rotor speeds provided rigid experimental w,app 

conditions (e.g. time for attaining equilibrium, temperature. density of 

the media, pH, etc.) are kept identical for a gi ven M • The rotor w,app 

speed has greater influence on the distribution of the heavier components 

than on the lighter ones and the greater the difference in the apparent 

molecular weights, the larger is the effect of rotor speed on the mass 

distribution of the he&ri.ercgmponent. Comparative runs using different 

rotor speeds were carried out by using an An F rotor with multiplexer. 

Based on these considerations, we have tried to fit the theoretical plot 

of various assumad values of M with the cell bottom part as the w,app 
2 ln c vs r plot. The result of this determination has been represented 

in Fig. 4). The presence of intact lD (M = 200,000) could not be w,app 

detected, although smaller fragments were present in the cell meniscus 

region. We have assumed v = 0.72 ccfg at 200 for our computation. The 

best fit of the theoretical slope vas obtained with M = 141,000 ! w,app 

2000 for fragmented J .M. lD. A similar approach was also made for the 

evaluation of the average molecular weight of the smaUer fragments. 

Fig. 1# shows the sedimentation equilibrium plot of the smaller fragments 

obtained fram J .M. lD. The best fit was obtained with an apparent molecular 

weight of 65,000 ! 2000. A similar study with L.P. 1D showed a best fit 

with apparent molecular weight of 60,000, again assuming v = 0.72 ccfg • 
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Thus the native molecules and split products fram spontaneous degradation 

as identified by both immunoelectrophoresis and ultracentrifugation appear 

to he as follows: 

Fragment 

J .M. whole D-myeloma protein 

L.P. whole D-myeloma protein 

L.P. lambda light chain dimer 

J.M. F(ab)2 (?) 

L.P. F(ab)2 (?) 

J.M. Fab and Fc 

L.P. Fab and Fc 

Molecular Weight 

200,000 

not determined 

48,000 

141,000 

140,000 

65,000 

60,000 

(c) The amino acid analyses of the two D-myeloma proteins are 

gi ven in Table XV along vi th the· representati ve amino acid analyses of 

other monoclonal immunoglobulins done by the same technique in this 

laboratory. The rmmber of amino acid residues par mole of proteins were 

camputed vith consideration of their respective oligosaccharide content. 

Differences between lG and lA are most notable in regard to lysine, serine, 

valine, and leucine residues. 1G contains more lysine, valine, and serine 

residues than lA but less leucine. lA molecules contain fewer total amino 

acid residues than lG since a larger part of the lA molecUle represents 

oligosaccharide moieties. lD MOlecules contain fewer residues of lysine 

and more acidic amino acid residues (aspartic and glutamic acid). leucine 



content is qui te high in 1D and the proline content is unusually low in 

comparison with the other immunoglobulins. The two D~loma proteins 

differed considerably one frOll1 another in regard to several amino acid 

residues. i.e. aspartic and glutamic acids. serine. glycine. saline. valine 

and leucine. 

TABLE ri 

Amino Acid Composition of lG. lA. and 1D 

lG 1A 1D 
l II l II nI J.M. L.P. 

Lys 86 75 53 48 59 48 44 

His 23 19 24 22 22 15 23 
Arg 45 38 54 .56 41 55 53 
Asp 111 93 81 88 92 123 170 

Thr ,103 115 113 108 120 146 142 

Ser 156 152 137 135 138 186 166 

Glu 122 141 120 117 118 205 162 

Pro 103 104 99 101 104 55 62 

Gly 96 93 91 90 91 125 144 

Ala 81 82 81 89 82 125 144 

Cys/2 24 26 24 24 24 24 24 

Val 128 127 87 94 84 123 133 
Met 12 16 14 12 17 20 20 

ne 26 28 35 38 32 38 28 

Leu 99 93 113 115 106 169 162 

Tyr 63 49 50 41 40 67 75 
Phe 43 52 43 49 41 73 65 

Trp 20 22 22 18 

11101. wt. 150.000 150.000 150.000 150.000 150.000 200.000 200.000 

carbohydrate 
mol. wt. 4.635 4.746 12.810 12.215 15.000 28.000 28,000 
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The amino acid ana~sis of L.P. Bence-Jones protein is 

compared wi th similar analyses done in this laboratory on fi ve other 

lambda Bence-Jones proteins in the following table. 

TABLE XVI 

Amino !cid Composition of À-Bence Jones Proteins 

L.P. A B C D E 

Lys 11 13 12 14 11 11 
His 3 3 3 4 4 4 
Arg 6 6 9 4 7 8 
Asp 17 14 18 17 15 13 
Thr 25 18 19 22 19 19 
Ser 31 25 25 27 28 32 
Glu 24 20 21 20 22 19 
Pro 16 19 16 15 14 16 
Gly 16 20 16 17 17 17 
Ala 19 20 16 17 20 18 
Cys/2 3 2 •. 2 2 5 '5 
Val 17 17 17 17 15 17 
Met 3 0 0 0 0 0 
Ileu 5 5 5 6 5 4 

'.i ùm 15 15 15 14 15 15 
Tyr 12 7 12 12 9 10 
Phe 6 6 5 6 4 4 

There is li ttle which is unusual about the content of indi vidual 

amino acids except for Methionine which vas not found in arr.r of 

the other lambda proteins. The proline vas not unusual. which 

contrasts with the lov proline in the whole Molecule. 



(d) The carbohydrate analyses of the two D-~elama proteins 

and other selected purified monoclonal immunoglobulins are given in 

Table XVII in order of decreasing oligosaccharide content. It may 

be seen that there is considerable variation between individual 

~eloD1a pro~eins. but lD must be classified as a high carbohydrate 

glyeoprotein. The total hexose (mannose plus galactose) in lD was 

similar to that found in lE and 1M as was the fUcose content. 

However. the g"lucosamine plus galactoseamine content (or total 

hexoseamine) vas considerably bigher in the two D~eloma proteins 

than in the other immunoglobulins. 

Similar carbohydrate analyses were carried out on ten Bence

Jones proteins of the lambda variety and some carbohydrates were 

found in five. These are also summarized in the table. L.P. Bence

Jones protein was unique in its high carbohydrate content. and 

partieularly in its hexose content. This amount of carbohydrate 

has net been found in an,y of the other Bence-Jones proteins analyzed 

in this laboratory. 
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TABLE XVII 

MOlar Ratio ot Oligosaccharides to Immanoglobulins 

Mannose + Glucose- Galactose- Sialic 
MOl. Vit. Galactose Facose amine amine Acid 

1D J.H. 200,000 66.5 8.55 56 9.42 18* 

L.P. 2QO,OOO 56.4 8.27 30 20 18 * 

1E** 196,000 60.0 6.17 ~39.8 -
(1H)s 180,000 63.4 7.89 30.5 2.43 

180,000 62.6 28.5 3.65 

U~· 150,000 26.6 2.56 12.6 12.0 10.36 

1.50,000 26.5 3.19 14.8 8.1 

150,000 25.8 2.20 15.3 7.8 11.15 

1G 150,000 12.6 2.38 7.53 0.15 

150,000 12.4 2.36 7.5 0.0 2.23 

150,000 9.9 1.65 9.5 1.0 1.80 

Bence-Jones 
Protein L.P. 50,000 12.76 1.66 1.5 5.6 

ethers l 50,000 0 0 0.34 0.34 

II 50,000 0 0.36 1.5 2.4 

III 50,000 2.5 0.91 1.0 1.0 

IV 50,000 0 0 1.0 1.0 

* trom Spiegelberger et al (1969) 

** trom Bennich .~ Johansson 
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4. Discussion 

It is apparent that the Monomer lD Molecule is re1atively 

large in comparison with other known four-chain immunoglowlin monomers. 

It appears to be approximately the SUle size as lE but to have an even 

higher carbohydrate content. Of particular interest is the close 

parallel which May be observed between the carbohydrate content and 

ease of denaturation of immunog10bulins under the stress of heat or 

variations of pH and Mo1ari ty • lD is not only the Most easi1y denatured 

of the known immunog1obulins, but is a1so the MOst susceptible to 

spontaneous fragmentation during storage and in association with mild 

separati ve procedures. Perhaps a large number of attached carbohydrate-. 

units make it difficult for an unfolded immunoglobulin Molecule to refold 

to its native state once extended by thermal or electrostatic farces. 

If so, this could exp1ai.n the ready 10ss of precipitating antigenicity 

of lD. It will not explain the ease of fragmentation of the lD Molecule 

although perhaps there May be a reason for the association of these two 

features which is not readily apparent. The spontaneous fragmentation 

into Fc and Fab-like subunits suggests the existence of an area in the 

Molecule which is particularly susceptible to the action of plasma 

enzymes such as plasmin, or of an area, linked by non-covalent forces 

which can be ruptured under conditions which do not ordinarily lead to 

breakage of immunog10bulin polypeptide chains. 
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A physicoehemical feature of interest is the relati vely lov 

proline content of lD. Since proline causes an interruption of the 

a. helix sequence in polypeptide chains i t is possible that a lov 

proline content might contribute to an altered molecular fiexibili ty 

and to a reduced tendency to re-assume a globular shape after stress 

than is shared by the imDm.lwglobulins, wbich have higher proline 

contents. It is also possible that the high carbohydrate content, 

the lov proline content, and/or the marked lability of 1D may contribute 

to the apparent lov degree of antibod;y activity associated vith this 

immunoglobalin, but more evidence is needed to demonstrate tbis in a 

convincing manner. 

N.B. It should be added that during the April 14-18, 1969 

American Association of Immunologists meetings in Atlantic City two 

papers vere presented dealing vith 1D (Speigelberg, Prahl and Grey, 

1969; Reiner, Saba and Rose, 1969). The authors of the first paper 

informed this wri ter that they had found that the addition of s - amine 

caproic acid to serum and sel'lllll fractions containing lD, and to the 

buffers used in their separation will prevent much of the ensymatic 

spli tting of lD which plagnes workers in the field. This spli tting 

is presumably due to plasminogen activation, and resul tant action of 

plasmin on rD. a process specifically inhibited qy s-amino-caproic 

acid. 'lberefore, future efforts to isolate and work with lD should 

take this into account. 
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v. SUMMARY 

The recently discovered and relatively unstudied immuno

globulin, lD, has been investigated te elucidate more of its biological, 

immunochemical and physicochemical nature. A method vas developed for 

measuring concentrations of lD as low as 1 JJ.f!./ml. The Mean level was 

found te be minimal ( 1.0 ~/ml) in umbilical cord sera wherein 7 of 

20 healthy newborns examined had detectable lD (range 1-2 r,J.f./ml). The 

level gradually increased during childhood until 6 years of age when 

that of healthy adults (80 r,J.f./ml) was reached. The Mean serum level of 

lD was markedly elevated (2-6 mg/ml or 25-75 times the normal Mean) in 

2 subjects with D-myeloma and was moderately elevated (3.6 times normal) 

in 18 subjects with cystic fibrosis of the pancreas, in 18 vith Laennec's 

cirrhosis (2.5 times normal) am in 5 infants wi th the visceral larva 

migrans syndrome (3.7 times normal). It was also occasionally elevateà. 

in severe acute hepatitis where a level of 2.0 mg/ml was transiently 

present in one subject, and in occasional normals where levels of 

350 jJ.g/ml and 1.1 mg/ml vere found in separate instances. The 1evel was 

diminished in 9 of 10 subjects with hypoagammaglobulinElDia. 

Small quantities of lD vere detected in colostrum, breast 

milk, mixed sali va, and occasionally in gastric or duodenal juice. 

~all amounts of lD were detected in both the urine and sali va of each 

of the two subjects with D-myeloma. 
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Evidence for 1D antibody acti vi ty vas sought and antigen 

binding vas demonstrated by radioimmunodiffusion in one subject who 

received several booster injections of diphtheria toxoid and in a 

child with spontaneous hypersEilsitivity te cov's milk. Twelve of 25 

subjects wi th disseminated lupus had 1D antinuclear antibodies. 

Specifie rabbit antiseram te the ô-chain of 1D vas shown to 

produce marked blastogenic stimulation of human ~hocyte cultures. 

The protein vas shown to be unusually labile te heat and to 

solutions of lov pH or of high molari ty. Spontaneous breakd.own into 

Fc- and Fab-like fragments frequently occurred, presumably due to the 

action of plasmin. 

Immunosorbents vere prepared tram complex-free antiseram to 

8-chain and vere found useful in purifying 1D from normal subjects. 

Physicochemical studies of two D-myeloma proteins revealed 

s020 values of 7.0 and 6.7. The molecular veight by sedimentation ,v 

equilibrium vas 200,000. Spontaneously occurring split products which 

retained S-chain antigenic determinants had molecular weights of 140,000 

and 60-65,000. The Molecule vas found to contain more carbohydrate 

residues than any other immunoglobulin and an unusual ameunt of 

carbohydrate vas also found in the lambda Bence-Jones protein of one 

patient. The Bence-Jones protein also appeared to be unusually labile. 

Amino acid an~ses revealed a particularly lov concentration of proline 

in both D-myelO1lla proteins, relatively lov concentrations of lysine and 



histidine and high concentrations ot serine, glutamic acid, lysine, 

alanine and leucine. 1D was theretore tound to be unique in many ot 

its characteristics, and appears to possess f'Unctiona1 activity. Its 

precise ro1e in the immunologic responses ot man rElllains to be 

e1ucidated. A namber ot important teatures ot the tive immunog1obulin 

classes are summarized in Table XVIII. The contributions ot the current 

study are indicated with an asterisk. 

TABLE xvm 

Raman Immunog1obulins 

1G 1A 1M lD lE 

Sel"lllll mg'!, 800-1600 100-400 50-200 0.1-40 .01-.09 
Synthesis: 
mg/kg/d 20-40 3-55 3-17 .03-1.5 

Catabolism: 
'" IV poo1/d 4-7 14-)4 14-25 18-60 16 

'" intravascular 50 40 65-95 65-85 50 
Comp1E11lent fixing + 0 + 0 
Placental transter + 0 0 0 0 
Presence in CSF + + 0 0 
Exocrine Secretion + .'+f+ + "!:* -:t 
Skin sensitizing PCA 0 0 0 PK 
MW, basic unit 150,000 150,000 180,000 200,000* 196,000 
Hexose <f, 1.2 3.3 5.4 6.1* 5.53 
Hexosamine % 1.3 2.3 4.4 5.17* 3.64 
Fucose % 0.20 0.22 0.7 0.74* 0.56 
Sialic a '" 0.30 1.8 1.3 2.78 1.0 
Total CHO <f, 2.9 7.5 Il.8 14.79* 10.7 

antib~ aetivity +++ +++ +++ +* +++ 
Heat Labi1ity + ++ ++++* +++ 

To convert m~ to ~/ml move the decimal one place to the right. 
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VI. CLAIMS 'ID ORIGINALITY 

The folloving findings in regard to rD are the original 

contributions of this study which have not previously been reported 

in the literature: 

1. Elevated serum levels in cystic fibrosis of the pancreas and in 

the visceral larva migrans syndrome. 

2. Its presence in breast milk and saliva of normals, in duodenal 

and gastric juice in iron deficiency anemia and in the sali va 

and urine of subjects vith D-myeloma. 

3. The appearance of rD antibodies in response to immunization and 

in occasional subjects vith spontaneous food sensitivity. 

4. The induction of blastogenesis in human lymphocyte cultures by 

specific antiserum to the S-ehain of '1D. 

5. An unusual labili ty upon exposure to heat or extremes of pH, 

or to solutions of high molarity. 

6. A moleeular weight of 200,000 for the whole Molecule and of 

140,000 and 60-65,000 for spontaneously oceurring fragments. 

7. An unusually high carbohydrats content (14.8~) of the whole 

molecule, part of which was probably represented in the light 

chain (Bence-Jones protein) of one ~loma subject. 

8. An unusually low concentration of proline, which Along vith the 

high carbohydrate May be related to the lability of the molecule. 
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Prec:1pitate 1ines f'omed by YD in micro-Q1chter1ony. 1, 1Il7eloma YD 0.1 mg/ml; 

2 and 5, antiserum to 5-chain; 3, no1'll8l sel'Wll containing 12 md YD (0.12 

mg/ml); 6, n01'll81 sel'Wll with an absence of' ID (under 1 pg/mJ.). 

Magnification x 9. 
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Precipitate lines fomed by YD in micro-Ouchterlony. l, myeloma YD Ùj 

2 and 5, antiserum to 5-chain; 3, nomal serum containing 12 mg~ YD ; 

mg/ml); 6, nomal serum with an absence of YD (under 1 f1g/ml). 

Magnification x 9. 
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Proof' or absorption or antiserma to 6-chain. Antisera (Rl6S and Rl.34) to 

tllO D-myeloma proteins vere absol'bed vith se1'UJl f'rom a subjact vith an isolated 

absence of' YD. Thare 1s an _cess of' YG, YA and TH in each or the Illti cS.chain 

sera proving that each was absorbed in Ag _cess f'or the three major :bImmo

globulins. Absence of' antibodies to Yi vas Pl'OVed by' rad101.Jllmmod1:t1Usion 

using specifie antiserwa to Yi Fe fragment ld.n~ supplied by Dra. Johlms80n 

and Bannich. Precipit&ting antibody activity to 5-clIain remained intact as 

evidenced by identity on oachterlony analysis vith antiserum to ~.cha1n obta1ned 

f'l"OIIl Dr. Fah~. Antisel"Ull Rl.6S absorbed (anti-~cha1n) 1I&S used in Figure 3 and 

shows these antibod1es to YD heavy chain. 

A. l, YG 0.1 mg/ml; 2,5, anWY chain; 3, anti- 6 chain (Rl6S); 6, anti-b 
chain (Rl.34). 

B. l, YA 0.1 mg/ml; 2,5, anti-œ chain; 3, anti- 6 chain (Rl.6Sh 6, anti-~ 
chain (Rl.34). 

C. l, 'YH 0.5 mg/al; 2,5, anti-u chain; 3, mti- Scha1n (KL6S); 6, anti-~ 
chain (Rl.34 ). 

" 
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Proof' of' absorption of' antiserœa to cS-chain. Antisera (Rl.65 and Rl.:34) to 

tllO D-myeloma proteins vere absol'bed vith sel'Ulll f'rom a subject vith an isolated 

absence of' rD. There is an excess of' YG, YA and lX in each of' the anti ~-chain 

sera proving that ea.ch vas absorbed in .Ag excess f'or the three major 1muno

globulins. Absence of' antibodies to Yi vas proved by rad101malUnodif'fUsion 

using specif'ic antisel'Ulll to YE Fe f'ragment kindly supplied by Dra. JohaDsson 

and Bannich. Precipitating antibody activ1 ty to S -win remained intact as 

erldenced ~ identity on OUchterlony analysis vith antiserum to &-chain obtained 

f'l'CIIl Dr. Fahey. Antise~ Rl.65 absorbad (anti-~cha1n) vas used in Figure 3 and 

shows these antibodies to rD heavy chain. 

A. l, TG 0.1 mgfml; 2,5, ant1;.;T chain; 3, anti- 6 chain (Rl.65); 6, ant1-b 
chain (Rl.34). 

B. l, YA 0.1 mg/ml; 2,5, anti-œ chain; 3, anti- S chain (Rl.65h 6, ant1-~ 
chain (Rl.34). , 

c. l, lH 0.5 mg/ml.; 2,5, ant1-u chain; 3, anti- S chain (Rl65); 6, anti- ~ 
chain (Rl. 34 ). 
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interiace and reading ad YD di~ f'1'OIIl chart. 
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conta1niDg 800 -6, poo1ed œmal. aerua contain1ng 60 ad, aDd D-Ilyel.œa 

serum contain1ng 17 -ad lM. 
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Plexiglas reservoirs for most sEiftsitive m1cro-oa.chterlo~. '!'he plexiglas 

squares rest on dmlble-thickness &trips of _ter proof tape atfixed to 

the lIlic1'Oscopic slide. 
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Schemat1c representation ot sens1tivity ot p1ex1g1as m1C1"O-OUchterl.o~ technique. 

With adjustment ot antigen and antibody concentrations 1t 18 possible to atta1n 

th. degree ot sens1t1vity 1nd1cated. for lD, lG or lA. Concentrations ot YK 

5 to 10 t1m~ as great are l'leeded to atta1::l cœparable results. Plus signs 

represent lIlethod ot 1nd.1catirlg relative concentrations witbout ass1gn1Dg 

precise values. 
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Figure 11 

IgO MYELOMA SERUM (L.P.) G-200 GEL FILTRATION OF 
20-35 % ~NH4)2S04 FRACTION. 
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Sephadex G-200 gel filtration ot 20-35~ saturated a:aunoniulll sulfate traction 

ot L.P. D-myelOllla sel'Ull. lalative ccmcentl'at1Dns ot the tour major 

ilammoglobalins are given. Sedimentation vel.ocity coefticients are 

indicated above each p1"Olllinent peak. 
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IgO MYELOMA SERUM (L. P.) G-200 GEL FILTRATION OF 
35-45 % (NH4)2S04 FRACTION. 
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Sephadex G-200 gel t1l.tration of '5-4S~ sa'turated ..,n11211l sulfate traction 

or L.P.' Doa,yelcllla sel'Ulll. The 2.9 S peak contained traga8l1ted YD and YG 

JIlC)l~cu1es &s well &s alb'1lJl11n. 
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Sephadex G-200 gel filtration otreag1n1c serwa show1ng distribution 01' 

aU tive i1l1Dmoglobulins and Prausnitz-lUstner 1'8actlons ot the tractions. 
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traction of L.P. ~e1oJll& serum. Peak 4 conta1necl YD in the b1ghest 

degree ot pur1ty. 



Figure 15 

. . ... 
; ... ,.i.,. ".-, 

• - .. 

Immunoeleetrophoresis of D-myeloma protein in peak 4 of Figure 14. None of 

the peaks eontained signifieant amounts of rA or 1M. A, unabsorbed antisermn 

to D-myeloma serum; B, antiserum to mrmal human serum laeking antibodies to 

rD. a. and e, peak 4 of Figure 14; b, L.P. D-myeloma whole serum. The high 

degree of purity of ID in peak 4 is demonstrated. The anode is to the right. 
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Immunoelectrophoresis of D-myeloma protein in peak 4 of Figure 14. No 

the peaks contained significant amounts of rA or 'lM. A, unabsorbed an 

to D-myeloro2 se1"U1ll; B, antisertnTl to normal hUlllan serUlll lac king antibod 

rD. a anà c, peak 4 of Figure 14; b, L.P. D-myeloma whole serum. The 

degree of purity of rD in peak 4 is demonstrated. The anode is to the 

-" 4" ••• ,. • 

· -"' ....... '. 



Figure 16 

No.IS7 

APPIIOX'IIATE )lQ''''' 
CONTENT OF. 

7SO 
tG 500 

2SO 
0 

7SO 
fA 500 

250 
0 

'soo 

"rD '000 
750 
500 
2SO 

0 

3·00 

MOLARITY. 

pH OF BUFFER' 
1 .... ....----0.02M. pHB·O-----. I_O·OSM. PHB.0_1_I.S5M. PHB.O-I 

DEAE cellulose co1umn chl'omatography ot 35-45~ &lIIIlonium sultat. traction 

ot J.M. D-myeloma S8l'1l1l. 



Figure 17 

No. 264 

APPROXlMaTE ""/lftl 
CONTENT ()J', = 

~G '00 
2:10 

0 

" ~ A '0 
2' 

0 

" lM :10 
2' 

0 ,., 
lo ',0 ., 

0 

." 
iE "0 

'2' 
0 

"75 

1·50 

1'25 

1·00 

0.0. 

'75 

'50 

'25 

TUBE NUMBER' 

MOLARITY. 

pH OF BUFFER' 

l 
20 40 

4 

2 

3 "-.. 
70 90 110 130 150 170 190 210 

DEAE cellulose co1umn chromatography or reag1n1c sel'Wll sbowing the 

distribution or five 1IIIIlunoglobulins. 
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Figure 18 

MOLARITY OF PHOSPHATE BUFFER 

I~-·Ol ~~·03-+oE--O·1 ~+-I-4-

IGA 
mg%-~--------------------~§illillê2~~~~3 

IGM 

3 
cm PK 

D&AE Sephadax column chramatograpq of reaginic sel'Wll shoving the distribution 

of f'ive :1Jaamnoglobllins &Di Prausnitz-Kustner skin test activity. 



Figure 19 

2-0 235 mg URINARY PROTEIN L.P. la) 

1-5 

0_0_ 

280mJj 

1-0 

0-5 

À chains 

I-PhOSPhate Buffer--0-05 M, pH 70 6--!-0-15M,PH5-6-1-1-65M, pH 5-6-1 
~ 
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2·0 

1·5 

O.U. 
280m~ 

1·0 
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FigtIre 20 

100 mg URINARY PROTEIN L.P. (b) 

>.. chains 

mi,' 
O~--~----~~===F==~~----~~~

~-

Tube#" 20 40 60 80 100 120 

1 0'05 M 1-0'15 M pH 5'6---1-1'65 M, pH 5'6-1 
pH 7·6 phosphate 

DEAE cellulose column chl"omatography ot L.P. D-myeloma urine shov'...ng 

ItOre restricted. distribution ot lambda Bence-Jones protein. 
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l'DImmoe1ectlOphores1s ot L.P. D-myelœa seNill showing tragmentation ot lD on 

treez1ng and thaving ot seNill. l, unabsorbed ant1sel'Ulll to ~lOJ1a seNill 

traction; II, ant1seNill to .1e œ1'lll8l seNill lack1ng ant1bod1es to lO; 

a and c, l).m;yeloma seNill artel' treez1Dg and thaving; b, nomal huaan sel'Ulll. 

The YD prec1p1tate aro 1s split. The anode 18 to the rl.ght. 



Figure 21 

.. 
. 

,~ 

Immunoelectrophoresis of L.P. D-myeloma serum showing fragmentation of YD on 

freezing and thawing of serum. l, unabsorbed antise:rom to D-myeloma serum 

fraction; II, antiserum to whole nonnal serum lacking antibodies to rD; 

a and c, D-myeloma serum after freezing and thawing; b, nonnal human serum. 

The YD precipitate arc is split. The anode is to the right. 
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Figure 22 

llmmmoel8Ct!'Ophoresis ot J .M. ~elCllla sel'Ulll show1ng no evid8l'1ce ot sp11 tt1ng 

ot the YD precipitate arc atter treezing and thawing. l, 1I1'lab80rbed antise1'\Dl 

to a YD-rich traction of J .M. se1'UDl; II, antise~ to whole nomal sel'Ull 

hav1llg no antibodies to YD; a and c, traction conta1n1Dg YG and YD in 

concentratiDns too low to p!'Oda.ce distinct precipitate l1nes; b, untractionated 

J.M. ~ sel'Ull. The sharp line pointing near th!l lbII8n numeral II 1s 

D-myeloma pl'Otem, oit crosses the YG lin. neu tl'OUgh II. Anode te the right • 



Figure 22 
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Immunoelectrophoresis of J .M. D-myeloma serum showing no evidence of 5 pli tting 

of the YD precipitate arc after freezing and thawing. l, unabsorbed antise:rum 

to a YD-rich fraction of J.M. serum; II, antiserum to ~ole nor.mal serum 

having no sntibodies to YD; a and c, fraction containing YG and YD in 

concentrations too lo'W to produce distinct precipitate lines; b, ur.fractionated 

J .M. D-myeloma serum. The sharp line pointing near the Fbman numeral il is 

D-myeloma protein, it crosses the YG line near trough II. Anode te, the right. 



• Figure 23 

Immunoelectrophoresis of L.P. ~eloma serum and a fraction containing 

spontaneously fragmented 1D"Lambda Bence-Jones proteinemia is present. 

Only -the slow moving fragment contains ).-chain. A. antiserum to &-chain; 

B, antiserum to ,,-chain; a and c. fraction of L.P. serum corresponding to 

peak 4 of Figure 14 but from different chromatogram in which 1D had 

broken down to 3 S fragments; b, L.P. serum. 



Figure 24 
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ImIIIImoe1ectrophores1s of J.H. ~a se~ and a fraction of 1t containing 

spontaneously fragmented m. Bence-Jones proteinaia 1s absent. Both fragments 

migrate more anod.ally than the native YD or the correspoDding fragments of 

L.P. YD. l, ant1senDll to ~-chain; n, ant1uel'UJl to l-cha1n; a and c, who1e 

J.H. serum, b, fraction of J.H. serum corresponding to peak 2 of Figure 16 

but t'rom a chromatogram in which the m had fragmented. 
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hmlunoe1ectrophoresis of J .M. ~m.ye1oma senml and a fraction of it containing 

spontaneous1y fragmented YD. Bence-Jones proteinemia is absent. Both fragments 

migrate more anodally than the native YD or the corresponding fragp1ents of 

L.P. YD. l, antiserum to ~-chain; II, antisel'Wll to ),.-chain; a and c, who1e 

J .M. serum, b, fraction of J .M. serum corresponding to peak 2 of Figure 16 

but from a chromatogram in which the YD had fragmented. 



F1gu.re 25 

HEAT DENATURATION OF IgD IN SERA OF 4 SUBJECTS. 

OIAGNOSIS Mg % IgO 

0 MYELOMA 500 

• MYELOMA 700 
IOO~---- D HEALTHY 35 

~ CIRRHOSIS 90 

~ 
75 

0 

w 
...J 
al 
~ 
l-
i[ 
(3 
W 
Q:: 
a.. 

25 

• O+-----,-----,-----,-----~::~~~~,---
600 

4h. Ih. 4h. Ih. 4h. Ih. 4h. 

The UIOunt of YD preclp1tated b7 specifie mtlse1'\1lll 115 decreased alter 

heat~ to 52· for 4 bous and DOlle 115 prec1p1tated atter heat1ng to 60· 

for 4 bours. 



• 
HEAT DENATURATION: AVERAGE Ig VALUES FROM 4 SERA. 

0 IgD 
6 IgM 

D IgA 

100 .... --- • IgG 
X PK ACTIVITY 

75 .... 
:II! 
° 
1&.1 
..J 
ID 50 
;! 
Ci: 
U 
1&.1 
a:: 
Q. 

25 

O+------r----~~----,-----~ -----~---=-'O'------
56° 60° 60° 

Ih. Ih. 4h. Ih. 4h. 

Beat denaturation ot 1mInmoglobul1ns varies trœ YD, th. !DOat lab1l.e, to YG; 

the least labile. Reagin1c PI act1v1ty most res_les YD prec1p1tabi1.1ty 1n 

1ts heat labllity altbough the tllO are DDt strictly aoaparable. 



DENATURATION BY SALTS AND BUFFERS: MEAN Ig VALUES, 4 SERA_ 

0 IgO 
~ IgM 

C IgA 

• IgG 
100 x PK ACTIVITY 

75 

~ 0 

ILl 
...J 
ID 50 ~ 
1-
9; 
0 
ILl 
Ir 
c.. 

25 

0 
pH 7-4 9-0 10-0 11-0 4-5 3-0 2-2 
MOLARITY (salt) 2-0 2-0 2-0 2-0 2-0 2-0 
SALT AODEO KI KI KI KI KCI KCI 
BUFFER (-1 M) Phos_ Tris. Tris. Tris. gly_HCI gly_HCI gly.Hel 

The buttera are arranged acoorcliDg to 1nCl'e&81ng irrwersible denaturat10n of 

YD vliich 18 the most labile ot the tour major 1wnnoglobllins sen atressed iD 

th1s umer. PK react1v1ty 18 s1m1lar to YD prec1p1tab1l1ty 1n 1ta lab1l1ty 

excapt tbat 1t 1a 188s af'tected by 2 H ICl at pB4.S. . 
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lteDiOiLï.ot YG t1"Olll a a1xt1lre ot YG and YD ùs1Dg' an ant~YG ,-nosol'bct. 

l, ptr1t1ecl YG 0.1 mgfal; 2 and S, antisel'Wll to Y chain; " sera tzoaot1cm 

or1g1nall.y aonta1n1ng 0.1 mg/aJ. YG and O.lS mg/aJ.. YD but absol'bed. with anti

TG 111111Q1nosomet; 6, 88118 traction as in , but not abso~ed w1th ant1-YG 

1mImnosomeat; 7, saline. The YG 121 removed by the u.mosoment. Parallel 

tests showed no NIIIOVal ot YD. 



2 4' 6 8 10 12 2 4 6 8 10 12 14 

19 mg % -y 0 in healthy subjects of different ages 19 

17 17 

15 15 

13 13 

1\ 1\ 

9 9 • 7 7 . 
5 5 

3 3 

0-5 0-5 

O~~~~~~~~~~~~~'~~'~~~~~~~O 
2 4 6 8 10 12 2 4 6 8 10 12 14 ADULT 

l--MO NT Hs--I-----VE AR 5-----\ 

Mean. YD leve1s 1n healtb7 subjects 1Iith USU1Iled nol!Ul aean for al.l ages. 



Figure 30 

2 4 6 8 10 12 2 4 6 8 10 12 14 

1500 mg % "'IG in healthy subjects of different ages 1500 

1400 • 1400 

1300 1300 

1200 • 1200 

Il 00 1100 

1000 1000 

900 900 

800 800 

700 700 

600 600 

500 500 

400 400 

300 300 

200 200 

100 100 

0 2 4 6 8 10 12 2 4 6 8 10 12 
0 

14ADULT 

I--MONTHS--I YEARS \ 

Mean YG levels in heal.tby subjects vith &SSUIIlec1. nomal mean fol' all ages. 
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mg % "'lA in healthy subjects of different ages 

300 300 
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100 
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2 4 6 8 10 12 2 4 6 8 10 12 14ADULT 

I--MONTHS--I------YEARS------I 

Mean ,YA leve1s in healthy subjects vith asSUllled. normal JD8an for all ages. 
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2 4 6 8 10 12 2 3 4 5 6 7 8 9 10 Il 12 13 14 

130 mg% '"YM in healthy subjects of different ages 
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Hem YH levels in hea1thy subjects vith assumed DOmal aean for all ages. 
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Rad10~œd1ftus1on shniDg YD bi.nd1llg of d1phtheria to=1d iJl th. 881'U11 of a 

hea1tq ~1"'b .. n,izecl nbject haring .12 ag/ml semm ln 1.&1. l, syelalla 

YD 1 mg/raJ.; 2 &Bd 5, concentratecl ant:18erœl to ô-chain; ), concentr-.tecl Dypel"

Dame sera conta1niJ1g .80 mg/al YD; 6, concentratecl sel'Ull oonta1Ding l'ag/rd 

YQ, obtained bef'ore first booster ~zat1on; ;:4 and 7, saline. Radiolabellecl 

diphther1a toxoid vas placad 111 res81"9'Oirs 2 and 5 atter all ftOnprecipitatecl 

protein had been eluted. tor 4 days. The increase in YD ant1gen-biDding after 

ilmmization is eri.dent as is the 1ack of antigen binding by the çoel.aaa YD 

1ine near reservoir 7. The 1abelling of YD near rese1"'lOir 4 is cme to co

precipitation or YD tl"CBl resel"f'Oirs 1 and. ). 



FigIlre 33 

)'- , 

, 

Radioiumtnodiffusion s~wing rD binding of diphtheria toxoid in the 

hea1thy hyperlmmnized subjeet having .12 mg/ml semm rD 1eve1. 1, 

YD 1 mg/ml; 2 and 5, eoneentrated antiserum to o-ehain; 3, eoneentrl 

humlne se:nml oontaining .80 mg/ml YD; 6, eoneentrated seNlll eontain: 

YD, obtained before first booster immunization; 4 and 7, saline. Ri 

diphtheria toxoid was p1aeed in reserV'oirs 2 and 5 alter aIl nonpre 

protein had been e1uted for 4 days. The inerease in rD antigen-binl 

immnnization is evident as 1s the 1aek of antigen binding by the my 

1ine nea.r reserV'o1r 7. The 1abelling of rD near reservoir 4 is due 

preeipi tation of rD fram reserV'oirs 1 and 3. 



Plexiglas .1cl'O-OI1ehterlony radioiaunodiftusiDll show1ng YD biDdirlg of bonne 

g .... globu.lin ·(BGG) in a a1l.k sensitive subject who had YG and YA aU 'bodies 

to BOO in high titre. 1. lIY'elCIU YD 0.12 ag/fil; 2 ed 5. mU &-eha1D; 

3. sel'Wl of 1Iilk seJ1sitive subject COlltaining 0.15 .,./-.1 YD; 4. selUJl of a 

second 1IilJc sensitive subject eoJltairdrlg less th&Il 0.01 .,./al YD; 6, sera 

of the s .. e milk senaitiTe subject as in 3 but absorbed vith one thi1"d. volUlle 

of DOmal rabbit seraa to l"8IIIOye arrr YG atibodies to BGG vb1eh .ight baye 

ero~s-reaeteci vith th. rabbit g ..... globllin 1D the YD precipitate line and 

subsequently boulld the labelled boville gaJIIII& globalill. Radiolabelleci BGG vas 

plaeeci in resel't'Oirs 2 ad 5 arter unpreeipitateci proteills had been eluted ott. 

Specifie billding of ~rine g .... globalill by the Sel'UlB in 1'98.1"9Oi1'8 3 and 6 

is evident iIl the rad.iDau'tog:raph. 



Figure 35 

Antinuelear- antibodias ûf the 'lD v!.rlety .. 





• Figure 36 
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Standard curve for total hexose determinations. 
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• Figure )8 

Anal~cal ultracentrifugation of D-myeloma serum. The Schlieren pattern 

is normal. ,56,000 rpm. 



:;'igu~e '":Ip 

L.P. 

D- Myeloma Serum 

27 minutes 

63 minutes 

.>:aly-tical 'Jlt~ace!'.tdfugat~on of !)-rn~"elorna sel""":'~. ':',:e S~hli8!"e!'1 :--atte-rn 



• Figure J9 

. ". .' .. ~:" ~ 

minutes:.. 

35-45% SA~ ~~.i 
.\~.~.- --

.......... <.;~~I 
Analytical ultracentrifugation of ammonium sulfate fractions of 

D~loma serum. '!he top pattern represents the fraction in 

Figure 11, the bottom pattern the fraction in Figure 12. 

56,000 rpn. 
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L.P. 

D-Myeloma Serum 
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Figure 40 

E 

L.P. 

0- Myeloma Serum 

35-45% SAS Fraction 

. G-200 Peak 2 
72 minutes 

Peak 3 

51 minutes 

Analytical ultracentrifugation of peak 2 of Figure 12 demonstrates 

the 7 S lD am the 6.2 S 1G components. Only a 6 S peak was evident 

in peak 3. 60,000 rpm. 
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Figure 40 

< 

L. P. 

0- Myeloma Serum 

35-45% SAS Fraction 

G-200 Peak 2 
72 rTtinutes 

Peak 3 

57 minutes 

Analytical ultracentrifugation of peak 2 of Figure 12 demonstrates 

the 7 s 1~ and the 6.2 S 1G components. Only a 6 S peak was evident 

in peak 1. 60,000 rpm. 



Figure 41 

2 3 4 5 6 7 

% Protein Concentration 

Sedimentation coefficient values of L.P. Bence-Jones protein at various 

solute concentrations. 

8 



figure 42 

Sedimentation equilibrium plots of 1D and lG. The equilibriœa 

run was carried out at 14,000 rpm for rD and 16,000 l'pIl for 7G 

at ?J)0. 0-0 the initial protein concentration Co (A280 ml1) -

0.25 for lD; 0---0 Co (A280 1111) - 0.25 for 7G. The theoretical 

slope was obtained for lD with v = 0.72 cc/g and for 7G vith 

v = 0.73 cc/g. 

'. 
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Figure 43 

Sedimentation equilibriUlll plot of the larger :fragment contained 

in a sample in which there vas spontaneously degraded lD. 

The equilibrium plot vas obtained at 200
, wi th a rotor speed 

of 20,000 rpm and C - 0.254 (A280 ). The partial specifie o m~ 

volume, V, vas considered to be 0.72 cc/g. 

• 
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Figure 44 

The mas s distribution o~ the smaller fragments contained in 

spontaneously degraded rD. The equilibrilDll plot vas obtained 

at 20°, with a rotor speed of 24,000 rpm and C~ (A2BO ~) -

0.50. The partial specifie vollDlle, i, was assumed to he 

0.72 cc/g. 
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