
Antibodies in rabbits fed milk and their 
similarities to antibodies in some 
human sera 

T he finding of antibodies which react with the milk proteins in the scra 
of many persons with chronic respiratory’-’ or gastrointestinal illness’. ‘2 has 
raised the possibility that these antibodies ma!- somctimcs cause disease. I-low 
frequently these antibodies do cause diseaw is not known, since similar wti-- 

bodies have also been found in apparently healthy pcopl~.~“-~* In a quantitative 
study of the incidcncc and amount of antibod?- to two of the milk proteins, 
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MATERIALS AND METHODS 

Antigens and protein solutions 

C’ryxtallizccl l)ovinc plasma allmmiii~~ was lahc~lcd wit11 I’,” as pr*ovionsl; 
clescrihcd.17 Tllc lalwled protein l\Tirs dilnted in eitlwr I :lOO normal r*al)l)it or 
human strum in lrorxte lniffc~, clepcnclir~ g upon the sourw ot’ tlic antiselnm to 
lw studied, and the final c’orrcrrrtr,atiorr of I”‘‘-l;~l~lctl BS,1 (I*BSA) was 0.0-l+ 
per millilitci*. 

Five times recrystnllizcd alpha lactallmmiii. prqxi l-cd l)~- the irictlioil of 
Aschaffcnlnw~ and I )r~~r*y” ilIld snpplictl l)>- lh. S. SaTwwtciir, Was lahclcY1 
with Il’l and diluted in 1 :lOO nol’JJJ;tl S(‘I’lItJt in l)oJ*;Jtc 1111fY~r ii1 the SatJJe lllilllJl~‘l’ 

as BHA. 
Antil~ody specificity WilS studied l,y nicasui+~ g the capacaity of the I’ollowing 

unlab?lcd protein solntions to inhibit the iriteractioll h~twcccw I*BSX 01’ I IFi’- 
labeled ALA ( IBAUA) and tlic+ rwpcctivc antihodiw : 

(a) Crystnllizecl BSA.” 
(1)) Crytnllized ATAt 
((2) Crytallized human swum allnrmin (ITS A) .$ 
((1) Ornlhiimiri IT~l~~StillliWtl twiw following its ~)J’(‘ptll’;ttiOrl.~ 



Oral immunization, rabbits 

Yew Zealand wliitc rabbits weighing lwtwcmr 2.5 and 4.0 kilogrartrs wew 
f~tl :I grain (aho\\- diclt i iIrl(l skim milk (No. 1 ) lvils suhstitntcd for \vatc>r* in 
the drinking rnps for the tlwec-month duration of the c~uper%ncnt. The milk 
was ~fferd (~7 lihit~nt and the rabbits drank hetwwn IO0 and 250 ml. per* day-. 
These animals wow hlcd heforc the milk fccdin g was instituted and then at 
week1.v intervals during the c~slwrimcnt. Serum \virs wparated from the cellular 
c~lemerits and stowd at -ZOO C. 

A swond g:‘l’ou~) 01’ New %cwland white rabbits was orally immurrizrtl to 
BSX in the saint r~iaiinc~i~ as the milk imnrmiized glwup cscept tllilt i l 0.1 ]wl’ 

wrrt, solution of KSA \vas substituted for tlr*irrking water. This gr’oup of animals 
is discussed in gwatcr detail clscwlici~e.‘” 

Adjuvant immunizations, rabbits 

BSA- arid AliA-adjuvant emnlsions were prepared in a Sorwll ()mriimisci~ 
by adding 10 mg. of’ citlier- antigen in 10 ml. of saline to a prwiously emnlsified 
mistuw of 9 ml. of Bay01 5‘ and 1 ml. of AYlacel (‘. Each animal was immnniectl 
with a total of 2 ml. ol’ tlw fillill c~mulsion injected in equal parts into Ciich of 
the fc)~r* foot pads. The S~~IYI t’r~rrr (>;1(,11 animal WOW then collcxcted 011 the t\vcrrty- 
fifth day. 

Human sera 

The human sera usrd in tlrcw studies wcw rhosen from a previously wpor!rd 
group of 1,000 wr’a tcstcd fog* 1”HSA and/or 1 “A IA binding capac4ty.“‘. ” 
Kacli 01’ the fi\c swir wlwtcd l~~runtl moi*c than 0.4 7 I’:“-lalwlc~l antigcir. F’oni* 
0 I’ t Ir(l fivca illdi\idnirls \v(‘l’(’ c~liiltlrm ~-0lll~g~‘~ tllil?l IO ;-(‘:I I’S Of ;I#'. 

Laboratory procedures 

Tlrc prcscnc~e or ahsencc of detectahlt: amounts of anti-BSd in a givcw SC’I’II~I 
was determined hy mixing 2 ml. of a 1:lO dilution of illltiS~~t~Ul~l with 0.5 ml. of 
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IJolxtc buffer and tlicli adding 0.5 1111. ol' a solution cwliailliiiff O.Olyl’“BS~1 
N per milliliter. The 0.5 ml. of Ijoratc buffrr~ ux inc~lnclctl to provitlv a wlw 

partmcnt in which to add unlabeled proteins for thcb specificity studits dwrilwtl 
helow. After owrnight incubation at A0 (Y., 1 ml. aliquots n-cl’c noised with 
clclual volumes of saturated amnloniwu sulfate to precipitate the l”BSA-antibod\~ 
~~inplcscs. IMails of this proccdnre and the calculations have hccn dcscrilwl 
(~Iscwlici~c.“~ “‘I A serwni was considered to ha\-c specific antihod~- activity it’ it 
pwcipitntc~d IIIOW than 10 per cent of thcl 1” antigen added. Thr masimum anti- 
gwi binding (~ilpacitiw of thaw antiscw \wrx~ not in\-wtiptc4. 

Tlic spccificitics of the antibodies in the various sew xew studied by nialriiig 
two modifications of the ahore p~occdnre. First, to 1~ certain that the test 
\virs not pcrformcd in antibody csccss, the antiswa wcw diluted in 1 :lO no~nal 

SCl’Ll111 SO that i l 2 ml. aliquot honnd approximateI>- 50 per writ of the 1 “BSA 
added. Second, t,o I~~~~LLIT the et&t of the \-adolls ~LrLlal~elcd proteins on tllcx 

I”BSd-anti-B&~ reaction, 0.5 ml. of :I 1 mg. Iwr millilitt~r solution of cirelr 
nnlahelcd protein was suhstitutcd for the 0.5 ml. of lwr’atc l~nft’cr in tlw ahovcl 

procedrw. The unlal~eled antigcbns were incubatrd with tlrc antisera I‘or 30 
minutes prior to the addition of the 1”BSA. AI’tcr l’urtlrcr incubation o\Y~I’- 
night at Jo C’., tlrc pc~r wnr I*BSA precipitated hi- amnronium sulfate was 
tlctcrmincd in the nsual manLL(~~ and cornpau~l to tlw pv~ writ l*BS,1 prwil)- 
itatcd I)>- a control inisturc containing tlic sanw dilution of antisrruirr hiit 

without urilal~cled protclin in tlic lmmte huff’c~ winpa~tinerit. A tlccmise iii 

the per cent 1”BSA prwipitatcd indicatrd that either the nnlalwlrd pt’otc>irr 
in the borate huffc~ c()LLL~~iLrtLllcrLt shared antigcnic gu~ups with BSA, or that 
the unlabeled protrin eontaincd sornc BSA. To discr%ninate l~etwcen slrarwl 
antipmicity and the prescncc of BSA, the dccrcascs in I*RSA binding causctl 
hy the addition of known amounts of unlahc~lcd BSA to the borate I~nffcr 

conrpartmcnt wcr~ compared with the dcwcascs in I”BSA binding caauscyl IJJ 

the addition of serial dilutions of unlahelcd protc+r. I-ndcr these conditions, 
an inliil)ition curve with a slope similar to the slope of the curve ohtaincd with 
unlal~lcd BSA indicates the presence of BSA, arrd an inhibition (wrvc with a 
deercased slope indicates shared antigcnicity. This nwthod has hcen prxqjousl) 
dcscribcd and discussed in detail clsewlrere.zl~ “” 

Tlrc concentration of BSA in skim milk was obtained from inhibition cury(‘s 
by multiplying the reciprocal of the dilution of skim milk neccssap to praeverrt 
50 per writ of the 1”BSA 1)inding l)y the concc~ntrxtion of urrlal)eled BS:l 
rcquiwd to cause the samr degree of inhibition. The BSX concentrations ot 
the hecf extracts were: determined in a similar mannor*. 

To dctwminc the amount of anti-BSA in a given scr~Ln1, an anti~~ln-l,indinFL~lirL~ 

capacity (ABC-33) with the use of 0.02yI”BSA S was dctc~rxlirred 1)~ procedures 
drscrihecl prcGously,“’ except. that the precipitates were washed with 3 ml. 
of 50 per cent saturated ainrnonium sulfate in lrcwatc buffer prior to (Jourrtirrg. 

The maximum diffwcnccs l~etwccn nominal SCYLLILI ilTl(l SClXrl1 containing 
anti-ATiA wcw dcnionstratcd l)~- fractionating the I”,\T,;\-arrtil)o(Iv cornplp~ps 
with 40 pcxr cent rather than 50 per writ saturated arrrmoniurn sulfate. T1rpryfor.p. 
all cspc~rirncntul proccdurcs cniploy~l in tlic st1td.v of I*AI,&anti-A[,;2 p(jrrr- 



RESULTS 

BSA and ALA binding in the sera of rabbits drinking milk 

Six rabbits were i’cd skim milk for three months and the sera studi 101 
anti-BSA and anti-AIll\. The results of this cq(:rirncM, summarizrd in Table 1, 
tlcrnonstratc~ : (1 ) circrllating antibody to both BSA and ATJA was detcctetl in 
four of the six rabbits, thr remaining two animals wwc’ not immunized by either 
antigen; (2) anti-B&Z activity was first, dctcctcd betwcrn the fourteenth and 
IwcntJ--second days; (3) the concentration of both antibodies increased during 
111e first two months and thvn varied slightly from w-c& to week during thn 
thirtl month; (1) three raabl)its bound significantly rnor~ BSA than AIlA; ant1 
(5) one rabbit bound mow X11-4 than BSA. 

A comparison of the specificities of BSA and ALA binding found 

in human and rabbit antisera 

il~~ti-~lLd specificity. The specificity of the I.“ALA binding by scra from 
humans and from rabbits drinking milk was compared with the specificit 7 ot 
the PALA binding by sera f~orn rxbbits imrnunizcd wit,11 purified XI,A or 
BSA. Table II demonstrates : (1) the T”AIIA bindin, 0’ Of the rabbit ;llld lllllllilI1 

scra was conipletely inhibited by a. I : 5 dilution of skim milk or a solution 
containing 0.5 mg. of unlabrlcd A IdA; (2) the I”,-2IA binding w-as not, in tiibitcd 
b!- the prior addition of solutions containin, o’ 0.5 mg. of BSA or 118X OY o\.al- 
lnuniri, suggesting that these proteins (10 not share antigenie groups with AliA; 
(3) sera from rabbits immunized with BSA did not bind I”AT,A; and (4) the 
spccifirity of thr anti-XliA acti\.ity in the human SCM and in the srra from 
rabbits drinking milk was identical to the specificity of the> antihotly front 
raljbits immunized with l~nrific~tl 1\1,,1. 

,lnti-BR-l spec,ificify. The spwificaity of the I”BSA binding 1)~ svra i’wm 

humans and from rxbbits drinking milk was vomparcd with thv spwifivity of 
the I*BSA binding b>- sew ~JWIII rabbits irnmunixc~cl with purified BSA 01 
ALA. Table TTI dvmonstratcs: (I) the prior addition of 0.5 tug. oi’ unlahelccl 
BSA or a 1 : 5 dilution of skim milk complrtrly pwvcntctl the subsquent binding 
of I*BSA h>- all wr*a stndicd: (2) the prior addit,ion of 0.5 mg. of o~albunrin, 
;I protein that does not slra~ antigclrric groups with RSA,‘” did not, affect PBSA 
binding by any strum studied; (3) I ISAl, a protein known to share approsi- 



A4 ucragc 
Ilay dBC-33 

, dibody .ll;(XW ut U.U&yl”ar~ti,+t~ X 1,~ J’ l,ri/lilitrl 

Day Day 1 Day 
(between 

nay DUY Day days 56 
Animal Antibody 1 d %d e 35 49 56 61 $1 1 84 and 84) 

R-l Anti-B&I & 1.1 3.3 8 .7 10.4 9.2 9.2 9.3 
Anti-ALA t 0.:: 0.5 0.7 0.4 0.5 0.5 

R-2 hti-BSA 22 ’ t 0.4 0.4 0.4 IDid 0.4 
Anti-XL;\ NS” t 0.6 1.2 0.9 Dirt1 1.1 

R-3 Anti-BSA : - - - - - - 
Xuti-AL~~ : - - - - - - 

R-4 Anti-BSh iZ* 2.3 4.4 8.i 8.3 7.9 6.4 i.8 
Anti-AL-4 t 0.3 0.5 0.3 0.3 0.2 0.3 

I?,-5 Anti-BA.q 22 1.7 2.6 53 i.8 9.3 11.6 3.; 
Anti-ALi\ NS’ t t t t t t t 

R-6 Anti-BRA : - - - - - - 
Anti-ALA : - - - - - - - 

“Xot studied until hy 35. 

4 AntilIody not ilctwted during entire study periotl. 

Sera Immlcnizing antigen 1 ControT* / “$y la;jif / y/p. O;Jg!; / “.gy. 

Human 4 Milk (oral) 46 47 3 n 48 - 
Human 5 Milk (oral) 25 24 0 (I 26 - 
Rabbit 4 Milk (oral) 47 40 *5 1 41 41 
Rabbit 1 Milk (oral ) 40 40 :: 2 40 40 
RablCt 8 ALA (Subcutaneous) t 4.5 47 i 3 46 44 
Rabbit ‘i ALA (Subcutaneous) t 4“ 41 6 61 

0 
42 40 

Rabbit 12 HSh (oral) 0 0 0 0 0 
Rabbit 9: BSA (Subcutaneous) t 0 0 0 0 0 0 

Two milliliters test serum dilution + 0.3 ml. of borate buffer v-it11 unlal~clrrl prot?ins :ttldwl 
+ 0.5 ml. of 1”ALA. 

“Borate! hffrr Ctllout unlal)eled proteins in solution. 
tSubcut,anc~ously in incomplete Freund’s acljuvant. 
:Nw-33 @ o.n2yI*-I38d s = 1.3”y/ml. 

mately 15 per cent of the antigenic groups of BSA,l” deercased the capacity 
of rabbit, sera to bind I”BSB by approximately 23 per cent; (1) IISX did not 
affect the I*BSA binding by human sera; (5) approximately 75 per cent of the 
I*BSA binding was inhibited bp 0.5 mg. ALA; (6) the specificity of the I*BSA 
binding of scra from rabbits immunized with purified BSA was identical t.o 
the specificity of the 1”BSA binding in scra from rabbits drinking milk; and (‘7) 
the specificity of the I*BSA binding of the serum from a rabbit immunized with 
1 mg. of ALA was similar to the I”BS4 binding of sera from animals immunized 



with crystalline BSA. The scrvm I’rom a sccorrtl rxhlrit immunized with Al,:\ 
also blind I’BSA, but not in sufficient amounts to permit irrvcstigation OI 
specificity 1)~ the techniqncs ~~rplo~ed in tlrosc cs1~crimcnts. 

As rrotcd alxjvc, AL.4 inhibited I’BSA binding (Table 11 I) hut BSX did not 
inhibit I’Al,d 1)inding (Tirble 11). Fur?hcr~, antisera from rabbits immuniz,ctl 
with BSA did not bind 1”Al~A (Tahlv II), but antisera from rabbits immunixc~d 
with ATJA lround I”BSA with the specificity oi antibody produced against 
~nrrified BSA (Tahlr I I1 ) . Thrsc olrsrrvations suggest the possibility that 
t,lrc highly pnrificd AILI used in tlrc+ic~ espc~rimc~rits contained trace illll~~lll~tS 

of BSA. Tlrcrcfor~c, tllcl capacity of’ AI,,\ to inhibit Iz3B8A binding was studied 
iii grcatclr detail to learn if this iriliil~ition was siinil;iY to the inhibition causrtl 
1)~ unlalrelcd BSA, or similar to thv inhibition causcvl ly,- a protein snch as IISA, 
that only sliar~3 soiii(~ antigrriic~ groups wit11 BSA. Trrcrcasing amoants of nn- 
lahclcd BSA, ITSA, or ;\I,A wcw atltletl to tlrrcc different rxbhit anti-BM 
Wril, tllrcC different r7il)l)it, antiniilk sc’l’a, and one rahhit anti-AT,.1 SWIII~I 
which had lx~r previously dilntcd so that each l~onnd approximately 50 per cent 
of the 1”BSA to 1~ added. Each mistrrry> was thcrr studied in the rrsrral rrra~l~r(~t’ 
and the decrease in tlrc amount of l”KS.4 in the precipitate dcterminotl. 

The inhibition CUI’VCS ohtairxvl with rxhbit anti-BSA serx w’c~ idtntical to 
those obtained with ratrhit antimilk and anti-ALA SVL’II, and a rcpr*csc>ntati\c set 
of inhibition CIWJW is shown in Fig. 1. Tllesc~ dcmonstratc~ : ( 1 ) thf.? prior iItlcliti011 

of unlabeled BSA completely inhihitcvl the hindin, o’ of I “BSA wlrc~ the cordon- 
tration of unlahclcd BSA was grcatcxr than 16 times the corr~c‘rit~;ltior: of tliv 
l*BSA added; (2) wlr~rr progressi\-cl~- 1~s urrlahc~lctl BSd W:IS atldctl, the 
inhibition decreased with a slope which was vlrarac+cristic I’or all s(bt’il studitvl: 
(3) the addition of increasing illllOlllltS OF IlS,\ rviultc~tl in air inhibition curve 
wit,h a flat, slope, which was diffrrurt i’r~m~ thcl slopc~ of the nrrlal~cled BSA 
inhibition crrrvc; and (4) t,hc slope of the CLII’VC obtained with increasing amounts 
of AT,A was closely related to the slope of the BSA inhibition cynic. The near 



Fig. 1 
The inllil~ition of 
concentrations of 
tire l”BSr\. 

MICROGRAMS OF UNLABLED PROTEIN ADDED TO THE ANTISERUM 
PRIOR TO THF I*BSA 

Fig. 2 
The prwipitin reactions of lis’:l and d4L.4 wit11 anti-BS.1 (wntral wc,II ), showing tllcn tnwt 
alllountp of HSA in the ALIJA uwtl in thcso esperirnentr. 

identity of the slopes of the BS-4 and AL1 inllihition curves indicatetl that the 
AllA contained tyacc amounts of BSA. 

An approximation of the concentration of BSA in the ALA was made 1)~ 
multiplying the dilution of ALA that inhibited 50 pw cent of thr 1”BSA binding 
by t.he concentration of BS?I necessary to inhibit 50 OWL’ cent of the l*BSA 
binding. By this method, 1 .O mg. AliA containcvl O.OOl!) mg. RSA 01’ 0.19 pw 
cent BSA hy weight. 

A microimmnnodiff~~siorl tcchniqluz was also used to trst the purified X,X 
for tbc presence of trace amounts of RL4. Fig. ‘2 sho~vs the precipitin lines 



The antigenic concentration of BSA and ALA in cow’s milk and beef 

The coJlccntl,ation of BSA and AIIX in skim ndk was detrrminctl in il 
JlJ:l~mw similar to that. nscd to dcterminc~ the amount uf B&4 in Ar~1. The top 
of Tnhlc TT’ s1iows that the results ohtaincd I)>- this mcthotl apl)rosiitiatc the 
rcsnlts obtained prcvi0nsl.v 11~ otlicr nieth~ds,‘“~ ?’ and that t11c c~oTlcc?ltJ~;ltiolJ 

of ATA is four times as greilt as the concentration of BSA in skim Inilk. 
Tllv estractahlc BSA eontent, of ran- and cooked beef was also tletctminctl 

ant1 the results arc presented in tllv httom of Table IV. The raw ground roulltl 

stcalr c~ol~t:lilled significant amonnts of BSA hut 95 per cent of thck antigcnicit> 
of this RSA was tlcstro\.cd I);- J-OutilJc cwol<iJlg. Thr (‘oJJJJJJcJT~~~ 13;11)y I~'ooti llwtl 

no clc~twtahlc BSA activit!-. 

DISCUSSION 

The prcscnt rspcrinwnts dcmonstratc that the irdditioll of skim milk to the 
diet of adult ralhits can immunize r;lhhits against BSA and 14T~A. Three ot 

Table IV. B,q,I nnrl ~iL.1 contp)ffs of foods of hol*ine or.igi~ (IS determined !I!/ 
fke Z’mmunyIp inhibition fwhnicpe 

I I 

! Previously 
ICmnhcr ’ reported 
of detw- concen- 

Food minntions’ .3 wmgo concentmtion, Ilange trntions 

Skim milk 13s.i 5 Il.“9 mg. RS,=\/n11. 0.24-0.31 0.36 mg./ 
mg./ml. ml.*; 

Sltinl rrrillc ,\I,.\ ‘4 1.3 mg. .\l‘.1,'1111. 1 .0-l .5 1 A-3.2 rng./ 
nl~./nll. ml.3 1 

1;;1\v gl~oun’l loulltl -D I .3li rug. est 1~:l~~l:l1l1v l~s.\/(:ll1. 1.28-1.41 
St Pak of lwf n1g./Gm. 

Vookctl groun’l 2 0.08 mg. rstrwt:llllc r3SA/Grll. 0.08-0.08 
round steak of lxvf Tng./Gm. 

Cornnwrcial purwI 2 0.00 mg. estractal)lr lWA/Gn1. 0.00-0.00 
Iw3f (IdIy food) of IW~f 1nQThl. 



1 )csI)itc qwcics differences, the immune wsponsc to XL4 and BSA of 
rabbits drinking milk was similar to what. is known ahout the hnman immune 
rcsI)onsc: to milk in the following way : (1 ) these antibodies appeared in the 
circnlntion of rabbits and humans 14 to 22 days after the initiation of cow’s 
milk fwdings (Table 1) “; (2) these antkodiw ONWWX~ in a~)l~arently hcqlthy 
~ahhits and humans drinking milk”- ’ ; (3) tllc> spwificitics Of l)otll the illlti- 

AI,A and anti-B%4 in the sc~a from rabbits drinking milk wcrc idtAntica1 to 
t 11c spccificitics of the uxpectivc a1ltil)od>T acti\-ities found in human swa (Tal,l<‘s 
II and III). Thcsc specificities TWW also identicAa1 to the sIwcificities of the anti- 
AlA or anti-KSLI from rabbits immnnized with thcl IJuriticd proteins (Tal)lcs 11 
and I I I ). Tllc only diffwcnce noted in the qwcificitics was the lack of &(acat of 
1 I S?I 011 t,llc I*BS,Z binding II!- llnfl~~ll S(‘l^il, and this cswption TVilS to 1)~ 
c3~wctetl; and (1) if a giwn scnmi bound both aiitigcns, it usually, l)llt not 
;ll\~~il~-s, hound mow BSA than ALA. This similarity is dcmonstratcd in Fig. :< 
in which the BSA and ALA binding h- swa from the six rahhits drinking milk 
is CY)I~l~JillTd with similar lilunan data ptwionsly wportcd.” 

pwcmt of O.Cx36 6 Ih -IJXM~~-I N Pmcipitad 

Fig. 3 

h conlparisoll of the I”HSA and I*ALA binding by sera from 153 humans rind from the 
6 rabbits drinking milk. Dots? human sera; squares, rabljit srra. 





Although beef may indeed provide an additional souse of BSA in the human 
diet, especially in adults who eat rare meat, it appears that corn’s milk is 
probably the major source of antigenic stimulation $01. both the anti-B&I and 
ant,i-ALA found in human swa. 

Tile authors wish to cspwss tllvir gratitude to I)r. Sitlney Sapwstriu for providiug the 
highly purified lactallnuniu ant1 to acknowledge the techuical assistauw of Mr. Ric*harcl 
Map autl Miss Doma Mason. 
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