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& th Formation of Specific 7 8 and Macroglbbulin'Typo;Antiboqios R
> in Chickens | - : o ' | ;

?

Instituto of Micropiology; Czechoslovak Academy;of Sciences,

—

-, .Prague, .Czechoslovakia e ip_¢.

‘ Thc heterogeneity of untibodics has now been dcmonstrated ) B ) .éNﬁ
. ca ] ' X ° . ‘
. in- different characteri tics of the antibody molecule, r.e, in{

;’serological pr0perties, physxco-ohemical character and in the S

N

-antigenic structure /6/, Con31derablc data have beén collccted

on the formation of different types of antibodies, For example,

e

© the immunlzation of rabbits with foreign erythrocytes 1ed vo o ’ ';

~ the formation of antibodves which were mainly of the macroglo- | QZJ}
. : \‘\'

. bulin type at the beginnlng of 1mmunization, while ‘after repeated :

limmunization 8 large prOportion ofﬂantibodies was formed Wlth‘ o

et e o = v = s e e e

an electrophoretic mobllity of gamma2 and a seaimentation a:~
'constenb of 78S /15 14, 8/ This time course in the formation '
of antibodies of the gammalM and gamma2 type Was demonstrated
in further types of corpuscular and soluble protein antigens uf.

These’ faota, pointing to the™ inuerrelationship between the .

a3 gmeeme s e

'iformation of macroglobulin and 7 s antibodies, were further con-
- firmed by the finding that both types of antibody are also formed
together in ‘the lower vcrtebrates /16, 17/ and bytthe fect that L ~é‘
_a similar time course in the formation of the two types of anti~. o
bodles wag found in the period of: 1mmunological immaturity /13 ll/
Little s yet known of the serological properties of different

ie types of . antibodies. It haq been ShOWn that macroglobulin anti- : } ﬂ

L2 ias med WAmA loaa nn'n-n"ln*m(\'n‘f'
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'necessary LO produce the game eiﬁoni /9/ . ‘These results,-

jod x . , ) ¢ SN ‘{ : "‘
”';:“ .. essentlally mc:e fiGLthS in the b emagg,utination reaction
. A\l v
§ e in which 700 txmes less ma“rogloouiin'than 7 S antibodies are .
o s . A .
..‘" ) |
\

R :however toucb»on )nly 5ma11 part of antibody activity and
3 . N ; N
.{ it would be mgst impoc nt tOo carry out a eomparison and

different serological manifestatiOns on reaction With antigcn.

. .
USRI RPPIp SIS 2 % S )

We have attemotcd to make a ecmparison of the activity and
| specifieity of ant ibodies of the macrogiooulin and 7 3.type, j
Chickens were useo as the source of antibodies since they. are.
very good producers of antibodien +0- soluble protein antigens
and produce macroglobulin ant lb0d10° in relatively hign amounts

' / s 4/ In. addition antibody formation in ehicken is very rapid

'

a high level appearing even after primary 1mmunization¢ .

A group of ehickens /Logrori? woight 1. 5 kg/ were immunized

¢

j - Af ; with one dose of 50 wgn of human serum albumin p- azobenzoic aCid

« -
.

o /pABA-HSA/9/ I T o
Antibodies to protein carrier determined by the haemagglu~
'tination of HSA scns1thed erythrocytes appeared in all chickens

as soon as on the third dey after immunization, whereas anti-;

; bodies to hapten,,aiso determined by haemagglutination, did not

‘appear until the severth day aftcr immunization and - then only‘

in low titres similarly as described by Gold and Benedict /7/

«

The birds were exsnnguinated on the seventh day and the cypes

[P AN

. of antibodies present in thc serum detcrm1ned by ultracentri--

'
v’ . 4

s . fugation in a sucrose gradieht and by haemagglutination of the

separate fractions, iu accord With the data in the litcrature

-

/1, 4/ antibodios to HSA wore-of both the macroglobulin and
7 S Lypeoe. On .tho othor nand éntibodios to hapten wore cxclusi-
vely of the macroglobulin typo /Pi& 1/

<
' :
5o . . vy Lo ) 00
" . N + §
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1mmunlzation, antihapten antlbodles were of the 19 S typc in

a further exporiment we attempted to dctermlne whether antl-

bodles of two phy81co-chem;cal‘types ean bevformed tp one
doterminant grofp, i.e. haptenic groﬁp bound.'to the protein
molccule., We thereforec ihvestigated_whetherrahtibodiee of the

7 3 type were not also formed against hapten'envhepeated immunizas-
ion, A further'group of chickens was immunized'repeatedly with

£0 mg. of p-ABA-HSA given intravenouslj'at Weekly intervals.

Blood was colLected on Lhe seventh day after 1mmunizatlon before

giving the next 1mmunlzatlon dosc, As ev1dent from big,B, antln

Vbodies to hapten in the first two collections*were of the macro-

ghobulln type and after the third. immunlzatlon dose antlhapten

“nuibodies of the 7 S type appeared SO - that after further immu-

-nization antibodles of both types were presont in the serum.

These antlbodies to hapton were dcmonstrated by haemagglutinatlon

' of p-ABA, bound by azo- 1lnkage to crythrocytesa In this system,v-

in additlon to the actual hapten, the amino - acids, with which
dlazotized.p—ABA reacted could form part of the determindnt
group, whereas the other. carrlers i.e., HSA on immunlzetion end
rythrocytes on dOtCCtLOH, arc guite. alfferent Thls dcnotee

+

that both types of antlbodies, macroglobulln and 7 S _are formed

'aéalnst the same d0uorr1nant group and that hapten alone or

_poo31bly a hapten~azo ~aming aCLd r031duo /12/ are sufflclent in

both cages to produco a p031tive roaction° Bauor /5/ dcmonstratod
19 S and 7 S antlbodles to the same haptcn in rabbits, simllarly.

That the two types of antLbOleS havc tho same spoc1f1c1ty

- does not, of course, denote. that both must have ‘the same immuno-

chemioalrprOpertles, ioe. an eqpally large oombining»site,,the’same

space configuration of the COmbining site and therefore an equallyv

E Declassified in Partv-' Senitized Copy A]Bbroved for Rele_ase 20%1_4/03/05 X CIA-RDP'80-'00247A002800180001-0
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firm binding with antigen, Unfortunately, we could not used
antihapten antibddies to obtain morc details about macroglobulin '
combining site because these antlbodles occured in too small
amounts in the serum and attempts to concentrate them were un- |

successful. In further exgnriments, therefore, we used antibodies

to BSA which were formed after Jmmunlzation in sufficlent amounts

nfor serological study.

The anti BSA antibodies were separated 1nto macroglobulln and
7S types by flltration on oephqdex G 200, Antibodles from the{;

corresponding fractlons were concentrated by prcc1p1tating the;

f globulins with 30% saturated sodium sulphate, and dlssolved in

a small volume of saline, Tho sodium sulphate was removed by

filtration on Sephadex G 25. © .;1; o

We worked with pooled sera from three: groups of chickens,

i.c, takon after primarv 1mmunization, after secondary immunlzat-

\.,

ion and finally with hyperimmune serum, The birds were immunlzed

intravenously with 40 mg BSA at- monthly intervals, hyperimmune

I

serum was collected after the rifth immunizatlon. s e

In accord with the data in the literature,'ln all three group
we found haemagglutinating antlbodies ln both the macroglobulin'
and 7 S fractions, Fig.3 shows the eluetes of the primary and :

hyperimmune sera from the Sephadex column: and haemagglutinatlng

' titres of the separate fractions‘ It is evident.that in the primar

seba most heemagglutineting act1v1ty was present in tho fraction
containing macrogluobulin and in the fraction contalning antioodies
of the 7 § type anti-BSA antibodies were demonstrated only’ after

concentration, w1th sodium sulphate° In hyocrimmune sera haemagglun

tinating antibodies were present in both peaks. A most interestlng

fact was discovered on determining the presen@>of cCross- reacting

antibodies. If a comparison is made of 'the titres of haemagglu~
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'. tination of erythrocytes sensitized to BSA and cross-reacting

with HSA in the separate fractlons of the eluate, it can be seen

that entibodies cross reacting with' HSA are mainly prcsent in ;‘
the fractions containing the macroglobulin antibodies, whereas
in the 7.S. fraction their titre is incomparably lower as .
compared with that of ‘anti-BSA antibodios,,f_" " -
| Antibodies were further determined by quantitative prcci-l
pitation. In concentrated fractions of antibodies of 7 S or
_ ‘macroglobulin type the precipitin reaction was made in 0, 15 M NaCll
L and in 1,5 ¥ NaCl to determine both typos of antibodies e
: | 'In concentrated antibodies of the macroglobulin type we were not
'successful in’ demonstrating the presence of detectable amounts |
f of pr ecipitating antibodies in any of the pooled sera tested Lo,
i:ever, in the case of macroglobulin antibodies the sensitivity of
the reaction was greatly decreased since these antibodies pre_}
_fcipitate spontaneously so that the control values were so great o
» %“that they did not pernit the determination of amounts of antibody f
%.'lf" f_ v of. less than 20«30 /ug Ab/mle n. .j‘ | | .
- The precipitation of antibodies of the 7 S type was posi~ )
‘*_tive in 1, 5 M NaCl in all three pools of sera investigated. In- ‘
»v_O 15 M NaCl the reaction was positive aftor the secondary immuni«;
).zation and in hyperimmune serum, but . not in the primary serume R
1 :’5 'd:The amount of antibodies precipwtating in’ O 15 M NaCl or in L5 M
| o ;;NaCl varied so “that the relatively highest amount of antibodies |
' precipitating BSA at O 15 M NaCl dn- thc mixture of hyperimmune
. gora similarly as was described by Benedict et al /4/ This:ﬂ;f
oﬂalso eiplains the increase in haomagglutinating antibodies in
;; S f Ifractions corresponding to.antibodies of the 7 S type during
| | “innnuLiization, since only antibodi es precipitating in o 15 M NaCl .

¥
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o " /4/ are effective in haemagglutination. .

4 , A comparison of the amount of typé: 7§ antibody precipi~» g
I o tating in 0,15 M NaCl with haemagglutination titre of that |
: fraction showed that the sensitivity of the haemagglutinatiOn
reaction is within the usual range of sensitivity for passive
b haemagglutination. If we compare the high haemagglutination
titres of antibodies of the macroglobulin type with uhC negative
'results ‘of quantitative precipitation /what means that the amount
T of. these antibodies was less than 30 /ug Ab/ml/, it is evident '
'uthat the macroglobulin antibodies in chickens are much more '
,i-activc in haemagglutinaticn than the 7 S type antibodiese Evident~
o TR d ly in passive heemagglutination chicken macroglobulin antibodies
9:"“- pg :J{react similarly as rabbit antierythrocyte ‘riw antibodies, where
B .';Greenbury ot al /8/ iound that for producing the same haemato-::
‘:"1ytic effect an incomoarably smaller amount of macroglobulin _v
K "flﬁln.n antibodies is needeithan in haemagglutination wmth 7 S antibodics°:
%fv~._a‘7 . ,:} We next attemted to determine the spec1ficity and binding
| ',power of haemagglutinating .antibodies of the two types. For this; 'if
t:purpose we' used cross reactions With HSA and inhibition of, haemaée
TR _cViiglutination. Inhibition was studied by adding 5. /ug of. BSA or -
N >; ..’f'nf’HSA to each tube of serial dilution of the sera tested and by ';
AT :. comparing the result of haemagglutinaticn with that ‘of . tne eontrolg
Fig,4 gives a comparison of the reactions of all three test
sera, It is evident thet in crOSs reactions the antibodies of thc
R .:‘“”two tyoes differ- conmderablyu Antibodies of the antimBSA macro-n
- '“3‘globulin type give cross reactions with HSA sensitized erythrc-:‘
eytes to a high degree in all three eases.:In the case of . anti~.

--bodies 6f . the 7 S type cross reactions were essentially less,"-

- d

R -
T T O Y

i eo these antibodies showed a far higher specificity to BSA,

-bimilar differences were displayed in the haemagglutination in-.

e
Mk AL E s . 2
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. hibiﬁon reyctisﬁrfmaafagittﬁira*aﬁtitodies were only inhibited

%;.: o by - homologous antigen to a small extent, whereas the reaction ' | @
% | | of - the v s type antibodies was almost completely inhibited by
; . .homologOus antigen. On cosparing the results of cross. reactions
of macroglobulin antibodies -from the samples tested no essential
ﬂdifferences could be found,:V 5 type haemagglutinating -ant ibodies
?.on the other hand cross react in hyperimmune and secondary sera
.}less than do antibodies in the primary serae |
“ . The high degree of cross reactivity of macrOglobulin anti~
bodies ‘can be explained in two ways, First by a different me-
.tchanism of formation of these- antibodies and thereby a- different
degree of response to separate determinant’ groups of antigen
Jiused for immunization, which could lead to & higher formation j‘
~of antibodies to determinant groups common for related antigensg
’lThe second possibillty explanation is that the combining site
-of macroglobulin antibodies is less,complementary‘to the-detere’*
- minant groap of antigen Which'would permit:a'hiéher degree of
crOSs reactivity@_The lower degree of complementarity could 4
be due to the combining site sméiler in. macroglobulin antibodies
‘ 1than in 7 S antibodies or to its being less exactly delimltod
vvin space /less rigidity of - the structure of the site of linkage/
If the second explanation of the high cross reaotlvity of macro-"
‘globulin sera, ie ecdifferente in the combining site of antibody
P o were true, this property would necessarily manifest itself in
| greater diSSOCiation of the antigen—antibody com.plex9 Thls"

corresponds to the results of the’ 1nhibition reactions which -

. = show that the system macroglobulin antibody~BSA~erythrocyte

“ " is only very little inhibited in thc presence of f"ee antigen
which is eVidently due to the high dissociation of the antigen»
antibody complex. l | .'d STAT;

\
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Summar121ng our results we can say that macroglobulin _

‘antibodles have. d¢fr\vent properties from 78 antibodies. Both ty-

b e .l

pes of antibodleo can arise to the same determinant group but

- the specificity ‘and firmness of the binding of macroglobulin

“antibodies is 1ower than that of 7 S antibodies,
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.‘, "F' H and L Subunits, B 3 o !
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Dopart nent of Immunology, Institute of Hicrobiology, Czechosloval: '
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. mhe existence of an active’ s;te on the protein moleculs_

v e

. composed of several types of subunits gives "ise to the oues on
K?e to which t?pe is the cafrier of the active site and wheuher
it is ono type er whethcr more types paruiCipate. If Vg con»
sider. antibodies, which sre known to made up of two types of -
subunius, H and L 4t 1s clear that there are %hree basic
Pos sible answers to this question. The oarrier of the aOuive
can be subnnit H, subunit L or both of, these subLnits ean -
aiticioate in its formation, These basic alternatives comorise
- within themselves further cases expressing the poesibiTity of
the interaction of several subunits of the same type or thc
differentiation of the role of carrier of specificity and acti-
vator. It 1s. not difficult to consider these possioilit’ee
anl to discus. , their consequences, bus su’h considerations ‘
\\\\\ . do not of themselves lead to any advance in the solvin& ol the ;
' problems no possibility can a priory be designated as impossible.
In 1961, on the basis of the electrophoretic: analysis of diifO““P“
cuinea pig antibodies, Edelman ot el, /l/ expreﬂsed the opiniOn
that ansibody specifioitn is given by the ﬁ.chain. This opinion,
86111l not supported experimentally. by testing activity, vas
maintained by Edelman and Benacerraf in a further pubWication
/2/ in 1962, in'which other possibilities discussed 8.0

STAT
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_ Frenék-et“al.;z
the interactlion of two differenf or‘eimilar L cheins. Before'
*hia in 1962 Porter /5/ has already publlshed experiment&W
rosults placing the antlbody actlve site, into the H thain. Cur
ok puolished at the beginning of 1963 /4 - 7/, however, |
nointed to a different conclu510n. No anpreciable activi*y
™ ound in any of the isolated chains but . reappeared ‘af't
rizing them. On mixing H and L chalns, the aotivity of anti~
bvod'les of different speclficitles was also covered but-only
nartically end the hybhrid possessed a epeolchity correspon‘_.
to the H cbaln used. From theoe reeults we reached the conclur-
Icn that the partlcipauion of bOuh H and L. chains 1s needed for
the -o“mqtion of the actlve 31te and that epec tficity is deter-
mivad by the H chain, whereas the L chains may fol:] partly reo7n~e\
1n their fqnction by the L cihain from enouher antibody, 4 verr
i-vortant findlng was thaj isolateo H and L*chains are copa“1
ot ”utual interactlon evén witrout the formation of covalenu
- mords, The model of equine antitoxin used however, vas nos -
ideal Pror all aspects, Al*hough the" covered aetivity.wao : |
2l £0o the actiV1ty of the preparatlon whici was subjeo ed.*'
e swne treaument wlthout separation of the chains, this act

&

vity was very low, maxlmally '5% of the protein in the samplo

¢3

cos active, Apart from that the determination of actrvity ty
raeng of an drmunosorbent did not permi% the extension of ths
:'"ﬂy to tbe measuring of the phy31oo~chemlcal parancters ci ihe
Le“action. ‘ A
For the furJher study of %this probJem vo chose antlboolov
to the dinitrOphenyl group, whose preparation ‘holds - out the
pogsibility of a high yield with a relatively narrow SpeleicltT:

| Tig animals-bulls and pigs - were chosen as {mmunization ¢hjectis,
" Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0
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Jor a largecseries‘of experiﬁehts'and partly beéau;e it permlit-
weorieing with antibddies from one individual sc that sore aspes .o
~2 hoterogenicity can be excluded, The immuniving antigen was
:;fma-globulin, modified to a high7degreé by 2,4~dinitvob0fﬁsno
~alplonic acid /8/, was given.in.adjuvant';e Bullé %ebe Lrmenl zed
wLta plg genméa-globulin, pigs with bovin9 gamma~globulin, n
273 a siﬁgle immunization with 160 ML anfigén 2'5 Sqneeks
2a ore slaughtér proved saﬁisfaotorf. The ;onceﬁtratidn 02 anbi-
">7ies. obtained was 0.1 - 1,0 mg./xl. In bulls. en antibody cona~.-
*r"-won of O l - 1,0 mg. /rl, vas attained two WGeks after cne A7
of 200 mg.antigen ner animal, Repeatod doses o* ‘antigen- *ﬂ RS e/ R
o’ -ays nroducnd approximacely the same 1ncrease in the concon-

“raiion of antibodies 80 that blood could be co]lectei alssr oncl.
”o#ﬂ‘unization containing antlbOdLOS in concentrat*ons x“101 wene
malable for isolation, |

.ne qonglderably modified.tﬁe method use& by Farah‘e;jal,
/9/ for the.isolatlon of antibodies, After.ébsorbing.the ant s
i0 the carrier protein, antibodies to thé:haptén vere preclzi-
tated by dlnitronhpnylated gamme @iobuiin and- the washed f"oc*m
Ditate vas 8issolved with 0,05 U dinitPOpHenOT In 0.1 if pho‘a‘l o
Dufr er, pH 7, contalnLng 0.5 NaCl, The sOTut;on containing art o
“oipgen and hapten was applicd.on a DEAT Sephadex column equilit -
i with the'same buffer without dinitroPh?nol, Antigen wes fre

csed  firmly on ‘the top of the éolumn whereas antiﬂody Ay, Lo
ﬂitbcut'adsérption and was thus separated frdm the dinitrozhncl
.08 zone moved'éown the éolumn.verv slowly. Theiantlbody yiald
on the DEAE-Sephadex reached up uO 75m of antibodies determined
in uh? serum by the qu ntitative imminosorbent method. In oher

cases the precipita%é was. dlssolved with the buffer which contw’ 2l
Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0
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"-Franek et . al, - 4

1 10"4 M &-DNP. lysine. Antiborly ‘was separatod from Fanten
ond antigon in the ame vay as fron dinLtPOPhCﬁOl Howovnr,
“% was only possiblo +o remove excess hapten, a noution 0.7
e - DﬂP«lysine remained bound to the aptlbody. ’_

The chemical character of bovine qntlbodles ;s 7S par*a~
slodulin as deuermlned by starch gel olo"troo“or981s anl vy
?fmungeléctrOphorosis, At the same uime the extont of cleochro-
;horefic heferogéneity is:less than that of 7 S gamma-gTOQU“‘”?
15 diéplaya ho dndication uhat the an+1bcdy could be presen’
TIQ Types, as was reported,, for exarolo, in gLinea pigs /10/.
Ths average aasocia :lon constant of the inueraction of bovirc
rzxoloodlios vith r ~DWP;7ysﬁne was within “the remge of 10° -

"y an? ”'*“o/hoTS An vavious premarations, It ﬁaé detérninai
s L”,Jib”*Lm dl&lYSiS and by polarorr ohy'.Tﬁe po;arbrrvnk'n
At.o0d, of deue"ﬁiring the assoclation constairis of antibodj ol

“ka Q¢¢-u¢ ahc1y1 group vas ¢ound very usefuly & —DNPMWyc e phias
, wall monsureable nole*ographlc double..mave, By add;ng gelai.-a
I 0 enelysed mirture the heinht o; the »»?NP lysine wavv L3
ndo directly prop 1ona1_uo thoe concentra *ion of frco: ~DUP
’Vpﬂne onnd FLDJPulysiﬂe beinv not rogisteﬁed oolarogran1Jcn’
17. Ths ¢ eat gdvnntage of the polarographic method is thas 1%
civos rssvlls in the coupse of a few minutes. ’f'" O -

The brealing dovn of tho disuphide bond was .dore b} u*j

“WHnonationg On the basls of previous work on the reacoivity
cf the dlsulphide bonds /11/ and on +be naturo of tue intos
madiatos of limitod cloavage of dtsulphLde bonds ’1°/ o wor

a6 a pH 8,6, 1,0, undex conditions in whlch 8 disulphldo bords
in the molecule are cleaved in plg gamma globulAn, As ho secor”

tliernative wo selected Sesulphonation ak i 5.7 at whinh An.
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H and L chains /12/, remain in the reaction producg,,The electre—.;l;,gig

~

e r . Lo,

phoretic pattern on’ starch gel. shows that ln pig,antibodics there

is no differenoe in- the pcsitlon oﬁ'the zones or in the relative

"f;;v amounts botween nonspeciflc gamma—globulin and antibodies. In

Sddeisid -:, _.;‘:__

It

e

“
- i am e ot
o li e W O LT e

bovine antibcdies the mobllity of the two types of chainsqls

R

iﬁgw somewhat less than in nonspecific gamma—globulin,,the ?i@thfb?

L

J '-{gi of the diffusion zone of. the L chains is smaller and in additlon ;;;Q”

o\ r' % .vt: , (;

tc thls there is more incomplctely split matefial in” the*result~ c
R AT -5 ";':Vf,".’; ERE .

*ng preparations /Flg.l/ S-sulphonatlon was also carried cut e

9 ok - Lo ‘. P

o

1n the presence of excess cf dinitrephenel bré{iDNP-LYSin, As ‘;;*fvuw

s, - K Y " ,'_, . '1_,&

seen from Flg.z the hapten bound cn the\anﬁibcdyvdoes’nct affect

s
i e e g e e
PR S i s a2

the splitting ot 1nterchainfdisu1ph1de'bondat Thé‘electropncretiq

" i.._ et ~__'

';Lff;;f; pattern of subunits 1s the same as. after S-sulphona&ien«¢nfthe'ffff?7j7

PR . b=

. ,;‘.
S
. f

'3

PoISAL;

e A Ty .~‘,-_.-n

x absence of hapten. ,Fig.S confirms that nei b,er"»oh S-sulphonatic;n .*

- ﬁ-".. 'A W

ERTFS

*
A&

-
5

at pH 5 7 13 the character of antlbcdy subunits significanﬁly ;?

. t:;. dlfferent from the charaoter of’subunits of ncnSpeciTic gamMadéff;ﬁ,--f-ﬁ

wr',

RES

N
ARE

>
Loy

»..’.‘ .
EEVRAT g " “'f

Py
4'
3
3,
<

o T ! d - ‘4 1
-*v;n,'e' P Saot Ty

) : ) . . R x-‘v- ! .,"‘_-‘b
‘ ;f?;,au,:vA None of the electroPhoretic pattcrns obtained in~uree starch SR

_'q“-z A -_, \‘.Aa. .. . Lt w ',“. .'.I--, “‘l
el gel at pH 3 - 4 showed bandlng of the L chain S~sulpho antxbodiesn va?‘

r
~
el .- R ;i"
&

1‘ .f}{ whlch were described by Edelnan et al /l/ ;n pune éuineaﬂpig

'"TQantibodiesquandlng did not appean-ln bovine“or pig antibodles ﬁi.f.

::fffc**even when they had becn SubJGCted to: neductlo

wE P s ..1':;"' oy . A .

i‘:exqctly according to thc procedure'doscnibed By Edelman and ,
"‘ . .'. ; v

f!, 1Poulik /13/0 The 1argc amount cf antlbody from single bulls made f i

o
ot ? . e

"
.
N
A
-
2l

¥ T e

TR

;fﬁfjlt possible to cxamine the heterogenity of L ehalns coming from,»“;’ 
L b t A Sy b . . . .'E
S dlfferent ind1v1duals by electrOphoresis in starch gel at pH 8 TE é

;“f3/14/, where sharp bands actually appea?emFig;4<showpsthaﬁsh chainsf'f.l~%

Fumeds

-.

o :
N g v .- | | . ‘}3
SR Of antlbcdies yield a, smaller number of bands and that there is ’;ﬂ“g‘;jﬁ
| | S PO SO

‘ hardly ‘any. differenoe among individuals; ;:;‘;-*Vc';ﬁf VV'ii‘ S RN

. . “‘ . - -7 ¥ . ) : . ~.‘ :{".;- . - B -_‘(_,“.”' ERR : . r' \u-.' B .i‘:, 5 H

i ‘?:‘1:’w:¥" oo T' o ff“ 7f':5' g “;rtmz:;k.*ﬁfajﬁ LT e
CEEE TR T : S R T e 1 S o
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“As 1n the previodé‘wopk Seph&dex GulCO in 0.05 H'fC??io o
ﬂifh 6.1 urea wés used forvthp eparau on of subunius, Fipg 5
showa the distribution of proteln after the separatlon of bov¥“~
S-sulpho gamma-globulin and antibody on a Sephadex ‘colurn,
“hn peak of higher subunlts appears first overlappinv parcl
43%h the pnak of the H cha*ns, which is followed by a well
recsoived peak of L chalns° Under the conth;ons of scparction
nry bound hapten was comﬁletely released from the prote.- «ma
~o7ed as & peak vory discant from She L chains. The fras*+ic-a
conuainlng subun;ts which vore takea into the eaperiment veTn
nooled and concentrated w1tn dry.Seph ad :;_G«mSo The subun’is
vere then transferred into O?l I borate buifer pH 8,0 vnlax.
2 3ephadex G-25 column, A1l subunits wsre soluble in this

bolbi

]

Lo,

Binding activity was expressed by the quantity r dondsineg
“he number of moles of napten bound by a.mole oP prote*n an”, Do

9rlson- in cases not stated obher”'*e, tle moTecuWa =el~

of protein was taken to be-l?O,COO; i,e, even 1n thé cago ¢°
"aolated H or L chains which pbtua“Wy have a'léver moleculnr
moight, » was always measured ot a 00rcentration ol free ST
“ysine of 1 x 10" I and at a temnerature of &OC The bindrg
noTLe ty of nOHSpGOlflC ‘bovine gamra rlobul¢q.and 1ts. subur s
“*P:csoonded under the glven cond itions to r = 0, l: Thz e:~a.
r'on of nonspecific tinding- capaclty on the basps of weichi wrs
found to te most sultable since tine b”udlng ceneacity oé the 7
sialng or from that of their mixture, the nonspecillc bindxrr
of © -DNB-lysine on boving gomma globulin an’ tibody and its
shunlts was therefore eliminated from‘the results of mearuremoiics

[ PN
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-ﬁnite oxprosseé'ae*fgz gfo,,fii“f.?f“f;;ffﬁﬂibilﬁpﬁffyf'”ﬁl | o

' We flrst determlned the value pf-fgfor natiVe antibody’;nd !

9ﬂfffor o~sulphonatod antlbody without separaflooéof” 1‘: ’

K

ab

v lt
el i,

e. 1 shows that S-culphonated ahﬁlbody whlchfWae subjected

Q3
N

1
*Q?ﬁfégo'yhe actlon of tho separation medlum has its ac*lVlty,,eApres~'

TETRRII AT, M P ) - T TR T T

ﬁA;j};yscd as r, decreased to about‘one half of tﬁat”o}rits Orig.’(ma1 \

'{ff;:i;?::éﬁdctlvity. In further work We 1nvosé1gatoa,whethefvphere;wee'épyr i
- ‘Q :.:“ﬂfesidual blnding activity in the' lnd1vidual~;ubunits aris%hg SR ;
ki;ifi;lii;' f}om S-sulphonetlon at pH 8 6 ahd'6L7i.H£;ﬁe; subgnlts which dor‘ »E
i c:t:lo(tidlfferentlate:one from anothevz;}on e Sephado%;cio:g@}z{}%re._ S |
';13.%:on-‘l taken togethor for a,nalysmo In Flg.6 the~‘;ofAtBe ipdlvidual » ':;
| ":*‘.L.ﬁ; subunitq is denoteo over tﬂe";o;fe;pond;né‘fractlonscsThey ‘ﬁff“:?f?é

; ' v‘evpree;ent the 1aver*a'*e of‘ qt 1east three e%peylments, end ai-e
, *;ii;fpii corr Sted for nonspociflc adsorption° Amoné‘the‘subunits offit?' !{
P \ fl; S-sulphonatod antlbodles, 1.t 1s fonlx the hlgh‘ep\ 'ssu};uo;.t;é“wwruhosde "' - E
} i blndlnﬁ aot1v1ty is: preserved.eftcr sepap % é,vi‘ eopsideraole ;;9}5 i
o % 2_;5 degooenwFree H: and T chalns taken w1thou%f£otuei coptaﬁination:;?f :
; Tjém have no s1gnif1cant bindlné actlvity demon:trable“%yrequ111~fi -E
AR, bpium Aalysis, o e U TG SO
L :F ' In sevoral pllot tests we confirmoafﬁhet«aptlvity was :\ . !

b i covcr 5d., by mlxing H and L chains,‘ 1n tho same‘{fJa; ass '1nv eéuine‘
) -:” pA' antitoxin where it waetfirst observod by us.?We thefoforehpndor-: ‘ n;
il;\%"" took. :study on. the conditlons nd quantltativerroiﬂtlonshpxxof fvf f
w?if”}; tho Teo overJ of'antibody actlﬁity Wer sought*the conditions;ff3li:f“"o
T promothg the recomblnation of th@_SHbUthSu We hQVo‘found thae;  __ p
ai);lf ;b the finai activ1ty was not infloenced by whether H and L chainéﬁil;fei'
;;%}Lfrfii Wor&*mixed in aoid separatlng solution, afterkneutrailzatlon orf“fﬁiz_,
"?Qﬁgijli .even afyor transforrinp the, separate chains into borate buffor°i§fJ T*V
B . ‘Recomblnatlon of the chains\thus occurs in a neptral medium in.f R |
;|:)ec|ass|f|ed:|.=n Part - Sanltlzed Copy Approved for Release 2014/03/05 ClA- RDP80 00247A002800180001 0 . ;Lg{[




..

'.”3 experimental set~up would follow the broken @urveshown in

‘The eosenceAOI urca .and the- history of the subunits before thie
f ; : . P
time has no significant effect 6n,recombination. ;%;k;fh,f L;,

The average of 10 experiments showed th&t‘the recoverod

"Q activity corresponded efter deducting nonepecific edeorption ff"“'

to o= 0 68 If we wish to know the yield of retombination

of chains we. must compare ‘the. recovered activity with the acti- ft,

' ,,.', $ A
- vity of S= sulpho antibodies which were not Eubjected to separa— U
_ . . B A N A SANEMR
ted chains,_<rf e f"l J'a o '?}g'ifﬁﬁffl{”‘ﬁz*xﬁ

-'-%.'.' = Table 1 show ‘that preparation correspbnding $o. th13~". > j,":r

LI

rnquirement possesses r = O 860 The recoVery of binding ac ivity f '

ﬁf"'after separation and’ reoombination of the cheins‘was thue aLmost
o . “wx .,‘;‘ }3« . -
807. If however, we wish to compare the activxty Of recombined

v'?rc.-

complex with the activity of native'antibody the recovery of
2

activ;ty is about 408, -ﬂf Lva7§ 5;;~;3;.fL!'&

, .

We mixed H and L cnains 1n different meight ratios keepingitig”

« 0l

the total weight concentratlon constant If the chairs recombined

.t.<<
: \

in stoichiometric relationship and united with o bond whoeé

_‘;,w
l

firmness was comparable with the covalent bond with whieh they

~ ”:_ x..‘.

7 werc bound in the native molecule, the‘activity round in our_‘

'ci'.

. 5"‘the upper part of Fig.? with A sharp maximUm corresponding o

i

the compOSition by weight of H and L chains. In actdal fact,,the .

cctivaty of the, mixture was different as shown in the 1ower part

kNG

of the Fig.'?° The activity hae no. sharp maximum but ie almost
constant in 4 wide ‘range of*ratios of H L, We‘cnéil attempt

to give an explanation of.. this pdrabolic shgpe of’the curve on:

R >
[ K A n

Fig.7 When explaining other findings__ };,h$ ig~%;

5
..“(~q'.

t"l

In our next experiments we wanted to eiucidate the rOIe

2 \ ,t

v

the determine whether the active complex oﬁ chaine ié formed ub

- .o . ., . " . 3 .o : % ) "'?'35'-‘ -
K Lo e D T E . & - ,:'- B et e s ¥y e W
. . : P I S . . o . LN . . . G L Pse
R . . R s . < oy L A N PO
PR 4 R L g . PR A L TN 1
L DR . o - ., . g oy

. Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80.00247A002800180001-0 «

A5

AT T e

of hapten in the formation of complexee of H and L chains, i e.‘w A

A T e P Mgt PTG

e b T e : woFranérx etralere B3 v L T TR
i Declassmed in Part - Sanltlzed Copy Approved for Release 2014/03/05 CIA- RDP80 00247A002800180001 0

SR RS ERL S

Bkt

~

TU FaeentTY

o R I A L R T S e

it b

e

e e

e

2 Eert

Pt e iy

AR R R

mma



. 2 o g S e I R et
"" .- ._;; -’:VA 3 ‘lr" 'A R ‘4‘ ‘ G s
]

'\ - Declassmed |n Part Sanltlzed Copy Approved for Release 2014/03/05 CIAARDP80 00247A002800180001 0 -

. Gy et
- R . oA
s 0 PR "a CR

“:iii;l,ﬁ.fh'::”';jf:;gﬁﬂ;;}»i ;,1',:}_2j§l%;?i‘Fwan5k et alo - 9

| in borate buffor in absence of haptenl%r only after its adait~
ion. It is obvious that equmlibrlum dialysis cannob provlde j“’ :
an enswer te this questlonb The measurement of increase in thefl-J
blnding -of hapten by dialysis stOppcd after given uime inter1 |
vals gave results which were not reprouuclble:albhcugh we trled .
to standadlze all procedures° Polarography prOVed much more .

i suiuable here, because 1nstantaneous states of decrease of

free hapﬁen can be followed We have lncesbigeted the couree

ey R

of tbe decrease of free hapten Wthh was a&ded iﬁ a concentra

~s~.'il’ ke .i
¥

‘,‘10h of 1.4 x 10'5M on uhe one hand to the natlve antibody, on th

“‘.9

T other hand to the. mlxture of H and L chaln'

-n;borate bufxer preq

pafed fresh and to a. mlxture whloh had been lePt to stdnd fow'f
20 hours° We confirmed that natlve antibody blnds hapten so Quwck-,

ly that at the moment ofrrecoﬁdlng'the first data, l eo severol

= ;i becn reaohed and the helght of the weve of free hapten shows

" 'ho further change. The curve on Flg,8 shown that E,-DNP-lysino
f:i} ‘ passes 1nto bound -form very slowly with recombined cOmpleres»~-‘
N of H and L chains. In our condit;ons it took at least 50 hOUPSe .

Hapten reacts with a grcater iriblal velocity with preparat—, o

&

.ions in which the chalns were mixed and‘incubated for a lonn oo

~q' ,

: pcriod before the addition of hapten. We assune that thls finding'

'

A sucgests thab H and L complcx with a SpGlelC actlvc slte 5s'

I

i formed in bbe mlxture of’ chains before‘bhe addition of hantena',vr
'wf ‘ The‘dctermlnatlon of specifi01ty can also bs studied on ';
.i, anbihspten antibodies. We combined chaine ?rom bovine antibody _
i ohnbhe bne hand with chaina or nonspecific\bovine gammanglobulln,

. on the othcr hand with chains of. plg antibody to. the same determ

A mwnant group. No hybrld of bov1ne and pig aﬁtibodies, i e..neicacl
Declassmed |n Part Sanltlzed Copy Approved for Release 2014/03/05 CIA-RDP80-00247A002800180001-0
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e 5‘ thc\mixture of ovine and plg , nor the mixture of pig L

and bovine L, bound c-DNP-lysine opecifically..No aepect other

';angtj't than this binding was 1nvestigated S0 that we cannot say Whether *:"i

i‘ ﬁhzi;': the chaine recombined at all or whether possible recomhined

; | complex was inactive. The activity of hybride og épecific and 5; |

é; o nonspecific chains are given mn Table 2 Hybnids ef‘epecifio Q{fhig‘ff‘
;v Ly h chaine with;nonspec flC L chains also attain a\certain actief.ni:- E
tf'l'ef‘:itﬂﬁ Vity, even though lower than the complex w1th speclfic Lﬂchain” ﬁ}'ﬁlé

5i'{.'ggjlf Whereas in the hybrid of speciflc L chain w1th nonspecific H chein fi;

?:‘1". 'Z?u. activity is not significantly increased. ) _7’vi“~ : f”&ﬁ?kf';uf[ )
‘ » ‘M-félfﬁ;‘ In Order tO appreciate the role of the indivi&ual chaine in ﬁ;fff

L

Txv}f determining specificity and in the fOrmation of the active sitc,

; we elabcrated an, auxiliary concept in which ‘we consideced,alter-~‘ f@l
fifgaif%;“ nately one chain as a so;t of "'nactive form" of the active site ax;r}
{" EEEE I carriet and theasecond chain as its “activator .. Thielconcepttﬂg‘ S i
ii: ; emchere ua to evaluate the activity by the quantities ﬁH';££‘a£i7th’
g, ‘ ';‘:f?i'which represent the number of moles of € Qbﬁbilysine bound 0 ; 257151
;‘h t av mole" of chain‘ccneidered as the inactive form° It is l@?,OOO rﬁ_;t
L eiror E and. 53,000 &.. for L chalns-in ‘this. Tatlo the mole of
%’ ﬁi antiboﬁy, i e‘ lGO 000 g, is compOscd. In cases where H and L'. 'h(.
?; ;i;, chains are mixed in: the same proportions as p”esent in the hatchyyﬂxj
!; ﬂét molecule, the quantities PH and PL are eqaal to the q;antity r };chii
. o ’j"_caicuiatee in relation to. total proteln. _;:,.',/V g "' G
g' ‘b fﬁvn’ a‘i The Quantities Ty and“¥L calculated for the data 1n’ Fig°.‘f‘i;°;¥
;f .1C ‘*;? increase~in direct prOportion to the presence of”excess of‘theéu; ’”)ﬁ
i xt‘iia; 'cqmponent cdnsidered a8 the activator" in- the mixture.\An ade- fi;:?j‘
i | qua'te explanatiOn fOr this fi.ndingmis' evn.dcntly ‘the- fact that .
;: l:;; thc actite complcx of H and h chaihs cannot be compared in its :;iftzi
Ef Zﬁ\ﬁ»:“ firmnbasbhifh native antibody sinco it shows coneiderable dis-’{ff;;;f'

E . . . . '};;_ i
NE SPRE I VA 7,
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uooiation. It fOlldWS from thie, of couree, that thc quantity

‘ o, .

r is not suitablc for oxpressing recovered activity sincc it wil] s

be. dependent on the ccncentretions of protein components ano that - o

»,,‘

further experiments. A confirmation of: this explanation can only f f
be given when data -on the binding of hapten on complex H and L

~t chains in a wide renge of protein concentratidnsawill be aVail- ii'j :
” .
able, The data from such an, experiment would also finally de01dc
how much of the decrease of activity found 1n S-sulpho antibOdies>”

or in complex of»entibody chains in comparison with native molecu-

N

._(’

le /see Table l/ should be aséribed to irrever31ble 1nactivation

end how muCh ie*due to the fact that 1n the case oﬁ the comple

;f?fe standpoint could be taken up towards the alternative explanat—_cgh;$
| ion of the parebolic shape of the curve in Figg.; that various .if

'ifj:;active complexes of B .and L chains are formed in which the ratio‘apikt

”5}} of.. H L is not ln ell caees the seme as in” the native mclecule,<f‘d

‘i;;l57;$ﬁ; The ﬁifferent role of the fwo chains in determining speci»,“{{@ff

{ ficity cannot be displayed examining the ccmbination of chains :

originatlng from the Same entibody. This question can only be

':f‘ decided by detcrmining whether and- to whet degree some chain .

' ‘can be subetituted by e chain from nonspecific gamma~globulin. SR
‘;ﬂ'_ The different role was best displayed where cxcess nonSpeCific(
& chains Were added /see Table 2/. These experiments show that the

. ﬁitf H‘chqin, considered to be the"inactive form" cen be activated by ‘ i::

'&!\x‘l f e Nt
- ke s

L
t excess nonspecific L chains to a greater degree then by an_;fr?f”' : 5i
adequuterquantity of specific chainso The reverse conception, how-.

o ever, fails‘ L chain as the "inactive form" ianot "actiVated"v“ﬁ

{

bY nonspecific Htchains.AIncreased activity could net be demonstrau.j“
T R e s W - ST STAT:

¥ e T
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7cg“r.“ creation of & cOncept oi Hi subunlts as. .inactiVG ﬁormsﬁ'and L

';ﬂ chajns asx ativator“ rér the illuetratlcn of the uﬁequal;importan

AR SR g & kY B

ce of H and L chains 1n‘the actlve complex doesnOt mean that ue

consider the synthesis of antlbody to take*place via an inactlve

!

i

form. The signlfiance Of H.chalns can be oompared w1th tho :\

. s
U 5

f.s ;> ' significance or inactlve forms of othor blolqgically°active sub-<

2 X Ea.

stancesa The slgnificance of the L cnarn is best understood by ;no;f}

»

term actiVator ,’bhp effect of 1t addltlon can best”bo oomparéd

S LN e : N

w;th the activation of enzymes by the addltion of various co*”’

oo » f_- G e D afe ..
.. s U PR L," % -

enzymes metal 1ons etcG It remalne'to exPlaln Why the Cffehﬁzof

.._, R

L chains of nonspecific gamma-globulln a*e hoL quantetativcly rrpi'f

,,,/..';-

R \. . .";_"-

undoubtedly heterOaneouso It appears that the extenu ofﬂfhe

\

““fiah ostablish on the modol of equlne antitoxins. We confirmed ﬁhqt

: f“;z ieolated~subunits H and L do not displav qny appr001able binding
"[5 activity, i

. \.n““. %, -~

tU1.‘.< : g - . . . A‘.:
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- succeeded in cmnfirmlng all the findlngs whlch we,were theiflret to~.;'

and that rosidual bindlng actlvity is only attrlbutabld f}“”

identical with the effect of Chalns 6F antiboiyorb Chdlns are S

xihﬂheteroéepefky of the L chalns of antlboay is ;e g phanlphaff x . f

_ ff‘tlA;iff of Ehe‘L.ehalns of nonspeclflc gamma~globuiina Let usiaesune:is ;;'f
“f*rﬁriz thaﬁ the ability uO actlvate Speclflc H chalna.;éphfpfoééptya :
g 3 ofﬂonlyfcertain‘ﬁ‘charns from a,whole set whichalg }eund in ':“:{?
ﬂ‘ nonspecific gamma-globulin or. that thls qblllty is ﬂot present ”"';rj
;g f o~ in allnL chaxns an the same degreeo At the same Nlme 1t neoeY$:iﬁéiié 
S not be ?ﬁﬁ?med that Lhe abillty to - ﬂactivate the chh;{ﬁ of ‘%_‘lff'j

: ‘ A ceftaiﬁ”epecifipiﬁy is_peeesée?ily'relepedpte spQEiflqity; {?fprj
 }£f “ to.hapten0 The actiVatlhg effept of L chalns of ﬁonspeclflp .;; ,1
fh s gamma-globulin is thereforo 1e83 ‘than that of L chalns ofrliﬁrgii%‘b;.
.p?ri({santibody._lf added 1n«eycess however,v dct¢VablOn uaxee p;acej 4:J;
w0 the \same o; to 2. higher dogree.,. o ’;'é L k .‘E*:.:l_: Tre
n.fﬂ{ Using the model of antlbody to the dlnltrOpheﬁvl gDOUP~We-:pT*““%

)

L
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that tne bLnd¢nr activity 1s recovered by mixing H and & cinli.
altvhoush resyp tutu01 of the covalont bond between them did nci
oceur, was conviueingly conPirmed. Flnelly, it vas confi:mcﬁ
the H chain Fiays the decisivo role in determininn Lho speci. .
city of the wecobired complex, _

Tie model working with two oasily solublo high molceu™
¢oxponcuvs /H and L chains/ and a low moleciilap hapten muce "3
posuible to situdy intoractlons by physicouchemical methcdie
Lo found that cno inyunaction of H and a L chains takec piace
iu a nougral. medliun cven_w;thout tho presence of hapton f.a £

lowly unat the rCLchﬂng of oquxTibrLum is a quest*on C¢ CGays.
¥indings on the role of the chains in determinlng spec*f¢ticd e
20 *upplcmented k7 a number of fmdlngse L chains obtaincd I.c..
10NaPee flc,ganmg globulin can produco the s amo actlvatlc“
ol the an,,OOLy H croin as L chaip from antxbody Lf the nonc, oo -
flc L chain 1s added iIn exzess. On ‘the other hand the L chzol -
Yrem antibody caanot actxvate" nonspecific H chalﬁs even 4Lux
«wdod in excess, lor did we suecceed in obtalning active hyvrile
voom tue chulns of bull and pig antibodies even when the anci..
Ledlos wore divceteod afainsu tho same doterminant &eoup.. T
nou date led us to tho hypothesls of the mechani sm of inter-
accion of H caclng carrying poaonuiallspecific binding acti’ o

with heterogeroous mixtures of 1, chains from which only

¢}

Ci.3
rrovide an active complox. It would appear at the sause e tlat
“ils complex-is consideradbly chssocz.ated° Suffic tont. verlonts
ol the’ experimonts havo not yet boen mado to confirm this ry_.c.
thesgis but the rosults obtained to date show that Suéplpha EUL..

units of antibody to the dinltrophenyl group are ﬁery suitablc

Y
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for furthor study and we hope that we shg;l succeed In detocting

a series of further propertics gf antibodYJShbunitsfoh this model.

. . .- .
. L Lo
! . . . . . '
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: T{» o Fig.l. ‘Starch @el electrOphoresis of - bovine and pig antlbody
o and gmmna-globulins and fheir derivatives.,
Composition of buffer O 05 M formic acid 6 M urea. l - bovine
xgamma globulln, 5 - S-sulpho bov1nc antl DNP antlbody, 3 -
S»sulpho bovino gamma globulbn, 4 - S-sulpho pig gamma globalln,
-o - S—sulpho plg antl DNP antibodles,l6 - pig gamma~globu11n._

&

| Fig.z.'; Starch gol oleotrOphor931s of bovine i 'eglobulin‘end

anti- DNP antlbodles Sw sulphonated at pH 8 6.~V

.eCompooition of buffero O 05 M formlc ac1d 6 M urea, 1 - gamma~‘
globulln, 2 - antlbody, 5 - antlbody S-sulphonated in excess

dlnitrOphenol 4 - antlbody S-sulphonated in excess o—DNP-

3

'i-ly81ne. .

l‘ . | . F:Lg 3. Stareh gel eloctrOphoreAsis of bovine éemrma-'rlobulin and
RIS anti DIVP antibodles Sasulphonatcd at pH 5,7.°(. f_ f‘f"fr.

z;{, -.1'ﬁ, fe: Compositlon of buffer° O 05 M formic acid 6 M urea. l ;‘gamma;fi
% e globulln, 2 - antlbody, 5 - ant&body S-gquhonated 1n excess

dlnitrophonol 4 - antlbody o-sulphonated 1n excess E-DNP-‘u'

' lyqlne,,r‘ P ~_f'fA . ..f u?:'
. : . . . AN . ) . . R -
. v - PRI

¢

{;Fig. ﬂ; Stérch gel olectrophoresis of L ohains of gammauglobulln_'e;“

and antibody. Comp031tion Of buffer“ O OSD N gly01ne buffer, ;”7 ‘i
%f‘ L, MMQQ pH 8.8, 8 M ureac 1= chalns of nonspe01flc bovino gamma o :f
. ' globullna 2, 3,4 - chalns of 1solated antl DNP antlbodv from 'a':;

three ind1v1dual bulls.- -;J .

. .
. s e,

: . . ; ! ¢ . - A TN
A P .. ¢ - : « o .

L vy
™ ¢ i

A Fig.5¢ ChromatOgraphy of S-sulpho bovine gamma globulin and gnti~ﬁ.ff
S L : DNE antibody on Sephadex GnlOO ‘ S ' o

Medium- O 05 M formic acid 6 M urea. Abscissa‘Avolume of eluate 'fi

i "“, .
Lo 4

Core ; A N E . . e .o R
L . 5 - v . . ) " B . - ]
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units denoted by 1etters°. e

4

8

L ; - , | Franxk et al. = 17 »
Ordinate. Optical density at 2557 X /registered by Uv1cord LKB/

Crosshatched area donotes fractions pooled Different subw.

Ly
LR

o
F": .

Fig, . Activity of subunits of bov1ne anti DNP antibody
S-sulphonated at aifferent pH, |

Medium for separatlng subunits. O, O5 M formie acid 6 urea°

4‘} iﬂ';'l~ Abscissa° volume of eluate. Ordinate left° optical den31ty

at 4557 R Ordinate right°'value of r. Upper part - Pre-“' :

oo

"5paration aesulphonated ab pH 8, 6 lower part - Preparation
‘;.ff}fpufi”s-sulphonated at pH 5, 7 Aot1v1ty expressed by quantlties
':'.‘fﬁ'of r. are depicted as crosshatched rolumns and glVen in_aqfa;"

<~pnumerical values appended +o tne separate subunits,~
FngVe\ Act1v1ty of differen+ mlxturos d* H and L subunlts of

o bovine anti DNP - antlbodye Absolssa rcentage'of subunlt

\in mixture° Ordlnate: actlvity eypressed as qu nt*ty rﬁ T;: i_yj‘
Upper part - hypothetical curves correspondlng to 1deal~case\ﬂh'
lof very flrmly bound H and L chalns in etoichlometrlc

R

f’complexo Lower part_, experimental eurveq ;43}3fx;,,¥¢*m;f*:ﬁ."

. L . . .l‘? ‘\

idFig;a Polarographic registratlon of reaetion of EPDNP 1ysine fl

: With complex of H and L ohalns of bOV1ne anti DNP antibody
Abscissa' time 1nterVal from m1Xlng of protein With haptene
Ordinate~ concentratlon of free ks DND lyslnee Total amount B
of protein in experlment 200 mpﬁllzu nanten added 1mmediate]y _

after mixing H and L ohalns, 2 - napten added 20 hours after
'f mixing H and I chains¢
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Table 1

Activity ‘of bovine anti DNP antibodies end their derivatives |

‘ Franék et al

“118‘

'borate buffer

. formic acid with 6 M
urea and transferred

" buffer -

Suéulphonatedf_
/oH 8,6, 20 hour./

a/ dissolved in
b/‘dissolved in 0,05 M

after 20 hrs. in borate

1,40

0.86

» | . - é"Ag v;:__ . ‘
Method -of - r » Relative‘activity: |
modification ~ 1f ‘o‘ A _ ‘
Native 1.77- g 100

R

,-YA 49 ~4 v:, .

4

+After reaching equilibrium with 1 xv10'5 M.,€;ﬁNP—lYSine:y[v‘
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Table 2 _
© Aetivity of mixztures of bovine anti~-DNP antibody and bovine

gamma~-globullin chalns

Y o Type Concentration Total r r r i
" " H L
s of + 1in mixture concentration
chain mg/ml of protein-
; ' mg/ml
HSP‘,: Q.BO 0,50 0.00 0,00 - :
Lsp 0.50 0,50 0.09 - 0.0Q
Hopt 0,33 o ‘
+ Lgp 0417 0,50 0,58 | 0.58 0,58
Hgpt . 0433
+Lg 0.17 - 0.50 0.34 | 0.34 -
Hsp+ 0,33
+Lg ~ 0.85 1.18 0,36 0.86 -
H o+,
Hgt 0.33
,+Lsp 0,17 0.50 0.11 - 0.11
g+ .
Hg . .l OO‘ o

+ Hgys Lgp - chains of antibody H%Lg - chains of nonspecific
‘gamma-globulin

++ corrected for non-specific adsorption

.

. *t++ rg and 1. - represent moles of ¢t -DNP-lysine bound to

107,000 g of Hgp chain and to 83,000 g of Ly, chain

p
respectively,

~
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' For discussion in the topic Iva SR -

POSsible Relatlon between Some Rosults of the Study of Delayed o
Type Hypersensitlvity 1n Tissue Culture and the Mechanism of |
Antibody Formation ‘

| JgJohanovskvg J.8vejcar, J,Pekdrek RPN
Institute of Sera and Vaccines, Prague, Czeohoslovekie
Antibody formation and delayed typé hypersensitivitx.are}'

‘usually considered as two principally different»immunologioalf*

’meohanisms,‘elthough potential relations between them ere‘often*“

dlscussed° Most frequently the possibillty 1s con31dered that

delayed type hypersens1t1v1ty represents a oertain stage in the
development of the mechanism of antlbody formation or that the o fﬁf
state of delayed hypersensitivity is evoked by the blnding of

'special unoonventlal antibodlies onto cells, Both phenomena :

/mechanism of antlbody formatmon ‘and delayed type hypersensitlvity/

are mostly studied separately, wilthout payingvsufficient attentlon; 751

to the fact that both these mechanisms usually ex’Lst in the -

.sensitized‘organism simulteneously‘end hat they both can part1~ |

cipate in its immunological reactionso f: N gff~”;H v h S %]
In the study of delayed type hypersensitiV1ty varlous me thods | ;

were intensively develOped in the past few years for the demon-

stratlon cf this type hypersensitivity 1n v1tro mostly by means

of migratlon inhibition by specific antlgen of cells from a
sensitized anlmal The importance of this reaotion, its specificity
~and reproduciblllty are beyond any doubt nowadays.

Nevertheless, one basic fact should be kept in mind, In

the experiments ef this *“ype the reaction of the cellular populat- g
Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0 4.
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13 obvious that only a small percentage of the cells present can
be really'sensitiVe to the giten antigeng‘lt'is; after'alll un_
thinkable that in an organism hypersensitive to several different -
antigens each of its mesenchymal cells could be specifically .
hypersensitive to each of these antigenso This conclUSion logical-
'ly ensues from all we know at present on the basis and the manner
of the development of immunological reactionsa_.
Recently direct: evidence has been brought forward for the -
correctness of this view, David ot al, /1/ have demonstrated
that mers 2, 5 per cent from a- sensitized animal mized with
97,5 per cent cells from a normal animal are capable of elicita.‘
ing a state in which the whole .cellular- population reaets on
the additlon of specific antigen as though 1t were taken from
a sensitized animal It is evident that the migration of normal
nonsensitized cells was influenced as a result of the reaction
between a small percentage of hypersensitive cells and the aniw“
gen; the most probable explanation is that in the course of the
specific reaction of hypersenSit*ve cells with the antigen subm_'
stances possessing pharmacolOgical activity are released which l
7influence the behaviour of the-remaining normal‘oellso We;too
arrived 2t similar conclusions on using:another EXperimentalf
approach, l ©o when cultivating s1multaneously two spleen f'rag--
:ments, one from a sensitized and one from a normal guinea pig, in
a single cultivation chamber in liquid medium /15/e Our results
indicated that on adding specific antigen identical;migration
changes occur in a part of the experiments in the?normal'ﬁrasment"
taken from a hypersensitive donor. The only possible explanation

of this phenomenon 1s again the presumption that some pharma-

cologically actije substances penetrate through the liquid medinmv

from the hvneraenaitive tn +he rnarmal f’womnnﬂ'f- ) A‘no’l nn-nna' AR
Declassmed in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0
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et al, /9/ |

The mentioned results are in conformity with the general
'hypothesis presuming that the reaotion of hypersensitive oells
with antigen«induoes the»formation of pharmacologically,active‘
substances /medlator/ which elicit, through an irritation of
oells,»thefaotnal_manifestations_of delayedytype:hypersensitivity _
A/S/g o ; o . . r \ :

. The second important p01nt 1s the question, whether the re=-
aetion of hypersensitiVe oells with antigen in vitro always leads
only to the 1nhibition of -their function /as 1t is generally ’

h,believed sinee the experiments by Rlch and~Lewis/,-or whether

| - .1t can manifest 1tself sometimes, on the contrary, aS'a‘Stimulat«

iono,Evidenee can be found here and there in'the literatureaon :
A3the stimulatory action of antigen on cell suspension from hyper- '
3 senSitive animals /2, 6, 14, 15/, Also recent studies on the
.induction of mitotic diV1Sion in the tissue culture of leuko--u
cytes from tuberculin, sens1t1ve subgects following the additlon
of this antigen /7, 8/ may be a certain refleotion of this fact,
Nevertheless, most authors still consider oell inJury as the only
form of the response of hypersensitive cells to the antigen.

At our laboratory this problem has been thoroughly analyzed.

&»

‘We used two experimental aporoaohes, viz,  the’ determination of L,he,r_~

«migration of hypersensltlvo guinea pig cells in the presence of
graded doses of Specific antigon on the one hand /ll/, and the -
;study of the dynamics of migration at various time intervals on
.the other hand /12/ The oxperiments were. performed ‘using our
Astandard teohnique of spleen fragment cultivation in liquid medium
with objoctive photographic reeoﬁding of the increasing size of

',several parallelly cultivated fragments /10/. The results are

Declassified in. Part - Sanitized Copy ApproVed for Rellease 2014/03/05 : CIA-RDP80-00247A0028>00180QQ1-0 T
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" the growth in experimental conditions and that in control culti-

vationso

In the first serles of experiments with rormal and1hypef-

sensitive spleen ftagments graded doses of antigen./PPD tuber-

culin ranging between 50 gamma to 0,02 gamma and of Old Tuber-

1
.
o
i
i1

culin from 1 3 100 to 13 250 000/ were used, Higher antigen'doses
usually'used by most euthors studying similar problemsvnegulsrly
result in an;innibition of the'nigration of hypersensltive eellsa i
The relationship between the quantity of antigen uSed and the
b.degree of migration inhibition is statistically significant@,On "‘
‘ using\ery small antigen doses, i.e. PPD 0,5 to O l gamme,‘
0T 1 2 2 OOO to 1 3 50 000 we observe in some cases /in 25 out
B of 66 experiments with sensitive cells/ a marked stimulation of
the migration, this result is statistlcally signifioant Similar
‘stimulation was never observed in CQntrol cultlvations using
nonsensitized cells or on using nonspecificelly toxic antigen
/purified Salmonella paratyphi B endotoxin/, both in sensitized
“as in normal cells,- ' |
In the seeond series of experiments antigen doses nsed were
10 gamma PPD and 1 é 100 Or and migration dynamie was followed st
regular time intervals during the incubation of spleen frag-
ments, Cells of normal fragments with or without antigen and.cells
of fregments’fnom_sensitized animals without antigen migrate_rela-

tively evenly thoughout the experiment. On the other hand in

hypersensitilve cells incubated with antigen'a‘stimuletionvof

the migration activity is regularly observed in the first nours,i
- as compared with the control groups, while later cells migration
. is slowed down or ceases altogether, thus leading to the final

result observed,after_the end of the experiment as the inhibltion of

. Declassified in Part - Sanltlzed Copy Approved for Release 2014/03/05 : CIA- RDP80 00247A002800180001-0 .
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ation stimulation in the first hours of the experiment as well as A

thc final inhibition are statistically 31gn1ficant " In control

exporiments the effect of purified endotOXin was studied which in
low doses causes a moderate stimulation of the migration activity
for the duration of the whole ~experiment, while in higher doses
1t leads to a permanent inhibition from the beginning up t0 the
. end of the experiment both in normal and in sensitized cells.;fi
The above mentioned results as vell as the quoted experi~
o ments of other authors permit to conclude that the response of
cells from a hypersens1tive organism to specific entigen can appear
not only in the form of an inhibition, but also of a stimulation
~of cheir activ:Ltye The result obviously depends on the conditions‘
;of the experiment antigen dose, degree of hypersensitiv1ty,'ctco
‘On the tasis of single literary data as well as: of our own pre~
liminary experiments we believe that .the basis of the observed |
reactions of hypersens1tive cells incubated with antigen should be
-seen in the'changes of their metabolic activity,
| The ebove results and conclusions must be brongh into connect~
fion with the previously discussed hypothesis that a small per- | |
) centage of hypersen31tive cells react spe01fically with antigenv

and influence /probably as a result of the release of some me-v

1diator or mediators/ the behaviour of the other princmpally non;
sensitized oellso In other words, we have to admit that the
reaction of the cellular pOpulation to the proceeding reaction

of dclayed type hypersensitiv1ty can manifest itself by a st imulat-

ion of the function of these cells probably as a consequence of

their increesed metabolic act1v1ty°.
This hypothetical conclusion is the very reason for dis-

cuss1ng the results of the study of delayed type hypersensitivity

STAT

Declassified in Part - Sanitized Copy Approved for Releaée 2014/03/05 : CIA-RDP80-00247A002800180001-0

i



)

UIldIlUVbAy LU dde - u

Declassified in Part - Sanltlzed Copy Approved for Release 2014/03/05 CIA-RDP80-00247A002800180001-0

at the Symposium on the Mechanism of Antibody Formation. The
oxact relationship between dclayed typc hypersensitivity reactlons,
and the mechanism of antlbody formation iz not known yet; there is,

at least, one fact we must-keep in mind, 1.e, that in immunized

- animels usually both mechanisms ex1st simultaneously. It 1s knownf
~at the .same tlme that the process of antibody formation in vitro

./especially the secondary response/ is accompanied by an: increased

activity of the cellular suspension present, which manifests itsel?f
€olo as a stimulation of DNA synthesis /3, 4/, We might perhaps
consider the possibility that in the metabolic changes observed at
the beginning of antibody formation in vitro participates the ‘
s1multaneously proceeding reaction of delayed hypersensitivityn

We could even presume that delayed type hypersensxtivity reaction

connected wlth the general metabolic stimulation of the cell

jpopulation COnstitute the physiological basis for antibody format-

ion; all tbis 18 naturally merely a hypothesisu

The main interest of our studies lies exclusively in the»

' field of delayed type hypersens1tivityo We think though that some of
. the reported resultsucan be interesting also for those studying"the'

mechanism of antibody formation.
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i ERE A cellsuwhich are the carrlarssof i}%p;piééiwgi{reactlvity, ig “5?5’ tf%
';3;gf?7{3j» ;po@ rpgafded*#o be probab£§:as follows° Thg_fifsghiﬁﬁphocytea ;;‘ %fﬁ
SRS deVelOp from the epi hcliai base pf the phymus analogou§ ; \f' ~':';W
. ivﬁift‘ organs ‘indes ‘the humoral‘lnfluence oflfﬁé mesenchymé'/? 19' l/ai';gfg
‘f {ﬂ';iiw Tpese lymphocytes dlssemlnate 1nto the clfpulafion and secondary?f 4 %
PJ?if;i:ii~? i&mphatic tlSSu682 There, they are elther“reutillzediand proviﬂe“%’ﬁlf

H;'_‘l;f lymphocytopoiasis /21/ Qr themse ves become*full Va ue lymphold

'f[,llmﬁf ¢ells /22/,~In any case, at the ond of thesneonatal perlod,there  i;J€
T V'ﬁiixiﬂls ax supply of small lymphocytes at the periphery; and inwrhe. '  é£n%
o 'Ff} secondary lyMphatlc Organsn Small lymphocytes-here aré aaggéie';*“f rf

_ {5 of transition to large 1ymph01d cells /in@Thesekpossibly f

;.:a * . develop also ﬂrom roserve of pleltlve celis /of the character i’
R - of‘ reticulum cells/ in. Wthh lymphocytopoiesm can also be :
stlmulated by thé humoral sffect of the thymic’ stroma /12, 15 7/ |

The iymphocyt0p01e51s enhanclng ;unctlon of the thymlc

"stroma anq the medlum of the thymus soems“to be contradictory to

the immunological reactivity oﬂ the 1ymphoia gells /lo/o

er

S Small lymphocytes in - thG CirculatiOn and in thé seconda,ry‘..k

?

AR L .zn‘-wcrm—.—vn—n— +

organs, like most’ 1ymphoid oella, have the power of différent~= ‘ (g
: 1ation and modulation “into hisEiAewia *a".alao possess e STAT }
lo. N _— . . . . .'
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.
. 3
- A (\-o tar )

immunolOgioal competence /6/e

L
fesr i mTms

f,“"[ In this work we have attempted o comoare the immunolooicel
* T .'r )

oorpetenoe o lymph01d cells on thelr route from the thymus via

-

k _seoondary lymphhtic tissue to the 1ymph and during their tooase

L

formation from 1arge and small lymphocytes to histlocytes.

-7" Material and Methods

'?r'j”l‘ Source of cells: All celle wore obtalned from young

. .
- -

R adult Chincilla rabbits. Thymus cells and mesenteric or media-

".‘1‘..

e ff ‘stinal lymph node cells were isolme'q from the organs by teﬂ°*

into Hank 8 or Wanle ] solution. Lymoh cells ware obtainod Yy h

+ < v

direct punc.ure of the cisterna chyli of donors 1mmed1ately
. ~ }: after they had been sacrificed and were resuspended in Hank s’

'_{;j-or Farle s solution with heparln, Histlocytes were washed out

- . ‘“.".-
3

1
i

L4 -

; rff method of Myrw1ck et al /l Y :_' I _ '_ - o

l."!‘ 'Q': 3 ! ”‘I -

h.{.ﬁ g 2 Fractionation of cell guspen81onsq The lymph node, thymus

Cen anddlymph cell suspenoiOns were sepanated tnto a fra0uion Wit

» :
A N

.'H a oompletefpredominance of small lymphacytes and fractlons wito-

PR a ﬁigher content of larger cells /other *hen nmell lymohocytes/

'Z'i. by,gradient oentrifugatlon on layers of sucrose at 25, 30 And

Sp7 concentration in Hank’ s or Earle’s solution with 0% auto-

T e '?’

1ogous=rabb1t serum. Centrifugation wag continued for 6 - 9 min,

- - s

\ at 25 - 30 g. and sometimes repeated particularly 1n npodes, -
After centrifuging, the cells were washed twice with Hank 8-
ey =3
: 'or'%erle s solution, resuspended in the samé medium and their

absolute number and differential count determined

[ "~

‘3 Antigen. With™ the exoeotion of the control samples, BSA

o ot
antigen was aoded to the\oell suspen31on in amounts of 0,01 1,

per 10-20 million cells.

L ) i .
T 'e,v‘,. b .. 3 ) . ' 4
VR

et ¥
-t Mo
-

1
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4, Cultivation. SuspenSions of 10~lOO million cells uere
placed in diffusion obawbers of (.8 ml, volume, with’ filters
el Czech productior /VUﬁS O l - O 3 /u nor031ty, exceptionsl- .
| Iy HUFS 0. 5 - 0. 5 /u porosity, in Jhese filters uhe great nalor -
<y of pores are smaller than 0.45 /u and' as’ distinct from the '
“thers Millipore FA thev were Pouﬁd to be impermeable for cells:
Aqrd in most casea with hembranfilter Gesellschﬁft Gottin*en
filters Wlth a nor03i+y of O 15 - O 275 /ﬁ? Carefully seaie'q
chambers were 1ntroduced 1nto the peritoneal cavity of 3-6 Zdoy-0ld ‘
Chinchilla IabDLtS freated w1th antibiotics. 1~ 5 chambers
were placed 1n each infant’ rabbit r"he rabbits are not them-
lve capable- of an antibody reaction to: the smount of antigen A%
used, The chambers were femoved at, vanious'*iwelintervans from ‘
_ 7 - 13 days, excentionally after 1onger cultivation° '
9" Morphological analj81o. Smears of tbe initial suspe“*fon
and smears and 1mpr nvg of ke 1nner surface of the chanber
Tilter aiter oultivation vere fixes weu with Carnoy and Stqinod
- vith methylene green—ojronine Y and also examined withouu treat-
ment in phase oontrast “n sone cu.tivatioas filter 1mprints
*ere also rapidly dried, fixed w1vn ethanol and stained by thre
one~gtage ms uhOd for qnti;en and the two~stage method for . |
ontibody u31ng convugatee of anti-BSA serim w1th florescein~
Is0 h*ocyanqte according to a nodification of the method op.
slarshall: et al, /11/. anferential countg were mads from
10, OOO cells of the initial . suspension and from 1000~SOOO eelle
: after cultivation. T S AR T
6o Sero’ogical determinations. The fluid from the chambers

was used to determine the anti BSA antibody cOntent by the metirog~

of pass ive microhaemagglutination with tanned.and’ benzidino-troatef
Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0
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. SRR T T -
ﬂf}f&5f574:-ff-7fgihf-'“f's- T T Holuo St al.?§%4i4§7“;t;v" Co
el ﬂ\sheep epythrocytesgii,: \%gtf 4 31.{7;;‘_tf¥;}me:¥€fT iilief.;.’?i ‘;g
o Types of experiments. Antibody produotion and the ppmber o g
vw’»i}o; antibody-oontaining cells in. the diffefent cell suspensions vr §
;f'were determlned after cultlvatlon in tpe.separate chaMbers accordr }"5%

‘;Ii;; ing uO the method descrlbed preV1ously /5/ Fjg‘c*‘thff“jfwﬁel_ ;

- ';‘ B The effect of thymus stroma on the immﬁnological properties:l %

i'“of cult1Vated 1Ymphoid cells. was determined 1n two further EIPRIRIE S

‘,,‘modlfie& cultivation methods. a. In chambers where thymus a{j3~';”f- ‘;}

. stctma,eobtalned by washlng\out the sxell cells from 5 - 6 small E
;ngregments of thé organ /2 x 2 mm,/, was cultivated for 12 and %

';5;45 dejs Chambers ftlled w1th Eat%e-s'solutlon were placed anto : t%

, ~jjf(;__“,thevreelpients at the same tlme. After 12 and 43 daye all bh@ 13 ;‘,}é
:T_p}'?f .ichambers were tekep'out and the fluld inside replaced through a- »é:,t:%
'E hole in the wall‘of the pleyiglass rlng with a:@uspen310n of ' ;i

. A
R & ! N )

?;ﬂlymphoid cells fresnly:solated from lymph nodes or lyhph with -?ﬁ; p'f%

R antigen /BSA/ ”'\ ) ’.‘ . ‘ N .. ",‘; e'.; R v. -::: . , . Ei;:,:},:,:v:; 1 ‘ -E
- - 2 ) o B ',_ . - },‘ .'!‘ Lol -,-_,_' B ot . ". :J.
bo_V{A Double chambers Were made of two. rlngs oﬂ_plexiglass - . fﬁ

fpand closed by three flltens, tho»centre one /of O 25 Tow O 4 /& .“ﬂ .}
e C o

T

: -_poros1ty/ being common to both assembled ch&mbere. The outer fiite

u'tters had a porosity of O 15 -rO 275 /u Fragments of thymus

‘) *

- -t
'_/3 - B gragments 2 x 2 mm/ were enCIOSed 1n oneaof the assembled‘
4 \

' charbers, or as" a control only Earle s soiution or fragments R

LTV VLT PP 1 SR

-~

l'wzof 1ymph nodes. In the second of the\assembled ohambers lymph01d*:.

- Sy 3

,l‘ cells were cultlvated together wzth antigenu/BﬁA/ : gbﬁfx“

L e
Vi

The totel number of chambers used in the experiments can
/ "'-.‘_‘A‘ ‘, B

Q“%'be seen from the tablesa Reciplents from one litter'were always

deeeiyel Toepdle e niE g

“used for the cultivatlon of dlfferent types of cells so"that the

‘influenoe of 1ndividua1 factors of the recmplenﬂ on the oell

¥
2
i
¥
4
4
;

A

[f.suspensions shouid be minlmql° In some experiments‘the chambers

.[» .o
" .
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'*Frcm tables 1 and 5 it is seoh ‘that all cultures con-; SRR
1“ ':\‘ \ " Sy e . - - '
tainingemore than lO lO lymph o? lymph node cells produce i
o antibodyes ins1de the chambers 1n titres up to'L 'Bﬁsgjﬁhe% A

T SETE TR AR R L TS ] st L e e

P ’ffﬁ;d Eung histlocytes /table 4/ seem at least to contributemisv, |
'_" o '.‘ ;.’iw: ave (\‘b t‘ “'. ”‘. k o ‘V.“r‘ ’B
’ to antibody formation, beoause the admixed amount éf lympho;d A .ﬂ J?
T gyzhfgécells gave demonstrable antlbodles if cultivated albneséfﬁ "t“;'y“'j'i
LS LD . N B »‘ : .4 R c '.k
; - *_On the other hand thymus cells /table 5/ ao not,g1Ve‘any»~ SR
3 ﬁn ﬂ relaible titres with the exceptlon of separated small”thymusil?*?
‘ : 1 fii dependent In comparison with small lymphocytes from secnndary 'pfdidfﬁ
*zﬂwl”-lf lymphoid tissucs thelr production 1sslower an “aﬁllttle delayed. - L

- *
%

The same plcture is provlded bx the count of antlbody

-

contalning cells traced by the 1mmunofluorescent method /Flgml/
l 5 -‘Zm of cells from 1ymph néde and 1ymphfare stalned‘speqifl- \
“cally on' ‘the 9th' day of cultlvatlon, thymus small 1ymphocytes;;}%'

;;.Il¢;.ju are a 1ittle inferior and thymus cell suspensions including
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cells, whereas in small lymph and thymus lymphocytes Cultures'
) ] ¥
there was a rema?kablegprevalence of re%ctive forms of smallf

lymph0cytes .amcng the p031t1ve cells,.Large lymphoid cells

.H.' N ‘_f‘

ana eVen histiobytlc forms were occa31onaliy found to,bonfain f;};

nantlbOleS“bOth insthe cytOplasm and sometimes'/on*day 8 oﬁ 9/

- ‘ /r--:

even inside the nucleus‘ In SOme nlstlocyte cultivatlons only ;le;gf

o hlstlocytes were‘found to coﬁtaln antlbodies, 1ndlcatiﬂgfthat ”:ff;
‘f“;L: . they might have the capacity to produce antibodlés on Lheirvown..qlf'

In routine oytologlcal analysls, the thymus cell cultiYations

ot % ‘ .

'-h**‘s‘dlffered from secondary lymphoid'organ cell cultureS'in thélr

" . “"-—\ ‘b-
v“‘ 4 . N - - PE \ .

tendency*to histlocytlc and eplthelial Outgrowth whioh was’f

e e

R

-ﬁi-.pronounced espe01ally 1n the samples 1ncludxng hlgher ﬁropor~ j;ﬂf

:fgﬁhistiocyte cultures there was a develOpment»of elther

n—,-t‘ﬁ % ’,

’ .

-

The morphologlcal detalls of cellular differentiétion durlng ii

- o ’;-r.\c’

cultiuation %nd antfbody formation have been aescrlbe& in pfevious

«exercxse some depessxve actlon on the lmmunologlc_:

7‘:.4"&1"”\-. ,'_' ’. "-‘ e A ‘

i

,_VOf lymphocytes Was tested ah cultlvatlons* of thymlctl ;
| L ,lymphocyﬁes from secondary lymph01d ergans, Af;‘
:"ﬁf d 6:uboth in double chambers and in chambe?s céntalui

‘%\

“ -

gﬁff'ﬁ~{f2g precultivated thymlc stroma,*which rorms a tm>1eal cpithelial‘”

. -
v oy : :
. v B [P ..it\ i

- toge*her with thymus ‘blssue produced lower titresu of antibodies

RER oy - ri",‘

"ﬂ ,lf anys On the other hand 1n such 301ned cultivatiOn of thymus

s

retleulum plus lymph01d cells from secondary organs, ‘a good ;{

“e“. -~
i . R

o




4.
" -

'r:907 from these surv1V1ng cells were small lymphocytes,_,,ffﬁhl"

L. . . . . . 4
'.,}_P?' E . . 3 . N

w{7caoac1ty decreases in thc sequence° r'

tﬁ=loglca1 function/,‘/le

o oo oo P
~A;:ﬂj Diécussion L€ %'b I :

1f;ﬁficells yith higher prOportions ofﬁlarger cells:

'f,stage either py ailferentiation towards larger lymphoid Cells v

'€5*zrea°+iVity of 1Vmphocytes in enhanolng their proliferatlon.in”ﬂ

kffthe capacity of differentiating lnto heavily pyroninbphii

> L‘

8 days of cultivation in double chambere, 24‘ 106 cells

ﬁfhave been counted in chambers containing Earle solution and

ftarget lymphoid cells, and 35 51 - 106 cells were found in

-;?chamber oontaining thymus fragments and target cellsa Over&

%
© . ) S

¢ “ N DA 3 » B N " .

‘ \ R . L S

fJBoth antibody formation inSide the diffusion chambers and

2k
el

. 3
,. . /,. D

EQcounts of antibody containinm cells show that immunological

W' ’:

lymph node‘end lymph

Ly

rcytes, blasts, recticulum cells/,l< small lymph noderand

élymph lymphocytes which enter the 1mmunologically competent

/4/ or by direct modulatlon /6/, 3, small thymic lymphocytes

/with the same morphological changes accompanying-"'

5 : ;‘u‘..’.‘

Even lung histiocytes /Which might at‘

see ref 16/ appear to have

forms and elaborating antibodiesayif U

I

o

’ffp ; It is likely that the lymph01d cell from the blast stage

on is 1mmunologically competent and preservesg

r/ ..‘,\

throughout its life up to the stage of the smal

even nonphagocytic histiocyte.lln the passage of the cell from .

primary to secondary lymphatic organs and into the circulation

this quality might be influenced by local environmental factors

';f' among which the pnoliferatlon stimulating factors sl such as the

J ' -’,», . '.' .
ot : Co R o .
bl

_/1a;ge'iymph0~jgphf

their immuho-}ff»‘
thymus cells indlucing large lymphoid cclls

aﬁand thymus reticulum which appears to depressfthe¢immunological

-

léast in part be f;?Ff:fv'
r ; - v}?ﬁ*l
i»ldescendants of lymph01d cells,' ¢ s

‘c,h.Ls quality 1:3'..'

1 lymphocyte ana
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,<;f: thymlc Metcalf /12/ factor -'are at variane with intracellular

;f '_j;ui;‘ events connected with adaptive proteosynthesis;fAs to the immuno~;;f?
.n; f:rs; ‘ 1ogical competencc thymlc 1ymphocytcs appear not to“be ﬁiffcrent L]
é?,ifgﬁij"nfrom 1ymphocyte3\rcsident in secondary lympnatic ?fségéa,%?%.;n ‘pigf
‘fffii ’ cn,:rvculationo Thymus might ensure the nonspecificldifferenﬁ}atlon '

ji °i;ﬁ' and multlplicatlon of lymphomd cellsjnot?beceuee dt iewanpiéen S L&
‘“7¥?;;:?55;5 proof /lO/, but because steedlly pnolifcret;ngwlymph01d cells ‘ﬁgili:.f
S g nyotsenter the 1nduct1ve 'phaae of antibody fommation.. The ¢ .
fffnff t;”;yjlmmunologlcal competence of ehymus lympgoldjcellgéycﬁ§;fl§'J.“h 1uféi:§
’2;: ‘ ;flymphocytes/ odn be detected even by ¢ransferloﬁ;%ellnlerfeué-;ﬁl'_;i{
’ ) pensﬁons 1nto whole rec1p1ent where thy mlgnt'be separated from ‘ t;;f
‘:.iT”,ZT bhe depres31Ve actlon of the reticulum /20!19/e{4& ) j_ . ;i:i
el S Tbe +erm 1mmunologlcally compekf:_e,nt cell" canthus hardly _ 8

be atnributed to some morphologlcal‘charac;er'ofivﬂe lympnold:;iﬂga{ii
‘i cells. as‘a morp%ologlcal phenomenon:béhe lymphoidg.ellfseemsftq ’;:¥i;
be non;estrlcted in - 1ts functlonal capacléles mn gizner;s%;éeiﬁ*“ .,ffj

of dlffe;entlatitm° A speculative attempt /e g,S/}J%OICoT;el;te “{_i 2
§ the'sméll 1ymphocyte Wlth the functional concept of:inccmpetencef;: ;f!
:'ﬁ;ﬁillfi‘ cannotibe Justlfled There might be only quant;taeive”diffefences 4 _,‘;
Sfﬂ{;jfxﬁd in the abillty of uhe lymph01d cell to undergo'tne‘lntracellular l_ifj
}iai;“i;:?i}changes requlred and to multlply as aJcommltted delleip}ﬁglcd' ‘fgi; wf
f;i ‘:Fn . 1 e hlgh proportion of celle”has been foué% to conpe , e ; s
4:1%' antibodieso The percentage of positive'cells is eomperable uo-the A

jufifﬁl= results of Maklnedan and Albrlght /9/ It 1s‘in marked Var;anoe 3

;ﬁ'71;ffl w1th the re°ULtS obtalned by the plaque technlque‘/l8/ Tnls diffe~ A
i ;fm} rence might be due to absorpltOn of antibodies inqdifquJOn chem~; V‘%
;;f';fr bers..It is, however hard ‘to- belleve that thls could bejthe case Qflff
. ‘3‘ - . Pt et

[

,13:; ;j-even in cells whlch do contaln 1ntranuclear antibodles;‘ In the

"

P TR T Y (Y4 1y T IR L1 S M e T

n o first days of antibody formation these cells form considerable o ]
T _ ‘ . .\ ' 3
* Bediassified Tn“F"?grt "§ar?.ﬂz”ed’éc?pfyﬁp"proved for Release 2014/03/05 : CIA-RDPSO. 00247A002800180001-0



: : " N - . - PR S DY
“@ . PR .- ! -...‘ ,,f . ; }\r“*\ . - -y Py ,‘ ‘;A .‘_4‘, s } &H'.UA _.

v' l Declassmed |n Part Sanltlzed Copy Approved for Release 2014/03/05 CIA RDP80 00247A002800180001 -0

e
I3
&

»‘are revealed by the plaque technlque, and this might be the main
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.
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antibody containing but antlbody secreting or 1iberat1ng cells

;)A

igg-’

13¢
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;;{ . Earle solution, with lymph nodec fragments or with thymis
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,Ip”fécént yéafs data ‘have been publlshod on the formﬁtlon &
fofle S and A S type antlbodi@s in response to various virusosﬁh
;36; 7 l ot al /s In our contribution, findings will be presont~:
ﬁed‘malnly concefning the nature of antibodies to lnfluonza
1,J”4vifuseso A further differcnce in the charﬂctor of antlwlnfluonza i

' fo.antibolies Wil1 be described in addltlon to the 19 8§ - 7 3 Lypg,-"

”fi eo_thc chan&e in their abillty to be potentlatod by the

;axgséucalled “antlbody cofactor”, We will show. that mislcading |
'}‘resuIts in the dotectlon of 19 S and espcecially of 7 S influonza

ifﬁgantibodle$ can be obtained 1f. the additive effect of cofactor

4¢fis disregarded, Somo charactcrLstics of this serum component

-?5',w111 be thereforc presentod first.

We found /4, 5/ that tho titres of spocifﬂc 1nfluenza anti-

;fhaemagglutlnlns decrcased aftor heating of antisera /56 o0/30 mins. /,

fif 2 non-av1d" Ag nfluonza strain /i.e. a strain of low anti-

:Nfbody sen51t1vity, also designated A2~ /o£- 2/ was used as anuigen

‘in the haemagglutinauion inhibition test /HI/, Tho decrease was

*1imuch more murkod in sera taken aftor Lirst v1rus adminis t;ations

-fithan 1n hyperimmunc sera /Filg.1/. It was possible to restore

- the titre of HIT antibodies to their original,

’ or cven to a -
"1jhigher lovel /Pig.

1/ by addlng normal unheatcd sorum contninjng
I STAT
R no inhibltOPS to h?~virus. '

e | ‘ _ - :
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ﬂhe fact that the actlvity 01 heated or stored immune
e serq lncrcases aftor the addition of normal unheated sorum, _

‘rd”kfis not a new. finding in virology /Gordon, Mueller, Meyer, . Morgan,.

Eexperiments, however offered evidence that, at least with

proposed the name "serum cofactor" or antlbody cofactor" forfg-“

f,iynot 1dentlcal with connlement or 1ts components /C'1 -~ C 4 / ’;p: .
e Clear evidencc was obtained when comparing the titres of cofectorf.

?;and C components in sera frecd of. complement by blnding on theé "

i

_‘v } antigenuantibody complex, Further, substances with anticomplemen—fflt‘.%é

N tary activity, such as dextran sulphates, heparin, pelentan "_fjfff "i;

f and trypsin, or the removal of the C 3 component of - complcment byf‘

5;pi5§§:“ zymozan treatmcnt do not oubstantlally affect the cofactor

;it{;j;;i titre, The presence of EDTA, which blocks the actlvity of ¢’ l S
I frcomponent of complement, doeshot inhibit the cofactor activity ‘i. "' ?j
';l?;'géﬁg in human, mouse, pig, piglet and horse scra, |

1545;’:‘i'f;ff; With some anlmal sera we wWere successful in separating the o=

factor Lrom ‘the components of complements, u31ng gel filtrat on.»e

Separation of guinca plg scrum on Sephadex G 200 is illustratod

S .’ in Fig.zu Cofactor activity occurrod mostly in the first pcak "
' ':- containing the macrogloculins, whercas the individual comploment
'"'romponents were mainly presont in the 7 § peak., It must bc added

that with mqny other sera thc first C component was also detectcd

1n the macPOglobulin peak, /C’components werc detected using

't reagents Rl R2 R3 and Rl def101ent in the respective ¢’ componcnt/
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On papor eloctrophorosis, the cofactor from mousc serun

ct

moved along with;v-globulins. On immunoelectrophorecsis, tho

cefastor activity of bovine serum was bound to the pemacyo-

- globulins, The macroglobulin character of cofactor from varicuvs

aninal sora was also demonstrated by density gradient zonal
centrifugation /3/, In Fig.3 the macroglobulin naturc of riousec,
6ovine and pig cofactor is eovident. However, tho cofactor

from serum of newborn unsgckled piglets is of lower molscular

welght showing an S20,w Value of 3.0 to %.O S. The smaller

molecular size of piglot cofactor was aWSO confirmod by chrcmato-

- graphy of piglet scrum on Sephadex G-200 /Fig,4/,

Now some remarks on the 19 S and 7 S influenza an*ﬁboay
formation. The character of antlbodics in rabbit serum taken
10 days after administration of non-avid A2-influenza virus

1s illustrated'in Fig,5. Both 19 S and 7 S antdbodies can

. be detected in unheated samples against the homologous antigen,

The titres of these anti-hacmagglutinins docrease aftor heat-
ing /56°¢/30 mins/ but can be restored by adding cofactor in
the form of normal mouso serum, - Using tho A2+ virus as antigon
in’'tho HI rost, tho 7 8 globulins can also be dctocted in this
antisorum,- though in a Low titre, which 1s rathor surprising,

We cannot say, howcver, in what quantity 19 S anti-A%+ anti-
bodics are present in this antiserum, The samplcs from the

macroglobulin peak show quite high HI activity, but we

' found that the nonspecific 2* inhibitop /againat Ax + stratnsg/
.18 presont in this poak after Sephadox chromatography of

nermal sera,

The Sephadex scparation of another rabbit antiserunm is

1llustrated 1in Fige6s The serum was takon 10 days aftor a2+ the
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§17;5¢ administration of influenza virus, Tho formwtion of 78 antl—_

’aodiou agadnat tho 1’vﬁnﬂl_wﬁm tutdpon 1a M vlnna. Thae 19 8 eut?tw :

dicc aro also probably prosoent, but ~ as in tho provious ¢nss -

th y cannot be difforontiated from the no n~specific 3¢ inhibltor. ~7

Both 19 8 /1n a small quintlty/ and 7 S antibodies can bé detcctod
against a non-avid /-/4 2 strain, but only aftor addition of the
serum oofactor, the 1nportancc of which thus bcc0mos clcarly
evidcnt " |

egu.‘ .

' Extensivc immunlsaticn eXperiments on white mlﬂe revcalod

‘““Agreat varlabllity as far as 19 S and 7 S antibody responso ;S

'r

concerned. There were cases where 19 S anvibody fcrmatton precedod
that of 78 antibody, as etpected. Howovor, in other cxpcrimonts"“

7 S antibody appeared simultancously with, and in equal or even

higher amounts than 19 S antibody., Th;s occurcd on uhe érd - 5th f{“'/"

day. Dcteetlon of antlbodlcs - Or thelr tltre - depended on
whether serum cofactor was present in the rcspective fractlonss

This is especially true of 7 8 antibody, because owing to th

. macroglobulin character of cofactor, the later was not present

'“L._{ 1n frqctions from the 7 8 globulln peak, A similar caso 1s shcwn

1n Fig.? which 1llustrates the separation of mouse serum taken

5 daya after virus admlnistratlon. Judglng from results mhlch

samples tcsted in salinec, a small amount of 19 S and 7 S antibody L

"Ed snould be present However, if the same sanples arc tested with

Styk et -ali. - a7

4~cofactor added /1 Ce using normal mouse serum l: 15 as diluent/,n.u -

thc detected amount of 7 S antibody 1ncreases consideraoly‘ Thisf”f

13 also true for virus neutralizing /VN/ antibodles, /VN acti.

- vlty was:- tested only in fractions from the top of the first and

second protoln peaks/ In many cases tho actiV1ty of 7 8 antlbody .

was much more enhanced by thc cofactor than_ that of 19 8 antibodyo

: Declassmed in Part Sanltlzed Copy Approved for Release 2014/03/05 : CIA RDP80-00247A002800180001-0

H

STAT‘



Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A00280018000; -IOHT

A - ‘ Styk ot al. - 5

On summary, we wbuld 1ike to ﬁoint out that in eddition ta -
“tha replacemont of 19 Slby 7 § antibodlcs, a furthor change in
+tha charactor of antibodins from "early" and "late"‘1n¢luonva entl-
'sera can be observed, i.e, thelr ability to bo potentiated by the -
"antibody cofactor", The former change /19 S ~ 7 8/ is usually
"_mcrc‘raﬁid and does hot coinéide with tho létter because -anti-
"hody which is and that which is not potentiqted by the, cofactor
‘; can ‘o both of the 7 S type.
Serum cofactor does not play any rolo in uhe activity ol
’ antibody /ei‘her 15 S or 7 5/ to baCuerlophage ci/x 174, Our
..fresulus of 19 S and 7 S antitody formation wore similar to
those 1n experiments of Uhr and Finkelstein /7/. Howevex, in
. ‘addition to the expected sensitivity and insensitivity of 19 § and
| ”.of 75 antibody, respectively, to mercantoeﬁhanol, we observed
~the formation in rabbit of 7 8 type anti-phage antlbody wnich
:was senoitive to 2-mercaptoethanol +reaument
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The Inductive Phase of Antibody Formation Studied withi i)

“1 Isolated Cellszdfr\ jl}_t: : ;-dai'i&v;l:;h

13

Czeohoslovakia

Prague

phase of antibody formation can be conSidered to be functionally
distinct /processes taking place during thatwphase/ from the -

DV S ; g o "7 .
later phase _sthe actual production of antibodies /15/ This ;

-

conclusion was based on obsorvations that the initial phase of

W -~

antibody formation is much more sensitivo to certain forms of

ttif‘?i?_ﬁgi;cells are cultivated w1th the antigen in vitro antibody format~‘?f

”fion does not occur, cells potentially capable of antibody format-.}ﬂyi

v

'?1-” itﬁ;'ion /immunologically competent/ only survive in tissue oulture i"F

r;;fand the process of differentiation for antibody formation starts

R IOLIN Loe
4N '

aiﬁiﬂ_itb?tonly when they are transferred from tissue culture to tiSSue%.éVﬁff g

‘fculture in vivo in a newborn recipient /14/ Using this mothod

O “fof transfer we showed that the smallest numbcr onSpleen cells

T : \( Ki

vcapable of forming Y SUlfiClent level,of antibodies in young

P

. M;-_'if;;; recipients for deteption by the agglutination reaction /i e.uLfT

“g.about O 1 /ug N antibody/ml / is 106 We further found that

s

¢y

.'770f this number probably only in the order‘of lO3 cells participate

»
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<N an actual production, 1, e, about O l%° On the basis of these'{n
quantitative findings we werc able to exclude the simplest version .
: of the clonal selcotion theory, by which antigen acts directly

by the proliferation of cells already producing the given type L,Qf

of antibodya Our calculations showed that on this assumption and ~p5‘

With our methods of dctecting antibodies, thcy should have*been '

4-2‘7 detcctable socner than they actually were experimentally /20/
Vo This was ‘the baSis which’ led to our arriving at the conclusion . i
that actual production is preceded by a qualitatively diffcrentn?;?7h“ff“

‘,'-'ii inductive phase of antibody formation whose basis is a changei-i”’

é: ; f{ in biochemical and morphological prOperties during the process
o -v~of differentiation /15/.. .j"llff, fﬁj,fgigf;:pfﬂf:flpi;:?fﬁff:
%i;ﬁl1;“ - '.' In the most. ‘recent years We have made further observations4 |
‘i;ftc‘ in’ support of these concluSions° With ‘a model of transfer of. ey
;fj;ﬁijﬁ{? isolated cells we showed that the duration of the inductive phase ;

A\

fg,_;'ﬁ can only be littie shortened but that it cannot be eliminated

,xd'

-

/17/ 1f an increaSing number of! spleon cells lS used for transfero LR

- “ ®

We used a whole spectrum of inhibitors of nucleic acids and found
" “‘ » . ’ '{) "tva
T wthat only a few inhibit antibody formation even if those which ?:”

é .

‘ "“‘;tf : do not affect antibody formation have marked antimitotic activity

P )
3 3 . P

DU /18/ The nucleic acid " inhibitors, G g, 6-mercaptopurine and o

.Y

[4{ o fi thioguanine, ac’t orly during the inductive phase of antibody for~-ﬁ" g

fh“f? ation /16 . " On a Similar model the transfer of spleen cells to

\

;’f lethally irradiated isologous recipients, Makinodan et alr /9/

; Slaffd reached the ‘same - r‘onelusmn, i.e that the first phase of antibody
3_,;?';11 formation /the latent phase/,actually exists,and can be explained ‘
Y ﬁultf* in terms of disorganization and reorganization of the germinal
cen‘tre T L e e

There arc, however, certain data, obtained for the most part

,,.
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:i ing titres of antibodies in the serum very soon after giving

) ;‘antigen and by the interpolation of the results almost eliminaﬂcd

FECEE

PN

adikis i S o oML

' with phage and virus antigens /12 24 5/,'which are at variance

,‘& mitted to provide further ev1dence°

b ,..‘- L _‘ . S

“uf% number, -that this number does not 1ncrease during a short period

oa substance forming a gel medium w1thout an anticomplementary

"tfiieffect /4/ The’ test was further modified to permit morphological

; washed three times and diluted to a given concentration in’ Parker~~‘

R solution with O 57 HSA and immediately before mixing temperated

"'r

AT ML s aess meass memes aed mReEm s SEEE ST OT T

W . P T _._.,'

1 33 Vo
.“r o j"' o i”t'. §terzl et al y- 5 - ”}js,ﬁwj*

with these results and conclu31onso These authors iound increas-.~~'

'
-

thc possmbility of the cx1stence of a period during which antigens

were not formed However, s1nce in our experiments, particularly

-

with the 1mmunization of young animals,,we continue to reach

S

the opposite concluSion /19/ we attempt in thc experiments sub—

"

[ .
, . S N ;w. . L

Direct proof of the. existence of an’ inductive phase would

‘¢ ,'

'be provided if, using a population of a’ sufficient number of 3_
cells /1 e, at Jeast 107 - 108/ and a sensitive method we could

demonstrate directly on the cellular level that antibody produc—hnlli
ing cells do not appear for a short period after the administrat-_";r
ion ‘of antigen, or if such cells are already present in a given_;gfi't

after antigen injectiono We seleeted the plaque techniqqe of

determining antibodies whieh was introddced by Jerne/8/ as most

o suitable in resolving our problem and modified it by using agarosew:,fﬁ

3 (3

I

and autoradiographic observations of antibody producing cellsrﬁfnfﬁ o

/22/ Lo RN S

e
.. .
v

N ‘.?: - '-.-

Method° Cells 1solated from the spleen or lymph nodes wcre-in:‘

ﬂ

*

‘ at 4200 One part of cells was added to “bwio parts of agarose'»,

containing washed sheep erythrocytes /5 parts 1p agarose in

?

Parker solution with HSA +1 part 67 erythrocytes in Parker ;‘

6~.
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s K ture of cells, erythrocytos and agarose was pipetted drOp by i

drop from a height of about 60 cm° into a Petri dish or onto

'a slide° Drops with a diamcter of 18 mm. and single layers of ,5~ -

- ,erythrocytes and lymphntic oells are formed.. If the drOp is dried ‘

it has a thickness of about 20 /u. The drOps arc" incubated at :
5700 in a moist atmosphere with 5% carbon dioxide for 6 - 20
hours° After 1ncubation drOps are ovorlayered w1th guinea pig

| complement absorbed with sheep erythrocytes. One ml. of COMplG«

R e
J:z?.";;". e LT R T eI

f rrg'; ment used contained 20 units; The plaques are counted after in-h' L’
- - A
s - cubation at 3700 for 1/2 hour, and the cOmplement then removed R tﬁ@%
'fklf by veronal buffer and the drops. fixed in formalin vapouro After' :“j
e : o

fixation they are washcd in distilled water and driedo The pre-'v
' parations were ;tained wilth Giemsa-Romanowsky diluted l 2Q€)“ ‘
'%:‘ for 3 - 5 min° for the morphological determination of the lympha— p*}~'ﬁ;
fﬂ;f;,7.' tic oellse For autoradiographic detorminations they were covered '

w o

;a“;h»ff' ‘with stripping £1Im Kodak AR1O, - "~ 'u'; .Afl’;;f_.. o
ffﬁi,»ﬁgz:;l» We - first determined the dynamics of the increase in the
‘ ;A number of antibody produ01ng cells after i v. immunizatiOn of
3tJjﬁt;f mice of a noninbred H strain /weight approximately 20 8o / w1th
:lﬁhlﬂ O 5 ml 17 suspension of sheep erythrocytes° Before the addition ff': B
' of antigen we find an average of 65 antibody forming cells from |

the total number of\lO8 cells /minimal lO maximum 140/, 24" hours

:i ;i = after the addition of antigen we find on an average double the.ﬁ-f
- :'. number. This increase, howcver, is only found in some individuals,';f
;1: p'; in others the number remalns within the limits of the initial :
' rriiff 'value after 24 hours and'may even approximate to the minimal

»y(l"g' number of cells determined before immunization /17 to lO cells/
;.rf?;'l 108/ In other animals after 24 hours we found the highest values {’.
; f?ﬁrrgi,which were found in non=lrmunized annnals /110, 129 159/108/,_

-r".‘ R
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;} 1n some, however, the number was double the hlghest~values

.

H-‘.befor’e lmmunization /577 315/108/ A u_niform .‘anrease Q_n the “f £ -
ﬁ'“number of antibody produ01ng cells of an averape of 1 741 occurs

4

.

'"}'lytic antlbodies in the spleen decreases. Slnce the largest numb

fbody forming cells were small lymphocytes, 477 were medium»sized

¥ -, -

IR

-

“lymphocytes and 27, 57 large lymphocytes° Cells which woula ;raifl'

oo

§ o 5 S
& .probably gradually be transformed into typlcal plasmocytes were{ vy
SRR : 3 s ,A}':.;’;‘t:'l,

A

. v,
‘r~g;seen only rarely, The greatest 1ncrease in the- ﬂumber of antibody~‘%
Sy IR g0 LAk <"" '
Jproducing cells was between thdthlrd and four*h day, we wished' a0

R
® . - R . »y l(t'c ]’fa

. ,.v,,; L1 &'ﬁy 4‘”
to determlne whether the increase in ure cell population~at thls -&ti &

e "
..a" ’.

N ‘\

o : . :
With antlgen and varlatlons in the thO durlng Whieh cells de

N

..

velop‘fi"’”

v

u_sed thymidine H3 but 1% wes: i‘ound that most of the cells remairit""_-"

deeper that 2 u below the surface in- thethln layer of agarose“

so that labeled cells Wero not detected. We were more shccess—'{f;

L

‘o,

ful on using thymldlne Cl whose effect penetrates to a . distance “f;

u’_ .

;zpf 904u /2/ In the flrst experiment thymidine«H:5 in amounts “%“}fo’g

L
. .

[

;.29f lO pC wag lnjected i.p.‘into mice three times at. lntervals of

1

k] '."‘. e“ w
4 o 1

3

e A, % 5 1 }t ‘: )
RO iﬁﬁw\é hours betwecn the third and fourth day aftor immunization. Only . .
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‘ﬂbwere fixed immediately without 1ncubation° Of a total of 50

";pwe add 107 of cells Whlch could have acquired labelling between';7»::

,f.fdetected as’ antibody producing cells, arise by mitotic diviSion»,zplw

J'}?Cﬁmhe experiments determining the time course of the . increase in the K

f‘flwe are dealing with 2 most heterogeneous population with a diverse
'%fi’individual history. In nonimmunized adult mipe there‘is not only
':“i-y._variation in the number of’ cells 1n different dindividuals before v

' ﬁfjmmunization, but after giv1ng antigen the rate of onset of éf,ﬁ'l?:’}?

KT “ ‘

: ”'; in adult animals and t is probably the rcason for the diverse ;L:

" ,_‘. ! ‘. B v, '-,&f‘-

. 1 .‘l’(’

‘{‘f‘ éterzl et ala - 6 ;-lg
fore administered thymidinc from the inJeetion of antigen every '8 f
hours to 72 hours, i.6, a ‘total of 10, doses /one mouse- received

42 a total of" 50 nC/ In these experiments we found that the totalf

"number of labeled small, medium-s1zed and large lymphocytes wasg’;

25%, the large lymphocytes being labeled lOO%0 The same percen-h:_

* .".c, :

254 was labeled in smears 'and -in agarose if the drOps 1,'"

tege, fe eo}

flexamined centric cells. only 407 had 1ncorporated thymidine. If lﬁgbftrg

4 .‘l'v',

y the third and - fourth day, during which thymidlne wes not given‘~u‘

in this experiment /on the bas1s of the preceding experiment/,. L

S,

‘xwe consider it to be definitely established that not all cells~{l;';"

“

Ty

,!-

'number of antibody prcducing cells in mice make it clear that

Tl " Q

bl
o F\x;k‘.mq

‘h..

‘-antibody formation Wthh is very marked already after 24 hours,f}"‘

4

:
g“.‘%}: f.:':. 3.
‘:-“1"

Ty

: “showe individual differences, We cons1der that the individual

353

= :‘z"“."'ﬁ'

'heterogencity is the. result of the diverse immunization history s:_f,

g R

3 _results obtained when 1mmunizing adult animals,fgspxifl'?ﬁ“
-On’ the other hand our conclusions on the time course of

-

the onset of antibody formation are mainly based on develOpmental*f”%"
; studies during ontogenesiso We have repeatedly confirmed /21/ |

that a real primary reaction can be expected with most antigens ﬁﬁ

. FUTIAAN
nvw'l r v\ﬂuﬂf\n'nn Tavdimnla
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‘antibody forming cells in newborn rabbits from the first to the

rz‘

i

'30th day of life, both in nonimmunized animals and in newborn
"l,animals ingected i Pe at different ages with 1 ml 107 sheep
' erythrocytcs, Shortly after birth we aid not find a 31ngle

ycell in lymphhtic tissue whlch formed antibodles, Only from'_;*

-

R S

. “the 20th day did we find very small numbers of cells produ01ng

"antibody to sheep erythrocytes /Tab 2/ in nonimmunized rabbits« ;»ﬂx‘

ﬁ;ff_:f-‘f On the other hand as found previously by Riha /ll/, if shcep
;dfiugf}_h’erythrocytes are ingected into newborn rabbits, antibodies are;fHE\
'fzégfalready formed on’about the fifth day of life.‘In accord W1th 'f~

"%chis, antibody producing cells arc detected at this time by the

R . " l
- . &

J'.,plaque method /Flg,S/ It is also evidcnt from the experimcnts

- A‘

on rabbits that the number of cells detected at the same hours

R &

c,ﬂirflh after antigen injection increases continuously with age° Whethers;V

BRI - b §
% IO
p : oy

;jﬁétffér' this was. due to the spontaneous maturation of lymphatic tissue

- l’

*“f?.or to antigens of the 1ntest1nal microflora or fbod antigens ff} ;“i

BRI i ,'W R

”%ﬁ!};f'f‘”WhiCh have chemical groups in common with the antigens of sneep

7*,;‘gfverythrocytes /7/, we attempted to’ d001de by further experiments.,-ﬁ;’””?

%;Jé lhf,flz - To solve this question we. used once again the ‘model of

~
,*.,.
H

- ;fﬂ'}-sterile piglets which waere fed on a nonantigcnic diot‘ as fﬁTjt;

“:Lf'described previously If we, detcrmine the appearanco of produclng

;;Tl tells in normally reared piglets /which receivcd colostrum‘and
‘iffwere reared with the mother under normal conditions/ we ‘do’ not
z;df;nftifind antibody forming cells immediately after birth or on the,;‘ :
{Q.xfff-;lseventh day of life, but already on-the l4th day thore are 9‘:, :
| :'antibody forming cells per. lO8 splecn cells,/i e 63 cells inifaﬂrili

e _

! v :the whole spleen/, in another animal of the same ago we found._.
i ;ﬁéhgl,,277 cells calculated to the whole weight of the spleon. These‘(“f ‘r'v;f
R W
;th’ 5,, results stand in sharp contrast with those obtained in plglets
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L present in the lymph nodes /Tab 4-/ The differenee between the-ffr' ?

Y

7

.”hand if the piglets are given ‘an injection of sheep erythreeytes

' by maturation, as we thourht originally /18/ ':M Q-,*: :;faery_j_ﬁ

§

SN reared undcr sterile c0nditions on’ & nonantigenic diet Up tov:-

T

7tj/1o ml ZON suspension of sheep erythrocytes i.p / on the first
f'day of life, the first antibodics can be deteeted after 72 hoursfl
‘i-/Tab 3 Fig.4/ ‘Whether the number of eells detected at first ,fl
‘/72 hours after immunization/ ehanges w1th age is diffieult to

‘:'7j.decide on account of the small number of results. It would seem, ?t.

N - '4,-5, :.

N T Sterzl et'al, - 8. 1

< . - R N i N ..\ 4 . .

l_'\

one month i, e, for the whole period sterile artific1ally fed

piglets were reared we did not detect one antibody~forming cell

to sheep erythrocytes if antigen had not been giveno ®n the other B

* e

r: S
t

¥

I

} however, “that 1t 1s more affected by 1ndividuel factors than iu';

l . XY

The results show explicitly, that antibody formation does

'fnot start spontaneously during 1ndiv1dual development if the

'In both cases, hewever, not a single antibody forming cell wds

during development while in the second andantigenie stimulus

cin normally reared piglets is due to antigens eneeuntered by the
_;animal appears to be given by the experiment in whieh the number f
5{gof antibody forming eells was determined in sterile piglets fed
.on. an antigenic dietv~ degraded eow ‘s milk On the SOth day~of

life 7. plaques were detected in one animal and lO in another.}l‘v

‘d.is not present,.

d

individual is protected from antigenic stimuli The proof that the

"" S0 ealled spontaneous" develOpment of antibody forming cells ﬂﬁ,’;w

T .

H

* u

\

'v]fonset of antibody formation in normally reared rabbits and sterile

. \.4

e

‘ﬁ’PigletS /Fig.S/ is probably thit in the first case antigen actqlm.%

ra 2t

K . [P - ﬂ ) . ,“ .
.-._t L : N
ey e e

., h.,'"\

However, there arc several conelusions that are common both

T
2,2 2o
S

Hgkings o oo

S35 3 LInT 2 ; RSl
et iz 53] D . R
¥ R ey S i P i e T O W g R

“".—
E
i

r'*-? T:
iy “‘«§ s
e ] ~——g

3§
3

for rabbits and sterile pi”lets,_On the basis ef the data obtained Q}fﬁi

,“'in 8 - 10~ day rabbits it can be excluded that a preViously exist- }7
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. 4 ]

al} U -

: ﬁ'; A We have no such proof at pre ent for technical reasons (In order

R the negative period If we assumed that thc number of producing

B R -

e If an estimation 1s madc of the doubling time in both models

' C e
[ s

‘u‘, L ‘ ‘, o -[‘;f fhrfﬁ Sterzl et al 9 ‘-?‘{

., e *

i ,

ing cell in. the organism at the time of 1mmunization could glve‘*-

: rise by proliferation to the number Ol cells dctermined after "

C‘

e cells arose by proliferation then at zero time in the rabbit

there would have to be only 1/250 antibody produCing cell for~'A,
the total 108 spleen cellso One antibody forming cell would »
”r

' only be present in about lO1 lymphatic cells, which is much

more than ‘the young organism actually eontalns /this amount"ﬂ

P would correspond to about lO - lOO kgo.rabblt/ The Situation
Tr’*“ !

in piglets is similar to that in infant rabbit In this caselg

,,the onset of antibody formation lo a little léter and therefore

Wt . T en M Q'p-",.-‘.4 £

?in the zero hour, only l/lOOO of a cell from the entire populatn,&‘il

o',

lon of 108 lymphatic eells would be able 5O . take part in anti~

.,”1 body formation. This would corrcspond to the presence of*one
N .' : V“
Tvgs.ﬁ cell in lOll lymphatic cells, thus again a number greater than*

e j;v.~' . \,

that present 1n a newborn piglet The second possibility that

(R

at zero hour one cell isg prcsent Wthh reaches bhO number deter-;~};
RN mined in 72 hours by the verytslow pPOCOSS%Of proliferation in
‘-"e

untenable since at 24 and 48. hours the producing eells*could

S NN BN

4.'.

t‘*rgy'\ actually be detected 1n both medels /piglots and newborn rabbits/

. “135.? the basis of experimontal data obtained between 72 and 96 hours,

N - 1

it eomes to 5 hours° On the ba31s of the above calculation and

the very short doublin& time wo are of the opinion that producingf;'

L3

cells do not arise by a process of proliforatlon of preformed eells. -;

It would ccrtainly be - correct if we could provide direct proof

“ in the newborn ‘that the production cell which is first detected SR

’ does not ariso by division and does not incorporate thymidine 014
. R . € . ‘

'., 4
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7f“l ':_ ' ' ‘ . éterzl et al

&

i

Py

o

\\

)

el

e

OIHI‘

4 ‘i;-"‘ "‘ LI

; to detcct the very small number of»cells appearing in the‘5%

newborn it is necessary to use concentrated cell susponsion,.e;

s .
"

“;lda 00113'per 1: ml If cells are added in this concentration
‘"to agarose, the” area of the plaque of ¢ l mm,'oontains appro- }ﬁ*r

ximatoly 4,000 lymphatlc cells. It is thenefore impossible?

N e e . R
1 o )
.

;,*:fﬂjﬁﬁv in such a- concentration to ostimate what. célls are centric,.,; .,
?‘éf ?7,—51 e productiveok_ . ‘<'“:tf[.ﬁfo"{:Lfgziféﬂg'faiﬁ Ejfffsflﬁ,y
}ﬁlf;iif;i;fi The second more probable conclusion which is also in fﬁ’
if;fﬂf; ) keeping with thc previous findings with the 1solated cell . S

L . e

“; transfer method assumes that for, a certain time after antigenf?tilt

‘,, R

{j'"fﬂl P? inJection during the primary reaction the cell passes through the

1’ o LR

- F;ﬁ“b?é inductive phase ‘and’ does not produce antibodies and that prooess-«1

'i?éf es take place during this time which are distinct from the later

+ RAE3

1 process of - actual antibody production° Tt is possible that part

'tiﬁftﬁiﬁof the cells which are capable of responding to antigen /com~‘

'petent cells/ divide already in the course of functional trans-..if
formation when antibody is not yet producedo.However, on the ;7;'

T basis of experiments with- the incorporation of thymidine into , )
[.f‘if antibody producing cells it must be: accepted that at least ax; .
‘ . Part of competent cells is transformed into producing cells.ﬂﬁé_‘;
'"i without mitotic a1V131ono. : f;lﬁi -’_j ,h,ff{!;?; B

\\‘
5

| L We will attempt to treat the experimental results mn the~‘:ﬂ ‘

}, »_:.M9 light of the. basic unrosolved questions of the origin of anti—y |

‘f bodies, If we conSidcr the theory of the existence of multiapﬁVV'f‘:"

| ';'A“ potent stem cells capable of reacting with different antigens,:l{;f

¢ 7+ then at the time of administration of the antigen only an’ un~ . .
' probably small amount of stem cells would ‘be present inha.#‘
3 physiological condtion allowing differentlatidn according to‘

. ;;} f;: the type of stimulus. I we find that out of A total of 107 o

o lymphatic cellS On]V one rald’ mnnTR kh'i“nL:r p
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*

“ state permitting 1t to react to any antigen,_then this hypothesisd
flseems highly unprobable° In adult animals the ratio of the total

-'number of cells to- the producing cells shifts to the Slde of the‘,'
é-.J producing cell “In our expcriments,‘we have: shown that thls

foccurs under "the influence of antigeno It cannot therefore,,*'d ’-%zc‘f

A
£ - ('\.'.

o

%‘Epabe doubted that there 1s- ‘a certain form of branching process

X1\
BIY
il
.at A
- P
-
" Ve
3
i
o0
PR Y
s
. [%
oo
3
Ea
i
;"
al

o -_in cell population capable of responding to ‘a corresponding
.. Y : ve i - ;; S
antigen, It would ;scem, therefore, that the quantitmt& results‘g"‘;-;-”

i

: ¥
TR

e
prrcargs
e c et

“
\
S

P

obtained in newborn dovcloping animals point to the hypothesis WL

~,1“of the selectipn type in which antigen would act either on

St =

e

3

PR
; EY
LN 7L >

”‘ﬂjf certain cells genctically preformed or arising by a mutation

TCEHEEE

?"iﬁﬁ%.'process rtand - selected by the antigenn These immunologicallysf"fupf@lf

Tﬁ‘»’i"';
T

B2

é,ﬂ“'competent cells; differentiate biochemically and morphologically

o

',k . .
a0
.

; }ffduring the mnduccive pbase into antibody producing cells,xr“fﬁﬁfqé'f:«*éﬁ

. - ¢ R . N
. e . ) . , oo . N ,,;, . R
. P P ESP P - co : K ] Yo SRSV
IR TR A B aoe < il . . . v LN
;v . N i . § LU o
e e . oL U P M (. . : . . - ST . . ' : r. Dol
i & . : . PN
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Table 5 .
Number of antlbody produclna cells /pcr 108 spleen cells/

in ncwborn precolostral sterile piglcts reared on non—anti-n*"

ﬁ“f'genlc diet

A ) of v _
, p%glets . Non- : After immunizatien
"at tho . . irmunized '

48 hrs. 72 hrs. = 196 hrs_f

. . i
e 8 . 0,0,0,0, 0,0, 37, 37,50
| §

i i :
i ; O i 6, 55 t
; ; |
- i i
| | g
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oo Number' of Antibody Produ01ng 00113 in One-month Old ot
Piglets reared Stemle and Fed on’ Conventlonal Dmet
: L weightl total - .| tOtﬂl percentege Of ) x
S . N CTen . . in g | number inumb.er' | pI‘OdLlCtlve ] ».-. | '
S RPN A B | _of cells iplaques ycells ' -~ = .-
- l : . A . A l LR - o
i Piglet 3| spleen | 5,17 |- 6, 1 x 108r .10, O 0000016 SR
1 _ "ly'mp‘h' node 3, 29‘1'" 1, 5 x 108’ 0 ; e ‘
1o |7 spleen . - 7,43 .9 5 x 108 erh o oooooovs 1
_.P_lglet_? " lymph node 3,07. ? 34x 108 00 O & ?‘_'., b
. : S o o . -7¢ I AR A S " L' -
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gi 1“‘ The'Change in the Moleeular Weight of Antibodies Synthesized

RO in Tissue Culture after Seeond Immunization

E . . _— +

R o a' .

‘R'."S.N'e‘zlinj, SN = |

q'.,.

»

j Institute of Radiation and Phy31co—Chemical Biology,

A

ncademy of Sciences, Moscow, USSR o E 3 r

cL T, * . -
- .- . .

\f_ffsfilf;{:lhe ebange in propcrties of- antibodies in the course of
Jigz immunization is of great theoretical and practical interest Such
L a phenomenon has been reported by many authors. It was found in .
'f paruicular that antibodies in serﬁ of hyperinnune rabbits sub-
Jected to: second immunization w1th serum albumin exhibit immuno~d
_ichemical properties that are on the fourth day from those dis--
, vplayed by antibodies on the seventh to tenth day after immunizat~
‘ ion, The former /"earlier"/ antibodies require considerably more -
antigen for their precipitation thar do the’latter ones. /7/

' Recently, -a numbcr of laboratories have succeeded in show-‘
'ing that after the ingection of antigen, sera contain*entibodies
Vof a high molecular weight /19 S. antibodies/:‘then their: number
decreases with increasing number of antibodles of a moleoular 4

_ weight ‘about 160, OOO /7S qntibodies/ This has Yeon particularly
'clearly demonstratel 4in the case of primary response /1, 3, 13/
. This work deals with possibility of 19 S antibody format-
ion 4n hyperimmune rabbits by investigating antibodies formed by

cells of spleen and lymph nodes on separate cultivation in vitro

rather than serum antlbodies that are mixtures of antibodies sSyn-

- thcsized in different organs. Cells were isolated from rabbit

organs on the third day after second 1mmunization, 1. e. on “tho

day whon one would expoot sythesis of antibodies with' ahnanma

1 Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA-RDP80-00247A002800180001-0
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precipitating prOportieS¢ A comparative study Was made of qnul-f

L

N \g

bodies synthesizcd on tho fifth day after the second 1mmunlzat—g .
Ef;t R ion. "Heavy" 19 8 antibodles were distlnguished from "llght" IR ,}b
SR 7 S antibodios by filtering through ol Sephadex G-200. f*ﬂ{[;}f“f Y
Mothods | T‘;'} ~} C o f;7,‘-§f?.;?5:i,{f5jﬁyu 5_??511,'2-f'1 §e
"jf??_“-“ Rabblts were - 1mmunlzed w1th a human serum albumln /HSA/

o aceording to *he Iollowing scheme /6/ Thoy were: given 1ncrcas1ngﬁg'_-‘F£

v

.{ B .x
amounts of albumin 1ntravenously for uhPGO weeks, i,6. one, two

and uhPGG mg /9 ingectlons/. nfter two-three months rabblts

f: jﬁf'were injected with 50 mg’ of HSA each /seoond immunlzatlon/ On ~

the thlrd or flfth day after relmmunlzatlon rabblts were ex~f‘

.sanguinated and the spleen and 1ngu1nal and popllteal lyﬂph T ﬁdﬂ

L L

nodes removed. These were minced with sclssors and passed

through sterile capron mesh._The cells were then washed and‘-;' s
b . X '4
-'suspended in Eagle s medium. The flnal volume of the spleen cell ’ -1

I

suspension was 6 to 8 ml, that of tho lymph node cells 5 m. SRR

Up to <0 7 of the ‘Serum pﬁ a normal or experlmental rabbit was-‘b}" it
, added 2 the suspen31on. o '.~; L ,{’ } {[,' o \f* ;'?[”f ok
_ Cells were cultured in special small vessels oomprlslng two
parts /Fig.l/. A small cup /Flg l/ was fllled with a mlxture of Ch
.naﬁles 8 medium and rabbit sorum /about 6 ml in all/ with
- a small glass covered magnetlc bar /F15.4/ plaeed on the bottom, ‘
A ring /Flg.2/ Wlth a. cellOphane membrqne /Flg.S/ suretched on | . |
' it was plaeed on the top of the cup, both belng tlghtly fastened :
‘ with rubber rings from outside. 1. 5 ml. of cell suspension w1th :
/uc of algae cl4. rotcln hydrolysate, Wd$ poured onto the
membrane and the asembled vessels were plaoed in orystalliser

/rig.ﬁ/..nll vessels were placed under a hood. The chamber was

« continuously fed wmth a mlxture of 02 and CO - /95% and 5 /
Declassified in Part - Sanitized Copy Approved for Release 2014/03/05 : CIA- RDP80 00247A002800180001-0



L. wore. collected togcthor with the nutritional medium and homo-a:u

“g?f;.?; genized.vThe homogendtc was centrifuged first at 4,000 thcn& i N
L7v Ll at 40,000 rpm and‘passed through a column with Sephadex G-28.; Tl
‘;.5 i:Cellulose fixed bOVan lobulin /as ‘a nonpspecificelmmunosorbent/r |
;iaf ; was added liquid° After its rcmoval by centrifugation cellulosewfg;;
;r:%t;:g;w fixed HSA was added as '‘a’ upecific 1mmunosorbent ﬁoth immuno—iiu;;ri

'f: 2;?::-: sorbents ware uashcd elght timcs ane“thcnibound antibodies - :ff?3if
S eluated at pH 2.5, The eluate from flxed globulin usually’ lallod "

‘ ,;* to exhibit any radioactlvity or the number of impulses did not ’

:? . ;”amount to more’ than 3 to 57 as compared to that innthe eluato from,ﬁp'
A in the cell culture the cluates worc filtered through Sephadex'}:j'i_ﬁu?
v i‘ i . c-e2 together with the serum of the cxperimental’rabbit /7 & }
: ;li,' in accordance w1th the procedure doscrlbcd by Flodin and Killander :
F;\Ji‘]i‘ /5/ u31ng a column 46 x ~.5’cm and Tris-HCI buffer /O Oﬂ M-wlf : fg

;ﬁgr;w with 0,28 M - NaCl/a Thc fractions leaVing the column were anal&—pfrf_ }%
B ﬁ“‘ «‘sed their protein concentratlons was deternined by bow;y method lﬁ?i
%‘Af_n'and the radloactiv1ty was. counted inwa gas flow counter fon ";;_”i‘i'”f

. :&;ﬂ; < bOO seconds. 3'~'?4‘"'55 -7f¥f«‘?‘ ~”5-1'ZE; ) PR ﬂp |

B } Results“and discusslon (p»;gf:l{fiifgleklgﬂ}“ e ; | ;

; ‘{ﬂ'?; The cells of thc spleen and lymph nodes of hyperimmune‘fg'éi

rabbits “under thu conditions of cultivation applied 1n our e pe—f?

¢ ar

. '“pff"'riments had synthesized fairly large amounts of antibodies. By v;j
. moans of immunOSOrbonfq in 173 nwnanﬁmmn+q RS ;aq P AN hhad
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3:;qiqqiﬁ ”that'40rhours cultivation gave rise to 60 to 360 /ug‘antiu LS

S . S

. . LT s

yo, i . '-' [ S ~
3 . vt . -

o *ff.f The physico-chemical study of antibodies synthesizcd in'

.‘_. F.”zp ,‘. ‘,-

the cell culture meets with considerable difficulties because

LI .
) . . SO s-,

> FRPIR

grated during cultivation in nutritional medium toyethcr with

antibodies. This was, in particular, pointed out by PospiSil and

e, SEVIPRINLS

-

antibodies are isolated by means of spccific‘immunesorbentsm.

4 -

.VV'This enables one to obtain preparations,of high purityo ln‘

)
9
g
1

.
R S

wtq:“, .;l

thesized in vitro Wero isolated in the experiments below by means

,(/ i . 4
-~ ,’: - R \,eu~.- .oe a9
«

: of Fixed HSAL e '.f{ﬂ ~*'1_iirjf ;_m;jdtff“f'

1
The size of the molecules of antibodies formed in theacell

[, A

culture was’ determined by filtration through a column fillcd

“ IR
-%’/ L

;such a filtration leads to the diVision of all serum proteins

and 4 S. Therefore, by labelling a protein

say; with radio:

active aminoacids and paSSing it With serum throughaSephadex

‘4...

; it would be possible to estimate approximately the molccular weicht

C 200

of the protein through localization of the tracer in a particular

- ' (e ‘_ fl')action' .' ‘ C . ‘\ ' . . . ‘:' ‘ ‘;_' . vf..: . " .- ,".e.““.'”«i _.'_‘_.\: ‘ a N

"thi' In our experiments l O ml. of the solution of radioactive

R L purified antibodies synthesized'in.vitro was mixed with 0.5 ml'“\

.
st e

“-f;njts.concentration and radioactiVity of the fractions measured The

kS

\

results of a. representative experiment with antibodies synthesized

i ff'tsi by spleen cells on thé third’ day following second immunization

N

) . are given in Piﬁ'cgm It Will bO secn tht fhn QB P h‘hﬁ*n'{nn A T
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there are soluble substances and fragments of‘cells diSinte-n~:““ <
Franék /12/ The task is, however, facilitated f %hc synthesized e :

‘ T Yot
™ CX

'aceordance with this procedure the radioactive antibodiesﬂsyn~:,i “géf[

rh . ‘A,.'r. : JLve

witn Sephadex 6-200,. ACCordina to, Flodin” and. Killander /57 {”;'

T i: rabbie serum, passed thPOUgh Scphadex Ga2C0 eolumn and the photoin ”é;




o . N. I 7-~‘_ :
IR Clgrs ‘ a

.,.‘,"':s.. i, “ T

Nezlin v 5, -:", :
,'in .;g. » S,

. o . Ed a2
: RN X .l
W T St R : w sl . i

PR had a higher sedimentatiOn constsnt than that of the proteins Lt
. ” X z‘ . Z .“"’.‘<

of thc second peak tbst are Stlll held by the gel, or higher iﬁl3t
: et et

than 2 s, The rabbit is known to have antibodles with sedi’»’v;@, b

.....

3g;mentatinn constants of 7 S and 19 S only° Hence underrconditions ;

e T

ff‘ 3 “~ of this expcriment most synthcsized antlbodies had a- high molecular T
'21“:ﬁ;i:f» telght and thelr sedimentqtlon constant wss lé‘SO(AJ ;L . :G!?:fQ‘ Wr 5
;Qki‘ : t\ . It ‘was - not alwys, however; that the first protein peak i f' ’ :1é§
;@;ﬁ;\{fv accounted for nost radloaetivit§zﬂln a numberiof experiments-the_e if%‘

- N
’ A .' s .& e

ratlo of radiosctiv1ty between the first and second peaks was

K s . . .u

different from above exeeriment /Fi S and 4/' This appears'

- w

to be due to the fact that the amount of "heavy antlbodies

_ﬁsynthesized depends on the 1ndiv1dual reaction of the rabbit S

e . ¢ . Sl ‘f‘ LA

v
<

immunization° In this case practically all radioactivity'was

lz,,

it

'fl accounted for by thc second protein peak /Fi ao/r; This means’"‘

-t: H
. . ,

o §<”fﬁ not due to artefact This 1s substantiated by thc follow1ng

"fﬁ‘fg consideration;‘The radiosctivity accountcd for“by the first‘fnﬂp

r I

LA protein peak‘did not result from any particles that would have.ﬁ7A“ :
.&'7;,_ - been mechanlcally sorbed on cellulose durlng the isolation of
'f’x E,f} «antibodies by immunosorbents° As we had already mentioncd none

«fiaspccific adsorbtion was either absent or very weak. Neither Was

u'

.s,[i{'jgu the tracer in the first protein peak,connected with aggregates

* .
R
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- f’;’ of '7 S antibodies that could e.ppoar in the process of their
’ isolation. This is shown by sedimontation investigations of rabbit

‘”fhf' antibodies 1solatcd by immunosorbents from séra on the seventh ;,‘~

to tenth days aftcr second immunization, These sedimentation3”

. 4.

) 1--

.;Furthermorc,'if aggregates of. antlbodies had~appeared on isOIat_';,,

q \ it + N
£

ion, they would have also been observed in experiments w1th o
antibodies synthcsized on the flfth day after the second immuni-;-;

zation° We have however,'seen from Fig°5 that in these experi-m"'

; l

Al

'ﬁ?ments practically all radioactivity was accounted for ct” the

i'v"

'—M’ l‘

third day after the second immunization of hyperimmune rabbits'
i

‘:the cells of spleen qnd 1ymph nodes are capable of synthesizing\;slf'

‘,"»
v (n

:<~ant1bodies of a high molecular weight /about one million/o-dng;i;

Eithe fifth day, however, they cannot yet be found only antibodles *‘i
‘ R

“
l N -

?of 7 S type then bcing synthesizei. It cannot be excluded that

] \

it is these "heavy antibodies that exhibit the abnormal pre~f

cipitatiOn PPOPGrtges mentioned abovee f};;y

?}:f; It was suggested that 19 S antibodies,were synthesizedf

[ ,\ -
\'

' after second 1mmun1zation by these cells had’not yet come into-tfﬁfa'

DRGSR
» .._'

.....

. l-"

.if ;eontact with antigen and for which the secondary introduction of

2" Bhe

antigen was: to be regarded as the primary one /?/ ““ifu 2

'1¢ ”his point of view however, is contradicted by the quick'

start followed by just as quick a. depression'of the synthesis Of
v foa "‘.\1 M

”heavy ‘antibodies in .our experiments. Accordlng to‘Dixon ex

.

. -

—_—— _.‘\.l_-»-
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Gl

"fg.It is, therefore, morc likely that "heavy antibodies

'T.after sccond 1mmunization aro synthesized by cells that ha

<, »

already‘been in contact with antigon.-From the third day after4 af'

#

- Fllaf f\second immunlzation the—amount of antlbodies formed in vitro 1s’/543
L ;w»féirly large and it was shown in our experimentSLthat the percen-_f.
'.:.v'. ' PR R T I ' T ‘} o ‘
FRRRY tag*e of "heavy antlbodlos may, thus, be rather high Tt WOuld, ¥

ni' ?'4_ X feu -‘-“'~

be'reasonable to sug est uhat cells that synthesize ﬂhcavy"

g

3,ggﬁ;*antibodies should ‘have a specific structure similar to that of T

.

. ,-)

Ni,cells from the early stages of plasmatic seri

\'t

es° It has beo“

1n structure can be found among cells,of the splcen and lymph’

g,\

& nodes of hypcrimmuno rabbits on the third day after the second

w
B
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“',Legends to figures ' ) - U ) f’ﬁ

%y ' “Fig.l. The chamber and vessels for cell incubation.

i };;”QLQFié;Z. Filtration through gel Sephadex G- 200 rabbit serum ,

“;*and radioactive antibodies synthesized by spicen cells on, third iulﬂ

L day after second immunization, L ‘ !

.:v 5‘.,A i." . o . u . . Y i \‘ "

Ce T 1 protoin concentration, 2-radioactivity, | .

: ; ?Fraction volume 0,9 mle L

" - ) v . . O ; . . LR e
_ :.‘Fig, 5° 'Idem o ‘ . " S T } : B : . \; »
v - . o ‘ R
£ &

_?vFig,4. ~Filtration through Sephadex 3-200 rabblt serum ‘and- RN

AN

«3’f radiocactive antibodics synthcsized by cells of 1lymph nodes'fﬁliygiiﬁé
;;%fon the third day after second immunization. ) “xff_ Eiifif(€§€
pui';FPaQtion volum; 0.9 nl, - i BRI t.;?ft it

b ;Fig.S - -Filtration through Sepnadek G- 200~rabbit serum end RN it
_ ; ;ij s radioactive antibodies synthesized by spleen cells on fifthf“ﬁcgeé‘-Jﬁ
%. {; day after sécond. immunization. o S _;."Anéf *.‘:ftﬁ..lkf
: v ;‘ ZE.VF?action volume 2.2 ml. | #i
B ?. 5
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S ‘Development of hmmune ueactlons in the Absence or Preseﬂc*
of an Antluenvc Stimulus '

\

[
4

B $teyzl J., Mandel L., iiiler T., R:ha T.

- v £

D“peutmant oF Immun010~y, Inat1tuce of lilciobiolony,
Lz mc"oslovak Academy of oClnnces, Prague,, Ca@ChOSlOV&l‘&

“The aim of this work was to di’ferentiate serum factors
with some igmune activites, which develop spontaneously
without dependence 01 an antipenic stimulus, from antitodizs
wnich arise in response to the injection of antlgen, Under
cormal COndltlons(conven+1ona11y reared apxmals) antigeniz
stimuli are practically: uncontrollable' ‘they act in the
or janism, such as bacterla colonlzln the intestine , Penni-
ratory. tract and surface of the body. lioreover, Tond ~onlains
-qrtlgenlc substances which are ‘also a source of antipenic
stimuli. Antibodies arlsing in response to them, without ¢

.- interference ani control,’ are called natural antlbouze
Cn the other hand, natural factors ore present in-the serun e
»i.ich have' the capacity of interadtinﬂ with machmolécular N
subatances (e.z. alpna mecroglobulin react*ﬂ~ with insulin,
nacural conglutlnln with zymosan (27)e In ihls communication, .
tne role of antlpcn in developln7 of the serum factors. °h3"> '
mentioned is stud¢ed Ce e e , S S g

' Qgggg;gggtgl_ggggl. The newborn animals Qéhﬁain'anci~
hodizs transferred from the mother and a freat number of
"htlvenlc substances stimulating the maturing of its own
immune mechanisms. The level.of transferred antiboliec does
not usually permit. detec+1on of antibodies Tormed by, the
young animal itself. It lS, therefore, of advantage to use
a type of animal those placental barrier: does rot permitv :hc
transfer of antibodies intp the circulation of the fpetus
It sdch animals (e.g.. piriets) are;afti?icially fed -ond do
not qb aln maternal colostrum, w2 do not 7ind antibodies
o STAT

.

¢ B s el - - 7 L

"' : - : - . . M b -7 . . ..
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passively transferred from the mother in their serum,
Ta nrder further to exclucde contact of the newborn anizgl
with microbial antigens, the feetus is removed {rom the
zothar before birth under’sterile. conditions and put in*o
an incubator where it is excluded from bacterial contami-
nation.(Figs 1, 2, 3). Howsver, the rearing of anirals
without microorganisms does not fully nuarantee that anti-
~~nic stimuli are ccaznletely eliminated, because of contadi-
7 dead bacteria andg othar antigeric Cdmoonents s food.,
"¢ have attempied to reduce this source of antigenic s**ﬂWTi
ty uaing a nonantizenic diet (mixture of aminon acids ﬁnd

-

vitnzins) and also by observing thc de veWOpmenu o7 immure

. Tactors in the early postinatal period, wheon immone fespinse

to srall doses of antizen is reduced. Ve consider that

3tudle3'of natural ~nd izaune factors in animals - ‘which

hove not obtained antibodies by itronsler from the mothew

~nl are reared undar sterile condi*icns in tn2 early stares
of” ontogene31s is the best model for colving tpese guestiona

at th2 present time. . , L,

The_characterization of some serum fractions 2% _aterile
pracolostral pirlets. The electraphoretic pattern’ of pig-
1.t sera shows, in acreerme nt with published results, thit
the newborn do not hOSuago serwn . "~ 3obulin. After comn:zzr.--

tration, however, protein has beern d:tected <n the rorien
corresponding to j-:lobuljin (2). Sera of precolostral ris-
1-2t5 coantain approximately 4Q pg mer ml. ol *his protcin.

ry

"2 ircorporaticn of mcthionine into the --7lohulla fract.-
<on of the newborn was doronstrated by “he use of labeled
zn*aionine 835. The rate of increase in radicactivity
in7%cated the typical process of synthesis (3). The nete
¢’ J~globulin in the newborn was studiel "y phy31cn—ch?fih
2nl and ilmmunochenical metﬁods@ Two fractiods Vere sepuTa -
tod on D3EAE cellulose. A fraction (I) of the nesnatal
1obu11n is not precipitated and hac a sedimentatior

enafiicient of 2.7 S. The other fraction (II) is precipitated
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W1th antlserum agalnst the ? globulln of adult pigs and
has a sedlmentatlon coefficient of 5.1 S (4) This.
fraction bears no relation to Bence Jones proteln but i
a relaulon between 5 8 neonatal 4Z.globulin and H chalns '
adult pig ‘ytglobulln vas dete mined by the flnoerprln
hnlque (5)3 g : , .- X
. . Ige_gzigggqe that _entibodies are not present in pre- -
'ostral_gialet. Antlbodleo have not hitinerto been '
de sonstrated’ by any serologlcal reaction to any bacterlal, :
v1rus, phage or tissue antigens. tio antlbodles were debecfn o
ed by the agglutination reaction to the O and H antlpens
of various Jram-negative becterva, nor by passive haemaz-
7lut1natlon w1th antigens isolated from bacterial stxalqc
ani bound on. to sheep erythrocytes (6), .. .+ .. . .
o ra831ve haemolysis was carricd out with erythrocytes
to wh1ch.d1f;erent antigens ‘were adsorbed, not only with
usual erythrocyte concentration (1%) but with pro~res vely

decreasing, concentratlons of erythrocytes (O. 001%) (Fl“. 4) é
in this way the amount of antibodieg necesuary ‘to produce L
haemoly81s was greatly decreased, to the level 10 Gpg N/l
| (7). The bactericidal reaction for whlch stralns in theg
: ) .—*oru. were selected hzs the sane dearee of eensit1v1tv
(3) Even detectlon of antibodies bv cpaonization, o° strainc :
n the S-form (at the level of 107° pz N/ml) with sera of Ea
nswborn precolostrsl piglets was nesative. The sera do not -
uhsplay neutralization activity to phage (the expcriments '

m2de by Dr.Trnka) neither neutralization eotivity'
azainst poliomyelitio viruses (Dr.STOnim).'dntibodies vere ; 
not only not found in  %he serum but also not in the B

2~ncentroted j-globulin fractjon cven on us:n* passive
hﬁemagglutina§1on and passive haemnolysis with adsorbec
f:ichcheria toxoid as in the experiments of. Segre (9), _
2 conclude, therefors, that the protein of thes */ﬁrﬁobulin ,
type in precologtral navborn plgleta has not any detectatl. '
antibody activity.- '

s
L] .
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S i,(about ,_2 o ﬁso-m_‘
; ‘ vlﬂi:picradually_ln;anlma]s reared uﬁder sterllva

V__’ o

ﬂﬁ;the nresenee of antlbodles." ome chaﬂ*esr

b,

JifuuSpen81on simi 1ar to. antlgen»qntlbody reactlon dan be'
Tf:observed w;thout the presence Qf antlbod' : acxer;al agﬁlu-'

_{fwmlch wér SPHSlt1V° to pl"let1COmplem nt were 1n {he (
:ftypl al R—formo un nbsorolng sera at, O w1th R_s+rélns, s K;
fthe bacterlcldal effect of serum Was not abollgh;ﬁ,;lt was . o
"ab011shed however, if any comoon to of: complement was” }7‘ R

induflva»ed. In selected str ins it was found that thd“ 'is“'u'”- o

a dwreat .relationship bOtween thu cnaracter Of thelr suL«EJfQ' -

jce : R~form) and the degres of allutlon of t@st serum’

 st 11 capable of b&CtP“Lledl ant1v1ty (Table 1). W@,furt er

demonstrated that Th»rc is a depend nce” oL; the amount of -
1”1ﬂt compleme nt the ChdrdCfeL of thﬂ bJOtQTlJi_SUdeCP(§
and the baOQevlcldal e”fect‘.sera w1th an smali‘amount of
compliement’ only nave an 2 ff t on strﬂlnb 1n tha R»forn Jif  

'_(iaole 2) HlﬂhQP comalemcnt 1@Vbl% (5 C HSO unlts) acf"
ﬂﬂalnet strain- 540 whlch has. the churacterlstic3‘of bactezJﬁ
in‘the 5 wazor and wn1ch ig. not ““DBlilVC to s ra thh *-w.”
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_ﬁgfxﬁffw'fa‘lower comple ment level. Bactericidal act1v1ty is thus
S iﬁvh“’détermlned by the ‘'surface of. the bacteria and not by its
B ‘[speglflc.antlgenic structure (the series included strains

2
R mof#calm, S typh;, Shlgclla shigne, 'euu.). At the ‘same tlme_;
. R :

PR
‘s
L]

. ;éﬁﬁfisphzgher ‘than would have been. expected from the re]ation-  T
R 3:9?{'f§h1p~between~calf and piglet serum (Fig. 5). We therefore " .: ..
% RPN us%q d;f”erent serological methods to determlne whether .“

. “Lfy5f£;§1;§ht1bod1es to “the Shigella stpain were not present in the.A -
}Ef'ji;ﬁﬂ. 'calf serume We found that’'with O antigen adsorbed to ’L.' f_‘ J“i~

‘z,i“ck-f}4~ e#ythroéytes (antibodies to this antisen are responsible

e =

fom i teeeelE R IR S P LR L VY e AR e
caio S it By o U s W e, L

.. “3 v _*Qfor’the bacterlﬂlial reaction) and p3531ve haemolysws ‘ RNy
;'77»_ 203 ,,ﬁone Wwith minimal numbers of erythrocytes (O, 001%}, T .'“é
Wl @E_*»‘éjgemonstratlon of antibodies by this method is more scn31t1ve' : ' i%
L"~; T ).f;than~tne bacterlcldal reaction (T,3). We conclude that. ie- f‘ £
;““L;:fg«' ntlbodles arO'demonstrated in newborn serum by the bac»n o «“@
XLl '““'fléldal reactlon only ani not oy the more sensitivae. pasolve ' ' Qg
Lol ﬂﬁégmbly81s w1th minimal amounts of erythrocytes, precolo- E

‘%?giﬁ‘fﬁ'f; gsigal s“rum probaoly does not contain antibodies. Ve further
SR T ‘found that the bactaricidal activity of precolostral scrum
Foe :fg caQ only ‘be abolished if it is absoried with zymosan in
the presence “of complement. If native calf serum is treatel
L fi*x' W1Th zymnsan the bactericidal action discappears; after -

o addlng piglet complement to the absorbed calf serum in a

: !’ -

f'f: _ o i*concantratlon which docs not 1tevl? have a bactericidal g : Q
S ;5’3 effect bacferic¢d91 aclivity was not changed und tho B o
b o - f~‘bacger1c1dal effect was not pregont On the contrary, in ‘ !
s .";'v'j‘ calf serum first inactivated at 56°C and treated with (Fig.6) | "?i
S  ;f zymosan to which the samo ermount of piglet complement had : ' %:
begn adaed after inactivotion, bactericidal activity was = -
s _5.’: almost Tully restored. Our contemporary progztamue is to
Y-,_%_;' establish wigéther absorption of s:ra does not affecct some
;{ { . components of complemont which were rosiored on adding
o :';‘nggnatal complement or whether procolo:crnl sera contain

)
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SR ’313'a.substance w1th prop rtles such as properdln»or natural o
:E : /F u.t,, Con"lutlnln R ' ’ ) oL . ‘ v e ':' “'. ' N oL ) L
P oar b gt 00 et AT - t N
"ﬁfﬁ;‘ﬁf$;J'ﬁ§ﬁf‘b Opsonxzxng eftect of precoloetrel nglct serum% R
FEEN S SO 1_"‘:-.._"‘ e . “ .
w_;gﬁjﬁﬁﬁpt A tudy was made of the opuonlvlnp activity of Aeonatal S
N . KN L r““ -~

"

0

ALKy RS i PR e s v PR

;;i“'.fgv A, carrled out in thc same way in clearance tests. in 7f;{j .
{iﬁ: tﬁ' '»Lvavo and 105 becfarla/kq. body weizht were injeeted into” jﬂ%
iff_ ;* the blood stream of piglets. The bacterial count was deter-*‘fj},
iffifiiitw¢w~mlned‘ln blooc samples obtained by cardiac puncture at o %
ff.ﬁi'i§~(vf nlfferent tlmo intervals ¢ after injsction. - T f ﬂ.ﬁ;:ﬁ?'
 ;3; ﬁﬁj@;ﬂ:ﬁ;} Ln the first cxperiments on the isolated rat’ llv ' 1 :’x
,“-!,.‘-' .

B et el PN N-\“-—
| % b
* Poa

N “neenatal. _sérum containing 2. - 3. units of ¢ HSO complement -J'J

;i X ‘~1t wad Tound that complement heos an opsonizing effect and x

gb o .’;%E:lncxeases'the number of bactoria retained from 10 to 48 B

gi j% y;y‘e‘iAny 1nact1ve+1on of complement components anollshed the , a
B Te g:fk_epeonl 1n- activity (Table 4) (11). | : Lo

W f-.“‘*£;¢34 An” furthcr cxperlments phagocytosis was detenmlncd o

..r"if .

-

;f*’fﬂi&{fi precolootrel piglet serum to stralnu in the S- and R«form.: S

o 45. gnyhngocyt0813 wes determlned by perfusxon of the 1solatcd “E
+ 1AM MAVEE Q) and by the' mothod” of detormining the tize course i’
. ;;gréfﬂ,of ‘bacterial clearance {rom the -circulation in ‘neonatel’ ;f&%ﬂ
:"" * fﬁ‘piﬁlets..St rains, -which are in the typical S- and R-form Lo

S R

was mlxed 'with O. 9 ml. test sczum ana left for ona hour

"*} 'x :.-" f
:—‘ ‘:" lr.‘:}:" ;' .., ":;v'\f
~ﬁg’m‘;““»'1n*tne refrlverator. Bacteria were introduced.‘into the .7 .~
IR Mt N
‘”~£.?€‘}m2 efferent cann11 leadlng to vena portae  and the number of o
R AR Y
) ;if;ﬁemgcbecterla_not tekenpr the liver was determlned in » : o)

h 3
. ‘ B
o o T
Ry

wH,,tsamples takcn aff ;rom the inferior vena cava,. Opsonlvation

U @}hlt qu found that the uptaké of u.COll suopended in Rlncer

~E
L.
R L

T.n v, h]
’;”13;;‘ surfuces..An average of only 10% of the S-form..are retained
- ;;jf ZP«Wherea 1n the f-{orm the numbei retaincd amounts to 55 - 6¢%.

s:In exper iments in which #.coli (3-form) were opsonized. w1th

Ry °
T T by the Hethod of clewrance of bucteria from the blood,stream
fﬁ‘{,f?} W &‘1n;neon t§1 precolostral Il"l ete. Evidence was prov1dcd thot
Li:‘ “ .’; '.:v‘{;:.‘r‘tv :’l‘:‘ \(’ '{. Y:.‘-\-. ot ) . A N “ ,
S e REAES TR
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ST were'selected for thz study. of opsonization (Teble 1). IR
1157?- ‘ mhe.concentrataon ox the baetcrlal eucpenSLOn for opsoni= . .-
’:aurﬁ..-.}ZQtlon.was 5 x 104 bwctcrla/ml 0.1 mi o? this suspens1on -ﬂ*k

r‘..::‘_'w >, \’v 15,7

SR 3es31atlon is dependent on ‘the character of the bacterial "“u 'ff.
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h’u;COll 1n the S%”orm is not pharocvﬁos d in the nn““cﬂn;
(Fig 7), On the other hend if the R-form 0f the stral

15 1ngected into neonatal plglets it is e;fectvvcly'
ffcleared from . the blood stream (Fin.8). In order to de*er«

- mlne the m¢n1mal amount ol mibedies for ooson¢zat10n end ¥jr‘
{ncagoeytosis of coli in tho Sufo”m, i m*\cd o bu ctﬂ“* Lo
: suspension in thc Seform with different amounhs o* rabblt;
.- ,ant1body°_It was. found that -dilutions of 10 -8 10"9 1
. of antlsefum still produce a ;u?l opsonizing ef”cc d s~", ,
piayed by the complete clearance of the 1ngectea bacueﬂlaﬁ"‘
from the blood stream° Dilutions of 10 -10 end 1C l‘xlead

”tc only a partial and trensient decrznse of the numbe“<ff\ﬂ:”

LIPS IN raae

e
i.

éa fof cirCulatlng bacterla (Fig.9)« Since <ihe sawe ~*“u1n ff" ; ,é
v ‘ mixed w1th neonatal  serum. coptalﬁlnﬁ a apall. emouvt ox'gj-”;‘ } %
iﬂ; v anlement did not have an opsonizing effect it nows - ’ ‘ :
}ff‘ R ﬁtnat the precolostral sera of neonatal piglets does not .

{i 63A3cont31n antibodies detectable by this very sensitive.

o .

test. (by wnlch antlbodleu are dctermined in a conce bra~gii¢f
‘tion of about 107 ug V/ml) Thic ex soriment, thoxu"ore, Q fl;a
fshowg that the era ox anlmals in wh’ch no aﬁtlbolnes _
have been demonstrated by any method, coatglnvcomplcmeng‘
whlch acts on‘some'bacteriéi_éurfaceé'and is thus abléjﬁ
to 1m1tata immune processes for which the presénée of

. e ST R L I R TINEY Py, P el d

S TR L e e sy -
»

[ .
éi antlbodies has nltnPPuO been consilered io be necesua y j'g" .
* el ’I‘he _dev elopment_of antibody formation in'stew::le_f- BT S
éTT‘ ‘ﬁﬁf:?y anlmals _after 1mwunlzat:on with_ diffr2ont _ontd taens:z' ;
B \“}{f‘ The study of antibody Tormation in sterile Orecolosural 1
f f‘7g~ pigluts has 'a number of advantages. Since there is no. §
) N ;"35; +ranafer of ? ;1obu11n from the mother and there is no :
{;f,; ~f3; l vel of naturql and pa981vely acquired antibodies, the. g
i : o f;rst antlbodlns detected are forred by the infant‘anlmalw i
'f" %§se1f. Since -the szarum contalns only a amall amount of §
R nﬁﬁnat“l 4*globulin of low molecular weight, the character ?
L the p ﬂntlboiles can be well determined. ’ ?
e RS - i
i R H:‘:: St e . ) , | A | b
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f [fg;t : demon tratlng eantibodies b “the hacm aggluyinatlon veactlon_ _@~
ffeﬁiﬂ??gffh'we use a 0.1% suspensicn of °1yth¢ocyzeu, for dnmonstratmn"::'
;.;;f N?ﬁf}»'antibOCibs by the haemolytlc reaction o 0.,CJl%, susp0n310ng |
if : Ve“y 31m;¢nr results - i.e. ncaative leronatration of antl-,ﬁ
;i5’l ' oodles on the third day after the injection oE anglgen f
gﬂ o ) and 3 ilablo demonstration on the Tifth day - weare obtalncd_
}iff§\34i;f . after 1mmunlzat10n with the corpuscul-r aptW"en ol ‘phage: m_) "
i": 'ixf‘ft~and v1rus {Sabin attsnuatet vaccine sirain). A ¢omparison . f
?’fﬁ,gf{fﬂ;‘: of. the Tasults after immunizatisn wita ths diffara»t anti- {
; a'fffif Qvens is 1vcn in the tablelB, Fiz. 10, It is evid-nt that '
E oy the smallest imunizing effect was lispleyed by the_béoteﬂ N
- o o rlal antlaen S.paratyoni B, IT it connot be objocted that _
'f '  :‘ff_f th° different resalts in tha Torrition oTy antibodies'expféSS_, )
"'f'f-’ ﬂlfferent s naitivity of %0 wuce -l ical - sactions to ali ’ ;‘
- V - Pnt17€u ;“glusgd3teaﬁé'“.gs:'~*" ZTi"jié was at the laval :
‘. of 10 5 ‘ o ' - asider the quality é
o oad M | v :
" ' ) ««Acmornt o1 hntlpmnlc ;
- 2 of corpunclar
. noand v iruo undQ

G
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ng o oawborn p“ecolouura
3

1mmanlzatxon ﬁwth dlff
;‘~1vatyph1 B and onti-

plglets wer 31Vﬂn an i?

o 'ﬂbodle\ ﬂ@cv ‘ nﬁwan u&?n“ 23 beortneicidal resction
. bt : ¢ - . '
T permitting &'uiction of 19 i of ;“31naly §/ut. The new~

, uborn animals wers given i.p. inde:iioru of the max1m4m' “_*J

1.iose of antigen that thoy iolcrote, .z 2n5.x 10‘ vacteria
“in 5umi. The first “n*i?*iféq wore Sk rarely dectcocted ‘
5 days after imauuizr.ion. the 2moust of gutdibody 4ncréps§d:'
fﬁéfthe 10 - 15th dnay aftar th=2 injoction of aqtlFVL. If“‘ ]‘
_fsﬁéégferythrocytes are 1ngecteu ()O~ nquen81on in amounfs -
;" of 10 or 20 ml) antibolies appear earlier, in most anlmgls,”f"
T";joh,thé fifth day after the injz2ction of antigen. ho&everf
Cowe did'nat succeed in demonstrating antiboly on- yhv.*hird E
s day aftor 1n3°ct10n, even using very sensitive tests° Fcr

- . X ‘\
'.phage.nag [} th a co* ain %;f

3
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. . -, B “': ,l ‘.* .,"",'v_: “‘v, 4;.7_‘ "i.. z;- ;!i ? S N :,_‘_\‘”v t"I‘Zl 9
P 71";paft of the whole 1n5e0tod-corpuaclea We;,therefore, T

o wished, to know whether the prevxously observed findlns %}~vf
uhat 1ncreasmnn the amount of anﬁi en cpeeded up\the onset

» ~ of ontlboiy formatlon in younc anlmals (12), would ‘be valld
' ‘(ilor neonatal pl*lets° From thé: osulto (Fig.;l) it 13 f'i’. .
'ev1dent that 1ncr*a81ng ‘the amount of 1n3ected erythroeytes,

aﬂo pheve (Flg 10) 1ed LO the earllor onset. of. antlboﬁy

LK

‘{‘,“‘..

v’ d
&
-

C .

i L ‘been dﬂscussed and 1nvest1gated in a number of works. Moeﬁ .
0 o  ‘wovK nas shown that the transLer of ntlbodles delays"the _
onsst of 1mmunlz tion oroceSoes. It was found only rarely .. o
that.bhe pa331ve trahsfer of antibodles has 8 stlmulatlng Cat ' f@
‘effect. In ‘the ‘work of Sesre (13) ‘on ‘the" same model: of* :; o
'precolostral olnl is, ‘the paSSlV° tran31er of antlbodles ' ¥
;1was oon31d°red to bé ths b831s of a good onseﬁ oflan 1mmun1oy
v {'qu'response ‘in- 1nLant anwmelsa In all the aﬁtlgens us d we f”

: "1orm3t10n and aleo to a hlpher repultlnv tltre.,i: s J- , ;
: .+ . The ef;ect 'of 'the passivé trensfer of antloodles for’ - 4
\ .
{ ‘the. onset o antlbody formatlon 1n infant. anlmals haS*often "
Y
¥

J o 'A; obtained. a,good re8ponse in pre colostxal plglets., e made*"J: -
P LA comparison, of the -immunizing effect of tne same. amount : 'f
; f . of erythrodyte antl en in plglets reared conventlonallyl-' ) i%
S .07 with the mdther. and in stnrlle precolostral plglets° The :

table shows thzt the passwve transfor of . entlbodles 1nh1bits
“to some extent the onset of “the actual 1mnun121n procoss
R £ 1nfant anlmals (lable Flg. 12). " :W?Jf:°"" ”"‘,: ' i
. - We Lurther WlShLd to- flnd out the ez rllest onset of . h . 
’ dnf¢boiy formation and whether there is an 1ncxeased 1mmune ' " ’f
o . "re:pon e to dlfferent antigenic stlmull durlnp the maturlng fﬂ ﬂ i
o¢ the 1ndlv1dual in 1nfent anlmale'r>ared non exposed o . ;
entloens. We wer= unable to. detect ant;body formatlon fter o
immunizing the foemus in- utero one ‘month’ before term :
foostatlon lasts three monbhs 1n plvs) u31n5 S paratyphl B
and Brucella suls as antlrens 'these results were puollehed
in 1960 (6): In. recent years we have used sheep erythro-, . i
cytes for intrauterine 1mmunlzatlon and have demonstrated T
antlbo&y formatlon 1mm°dlately after blrth ln plglets
1mmunlzed .one. month before term. In some anzmals, however, ’

3
Y
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N ’4%5’1ooa1es ware” qo+ 4e*°ct d at 11?ﬁ7_n€ﬁn3 KA TR T Ut RM SAR £
o .1mmunlzat10n, Th¢q couid Havo. haon heeonse tae Lerll of fﬁ‘
. - ‘ 3
Eantlbojlas Lormed as not hig sh <roufn or “eecause .ontibo- ks

‘ules whlch coul& nave bean datec ted during the month die~ .

;,fﬂ

Vi

v

Lo

i

¥- 1 & appeﬁre& beforo birth. I such an 2ninal iz given *the same - :
;,:f = anBCtWOn of antigen 1mmgﬂ1 tely <fver birth 22 is glven. "/_‘ | %
L{ r;.f ,wo newborn anlmala not immunized In uicro, the onset,_coufge‘.;'”‘ §
g'.;,:; and }evel of antibody formation has the +prnq1 chﬂracter*f“'*f j@
?ﬁ} ;_" _k{of.ﬂ4second“ry roactlon.(tabl 7). It tha nams -dose o 0; f'>H£ﬁW J%
g; :f:‘ ”tﬁntigen ap ‘the first impunis inzg dose (10 ml._o»-aO shaepﬁji  §
gi ;f?; 'erythrocytes) is injected into young animals of vealous ’ &
if? ;ﬁf f&es regred under sterile conultlons, ve 6o not ObSOTV° a ‘f%
éfﬁ. 31pn1flcant 1ncreMsw in taﬁ immunizing eSfact wa 1ich woulé RV ‘-%
?ﬁ“' sh0w that markod changes in the ability o respond to apti~ oo W

Lt RS

! én 3ur1n9*ont0ﬂ¢n ssis bceur. without an Antig enic stimulus, ;o
Thlﬁ‘flnﬁlnﬁ hes obv1ouuly a p)rﬁliﬂl in the numb“r of R R

. & 24

aﬁ%lboiy prolac:n* cells d t reted, as will b0 re ort d e i

’
iy

)

S

T i

Sides

uh: mokﬂc 1o r vbl"hi of +he V]’ffﬁf?}

sachnroo,~l

oro centrlfuuvd in 3 “dlonﬁ in a Srlnco*rouor_f'

- e teggas Loe i Teeud LTI 3
s bk S B g

-» - "?"x‘\"_. P RTINS, A S e e S
Ry Jhe e I APt S
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40 ;ﬁlhours. Six layers !
'?f:wefu aBCCnSSlVClJ senarut»dAxg whieh thoe owo ﬂ:r%**dgl,

«haumolyilc. snd nautralizing sctivity 9 "rtlﬁoclc ﬁere t b
: 'Iftested.lin 311 gamples, antibodicc were'x nun thﬂ LJUV, , é
i?‘ - ’“;.ea the ‘Fifth and sixth {racticng at thd botuam of th3 tube. ;
? 5} / aSe tests confer d 2 whole seriza ;f similar wow& that - %
‘. : ;bhg flrsﬁ formed antibodies in newborn acairals are of the . ,’”;ff/:.ﬁ
;;_ = ”“mﬂcromolecular type (14,1 5). T S f'f-,f‘g ﬁ
§ - fff’ ; f,f‘mhe first detoctoble antibodics, hnasver, are not SR _ﬁ
el Qharacterlzed by this pr3pe-+v orly, but =iso by cevolajicel -« o
Ef 2} iﬁf _fﬁrop>rt1 g. If antibsdil s 5 erythi ocytes are ﬂeturmiﬁei by/i f
;3_=f 1'~~{§fh?‘ st &esc;xbud, in whlch the uvn51ulv1tv i3 incre nsud )
i |
K ; Crg o
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1 F1h4 wh

hy lowering-the erythrocyt2 concentration, we do not
CinZd that the incrzoszd sznsitivity of tho serological
2action nas a linecar 3Jepcndence as in the sera of hypor-
Zzmun2 adul® animals (Fiz.l3). The resul:is show that
infent, antibodies have a different binding copacity fron
¢hat of the antibodics of ‘hyperirmurnz adult animals. This
could be due to the fact that thzy are mainly 19 S anti-
unlies. Ve therafor: isolated antibediazs of the 19 S
character from adult hyperimmunized anirals cn 3aphedax
3-200 (16) and detorrined. thz dzpendence of the amount
of antibody essantial for 5C% hoerolysis at different
corcentrations of ecrythrocytes. Tn 19 3 antivoiies of
_~dult animals we found a linear dacindance, i.e. within
tne class of one molccular type o7
capacity changes. This was also confirmed for 7 S anti-~
bodies. The antibodies formed irm:diately aféer birth
daring the s2condary reaction, according to their sedim:~-
tation characteristics in a sacharose gradieni,,are onti-
bodies of the 7 3 typz. These antibodies haﬁcver, »han
tested for bindinz capacity by the test using a decrcased

antitody the tinuwing

number of erythrocytes, also failcd to show a lincar
dzpendenca. Again the roverse to 7 S antibodies cf adul:
animals,

Differences in the binding cavacicy in the firei
antibodies of immunizz2d piglats w.re found with antf--phaze
sera. It was found that the antibodies have a very small
ncutralizing capacity, which, how:ver, is considerably/} s’
increesed if complement is added %5 the test. Th2 s-ourze
ol complement was thz sorum from nrecolostral. non ir.wunizaA
rizlets which itself has no neutralizing activity to phnen
Uzre complement evidantly acts as a cofoctor which strergih-
cns the binding of easily dissociable antibodes on the '
phoge particle similarly as in the firat antivieul antibodios
degeribed by Julbecco (17)- | ' | '

).
L.

-
v
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A Turther chavactaviatic pronaiv ouf Hhe Thond O VLR
S Tan 4ip newborns is thoiw diTlavent sonddtilvdi Lo
nnnpniozthanol (C72). Fynorirmune sorta were tesied ann

that i
(18,
20w wodies (1&. &l,‘ J.

i+ o9 Zound

D-.v o)m‘\

bad ot

authors

""\r’»
-

e aft2r tho 22

Pfonant eoncent-2hions o7 1B uscod
19), fox the inaztivation of 9 S
i, 0.05 ) do not cuxevy n diffarent

“ion of thece concazurations we found

~w . enmmg titres, i.e. the same decrcase in ine initinl

o erelatination meaction. *f, however, w2 invastigacln

o~ ims* antibodies of infant oninals, tha scrological
~:%ivity of antibolies disappeared ~Tter treanuIni with

M givan_concentratio:s of mercapiouihanol: X asta Ahiciue

se Praa infeht aninels rTeacting afiom

2izth with a gsc~n-

ary roaction (i.e. thos2 which were irrvnized in utarn)
. ro treated with 0 053 11173, the tisrs of antisodies is
ariy partly decreasced. However, 1 U conceniraltion 07 nd,
. nian has the same offcet on hyparimouns sera as 0.05 110175
nan~13t2ly abolishns the seralogicol aztivicy of in’ont
7 3 antibodies. . ‘

The rasulis obtained wvith irmurization ol the lontus
anl n2uwhorn with diffurent antigens provide evideree =het
i1 character of the anti~en is of impovriance far ihe

ctimlation of the antitcdy response as

~f natisen injected. Unli%e the pro-eins 7
sor.1 of nonimmunizzd rnewborn plg] >is in %

e}

iR
Trot antibodizs fornmed are macrowmdlecular

“on which have a low rolecular vigioht of
v th different binding capnacities froa tho
~n.rala, New sborn piglets are adble to react
£i

~action immediately after birth il the

wall as the g~ouns

nund in the
ne 3 Ziooulin
aboul 5 S. the
antibodlas
se of aduvl<s
wmith a sacondary

rs¢ dos2 iB

~'7on in atero.

These antihodizs anp2an

“o ks of the 7 S

'.3”'
-

2ir properties still show somz characieriscics o

gansitvity-

srimitive antibodies (low bindinz canacity,

.7 morcaptoethanol).
~oangs in molecular

It con thercfore be assumed ihat tho

. am
L

type, like increniscd resiatones to

and changes in binding capacity, will not occur at once
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but that there will evidenily by Juviher antibodies ol
inta rm,dlaue molccular rharactristics,

The preoﬁno rosults permit o rove cract distinciion
between the'ant*body and nornantibody natural compenanta
o7 sera., Antibody is not only substance bound to a ceric’n

group of'proteins of cera (accondirg to present knowledr »
Lo jfhglobulih) but is the result of adapcaylon'proceﬁst
in the onganism after contact with antigen. The adent *iy
process is characterized bv the formation of molectvlen
of incr easing fitness and ‘effzctiveness in their re aztion
with‘entlgen. It is just these rroparties taatl distinmulcn
antibopdy from the nonantiﬁody commonents of the serur which
are present and have a certaln binding capac1ty w1+h 80z
macromolecular substarces - even imitating the ‘Teaction oJ
' antigen with antibody -~ but which ave formed spontanoously
and theif’prpperties do not undergo any change after
antig.a injection. | : o

Y

-
»

. o -
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Table

i
-

1

o m———

- : by oo :
Coli strains ,;Coll strains

e —

oy liver perfusion

- —— -

0 0 0 -0

R . e B

1:128 1:123

iy i —— " —— - = =

in S-forn \in R-form

, 378 346 035 324 16 34 283
e e . ; .-
+ Unstability in’ suspension : |
' Haated 100°C ~ 1 hr S R i
Do Jlutwnatlon 1n acr1flav1ne .. _
t solution 1 {500 SR R i
| PE rophoretlc migration . » ' ‘ ,
| volo city /3 min. S 24 20 20 61 55 62 8C
| S | ! ' ]
' .
{ T&nvo,Jt081s. .
i .5 of bacteria removed . 11 16 30 141 64 55 89
|
|
:
|

tzlvgion of ‘precolostral
zarum for 50% 8}?{??_._-,m_--
ba terlcldal precolostral
cifect , calf

1:1 %L:2 1:1-0Q

{ L4

RIS X
. P . .
% .
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S Tuble 2

“5-andaneca of bactericidal activity of piglet sera contain-
.3 Aiflerent amouw of complement on thz surface character
of bactarial stira’ns

'

774 vnits/ml 1 S-form ——— sa B-Fows
cof Si;let sera- i coli l>7‘co11 346 coli 378 Shl“rcoll3A col '
' o ' e
. B e T ! |
TS | = T
1,5 . Q | 0. ! 0 il:l 1:8 {::16 _
| 2,2 0 o | o0 1:3_11:3 }jgwk___
3,1 o | o | o J|1i:li:2 i1
. I ; ! ——
f 3 o 1:1 . 11 1:6 *1:64 BREY
Table 3

Joronstration of antibodics to Shirclla by different methodn

1

reaction. . |dilution of sorv-

: -} bacterial agglutination i', 1 1280 ,*_-;
i :ntim | passive heragglutination 0;1%; 650.CCO o :
CoSsle D opasono o R 2000
| Corum |, Demoryels 0,001 & T |[1,500,000°
l bactericidal reactioa | s00.000
nomgrn ||z bactericidal titer 132,16, 3, 8¢
Lo2na1e ""~r5;géiveWﬁﬁmagglutlnatwon O 1% 1 08 o

824 " | passive ncmolysis 0,001 % 0 o
N o bactericidal titer --}i__l—}_ﬂi’f% f

gi??ggn . pa§si;e hpéngglutinatidﬁ'o,lg. .0 . ”__%

snra © | pasaive.hemolysis 0,001 % | 0 ]

- . I' '
[ - . .
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' Table 4

o %e of S.coli 345 by the porfused rnat liver suspended
“n inzer .Lockas and eftar opsonization by enrplement of

nawdorn coltostrun free piglets

——— s M ———— . - ——

t n ' o

. , l(‘,o JAC ';*\:fl'l punTe’ 0 ”|
. T:-porimental conditions Total nuster | * Bt 3
! . _ of exporiment| aﬂ°“3°e| ;~-r . : !
i | ! o
- - - — R ,____i ___...—.‘_.,_._ ——— - - X ‘; ‘
' i 1 ' |
' DR Lo EtCOl.i 3451 o 14 1.0 |0 ™M l : ‘
i),i m1., dingar--Locke o
° ——— ——--——-——.-——--l ——— —_—— ¥
'7,% ml. E.coli + . | ‘ \ -
12,2 "L, native pizlet 3 43 (52 1
gservan (p.s,) '
( ,L mle Eo.coli + . : . .- ;
' 7,7 rl. D.8, inact.30 min, 5 I B P B
De8s ! ,
e at 56°C | , .
e - - - 4]
!ﬁ,l aul. B.colil 5 12 I (2. > ‘N
{ m:,j -an poSe + EDTA l ' | :!
- ' ] T i
' \4-41_, :B-.Lo 'Encoli + ‘ . Il "f‘
i ' . o \ ‘
! :‘,“’ f.".lo poSo SbSOI’bGd by n 5 10 E (18 b / ‘;i‘
i zZymosan . | ' .
! — - —— —_— - 1
I - . ‘ t ¢ K
, 9,1 wl. 5. coli+ . : _ ! ‘ ;
12 2 rl. pssS.treated with ([JH- 3 N2 (3 - 2) i
- — -
1
Al 5
!
*f
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Table 5'

... Toly Deraation in nrezolosiral gte
with differant zntizens immadintely efler birth

‘e

1
“tooc./ne an d amolint f Jays o7 Lifz

»oonntizan 3 5 7 10 |
Ts'-5ralla paratyochi B 0 0 C 342 7 .
| i
. o =102 neat danct, |0 0 o 1:1 :
- orades N 0 C 2 T
0 0 0 3 ;
o .9 110 : i
. | o . :
. Sazsoo m23 blood oo o .15 255 ! :
<
51 20 Ay om g 2 16 64 . . :
; 0 4 15 254 :
| - - 20 rl 0 2 16 | 64 :
-— i — ———— - 1
e 107 0 40 320 320, . . :
Temiieles - 107 0 80 540 2230 y
.
7 baéteriéidal raaction with 3. raratyehi B astiantod 2
~% 3 hours after incubation at 37°C . _ T ;

Z‘mq7glut1n1tioq with inactivat~d scra (for 30 min. a%

Ly v(1

7-7C) with 0,1 % suspensdion oP sheap red cells

+ -

4 4 o

Lot 50% inhibition test in the presence of precolost
.calf serum corplemant diluted 1 3 5

H
0

- L - e . e

P
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Table 6

-‘;?

/

ghzep evrytihrocytes

-fed nigletis

§,Wﬂ euspenSion‘ Days after 1mﬂvn1zau Lor l
;0. SIPOP _*"f" ***** - T
i 2vythrocytes 0 l 3 { 5 1 Q !
- - e e e -1
| 10 ml , 0 } o 0 1:16 21256,
2= {10 mb ‘ o 0 1:16 | 1:06 1 255
14t censt 20 @l o -y 0 0 1215 14
-1 20 ml » 0 ! 0., *.--1:2 - L S_N I %'6 |
i RO A I (i 1:16 | 1:8 1:16 132
199t 10 m), . K% 1:128{1:8 - | 1:3 106 10
™o 20 ml . R 1:32 il:l6 1:8 1:3 i 12 E
4 {20 m 1:32 |1:16 1:16 1:8 13
Table 7
“2i-ary and scecondary response to sheep red cells in nowboon
pizlets _
Prlmary ' Secondary
i e _ —
jgﬁ:an serum eeri?tgrigted | ?Ees n! sorum sergﬁégrﬁgegc-.
by 0,05 00 L , _ : ;)Qgﬁﬁj 1
-0 | o - gmg 0 19 S
LoD ) - - —=5 o | - b
noo 2 - - ; 9 15 0 i 0
2 - ~ ‘ 10 1024 | 522 | 0O
o 4. | - - - 8192 | 2048 0
13 8 D - ; 13, 8182 .| 1024 | 0
, o 128 0. 0 ' 15 8192 2048 C
; i7 256 0 0 17 40056 512 b3
' 19 128 o 0 ( 19 20:3 - -
G 256 Q o 4 a2 4096 | - :

|
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. Table 8
“ffact of complement on 50 % phage reutwalization

: s 2 i serun dll'_ib on o

‘ ?i:ELiz‘- 1:5 | 1:10(1:20 1:40 L:80 1:150(1: 320[1 640 1:1283!1:?;~

JRE NS Yo 1 N | |

—‘ 2 . - = - 1-_—-— - -
. T1 75 T 1aw| 15%] s 34 8% T T
. ""T"'..I-— [ p— ' .t - X - ' ; k -
-, 0 1451 175 159 220 | 28% an 39% 5oawi 67c 675 | 71
| o S ’ . o e
. .1'5. 6% ' 17% 20:5 21(" 201|J 22J u' 42:’ r 6 ’ 840- ‘:—-‘!_ )
e o5 333 TS N ‘
IR A |
S sl oo o30%) 0 58%| 69%| 103
] . PR ; ; \ ‘
ST 15 33%) 69%) 112
{
, STAT
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