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G Deveiopment of Immuné Leactions in the Absence or Presence
d of  an Antigenic Stimulus |

%terzl J., Mandel L., Miler I., Riha I.

Department of Immunolo Y, Institute of Microbiology,
Czechoslovak Academy of Sciences, Prague, Czechoslovakia

}The aim of this work was to differentiate gerum factors
with}some‘immune activites, which develop spontaneously
without dependence on an antigenic stimulus,:from antibodies

“which arise in response to the injéction of antigen. Under
normal conditions(conventionally reared animals) antigenic
stimuli are practically uncontrollable; they act in the
orzanism, such as bacteria colonizing the intestine, respi-

, ratory tract and surface of the body. Moreover, food contains

b ' . . antigenic substances which are also a source of antigenic

T | stimuli. Antibodies arising in response to them, without

interference ani control, are called natural antibodies.

. On the other hand, natural factors are present in the serum

_ which have the capacity of interacting with macromolecular’

P Adniaiesc St S T

' substances (e.g. alpha macroglobulin reacting with insulin,

" natural conglutinin with zymosan (1)). In this communication,
" the role of antigen in developing of the eefum factors above
- mentioned is studied. . ' -

EZxperimental model. The newborn animals contain anti-
s “bodies transferred from the mother and a great number of
.+ " . ! antigenic substances stimulating the maturing of its own

 immune mechanisms. The level of transferred antibodies does
not usually permit detection of antibodies.formed by the
‘young animal itself. It is, therefore, of advantage to use
~a type of animal whose placental barrier does not permit the
- transfer of antibodies into the circulation of the foetus.
If such animals (e.g. piglets) are artificially fed and do
.not obtain maternal colostrum,‘we do not find antibodies

.
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- , paséively transferred from the mother in their serum.
o In order further to éxclude contact of the newborn animal
with microbial antigens, the foetus is removed from the
-mother before birth under sierile conditions ani put into
1 _ an incubator where it is excluded from bacterial contami- -
o . nation.(Figs 1, 2, 3). However, the rearing of animals
. without microorganisms does not fully guarantee that antl-
~ genic stimuli are completely eliminated, because of content~
' o83y dead bacteria and other antigenic components in food.

We have attempted to reduce this source of antigenic stimuli
. by using a nonantigenic diet (mixture of amino acids and
' . vitemins) and also hy observing the development of immune
) - factors in the early postnatal period, when immune.response
o ' to small doses of antigen is reduced. We consider that
studies of natural and immune factors in animals which
have not obtained antibodies by transfer from the mother
: and are reared under sterile conditions in thz early stages
3 ' '~ of ontogenesis,is'the best model for solving these questions

-
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‘at the present time.

, The chalacterlzatlgq_gf some_serum fractlons of sterile
precolostral piglets. The electrophoretic pattern of pig-
§  o . let sera shows, in agreement with published results, that
the newborn do not possess serum . ~-zlobulin. After concen-
tration, hcwever; protein has been dotected in the region
- corresponding to 7-zlobulin (2). Sera of precolostral pig-’
T . lets contain approximately 40 pg per ml. of this protein.
oo The incorporation of methionine into the j=globulin fract-
ion of the newborn was demonstrated by the use of labeled
methionine 835. The rate of increase in radioactivity
indicated the typical process of synthesis (3). The nature
of . a—vlobulln in the newborn was studied by physico- -chemi-
. cal and immunochemical methods. Two fractions were separa-
\  ted on DEAE cellulose. A fraction (I) of the neonatal
i ~ g“-globulin is not precipitated and has a sedimentation .
coefficient of 2.7 S. The other fraction (II) is precipitated
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| w1th antlserum agalnst the 7—globu11n of adult pigs and
has a sedimentation coefflclent of 5.1 S (4). This
: : ~ fraction bears no relatlon .to Bence Jones proteln but
7 a relatlon between 5 'S neonatal 4=globulin and H chains

of adult pig f’globulln was determined by the fingerprint

i 2 SRR T

technlque (5).
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' gqlgggggl‘g;g;gg. Antibodies have not hitherto been
demonstrated by any serological reaction to any bacterial,
'Nirus, phage or tissue antigens. No antibodies were detect=

L . . ed by the agglutihation reaction to the O and H antigens

%jf. B of various Jram-negative bacteria, nor by passive haemag-

! . glutination' with antigens isolated from bacterial strains
and bound on.to sheep erythrocytes (6).. '

Passive haemolysis was carried out with erythrocytes,
to which different antigens were adsorbed, not only with
‘'usual erythrocyte concentration (1%) but with progressively

- decreasing concentrations of erythrocytes (0. OOl%) (Fig.4).

- In this way the amount of antibodies necessary to produce
“haemolysis was greatly decreased, to the level 10 pg N/ml
(7). The bactericidal réaction for which strains in the
S-form were selected, hes the same degree of sensitivity
(8). Even detection of antibodies by npsanization.of strains

- in the S-form (at the level of 1070 pg N/ml) with sera of

AR - newborn precolostral piglets was negative. The sera do not

9? ' f’ display neutralization activity to phage (thé experiments

;'madevby Dr.Trnka) neither ‘neutralization activity

; againstvpéliomyelitis viruses (Dr.Slonim). Antibodies were
not only not found in the serum but also not in the

. concentrated 4—-globulin fraction even on using passive

' _ haemagglutination and passive haemolysis with adsorbed

", . diphtheria toxoid as in the experiments of Segre (9).

'_ We conclude, therefore, that the protein of the g=globulin

@7 § v; ' type in precolostral newborn piglets has not any detectable:

antibody activity. '
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ﬁ'Although~antibodieé were not detected in newborn
piglet sera, a certain amount of complement was demon=-
L strated immediately after birth by the haemolytlc reaction
ail" _E - (about 2 C HSO units). The amount of complement increased
gradually in animals reared under sterile conditions;

'20-day old piglet had 15 - 20 C H units/ml. (9).

- The immunological progertles of piglet sera without'

the presence of antibodies. Some changzes in antigen
suspension simi 1ar to antlgen—antlbody reaction can be
observed w1thout the presence of antibody: bacterial agglu~

- tlnatlon at low pH, haemolysis by complement of erythrocytes

:  previously treated with tannic acid, etc. The data will be

L..“ - o preseﬁted that complement can act on certain bacterial

" suffaces even in the absence of antibodies.

a. Baptericida1 reaction: In experiments using strains

in the typicalbs-form, e.g. strain of 3almonella paratyphi B,
we never detectéd bactericidal activity in precolostral
piglet sera. On testing a larger group of Gram-negative
bacteria, however, we found that thesesera exert. a bacte-
ricidal effect on some bacterial strains. These strains,
which were sensitive to pizlet complement, were in the
typical R-form., On absorbing scra at 0° with R strains

"~ the bactericidal effect of serum wau not abolishéd; it was

~ abolished, however, if any components of complement'was- |
- inactivated. In selected strainé it was found. that there is
a’direct relationship between the character of their sur-
faces (R-form) ani the degres of dilution of test serum.
still capable of bactericidal activity (Table 1). We~fur£her

; demonstrated that there is a dependence of the amount of

g pizlet complement, the character of the bacterial surface

» and the bactericidal effect: sera with a small amount of

3 _ complement only have an effect on strains in the R-form

L v : (Table 2). Higher"compleméht levels (5 C'HBO units) act

; ~against strain 346 which has the characteristics of bacteria
in the Sesform- and which is not sensitive to scra with

T T R T T T P g
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a lower complemeht_level, Baetéricidal activity is thus
determined by the surface of the bacteria and not by its

B specific antigenic structure (the series ihcluded strains
of coli,'S;typhi, Shigella shigae, etc.). At the same time

as using precolostral piglet serum we also worked with

- precolostral calf sera. It was shown that their bacterici-
dal effect against some strains, e.g. Shigella shigae,
i is hiﬁher than would have been expected from the relation-

ship between calf and piglet serum (Fig. 5). We therefore
used different serological methods to determine whether

antibodies to the Shigella strain were not present in the
calf serum, We found that with O antlgen edsorbed to

v’erythroéytes (antibodies to 'this antigen are responsible

for the bactericidael reaction) and passive haemolysis
done with minimal numbers of érythrocytes (0,001%), the
demonstration of antibodies by this method is more sensitive

vthan'the bactericidal reaction (T.3). We conclude that if

antibodies are demonstrated in newborn serum by the bacte-

-ricidal reacflon only ani not by the more sensitive passive

haemolysis with minimal amounts of Lrythrocytes, precolo-
stral serum probably does not contain antibodies. We further

.found that the bactericidal activity of precolostral serum

can only be abolished if it is absorved with zymosan in

-the bresence of complement. If native calf serum is treatel
_with zymosan, the bactericidal action disappears; after

adding piglet complement to the absorbed calf serum in a

" concentration which does not itself have a bactericidal
~effect, bactericidal activity was not changed and the

bactericidal effect was not present. On the contrary, in

' calf serum first inactivated at 56°C and treated with (Fig.6)
- zymosan to which the same amount of piglet complement had
been added after inactivation, bactericidal activity was
" almost fully'restored. Our contemporary programme is to
‘establish wiether absorption of sera does not affect some
': components of complement which were restored on adding
. neonatal complement or whether precolostral sera contain
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T a substance with propertles such as properdin or natural
convlutlnln C cut e

b. Opsonlzlng effect of precolostral piglet serum!
A study was made of the opsoplZlng activity of neonatal
pre001ostral piglet serum to strains in the S- and R-form.
‘Phagocytosis was determined by perfusion of the isolated
liver 10) ani by the meth@d of determining the time course
of bacterial clearance from the circulation in neonatél
vpiglets. Strains, which are in the typical S- and R-form

TR

o die sl

were. selected for the study of opsonization (Table 1).

Rt L S

The concentration of the bactcrlal suspension for opsoni-
zation was 5 x lO4 bacteria/ml. O. 1 ml of this ~suspension
was mixed w1th 0.9 ml. test serum and left for one hour

Bt

in the refrigerator. Bacteria were introduced into the

STl

afferent cannila leading to vena portae and the number of

i e

bacteria not takeni’by the liver was determined in

samples taken.off from the inferior vena cava. Opsonization
was carried out in the same way in clzarance tests in

vivo and lO5 bacteria/kg. body weight were injected into

the blood stream of piglets. The bacterial count was deter-
mined in blood samples obtained by cardiac puncture at

T L R P YT

different time intervals after injection.
In the first experiments on the isolated rat liver
- *it was found that the uptake of E.,co0lil suspended in Ringer
s>lution is dependent on the character of the bacterial
surfaces. An average of only 10% of the S-form are retained
whereas in the R-form the number retained amounts to 55 - 64%.
In experlmpnts in which Z.coli (S- form) were opsonized with
neohatal serum containingz 2 - 3 units of C HBO complement,
it was found that complement has an opsonizing effect and
‘increases the number of bacteria retained from 10 to 48 %.
“Any inactivation of complement components abolished the
» opsoniziny activity (Table 4) (11).
o .1 E In further experime nts phagocytosis was determined
' - by the method of clearance of bucteria from the blood stream
in neonatal precolostral piglets. Evidence was provided that

PR ST
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E.coli in the S—form is not phagocytosed in the newborn
(Flg 7): 'On the other hand if the R-form of the strain

is ‘injected into neonatal piglets it is effectively _
. cleared from the blood stream (Fig. 8) In order to deter--
" mine the minimal amount of atibodies. for opsonlzatlon and

phagocyt031s of coli in the S- -form, we mixed a bacterial

'suspen81on in the S-form w1th different amounts of rabbit.

antibody. It was found that dilutions of 10~ -8 _ 10 =9

'”of antiserum still produce a full opsonlzlng effect dis- .
* played by the. complete clearance of thé ihjected bacteria

from the blood stream. Dilutions of 107 ~10 and 10~ lead
to only a partlal and transient decrease of the number

of circulating bacteria (Fig.9). Since the same strain
; mixed wifh neonatal serum containing a small amount of

- complement did not have an opsonizing effect it shows

" that the precolostral sera of neonatal piglets does not
~contain antibodies detectable by this very sensitive '
~test (by which antlbodles dre determined in a concentra-

tion of about 10~ yg N/ml). This experiment, therefore,

- shows that the sera of enlmals in which no antibodies
" have been -demonstrated by any method, contain complement

Which acts on some bacterial surfaces and is thus able

to imitate immune processes for which the presence of
~.antibodies has hitherto been considered to be necessary.

Ege_development<g§;gntiquy'formation in sterile

. animals after immunization with different antigens:.
. The study of antibody formation in sterile precolostral

piglets has a number of advantages. Since there is no

t'rtraosfer of 7=globuiin from the mother and there is no

B}

':level of natural and passively acquired antibodies, the ’
first antibodies detected are formed by the infant animal
,7_<1tself .Since: the s2rum contains only a small amount of

'_n onatal. 7~olobu11n of low molecular welght the character
~of the first antibodies’ can be well determined.

:
Lobe :
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a.: Tlme course : 3f onset of antlbodJ formatlon after

_ _‘imﬁunlzatlon w1th dlfferent antigens .Newborn precolostral
N .plglets were given an 1nject10n of S.paratyphi B and anti-
- bodies detected malnly u81np the bactericidal reaction
permitting detection of lO gg of antibody N/ml. The new~-
_ born animals were given i.p. anpCtIOnS of the maximum
/ ‘1ose of antlben that they tolerate, i.ee 2.9 X lOlo bacteria
in 5 ml., The first antibodies were but rarely detected

'5 days after 1mmunlzatlon. The amount of antibody increased
L "~ to the 10 -~ 15th day after the injection of antlgen. If

-t - sheep erythrocytes are 1n3ected (20% suspen31on in amounts
L o . of 10 or 20 ml) antibodies appoar earlier, in most anlmals
fiﬁf_l\ﬁ_v : on the fifth day after the injzction of antigen. However,
SRR we did not succeed in demonstrating antibody on the third
' u;day efter'injection, even'usihg very sensitive tests. For
‘ . demonstrating antibodies by the haemagglutination reaction
é;,; ﬁ "f we use a 0.1% suspension of erythrocytes, for demonstrating
L | ahtibodiés by ‘the haemolytic reaction a 0.001% suspension.
. +Very similar results - i.e. negative demonstration. of anti-
L _bodies on the third day aftar the injection of antigen
. . © .- . and reliable demonstration on the fifth day - were obtained
o after immunization with the corpuscular antigen of phage T2
- . and, virus (Sabin attenuated vaccine strain). A comparison o
R '7'of the results after immunization with the different anti-
: -~ gens-is given in the table 5, Fig. 10, It is evident that
" the smallest 1mmunlzlng effect was olsplayed by the bacte-
'j".:':riel antigen S.paratyphi B. If it cannot be objected that
SN :f "‘°Vthe different .results in ths formation of antibodies express
%ﬁ *37‘§:f551_d1fferent sensitivity of the serological reactlons to all
SR E "ift antigens (we used tests whose sensitivity was at the level
Cq . 7 of 107 -6 pghN/ml) then it is necessary to consider the quality
RER “: and quantlty of injected antigen.
",55,'{»A - It is very difficult to compare the amount of antigenic
© - gubstance injected in the complex structure of corpuscular
“antigens since haemolytic, haemagglutinating and virus and

phage neutralizing antlbodles only react with a certain

R O PIN B
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part of the whole 1n3ectod corpuscle. We,,therefore,

w1shed to know whether the prev10usly observed finding

f“that 1ncrea31nb the emount of antigen speeded up the onset
f’of antlboiy formatlon in youna animals (12) would. be valid
' for neonatal plvlets. From the results (Fig.11) it is

" evident that increasing the amount of injected erythrocytes
;. and phave (Fig 10) ied to the earlier onset of antibodly

formatlon end also to a higher resulting titre.
The effect of the passive transfer of antibodies for

. ; the onset of antibody formation in 1nfant animals has often
' . been discussed and 1nvest1gated in a number of works. Most

work has shown that the transfer of entlbodles delays the
onset of immunization processes. It was found only rarely

.7i" that the passive transfer of antibodies has a stimulating
<1{.effect, In the work of,Segre (13) on the same model of
:'preCOIOStral piglets,: the pessive transfer of antibodies

v : was considered to be the basis of a good onset of an immunity
V-S’response in infant animals. In all the antigens used we .

obtained a good response in precolostral piglets. Je made

;ja comparison of the immunizing effect of the same amount

? of erythrodyte antigen in piglets reared conventionally

} w1th the mother and in sterile precolostral piglets. The

4 teble shows thzt the p8831ve transfer of antibodies inhibits
h 1o some extent the onset of the actual immunizinz process.
“in infant animals (Table 5, Fig. 12).

e further wished to find out 'the ejrliest onset of

f antlbody formation and whether there is an increased immune
: response to different antigenic stimuli during the maturlng
; of -the individual in infant animals reered non exposed to
;”?_antlgens. We were unable to detect antibody formation after
"{ immuniZing the foetus- in utero one month before term -

i (gestation lasts three months 1n plbs) ‘using 'S. paratyphi B
"~ ' and Brucella suis as antlgens, these Tesults were published

_?in 1960 (6). In recent years we have used sheep efythro-

'g cytes ‘for 1ntraueer1ne immunization. and have demonstratsd

~’ antibody formation 1mmedmetely after birth in piglets
'7§jimmunized one month before term. In some animals, however,:

-

PO
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B “5aﬁ;yﬁ antlbodles were not detccted et blrth after intrauterine
i 1mmunlzatlon. Thls could have been because the level of
. - antlbodles formcd was ; not hloh -enoug zh or because antibo-
o t;' -..-.dies which coul& have been detected during the month dis~
Vf appeared before blrth “If ‘such an animal is vlven the same
‘ injection of antigen 1mmedlate1y after birth as is given
to newborn animals not 1mmunlzed in utero, the onset, course
and level of antibody formotlon has the typical character
“.of a second :ry reaction (table 7). If the same dose of
,‘:antlgen as the flrot immunizing dose (10 ml. of 20% sheep
RN erythrocytes) is injected into young anlmals of vadous =
”ﬂ ‘ ages reared under sterlle condltlons, we do not observe a
: 81gn1flcant increase in the 1mmun121ng ‘effecct which would
‘.show that marked changes in the ability to respond to anti-
o “‘ﬁ zen Llurlnfr ontogenesis occur without an antigenic stimulus.
'5»’;:Thls finding has obviously ‘a parallel in the number of
;antibody prolncing cells detzcted, as will be reported

oterzl 10

- i 1a't\.ro
Do ohorgcterizatlon of the first antibodies formed.

A det>rm1natlon was made of ths molecular welpht of the
flrst antibodies in thc sera of precolostral "sterile piglets.
Antlbodles to crythrocytes, phage and strain S. peratyphl B

y L were centrlfuved in asachoroseqladlent 1n a Spinco rotor

: “fa_; .40 centrifuge at 35, OOO r.p.m. for 16 hours. Six layers

" were -successively senar ted in which the bactericidal,
haemolytlc and neutralizing sctivity of antibodies were

" tested. In all sumplos, antibodics were found in the last,
ci.e. the fifth and. sixth fractions at the bottom of the tube°
- These ‘tests confirmed a whole series of similar work that

" the first formed ’ntlbOleS in newborn animals are of the
L macromoleculnr type (14,15).. , : A
_f;i ' . The first, detuctable antlbodlco, however, are not

‘.’,l ch\racterlzcd by this property only, but also by serological
TN »j . prope rties. If antlbodl s to erythrocytes are determined by
tggfél“q{_ . the test described, in which the sensitivity is 1ncrcased

o memmso
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jé'j ~ - find that the 1ncreased sen31t1v1ty of the

“immune adult animals (Fig.13).
ﬂlnfant antibodies have a dlfferent binding

sera of hyper-
show that
capaecity from

eactlon has a linear dependence as in the
The. results

that of the antlbodles of hyperlmmune adult animals. This

- ;could be due to the fact that they are mainly 19 S anti-
“bodies. We therefore isolated antibodies of the 19 S

v;character from adult hyperlmmun;zed animals on Sephadex
. G-200 (16) and determined the dependence of the amount

of antibody essential for 50% haemolysis at different
concentrations of erythrocytes. In 19 S antibodies of

' adult-animals we found a linear dependence, i.e. within

_1 the class of one molecular type of antibody the binding
= "' capacity changes. This was also confirmed for 7 S anti-
. l " bodies. The antibodies formed immediately after birth .
;: ? during the secondery reaction, according to {heir sedimen-
;\ - f tation characteristics in a sacharose gradient, are anti-
ff :,‘ é . bodies of the 7 S type. These antibodies however, when
%f;g' 'l‘la'_ tested for binding capacity by the test using a decreased
gag, .i' é‘ number of erythrocytes, also failled to show a linear
?;7; S dependence. Again the reverse to 7 S antibodies of adult
15 ' 1 +animals.
é_ e Differences in the' blndlng canacity in the flrst
v;‘ Vantlbodles of immunized piglets were found with anti-phage
3

sera. It was found that the antibodies have a very small
. neutralizing capac1ty, which, how=ver, is cons1derably(f$)
increased if complement is added to the . test. The source

a N
;; ;fff‘}f piglets which itself has no neutralizing activity to phage.
i* Here complement—evidently acts as a cofactor which strength-

;fi "q_:;,ff ens the binding of ea31ly dissociable antibodes on the
,~‘phage particle 81mller1y as in the first antiviral antlbodies
., ;. described by Dulbecco (17)

R e T E P BN .
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P k fuf%her ohafaoferistic property of the first anti~j
-{ bodles in hewborns 13 thelr dlfferent sensitivity to
. j}tmercaptoethanol (ME). Hyperlmmune sera were tested and

L fit was found that different concentratlons of ME used
el 1by some authors (18 19), for the 1nact1vat10n of 19 S
i antibodies (I M, 0.1 M, 0.05 M) do not exert e different
o . effect. After the action of these concetratlons we found.
Eini';"‘the same titres, i.e. the same decrease in the initial
;.;haemagglutlnatlon reactlon. If, however, we inveptigate-
,.fl: " the first antibodies of infant animals,: the serological -
-f;;:"act1v1ty of antibolies disappeared after treatment with
_'jthe glven concentrations of mercaptoethanol. If sera obtaln-
- . ed from infant animals reacting after birth with @ secon-
R dary reaction (i.e. those which were 1mmqn1zed in utero)

" are treated with 0.05 .M ME, the titre of antibodies is

- only partly decreased However, 1 M conceritration of ME,
FO b _whlch has the same effect on hyperimmune sera as 0.05 M ME -
?'{i.‘fé'if;completely abolishes the serological ect1v1ty of infant

B oA £ TR U O i YT e e
AN A L CIRI IR I R AN

U O S S SR
| &

-

LTS antlbodles. : )
: The rasults obtalned with 1mmun1zatlon of the foetus
_‘feﬁd newborn with different antigens provide evidence that
i the character of the antigen is of importance for the
.»;stimulation of the anfibody response as'well as the amount
" of antigen injected. Unlike the proteins found in the
dserum of nonimmunized newborn piglets in the yiglobulin
D . zone, which have a low molecular weight of about 5 S, the
Jflf .p ¢ first antibodies formed are macromolecular entibodies
:Wlth dif ferent binding capacities from those of adult
iahimais. Newborn plglets are able to react with a secondary
.. reaction immediately after birth if the first dose is
3 4 :g'f"glven in utero. These antibodies appear to be of the .7 S type.
%5'4‘,L@f;_}8ut their properties still. show some characteristics of
»jé_o ;prlmltlve antibodies (low bindinz capacity, sensitivity
i to mercaptoethanol). It can therefore be‘assumed‘that the
- o ichange in molecularvtype,'like increased resistance to ME
KA *';tfand changes in binding capacity, will not occur at once -

3
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3 ‘but that there wlll ev1dently be further antibodies of

i 1ntermed1ate molecular characteristics. .
i~*," . f" - The present results permit a more “exact distinction

b i between the antlbody and nonantibody natural components

- Y .. -of sera. Antibody is not only substance bound to a certain

- ';-5' . group of proteins of sera (according to present knowledge
g ;. %o f globulln) but is the result of adaptation processes

A _in the organism after contact w1th antigen. The adaptatlon

T o S process is characterlzed by the formation of molecules

of 1ncreaslng fltness and effectiveness in their reaction

with antigen. It is Jjust these propertles that distinguish

‘antibody from ‘the nonantibody components of the serum which

R ; are present and have a certain binding capacity with some

- ';" o 'Ej-"macromolecular substances - even imitating the reaction of

KN

"~ .. - . entigen with antibody - but which are formed spontaneously
i o L and théir properties do not undergo any change after
N antigen injection, ' '
= ) o
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B Unstablllty in suspen51on
L ;heated 100°C = 1 hr

R g:/; Tmnel

s o - i i ot

. N b

; o

i: | Coli strains ' |Coli strains

. K ' -in S-form . in R-form

: ! 378 346 055 324 16 3A 288

.solution 1

Agglufinatioh in acriflaviné
£ 500 .

Electrophoretic migration
.velocity mm/3 min,

24 20 20 61

55 62 80

% of bacteria removed

Phagocytosigd:

by liver perfusior

11 16. 30 14

64 55 89 |

pDilution of

;bactericidal

précolostréitl'

serum for 50%

— e - v e ]

~_precolostral

calf

1:11:21:1 0

1:128 1:128 1:8

s wwn - oo, —— o w— o aa

1:256 1:356 1:64
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? 3 Table 2
Dependence of bactericidal activity of piglet sera contain-
ing dlfferent amounts of complement on the suquce character
X . of bacterial stralns . g
] L+
'C’HSO units/ml ! S-form — — > R-form
5 of piglet sera . | coli 127{coli 346.coli 378 Shigjcoli3A)coli 16
S | — ‘
A 1 0 | -0 | 0 j1:{1:8 {1:8
1,5 | 0 o 0 11:l {1:8 [1:16
P 2,2 0 0. 0 1:2 |1:8 |1:16
E' 3,1 0 - 0 o} 1:4 11:32 }1:32
: 5 0 1:l . 1:l (136 [1:64° |1:64
: ‘
2 Table 3
X, i ' . ) . -
Demonstration of antibodies to Shigella by different methods
- | 4‘ ) reaction o dilution of serum
’ bacterial agglutination - 1 : 1280
ﬂntl_l , passive hemagglutination 0,1% 650,000 a
‘Shigella . 0,25% 65,000
, rabbit passive . 0,1 % 280,000
serum ‘ oLy 0,001 % 1,500.000
' bactericidal reaction 500.000
. , newborn _“Mgge?gr}cidal titer 32, 16, 8, 64
. calf pacsive hemagglutination O 1% 0 )
o sera " passive hemolysis 0,001 % 0 )
bactericidal titer 1, 2,1, 1,
; newborn LT : ; T
: . ' piglet passive hemagglutination 0,1% o)
: . sera passive hemolysis 0,001 % 0

N R ' . :
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E';f~J7‘ » Uptéké of E.coli 3465by the perfused rat liver suspended

;_f, "_-1n Rlnger-Locke angd . after opsonization by complement of

5;;}) E L ‘g : - newborn colostrum free piglets

_ o ' o : ke
.. . | Experimental conditions Total number % of baCte;;iimug;inlm,
T S ) 3 - lof experiment| average values

© 10,1 ml. E.coli 346 + oa
RN O:9-ml; Ringer-Locke - : -;4 10 (28 - 0)
2 © . lo,1 m. E.coli + | B | |
g 10,9 ml. native piglet = - ' 8 . 48 | (63 - 30)

o -f o serum (p.s.)

U 0,1 ml. E.coli + ' . E
;. .- - 1[0,9 ml. p.s. &nact .30 min. 5 9 (24 ~ 37

ml. E.cold - | | d
ml. p.s. + EDTA = = - > 12 | (21 -5)

1

9

1 ml. E.coli + . ‘ S '

9 ml. p.s. absorbed by | -~ 5 10 (18 - 0)
: zymosan : : '

OO | OO

RASIAGE & abciio 2 .

% . 10,1 ml. E. coli + o o |
a b 0,9 ml. ps.s.treated with NH3 3 4 s12 (23 - 2)
; f
= g , :
3 : | ,
= g : -
3 f;-' i A
3 g !
; 0 v .
3 i ; i !
o . i X
f S 2 § :
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S o Table 5 .
, b 4:-‘Ant1body fdrmation in precolostral sterlle piglets 1mmunized
' 1gf o : with different: antlgens immedlately gfter birth

Yt p

~,;'-The type ahd_amount s . :Days of life
- | of "antigen . : 3 5 7 10.

1:1 ¥
1:1
2.
'8
1 10

é?f;_ ?' Salmonella paratyphi B |
2,5 x 102 heat inact.
’micrbbes

H O O O QO

Jo o oo o )
O O 0O O 0O

16 256
16 - 64 4
256
16 . 64 .

5;_  . i{ Sheep red bloed : ‘
L . cells 20 w/v 0 m

20 ml -

o O O o
i—)
o))

EC St B DO

o
S
(o]

80 640 - 1280

Co . 7
k. 11 T 2 phage 109
© . - { particles . 10

1o

;:fu,:i % 50 % bacterlcldal reaction with S.- paratyphl B estlmated
AR at 3 hours after 1ncubat10n at 37°C

F A Hemagglutination with inactivated sera (for 30 min, at
-560C) with O,l % suSpension of. sheep red cells

% % % 50% inhibition test in the presence of precolostral , -
|

Ll £ 2 AR s b et > e i

; calf serum complement dlluted 1:5
. i i
2 i T : t \
o l ; ‘
d g : % 5
== SR : : :‘
- ! - !
= : ;
: i :
o g ?
g SR T T P A

| AR S . R . : : : '
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SRS L i
s T R F A
SR ”*f.., R Table 6

Comparison of formatlon of antlbodles 'to sheep: erythrocytes
T in- precolostrdl and colostrum-fed plglets

iff? '@,:.iff 20% suspensioh tA Days after immunization
o .. |of:-sheep - N A
.. ..~ |erythrocytes - 0 3 5 T : 9

2 s ST I R ST

0 0 1:16 . 13256
0 | 1:16 | 1:16 1:256
0 0 1:16 1:64

0 1:2 - 1:16 1:64

L, {10m
Pre~ 10 ml
'.; colost--zo ml
| ral 20 ml
TS .| L1:l6 [1:16 | 1:8 | 1 16 1:32
. |icolost410 m1 . 1:128 [1:8 | 1:8 1:16 1:8
| rum- 20 ml ' 1:32 | 1:16 | 1:8 1:8 1:
- | rea J20m 1:32 |1:16 | 1:16 | 1:8 1

o O o O

: C . . Table 7

i*;;‘ * Primary and socondary response to sheep red cells ‘in newborn
A : B plglets

- “Primary = - G, ‘ . Secondary .-

RS 4

sge 10| sorun | Sorum freated)
0,05 M | 1 M|
0 0 - -
5 |..0 - -
9 16 | o
10 - |1024 | 512
‘11 | 8192 | 2048
8192 | 1024
15 8192 | 2048
AR |4096 | 512
i 19 | 2048 - -
1F a1 |4096 | - -

sge 17 [ sorun | SoTm ireated
0,05 M| 1M

- -

o
"

v,

e

{2
T;'
T
b .
o
t.

h
F
i, -

i
.
F -
2

Vo)
oo-pmm'o_o_
[}
|
b
w

'

i
et
w

15 . | 128
17 | 256 |
19, | 128
21 256

® O o O o O©

«fl’-;r"s: 4 x; T

o O 0 o

o O O o
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o :i -f ;C: Efféct of compiemént;on 50 % phage’ neutralization

,

gjdays 3 o K 7,serum dilution —
?ggiﬁiz- T:5] 1:10]1:20 [L:40 1:80 |1 :160|1:320}1:640/1:1280 1:2560

.| with 100} -

f ‘;'T 2 C g .

T [ 5 | 1% 15%| 28% | 34%| 82% . | | )

| oomele ‘T uw| 17| 15%| 2% | 28%| 38% | 50% | 67% | 67% | T%

150 | 6| 98%
N added | T e | 17| 20m | 21%| 20% | 22% | 42% | 62% | 82%F | 9

- heat | 3% 75%

inact.| 19 30%F 58%| 69%| 103%
.compl.

iig. 1:5 |15 | 33%| 69%) 112%
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P The InductiVe Phase; of Antibody Formation Studied with -

F‘”"’v"“. . . . - . . .

¢93. . Isolated Cells 'J;,ﬂy S -

guff. ’; RS d“ji . : S |
£ S 3 1\ A .

I R Bterzl J., Vesely, . Jilek M. ;,' and Mandel, L,

§51' fﬁ.* i' Institute of MicrobiOIOgy, Czechoslovak Academy of Sciences,,
?f b xxl Prague, Czechoslovakia |

{;- :! ':" f. f, .; \ ) '

9 CooUL At the: Symposium in 1959 weo summed up experimental ‘results

o which ‘made 1t possible to reach the conclusion that the first

RETE e A
e

h .

>

‘ '[fi“zf[ phase of antibody formation can be considered to be functionally

distinct /processes taking place during that phase/ from the

-ff' "l. later phage - the actual production of antibodies /15/. This
_ é; :ff?;fiﬁ; conclusion was based on observations that the initlal phase of
gi_ '1ffifffv antibody formation is much moro’ sensitive to certain forms of _‘
i 4f_i:§ 1nterfer6n°6 /x—irradiation /6, 23/, ‘vitamin deficiency /1/,
| jﬁs;ti\ the action of - hormones /5/, and p&rtiCU1aRlY on data obtained \
St | |

j::f “in experiments with the transfer of 1solated spleen cells to

R

young homologous recipients /13//+ We showed that 1f spleen
433ﬁf?5_cells are- cultivated with the antigen .in vitro antibody format- .

ion does not occur, cells potentially capable of antibody format—

TGO XN I SO e TR, Ty T ey
A AN TR ISR T Ty

= ion /immunologically c0mpetent/ only survive in tissue culture

R S

1;*;);3; and. the process of differentiation for antibody formation starts
. f only when they are transferred from tissue culture to tissue

FEE LI 3
SRV culture n. vivo in a newborn recipient /14/, Using this method

.'731f;j ‘of transfer we showed that the smallest number of spleen cells

e -fgv'capable of formingr a sufficient level of antibodies in young

Aav o .,“ Gl ,..|.

'.,,'ﬁ;i”t, recipients for detection by the agglutination reaction /i,e,

T T T 2 S T e
R RS
>, - - o

TN N R

i @bout 0.1 jug N antibody/ml./ is 105, We further found thab

s "ffpf this number probably only in the order of 10% cells participate
. ‘ N o : _ . ‘ |

' .
t
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| e -; i T ) ‘_ .‘ oterzl et al, - 2
in. actual production, i ou about 0. 17 On the basis of these
‘ quantitative findings wée were able to exclude the simplest version
~_of phe c;onal\selection’theory,-by which antigen acts directly
by the proliferationsof cells aiready producing the glven type
'ft, of antlbody. Our calculations showed that on‘fhis assumption and
; ;?with our methods of detscting antibodios, they should have heen |
}'qetectablé sooner than they adtually wore exporimental;y'/ZO/.
. This was the basis which led to our arriving at the conclusion
""h;that actual production is preceded by a qualitatively different,
inductive phase of antibody formation whose bdsislis a change
in bdochemioai and morphological pronerties duringlthe process
of dziff‘erentiation /15/. |
?‘J' _}’ " In the most recent years we have made further observations
s in. support of %_:hese' conclusions, With a model of transfor of
" 1golated coells we showed that the duratlon of the inductive phaso
can vvonly be little shortened but that it cannot be eliminated
/19/ if an ‘increasing number of spleen cells 1s used for transfer.

;7 We used 'a whole. spectrum of inhibitors of nucleic acids and found

g s mm s v s iy e .

that only a few inhibit antibody formation even 1f those which

vdo not affect antibody formation have marked antimitotic activity
_ /18/. The nucleilc acld inhibitors, c.g, 6-mercaptopurine and 6-
4.7123 : thioguanine, act only during the inductive phase of antibody for-

- mation, /16/. on a similar model, the transfer of spleen cells to '

7 T S e Y o oy o
\ . L= o

TSI e gem e m e

‘ lethally irradiated isologous recipients; Nakinodan et al, /9/

¥

. reached the same conclusion, i,e.. that tho first phase of antibody

ST

- f"f formation /the latent phase/ actually exlsts and can be explained
in terms of disorganization and reorganization of the germinal
centre, _ o : .

o 3 There'are, howevef, certain dafa,'obtained for the most part
o HRCTGLEENT
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with phage and virus antigens /12, 24, 5/, which are at variance
with these results and conolusions. These authors found increas-
ing titres of antibodles in the sorum very soon after glving
e.ntigen and by the interpolation of ‘the rosults almost elimihaficd
. vthe possibility of the exlstence of a period during which antigens
4;::A‘fjii" ~were not formed However, since, in our experiments, particularWy
_ewith the immunization of young animals, we continue to reach
- the opposite conclusion /19/ we attempt in the experiments sub-
o _ mitted to provide further evidence.
i | Direct proof of the existence 0f an inductive phase would
"7 . * b provided if, using a population of a sufficient mumber of
- . cells /1,3. at least 107 4‘108/ and a sensitive method,. we could
F“‘ﬁ‘demonstnate directly on the cellular level that antibody produc-
ing cells do not appeafffor a short period after the administrat-
/ion of antigen, or 1f such;cells are ‘already present in a glven
ﬁf;".: | ﬂnunber; that thls number does not increase dufing a short period
after antigen injection..We selocted the plaque technique'of
determininé entibodies which was introduced by Jerne/8/ as most
sultable in resolving oup»proolem,and modified it by using agarose,
. substance forming a-gel medium without an anticomplementary |
5;3..;i: ;'.effect /e/, The test was further modified to permit mofphological
. . and autoradiographic observations ofvantibody_produoing_cells ’
e o . |
oo Method: Cells 1solated from the spleen or lymph nodes were
I ;fi washed three times and diluted to a given concentration in Parker
solution with 0.5% HSA and’ immediately before mixing temperated
| at 42°C, One part of cells was added to two parts of agarose |
P ”;" containing washed sheep erythrocytes /3 parts 1% agarose in
- | Parker solution with HSA + 1 part 6% erythrocytes in Parker
3 g": L solution with HSA/ which was also temporated to 4200, The mix-

[y
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“}tureIOf'cells;'erytnroeytes and agarose was pipetted drop by.
;i_l‘ drOp from a height of about 60 em. into a Petri dish or . lonto

| x: slide. Drops with a. diameter of 18 mm, and single layers of
erythrOcytes and lymphhtic cells are formed. If the drop is dried

1t has a. thickness of about 20 /u. The drops are 1ncubated at

'?ff? fi,‘ - 57°C in a moisteatmosphere with 5% carbon dloxlide for 6'- 20

) f honrs. After 1neubation’drons are'overleyered with guinea pig

.{;complement absorbed with sheep erythrocytes. One ml. of comple-‘
: ( ment used contained 20 units, The plaques are counted after in-
v;ts;;g; :: cubation at 379¢ for 1/2 hour, and the complement then removed
. by reronal buffer.andvthe drops fixedlin formalin vapour; After.
fixation ﬁﬂéy are‘washed.ln dlstilled water and dried.‘The\prea’
parations wore stalned Wwith Glemsa-Romanowsky diluted 1 t 20

} : for 3 - 5 min, for the morphological determination of the lympha-

“=€"\ tic cells. For autoradiOgraphic determinations they were covered

}ﬁ;_ with stripping fiim Kodak AR10, _

. ‘ We first determined the dyndmics of;the Increase in the
o ;5 number of-antibody producing cells after 1,v. imnmunization of

‘% 1i mice of a noninbred H strain /weight approximately 20 g./ with
.1§h:. 045 ml 1% suspension of sheep erythrocytes. Before the addition
j%ic ‘of antigen we find an average of‘65 antibody forming cells from

_:the total nomber of.108~cells /minimal. 10, maximum 140/; 24 hours
| " after the addition of antlgen we find, on an average, double the
: e‘l _f number.\This lncrease,'hOWeﬁer; 1s only found in some 1ndividuals;
'ﬁ;;*\ﬂﬂ‘ in others the number remalns within the limits of the’ initial
o value after 24 hours and may éven approximate to the minimgl
number of cells determined before immunization /17 to 10 cells/
108/, -In other animaLs after 24 hours wo found the highest values

L jf_:which were found in non-immunized snimals /110, 129, 159/108/,
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:fbs. in’ some, however, ‘the. numbernwas ‘double the hisheﬂt values ‘

before immunization /577 315/108/ A uniform increase in the

number of antibody-producing cells of an average of'l 741 occurs.

‘ 1?7' only after 48 hours "and the highest values are obtained after

B
'\

4 and 5 days and after that the number of cells producing haemato-"
lytic antibodies in the: spleen decreases.lsince the largest number
of cells forming haematolytic antibody was found on the fourth
day we: investigated thc morphological characteristics of antibody
producing cells at this time. The cells were Clasgfied accord-"

" ing to the usual convention /lO/ and we found that .25% of anti-
body forming cells were small lymphocytes, 477 were medium-sized i
lymphocytes and 27,5%. large lymphocytes. Cells which would .
probably gradually be. transformed into typical plasmocytes were

seen only rarely. The greatest increase in the number of antibody

/.qlh producing cells was between thdthird and fourth day; we wished v

.
s

fﬂzinto antibody producing“cellsiunder the ‘influence of antigen, If

l l to determine whether the increase in tre cell population at this

time was due mainly to mitotic activity. It would also be possible’

¢

for the quantitative increase to be due to unequal contact

: ‘f.f with antigen~and.variations in the,time'during which cells develop'\

‘;}J‘the first theory were correct most of. the, cells would incorporate

labeled thymidine between the- third and fourth day, We, first
used thymidine HS but it was found that most- of the cells remain

deeper that 2 u-below the surface in thethin layer of agarose
! ’

: ', so that labeled cells wero not detected We were morc!.x success=-

ful .on asing thymidine 014 whose offect penetrates to a distance

'"ft} of 90 u /2/. In thc first experiment thymidine--H3 in ‘amounts

,;‘ of lC)pC was injected 1. p.,into mlce three times at intervals of

6 hours boetween the third and - fourth day after immunization, Only
107 of the centric‘/antibody producing/ colls in the plaques.

Vv

AN , G L o Sl
. . : .
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were labeled with thymidine. In the subsequent experiment we there-

fore administered thymidine from the ingection of. antigen every 8

'hours to 72 hours, 1. 8. 8 total of 10 doses /one mouse received ,

a. total of 50 nC/ In these experiments we found that the total
number of labeled small, medium—sized and large lymphocytes was

'25%, the large,lymphocytes being labeled 100%, The samelpercen-»

,tage, il.e. és% was labeled in smears and in agarose’if the drops

. were flxed immediately without incubation, Of a total of 50

examined centric cells only 40% had incorporated thymidine. If

we add 10% of cells which could have acquired labelling between
. the third and fourth day, ‘during whieh thymidine was not glven

in this experiment /on the basis of the preceding experiment/, |

" we consider it to be deflnitely established that not all cells

h detected as antibody produeing cells, arise by mitotic division.,

[
i

number of antibody producing cells in mice make 1t clear that

we are dealing ‘with e most heterogendous population with a diverse /

' individual history. In nonimmunized adult mice there 1s not only

' veriation in the number of cells7in'different.ﬂindividuals before

‘immunization, but after giving antigen the rate of onset of

"antibody formation which‘is very'marked already after‘24 hours,

shows individual differences. We consider that the individual

heterogencity is the result of the diverse immunization history

“In adult animals and it i1s probably- the reason for the diverse

resultsjobtained,when'immunizing adult animals,

On the other hand our conclusions on the time course of -

''the onset.of antibody formation are mainly based on developmentall

studies during ontogenesis; We have repeatedly confirmed /21/

“ that a real primary reaction can be expected with most antigens '

only in newborn animals. We therefore determlned the number of

" Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ———-
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" antibody forming cells in newborn rabbits from the £irst o the

' 30th day ofilife, both in nonimmunized animals and in newborn

EE Aanimals injected 1 .pe at different ages with 1 ml, 107 sheep
;ef‘--f . erythrocytes. Shortly after birth we did not £ind a single
) l' cell in lymphntic tissue which formed antibodies, Only from
. '?'- ' the 20th day dld we find very ‘small numbers of cells producing
| ;;‘. ? - antibody to sheep erythroeytes /Tab,2/ in nonimmunized rabbits.
: | On the other hand as found previously by Riha /ll/, if sheep
S ‘ﬁ' | ,_erythrocytes are Injected into newborn rabbits, antibodies are
1 .7 already forme on about the £ifth day of 1ife. In accord with
l“f'this, antibody producing cells are detected at this time by the
plaque methodl/Fig.S/, It.ie also evident from the experiments
‘on rabbits that the number of colls detected at the same hours
e%after antligen injection increases continuously with age.. Whether
‘this was due to the spontaneous maturation of lymphatic tissue
or to antigens of the intestinal microflora or fdod antigens
A b.which have chemical.groups in common with the antigens of sheep
?“? “%‘  erythrocytes /7/,’we attempted to decide by further experiments,
; 'To solve this question we used once again the model of
sterile piglets which were fed on a nonantigcnic diect, as
descpibed previouSly.‘If we determine4tne appearance of producing
"cells in normally reared piglets /which received colostrum and
were reared with the mother‘under normal condltions/ we do not
'find antibody forming cells immediately after birth or on the .
seventh day of life, but already on the l4th day there are 9
o antibody forming cells per 108 spleen cells,/il.e, 63 cells in
o | pthe whole spleen/,.in another animal of the same agclwe found
277 cells calculated to the whole weight of the spleen, These
‘results stand in sharp contrast with those obtained in piglets

N

S| » .
. A3
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Areared'underdstorile;conditicns on a nonantigenic diet. Up to
one month i e. for the whole period sterile- artificially fed
piglets were reared we did not'detect one antibody-forming cell
to sheep erythrocytes 1f antigen had not been given, On the other
.i;'" ‘, ,hand if the piglets are given an injcction of sheep erythrocytes
-; /lO ml. 207 suspension of sheep erythrocytes 1.p./ on the first
| day of 1life, the first. antibodics can be detected after 72 hours
/Tab 3, Fig.4/. Whether the number of cells detoctod at fivst
_/72 hours after immunization//changes.w1th age is difficult to
decide on account of the small number of resultsy It would secm,
:’however, that it is more'effected by'individuel factors than
by maturation, as we. thought originally /18/.
_ ' The results show explicitly, that antibody tormation does
‘;'not start spontaneously during indiVidual development 1if the
individual is protected from antigcnic stimulil. The proof that the
o-called spontaneous develOpment of antibody forming cells |
in normally reared piglets is due to antigens encountcred by the
»animal appears to. be given by tre experiment 1n which the number
of antibody forming cells was determlnod in sterile piglets fed
B on an antigenic diet - degraded oow‘ s milk, On the 30th day of
life 7 plagues were detected in one animal and 10 in another.
- In both cases, however, not a sinrlc antibody formlng cell was
o present in' the lymph nodes /Tab 4 /., The difference between the
. onset of antibody formation in normally reared rabbits and sterille
_ f; piglets /Fig.S/ 1s probably that in the first casé antigon acts
. Ezduring development while in thé. sccond andantigenic stimulus
| is not present, l A e |
| However,\there are scveral conolusions that are common both
"rfor rabbits and storile piglets. 0 the basis of the data obbained

in 8 - lO-day rabbits it can be excluded that a previously exlst-

A

1
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P ,Zing cell 1n the organism at the,time of 1mmunization could give
o f:rise by proliferation to the number of cells determined aftoer -
; tne:negeti#e“period. If We assumed tbat-the‘number of producing
‘cells arose by-pfoliferatiOn ., then at zefo time in the rabbit
there would have to be only 1/250 antibody producing cell for -
. thé total lO8 spleen cells. One antibody ~-forming cell would
bonly be present in about lOll lymphatic cells, which is much
'ixmoro than the young organlsm actually contains /this amount
_-would correspond to about 10 - lOO kg. rabbit/, The,situatlon;
:i?7 in piglets is similar to that in infant rabbit, In this case
the onset of antibody'formation Is a little ld%er and therefore
in the zZero hour, only l/lOOO of a cell from the entire populas- -
ion of 108 lymphatic eells would be able to take part in anti~
body formation, This would correspond to the presence of one

’l cell in 1011 lymphatic cells, thus again a number greater thsn

R :A,:'that present in a newborn piglet The second possibility that

at zero hour one cell 1s present which reaches the number dcter~
‘mined in 72 hours by the very slow process of proliferation in
‘.luntenable since at 24 and 48 hours the producing cells could
_'actually-be detected in both modols /plglets and newborn rabbits/;
If an estimation is-made of the doubling/time in both models
" the basis of experimental data obtained between 72 and 96 hours,
. ‘git comes to 5 hours. On the basis of the above calculation and
i l'}‘:‘; the very short doubling timo wo are of the oPﬂnion that producing
| ‘cells do not arlse b¥ a procaess of proliforation of preformed rells .
. It would certainly be correct 1f we could provide direct proof -
o 3¢ ! ' 1n the newborn that the production cell which is first deotected
o does niot arise by division and doos not incorporate thymldine ¢t

P

© . We: hevo no such proof at present for technical , Peasons, In order

: Fagkﬁ¥fig H“,EE.@Hﬁ:{
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; to detcct the very small number of cells appearing in the

;*”tifjnewborn 1t is necessary to use concentrated cell suspension, |

c:lda cells per -1 ml.va cells are added‘in this cOncentration‘ |

ﬁu%‘to agarcse, the area of the plaque of ¢ 1 mm.‘contains appro-

' ximately 4, OOO lymphatic cells. It is therefore imp0ssible
in such a concentration to estimate what cells are centric,
i e. productive. o | ‘ |

The second more probable’conclusion Which’is also in

keeping with the previous findings with the isolated cell

“,‘; transfer method assumes that for a certain time ‘after antigen

R iy

injection during the primary reaction the cell passes through the

i s

" ';'L.T';‘
L ;,} inductive phase and does not produce antibodies and that process—

.*n,‘éﬁ es. take place during this time which are d:stinct from the later

S

* process of actual antibody production. It is possible that part
:’. i ;
’7l‘of the cells which -are capable of responding to antigen J/com=

petent cells/ divide already in the course of functional trans-j

ﬂ\fiﬁl formation when antibody is not yet produced. However, on’ thc'

basis of experiments with the incorporation of thymidine into

antibody producing cells it must be accepted that at least a’ -
part of competent. cells is transformed into producing cells ,'f.‘;’

without mitotic division. |

T SIS IR T T T e TN T N S

' We will attempt to” treat the experimental results tin the'
light of the. basic unresolved questions of the origin of antiu
A bodies. If we consider the theory of the existence of multi-
M';?i potent stem cells capable of reacting with different antigens,pir
then at the timé of administration of the antigen only an un-a'j”
probably small amount of stem cells would be present in a
'physiological condtion allowing differentiation according to

‘the type of stimulus. If we' £ind that out of a, total of 107

lymphatic cells only one cell would be just in the physiological

B )
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i o7 gtate permitting it to react to any antigen, then this hypothesis

- ‘ 4 /

.seems highly unprobable. In adult animals the ratio of the total

L é»}number of cells to the producing cells shifts to the side of the
4 Ei producing eell. In our experimenQS, we have shown that this
ioceurs under the influence of antigen, It capnot; therefore,
" b6 doubted that there is. a certain form of branching process
i in cell population uapable of responding to a corresponding '
{antigen. It would seem, therefore, that the quantitmbmvgesults
" obtained in newborn developing eniﬁals point to the hypothesis
qf the selection type in‘which antigen would acﬁ either on
| ceftain cells genetically preforéed or arising'by a mutation
'ff'process and ‘selected by the antigen, These im;unOIOgically _
" competent cells, differentiate blochemically and mqrphologically !

~ ‘during the tnductive phasejinto antibody producing cells., N

o

References o ~ ' :

"0 1, - Axelrod, E.A., and Pruzansky, J.: Amn,N;¥,Acad.Sci, 653: 202
Lo passss -

o 2. ' Baserga,»R.; and Lisco, E;: J¢Nat;Cancer Inst, 3111559 /1963/,
w,.'L. 15’3; .Berglund, K, and Fagfaeus, A.: In Atti VI.Congr.Intern.

o Microblol; Roma 1955; vol.2, p.25L,

o .“i'ii4; Bernovské, J., Kostka, J., and Sterzl, Tt FQlia;miefobioi{
R 91376 /1963/. o ' | |
3:i.?:1 | 5, = Bradley, S.G, ehd'Watson, D.W.s J, Immunol, 90: 782 /1962/.

‘ - ,IDixon, Feds, Talmage, D.W, and Maurer, P. H.: J,Immunol. 68:

H .

- e9s fr9s8/. S
74V 3Jenkin. In Advances in Tmmunol, 3: 351 /1963/,

:.8.;‘ Jerne,_N,K and Nordin, A, A.. Science 140: 405_/1963/;.
- "";Jérné, N.K., Nordin, A.A.,«and Henry, C.i In Cell bound
1 antibodles, Philadelphia 1963, |

Declassifi'ed in Part - Sanitized Copy Apbroved fer Release 2014/01/15 :_CIA-RDP80—00247A004200090001-4 —




B T S L L TP & R RN !

| i Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 - CIA-RDP80-00247A00420009000‘I-4~'

u,__f.,'.,";\\ﬁ, ; N } S o glizéril'e,tvail. . :‘12 : .

i, ;Mgkinodan,‘T.. In IIer Intern Symp. Immunopathology,
f L Jf Z;_;r§3:.*Base1 1963, o R o " =
fffﬂi‘ff;j;iib,L{Maximow, A, A. and Bloom";‘fextbpok'ofyyistoiogy; Ba1t1m9r9‘ﬂ}
?; | 3 11, tha, ot Folia microbiol. 8 1 /1966/

“;,fj?‘a iz;*'Svehag: s, E. and. Mandel B.: Virology 18 508 /1962/,

' «Svehag, S.E, and Mandel ‘Bi: J.Exp. Med. 119 1, /1964/ L

éé . ;;Ji 13, §terzl, J,g Fqlia’biol, l..193 /1955/.
o % Bterzl, J.: Folla biol.ES:‘l /1957/,

: ?{L i?i-“l4;' Sterzl, J.3 Folia microbiol. 43 91 /1959/. ‘
?f:fifyiff 15. -éterzl J.. In Symp.Mochanisms of Antibody Formation,T
;’ f; : - Prague 1960, p.107 " . N
'iﬁ?iif»¥j»"‘16;“'éterz1 J.t Nebure 1851 256 /1960/,

4l Bterzl,I.: Fol, microbiol. 5: 364 /1960/.
R ) L
;7." éterzl J.. The inductive phase of antibody formation, .

-'State Hoalth Publ, House, Praha 10605 B

e T AN L D D
N B Cow Y.

éterzl, . and Trnka,iZf: Czechosl Epid. Microbiol Immunol.

R

10: 148 /1961/ o

Ay
=

%} - f’f_ié;"ﬁterzl 3.t Nature 189: 1022 /1961/ 'j SR

L ot 1e, Btersl, 7.3 J Hyg.Epid.Microbiol, Immunol.. 7t 301 /1963/.

E;'_ 20, Storzl, J. and Trrke, zf. 7. Hyg.Epid Microbiol. 3: 405. /1959/
?T 0L, Btersl, 7. Holub, M., .and Miler, I.: Folia Microbiol, 6:

g? =" /1961/ R "§: I | |

? L 22, Steral, 3. and Mandel L.: Folia Microbiol. 9 173 /1964/

PIREERA T 23, Taliaferro, W, H., Taliaferro L.G._, and,,Janssgn, ‘E,Tet J,

Y : N

- Inf, Dis.,gl 105n/1952/

7

Lo R4L Unr, Ty Finkelstein, M s., and Baumann, JuB.: 3. Fxp.Med.
st © 115: 655 /1962/.

2. LS|
k !
Lt

ST A . - i

PR . - M . [
“a ¢ Y |

?
E
1
A AT S - C '
& TR o B e Lo o j v A o
!

Declassmed |n Part Samtlzed Copy Approved for Release 2014/01/15 CIA RDP8O 00247A004200090001 -4




o _I:‘)‘ecvlassifi'(?'d: in Part - Sanitized Copy Approved fpr‘/Re|eejse 2014/01/15 : CIA-RDP80-00247A004200090001-4

: : :
s : ‘\ ,l).:v . ‘;
In : ‘ o

|§'1 \ H ° ! 1

[ : T Table 1. ; -
3 Lt A 3
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spleen cells

S:of -antia-

‘body pro-

" producing

ceéls per

' ~ S
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!
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Pk Number of antibody producing cells /per lO8 spleen cells/ |

ooy e ey
W

3

“,. ‘“é- R in newborn precolostral sterile piglets reared on’ non-anti-

A S cTe
N

genlc diet i\ :T S - ‘y'

Age of . CoeT : T )

f : ‘plglets . Non- ' e o . After immunization ,

oo b7 lat the immunized: TeTo——= — S — )

ST itime 3 ‘.’ 48 hrs. 72 hrs, 196 hrs - ° 120 hrsj|
4 lof immuni-) A SR ' K ‘ ; .
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A
The availability of synthetic polypeptide antigens

/l 2, 3/ permit-a systematic inquiry into the structural .

<

‘-;; basis of;antigenicity. Knowing the chemistry of these compounds )

ok o 1

it 1s possible, through a' study of copolymers showing only

%.“ limited variations in their chemical formaulae, to arrive at

i
f

RS i ‘ '

F .:‘.'; conclusions concerning the role of. various structural features

o T : [} .

i ;L'f"in their antigenic function. From earlier studies /4/ 1t was .
ST '
gfug'-=i concluded that the immunogenically important aréa of the»mole~
Efif'?ﬁ! cule must be accessible to the site of * the biosynthesis of

??ff a'f the antibody, that the overall shape of the molecule does not

‘*jfseem to be an important factor in determining immunogenicity,

%;“*f“L}

AR }fand that synthetic materials with molecular welghts as low as
fw'g.*3q 4 OOO may be gooiimmunOgens. Through apprOpriate chemn:al modi~
:5¢'n«.'fication, nonwantigenic macromolecules may be converted into

K antigens; ‘while antigenic ones mey become non-antigenic. The ’Z

xf,polypeptides investigate@ contain determinants of well- defined
and rather narrow specificity /5/ R 5 T

: : In this paper we describe and discuss experiments planned

+
Lo
i

" “t to elucidate whether the presence of electrical charges on a ..

macromolecule is a minimal requirement necessary to endow it

3{2 f, with immunogenfc properties, and whether amino acids of the.

D-optical configuration - which normally are not present in ',;‘

' proteins - influence the immunolOgical reSponse. Thus, we

e L

inquircd whether the attachment of peptides containing -tyro—

L RO USE MY

\
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& o égﬁ ’sine to a poor antigen-gelatin - may'enhance 1%s antigenicity
: lfc-zi - ?[mrt and Whether a. similar attachment to a non-antigenic maero -.
£ ﬁi{u§}°; ;'? | molecule-multichain poly -DL-alanine - may convert it into an
; i;{.féi‘fp o immunogen. The studv was e;tended to macromolecules composed
gf.» & | exclusively of D»amino acids,
el ; : = ; -
: Sl _ ‘ Experimental“ 4 _ u
y ‘;*~:ﬁ; igy'f vf - Gelatin /Gel/, 2Se P:.granular was obtained from Fischer
§ﬁ , »*g;;g;“;, Scientific Co., Pittsburgh Pa. Poly-L-tyr0syl gelatin /p- L~Tyr-
g;f; ?;é_T:;"/ ‘Gel/, sample 240, and’ poly~L-tyrosyl gelatin /p-D-TyrGel/,
;“.i ji;}_éit} :sample 246, were prepared according to - Arnon and oela /6/ from
;; “;ﬁ ;gelatin and the reepective N-carboxytyrosine anhydrides. The
%; . .hh'%chemical oharacterization ‘of the two polytyrosyl gelatins is
f:. --f*"j:"ﬁi‘Siven in Table 1, -
‘£*~*' A;i;fa’iﬁ ; The nomenclature used in this paper for linear and multi-
g‘l i;f“ ;,}‘chain copolymers oi ~~amino acids is that described previously
F:=ﬁ 2L ;.1‘ /4/, except that the Jetter defining the optical configuration
g;i'f' ‘ | ;ﬁ“ﬁlof an amino acid residue precedes the abbreviation of the amino
gf?: §_<.§s~’iacid. The linear copolymers 42, p/L~Tyr L-G1lu, I- Ala/, and .
E:ﬂ .;E‘ti;l '102,p/L-Tyr,L Glu/, were described in a previous paper /4/
fﬂ lifié T.i " The other copolymers listed in Tables 2 and 3 ‘were prepared
ifffi \¥f~ };. in complete analogy with similar polymers described by Sela‘
L ean 3
:7:f‘f7? .hg-.v; - The sedimentation and diffusion coefficients of some copo=

: lymers investigated are given in Table 4, For calculation of the

3 average” molecular weights, the partial specific volumes of the
lg.ﬁ ;i f copolymers were computed from the partical specifilc volume of
o ; ;E the amino acid residues and thoir proportion by welght in the

. a ;l~* polymer /4/. ! ‘

3'”;)’*3r3 i:”‘ PoA multichain copolymer was prepared in which peptides of v

oyt . . . . .~

€

SRS B, oL o ‘ : L
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- L-tyrosine and N -/s-hydroxypropyl/ L-glubamine are attached
‘+o nultichain poly-DRL- alanine. The designation of this substance
is p/Tyr,Hpg/-pAlavpLys. Tt was synthetized as followst
A .Moltichain poly-DLQalaﬁine /pAla.pLys/ was .reacted as usual /4/
é S . with the N- carboxyanhydrides of L-tyrosine and benzyl- L-gluta-
S i : mate. The product. was reacted with propanolamine, according to
% :l Lupu.et al., /8/. Under‘these conditions the benzylglutamate
51  : .:'V‘A?_A residues were converted quantitatively to NS-/3~hydroxvpr0pyl/~

VLo N o glutaminyl resiaues /Hpg residues/, according to the following

. - N
P - ~

'schemet "~
it L o CH/CH / COOOCE C H+ NH /CH / OH ...
Lo T i, 2 2 2 65 2 23
T <. . 00 : -
L RS - ‘
t’ ."‘.‘ -‘NH “\. | ' ~

S CH/CH / CONH/CH / OH+C H CH OH
‘ 22 23 65 2

N

The resulting 2]8,p/tyr Hpg/-pA“a-—pLys, had a tyrosine

“' /

i

P T ST R T, v e

cantent of 12 5% and an' average molecular welght of 50 400

calrulated from a sedimentation coefficlent of s20,w = 2,1 8§,
2
em /s and a partial

TN

T a_diffusion coefficlent of D20,w = 5,6 x 10,

ST T,
r

speeific volume of O, 70.
An uncharged multiﬂhain copolypeptide /designated
des-p/Tyr Hpg/ pAla-pLys/ was obtained from the above polymer .

- upon desamlnation /Fig l/ The p/Tyr Hpg/pAla--pLys /1 g/ was
" desaminated with nitrous acid /500 ml 0,0625 ¥ aodium nitrate

VRN

and 120 ml 2,5M acetic acid/ for 1 houb at 570 C. The dlalyzed

N

and lyophilized product contalned no amino groups /Van Slyke
analysls /e »
\\Mothods of immunization of rabbits, precipitin and inhibit-

ion tests as well as physico-chemical measruments used in this

. . o . . . ,

s e e e g e e e i e e
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stedy.ene,thesefdeQCribed:previously./4;5/. When ‘antigens -

wers. reacted with antisera at different pH values, the follow-

, ing’procedurefwasﬂusedx1tne antiserum Was dlalyzed for 48 honre

against two changos of a tris-malonate Buffer of the desired
pH end an lonic strength of 0,15 /sodium chloride was added

to 0,05M tris-maldnate to Edjhst 1t to a constent ionic

‘ strength/, at the end of this pcrioa the contents of the dia-

lysis bag were centrlfuged and the. supernamant was used in

, 'precipitin tests.v

n /

Antigenicity of an uncharged synthetlic polypeptide
. Electrical charges on antigenle determinants have been.
assigned a cruclal role in defining the antigenic specificity,

affecting the charge distribution on the combining sites of the

"~ antlbodles, and contfibubing in an important way to the forces

of the speocific interaction between an antigen and an antlbody.

s

Singer /9/ has reported that in each antigen-antibody bond

in several different systems there 1is critically involved a

,,‘single pair of oppositely charged groﬁps. Kabat /10/ has

‘ ;'-qnestioned the direct role of the charged group in the antibody

combining slte, emphasizing that changed groups cannot play
a significant role in the specificity of uncharged carbohydrate

hapténs, In a recont paper by Wofsy and Singer /11/ it has been

.concluded that 1ysine residues cannot be vital components of

the reactive sltes of antibodles to elther negatively charged

antigenic'determinants ob to a neutral hapten,
‘Studying the effect of ‘attachment of peptides cf various

aminn acids upon the Immunogeniclty of gelatin, we observed

7/ . b -
. 4that while somegamino acids -~ such as tyrosine or tryptophan -

~
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o enhanced the formation of antibodies, the lonized amino acid

- ;;" | residues /either lysine or glutamic acid/ has no significant
Fo o o enhancing abiiity /12/, though' they exercilsed considerable

o influence-on the specificity of antigens /6/. This has been

' observed also with synthetlic polypeptide antigens /4, 5/, On-

the other ‘hand, the attachment of mixed peptides of positively
L ; i "jp and negatively charged amino acid resldues /1ysine and glutamic’
o acid/ enhanced the antigenicity of gelatin and converted ‘the
non-antigenic multichain poly-DL-alanine /p-UL~Ala-pp L-Lys/
Fh‘k a ;1_"> into an immunogen /13/. This is—in agreement—;ith the observat-
';i;_ :f  ion that while nelther poly-L-glutamic acild /14/ nor
| | poly-L lysine /15/ are immunogenic, some llnear copolymers of
' L lysine and L-glutamic acid possess the capacity to ellcit
antibodiss /16, 17/. |

Pl _f-;" ' The qestion.arose whother electrical charges are at all

4necessary tc endow =a macromolecularwith &mmunogenic,properties.
Detran and levan are'detoid of charges and are immunogenie

f ’ . .- 1n humans /16/. We have ondeavoured to prepare a synthetic

- ' polypeptide that would bo wator—soluablc, non~ionizable and ‘

} L ;i.- immunOgenic. A prellminary report of our work has been published

t:'i A recently /18/. o L .-

" The synthetic multichain polypeptide antigen, p/L-Pyr L-Glu/

Qp- o ;_ ‘-p-DL-Ale-—an-LJs A1, 4/contains both negatively charged carbo-

t“. ﬁ t'f __»1 xylate ions of the glutamate residues, and positively charged

. SR 1.ammonium ions at the termini of the poiymeric side, chains. The
polymer p- L Tyr--p~DL.Ala--p-L-Lys containg no carboxylate ions,
_but the remcval of the ammonium lons by desamination with

12

i

L : _

p : 'f S nitrous acld converts 1t into a water-insoluble product In

t N order to obtain an uncharged water-soluble analog of p/L~Tyr,
i

i

.L~Qlu/-—p DL~A1a—~p~L-Lys multichain poly- DL-alanine
i l
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- ,-‘. /paDL~Ala~~p-L—Lys/ was reacted as usual with the N-carbo-
“ xyanhydridcs of L—byrosinc and benzyl-L-glutamate, but instead
of removing the‘benzyl groups with anhydrous Hydrogen~br0mide
‘; to yieid free‘carboiwlate ions, the'bbethlglutamate resldues
‘ | . were reacted with propanolamine to vielé N5-/5-hydroxypr0pyl/
. ‘: f: “~, glutaminyl residues. The product, p/L-Tyr L-Hpg/--p-DL Ala--
p-L Lys which contains many hydroxyl groups, 1s soluble in
~"; water and still contains ammonium lons at the termini of the
. ;', » o polymeric side- chaﬁns. This substance is antigenic. in a typical
| o experiment 160 /ug of antibody were precipitated when 100 /ug .
antigen was added to,l ml antlserum,
L a o | ~ The above polymer was desaminated with nitrous acid
N for 1 hour at 37° C,, The dlalyzed and'lyophiiized product

pcontained no amino groups /Van Siyke/. The reaction 1s 1llustrated

oty g e e e e

";.' A schematically in‘Fig.l. The desaminated polymer is devoid of
'charged groups, Nevertheless it 1s watér—soluhle, due;to the
introduction into the molecule of ‘many hydroxyl groups upon

the reaction with propanolamine,

e e g =y

The desaminated polymer elicited antibodies /SOO /ug/ml
serum/ in rabbits ‘irmunized in Fround’s adjuvant as checkow

by homologous precipitin reaction /Fig.z/ The antiserum croser

: p—7  .reacted to a smaller extent with the non-desaminated po]ymer :
: /

| . /which carries some positive charges/, and gave only a poor
{l»'.'\."’;- . cross- reaction with the highly charged - p/L-Tyr,L~Glu/}-p

| - DL~ Ala--p-L-Lys /Fig.2/. The last. £inding suggests that mo

‘ conversion of hydroxyprOpylglutaminyl to glutamyl residues

,.} had occurred in vivo between the time of injcctlon and the

P :f/>¢i_ time of the "imprint" at the blosynthetic site,

? f o o E It may be concluded from the above oxperiments that

. E 1.ﬂ a completely uncharged synthetic polypeptide possessing thc nece-
3 '.ssary immunogenic features /in this case tyr0s1ne/ 1s capable
ko o . - : ' ’
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. of eliciting antmﬁodiee in pabbits and, thefefore, that the

P
- prosence of charged groups in the molecule 1s not always

’

e s T

-

essential for immunogenicity.

’

S In view of the fact that a molecule completely devoid

‘. PO

of charge may not only induce the formation of antibodies,
) but also precipitate with . them immunocpecifically, 1t seems of

1nterest to elucidate in this case the nature of the forces

[,
\

e

between the'antigen and' the antibody, as electnostatic inter-

[ —
1

v

actlons are obviously excluded. Preliminary experiments /in
collaboration wlth Mrs,E.Hurwith/, comparing the. pH dependenee
_ of the homologous ahd heterologous reactions of the desaminated

< polymer agd of p/L-Tyr L Glu/--p= DL- Ala--p-L Lys Avith antisera

B T T TS ——
\

to these two antigens are illustrated in Fig.s and Fig,.4.
No slgnificant differences are observed between the two
systems, In both cases ﬁhe amount of precipitate decreases
" when the pH is either‘raised or lowered from the neutral region,
Astéhe pH could not influence the ionization of the uncharged
antigen, the_changes 1n:the preipitin reaction upon verying the
'pﬁ must have-been due to intramolecular changes within tne-

y—glowulin molecule, One could extrapolate from the above to

\

E T T ST 4 i A e Ty e
v ; . N )
. L

-eonclude that even in the case of charged antigens and their

-~

antibodies, the dependence of the precipitin reaction on the pH

‘ »4does not necessarily result from changes in the ionization of* the

~

i mrp - ez

interacting groupings on the antigen or antibody,

Qp o~

o _ Antigenicity of macromolecnies containing D-TyroSine and some
S | - L-Amino acilds - | ‘ o
B o nifferences between optical l1somers of organic compounds may

“be. detected by 1mmunolqgical methods /19,20,21/, The distinct

'{ _ f -~ serologlcal specificity of antiﬁenié ij rminants of different

- . FOROFFICIALUS
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E;,f‘ ;ﬁlf optical configurations hes been demonstrated also for optical

L f”' isomers of amino acids /35,25/& ‘The quostion we asked our-

“j i.selves in the study reported'here was not prlmarily whether -
and to what extent - the difierent Optical -1somers of amino o

Vs acids contribute to antigenic specificity, but rather to what

Aextent they,are capable.of'contributing to the immunogenicity

. of a molecule, The amino-acid tyrdsie was chosen for these

\;zexperiments as it was known that the attachmont of peptides

;’;;‘ tf' of L tyroslne, or of L glutamic q01d enhanced the immunopeni-

| :.}“f :city of gelatin /12/, and converted multichain poly DL-alanine
fcom a non-antigen into an immuno enic molecule /l 4/

i Atcachment of pcptides of D-tyrosine resulted in a

.'definite incrcase in antigenicity as ‘compared with unmodiiied

" : gelatin /Fig.s/ The homolOgous system of poly—L—tyrosyl gelatin

:é-;w is given in the same figure for comparison, Antibodies to phL—

TyrGel cross reactdd only to a snall extent with p~D—TyrGe1

13

’_ and - the sama situation obtained in the reverse  Casc, .

iln analogy*w1th the synthetic 1mmonogen p/L~Tyr L—Glu,-~n

p-DL—Ala-—p L-nys, we have prepared a synthetic multichain
polypeptide p/D-Tyr L~Glu/—~p¢DL-Ala-~o~L~Lys and tosted

whether it is able to elicit an imnunoe responso. In Fig,6

ithe homolOgous precipitin reaction of, p/D-Tyr L-Glu/~-p-
. DL—Ala~pp L-Lys is 5iven. Thus, the’ attachment of peptides of

i“ge:ri%-.‘D-terSine and L~glutanic acid eonvertcd nultichaln poly DL-

alanine Anto an. anticenic molooula . The attachment of pepti~

<. . N

‘>4des‘o§7L—glutamie acid alone doocs not confer lmmunogenic pr0perties

....... s . . . -

" e ous wm Gug Sy Gop aen pup pup

I3

. i +The finding was ‘discussed in a prelimivary form /24/.,
e B I

: 2 : I

’ 5 o R A

R S o L A , .
e RS I LA ST o A

Ly L 1
i )
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on multichain poly—DL—aianine 7’4/r The cross-reactions of the
‘T~'" f; antisera against p/D-Tyr L-Glu/—~p-bL—Ala~-p-L Lys and against

: p/L-Tyr,,L—Glu/--p-DL-Ala--p-L—-Lys with the "antigens contalning
?t:d .Aéi;-;“i' tyr0sine of the- opposite optical configuation are illustrated
;iv. R B in Fig.7 The contributionof: the optical configuration to the -
gg:gfi;é p ;". .specificity of these antisera is apparent also from the fact
%é{;ii“i ; . /Pig 7/ that the antnsnrnm to p/L-Tyr,L Glu/--p~DL-Ala--p—L Lys
r: { ey “'. reacts t0 a much greater extent with p/L~T¥r L-Glu,L-Ala/ than

' " with p/D-Tyr,L-Glu L-Ala/ ,
3}‘5 'f'~b.u" The antigenicity of ‘the linear polypeptide p/v-Tyr L-Glu, <

‘ ‘ 3 L-Ala/ 1s shown in Fig,6 and compared with that of p/L-—’“yI',

; ; :E;>i‘ ’ L-Glu L- Ala/ in Fing The respective eross- reactions are also
%i‘31'*§f;.'m f\given in Fig.8 Neither of “the two antisera cross-precipitated
E ( with the polymer compos ed exclusively of Meamino acids, p/D~‘I‘yr,
r ) L - D-Glu D-Ala/ | B B ) | |

;i‘f- ‘ ' ;1' It may be concluded from the above experiments that
iﬁfa.' ékf»%,_i 1ntroduction of Zetyrosine into macromolecules containing also
%: ‘;c§;'i¥‘ ,.?~amino acids, and which are either poor antigens or non-anti-
3. ‘iép vf genic, may result in an increase of antigenicity or conversion
;L 4 ’; into an antigen;csimilarly to the introduction of u-tyrosine.

\
Immunological studies on maorpmolecules comp03ed exclusively

of D-amino acids | S R ’

In view of the results obtained with polymers containing

both D—tyrosine and - L-amino acids, 1t was of interest to enquire

gf% whether synthetic polypetides containing exclusively D-amino
‘ {f»f} 'f%z.t il acids -~ and among them D-tyrosine which was shown to be an
§~ ‘ i 35 o immunogenic factor - may elicit an antibody\response in rabbits.
E »l?f%l 3/51”.'1 We have prepared several linear and multichain polypetidés
iiih"i{é* ;“ composed exclusively of D-amino acids. One limear polymer, 237,
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;;the momologous polypeptidGSiani with L-analogs, before .each

. both with the polymers composed of D-amino acids and those

Sels - 10

qontained.only_g-tyrosine and D-glutamic acid{ Two othér linear
Bg}ymers, 236land 247, contained D~tyrosihe D-glutamic acid

and D—alanlne A mUltlcheln polypertide was prepared . from poly~
D-lysine and N-carboxyanhydrldes of D-tyr081ne and benzyl—D - }
_glutamate, and converted into 248,p/Q-Tyr,Q-Glu/—-pr-Lys, All |

thesé polymers are described and characterized in Tables 2,3

- and 4. hna}ogous polymers of the L-series, which were shown

cE

previously to be pptenfi antigens /4/, are also included in

. these tables.

The above four D-amino acid polymers were tested for their
antigenicity in rebbits. Each polymer was injected into eight
rebbits, in an intensive course of immunization /4 injections, -

~every 10 &éys,_in complete Freund ‘s adjuvant followed by 4

“intravenous booster injections/. The sera were examined with

. injection as well as for three mbnths after the last injection,
fkand found to be in all cases completely negative as followed
: by precipitin reaction. The sera pooled at fhe end of the

. immunization period were .checked also by passive cutaneous

- gnaphylaxix’in.guinea pigs /we are grateful to Dr, F. Borek

_ and Miss J.Stup'fon_this experiment/ and found to be nggative

_-composed of L-amino acids. ' N

These results are.ih agreement with these reported recent-
1y by Gill et al. /25/ and by Maurer /26/. Gill et al. have

. found that a copolymer of D-glutamic acid and D-ly81ne did not

- elicit antibodies in rabblts, even though and L-copolymer of

~a 31mllar comp031t10n wao immunogenic /25/. Naurer has report-

A}

“ed the lack of antigenicity of a copolymer of D-glutamic

' >ac1d and D-elanine amd of a copolymer of D—tyr031ne,

D glutamlc acid and D- alanlne
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In this connectién it is pertinent that while an azo-
. benezenarsonate derivative of poly~L-tyrosine induced delayed

hypersensitivity in guinea. pigs /27/, a similar derivative of

: poly~D~tyrosine was immunologically inert 1n this specles

"./Borek Stup, ‘and Sola, unpublished results/ An azobenzene-
: arsonate derivative of a copolymer of D~tyrosine DN-glufamic
acld and D~alanine uas also shown recently to lack‘the capa-.

vcity to induce an immune response in guinea pigs /28/.
It is apparent that polypeptides composed exclusively of

D-amino aclds differ basically from those containing L—amino

’ ‘acids in their capacity to pliclt an immune response, It is not

at all clear whether this difference is due to the lack of pro-

- teolytic. enzymes capable of splitting peptides of D-amino aclds

/this assumption would imply tHat at a certain stage of the

immunization prooess such a step 1s necessary/, or whether 'the

ptical conriguration plays a role 1n a specific fit with a

‘complioentary aresa at some stage of the immunization.lA suggest-

lon has also been made /29/ that the non-antigenicity might be

due to a continuous excess of the undigestable D-antigen, N

Gill et al, /30/ have succeeded recentlv in eliciting in

- pabbits the formation of antibodﬂes against a copolymer of

D-terSine D~g1utamic acid: and Dulysine. /We wish to thank

'Dr.Gill for the opportunity of reading a manuscript of his, prior

“to publication/ It seems, thus, that some D~amino acld copo-

lymers may be immunogenic in rabbits, It would follow that

;. .’different chemical criteria govern the imﬁunOgenic capacity of

polypeptides of the L~ and D-series. On the other hand, the

‘immunological behaviour of polypeptides of opposite Optical

configurations might also depend on the genetic make-up of -
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the,test animals.;f‘ .
. . L. ‘ /m ,
'Goncluding remarks T é L - S i N .
4 . e :

We ﬁave demonstrated that a completely uncharged macro~
"molecule ~ a synthetic protein mocel composed of amino acid
‘ residues - possessing the necessary immunogenic features may
- elicit mntibodies Jin rabbits, arid therefore that the presence
of charged groups 1s. not essential for immunogenicity.

Peptides containing D-tyrosine possess immunogenic capacity .

o similar to that of peptides containing L-terSine, being able

to convert non-antigenic molecules containing alse L-amino acids
into immunOgens. On the other hand, all efforts to elicit anti-
bodies to four preparations of polypeptides composed ei/lusively

'_ of D-amino acids were unsuccessful until now in our laboratory

R L X L R -

]

This investigation was supported in part by a research
grant /AI—O4715/ from the, National Institutes of Health, -U. S.
Bublic Health Service.
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i

L o Tadle L -
! T ' ; ' L //“'*
: - Polytyrosyl ‘gelatins -

., .. " iGelatin derlvative Percentage of Percentage  of Enricflment bf
A S T L : tyrosine residue tyrosine residue 8 - B 100} -
R o ' in the original 1n the gelatin 100-C * *
B - : - .. golatin & »derivative :

i
J

. . ) . ’ }
Lo\ - le40,p-n-myrGezi - o0.21 13.5 . 15.4

]

. - , - . . - . . . .
i24,6"p~2-TYPGel . O. 21 ’ - “/ 15'2 1500

S L : ’ N ’ :
bro : _
3 ;
P ‘. .
i a v o
b From Eastoe /7/. - _
’ . . C . - . . .\' " . ~
e Calculated assuming gelatin as 1004,
. f g i T -
4 § i : .
S ¢ : -

i : v g :

| t B [
. by - i [
A ) & e :
‘ ¥ : Do ‘ ”
S ¥ oy ~
b ' L ' ’
EH. ’ z e R . 4
Lo : R . -
C - i . !
o 7 f o
{ c i '
3 ; ; ; .
Jur R i . . s
k', LR v . . [
L‘s ' LN ; - ' ;
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i

%iﬂ“'J’f . No;anP designation of . Molar ratle  Molar ratio Weight /%/1
S ' sample . of N-carro- ~-of amino . .of tyrosi-:
- " - xyamino acid ‘acld residues ne resl-
- ' anhydrides in "in the copo- dues in
S NER : AR ' .the polyme- lymer ‘the copo~
S R . . ... rization mixture . lymor

I: . ‘.fl" Ct . ; . . .. § - v

- PR \ i . '

3 S ‘LOZ,p/L—Tyr, :-Glu/ 1el 141 | 56
A :;‘ 237, p/D-Tyr D-Glu/a 1:1 1:1.2 - 52
S 42,p/u-Tyr,mG_u,u-Ala/ 11514 115,433:9 - 15

{ % 215,U/D Tyr, LnGlu L—Ala/ 1:5:4 . 1:6:8:3.7 12.4

2 256,p/D-Tyr D-G’u,D-Ala/ 1:5:4 . 1:548:5,1 12,5

f o f 247,p/D~Tyr,I-Glu,D—A1a/ © 1:514 . Bi15,614,4  13.8

1 . o Number avérage degree of polymerization of these samples ‘was

& 'o'calculated from amino nitrogen determinations, "and found to be
f: ‘ ~_85_aﬁd 93 for samples 102 and.257,»respectively. "

;. : ; ! { , .

‘F; ' ; K

e } . )

b L -

T , ] /. \\_ f . !

e : | N \

b L L
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- T -

]

’:'\L.f",z--p L-Lys

249,p/L Tyr L-Glu/--p~L—Lys_

 208,prDL—Ala~~p-L-Lys°_ 23

Lol \ ’

- i ;EMNo,aqdrdegignétion‘of sa@pié _ No.and designation . Welght /el
3 . o S : - : and volume
AP T D /ml/ o

S I buffera

¥ IEEQ:P/L-Tyr L~Glu/- -DL-Ala _ _zoeip-gg_Ala-_p,L.Lysc"5;‘550

A L --p-L-Lys | 4

o ‘ le,p/D-Tyr,L—Glu/p~DL-Ala i@o

p-L-Lys 0,7; 70

k\ of

~restdties in the .copolymer

SO 348 Dn g | =

TR ,p/ Tyr D Glu/--p D-Lys j S p=D-Lys 0.7; 70
N . | | ) S

= ff : Amount /g/ of Mdlar rétio of'amiho‘a i / : ot
: ) cId Welght /%  of
. ' H-carboxyaﬁﬁydridcs tyrgsinéjée-

sldues in the,

o ;;:3“@.~;TYP ~Benzyl
RN P e L

- N T \' :4‘

b Tyrb(ﬂGlub.

] .- cOpolymen
DL-ata oo

1075 0 25 - 11

oL 0,7 .00 1 11,3

. 1065'

et s v b E———

2,1 17,2 14,3

‘1.5 18,3 11,6

5 1005 204 1. 0,25 1.9 - 9.8
; :j o 45 . 2,4 L “fl' 0.28 - 2,3 . - 9.8

......

Jf §?“ Phosphate buffer /é/

el 4 T Fﬂﬁ&

_.: : o - . " e ) P . PR

o

: o; .. )
-In a molar ration of Lys to Ala
/.0of 1:19,.4; average, molecular

weight 27,800,

2@ L USE OHLY

-
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e . 0. Table 4
AR B T - i
-jif:, ; R Physico hemica’ properties of some copolymers.

Coye

‘. . No,and designation of sample Partial Sedi- Diffus-  Average
R O Co . . specific mentat-" lon coef. mele=-

R pe ¢ . volume ion coef- ficlent cular

e i e R fetent /107 x . welght

L e im0/

TR T ~ Svedberg

WIRDIEELRL SR L P . units/

: N
A i i

o | 42,p/TiTyr,L-Glu,I-Ala/ © - 0,63 0.9 14,4 4,100

Ty P

N

215;p/D;@yr,Lgelu,L-Ala/-; 0,61 1,6 = 4,65 21,400

TN TT
1
4

236,p/ 1y, D-G u,D~Ala/ 3;'. "0.63 1,75 5.4 33,800

247,p/D-Tyr,D-Glu D-Ala/ L' 0,63 . 1.5 .5 19,700 i

. 5@"» 210,p/L~Tyr L-G]u«-p—DL Ala--._'o.vo | 2.256 5.5 .33,200

"'JJ . = ==

$

i
¥
|
i
g p-LeLys LT »;'ﬂ !

o ;
RETR = ‘ ) :
i_'ﬁ' ﬁ. zll,p/D-Tyr,L-Glu/--p-LL Alan-_,O.VO: f 2,38 . 7¢3 = 26,400 i
L : p-L-Jys LT i o : .
& . S § _ . - . ‘
b ' : \ . :
- i ~
. g ,
t .l‘ : ' :: s .
; E : : p ' f N

; i [ ’ ,
S ‘ 4
LS e i .
R ‘ : - o ’ -
- FE L
1 S R
F . ' : S < ] ; f
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© oy ) H

- - . s Legends to Figures -
1" e R : AN ) R i ) : ‘. * : ’
O . R U S

e Rl Schematic presentation of the desaminatlon’reaction
h - - . i - . M . . 1 . .

R 'E‘f 0 léadlhgbto'the unohargod synthetlc antigen. .

AR ‘:'»l~
ST Fiso%s. Extinction at 2800 R °f solutions in 0.1N sodium hydro-

S \
g e 1 xide of precipitates obtalned by the additior to an |
2 0

xjfﬁ ;f* e el A." antiserum to the uncharged desaminated polymers,_

SRR .

S ; ; -oft o - the desaminated polymer, (2 9,

ff ?' p/L-Tyr L-Hpg/--p DL-Ala—-p-L Lys £ .y

SN A p/L-Tyr L-Glu/--p DL~Ala--p-L-bys.‘

3 - ' L
i;“;?-l:“::fFlg;Sf-‘ "~ The pH dependenoé of the precipltates obtained 1n the

NS equivalonce‘zone'upon reactingﬁantisera‘to the des-

aminated‘polymer /—---/ and to p/L-Tyr L-Glu/~-p4
P MBM&“QLJJS/

| . /, with the desaminated poly-
gffinflflv';’ '(,5’ . mer /. O / and’ with p/L-Tyr L—Glu/--p~DL-Ala--p L-Lys

{'fi:A .QE: ./ 0 / The antisera were brough to th;—desired pH
g;;;j 7%7\ ; ;<“‘?§f{ values as described in 0,1N -sodium hydroxide and
:l.zj'\él ‘E f:o?b‘lli>the-extincﬁl0n of the solution‘was read at 2800 2.
fi Fig.4. . Data of Flg.3 normalized to give -the same maximal
{ '.‘i : 'orecipitation for;the'two:homologous systems, -_:,, L
} &}_?”*331.15":* { f‘ftho desamindted polymer and its antiserum; =,=-,, ; ’
%ﬁ;;‘o,i: f.:f _g;~i jp/E$Tyr,E—Gfﬁ/—-pfgg-Alaf-p-E-Lys and the antiserum
S T ‘}‘l. to the desaminated polymer; ’ ,0/L-1Tyr, L-Glu/--
3 L S -DL-Ala--p L-Lys ana 1ts antisorum; «¢*****, the ”

v .
I / t, . T .

Sl . N ce = = -
NN

;é';f T desmminated polymer and the antiserum to p/L Tyr L—Glu/
N T =-p-DL~Ala=-p-L- Lys. -
O S P
‘ 3 ‘ !
NI Tl
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/

s . e . o
- Extinction at 2800 A of .solutions in O,1N sodium hydro-

xide of procipitates obtainod by the addition of /1left/
p- D~TyrGel / 0/ and p=L-TyrGel / o/ to the antiserum
against paD-TyrGel, /right/ p- L-TyrGel / 0 o/ and

P D-TyrGel to the antiserum against p-L Terel-

Homologous preclpitin curves of 211,p/D-Tyr,L-Glu/--
p-DL-Ala--p L-Lys, / 8/ and 215,p/D-Tyr,L-Glu,L Ala/,
-/ O / The - amount of antibody was obtained from the
extinction at 2800 X'after deducting the calculated

extinction of tho antigen, The amount of antigen in

" the precipitate was pbtained.from radloactivity data.

)

Extinetion aﬁ 2800 & of solution in 0,1N sodium hydro-
xide bf,pfeoiﬁitates obtained By the addition of:

- 210,p/g-Tyr,;-Glu/--p-gg-Ala-fp-g-Lys,'/ g\/,'
,/ 0/ 42,p

/L-Tyr,L-Glu,L-Ala/, /4/ and 213,p/D-Tyr,L-Gly,

'211,p/D-Tyr,L-Glu/~-p-DL~-Ala--p-L~Lys

'L-Ala/, /rh/ to antiserum against p/L-Tyr,L-Glu/-~
p-DL-Ala--p-L-Lys- B; 211,p/D-Tyr,L-Glu/--p-DL-Ala--
p-L-Lys, /O/ and 210, p/Li=Tyr, LmG1U/m=pmDLm Al 8w mp =KLy s,

.Extinction at 2800 & of solutions in 0,1N sodium hydro-

. xilde of precipitates obtalned by the addition of:

A; 42;P:P/}[_»-Tyl",E-G’1U,L-Ala/: /#./ and 213,p /2-'1'}71",

' L-Glu,L-Ala/, / O / to antiserum against p/L-Tyr, E
' L-Glu,L-Ala/; B;=;213,p/D-Tyr,L-Glu-L-Ale/, / O / and

42,p/L-Tyr,L-Glu,L~Ala/, /. / to antiserum against
p/D~Tyr,L-C1lu,L-Ala/, .
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;ﬁf'jf- ifi,f Studies on the Nature of Immunogenity Emploin; SOluble
? d F'f%; ‘Lffand Particulate Bacterial Proteinsv
7 R . A . O

- ;‘f:f:?:G;L;Ada,fG.J;VQNossal;'and?Caroline.M.Austin

5'\ S _s‘The’Walter'anduEliza Hall Institute, Melbourns, Australia~-.

| gffli ;/; f?éj - Many examples are ‘now known in nature of particulate preparat-
§"' o : ions. composed wholly or mainly of protein, whoae basic structure
f '5€’can ‘be desoribed as an orderly aggregation of small building
i blocks. A well dooumented example 1s. the protein shell of tobacco
ér L ";lhf mosaic virus. The basic subunit of this structure is a protein of
g - i Aé l low molecular meight At weakly acid pH, the protein molecules
5;\' ';,

_':will aggregate to form hollow cylinders, similar in dimension ‘and
-§f[5“}” N appearance to the original virus particle from which the protein
§fzf {~f§ sub~units can be obtained, Other viruses selm to be constructed

B NS
S in a comparable fashion and it is becoming clear that this pattern

: é of construction 1s widely used 1in nature. For example, some years.

} § ago 1t was shown’ that the flagella of certain microorganisms

| %v were also built up as linear polymers of small protein units, ‘ N
'g.;-ﬁ;flé." and this soluble protein wag’ called flagellin /1/. It seemed to

Elﬂi _:;f?-* us that a situation suoh as this offered an opportunity to study

R the antibody response to natural antigens of similar chemical

.E’fhékt_properties but of varying size. .

o Proteins of both viral or bacterial origin are known to be

. ‘powerful antigens. Bactsrial flagella and derivatives made from
them were. chosen for our study, not only for this reason but

N also for their ease of preparation in a relatively pure state.,

~

e '.J‘.’_;AIL\‘,.‘;:\;;“

,uiPreparation of three flagella antigens /2/

‘fﬁvy‘:; - Flagella were prepared from cultures of Salmonella adelaide.
"Q3¥%;:;-This opganism was - chOsen as its occurrence in nature 18 rare and

(R *FOR CFFICATTSE ONLY
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S e e

; - high yields of flagella are readily obtained. The flagella
o are sheared off the bacterial bodles which are then depoeited .

a are

0 -

from solution by low speed centrifugation. The flagell

sedimented from this solution by centrifugation at higher speeds

e e s

- and are purified by means of several cycles of differential cen-

trifugation until free low molecular welght protein. Such pre-

-y
1

ET S I o
[ N

parations were used as»the first antigen, They are freshly pre-

«

. ‘;} ~ pared or after storage at -20°C.

«

Disaggregation of flagella can be made t0 -occur .in many

ways '/3/ but we have used treatment of the preparation with

3 e pym oy T+ e v ey obe
PRASSR T, RRRCRA

weak acld /O OSN-HCl 30 min,, ZOOC/ Centrifugation of this
A _ - solution at high speed leaves the soluble protein, flagellin,
L S : in the supernatant and deposits about one per cent of the

‘;:original flagella as an acld <insoluble residue. The supernatant

f’it ié 1, fluid is neutralized with alkali and péssed through a sterilizing

%:(; 'g‘ ' filter. The filtrate 1s clear and'colourless. Addition to this

| | _solution of a. concentrated salt solution causes an immediate
turbidity. A convenient way to achieve this. is to bring the

" solution’ to 60 per cent saturation with ammonium sulphate and, —

oo ) after standing, to dialyze the solution against distilled water

T " until salt free. Such a solution is Opaque and viacous, It 1is

_termed polymerized flagellin and i1s used as the second antigen.
' The third antigen used in these studies is the soluble protein

TG G ¥ e
Rl
-

flagellin. This can: be prepared as described above directly from

T,
/

9

'flagella. We, however, have chosen to prepare it by acid treatment.

A 4

T of the polymerized flagellin, as flagellin SO prepared is less like-

ly to be contaminated with the acild insoluble material present in

A R b

,

L the flagella particle, it seems likely- that the process of poly~
i \
merization depends upon the specific configuration of the protein

molecule so that the polymerization itself would act as a puri-

: Declassified in Part - Sanitized Copy Approved for Release 2014701/15 : CIA-RDP80700247A004200090001-4 e
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fication procedure. Such preparations of flagellin, .particular-
ly if the protein concentration is high, will readily repoly-
merize and to minimize the chances of this happening, flagellin
>;;‘~ | f : solutions were-injccted_or studied as soon as possible after

' 'proparatioh;'v - | ;

B co Properties of_i“lagellé., flagellin and polymerized fldgellin /2/
| ’,;\ . Physicel and chemical ﬁroperties. When flagellin 1s treated
: wilth. strong salt solutions,‘polymerization occurs and the result-
ing polymer, when examined ih the.ele&troﬁ microsco;e, 1s seen to
S = . consist of rod-like etnuotures Which are sihilar.in appearance
.tovparticles‘of flagella. Though not examined in great detall,
both‘preparations congist of rods of varying length and of vary~‘
ing curvature, This variatiOn;in size can also be demonstrated by
© studying the’sedimentation of‘either preparation in & sucrose
'éﬂgradient. Both prebarationsvshow a distrioution of. proteins Which
" extends from the.top:to tﬁe?bottom of the gradient, When flagellin
- *_{ q:'\‘,preparatioes are eimilariy examined, the protein is found hardly
| % to penetrate the top‘cucrose layer. Examination of fpeshly pre-
‘?~i{-i'f -;pared solutions of flagellin in an analytical rotof in the
'iv ultracentrifuge show the presence of one slowly sedimenting
.i; '7 - peak .of proteih. The protein probeblyﬂexists es dimer with a
molecular welght about 30,000, so ihaf an average size particle
of fiagelia might contaln about 300 such units, Flagellin elutes
e . ; .-as a single peak when’cﬁromatographed on a coiumn of hydroxyl
~ apatite, : g <
- Amino acid analysis of‘flageilin from S.adelalde shown a
. pattern of amino acids content similar to that for other strains
/4 "No cysteine is present, and there are 3 residues of tyrosine

'per 215 residues of amino. acids. The N-terminal amino acld 1s

oo
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" elanine and the amount found suzgests that the protein consists

" of & single polypeptide chain of molecular weight about 28,000,
‘ n )

The major chemical différence.batween the antigens is the'presence

. in flageila of the. acid-insolub e moiety. This is rich in phospho-

. rus and carbohydrate. A portion of the fraction, containing some

.phosphorus,_is soluble in lipid solvents, These properties are

U summarized.in Table 1.

-

Serological properties. Hyperimmune sera to each of the

Ci three antigens were prepared in rebbits, The resulting sera had
‘f high.titres as tested in the.bacterial immobilization test of .
"'Nossal 75/ -Furthermore,~each antigen in this test was capable
't‘ of neutralizing antiflagellar antibody prepared against any of

" the three antigens, When expressed on a welght basis, flagellin

was slightly less efficient as an irhibiltor of anti.flagellar

~antibody than‘flagella or polymerilzed flagellin, Gel diffusion
- 3showed ane main common antigen and a secOnd antigen which was l@

: 'present in small amounts,.

-

z Experiments to test immunogenicity

Three general types of experiments were carried out, Two

“of them involved the injection of antigen into the hind footpads

of mature rats /Wistar, albino rats, weight 150-250 g/ The third

type of experiment.involved Antraperitoneal injeotion of antigen

.Vto neonatal rats and at varlous intervals thereefter, When mature,

these animals were challenged with antigen injected via the hind

»ﬁootpads. The amount of antigen injected veried over a 109

fold range, -from 10 picogram to 10 mg, /l mg = 10~9g;

- - 1076, 1 | / |
1 /ug = 10 . 85 1 nanogram /ng/ = lO‘gg; 1 plcogram /pg/ = 10° 128 /.

A minimum of three rats was used for each time point.

AN
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Rats were bled from the tail at approprlate Intervals up

LIREE T

to 66 weeks after the first injection. Serum samples were titrated
: _ for antiflagellar /anti—H/ antibody using the immobilizatiOn
gﬁf"\ (i'_ technique described previously. Initial dilutions were usually .
iJA;e- i 1/5 /occasionally 1/2/. Pre~bleeds from ratw were tested and
all showed sbsence of circulating antibody /bitre & 1/5/. '
" Sera were tested for their susceptibility to the action of
}”fg:‘ "ffi mercaptoethanol /0,1M,. 5700 1 hour/ In separate ‘experiments
F , /6/, 1t was demonstrated that meroaptoethanol sensitive antibody
sedimented in a, sucrose gradient at a rate close to that estima-
‘. ted for a 19 B protein, ‘Whereas mercaptoethanol—insensitive
&‘._,l f t‘antibody had a sedimentation, coefficientiof 7 S. Thus, for

"the purposes of 'this article, gross sensitivity to mercapto-

" ethanol 1s regarded as indicating 19 S antibody.

N

-Antibody response to a primary injection /6/

Elagella. For ‘doses in an intermediate range, the oharacterno~
: _tic finding was 'a lag period of 3 days follomed by a sharp rise
i . in antiboiy titre over a’5-4 day.period. An apparent short
?,lag period was followed by a long’siow rise in titre whicn_
: } i reached alpeakagboutAG weeks, Thereafter, antibody levels sta&ed ,
{f i j”il"high or decreased only slightlﬁ'for periods up to 34 weeks‘after-e
Pf'f : ;ﬂ' the injection, With low doses, for example, 1~1Cng, iittle op
| :?’C_no antibody was'deteoted_in the finst two weeks and only mode--"

.:rate\titres were found thereafter; Antibody was not detected

in rats roceiving 10 pg of ant gen but some /6/45/ formed low

- levels following ingection of 100 pg. The 1owest uniformly immuno-~

T

_>genic dose was 100, ng, Doses higher than this morely increased

" the rate at which maximum titres were obtained.

e T et

Most antibodj formed in the first week was macroglobulin,

@

et Rl iy e
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. Antibody present at three weeks end thereafter was 7 S. Whereas

“there was little evidence of a dose response relationship ever the

lrange 100 ng to I mg for 7 S antibody production, there_is e -

@/

e -

. 7 C dose response relationship for 19 S antibody production in the

?l" "3:%ange of 10 ng to 10 /ug‘antigen. Figure 1 1llustrates some

| 4. of these results, ’ ' _ i

T Y Polymerized flagellin.-The éeneral features.of the anti-

body response to polymerized flagellin were similar to those

described above for flagella and are not recorded here in detail.

_ Early production of macroglobulin was followed by-hlgh and prolon.

S . ged titres of 7 S antibody. The major difference was that wilth '

s»_‘Ve ? lower antigen doses, about ten times as much polymerized flageIlin

:. was needed to achleve the response resulting from a given dose of -
flagella, Thus, l/ug of the polymer, oompared with lOO ng of
flagella, was the smallest uniformly immunogenic dose and the

_ smallest dose causing s1gnificant 19 S antibody production,

S TI : ¢/ Flagellin, The response to injection of flagellin, s tudled

é; ' ' ,‘over.the range 10 pg to 10 mg, differed significantly ‘from the

response to the previous two particulate antigens, Figure 2 shows

the antibody'titres obtalned following injection of doses between

10 ng and 10 7ug. Points to be stressed are: there was no dose

i» g ‘response relatlonship over this range. The lowest uniformly immuno-'
genlc dose was 10 ng, but 4 out of 5 rats injected with 1 ng also |

’.;‘resnonded,'Peak titres were not as high as those glven by the -

.Vparticnlate antigen. After injoction of 100 sug or less, antibody

was first detected more than a week later and 1t was mercapto-

= - \eth‘en\ol 'resistant. Injection of flagellin in doses higher than

Zl':t -{ this caused the early production of small amounts of macroglobulin,

The necessityto use high eoncenpratiOns of antigen to chleve this

. Tomponse Sﬁggested that iffwas‘due to a contaminating material,
FOR OFFICIAL USEONLY :
\
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' .

ﬁ - possibly polymerized flagellin. The evidence appears to

N ”f'\ indicate that soluble flagellin per se does not cause the

"production of macroglobulin.»

e e e e

|
R ['?'\g " In this connection it 1is worth noting that injection of

i;_ 3 ?:. each antigen caused the formation of some anti 0 antibody and S
E T;;'-this was macrOglobulin. iitres reached a peak in one week and
then slowly declined. As no dose-response relationship was,

found it is difficult to compare each antigen in this respect.

‘Antibody response to a second injection
L RN The general procedure followed was to inject mature rats
with antigen via the hind footpad, and six weeks later to A

give a ‘gecond injection of. antigen by the same route, Blood

g o A ey e, ST

samples for antibody estimation were taken at intervals, parti-

=~ -T(_ cularly immediately prior to and after the second injection.

e

Using sultable controls, a rapid response and increased titres
if‘f\tt"were taken as avidence of a secondary response, It was hOped

,7\’ - _to answer the following types of question., In view of the pros
longed response to a primary injection of these antigens, can

a second injection give enhanced antibody titres and if so,

Y

”what‘are the relative amounts of antlgen needed to achleve this?
Can an enhanced response e achieved if the primary injection
43 a "sub-immunogenic" doseV-What type of antibody is formed
’ in a secondary response? Is flagella more efficlent than flagel-
Tt’lin in causing an enhanced response? Can flagellin enhance

\ a response initiated by flagella? Not all these questions can

= e ey e ey Swe s,
N a0 AT

‘as yet be answered in detail, Attention so far has been‘con;v

centrated on experiments using flagella and to a lesser extent,

R ok Aol

o flagellin._
o S e o The results using two doses ‘of flagella fall into two

-

L P . .
SRR . o o
H . ' . ' ’
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. : groups.rln those animals which receiVed an initial dOSe of
',lOO ng or more of- flagella, the serum titres at the end of six
R f'weeks ‘were already substantial /about lOOO/ and were duc o
” | 7 S antibody. Challenge with a dose ‘of flagella smaller than

this resulted in.titres which were in the same range as thc
'Tnontrol values. Higher titres were obtained only if the ¢hallen-
o ’”:f -'ge dose was, equal to a greater than the dose of flagella previous~
N 'c;"oq”'ly injected This is shown in two experiments quoted in Table 2 |
/lines 4 end 5/ Because of, .the high initial .7 § antibody titres,
a we have not been able to determine how much if any, of the new

f~@_ ';1 . antibody formed was magroglobulin, The situation was more clear

L cut when the initial dose of flagella reeulted in either trace

[
:
'S; 'vkt;-»: amounts or no antibody titres ‘being detected at the alx week
f | period Table 2 /lines 1-3/ shows. the results of two such
L experiments. The initisl dose was 1 ng in éach case and the
second dose, either l ng or lO‘/ug, In both experiments, there
was an immediate markeod response to the second injection. Fulther—
more, all the antibody prod&ced up to 5 7 davs after the second :
injection was macroglobulin. Rats given 1 or lO pg an initial
" dose of flagella did .not,. show\any enhaneed response upon challen-

-

ge. Results obtained using 100. pge'of flagella as the primary

- dbse, have been very variable. “.d one experiment challenge

“with lO yug of flagella or polymerized flagellin gave rapid
,; enhanced responses and the antibody formed was mercaptoethanol~
gxf o . sensitive. Other experiments 0%. a.similar nature did not-shpw

*. guch an enhanced response, = - S ,L-

Expcriments using flagellin aré’ not gs far advanced as those
:;'_* o reported above. It is clear that’ rats Eiven a prior injection

L of flagellin /1o /ug/ Wil show a.very meirked response wheri

- v gy,

challenged with a similar dose Qf flagellin, polymerized flagel-

Bl

[

; s .8 . v : . t : ' . '
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lin or flagella /Table 3/, Experiments using small doses of

flagellin in the initial injection followed by varying doses

?:; ,;3 of flagella .or.flagellin are in progress.

B Ty

‘f':” ' Acquired tolerance to baeterial protein antigen. Thé condition
or tolerance 1s recognized as & continued failure of the host ani-

mal to produce detectable antibody to 1njected antigen, The classi-

cal proeedure for producing such tolerance 1ls to inject in single
c or multiple doses substantial amounts of antigen into the ﬁ&{mal
;ﬂ:_l ; elther prior to or shortly after birth, Tolerance to many enti-
- | gens has been achieved, but no one has yet reported cOmplete tole-
rance to well defined proteins of bacterial orlgin, We have attempt-
.ed to achleve tolerance to the antigens described above, In most
' A : | experiments to date, the procedure has been to inject rats on .
il ' ? the day of birth and at frequent 1ntervals thereafter. After some -
;1 weeks of such a course, the animals have been rested and then
?f challenged by one or the other antigen. Control experiments in~
v '”i volved challenge of normal 100 week old mice‘with comparable amounts
h_; of antigen. Table 4'showu the results~of experimente in which rats
. .were given at birth and then twice a week, 10 /u8 doses of flagelw

- lin, polymerized flagellin or flagella, After 14 to 16 weeks of such

~

-f treatment no antigen was given for 8 weeks and the rats were then

- challenged with a signle dose of the same antigen. Sera were taken

e e e e

throughout this whole period and afterwards for the estimation of
E . . \)

- ant ibody. v i
| The results show beyond doubt that rats can be made tolerant
\to flagellin and at this dose levely remain in a tolerant state

. " for some weeks . after antigen injection has stopped, Some remain

:tolerant even after a fnrther dose of "antigen 1s given, Rats glven

P : "lpolymerized flagellin develop good partial tolerance which stands

;uP—ﬁell to subsequent challenge. On the other hand, rats glven

fij . ,\
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..

: , flagella from birth rapidly develoP high antibody titres, Despite

-

this, rats receiving 10° /ug of flagellin twice a week, when
L “f; : challenged with lOO'/ug flagella at 11 weeks, produce & small

| amount /titre 10 to 160/ of macroglobulin only and this dis~

appears rapidly from the circulation, '
) How much antlgen 1s necessary to confer a tolerant state

: in rats9 Rats were treated in the same way as above but the dose
.;;' ,;. * of ilagéllin varied from 100 ng-to.l mg twice a week, Injection
"of 100 ng quantities ied to high antibody titres in 6 out of 7
'l rats,‘Good toleoance wag achleved with the other dose levels., At
’\the hlgher dose levels, parficularly 1 mg, there was eaply pro-

duction of small amounts of antibody and ‘this was 19 S, Rats

treated at the 100 ,ug level until 16 weeks old remained almost

completely tolerant, even when_challeﬁged at 24 and 32 weeks

R R

'gl.‘tWiPh 10 /ug doses of flagella. Similar experiments with poly-
‘merized flagellin'are undef way and have already shown that |

. “at the lower dose levels /1 ng, 100 ng/, injection of this antigeg’

;f', ‘gw' - leads to high antibody production,

£ ) , o “*VFinally, a further development is the determination of the

: h'amount of antigen which will induce tolerance to flagellin in the

- rat given as a single injection on the day of birth, Such informat-

}ion wlll allow a meaningful'study to be made of the distribution

;4;a-hand_fate of the antigen'in these circumstances,
. T J L. ’

L

ey gy - - - 3

Discussion

The experiments reported In this paper are part of a programme

ST
AN

to study the induction ‘of antibody formation by small amounts of
U e . : _ powerfol’antigens. Bacterialvantigens were chosen for this reason
and &lso because a study of their behaviour has special relevance

to practical immunology. Three related bacterlial antigens were

RRoTmEmLBEMMY

T I R T U W T, e e e

Declassmed in Part Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80- 00247A004200090001-4



vDecIas'sified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4
3 . e « . . - :

u

L  Ada et al, - 11

é_’ - ‘, prepared and characterized, flagellin, & soluble protein of low

g‘f}. . i,molecular weight; polymerized flagellin, a linear polymer of

f;', v7'?‘avthis‘protein, and flagella, the naturally occurring particle

1‘.' . from which the other two anbigens wers derived. Though each

;ipreparation c;onteined the .same protein unit, there were major

‘ ’ differences in their size and structural organization, As an

’7i- © > initial step in the overall programme, the effect of these

:i' . varlable on the ability of ‘each antigen to cause antibody format-
"ion after a primary and socondary injectien and to induce immunoc-

o j . loglcal tolerance, has been Investlgated, A

T C A first mejor finding was that with each antlgen, a single

“ injection of a_remerkably small amount caused the production

i of detectable antibody. As bhese proteins are bacterial products,

a : .. an immunological reSpobse to such small amounts raised the quest-

Ef'f_ ‘ i~7:ion whether in»fect we wers studying a primary response or

“ ;ie secondary, enhanced respense following a primary natural in-

‘ - fection. Since specifile entibody hesvnet been detected in a

s ~;;-pre-injeetion bleed of.enylret, three pieces of evidence present-

ﬁ.b«‘ ;1  ‘ed In the paperbsupport the~primary response hypothesls, 1,

L 4>Injec£ion of antlgen resulte'in verj proionged antibody product-

"1en.‘2. Injection of doses:of flagella many times‘lese than the

S ;‘immenegenic does doss .not result in immunologieal memory, _—

" 3, Tolerance has not been achioved with ‘any dose of intact.

TR

E : flagella or’ with micro-doses of flagella derivatives S0 that

g; | a-natural, early infeetion-ehould haVe yielded dotectable anti- j
§j4 : ~body titres. Two othef peihts are worthy of specilal comment.(
e "~ The particulate antigens produced early 19 S antlibody and

subsequently, high titres-of 7 S antibody. In view of the chemical

‘simllarity between flagellin and polymerized flagellin, size of

R ';. : the antlgen appears to be a major factor in this connectiong.

A ' < e TN—
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‘ ‘ ;The second point is that though the particulate antigens produced
Ei::f A higher 7 S titres than a1d flagellin, lower doses of the latter
o lf .;were more eonsistently immunOgenic. This was particularly so when
57;’: v_g; -flagellin was compared wilth polymerized flagellin where the dif-
o - ference was about lOO~fold.-That is, in this respect one molecule
f i_,% of flagellin seemed to be equivalent To one particle of the poly-
. mer, Iy 1s lmown from_autoraqioagraphic‘studiee-/7, 8/ that
?1_“':f - flageliin diffuses more readlly through the popliteal node than .
‘“;“f z‘;-do the:other preparations so a low moleculare size may be of
| particular importance in this respect, *
The studies reported on the secondary response to these
E,,ff . ? | proteins are incomplete so discussion will be confined to those
- .obtained,using flagella as antigen, Two poi;ts are of particular
}*f . {? f interest, Current results indicate that an enhanced secondary |
response was obtained only 1f the thallenge dose was. equal to
or greater in amount than that given in the first injection,
f This 1s turn suggests that to elicit such a response, the level
ii ~of antigen is the lymph nodes must be substantially increased., It
s known from studles with 1151 Jpeiled rlagella thet six weeks  ~
| \after the first 1njcction, the level of antlgen 1n the popliteal |
node is about_zs% of thatnpresent in the node 24 hours after
injection /9/, This maj_meen'that an increase of about 10 fold }
in the«amount of antigeu In the node has given an enhanced response.

_The second point is the clear demonstration of immuﬂological memory

for 19 S antibody when flagella was used as antigen, This was
" shown when tho initilal injection of antigen was a dose near or

sllghtly below the minimum immunogenlc dose so that either no

- or very low levels of autibody was detected at the six week period.

e T i e
S

ey ey
o Ty

Bauer,:Mathies'ahd StaVitsky-/lO/ did not observe this effect in
A ‘g' studies with Salmonella nor did Uhr and Finkelstein /11/ using

i
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k_upacterial tirus a8 antigen;}Uhr and Finkelstein suggested antigon |
_'depletion as a possible reason. for the failure of the cell respon-
. j sible for 19 S antibody formation to develop persisting immuno-
| ' logical memory, but until information becomes available on reten-
..£ion. An lymphoid organs of the responsible antigen in thc bacterial

‘i*virus, th:two systems cannot be compared 1n this respect

'T;;i I -The achiovement of tolerance in rats to a purified, highly

'Tfimmunogenic bacterial protein openg the way for meaningful in-
f;&vestigation into the mechanisms of tolerance, the fate of the
‘1. protein in tolerant and normal animals and in respect to the
ﬂzf‘present thesis, the antigenic complexity of the reagents. The

"results presented are incomplete but’ scveral observations can be

':ﬁ,“ap;mW“made. Though complete tolerance to flagellin has been achieved

'in rats for extended periods, 1njection of polymerized flagellin
Fover e range of doses has ylelded good but not complete tolerance,
“Again ‘the effect of size of the antigen 1s demonstrated.‘Can
_ flagellin, because of 1ts small size, gain access more readlly
© " "to all the critlecal sites in,the body? Both preparations when
given in frequent large doses aftor birth csuse the formation
oft small amounts of macroglobulin, An explanation for'this may
gi  be the presence in both -samples of trace amounts of a substance/s/
~prosent 1n greater amounts in the flagella,. The failure to obtain
tolerance‘to flagella is of great interest, First, 1t seems not
unlikely that this is'ofﬂconsiderable biological significanco
‘ with respect to thc maintenance of the animal’s 1ntegrity. Second-

1y the finding that animals tolerant to flapellin are essontially

?*Jt L .tolerant to flagella - a small amount only of 19 8 antibody is

'formed - indicates clcarly the simllarity ‘of tho main antigenic
' grouping inveach preparation. Perhaps the failure to achieve
,-f ~ tolerance to intact flagella is due to'an adjuvant action of

-\
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i

eubstancee in the acid-solﬁble component, Further studies..may

show .this,

In conclusion, the resulte reported have shown clearly dlf-:. .
\ferent effectsvgiven by SOluble-and perticulate forms of an anti-
gen. Many of the questlons asked however remain unanswered. One *

which is at the basis of all this work, and is particularly

- intriguin 1s" « why is an apparently simple protein, such as fla-

gellin, such = powerful immunogen°

o Surmary

1 The preparation and- propcrties of three related bacterial
antigens has beon desoribed. Flagella,~obtained from qalmonella
adelaide were brokenrdown to form the soluble protein, flagellin,

which inturn was readily aggregated to form polymerized flagellin,

‘-bFlagellin and polymerized flagellin were chemically simllar but

flageila contained.in‘addition a substance rich in carbohydrate

.;and phosphorus, S ,

2, Each preparation was a poworful immunogen in rats‘_

-The particulate antigons, flagella and polymerized flagellin, caused
" after one injection early 19 S,antibody formation and then high

. and prolonged titres of 7 S antibody, The soluble entigen,

flagellin, caused only 7 S antibody formation and lower tiltres
than those caused by tne other preparation. In contrast,'a smailer.
dose of flagellin than of flagella or the polymer caused con- .
sistontly an immunological response.

3. A second injection of flagella or flagellin caused an
enhanced response, Persistent immunological memory to 19 S antibody‘

formation was demonstrated when the primary injection of flagella:

" was a dose near or slightly below the minimum immunological dose,

4. Complete tolerance could be obtained to flagellin and good

FoR CERIGIAL USE gt
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} partial tolerance to: polymerized flagellin. In constrast a’
i*f?fv similar course of 1njection’of flagella caused high antibody

2 : ‘ i
5) R titres 1n the recipient rats, 1t was dT,particular interest S }
o . |

however, that rats made tolerant to flagellin were also

- 4 essentially tolerant to: flagolla.
DA i .
3 - /.
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L | Table 1
S B O
f N ; Prope_rtieé, of‘:..-th'r'ee related bacterial antigens. '
.i“ Ll j B ) ! - _ 5 %
| S - )
{ -' !
‘5 . : c } e . ‘ . .
o ; Antigen © |°  -.8lze . Protein Composition : .
v ; : : Lo ' ;\Carbohydrate-‘Phosphoruﬁ
A"\ ‘ ‘ ' ; : o o o
£ Lo ;
LR . .
57 2 Flagellin : Soluble, low
8 g " . ) : . - H
L mol.wt,” + < 0.2 ¢ 0.0025
g Polymerized | Particuldte, rods of | +. < 0.2 < 0.0025
b - . o . R :
B flagellin = ;| varying length
EJ. H"Fiégella; ‘Particuiaté; rods of | + 1.1 0.03 |
o : o oo : ’ - :
Ey. : varying length i
- - ;
:::-. _ '// - =
- R .
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Antibody titres of the sera of mature rats given two doses,
of flagelia. N -

‘. Each vglue is the geometric ‘mean of three results. ‘

)
© o Primary - . . . Secondary

Antibody titre
after injectlon.

se . , Antibody titre - | Dose .

jected|. at six weeks - .5- injected
i | /prior to second; |, _- bt
o injection/ = | 4 days |5 days | 7 days

!

1ng | 5 . 1 1ng | .e5
1ng. . ‘-;noﬁ detect:éd o 10 /Ug 4Q0 1,280

| NIL . | not detected | 10 mg| 40 | 100

140

100ng | 800 . . - | 10 jug| 2,560 | | 6,400 .

10 pug .. 2,400 | 10 e | o16,000f - {32,000

]
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i . 7@”"“ Antibody titres of the sera of mature rats given an 1njection of
L e flagellin, and six weeks later given an injection of flagellin,
L S polymerized flagellin or flagella.;
ét‘ e Each value 1s the geometric mean of these results.
IR -
B S J b Primary- _ Secondary
AN ! Dose  Antibody titre . Dose injected . Antibody bitre
B+ -y injected “at slx weeks : o after injection
I ‘ ’ - ' . s © 4 days 5 days 7 days
5 : ” )
3 ) 10 sug 80 10 jug flagellin 1,280 | 7,880
¢ R . 10 sug polyme-. - .
b - L rized flagellin 4,000+ . 20,000
S /- 1 )10 yug flagella {2,400 [5,120
o ! B
I B A :
18 KR ST
i B! B
3 : F e - :
" i’ .?. '/' ’ , L : : ’ '\ :
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polymerized flagellin or flagella._
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i

Immunological response of rats injected since birth with flagella,
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Rats were given twice weekly doses of antigen for 14-16 weeks - -

'5f Pcriod l.

No antigen was’ thcn given for a period of 8 weeks - Period 2

One further injection /10 /ug/ of tho. same antigen was then

given and antibody titres estimated 2-4 weeks later - Period S.

,'}rats - the range of titrestis given in brackets.

. Titres q10tod are the geometric mean of values from 3 or more

o Antigen Dose

10 weeks

; o
Antibody titres

Period l.

14 weeks

16 weeks

Poriod 2

Period

e o

':jFlagellin‘lo/ug <5 "5 20
. i : ‘ /e5 280/
" MPolymert- . °
. zed flage- .
. 11in 10 yug| - 80, 1 20 - 10 18
? : /1 -480/ /<5~ 60/ /<5-20/ |/¢ 5-80/i
Flagella lO/ug 1, 280 B - - - -
: - ;. /600 5,200/ :
o éf E.
o . i o

]
x
[
!
!
|
i
|
1
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3 5? . ;i ' Fig;l. "Serhm antibdd&stitreg following injectien of various

£ TR e e T L T L Y
N e Tl R

doses of flagella /8/. Anti-H antibody was measured by a

F ; : microimmobilization test. The titre refers to the, reei-
E procal of the dilution of serum giving an end-point.
{ ’ v _ A
- Coe Fig.2. © Serum antibody titres following 1njection of various
‘- . doses of . soluble flagellin /6/.
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" The Role of Peptidoglycolipids of M.tuberculosis<and.

Related Organism ianmmunologicel Adjuvante™

A

R,G.White . _
/in‘collaboration with P,Sollés, J,Gordon, E,Lederer, D, Samour,

. . and D.E.S.Stewart-Tull/ .

Glasgow University; Department of Bacterilology, Western Infirmary,

- Glasgow, England

T T A e T

-

\
nvj,;éf 0i' . This oommunicetion deals with the morphologicel‘andrchemical
; f‘components of tubercle bacilli and related organisms which can
act in a Freund-type adjuvant mlxture /@ntigen dispersed in the
;j'; B 'f ‘aqueous phase of a water-in-mineral o1l emulsion/ to facilitate
| ‘a varlety of, 1mmunological results, All such organisms contain a
- wax-1ike entity, extractable by neutral organic solvents, which

PR ST \has been referred to in previous communications as wax D /1/

f;__«;. and which can be defined as material insoluble in 1:1 ether-
| i talcohol mixture, soluble in chloroform, insoluble in methanol

e _/wax B being soluble/ and insoluble in hot acetone /wax C being
€ _.“§ ’ :‘.soluble/ A o S
' The main component of such wax D is a macro-molsculafr lipid

- of highly unique chemical structure. This molecule 1s readily
X hydrolysed by alkalis to yield 50 per cent of mycolic acid and
:Tfﬂh T T» 50 pér eent of a water-soluble polysaccharide moiety. Mycolic
"acids are typical constituents of mycobacteria /6/ and those

. from human and bovine strains “have the approximate formula

- e o

+ This invesfigation was supported /in part/ by ‘grants E,4554,

A/ 02838-04 and A/ 06249-01 from the Institute of Allergy and
e L -'Infections Diseases, United States Public Health Service.

e '
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Caghye®y  and the gonora stmoture. | '
OH, | R | ‘ !

N TS ¥
R eee CH . CH . COOH
- |

i

e

\ where R ia a ﬁ/Eical containing about 60 carbons with one

oxygen function /OH or, OCHS/ and three chains /possibly 2 x 016 18
and:1 x Cgy_ og/ - Mycollc acids from avian and saprophytic

' Mycobacteria'/M.smegmatis, M.phlei/ are somewhat smaller molecules

with R a radicle CSBH with one hydroxyl group. Mycolicétype

117

acids from Nocardia and Corynebacterium spp. are a good deal

smaller molecules and R from nocardic acids is CogHyst 3 CH2

end,for corynomycolic acld 1s CI5H51 wilth the side‘chain;at-
of Cl4H29 /5/

_ The hydrosoluble portion of the molecule consists of a

. polysaccharide composed of the sugars D-arabinose, D-galactoae

~and D-mannoae. In wax D derived from human .strain of Mycobacterium

tuberculosis, but not generally in the case of other mycobacteria

: /bovine type of M,tuberculosis, M,avium, M, phlei M, smegmatis/,

o the polysaccharide has an attached peptide comp@sed of meso~~,.

*o diaminopimelic acid /DAP/, D-glutamic acid and D- and L-alanine,

‘Wax-D from human strains of M.tuberculosis mey therefore be

reforred to generaily‘as peptidoTglycolipids whereas wax D from

other mycobacteria are normally found to be‘glycolipids.
The biological activity of such wax D fractions as well

" as whole heat- killed bacterlia“have been tested, in general, by five

different methods for "adjuvant activity',

1, By thelr ability to increase precipitin levels of anti.

© ovalbumin, when they are mixed in the oil phase of a water-in-

0 OFRGIAL L usE G o
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' guinea plg cerebrum,
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White - O

~ . B . ’

) oil‘emulsionvcontaining evalalbumin in the watery phase, and

injected into one hind footpad of a.guinea plg. An active orga-

' _nism'or wax D therefrom will give an "adjuvant effect” so that

the sera collected at 3 weeks have 3-4 mg/ml of anti-ovalbumln

as Opposed to the sera of controls injected with similar mixtu-

‘res but lacking micro-organism or wax which have O 0.5 mg/ml

of anti-ovalbumin. The test dose of micro~organism or wax 1s

'usually 200 /ug.

2. By their abllity to increase delayed type hypersen31tivity.
For thls, the main reliance is placed on the corneal test, done

with ovalbumin at 19 days after injection and read one and two

- daye,laﬁer. In a strongly positive nesult the.connea is greyilsh- )
. white, opaque and thickened throughout the whole of its extent,
-Control animals usually Shew no deteétable opaclty of the cornea

'at 24 and 48'hours after a similar infectlon,

4. By, thelir ability to induce a qualitative change as
well 'es a quantitative change in the serum antibody in samples '
taken at 3 weeks after one injection, Control sera at this time

Whieh were analysed by immuno-eleetrophoresis show the presence

-of anti-ovalbumin in precipitin arcs of U/or,g / mobility only
,/see Plate 1/, An "adjuvant-active substance will induce an

- additinal component of yep /oryegg/ mobility /Plate 1/,

4. By their ability to induce 1in a high percentage of

:.injected guinea pigs severe or fatal allergic disseminate ence-
' phalomyelitis at}between 12 and 24 days after injection of a

' mixture of the test material in mineral oil containing homologous

; . |

5. By_their ability to induce an epithelioid and glant-

| eell~granulomatous change locally in the injected foot, regionally
_in the draining group of lymph nodes and systemlcally as multiple

. Declaseified in Part - Sanitized Coby Approved for Release 2014/01/15 :_CIA-RDP80-00247A004200090001-4 BEb
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P S s

;s miliary granulomata throughout the lungs. The mineraloil 4n -

IR
e -

";;i the injecticn mixture received by the control group of animals

‘“'? wihl produce a perceptible:enlargement of the footpad, with

- ~.

¥ some increase n foam cells /but not enithelial cells/ in histo

logical sections. This is easily differentiatcd from the grossly
A distended foot of an . animal receiving an "adjuvant-active _sub-

ifﬁ stance which is occupied by a massive proliferation of cpithelioid

[POC RN SN SR

'U cells. The regional lymph nodes show even more striking differen-

[

'3.?§ces botween test and control animals.,The controls usually show

ifﬁ; _”j”; i a barely porceptible enlargement and some increase of foamy

3ffi?';j>j~ macrophagcs within the sinuses on histological section. The nodes

'Jf-of‘a‘pOSitive group of animals are 4-6 times as large as those

+of the controls and are seen on histolOgical scction to be large-:

SR ly occupied by epithelioid cell granulation tissue.v

" ‘f‘}'"' . On the basis of these’ tests for biological activity 1t ‘2

‘ “was possible to divide wax D extracts broadly into active weses
which derived from human strains of M, tuberculosis and inactive-

AY

"';~-waxes which derived from bovine strains of M tuberculosis, M.

avium, from saprophytic mycobacteria anch as M,phlei and M, smeg~

matis and from a Nocardia spp. ' /N. asteroidcs/. The inactivity

1

”i rof the latter group was something of a surprise since, heat- killed

MR ” /
§_«“Qv,!“'i whole organisms from the. parent species /as well as heat-kllled,

human type M, tuberculosis/ were all found . active at the same dose

s ;Fi. level /200 /ug per guinea plg/. The main difference between the
.j-two groups of compounds then known was that "human"-type wax D

fractions all contained a peptide of meso-.A, -diaminopimelic

\:'—r—.-‘—r‘t'v\rv::‘r,qw’:r
- e et

- .acld,, D-glutamic acid, and D~ and L-alanine, whoreas, In general,

SR, B S
. S

:fwax D fractiOns derived from bovine strains of M, tuberculosis,

BRI i e s o g

M, avium, saprophytic mycobacteria and Nbcardia SPP .« lacked such

_'amino acids.

P
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It is necessary to add the fact that other types of lipid
extract from mycobacteria /bhosphatide fractlion, mycolic acid
cord-factorv//trehalose.¢1~mycolate//, methyl mycolate, phthio-
éérol di-acetate‘and waxes B and C/ were all found inactive in
~the above tests for biologiéal activity /Qll tested at 200 /8
: 1evel/. These facts allatttested‘to the specific activity of
- wax D peptidoglycoliéids. Hdwever, such wax fractions were

‘realiéed to be 1nhomogeﬁeuus and a method was sought for the -

preparation ‘from. them of purer peptidoglycolipids. Recently,

2vfractionation of the crude wax D has been achleved by ultra-

centrifugatioh of a suspension in ether /4£e Thls is done in the

:angle ‘head /No, 4Q/ of a Spinco preparative ultracentrifuge at
- 50,000 G . This centrifugation is continued for 15, 35, 70 and

150 minutcs and the deposits after each period were collected

Suspenﬂéd after 150 minutes of centrifugation /the Dg fraction/,
‘Treated in this way, wox D fractions of human strains yield 90
per cent approximately of peptide-containing'Dp fractions ;ng
3-7 per cent”of‘g non+peptide:containing Dg fraction /Table 1/,
It is to be noted that the molar proportions of the three amino

acidsatalanine, glutamic acld and di-aminopimelic acid remain

'--t_fairly constant at 3,0 \‘ 2.0 < 2,0, The glycine content 1s
constant but quite variable in amount It 1s also apparent that the
~ proportion of total poptide in wax. D varies progressively and is
.'grcatost in the rapidly aedimenting Dp15 frqction, . - _ .

i Biological activity of Dp and Dg fractions of human type M,

'i‘tuberculosis

\

+ In Table 1 those Dp fractions marked by an asterisk'weré all

Cos

R found to possess biologiéal‘activity in respect of adjuvant'effect




t
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A v e

A :on serum antibody levels, adjuVant effect on cOrneal response,

e -

4‘to induce Ju type precipitin response and in case of the total

fraction of Dp sz s :

be' active in the production of allergic encephalomyelitis wlth

bl

Dp150 of ‘HyyR S, and D, 7o OF test to  ~i

‘:homologous'brain. Table 2 111ustrates.in detail the results With
" "?f"the above Dp fractions ‘of various strains of human type M. tuber- -
";3fT?; -culosis /biologically active/, with the Dg fraction /lacking

| Zn”amino acids/ /biologically inactive/ It is further shown that

" the products of- hydrolysis of the D fraction by treatment with-
/‘g;i772 per . cent alcoholic KOH, i, e. the peptlde-bearing poly-

..,[ij.fsaccharide and mycolic acid are both biologically inactive. T,

»;:ff‘Morphological studies on Dp and DS centrifugal fractions from

‘human-type M, tuberculosis. ‘

‘The whole wax D and the centrifugal fractions—derived there--

frOm have been studied by | means of negatively stained preparations

e v e eyaem

sing the electron microscOpe /Table 5/ For this purpose wax
'fractions were added to distilled water, dispersed by ultra-

sonic vibration, transferred to the surface of a specimen grid

[ RO TN PN L

gnd allowed to dry. The dispersed wax was, negatively stained on the

specimen griad by a modification of the method of Brenner and

Horne:/z/ employing a saturated solutlon of sodium tungstate to

“'%hich saturated'phosphomoiybdic acid was addedfuntil the pH was

. " o
e

L 7 O The preparations were micrographed at a magnification of

e 30 OOO using a Siemens Elmiskop I electron micrOScope at 80 kv,

Plate 2 shows a negatively stained, sonicated preparation of

gt N '
e - i . . - . '
<. .. .1 wax D of the human strainBrévannes which has the appearance of :
f;;;v" i'l.  curved filaments of uniforym widtH /155 R/,wnich,do not show obvious -

. ‘branching or;evidence of iner subunits. The filaments were apparent-'

" 'ly not of & high degree of rigidity since sharply-angled bends -

LI
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could occur along their length and they do not show frequent

‘, ."f exanples of cross fractures such as .occur in preparations of
SR flagella, The surfaoe 1s preeumably strongly hydrophobic since
»lhsingle filaments do not protrudé“or dissoclate themselvesAfrom

the edge of the clump, . Thie 1s in contrast to the appearance of
. comparable clumps of fimbriae or flagella. '
a _i 'f o Other wax D preparations from the human strains of M,

tuberculosis PCanettl" yielded filaments of very similar appear-

~ance and identical width /133 X/ Peptidoglycolinid from the .

whole Dp centrifugal fraction of the human strain of M. tuber- ‘
‘ culosls HSVRV p appeared identical in all respects to the two |
Vr'u,'*f | rkprevious /Plate 3/. | .
L However, the Dy centrifugal fraction of H57RVSP possessed
~a distinct different appearance. None of the foregoing broad
" filaments were seen, the specimen being made up of intersecting
g‘,f'r ']_ . bundles of veryrelongated parallel fine fibrillae 70 R wide

E if.approximately. Groupe-of Andividual fibrils appeared to branch
-hé . off from one bundle and mergo with the fibrils of a nelghbouring

| bundle. These appearances /as seen in Plate 4/ were striklngly

H;:’; similar to those of plant cellulose’ when prepared in the same
;'; '??f_‘ manner, -

Biological activity of D, and Dy fractions of wax D from bovine

s

; RE—

‘ ?uf N vi" T type M., tuberculosis, M avium, . saprophytic mycobacteria and an

3 : atypical mycobacterium M. kansasii '
N /“}'1'f ' The results of the centrifugal fraetionation of an ether

' | suspension of wax D from bovine type M. tuberculosis, M, avium
?u,-f: v;’.,M.phlei M, smegmatis and M, kansasii is shown in Table 3, In these
§ o ‘l exampleS, the Dy fraotion makes up 45-80 per cent of the whole wax

-D, exaept for the case of M.kansasii, in which the pattern of

[

Tyng o
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centrifugal fractions resembleQ that of human type M.tuber-

* culosis. The yleld of Dp fractions is in general much lower

’ than fréh'human typegM.tubsrculosis, and they are far more hetero-
. geneous iﬁ respectvofitheif~compoﬁsnt amino-acids. The Dy fract-
S f ions aré‘aii'found to e devdiE of amino acids,. The Db fractisns ’
» usually contained amino acids in trace amounts and in large
P L variety: some or all of the following being represented -
| | | aspartic acid, threonine, serine, glutamic acid, glycine, ‘
 alanine, vallne, 1soleucine, ieuciﬁe'apd an unidentified base.

SOme’Of the Dp fraétiohs‘/e;g}'M;phlei Dag s M. avium Dp?O and . ' ,,
- M,kansasii Dp35'coﬁf§in alanine, glﬁtamic acid, bAP'andlin the-
) - case of fhe‘Dgss fraction of M.phlei the molar ratios
f\:s-i . ';éia:glu:DAP were fouhd}to ﬁev5:1.831.4\which is close,to
‘ : that of wax D of humaﬁ type M,tuberculosis.
ff . §1~ | ' .ﬂTaﬁlesﬁ'includes thelhesults of biologicalstsstslof,the

‘centrifugal fractions of wax D from strains other than human

A type. M, tuberculosis. These results: show that the Dy and Dyjgq

fractions of the bovine strain "Marmorek" and the Dp55 fraction
L]

of the strain "Dupré" ‘weré all inactive in respect of adjuvant

“

N

&

o f effect on serum anti ovalbumin levels, on corneal reactivity

. to ovalbumin and on the induction of allerglc encephalo-

" myelitils in guinea plgs injected with: homologous brain, None

SN

¢
of theése fractions contain all of the three amino acids: alanine,

N S

glutamic acid and DAP. "The Dy fraction of the bovine strain "Marmo-

~rek", is devoid of amino acids of any kind. In contrast to these
© findings, the D fraction of M,phlel was found to be highly

active in our tests for biological'activity. This fraction

B T e SRR R

. caused ralsed anti-ovalbumin levels in serum, induced'iulA and
‘ /ss précipitin arcs in the immﬁno-electrophoresis, induced high

,‘~ “
‘.

" . | T R : . . i ‘ : W .
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“levels of!corneal reactivity tp ovalbumin, as well as inducing

B e R R
14

encephalomyelitis_inNall of five guinea pige injected with
homologous'brain emnlsion. Moreover, the 1njec£ed footpad and

.o draining lymph nodes showea the oharacteristic macrosc0pial

| and microscopial changes of epithelioid formation. This fracte-

ion, as stated above, ylelded on hydrolysis a qualitative and

[ - quantitative pattern of amino aclds which was very similar to those

of the human-type wax D hydrolysates. Also, the D D35 fractions of

R e P e S Y

two stralns of M,kansasii 4 and 21 were found to possess similar

e

: biological.activity. These fractions also contalned alanine, glu-

i

!

+ tamie acid and DAP in molar proportions close to 3:2:2, Finally,
. ' the Dp?O fraction of h.avium wax D nas also found to gilve some
evidence of adjuvanﬁ activity. In this case, the presence of
j.alanine, glutamic acid and DAP in hydrolysates was established
by paper chromatography,‘ but insufficient material was available

 for a quantitative determination of aminoacids,

Morphological studies. on wax D and centrifugal fraetions from
M.phlel, M.smegmatis, M.avium and bovine type Y. tuberculosis .
Table 6 gives the description and dimensions of wax D

i R e T )

fractlons, prepared by the method of negative staining for the
. o0 electron microscope. The predominant element in the bi010gically
.+ . inactive waxos was bundles of fine, long fibrillae 70 § wide.

This was indistinguishable from the material of the Dy .fractions

f

of human'type M, tuberculosis, It bore a striking resemblance to
,plant cellulose and will be referred to subsequently as "cellulose-
- +1like structure « In the case of the two biologically active .
. centrifugal fractions: Dp35 from wax D of M,phlei and Dp55 .
"N M.kansasii /No,21/ broad filaments. of width 130 £ were found.

In the case of_M.phlei;it is of interest that the ;hole wax D

{ C '

e T T

o o FOR OFFICIAL USE QMLY.
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B /biologically inactive at dose of 200 /U8 per guinea plg/ was

- made up mainly of "cellulose 1ike" structural elements,

e R et

Relative biological activity of whole heat killed M. tuberculosis

., " and centrifugal fractions

| In the foregoing experiments an. absolute correlation was

vnoted between biological activity and the presence "of a peptide

T e e AT

“of alanlne, glutamic acid and di-aminopimelic acid. The content

of peptide components is highest in the rapidly sedimentating

'i - L fracticns from ether and 1t was of interest to determine if
| .

_these /ceg, sz/ had higher lewels of biological‘activity as
compared with the slowly sedimentating fractions'/e.g. DplSO{’
L Table T records the incidence of experimental,allergic
; ' 'ir iencephalomyelitis in guinea pigs injected with 16 mg of a saline

. -

-'; - suspension of homologous corebral tissue and 100, 300, 900 / ug
o of two different centrifugal fractions from human type M tuber-
.culosls, as well as whole baéterial cells, which were added to
the mineral oil of a water-in-oil emulsion, A single injection
was given into a footpad. For the purpose of recording the
3 _ incidence of encephal‘ornyelitis, total paralysis of both hind
o .'t 1imbs had to be present, This was sufficient to render both

hind limbs useless for forward or backward progression. The -

' brain and‘spinal cord were removed, placed in flxative, and examined

SR nistologically at a later date,

The results of Table 6 are.sufficient to suggest that the

rapidly.sedimentating Dp?O‘ fraction 1s about ten times more active

than the slowly sedimentating DplSO fraction, and 1s several times

" =g;'-‘more active than»heat~killed dried, whole M, tuberculosis bacilli,

O
';g and whole bacilli/ 1s a characteristic finding and recorded else~

\

o ' ,T ‘The lowered activity at the higher dose level /900 /ug of D

Ty
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Morphological and chemical ‘structure of biologically active peptia

e

! do-glycolip*d fractions of Mycobactcria

Investigation of the surfaces of various Mycobacteria: human

I A

Lo »\'type . tuberculosis, strain H57Ra, bovine type M, tuberculosis
BCG and M.phlci by tho same negativo staining technique in the
K ‘_ - :‘5 electron microscope has revealed the presence on the surface _ .
?.‘ » " of the cell wall of these organisms of - fibrils /133 X averagc

| v-"width/ /P1ate3'5 and 6/ wh;chﬁbcar a striking resemblance to
\‘thc'broed fibf;ls /133 x.wioe/ which appeared in electron micro-
-;ﬁ _ :.f ?\;cOpj'as the main componehtiihhbioiogically active wax D fract-
iOﬁs. " ‘
| In regard to chemical structure, all of the wax D fractions

with adjuvant actlvity in its varlous aspects have been shown

" 4o be peptido—gljcolipids and to show a striking analogy, at

'{ least in the hydr0soluble part of the molecule, with the muco-
o n” .vA‘1? peptige:clemont‘of the celi wai; of* Gram-positive bacteria /9/.
,:;l; "’-ﬂ The'mucochmpley'or “besal" cell wall is characterized by

| the follﬁwing organilc constituents. hexOSamine, comprising

-

ﬁ;-.‘ ‘. ’ .,glucosamine, muranic acid and sometimes galactosamine, peptido
'; “:{.madc up of alanine, glutamicfecid and elther diaminopimelic acid

| or lfsine;;usually alsp a polysaccharide contafhing not more than
e four- different sugar residues, All theso elemente are - present

in the bioloéically active,pcptidolglycoiipids previously

RS f‘descfibed; Such wax b poptido-glycolipids also resemble bacterial

P cell walls in their having "unnatural' amino acids of the D-

configurations D-alanine and Degiutamic acid, which are.also res-
. . : P 5 . - »

?'tricted in natugc to the coll walls or extra=-cellular products
‘:'Of bacteria such as varlous antibodics and slime layers., ~

)

-
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- . - 1Tho.main componeﬁt of the D fractions 1s fho biologically
inactlve glycolipid which is composed of mycolic acld jolned
»‘o - bty an ester to a polysaccharide composcd of D—arabinose, D-gala-
ﬁl | ctose and D-mannosc. /amino sugar component 1is very low or |
"~ absent/, This mgtorial has such a resemblance morphologically N
to belluloso that 1t must be considered as a likely structural
.compo#ent‘of the coll wall. Wax D peptido-glycolipids differs -~
from‘this materioilin‘igs‘extra.poSSGSSion of hexosamines /muramic
'acid, glucosamine'Qr_galactosamine/ and'amino aclds. The most |
likely role of these would be to form cross 1inksfbetween the - .
polysaocharido lincar polymer elements; Possibly according to
" - the degrec of oros§ linking and mycolic acld contribution, such
o.material could assume the structure either of the ohloroform ‘
soluble, surfaco broad fibrils of ;poptido;glyoolipids or the

‘basal'muco-oomplex of the cell wall,

L]

. Summary
‘The adjuvant acti?o matcrlal of various mycobacteéia is

.extractable in the wax D fraction. Wax D from human-type M
{'\o~ L tuborculOSis is separable into two morphologically and chemically
. - distinct fractions. These consist of peptido-glycolipid in the
:configurapion of worm-liko cylinders 133 % wide in electron
}_*;i‘:ﬂ ‘micrographs and glycolipid, which appears as oellﬁIOSO-likeA
: ' fibres 70 2 wide. The previous discovéry of bio1051cal acti-
S 2 " vity in wax D from human-type M.fuberoulosis 1s explained by the
gi '_,J:-i}pigh content /over 90 per cent/ of peptido-glycolipid in this;
o ' thé 1ow'adju§aﬁt activity .of the wax D fPom.other types of myco;
' : baoterfa isAGXp;ainca,by thoifaqﬁ that glycolipid forms the main
N f bulk of this material, and peptido-glycolipid resembling that

Ty R

from human-type M,tuberculosis is present in low proportion and

Ty
'-u
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| ;: ? irregularly. By the technique of centrifugation.in ether it

L 'rgbffi is possible to divide ‘all wax D fractions investigated into two -

? distinct morphOIOgical entities, one with and the other lacking

é. ;" biological adjuvant activity. Thesc correspond to peptido glyco-

ji., ff:.' : lipid and glyoolipid comptncnts respectively. )

g;' L é;_ o Chemically the, peptidovglycolipid 1s analogous to the

gsnjiwflipzi structurally important olements of the bacterial coll wall v

;L;ﬂ “% '”i;i or muco- complex. Morpholooicqlly it appears to correspond with

% : Eif.a network of projections 7135 & wide/ which remify over the

%t "':éxffi ISurface of intact mycohecteria. Since bacilli which are thorough-'

fi.?'lff{_é,; ly extracted with neutral solvent 8t1ll possess adjuvant activity

i} ) i?ll.?; it is presumod that another morphologicel element, presumably

f‘ ﬁ,?" . the muco-complex of the bacterial cell wall, also possess such -
. biological activity. It can ‘be shown that treatment of myco-‘

'lfb'j' bacterial cell walls with alcoholic KCH results in loss of

éii activity, presumably since ester-bound mycolic acid is split
f{géx'.iiz}"' . On the evidence given, both mycolic acid and peptide com-
LT e ponents of the peptido-glycolipid appear essential for activity.

'*_ Possibly the former is essential for the avid uptake by macro-

!
i
: .
: :j;,%\j:, phages. Possibly the ‘high content of unnatural or D-amino

P L acids of the peptide confers resistance to attact by me:mmalian
[ - .. ‘ v “_- -»

N
. , Lo enzymes.
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‘o ~ . . -' : "e‘ . : L et . i .
: - f = ; . ., ,
: Tablé 1 [

Ca ) : - . -
. . a .

o Ultracentrifugation of wax D from human strains of M, tuberculosisb

b o
; :

o e "'Yield and amino acid composition /molar ratios/.

i”“i‘ Y: ffsfrain D D D . E“D' Total. _ ‘4 i
N P X = Ty o< p70 | Ppis0 Dp . Dg Total Amino ac com

?ffﬂ., J jt o e T R " ‘fractions

N

b ??f—j f g . A : DAP /1,7/ Gly
ST I ; o - /0.15-0.85/

I ST C N : : a i, A~a a '
T ., H 'S "6.6 30,7 36,1 i 9,6 83,00 3,00 86,0 Ala/3 o/ Glu’
R 373Y r SRR P ’ /1.5/ DAP_/1.6/

P o Gly /o 4/

| HgR o -, 401 . 90,0 15,0 95.0. A1a/3.0/ Glu
' c R . /1.8/ DAP /1 6/

i
b e .~ Cly tr.

: " i 'Brévan- 49,8 26.2 14,5 , 4.6 95,1 3.6:98,7 -Ala/3, O/ Glu
- . "mnes . - . g . o ./1.9/ DAP /1.7/
S - (O 3 <« - Gly . tr.
S PENE R o o T oal BN -,

© el T Test 13,6 37.3 -37.2 4.2 92,3 4.8 97.1,

-7 - . .Peptide .. oLy . R
w7 proport- 6,34 5, 75 =% 1,95 - 0
- . 1lon of wax 1 .
© - D’ /Canetti/ S

P

w7 . Denotes material which was.tested for biological activity.

o HROCELUSEONY

-7

e

" Canetti 17.6° 43.2°. 16,8 11,5 79.1 6,9 86,0 Ala/3.0/G1u/1. 8/3
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Table 2 -

(U g

'-Effect of wax D fractions or human type M. tuberculosis on serum

anti-ovalbumin precipitin levels, delayed-type hypersenaitivity
\

/corneal test/ and induction of encephalomyelitls by homologous

. ..
’ ' brain, . - ‘
No., E | Fractiod and dose  Anti-ovalbumin Corneal re- Ence-
n in - /ug N/ml serum action at phalo-:
3 group ' ‘ 48 hours . myelit ' .

-Mean Range

.7 -5 200 jug.total R wax D’ 510 7341-621 3, 2.5, 2.5, 3 4/5
- - of himan type 37RySp" g o

5 Gontemporaneous ccntrdis- 153 24«303 0,5, 0,-0, 0, 0 0/5

- .5 200 (e Dy _of hiwman type 81 60-175 0, 0, 0, 0, 0 0/5
L ' - THanRes," ' R ‘
- -5 Contemporaneuous controls 40 0-112 0, 0, 0, 0, O 0/5
'~ 4 200 ,ug hydrosoluble molety ~ . "
' from Dya5 of human type 95 57-152 0, 0, 2, O 0/5
"Canetti" | s . - '

4 'Contemporaneous controls ~ 79 52-124 0,5, 0, 0, O 0/5

-4 200 éug mycolic acid from 100 47-162 0, 0, O, O

‘humah type "Canetti"
4 Contemporaneous‘controla" 88 bH7-139 0, 0, 0, O
o 4 ‘ﬁoo /U8 Dp3s Bumen type . 366 330-421 3, 3, 2, 2
- .. "Canetti" : L '
4 - Contemporaneuus controls 122 34-232 0, 0, 0, O

b 0T 4 200 é Dp150 human type - 440 350-600 3,
E oo H37RyS, P T -

S | Contemporaneous-controls 122 34-232 0, 0, 0, O
4 200 /Y8 Dyno human type "Test" .
o ‘ ‘ | 389 304-590 3, 3, 3, 3
‘4 . Contemporaneous controls 122 34-232 0, 0, 0, O

[ -
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b : ,, '. S Table 3 - s
o Ly ,
;ﬂ ;'{‘E ?‘ . .E‘ Negative stain preparations of whole and centrifugal

. ; . § 1?iﬂ ' fractions of wax D from human etrains of M, tubefpulosis.
LT N - .
:;: : 3 ) : 1 " .
- T ‘ fe S
: . f’ o RN ) . - . . . !
s % . i |Referencel Wax D or centrifugal fraction Result and dimensioné
s 0 it [number ¢ ¢ o S o
2 i |WL 52 ! |Whole Wax D: Canetti Broad filaments: 133 4
S IR ' o wide
.. ¢ |WL 53 - !|Whole Wax D: Brévannes Broad filaments. 133 A
CETRE A i ' I 5 . wide
;fii{, *§ WL 54 : Centrifuge fraction: Whole Dp Broad filamentsg 130 9
ORI B Hsvﬂ Sp > T ~ T wide |
5 WL 55 - | Centrifuge fraction::Dg: HgnR S, Fin§ long filaments.
£ o L - : wide.
o N
e ‘ i a ' . .'i .
f .‘ ; - ':'. - ,,. -
SRR - - \. .
p . i _
' : i i

. o e , - -

L - ) ] ' : .o -' : ;' a
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S R 1 Tablengt 7
L ' L | |

Tt ’ Lot . - . .<‘ : e P PN . 3 . / .

5f . 'i .: Ultracentrifugation of wax D from bovine strains of M. tubercu- '

T TR

--f o ‘10313, M.avium, saprophytic and atypical mycobacteria.

-

o Bectemialistrain o Pois Dpss Ppro Dpyso Dy Total

N RN

;}4 .53: M tuberculosis,\bovinev-l o ' _ -
S f type, BCG . L 5' S 2.3 0 . 0 36.7 54,9 93.9

- M, tuberculosis, bovmne' L ST

s type, Marmorek . T 0 2.4 3.2 34.3% 44,82 84,7
| m !'“ o \ M tuberculosis, bovine type AR . - .
B Dupré L . 5.5- 2,92 0 12,5 78,9 9948
S f-;‘M.av1um, No.802 f“” 2.1 0' 34.2°° 0 | 4845 84,8
b M,smegmatis < - ;. 0 .0 8,3 12,98 78,4 99.6
b "+ M,kansasii, Wo.4 - -.: 6,7 .57.8% 44.3 4,0 . 0.8. 93.6
N ]
' Léff Lot ‘ g
- :: E V< [ - '
S § 3 \ ’
rf- oo : |
4 ; « : ~

\
—

R R O P S e S P ’ : .
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Effect of centrlfugal fractions of wax D frOm bovine type RN

L}'?_ u tuberculosis, M, avium, SaPPOPhytfc lMycubasteria and M,

f kansasii on serum precipitin lcvels, delayed type hyper-
¥ - sensitivity to ovalbumln /corneal test/ and induction of
" ?'J_encephalomyelitis by homologous brain.
r”éfv;fﬂo, "Frdction and dose ‘Anti-ovalbumin Corneal react- - EncephaQ 2
;- L dine o gN/ml ‘'serum/  ion at 48 hours lomye-
o<y group : g litls
e T ‘Mean ' Range
| e P . ' , . ,
i _; . 4‘ﬂ _OO g D M tubercu- 96 16-242 0.5, 0, 0, O
FORRE R 10318, gov1ne "Marmorek" S :
;; .f3_‘4 Contemporaneous controls ~79 _'52~124f 0.5, 0, 0, O
\4 200 g D 1} M.tuberculosis 196 16-243 0.5, 0, 0, O )
.- 7 bovine: Marmorek" - o A .
A 3 4« Contcmooraneuus controls '79 '52-124 -0.,5, 0, 0, O
4 2oo g DPSSM tuberculosis, 55 0-130 : 1, 0, O3 O
27 . bovine "Dupre" i .
| 4 C'ontemporanou'ous" contrclbls?'l.gz~ 34-232 .O O 0, 0 -
. T.:5° 200 g Dyyo M.avium 802 (166 13-284 2.5, O, 0,1, 3 -
A?J;?;EQAL 4 Coﬁtemporaneous)controis 5122' 34-232 0.5, O; 0, 0~
" -1 5200 g Dz5 M.phlet, 1359 '278-414 2, 3, 3, 2, 2. 5/5
P saprophytic - . _ Ny
'  ?"5f* Contempo"anoous controls §'394 0-112 o, C, O; 0,-0 o/5 .
;5;54. NOO & DolSO M. smegmatis, 1102 45-142 . 0,5, 0, O, 0.5 - . )'
.+ ' saprophytic - C . B - )
- 'Contomporaneous controls 79 52 124 '0.5; 0, 0, 0 .
A , S .
.- 47 200 g- Dp35 M. kansasii No.4 ‘ . o
fﬁ. atypical photochromogenic: 971’ 227'583 By 245, 2, 2
;i 4 " Contemporaneous controls | 122 34-232 0,5, 0, 0, O '\
') ‘.,/ ‘. ' ’ ‘: ’ P ‘ ~
ST L
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” o Caoe Table 6 | - o .
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3 T . N ' N
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ﬁ: ?' ' Electro-micrOacgpical morphology of wax D from M;phlei

: ; N M.smegmatis, M, kansasii.

o oo x » _ “

- T 3 ‘ s

. {. - Reference Wax D or oéntrifﬁgalffraction ‘Result and dimensions
- f' ¢ number » T - : . o \

ﬁé‘WLhzé‘
WL ss
- o
e

e WL a4

Wax D of M.phlei /-

‘Fraotion Ds.f}omém,phleif -

Frgction Dp&

Fraction ppss'from M.phlei

Wax D of M{smogmotio s

Wax D bovine type M, tubercu-l

losis strain "Marmorek

' long, fibrils, 70 A

SM,Konsasii No.&.

fine,

"Cellulose" type;
wide

long fivbrils, 70

]

‘"Cellulose" type,ofine, -
A wide

Broad filaments, 133 3

. wide

fine,
wide

"Cellulose" type;
long, fibrils, 70 bt
Broad filaments, 133 2
wide

Partly "cellulose" type;
fing, long, fibrils,
70 wide with .some broad

2 Py filaments, 130 § wide.
. X ~§ " :

L. S :

r.. - :M ' .: B

AR N . :

5 ¢ 1 ( -

- P 1 ’ —

A : ' / . ~ ,
b I T R .

i v o < ’
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._;centrifugal fractions Dp70 and Dpl 0 in the p?oductiog’ofl - .

..;enceohaIOmyelitis in guinoa pigs.j

r'Qentfiﬁugélwfracfiong

\*AMJtubefEﬁlosis,human ;

. Whole .

M. tuberquilosts mumin

’ M, tuberculosis human

.

- o Tablo 7 . ' '
‘ i

'Relatlve biologlcal activity of whole bacilli /heat kllleq/ and

5
!

‘ Dose //ug/ Incidence of P5Odose
SR S encephalo-
: T T . myelitls

~

900
300

- 2/5
5/5 50
4/5

Dpvof /WL 80/

100

:.-900 P
2/5 ‘-,._;;‘- IR

1/5” T

»

plSO WL '79/ 2
" 300
100

3/5

5/5
; 0/5

900
©. 300 200

100

; gDoéé calculated to cause paralysis in half of the animals,
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i S sulphonated Anti-dinitrophenyl Antibodies.
‘ i Some Specific Features of the Interaction between Isolated ‘

N

H and L Subunits. - i

F.Franék, OKotynek L.oimelc 3 Zikén ) o

Fh"f“'ai'f Department of Immunology, Institute of MicrobiolOgy, Czechoslovak

-_’Ue"‘ Academy of- Sciences, Prague, Czechoslovakia

" £ Lk

o~ S w0 The existence of an active site on the protein molecule
\

EL“ff yﬁjr'é composed of several types of subunits gives rise to the question

’ﬁili"J“E"ﬁ as to which type is the garrier of the active site and whether

Ty

C At 1s ‘one type or whether more types participate. If we con-

'f:f:t"'g sider antibodies, which are known to made up of two types- of

bR Al M S b g
PR R

s ;f:;m itsubunits, H and L, it is clear that there are three basic
L7 possible answers to this question. The carrier of the active

can be subnnit H, subunit L or both of these subunits can

-

AY

‘ . ,? participate in its formation. These basic alternatives comprise
*ﬁ‘:i'a?:'fi ‘within themselves further cases expressing the possibility of
f{5< .'é.' ' . the interaction of several subunits of the same type or the
NNV ,4. differentiation of the role of’ carrier of specificity and acti~
.1, ! vator, It 1s not aifficult to consider these possibvilities

| '4'fand to dfiscus.. their consequences, bui sueh considerations

Cido not of themselves lead to any advance in the solving of the '

5problcm. no possibility can a priory be designated as impossible.

YT
ISR

“1?In 1961 on the basis of the electr0phoretic analysis of different
”féguinea pig. antibodies, Edelman et al, /l/ expressed the opinion .
,,;;that antibody specificity is given by the L chain, This opinion,

’ ‘5still not supported experimentally by testing activity, was

il,,maintained by Edelman and Benacerraf in a further publication

; /2/ in 1962, in which other,possibilities are discussed, e.g.
P Fﬂﬁ ﬂs’";i:_ USE ONLY

R R B Lo '
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1 o B ‘Frandk et al,-2’
the interaction of tWo.different or similar L chains, Before

this'ih.lgez Porter /3/ has already published experimental

' results placing the antlaody active site into the H chain, Our

work published\at the beginning of 1963 /4 - 1/, however,
pointed to a different cohclu31on, No apprecinble activity

was found in any of Lhe isolated chains but reapoeared after
mixing them, On m1x*ng H and L chalns, the aot1v1ty of antl-
bodies of different specxflcltles was also covened but only
partically and the hybrid- possessed a spe01fic1+y corresponding

to the H chaln usedu From ‘these “esulcs we reacned the conclus-

~

ion that the participation of both E and L chains 18 needed for

. +

y ’ \
the formation of the active slte and that specificity is deter-

nined by'the H chain, whereas ths L chains may be partly repleaced

" in thelr function by’ the L chain from another antibody. A very

' important finding was thqt isoTated H end L chains are capable

=

“of mutual 1nteractlon even wilthout the formatnon of covalent

bonds. The model of eunne antitoylr used, .however, was not

1deal from all aspectsa Although the pove}ed activity was

equal to tbe’activity of tho preparation which was subjected to

‘the same tfeatment w*thou* separatiov of the chains, this acti- -
vity was very 1ow; max;mally 5% of the protein in the sampWe

was 4active, Apart from .that the determlnatlon of aotivity by
means of an femunosorbent .did not permit the extenslon of the

/

study to the measuring of. the*physicomchemical_parameters of the
interactiona " o ' : : _ F ‘

For the furéher: study of %this probnem we chose antibodies
to the dinitrophenyl group, whose preparation holds out the
poss1bility of a high yield.with a relatively narrow spe01flcity;

Blg animals-bulls and pigs'-.were chosen as immunization obJects,|

partly because the amount of material obtained was sufficient

¢ Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4
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" o ' . co
for a large serles of experiments and partly because it permits

working with antibodies from one individual so that some aspects

. of neterogenicity can be excluded. The immunizing'antigen was

‘gamma globulin, modified to a high degree by 2,4~ dinitrobenzene

| sulphonic acld /8/, was given in adjuvant, Eulls were immunized

"with pig gamma~-globulin, pigs with bov1ne.gamma—globdlin. In

- plgs a single lmmunization with 100‘mg. antigen 2 - 3cweeks

Befone slaughtef pnoved satlsfactory. The oonoentration of anti-
._bodies ootainedlwas 0.1 - 1,0 mg./ml, In bulls an antibody concen-

tration of 0.1 - 1,0 mg./ml.-was attained two weeks after one dose’

of 200 mg.antigen por animal, “Repeated doses of antigen In adjuvant
‘always produced approximately the same increase in the cancen-

itration of antibodies so0 that blood eould be collected after each

 reimmunization containing antibodies in concentrations which were

}buitable for i1solation,
. . : S
We ‘conslderably modified the method used by Farah et al.

/97 for 'the isolation of antibodies, After absorbing the antibody

to the carrier proteln, antibodies to the hapten ‘were precipi-
tated by dinitrophenylated gamme globulin and the washed precl-
pitate was dissolved with 0,05 M dinitPOphenol in 0,1 M phosphate
buffer, pH 7 containing 0.5. NaCl. The solution eontaining antibody
antigen and hapten was applied on a DEAE-~Sephadex column equilibra~
ted with the same buffer without dinitrophenol, Antigen was ad-

sorbed firmly on the top of the calumn wheroas antibodj ran throush

-

‘ﬂwithout adsorption and was thus separated from the dinitrophenol

WhOSe zone moved’-down the column very slowly\ The antibody yield
on the DEAE-Sephadex reached up to 75% of antibodios detormined

in the serum by the qu ntitative immunosorbent . mothod In othor

~cases the preCipitate was dissolved with the buffor which contained

/ S

i
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/

1 x 10"4 M E-DNP-lysine. Antibody was separated from‘hapten

%

f‘ o L' and antigen in the same way as from dinitrophenol, However, -

?i.j o :' it was only pqssible to remove exCess hapten, & portion of

| the \FDNP-lysine remained bound to the antibody. ‘

E_ , ' The chemicals character of bovine antibodies is 7 S gamma-
%;:e.le ' ,globulin as determined by starch gel electrophoresis and by .

: -immunoelectrophoresis, At the same time the.extent of electro-
;“u- o -phoretic heterogenelty 1s less than that of 7 S gamma- globulin.
- It dlsplays no indication that the antibody could be present in
' two types, as was reported., for example, in guinea rigs /10/.

f} o © The average association constant of the interaction of bovine .

-

‘t~\ Ai< | antibodies with £ -DNP=- lysine was within the range of lO

A to lO6 ‘1itre/mole 1in various preparations, It was determined
| o:'._‘ .; » by equilibrium dialysis and by polarography. The polarographic
.l . mthod of determining the assoclation constaths of antibody to

the dinitrophenyl group was found very useful. C & -DNP- lysine gives ,

a well measureable polarographic double-wave, By adding gelatlne
to the analysed mixture the height of the '-DNP-lysine wave 1s .

' made direotly proportional to the concentration of frece ;-DNP- | oo
lysine bound £-DNP- 1ysine being not registered polarographical- |
1y. The great edvantage of the polarographic method is that 1t
gives results in the course of a few minutes.,

The breaking down of the disuphide bond was done by S-

‘sulphonation. On the basis of previous work on the reactivity

of the disulphide bonds /11/ and on the nature of the inter-
mediates of limited cleavage of disulphide‘bondS'/lz/ we worked

‘at a pH 8.6, 1.e, under conditions in which 8 disulbhide bonds
in the molecule are cleaved in plg gamma globulln, As the\eeoond.

‘alternative we selected S~-sulphonation at pH 5.7, at which fewer

o

disulphide bonds are split'and a greater percentage of higher -

: Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4
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5 _f- ‘ subunits - intermediates of the reaction - which contain both

H and L chains /12/, remain in the reaction product. The electro-

e e -—-~.w..._4.-——__«r‘e-v~—‘-—»
. .. « - A
i

-1s no difference in the position of the zones or in the relative
= ':' amounts between nonspccific gamma-globulin and antibodies.’In
bovine antibodies the mobility of the two types of chains 1s
somewhat less than in nonspecific gamma-blobulin, the width
S of the diffusion zone of the L chains is smaller and in addition
"f /'bi %o this there 1s more inCOmpleteiy split material 15 the result-
| ing preparations /Fig.l/ S-sulphonation was also carried out’
in the presence of excess of dinitrophenol orE;—DNP-Lysin. As
seen from Fig.2 the hapten bound on the antibody does not affect
the ‘splitting of interchain disulphide bonds. The electrophoretic
‘ pattern of'subunits.is the same as after S-sulphonation in the °
absence of hapten., Fig.3 confirms that nelther on S~sulphonation

» at pH 5 7 is the character of antibody subunits significantly

different from the character of subunlts of nonspecific gamme-

globulin.

\

None of the electrOphoretic patterns obtained in urea starch
i gel—at‘pH 5 - 4 showed banding of the L chain Snsulpho antibodles
l whlch were described by Edelman et al, /1/ in pureé guinea plg
' p antibodies; Bandingvdid not appear in bovine or pig antibodies\
'  even when they had been subjected to reductlon and alkylation,
"jt{,::exactly according to the procedure described by Edelman and
 Poullk /13/, The large amount of antibody from single bulls made
‘:’, it possibie to oxamine the heterogenity of L chains coming from
o different individuals by electrophoresis in starch gel at pH 8
/ o /14/, where sharp bands actuaily appear, Fig.4_shoWB that L chains
of antibodies yield a smaller number of bands and that there is

' hardly any difference. among individuals.,

]
%
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- As in the previous work Sephadex G- 100 in 0. 05 M formic acid

Ry
-

‘ with' 6M urea was used for the separation of subunits, Fig.S
shows the distribution of protein after the separation of bovine
v, 3 vs-sulpho gamma-globulin and antibody on a Sephadex column,
| The ' peak of higher subunits’ appcars first overlapping partly
| with the peak of the H chains, which is followed by a well

R

tresolved peax_of L chains, Under the conditions -of geparation

: ani Bound napten was oompletely released from the protein and
“moved as a peak very distant from the L chains, The fractions . \
’containiné subunits ﬁhich were. taken into the experiment were .

poolsd and concentrated with dfy Sephadex G~-25, The subunits

o

= : were then transferred into 0.1 M borate buffer pH 8,0 using
o ; [a.Sephadex_G;BS column, A1l subunits were soluble in this
;buffer. » v .
Binding activity was expressed by the quantity r denoting
. the' number of f10les of. hapten bound by a mole of protein, and for
comparison,;in cases not stated otherwise, the molecular welght
of protein was taken to be 160,000, 1, e, even in the case of
isolated Hor L chains which actually have a lower molecular
weight r was always measured at a concentration of free ! ~DNP-
-‘lysine of 1 x 10°% i ang at a temperature of +49C, The binding
soapaoity of'nonspecific bovine'gamma giobulin and its subunits
',corresponded under the given conditions to r = 0,1, The expres;
F ," . sion of nonspecific binding capacity on the basis of weight was
' found b0 be most suitable since the binding capacity of the L
v 'chains or from that of thelr mixture, the nonspecific binding
.. or f ~DNP-lysine on bovine gamma globulin antibody and 1ts
subunits was therefore eliminated from'the results of measunements

'by‘deducting the value 0,1 from the actitity of antibody sub-

c . momRlEML ‘

o
t’ ’
»
i
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e - units expressed as r,

B T e RN

We first determined the value of r for native antibody ‘and
for S~sulphonated antibody without separation of the .chains,
.Tabie 1 shows that Sssulphonated antibody which was subjected
to the dction'of the separaﬁion medium has its activity, expres-
sed as r, debrédsed toyabout one half 'of ‘that of 1lts original

'+ .. activity, In further work we inveétigated’whethérbthere-was any
| » j reé;dual binding acfivity in the individual subunits arising
from. S-sulphonation at pH 8,6 and 5.7, Higher subunits which do

not differentiate one from another on the Sephadex tolumn were

e o R ST e AT A Y8 T S g +5T oA

taken together for ana}jsis. In Fig.6 the r of the individual

" ‘subunits 1s denoted over the‘cofresponding'fractions. They

v

S ;-fepfesent the averége of at least three experiments and are

i s g e
- .

‘lcOrrected for nonspccific adsorption. Among the subunits of

g T
. ~.

S-sulphonated antibodies, it is only the higher subunits whose
~binding qctivity is preserved after separation in considerable
degree. Free H and L chains tdken w1thout mutual contamination
have no significant binding activity demonstrable by equili-

% VT brium dlalysis, ﬁ |

"j?: ) " In several pilot tests'we'copfirmod that activity was.

covered by mixing H and L chains, in the same way as in equine

. . antitoxin where it was first observed by us, We therefore under~

T T

_took a studj on the conditions and quantitative relationshﬁﬁsof
 the recovery of antibddy ac%ivity. We sought‘the conditions .

fﬁromotidg the recombingtion of the subunits. We hdvo found that
~the final activitvaas not,influencedvby'whether H and L chains

were mixzed in acid sepafating solution, after neutralization or

' even after transferring the separate chains into borate buffer,

¢

.-,'d. Recomblnation of the chains thus occurs in a neutral medium in

”

B e -
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gf £ ‘o 7fthelabsence of urca and the history of the subunits before ‘this.
fﬁy;jsliif,fl time’ has no significant effect on recombination.

Pt =‘;§ The average of lO experiments showed that tho_recoverod '
':"if ﬁactivity corresponded after deducting nonspecific adsorption

“to ¥ = 0.68, If we wish to know the yield of recombinaticn

x"f p;'éilof chains we mus t compare the recovered activity with the acti-

5:? vity of S-sulpho antibodies which were not subjected to separa--

'
\

. REFE o3
e b e D

- ted chains..’ oo f. o ~r

T Table. 1 shows that preparation corresponding to this

Co requirement possesses r .= 0,86, The ‘recovery of binding ac*ivity
after separation and recombination of the chains was thus almost

807. ir, however, we wish to compare the activity of recombined

complex wlth the activity of native antibody, the recovery of .

DT I activity 1s about 40%.

e We mixed H and L chains in difforent weight ratios keeping éﬁ;
¢ ' x‘s.‘-

;b the total weight concentration constant. If the chains recombined

. f}

in stoichiometric relationship and united with a bond whose

1y

'firmness was comparable with the covalent bond with which they

;were bound in the native molecule, the activity-found»in our
?rexperimental set-up would follow the broken curveshown in ”

| J‘;f“;é “the upper part of Fig.? with a sharp "maximum corresponding to

“% tne composition by welght of H and L chains, In ectual fact, the

,'1

1
E "; activity of the mixture was different as shown in the 1ower part,NA
Hi ,:é of the Fi& 7« The activity,has no sharp maximum but is almost

':wé';‘? constant in a wide range of ratios of H t L, We shall attempt
‘ | to give an explanation of this parabolic shape of the curve on,
-Fig,?‘when explaining-other findings.
: ;j In our next experiments we wanted to elucidate the role .
':"ijof hapten in the formation of complexes of H 'and L ‘chains, 1, e.iA

" the determine whether‘the active complex of chains 1is formed,uo.

¢ A . . . . . RO
N . . . " . Yy A .
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. : E'in borate buffer in absence of hapten or only after its addit- ¢ .
'foIf‘ j~ion.f1t is. obvious that equilibrium dialysis cannot provide '_ ..:i
o ‘fan answer to this question. The measurement of increase in the '
binding of hapten by dialysis stOppcd after given time inter-
‘”vals gave results which were not reproducible although wo tried
;?=to standadize all procedures. Polarography proved much more
'“}?ji_g;? suitable here; because instantaneous states of decrease of
?ffifree hapten can.be folloWed We have investi?ated the course
a;ﬁhf#iiof the decrease of free hapten which was added in a concentrat- L
iion of l 4 x 107 M on the one hand to the native antfbedy, on the
’other hand to the mixture of H and L chains in borate buffer pre»._ -

\

\‘Lf'{ -fpared fresh and to. a mixture which had been lef+ to stand for

E 20 hours. We confirmed that native antibody binds hapten -so quick-

;f;f_i%ly that at the moment of recoding the first data, i.e. several
5 3 :?;minutes after the addition of hapten equilibrium has already .
?f:fs'uzéjif;been reached and the height of the wave of free hapten shows
ﬁkf‘:;éfno further change, The curve on Fig,8 shows that £ -DNP- lysine
l,f;'*iap}?passes into bound form very slowly with recombined complexes
ot H and L chains, In our conditions 1t took at least 50 hours.,
’2~.Lﬂfﬁj;Hapten reacts with a grcater irltial velocity with preparat—

;z}3f§ ions 4n which the chains were mixed and incubated for a long

'ﬁﬁf‘ R period before the addition of hapten, We assume that this finding
suggests that H” and L complex with a specific active site is R

formed in the. mixture of chains before the addition of hapten..

The determination of specificity can also be studied on

. ‘antihapten antibodies. We . combined chains from bovine antibody

'.'A

igd;:' 1Q;“’ .on the one hand with chaihs of nonspecific bovine gamma~globulin, 1 -
b f;.:T on the other hand with chains of pig’ antibody to the same deter-

ﬂgxg;%:;;;. minant group, No hybrid of bovine and pig antibodies, i.e, neither

P e
AR R . : ‘ . . . ' ;

! / oo
. \

1
]
I ; ) ; t . ' . s
v N . . . : S
i
i . {
i ; !
‘ N

P

Voo T R . R i . C : X S . . . )
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the mixture of ‘bovine H and - pig L ‘nor the mixture of pig H
and bovine L bound c-DNP lysine specifically. No aspect ‘other

Poe

A A e €T R ES T YV T, T

than this binding was investigated 80 that we cannot say whether

the chains recombined at all or whether possible recombined '

complex was inactive. The activity of hybrids of specific and
A;“nonspecific chaing are given iin Table 2, Hybrids of specific

H chains with nonspec»fic L chains also attain a certain acti-

*'-’»< vity, even though lower than the complex with specific L chain,

ipooe

‘whereas-in thevhybrid of specific L chain with nonspecific H chain

e

| < activity is not significantly increased.

TN AT A AT AT PRI N A N = e s 4
SN .

In order to appreciate the role of the 1ndividual chains in

determining specificity and in the formation of the active site,

5

we elaborated an auxiliary coincept, in which we considered alter-
_nately one chaln as a sort of "inactive form" of the active site
¢aprier and the second chain as its. "acti\fator".. This concept -
enpowerSIUS to evaluafe the.activity by the quantitiss rH-and ry,
_ \which represent the number of moles of E -DNP-lysine bound to
s . d "mole" of chain considered as the inactive form. It is 107,000 g.
. for H and 53, OOO ge for L chains in this ratio the mole of
antibody, i.e., 160,000 g, is composed, In cases where H and L
chains are mixed in the same proportions as present in the native

¢

T calculated in relation to total protein.

The quantities rH and r. calculated for the data in Fig.7

, L
increase in direct proportion to the\presence'of excess of the

~ component considered as the "activator" in the mixture.FAn ade-

;‘duate eXplanationifor this finding'is evidently the fact that
the active ccmplex of H and L chains cannot'be compared in 1its

‘firmness with native antibody since it shows considerable dls-

& Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ~——ie-=
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[P S

o sociation. It follows from this, of course, that the quantity
0 A '\
B r is; not suttable for expressing recovered activity since it will

o et

be dependent on the concentrations -of protein components and that

it will be necessary . to choose a different ‘way of evaluation in

;% f}i further experiments. A confirmation of this explanation can only

'f,;i}fidif‘b be given when data on the binding of‘hapten on complex H and L.

ggiitfgf : chains in a. wide range of protein concentrations will bc avall-

- ; able. The data from such an experiment would also finally decide

‘ : how much’ of the decrease of" activity found in S-sulpho antibodies
i or in complex of antibody ‘chains in comparison with native -molecu-

, ‘16 /see Table l/ should be ascribed to irreversible inactivation

'127 and how much is due to the: fact that in the case of the complex

fd we are dealing with a multicomponent dissociating system, It Wl]l‘.
é:also be necessary to obtain experimental data on the basis of which

h? a standpoint could ‘be taken -up towards the alternative ‘explanat-

‘ Jgion of the parabolic_shape of the.curve in Fig..; that various

T‘&ﬁ‘active complexes of H and L:chains are formed in which the ratio
:'of H:Ll1s not in all cases the same as in the native molecule,
The ﬂif?erent role of the two chains in determining speci-
ficity cannot be displayed examining the combination of chains
; _originating from the same antibody. This question can only be |
.:' decided by determininnghether and ' to what degree some chain
"f‘z;?can be substituted by a chain from nonspecific gamma~globulin.
ihe different role was ‘best displayed where excess nonspecific
chains were added /see Table 2/..These exporiments show " that the

- ~

_( H. chain, considered to! be the”inactive form" can be accivated by

excess nonspecific L chains to a greater degree than by an

|

’gfi;f ; adequtte quantity of specific chains. The reverse conception, how-

ever fails. L chain as the "inactive form" 1is not "activated"

-

by nonspecific H chains. Increased activity could not be demonstra~ -

: w0 o . U ) \ . z
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‘.ted as against ~the residual activity of . the: L:chain dlone, The
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f,creation of " a. concept o1’ H subunits as- "inactive forms and L

- '-chains as "ativator" for the-illustration of the-unequal importan-

ff& . e of Hand L chains in the active complex doe®not mean that we

N : l consider the synthesis of antibody to take place.: via an inactive

.- form, The signifiancech Hi chains can be.compared with the

- S significance of inactive forms of other biolqgically active sub-

\ .;,q; -stances,. The significance of the.L chain is best understood by tho
.ﬁgterm :activntor , the effect<of_itsvaddition can best be compared
'A'with the'sctivation‘of enzymes-by the addition of various co-

: .., enzymes, metal ions etc, It remains to explain why  the effocts of

AT NS e et v A T AT T Y R T T T 8T T A e e T T QU T e oy X gl T T

L chains of nonspecific gamma-globulin are not quantitativeiy
_ identical with the.effect of chains -of antibody. L chains are

undoubtedly heterogcneous.,lt appears that the extent of the

A TR T e

Q_fheterogeneityfof the L chains of antibody 1s less than ‘that
,of the L chains of nonspecifilc gamma~globulin. Let us assume

'§>ﬁ .. -that the ability to "activate specific H chains %s.a: property

Pl adec o S

of . only certain. L chains\from a-whole set which-i1s found in .

=
S

nonspecific. gamma-globulin or- that this ability is not prcsent

in all L chains in the same degree. At the same time it necd

not. be assumed that the ability to "actiVate" the H. chain of

WA W gy

a certain specificity 1s necessarily related to-specificity

T

.. touhapten, The-: activating neffectuof‘L-chalns of nonspecific
- _i ' gammaéglobuiintis therefonc less .than that of L chains of
| igantibody,'lf edded inuexpeSSyuhowever,»"activationﬂ takes'place
- to the same.or to a higher'degree; .
Using. the model’ of antibody ‘to the dinitrophenyl gnoup we
“succeeded in confirming all .the findings which we were the first to
' _:establish on ‘the model of equine antitoxins. We confirmed that
4‘-5 ‘y . lsolated subunits H and L do. not dilsplay any appreciable binding | \

R
o activity, and ‘that residual binding activity is only attributablc

o  [OhR CRHGIAL USE GHLY
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lff re supplemented vy a number of findings

1 from antibody canrot .

fiaction of H chains

i . ; A
S }‘lx o

A . HE ,

AT ! { ,  Frandk ot el. - 15

I
I.!

i to higher subunits - incompletely split antibodies. The finding

=that the binding activity is recovered by mixing H and L chains

f‘although restitutmon of the covalent bond between them did not

.occur was convincingly confirmed. Finally, it was confirmed
:rthe H chain plays the decisive role in determining the specifi-
city of the recombined complex.

| v

.- The model working with two easily soluble high molecular

i;voomponents /B and L chains/ and.a low molecular hapten-made 1t
3~possiblelto.study interactions by.physicoechemical'methods.

'"We found that the intcaaction of H end a L chains takes place

in a neutral medium even without‘the ‘presence of hapten and so-:
slowly that the reaching of equilibrium is a question of days.
Findings on the role of the chains in determining specificity we~
L chains obtained‘from
nonspecific ‘gamma globulin can produce ‘the s emo "activation"

of theﬁantibody H-chain as L chein from- antibody, 1f the nonspeci—

fio L chain is added in excess. On thc other hand the L chain

acqivate" nonspecific H chains even when

'E added in oxcess, Nor did we succeed in obtaining active hybrids

from the chains of ‘bull and rig antibodies even when the anti-._

bodies were directed against the. same determinant group. The .

*.f new date led us to the hypothesis of the mechanism of inter-

carrying poe ential specific binding activity

@ with heterogeneous mixtures of L chains from which only some

provide an active complex. It would eppear at. the same time . that |

_this: complex 1s considerably dissociated. Sufficlent varidnts

; of the experiments have notxyet been made to confirm this hypo- v

thesis but the results obtained to date show that S~sulpho sub-

7 units of antibody to the dinitrOphenyl group are very suitable

.

|

‘

' H
. ]

9

\

i
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for:fﬁrther study and we hope that we shall succeed 1n»detécting

a serles of further propertics of antibody subunits on this model.

~

's
o - ; . /
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; je -éf_, Legendes to' figures'}i‘ é - | R
§;.;".i”. _Fig‘l. . Starch gel electrophoresis of bovino and pig antibody )
i_fﬂ :f.;;{aﬂ and gamma-globulins anc their derivatlves. e
: !ﬁhf{_' j Composition of buffer~ o 05 M formic acid, 6 M. urea. 1 < bovine
; | “§ 0 'gamma globulin, 2 - S-sulpho povine anti-DNP antibody, 3 -

g é' Snsulpho bovine gamma globulin, 4 - o-sulpho pig gamma grobulna
- it

\5 .- S-sulpho pig ant1 DNP antibodies, -6 - pig gamma—globulln,

. *?’AFiFig 2,  Starch gel electrophoresis of bovine g&ngh-globu;invand

E ‘7Hff»%ﬁ. anti DNP antlbodies S~ sulphonated at pH 8, 6.
£ MR Composition of buffer. O 05 M formrc ac1d 6 M urea, 1 - gamma-

~globulin,,2 antibody, 5 - antlbody S-sulphonatedbin excess

3 f': 'j .v:: dinitrophenol 4 - antibody S-sulphonated in excess c—DNP-

' : ly ] ine .
f’ ':f \JFig 3“ Starch gel eloctrophoresis of bovine gamma‘vlobulin and
d Lo ' anti DNP antibodies: S~sulphonatcd at pH 5,7, .

. ;}hg 8 N ,Comp0sition_of buffer: 0.05 M formic acid, 6 M urea, 1 - gamma-

?; 5 ”-;h‘globolin, 2 —,antiboay, 3 —.antibody S~eu1phonated in excess
4 Dot : i -
S o dinit_rophcnol, 4 . antibody S-sulphpnated in excess £- DNP—
@ U lysine, . ‘v'?" o ,“' . >
| {k}i‘f_g Fig.4. : Starch gel electrophoresis of L chains of gamna- -globulin

and antibody. Composition of buffer. o, 030 M glycine buffer
pH 8.8, 8 M uroa. L - chalns of nonspeclflo bovinc gamma

T / ‘globulin, 2, 3, 4 -‘chains of isolated enti-DNP antibody from

three 1ndividual bulls. o

te 'r, B - !

ié:A.‘}jﬂ fFig.S'- Chromatography of S-sulpho bevine gamma globulin and anti- -

\‘g DNP, antibody on Sephadex G-100, o
i . j_\ Medium: Q.OS/MAformic acid, &M orea. Abscissa: volume of eluate
Fﬂﬁ ﬁf-‘rmu_%g GNLY
S

. x B X . .
/ 4
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L S Ordinate: optical density at 2557 2 /registered by Uvicord LKB/ .
g,i?,,'?fpff' Crosshatched ared. denotes fractions pooled Different sub-

PR v o . . A

?d?_.units denoted by letters.?
'.j":: 'Av Lo . § .
Fig.6 £ Activity of subunits of bovine anti-DNP antibody

/ ' ! . !

-

S-sulphonated at different pH

'ln;ff'j Medium for separating subunits‘ 0, 05 M formic acid 6 urea.

| Abscissa- volume of eluate. Ordinate left: optical density .

cloat’ 2537 X Ordinate right° value of r. Upper part - Pre-~ f
"paration ﬂisulphonated at pH 8, 6 1ower part - Preparation

ij ; ;; S-sulphonated at pH 5.7, Activity expressed by quantities

fjéhf;éffof T are depicted as crosshatched columns and given in

lnumerical values appendedito the separate subunits.

'r

Fig.7.,- Activity of different mixtures of H and L subunits of 1

‘

bovine ant1-DNP antibody. Abscissa. percentage of subunit

e S eea e e

Q in mixture. Ordinate activity expressed as quintity ry
Upper part - hypothetical curves.corresponding to ideal case
of very firmly bound H and L chains in stoichiometric

. e - .
PP S G,

g ;écomplex. Lower part . experimental curve.

; - -

Fig.S : Polarographic registration of reaction of £sDNP-1ysine
| with complex of H\and L chains of bovine anti- DNP antibody L
Abscissa: time interval‘from mixing of protein with hapten.
':?fsif <Ordinate‘ concentration of free €. DNP lysine. Total amount ’
'JE/” of protein in experiment 2e 5 mg. l - hapten added immediately

j; after mixing H and L chains, 2 = hapten added 2o‘ﬁours af ter
mixing H and L chains.,»h ; '

-

i

-

i
i
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. Yy : A Table 1 '; S~
BRI . s ‘Activity of bovine anti DNP antibodies and their derivatives
(’_. : . . N 7 . :
i ! INo, Method of r R Reiative activity
b - . " modification S o
P& N o / i ‘
i - A h
. IR Native Tlalm ' 100
‘:‘ . N . N . V : -
a N L S-sulphonated o
g N : 1o . : )
b > . /pH 8.8, 20 hour / T
£ ‘ 4 P, , : )
; " a/ dissolVed in \'\'f y NN
o ' borate buffer 1.40~ 79 .
. ;
;* b/ dissolved in O, 05 M e T
P ' formic acid with 6 M .r o '
¢ - urea and transferred ' , e <
= ~after 20 hrs, in borate f ; - .
: buffer 0,86 -~ - 49 .
+After'reach1ng equiliﬁrium with 1 x 10-° M‘fféﬂNP;iysine .
"::‘) ) 0‘ \\ - ¢ ' t
n-.-"'; ’:
SRR . : |
" ] ‘ \ R .
t‘ N ' b s ‘ “ N \
e PN SR AT N
E s b ) o 5 . : o \
) A 5, ‘ . / - { r - } I . \
) . \ ’ 'f ; s !
N . o ; v
S ’ : S ;
- i : ! . E { ,
. ‘ s - . . )
H .7 te ~ o -
’ L’ . i . : R N
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IR ~¢ Table 2 i." B

IRV R L

gamma-globulin chains

~

-~

1)

Activity of mixtures of bovine anti-DNP antibody and bovine(‘

/
1

:me;g{':j' of + in mixture
. .| chain mg/ml

concentration

of protein
mg/ml

7 \ Vs : (3

i, o ‘ , RE .

i:( ° \ ) . R " - oA RS +++
R Type ‘Concentration Total rtt g 7 L

1 0.50
1 0.50
é.Ss
0;17‘A5'
0,33

) 0,17
AR ¢ 0,33
4Lg 0,85

(e e b

0,17
1,00 -

0.50
0,50
0,50 ..
Cor

¢ 0050( )

1.18

0,50

- 0,00
0.09

O. 58

0,34

0,36

0,11

0, 00

0.86

0.58.

0,11

EXURRE Hg+ . \ o - ! \\ |
0ty 0,17 a7 0,06 | . - 0,14
B - | CREE ! N |
;i : .’ + sp, Lgp - chaips efYaptibody ﬁng - chains‘of:ﬁ6h55231fie‘ o
y . gamma~globulin |

g |
ip\j=-;=_ ++ corrocted ﬂor non—specific adsorptlon g ‘ : B
: - . :
: L ¢f+~rH‘and rp - represent moles of % -DNP-lysino bound to

chain and to 85 OOO g of L -chain_

8p

s 107,000 g of Ky
respectively. f.f, ‘f ' - )

B . . . : : : "
A : , . . . \

kgvﬁf;:‘q ”_;". ,' o PRI B ", o
;.- . o i . . : . [ , . . ) N A ,' . :
b :
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Lo g.ﬁé». The Allotypic Detcrmipants cf Rabbit Gamma-Globulin,

éik ;ggﬁm; Its Fragments ‘and Antibodies.‘ -

SR e :

R - PiGJH.,Gell and A.SiKelus o S

E '] e Univorsify of Birmingham, Birmingham, Endland |

fl g i; Abstract _ ’ . .‘, e - ‘ )

j FVfﬁggft‘f}h ﬂ; The allotypic determlnants /As/ of rabbit .N globulin are

4_ S controlled by, two’ gene 1091 a /As 1, 2 and 3/ and b’ /As 4, 5 and-_
P ,._ e "1. Work already. published /1/ has indicated that 1/ tho |
; /Qwif f, Light /B/ chains appcar ‘to contaln only the determinants control-
* ed by tho b locus, 11/ tho Heavy /&/ chains appear, within tho
% : ;é't i: 11mit9tions of tho technical methods available, to contain,_in

% - 'g jj: most casos, both the determinants controllcd by the a and those
T controlled by the b locus. As 5 £med a partial ‘oxcoption o this
?7 'f; § in that we could only demonstrato it in the A chain from one homo-
Et ﬁkf zy&ous /48 3/5/ animal, and failed to find 1t in four animals

ié . ;é\} 5.heterozy50us at this locus, althouph ds 4 was demonstrablo in

* ;{ .ﬁ}:thcsc preparations. Simllquy, in one prcparqtion from as

if % 1'3,43 1/4/6 animal, As 6-was demonstrable but not is 4.
’?” f L We" have also’ recently /2/ been able to confirm by gol~ dif-
5_ ﬂé,fusion Todd s /5/ obscrvations,’mado u51ng the interface /ring/

? f»fé'test that in rabbit «-maoroglobulins, As 1 may be presont as well
?‘;' %;? as the dcterminants /ns 4, 5 or 6/ present in the B chain ;_we

3. 17ffwere'able to demonStrate As 2 and 48 3 in Addition, . Theso macro-
: {‘globulin preparations were mado by a combination of G 200 gel

% :g:;flltration and staréh block oltctrophorcsis. they reacted with
Eji;jiti i{,an antisorum oontaininb antibody against }’-macroglobulin, but
i; 3 ? Té{not with ono against_s 7 ,fglobulin exclusively,-

= = : : ; L//’ , .

B T R " ) /

- ! L0 ’ C ] .' . .I ' : . ~ B
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- adequate to effeot really complete separations, or alternatlvely

' bacteria with the antlserum so raised, and injecting the - j-

TR OFFICIAL ﬁSE oy

Gell et al, -~ 2

: Theoretically one might forecast that the allotypes control-
Ied:by the’a 100Us would occur on the A chain only, and therefore

not in macroglobulins, which possess a- distinct kind of A chain

-

and that those controlled By the b locus would appear on the

B chain only, and therefore should not be demonstrable in A chain
preparations, That neither.of these forecasts 1s fulfilled may
reflect elther upon the techniques currently available for fract-

lonation of proteins and their fragments, ‘which may still be in-

upon the oversimplicity of the genetlc theory upon which the

forecast was based.

‘2, Antisera to allotypes may be raised /4/ by immunizing

~a donor rabblt with bacterla, coating a suspension of these

!:globulln /antibody/ sicoated‘cells‘into a'reciplent rabbit.

" In an attempt to identify new allotypes,4we carried -out this 5

’Vprocess using as 1/4 rabbits only ¢ and have recently published
/5/ some preliminary results of thls study, which are essentlal-

- ly similar to those of Oudin and Michel /6/,

a

. Antibodies were indeed produced in four out of five As 1/4

_:'rabbits immunized from an As 1/4 donor /D/, itself immunized with

'l,;Proteus vulgaris, but these antibodies were found to.react only"

with the innﬁune /D1/ serum, not with a pre-immnnization sample
'_from D nor with the blood of about 80 relatives or progeny of

D. The positive reactions cannot therefore’be due to the presence
‘ of a.new'allotype determiﬁantloccuring in D but not l.R but
.‘must be contigent upon the immunization of rabbit D. The substance

present in D1 and -antigenic. in Rl could be shown to have the

o physico—ohemlcal characteristics of a S V4 r‘globulin : 1t would

© ORROFFILUEOMY o
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L 1"1 ;react es.antihodyfwithiProteus Vulgarie extracts and as antiéen
f%:'¢; /gu;globulin/ with antl-As 1 antisera moreover by gel diffusion
tests it appeared that all the Rl reacting substance 1s anti-
-‘Proteus antibody and all the anti-Proteus antibody wak capable
of reacting with Rl, Full absorbtion of Rl with Proteus extract
’or cells did not affect the Rl/Dl reactlon, which was however .
abolished by absorbtion of D1 with proteus extract, '

By immunoelectrophoresis and agar block electrophoresis
v‘ifollowed by extraction, the reacting Dl substance was found to
;.Jhave.a sharply restricted mobility within the )”-glbbulih range
E ‘ ' and in this respect resembled a myeloma protein,

é” -—.: - \Ri was not an anti~/anti-Proteus/-antibody in the strict
; | . _'seuee, since 1t did not react with several strong anti-Proteus
X .- ‘.; : antieera and 1ndeed had‘itself appreclable anti-Proteus activity,
L ;These and other data les us to‘poétulate that the D1 suhsten~
- ce was a ‘clone produot’ selected by immunization and present if

RN .
at all only at undetectible concentration in the original pre-

vai _5 o immunization sample, Further experiments along these Imes are
being made and will be reported ‘
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|7 Introduction . o | _ |
; ;%v ?_  As in acquired immunity,‘the charaoteriétic feature of
allerglc reactions in man, of both the immediate end delayed

%;'-v"_- type, 1s fheir specificity with respect.to the particular
| | allergen, Since the‘ihtroduction 6f the ..passive .fra.nsfer test of
. 'f; Prausnitz,and Kistner in 192lv/i/, 1t has been generally accepted
that hypersensitivity states of the immediate types /such as
>hay,fevér,'astgm;,.food allergias/ are assoclated with. the
: “prescnce"bf humgrél skin-sensiti;ing antibodies, produced
~f-f§poitanéously? by>the allergic individual in résﬁonse'to the

".caSual-exposure of a glven allergen by either inhalation or

i e e RSP

i i Ingestion, Moreover, since 1935 /2/, it has been recognized
" that freatment of allergic individuals++,/with a seriea of
injections of the offending aliergen leads to the f.'c:i'mation of

.. +The work done In the author’s laboratory and referred to in this
'  paper has been supported by grants from the Nationai'Institute of
Allergy and Infectious Diseases, Natlonal Institutes of Health,

Bethesda, Md,, and'the Medical Research Council of Canada and

TR ST TR T Ty PRI
. - i S ;

"' the National Resesdrch Council of Canada; Ottawa, Ontario,

L S i

- et bw e my

: ++Aliergié'1ndividuals who have recoived at least one series of
f{injectiops of -the allergen are denoted as treated indlviduals;

re e

*.. © . prior to such treatment the allergic patients will be referred
v . to as non~treated individuals, For the sake of brevity, sera of
: ©, allerglc individuals will be albo designated as allergic sera,

P
P

W
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%‘of»aﬁ additional-humofal_ahfibody; termed blocking antibody;
e P l  .rwhich was shown to be,caﬁsbis of ﬁeutralizing thevallergen..
B In addition, to skin;sensitiéing and blocking‘sntibodies,'ﬁhich_
are demonsﬁfaped by the in vivo P-K test and by tho blocking

T h

. bfithis test, bespectivéiy,fthe'presence of sgglutinating‘anti-
,f bodies hssibesﬁfregularly demonstratediwithin the last decade
in the_serslof bsth non;preatsd and treated allerglc indivi-
-duals by psssive hémagglutination methods /3,4/.,
| By contrast, so far; delayed hypefsensitivity has not
%}i 'fl'f been passively transferred with serum, but only with the sen-
é;li f  sitizea donor‘s lymphoid cells or, in the case of fuborculin

n?”‘l-ﬁf i, sensitivity in man, with the corresponding cellsextracts /5/,

ty 1s mediated by a cellular antibody-like factof/s/,iroféprod
to as the transfer factor/s/.  The presence of hemagglﬁ%in&ting
- ;antibsdies had been deﬁoﬁstrated a,long‘time ago /6/ in ssrs .
of 1ndividuals wilth tubefculin,sensitivity to ‘PPD /purified '
-'prstein derivativé of tubercle bacillus/, and recently 1t has
. ’.:_ been shown that these sera contain at least two physico~chemically
_A "idistinct hemagglutinins /.
;-"' ggli : The distinguishing features of skin-sensitizing and block-
| | 'ing antibodies,,wore reviewed at tpe Flrst Symposium held in

vPrague five years ago /8/ and were summarized in a table, Which
- v

- q

_is ?sprodused hore /sée Table 1/, since the data listed in this

e e s e

~_table have been  confirmod by many workers and sincc 1t represents
_ . . _ - I
a convenient starting point for the: present discussion, This

4

paper will be, therefore, confined primarily to a presentation

'fof additional physico-chemical and immunochemical properties®
of skin-sensitizing and blocking antibodies, which have been

© unravelled in recent yonns, and- to an analysis of the possible

] !

e s & e g e o e
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v relationships between these antibodies and the hemagglutinins
‘ invariably found in the sera of allergic individuals. In spite

;‘of the great Variety of allergens, most of. the systematic studies

~sera of grass-‘/é,llo,‘ll/ and ragweed-sensitive /8, 11, 12, 13/

- Physicochemical behaviour

sera and reconcentration by. ultrafiltration or by pervaporation

"',activity of the order of 30. 50% /12, 16/, Like immune anti-

’bodies,-skin-sensitizing antibodles are-degraded with papain,:

/

Sehon ‘= 3

of the\prOporties of allergic antibodies have beon done with ;

individuals.~As will become apparent, the exact nature of these .

:'antibOdies and the mechanism of tholr in vivo and in vitro intor-

actions with the?homologous allergens remains still undetermined,

partly becauso of the oxtromely small concentration of these - |

"'antibodies in allergic sera,fpartly because of .the fallure to —_

. " isolate them in a pure state; and partly because of the un-

availability of pure allorgens. Nevertheless, 1t has become

evidcnt that 1, the older differentiation of -serd of NnoNe-

 treated allergic individuals-from sera of treated patients is-

purely arbitrary and outmoded 2, both types of sera contain

'multiplc /and probably the same type of/ antibodies, ‘and 3a

these sera differ mainly in the relative amounts of the
various antibodies rather than in the quality of the antmbodies

€

: produced /14/. - ‘ R .

. Skin-sensitizing antibodles /REAGIN/

AN
As was previously established /15/, all obserVations to JE

date indicate that skin.sensitizing antibodies are much more

labile than "conventional" antibodies produced on immunizat—

_ion, Even, seemingly harmles" procedures, such as dilution of

‘combined with dialysis, leads to serious losses or reaginic

i

N
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: t’ ' f Howcvor, whilst immuno antibpdies are split very rapidly, ‘
1. ‘Qe. within tho firat 30 minutes of digostion 99% of thoso

I'f antibodies are dostroyod /17/, skln-sensitlzing activity remains /o
_ practlcally unc hangod within the first. 50-60 minutos of digest-

L ';‘€§ | ion and dperease gradually requiring a 24-hour\poriod of digest-_
A . ion for comploto 1nactivation of rcaginic antibodics /17/

- .
A

L Unlike 1mmune antibodies, skin.sensitizing antibodles -

- are inactivated in the ebsence.of papain by treatment with

.{nercaptoethylamine at a concentrstion of 0,1M /17/. This in-
activation appears to be the result of the reductive cleavage
of skin-sen31tizing anﬁ%bodies since treatment of allergic

f“‘;v f.:-sera with lower concentrations of the reducing agent or with

o fodoacetate alone /wlitch 1s used for the stabilization of the

. | E - SH groups liberated during the reductive cleavage/ does not

- lead to a measureable decrease of skin-sensitizing actlivity.
‘\,The results obtained in the studies on the enzymatic and chemiq

) cal degradation of skin-sensitizing antibodies indicate that

ﬁ& . iﬁ‘ during these reactlons the portion of the skin-sens{/izing -

| | | antibody molecule responsible for 1ts attachment to the skin

o S vbecomes destroyed or dissociated from thie rest of the molecule

o .

. !  Serum fractions enriched'in:ekin;sensitizing activity were
. isolated‘by chromatography of allergic serum on 1, the anion-

. - exchange resin diethyiaminoethylcellulose /DEAE-cellulose/
//LlO 12/ and 2. by gel filtration /18/ on the cross-linked

dextran, Sephadex G-ZOO. Thus, whilst blocking antlbodies were

EJ'}‘ }:“ almost quintitatively recovered from DEhE-cellulose in the first
P '
; chromatographlc fraction /eluted with 0.01M phosphate buffer at

?é-x'f‘.g pH,7.5/, skin—sensitizing antibodies were eluted later in fract-

I Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ——
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: ions with buffers of higher molarity /0-02 and O, 05M/ amnd of

- lower pH /pH 6.2 and 4 5/ These results confirmed the. previous
4findings /19/ that skin-sensitizing antibodies were physico-

* chemz cally heterogeneous and additional electrophoretic /10, ?O/,

ultracentrifugal 78, 21/ and immunochemical /10, 18, 20/ analyses

~revealed that tho frqctions poosessing ukin-sensitlzing actiV1ty

were compleh mixtures of protoins.

: Fractionation of sera on Sephadex ¢-200 ylelded three

' fractions which were not resolved completely from one another

B and which were composed of 1, macroglobulins /AVEM' and

© xgy~globulins/, 2. other globulins / ¥%-; {1-» /3 and «-globu~

lins/ of lower molecular welght, and 3.albumin. Using this method
‘for the fractionation of sera of ragweed-allergic individuals
/18, 22/, skin-sensitizing activity was found primarily in the

‘

early eluates of the second fraction, 1.e. in the eluates corressc

ponding to the region of overlap between the first and second

chromatographic frections, the bulk of skin-sensitizing acti-

vity emerging before tho peak conbathitnglohinfsthsibécdng
»fradfion, By 1@munoohemical analyeis, Hﬁe eluates‘containiné
: . skin-sensitizing ectivity ﬁere found to be co@posed mainly
5 of X‘ -globulins and 7 S Q%globulins, and contained also
a smqll amount of Yim- globulinq and possibly other components.,
',These‘resultS'were interpreted /18/ to indicate that the

.distribution of skin-sensitizing activity parallelled best

that of sgiA—globulins; a‘conclusion which was 1n agreement
W1th the earlier suggestions of Heremans /23/ and of Augustin

' and Hayward /10f.

The interpretation of the experimental data concerning the

ultracentrifugal prOperties of skin-sensitizing.antibodies has

led to much controversy., Thetreaeon for this controversy might

*"Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ———-
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-'1'§ '_‘; be due to the fact that in these investigations sera of -
g' - '4' individuals with different allergies /ive. to ragweed and
= .'{ i':' grass pollens, horse dandruff rabbit and cattle hair, molds,
s j: : ,}'glucagon/ were used and, in most of these studies, no syste-
: matic discrimination was made as to whether the sera had been -
-obtained from non-treated or treated allergic individuals, more=-
: over, usually no special mention was made of the length and
Ei‘; ; »fi ‘method of hyposensitization treatment administered. The dls~
- . : crepancles in the observations may, therefore, merely reflect
the heterogenelty of‘skin-sensitizing antibodies produced to
different aliergens'and under different conditions of exposure,
> Purthermore, the'techniques.emmeYed»in'practically all these
."studies were'different /lees fractionation of whole serum by
-Vj' . Ef i preparative ultrecentrifugation; ultracentrifugation in a densi-
: tj gradlent, ultracentrifugation in nartition cells and ultra-
g ’V' - . ' centrifugal analysis of serum fractions containing skin-sensit-
1zing antibody/, rendering the corrlation of the results dif-
| ficult.
" As was stated at the Fipst Symposium /8/, the analysis of
the disﬁribution of antibody activities in serum fractions ;

isolated by ultrecentrifugation in partitionlcells indicated

S T e

‘ that reaginic ectivity was associated_with serum components.

| having sedimentation coefficients larger than 7 S, the actual
Vvelues measured in terms of P-K titers being 12.4, l4}l-and |
22,5 8 /21/ However, because:of the inherent inaccuracies of

the titration procedures used, ell these values were considered

_‘.,_4,...._..._.-“__,.,,,,_,.,‘,«_,‘

accurate only within 2.5 8 /91/ These conciusions were challen-
ged'by”a number of workers /10, 20/, all of whom favoured the

i

%‘-..; .~ value 6f 7 S for the scdimentation coefficient of reagins.
| ' ~ . ' |

|

i

i
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Since none of these conclusions was based on an unequivocal

evidence, the suggestion was made that skin-sensitizing activity

e

: - was. not associated with either 7 S or 19 S serum components, but

{

» with othor moleties haming sedimentation coefficient/s/ inter-

modiate ‘between these values /24/. Obviously, such components

T . would have been detected either with a light or with a heavy

serum cdmponent depending on the experimental conditions used.
~ Indeed, recently, using an improved-method_of‘density gradient
ultracentrifugation /25/, Skinesensitizing antibodles to gluca-
gonfwere found to sediment with serum components having sedimen-~
‘tation coefficients of the order of 8-11 S, Similar/conclusions
“were reached also by Torr and Bentz /22/ from an ultracentrifugal

study with four sera of untreated ragwoed sensltive patients and

an average sedimentation‘coefficient of 7.8 S was calculated .

 for reagins to ragweed /27/. As alreedy stated, in a number of

P

. i :

recent studies. it has been suggested that skin.sensitizing anti-
bodies may be idontified with 11A-globulinS\ Howover, it 1is
worth pointing out that although the major portion of this

./globulin fraction has a sedimentation coefficient of 7 S,_minor

\

_ components with sedimentation coefficlonts of 10,5 S and 13 8

- are also present in this serum fraction /28/.

Immunochemical properties’
“ 5Spocifiolprecipitation of serum components present 1n _
4chromatographicvfractions posseSSSing highest skin,éensitizing

activity with a rabbit antiserum to human globulins rosulted

'in.the removal of all skinw.sensitizing antibodles /29/. However,;

“'since Jjp-globulinsg, as well as 7 S and 19 S 2~globulins share

common antigonic determinants, these results sinply indicated

that skin-sensitizing antibodies belonged to the class of tmmuno-
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globulins put did not speoify more precisely their antigenie

nature, In a more recent study 1t was demonstrated that removal

“of. 7 8 'guglobulins from a skin-active serum fraction by

precipitation withvan aﬁtisefum,.rendered specific to 7 S

'vaglobulins by prior absorption with TlA-globulins, did not

‘result in a decrease Of its reaginic activity /18/. However,

.'cOmplete removal of skin.sensitizing activity from three rag-

; weed allergic sera was achleved by absorption with an antiserum

™~

rendered'specific forgiA-globulins by the precipitation of \
antibodles directed to the determinants of 7 S , -globulins. Thus,

one can conclude that at least some of the antigenic groups of

",>skin-sensitizing antibodies in these three sera were ildentical

to those of ¥,,=globulins- However, since 273j-Blobulins have

. a tendency to complex with other proteins /28/, and since recent-

ly three sera of ragweed-sensitive,individhals with high P-K
-~ ~
titers were found to be devoid of ¥ a-globulins /26, 30/,

. 1t 1s felt that additional evidence 1s necessary before skin-

sensitizing antibodiee may be unequivocably identified with
Yia-globulins, It 1s conceivable that skinesensliting anti-

bodles are complex molecular sbecies, one of thelr buildihg. -

vblecks being 7¥jp-globulins., This latter component mlght be

‘also responsible for the fixation of skin-sensitizing antibodies
to tissues .and for their retention by the placenta and choroid

’ ]
plexus, In this connection, 1t ought to be pointed out that

- Ishizaka et al, /31/ demonstrated that passive sensitization of

human skin with ragweed reagin could be blocked with purified

normal human ;déA-globulin‘fraction as well as with the A chaln

/and.not with B chain/ of ilA-globulins /32/. In the light of all

~the experimental results derived from ultracehtrifugal, chémical,

‘ - FOR GFRCAL USE ONLY.
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E;Q:. 'fos -chromatographic and tmmdnochemical .tudies, one cannot deny
ff?i‘ff%jj | the fact that thore is increasing circums+antial evidence in
Aég E;.f;”ili favour of reagins belonging to the group 01 y&A globulins

“j' with sedlmentation coefficionts higher than 7.

| '?'-*.tﬁ“;ii_ . The very recent investigation of Yagi et al. with the help"
”?ﬁ j? .f\ of radioimmunoelectrophoresis, revoaled that ragweed—binding 4

‘ "1sy.§ capacity of allergic .sera was not limimed to a single protein /55/0
;Tfﬂ-'t*_viﬂ but was associated with'the ylglobulins of all the 8 sera

R :ff'tested and algo with ‘the ]lA~and/or 77w~ globulins. Of course,
F‘"“?"f-ifﬁfé thesc results do not prove. that skin-sensitizing antibodies .

are directly implicated in this reaction and~\as will be shown

-

Eb ??'fu'fjf later, it was actually dcmonstrated that sera of non-treated

R ‘;'”fi allergic individuals possess, in addition “to reagins, antibodies

;b% *qiinff devoid of skin—scnsitizing activity but with binding capaclty

s?,for allergen/s/ Thus, these§PGSUltS lend further support to the .
V'QQ ovidcnce prosented above that there exists a spectrum of anti—

bodies in allergic:sorum differing in their physico—chemical

:
?‘ i ;= immunochemical propertiesh
i 4 - Blocking antibodies ‘ -
ﬁpf?-i'sf ?i- ' Formation of blocking antibodies can be induced in both
r‘f;.' . h"; . : H e

"%f;i ft af, allergic individuals and nonnallorgic volunteers and, .as has
i;. . boor shown /?/, the various propertios of blocking antibodles

clicited in these two typos of individuals are ddentical. More-

\?ff} over blocking ability is not confined. only to antibodies ‘produced

I S |

in man, bt is also pOSsessed by antibodics formed by rabbit

goat and dog on immunization with appropriate allergon.

ijfﬂ{ééi - The chemical nature of blocking antibodies resembles that.
?lof precipitating antibodies and differs significantly from

$<'j. ;tf‘*~that of skin-sensitizing antibodios. Thus, blocking antibodies

/.,

‘.
.. 8 o~ P .
R : L. . - o 4
I . : . |

Ty

S R ._._4"‘. C . B ) I . - . . . 4_. ' .._- ) ’ . : , , . s
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afe'not inactivated pyvheating at 5600; ére stable under various
_ condig\ons of storage and' handling and are not degraded by
; coo . ,reduction with 0.1M mercaptoathylamine /17/. Moreover, digestion
%_ ; . of blocking antibodios with peps1n, with papain, or with pepsip
SR o followed by reduction with mercaptoethylamine - reactions known
to lead ;0 the breakdown of pﬂecipitating rabbit antibodies
.to smaller’divalent or univalent antipody fragments,~ resulted
in the degradetionvof'blockingAantibodies to fregments which
f o - were shonn to fetain to ability of combining with the allergen/s/
7 and of blooking the P-K reaction to the same extent as intact
'blocking antibodies /17/. Similarly, fragments prepared from
: precipitating rabbit anti-ragwoed antibodies behaved in the

same way, i.e. the blocking titers of the fragments were iden-

e vt A = ot
P * T

' . . tlcal to those of the intact antibodies /17/.

§ o " The bulk of blocking activity was invariably found assocliated
| with'tno electrophofetically slowest migbating serum compononts,
i.e, namely with :p-globulins /4/, but occasionally in sera
containing 1arge'amounts of blocking antibodles, a small portion

of the blocking activity was deteeted also in the faster migration

f | ; E~1—globulin reaction, This behaviour 1s eimilar to‘that of con-
i _ »?W ‘ vontional'procipithm@ng nntibodios, which have oeen demonstrated
T&"‘ 'f‘i  to be physico-chemically hetorogeneous and to extend electro-
phoretically from the’rogion of tho slowest /;=globulins to that
of <g-globulins 754/, In the light of these findings, 1t secems
’ : ‘reasonable to ascrilbe the'ragweed binding éctivity of 7é-glopu11ng
.;;és demonstrated by hemagglufinepion and by radio-immunocolectro-
phoresis, to blocking antibodies, Moroovor, the binding of IL13l. {
labelled ragweed pollen constituonts by ‘ylM" and éiA-globulins
-~ /33/ reflects; in all probability, the electrophoretic and

' _ultracentrifugalrheﬁerogonoity of blocking antibodies, though

e
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skin—sehsitizing'antibodids mdy,pﬁrticipate‘also:in this reaction.
;'m“_";' ' ;'. . As demonstrated previously /4, 8/, the sedimentation coeffi-v
2 . ;.'ciedt"of'blocking antibodies was close to 7 8 which would also sup-
' .;,‘port\the»intérference that-blocking antibodies have properties-
L'ﬁ';v ' . 1dedtical-to thoéevof the éonventional:antibbdiesvprdduced on

actiﬁe immunization. Similarly, thg chromaﬁographic behaviour
. of plocking antibodies on DEAE-cellulose was analogous to that
 of precipitating rabbit antibodles /9, 12/, 1.e. the major
.‘=‘d;, f' ¢:~p6rtion of both typés of antibodies was;eluted in the first -
_‘fraction with 0. O1M phosphate buffer at pH 7.5, Moreover,~
in the first few eluates, l.e. in the first subfraction /Fraction~

SR mm s e m

14/, which were rich in antibodies, there was no detectable
~ skin activity /12/.th outght to be also pointed out that small
‘ _ - , _
amounts of blocking activity were found in subsequent chromato-

gfaphic fractions eluted with buffers ofvhighgr concentration

A"dand of lower pH /12/. Essentially identlcal results were obtained

S with sera of non-allerglc volunteers or rabbits; immunized with

N

ragwéed pollen extract, and with sera of noﬁ-treated or treated

At e at e

~allergic individuals, except that the first chromatographic
‘tfraction'/Fraction-lA/ of sera of non-tfeated allergic\indivi-
. :dlduals had 'to be first'concentrated - to d hemagglutinatioh tdter
j:_ ~of about 2 500 - before the presence of blocking antibodies
f:_i ’,f'ii7'could be demonstrated /12/ Moroover, after appropriate concen-
tration of subfractipns lA‘to a hemagglutinatlion titer of the ‘
.order 40,000 precipitating anibodies were‘reddily demonstrable by
“the micro-Ouchterlony prdcédure /35/. On the basis of these ’
findings, it was interred that thése varlous immunological‘ ; -
'_'_vmanifestations were atfribﬁﬁéble to the same type of antibodieél
and, consequently, 1t was proposed that blocking antibodies

' had the properties of normal immune antibodies /14/. On the

'Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : C'IA-RDP80-00247A004200090001-4 S
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‘ 'basis of this argument it must be conoluded that even non-
 any hyposensitization ‘treatmont, form blocking antibodies and,

l“therefore, the oldcr clas.ification of sera of allergic indi-

‘t_viduals into two categorles, depending on whether ithey were

' may produce additional antibodies to antigcnic constituents in

”¥ ragweed, which may have no rolation to the allergenic deter-

f‘although their presence could be. manifested by in vitro methods,_

N\
: ‘as by non-allerglc volunteers and rabbits on immunization.

The relatlonship of hemagglutinins to skin-sensitizing and o

| ment can'be regarded as purely arbitrary. It ought to be stressed

B PR

- .. 77" Sehon - 12

-~

treated allergic individuals, 1.c. patients who haye not received

v

\

obtained from patients prior to or after hyposensitization trcat- -

howcver,’that during hyposensitization treatmont the patient

minant groups. These antibodies would then excapo detection by the

in vivo procedure for the‘demonstration of blocking antibodies,

1. e. by hemagglutination and precipitation. or course, similar - /
considcrations apply also’ to blocklng antibodies produced -

spontaneously" by the non-treated allergic individual, as well

¥

blocking antibodios,; ' _
From an analysis of the’hemagglutination and P-K titers
‘of sera of non~troated allergic individuals, 1t appears. that,

although all sera tested were never devoid of hemagglutinins, the-

re exists no simple rolationship between these two titers, 1. e. l
sera with high P1K titcrs may possess low or high hemagglutination
titers, and sera with low P K titer may possess high or low

hemagglutination titers. This lack of corrélation seems to

;, suggest that the hemagglutinating abillty of sera of.non- _

!
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~treated allergic individuals is due to multiple factors, the

5'=€..proportion of which.dirfers from one serum to another, and
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represents the individual variation in antibody response amongst

A?a group of allergic individuals. The possibility that multiple

hemagglutinins may be present in allergic sera is also supported
by the findings that the hemagglutlnation titers obtained with

erythrocytes senstized via tolylene 2 4-diisocyanate were sub-

"7i stantially lower than the BDB .titers and that there was no -

'Aa;obvious relationship between these two sets of titers /36/.

-

; i
H

/
There seems to exist some correlation between the hemag-

.

glutination and the blocking titers of the sera of treated

i;allergic 1ndividuals /as well as of immunized non-allergic

.;;volunteers and rabbits/, in as much as, in general a detect-
pr

able blocking reaction could not be obtained unless the serum‘
/or serum fraction/ had a BDB—hemagglutination titer of about

bOO, correspOndingly, sera with higher hemagglutination titers
‘ had also proportionately higher blocking titers. Tho fact that

! f éfserum fractions possessing blooking antibodies were found to

have:also the other prOperties of "conventional" antibodies

produced on active immunization, iy e. pPGCLPitation with the

homologous antigens or. allergens, passive cutaneous gensitization -
'f’of guinea pigs /17/, could be interpréted as indicating that.
»';jeither 1. there are multiple types of antibodies present in

these sera, each type: being responsible for one of the, immuno~

’”

logical manifestations, or 2. in accordance with the "unitarian.

concept" one and the same type of antibodies 1s capablc of

participating in different immunOIOgical reactions. Obviously,

'}éneither of thcse two possibilities can be ruled out as long as

.

‘the serum factors responsible for the different immunological

Declassmed in Part San|t|zed Copy Approved for Release 2014/01/15 CIA RDP80- 00247A004200090001 -4
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?_i response relations can be established for these reactions.
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ni r;,piln order to.settle uneqlivocally the question ‘a8 to.

: whether or: not there: exists any relation between hemagglutinins
| : ﬁ and skin.sensitizing and/or blocking antibodles, 1%t would be‘
:.necessary to establish if l. the hemagglutinating ability of
v;ifsera of non-treated allergic individuals as a property of skin-
{;;sensitizing antibodies or, exclusively, of a type of blocking
i chzaantibodies produced spontaneously", 1.0, elicited simply by the,
}"‘;fcasual exposure to tbe allergen/s/ and not in response to
.;{hyposensitization treatment; 2. ‘the hemagglutinating ability of f
eeraiof treated'allergic individuals is a pr0perty of hlocking A

.f'antibodies or of a different type of antibodies,\directed against
; somo antigenic determinants of ‘ragweed pollen constituents which
‘i’are unrelated to the allergenie groups; 5. blocking antibodles. -

"i producec on active immunization /in allergic\individuals, in
of_non-allergic volunteers or in experimental anlitals/ are iden- - o
~ tical to the blocking antibodies produced '""spontaneously" by/the

} 'xallengic'individual or exposure.to _the allergen/s/

." The similarityfbetween the physico~-chemical and chemical
“'Zproperties of blocking antibodies and of hcmagglutinins strengly "
ésuggest that the major portion of the hemagglutining of sera of

treated allergic individuals may be- identified with blocking

,antibodios. On similar'grounds and'also in view of the rcactions

of identity given by antibodies of sera of treated and non- -
treated individuals in -agar 5cl diffu31on experiments /35/, one
may postulate that blocking antibodics produced "spontaneously"
by the n0n-treated allergic indiv1dual are indietinguishable from

‘? those produced on- hypOSen31tization trcatment On the other

hand the lack of correlation between ‘the hemagglutination ‘and

—

-\fP K titers of sera of nOn-treated and treated allerglc individuals,'

7T P

i

F‘i and more importantly the findings that the hemagglutination titers

i
e ’
i
s
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) ing activity represented only a small fraction of the hemage

glutinqtion titer of the whole serum /12/, indicates that oven if
skin«sensitizing antibodies had hemagglutinating capacity
their contribution to the overall hemagglutination titers would

, be minimal, Obviously, in order to establish if these two dif-

L]

- forent immunological reactions are due to the same serum. factor/s/,

it 1s necessary to 1solate the corresponding antibodles in a

' pure,stete, or at least to separate them from other antlbodies

reacting with the same antigen, m

With this in vliew a number of studles have been conducted

using different physf%4chemicél and’immunochemical fractionation

procedures, Suffice 1t to say here that hemagglutinating capaci-

-ty was associated with fractions contarning skin-sensitizing and/

. or blocking antibodies and never with any fraction devoid of either

' a}f of these antibodies.‘Frcm a careful analysis_of the distribution

of the hemagglutinating activity in fractions isolated by ultra-

‘.centrifugation in partition colls, 1t was concluded that at lcast

two physico-chemically distinct hcmagglutinins were present in

‘allerglc sera. and it was suggestod that one of these hemag-

1_g1utinins haq a sedimentation coofficient of the order of 19 S

and that the other had a sedimontation coefficlent of 7 S,

On the basis of the slmilarity of the sodimenting propor-

 tles of the former .class of hemagglutinins and of skin-sensitiz-

Aing antibodies, it»was suggested that scra of non-trcated allergic

. individuals might contalin two types of antibodles: -l.,antibodics

with sedimentation coefficients higher than 7 S which may possoss

both skin—sensitizing and homagglutinating abilities, and 2.

’antlbodies of the conventional 7 S type, possessing only hemag-

glutinating activity. These latter hemagglutining may be identl-

FOR OFFiGIAL USE BNLY
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£iablo with the bulk. of - the vlocking antibodies. B
The problem of 1dentifying hemagglutinins with skin.uensit-
‘- ol izing and/or blOCking antibodies is, however, complicated since
the sensitivity of the hemagglutination reaction is lower than
'that of the P-K test and, furthermore, the sonsitivity of the
Vo ‘P-K test 1s not a constant value, i.e, tho amount of antibody
_detectable by thls technique depends both on the antigenantibody
sjstem’as well as on-the individual antiserum used. In general, the
\'5 'BDBthemagglutinetion titers of sera of ragweed-sensitive indi-
" viduals werc higher tham the titor of grass- -gensitive 1ndividuals,
:both for a group of non-treated and_ treated allergic patients
/11/. Correspendingly, the hemagglutination titers of the chro-
mategraphic fractions'containing the bulk of reagins to ragweed.
were‘étrikingly highor than' the hemagglutination titers of the
correeponding fractions:of séra of grass-sensitive individuals,
‘ tThus,‘hgmegglutination titers of theso fractioms obtained with'
~sera of ragweed-seneitivenindividuals were of the order of 10
to 40 /12/, and not higher than 4 with sera of grass-sensitive‘
‘indlviduals /lQ{. Th;s difference in the hemagglwt ination titers
of the reaginic fractions of theso two types of sera is'd;fficult
t'to 1nterpret; particularly since 1t‘might be merely due to .
iv’ tho difference in the sensitivity of the hemagglutination techni-
- qus for thc two systems;
_ ‘ The fact that skin-sensitizing activityncan be déstroyed
: by heating without impairing the hemagglutinating ability'does
not necessarily imply that these‘twe‘manifestetions are assoeiated.
with two dietinet types df antibodles. It 1s concelvable that the
same antibody moleeule may possess the twoLantibody combining eites
' :f‘ ‘required for the hemagglutination reaction /and which are com- .

\ - plementary to the determinants of ragwecd pollen constituents/,

Declassified in Part - Sanitized C'opy Approved for Release 2014/01/1_5 :__CIA-RDP80-00247A004200090001:4 ———
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in addition to ‘the sitc which has the ability to become fixed
, o skin and tissues..It can be also visualized that the portion

’r_of the moleculc respcnsible for skin.sensitizing can be destroyed

3.'pr modified irrevcrsibly by hcating, without impairing the abi-

t

;r";f .@D~f 11t¥ of the antibody combining sites to react with ragweed allcr-

| SN R . . ‘

.,t);;frgens /19/.

Theorctically,‘one may visualize that some of the hcmag-

-

glutinating antibodies may be directed against some antigenic

‘nf{“; determinants which are. not involved in the reaction with re-

ég agins and which nevertholoss, may be situated on the same
; . § H t
o molecule in the vicinity of the allergenic determinants, or on

~

ﬁfyg,j;.antigenic constituents of ragweed pollen which are unrelated to

PR : ' ) : ' / : . : .
.. the allergens, From all these cohsiderations one is led to con-

TR

;-hemaéglutination titer of‘dllergic sera 1s only minimal, Nevertheq

O arind
R

T

. €<ﬂ less, the results of all physico-chcmical fractionation studies.

%

/i e. fractional precipitation elcctrophoresis, ultracentri-

Té . fugation, chromatography/ do not rulec out the possiblity that
uaééskin-sensitizing antibodies possess also hemagglutinating pro-
V“perties. ' ‘ ? o
f? ‘The comparison of the behaviour of skin-scnsitizing and
blocking antibodies on degradation\with papain /17/ add furthcr
support to ‘this interference. In these expcriments the rate of
‘,inactivation of reagins was measured in terms of the decrease of
g,skin-sensitizing titer, whilst the rate of degradation of block-
} ing antibodies was mcasured in terms of the decrease of the
cmagglutination titer, thevlattcr procddure had to be resorted
to since it had bccn shown that degradation of blocking anti-

bodies to univalent fragments was not associated with any loss

A:,f;’izi ' xof blocking capacity. Thus, thc kinetics of the degradation

SO ,7‘,‘;._'- re

e

hil‘e% Jf?‘. t - | ’ . ' ; . . ‘ \ A
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N - 'of the hemagglutinins in sera of non-treaéed allergic individuals
: i . o | with papain appeared to be. represented by two rate processes?
LY _' ‘b"an initial rapid destruetion of about 95 percent of the hemaggluti-
;ff;; . 1 nins’ within tho first«éO-GO mlnutes of‘digestion, followed by
; o ":, " a much elowef inactivation of the residual hehagglutinating activ>.
] vity. The first.process, bj analogy with the rate of degradat-
A “ion of blocking'antibodies olieited on active immunization, was
i L k "‘considered to represent thae degradation of blocking antibodies
3 2R _ ‘preduced "spontaneously" b& the non-treated allergic individual.
On the'other hand, the second process, by analogy with the slow
g T _' rate of inactivation of skln—sensitizing antibodies, was con-
.sidered to represent the degradation of antibody molecules possess=
‘ving peth skinyéensitizing and hemagglutinating pyoperties. I
"‘oughffto be stressed that, because of the inherenf inaccuracies'of
..'"t-h'e'met‘hods u\;:ed for the qtiantii:?tive detefmination.’of reagins
and hemagglutinins, theee kinetlc data could not be subjected
~"to a mathematically rigorous treatment to test this interpretation.
It is, thereforo not possible at this stage, to dismiss the

'»‘alternate explanution, namely that the apparent similarity

' botwecn the rates of onzymatic degradation of skin~sensitizing

_antibodiee and of a small portion of the hemagglutinins of sera
| . of non-treated.allergic individuals might.be purely fortudtous
ﬁiai ': .'and might reflect slmply the presence of multiple and chemically
. ! aifferent hemagglutinins in theso sora. ' ,
» ?.' : :,. | Additional evidence'that cach serum contained multiple

hcmagglutinins was dcrived from studies in which increasing volu-

- mes” of allerglc sera wore absorbed with a constant amount of a

? L i specific immunosorbent /15/. The results of these experiments
' | ~ demonstrated that the finer detalls of each of the absorption

|- <: - . curves representing the absorption of hemagglutinins and/or
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rcagins from serum . fractions obtainod by chromatography on
j"m"¢7? ';" DEAE-cellulose were peculiar to the serum ‘uséd; In addition, the
' iF"J.Ff o removal of skin-sensitizing activity from Fraction 7 obtained

‘ ‘f . by chromatography on DEAE-cellulose /L. e; the fraction contains
;; ii : ing the major portion of reagins/, of each of these two sera

.was’ almost parallelled by the removal of the hemagglutinins.

Those results wcrc interpreted as indicating that the hamag-

f~fl : glutinating capacity of Fraction 7 was an inherent. prOperty
fﬂj-l—@éf;"f “of skin—sensitizing antibodies, namely that reagins were either
e antibody molecule or molecular complexes possessing /at least/

f{ﬁiff-: two sites capable of combining with the allergen, in addition to

‘«/i thc site which was. capable of attaoring itself to ‘the skin,

.3 Furthermore, it was 'shovn. that considerable amounts of skin-
' :5: sensitizing antibodies could be displaced by blocking anti~
*;-fgb~ E- bodies from an immunosorbent ‘which had been previously saturated
'”“ﬁ'/1'57 with respcct to reagins. These results indicate clearly that |
allergic sera contain a spectrum of antibodieS'with differcnt

,'A*:iif_fi physico-chemical ‘and biolOgical propcrties and which are directed

against antigenic groups on the same molecule/s/ of the ragweed

i constituents.

A . ) -

- In. summary,it can. be - stated that in splte of the accumu-

AN s,
- . ' . \

“Tation of a largc amount of information on the physico-chemical

f;'c't; and immunoctemical properties of skin—sensitizing, blocking and
- hemagglutinating antibodies, the nature of the serological factors ~f
‘E;:Vl fiﬁ‘d?: involved in tho appropriate immunological manifestations has not
| Sl been unequivocally established and no simple relationships have
-ff filu been derived amongst’ them Howcver, it is obvious that the,

‘

‘antibddies in allergic sera are hcterogcneous with respect  _

4

.'; _: “
x =] to their sizo, shape, composition, charge, affini+“~for the

A g> o hmore USE o m
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‘ ;Q»': 'f . ibeantigen/s/ and ability to become fix°d to tissues. Neverthcless,

Fome LT

§f~A o Q-,it seems plausible to conclude that blocking antibodies ‘may be

R

@',' regarded as immunoglobulins of the conventional 1é-type with

Po- e

b — -~

L a sedimentation coefficient of " S which are. detectable by

P classical immunological techniques. On the other. hend, skin-

"sensitizing antibodies are electrophoretically faster-moving

T

‘L',_‘Q? R ‘globulins belonging possibly to the class of TlA -globulins

g T e aTI Y v e

ﬁm "and/or ¢ 1y~elobulins, they have sedimontation coefficlent/s/
; higher than 7 8, and may contribute to a small-extent to the
| ..

N ' hemagglutination titer of allergic sera.
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\ 4

antigen/e/ and abili@y to becomp fixod to tissues, Nevertholess,

: .'|
- ‘1t seems plausible td conqlude that blocklng antibodles may be

a_regarded as 1mmunoglobuline of the conventional _yé-type with

a sedimentetion coefficient of 7 8, which are detectable by
_classical immunological techniques. On the other hand, skin-
sensitizing antibodies are electrophoretioally faster-moving
'globulinS‘belonging possibly to the class of.fTiA-globulins'
and/or é 1M globulins, they nave sedimentation coefficient/s/ !

higher ‘than 7 S, «and may contribute to a small extent to the

hemagglutination ‘titer of allergic sera, : N
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s‘\‘ B ‘,g . - .:‘-" ., z ‘,‘ a . fn -. o ..' ‘r . ; ' ' i It
Lo f ;? Properties of antibodies in allergic sera
R RC A S
i ; ] s /as summarized in 1959 /8/
kN : 1 ¢ o ,
f 3 1, f , |
%f ; i 1 " P
i{ : {? i Reaginsi‘f - ' ’ Blocking antibodies
'?‘ ‘ does fix to skin - doés not fix to skin
gf fT‘f~doee not pass through placenta ‘passes through placen-
b ' : . e ta
;: .,1_{ -'? heat labile with respeeb>to skin-; o
B0 .sensitization ' k ‘ © heat stable
g oo T . o - R
?‘5,';;3-".eombines with'Ag'in~vitro' combines with Ag in
B o ' vitro
b G :

. does not precipitate at 307
~ ammonlum sulfate

e

fa Kb

. precipitates at 30%

ammonium sulfate

;<fo; e -/or - /globulins by electro-
I P oresis

<

72-globulins by

" electrophoresis

?gf‘; ‘;f'? fraction III by Cohn ‘s method ~. fraction II by Cohn ‘s
I R : : . method : :
2

;f: if;ilsedimentation»constant + 78 sedimentation constant

=78

\»

:
{ j R
5

glutinating ability.
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Both sera of non-tneated and treated individuals, contain~

ing skin-sensitizing and/or blocking antibodies, possess hemag-~
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3 Q{p?opfiiscussiontin theltopicéll e, -

%' . A Method for The Isolation of QV 3~globulin from Human Serum
aw ‘ ti;f Using Salting~out and Chromatography ' ) V

{,}-N;‘ : &' , R o . . e R e ,
B A (néﬁt_}J;F.Heremans,fA.O.Carbonarafand'Giuliana Mancihi

g :}' f" ;-‘ j. ‘ AR - Coa : A
EV %_ﬁt% Department of Internal Medicine A University Clinic St. Pierre,
?vf&f rir’ Louvain, Belgium 4'_:3 7.-i, :

T o

t~ PRt X ) o L o \

Pt e Abstract o SRR v

ﬁffﬂ:;:}‘f,ﬂA . Gamma lA—globulin //’2A globulin, IgA/ may be isolated
;7fgrls€ - from normal or pathological human sera by a series of steps '

S consisting in the removal of suglobulins at pH 6.5 and pH 5.4,
i:“ij‘iti?fi salting-out of the globulin fraction by means of 2 M ammonium
{ | t!,“ i ulfate at pH 6,8, chromatography of- carboxymethylcellulose,
%ix@]f;fiif-and chromatography on’ triethylaminoethylcellulose. The end-

h;nf:ﬁf}f , product shows no traces of contamination with the other immune-

:r,\' ~. “‘, s » »
o globulins /78 ¥ and 19829/, . | | | -
Eﬂ"ij\;{é' A method for the i1soiation of ?” -globulin from human serum

. gf?' using salting- out and chromatography.\

GET]Q ~;ih.>;i . The immune globulin called a”lA-globulin /I‘zA-globulin, IgA/
e ‘was initially prepared by means of a prooedure involving preci-
pitation with J":nc sulfate, salting-out with ammonium sulfate, |
and preparative elctrOphoresis /1/ In spite of different impro-’
“T}}i/;, vements. /2, 3/, this method has proved to be poorly reproducible
:Gi/ and to yield products whose purity was of ten unsatisfactory.

Contamination with trar*e a.mounts of 78 O”-giobunn and 19 S

f;:ﬁ 'gifi qv-globulin has been particularly inconvenient, as the isolation

[ K
’;ﬁ‘_ L " o ’
f“f~j;ei- Of 'TiA-globulin from human serum is usually undertaken with the. j
et e

T A aim of assessing its antibody activity spectrum. Chromatographic
Lo , \ _
¢1 - :..p ' methods have given excellent results when applied to the 1solation

‘Z‘ . : L/
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L - o i‘ ' ‘ Heremans et al, - 2
L op D lA—typo myeloma proteins /4/ or to the purification of the
fszii‘]fx‘ ,.?iA;globulinipresent in milk /5/ However these methods have

proved much less suttablewfor tho,recovery of 74 y-globulin from

‘ﬁ'mzlltf“fi°.normal serum, in spite of some claims to the contrary /6/., The

H-i; .'f_3.; difficulties/in obtaining‘ﬁurified.]riA~gloou11n from such a

- | VCOnplex a mixture-of ﬁroteins &s human serum have bean stressod

., by Davis, West and Hong /7/, who investigated several fractionat-_
! l‘”'v"Ffi. ion procedures.»

| " The me thod 0 be described here, permits the isolation

of highly purified d“lA-globulin from normal human serum, However,

yields of purifled protein aro still low.

.l ‘ 3 e

%i?,l' -? N Step 1.; Remowal of euglobulins ‘ '

R f_i_r o The aim of this step 1s to remove two proteins which would

”;’%-_ é . be difficult th eliminate at later stages of tho fractionation.

t:;y .i;. One is ﬁri—macroglobulin /l9 S:8v/, the larger part of which is

;@-}Qu »f- removed by dialysis agalnst dllute buffer of pH 6,5, The other

:“”fii ‘suglobulin is Boi-/ and(ElC-/ globulin, which precipltates during

' dlalysis against dilute busfer of pH 5.4, |

o Orie volume of serum is diluted by addition of 9 volumes of

'4 . 0 02 M NaH PO /Na HPO buffer of pH 6 5 and dialyzed against

L 500 volumes of thezsamg buffer, with continuous stirring, The )

éj}.' -f;.g dialysis is performed at 4° and the outer buffer solution is

ﬁiﬂ i :.E renewed twice over a poriod of 24 hours. The euglobulin precipitate

e -:;Tiis removed by centrifugation-at.3 000 x g during 10 minutes, at
room temperaturo. ‘ | | ;

{;.fg .ﬂ?;f7 ~ The supernatant 1s now dialyzed against 50 times 1ts volume

ihi,n 'i£.T'°f 0.02 M NaH 2PO, /NazHPO4 buffer of pH 5.4, with continuous

yf“‘”- }é , stirring, at 49, The outer buffer 1s renewed ‘twice over a period

. of 24 hours, and tho precipitate is eliminated by centrifugation

L C e AN ORI USE MY

f Deolassifi'ed in Part - Sanitize__d Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ..
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f;:-Fi‘l':-atgaoOO giduring lOuminutes,tatdroom temperature‘ R

":f:“;‘ Step 2; Salting-out of the crude immune globulin fraction by

menns of 2 M ammonium sulfate. C v } Q,

'.*éj_ . This step 1s aimed at the.removal of the bulk of thé albumin

Py

t;dfand other irrelevant proteins

ey

LA ‘The supernatant from the second centrifugation is mixed

e
L

L?f?(:.with an equal volume of a4 M solution of ammonium sulfate. This
A R N
. solution has its pH adgusted to 6.8, before use, by means of the

i

L‘Hy, 'required amount of a saturated NaOH solution. After mixing the

D A S )

A

Co

i protein solution with ‘the ammoniiim sulfate, the pH 1s checked

! and if necessary, adgusted\to 6.8, After 1 hour incubation at
"f room temperature /200/ the precipitated globullns. ‘are recovered

o by centrifugation at lo,OOO X g for 10 minutes, at room temperature.;.
f:?'f.‘The precipitate is rcdissolved 1n distilled water, employed in an L
e ;-amount equivalent to lO times the original serum volume. The protein |
" ¢ solution thus obtained is precipitated again by adding 1ts own |
‘volume of the above described 4-M ammonium sulfate solution., The

new precipitate 1s left to stand- for 1 hour, at room temperature,

’and centrifuged off at lS,OOO X g, for 10 minutes, at room

temperature. The final. sediment 1s redissolved in 10 times the.

vffﬂa4ﬁ,original serum volume of distilled\water.

(f“F: Step 3o Chromatography on- oyrboxymethylcelluIOSe /CM-cellulose/
: The aim of this step is to free the preparation from all"

_ ‘but traces of 78 7”~5lobulin.v ' -

;w“¥;§‘ ".The chromatography column 'is packed with an amount of .
i_icarboxymethylcellulose /Serva, Heidelberg, 0,68 mEq/g/ caloulated :
ffon the basis of 0,6 g of CM-cellulose per ml of the' original

:”f{serum sample. Prior to use the CM~cellulose 1s washed for several'

Ch days by stirring in approximately 10 times itu own volume of O 25

~

N R CIEE LA TN PR RN e N . |
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o J ' ; 'g N NaOH solution, then with portions of distilled wator until
‘ 5 [* -1',; the pH or tho washing fluid ceases to be alkaline, and finally
| | : with several portions of McIIVaine phosphato-citrate burror or
_ : pH 5. 0. This buffer is made: by mixing 48,5 volumes of 0,01 M-
’ ?: o f citric‘fcid and 51 5 volumes of 0,02 M HagHPOg4 + o 2320. fhe final .
- ) 'auspansion is poured into the column and allowod teo sediment,
'fr‘}_51.= after which the column is washed with 50 ml of tho same burfor

_  | ; - " per gram of CM—celluloue employed
- :f;':fﬁ;i "The samplo to be chromatographed is dlalyzed (gainst 50

| Qtimos its own volume of the same buffer, at 4°' The outer fluid

1s renewed twice during the 24-hour.period of dinlyaia. Sotie

l‘/ ”.preaipitate will form and 15 rémozed by centrifugation, aftey
l”,“ ;'? T  which the ndmple is concéntrated to ono~quarter Lits original
. ;' '..‘f volume, by means of ultrafiltration in vacuo. The concentrated
5’.7;- %‘h,‘aamplo is now applied to the chromatogrephic column and recoved
ce el 1n'the effluent by washing the column with the same buffor; at
L room tomperaturo, until the extinction at 280 m/u of the effluent

dropa to the bassline value,

a2 3{_l Step 4. ChromgtogPADhY on tr1°thylam‘noethyl°°ll“1°’° /TEAE'
P eelluloss/, 3 ‘ -
A This step is intended to separate the 931A~81°bu11n from

- the acéompanying proteﬂns, mainly oc-globulina and albwnin, which
.are also preaent 1n the breakthrough volume from the CM-colluloso

| ';: oolumn.. - ,

| The dhﬁomatOgraphy éolﬁmn is paokad.with an amount of tri,

| ; athylaminoethyloellulose /Serva, Haidelberg; 0,68 niq/8/ cals

} ffj’Qf-- dulated on the basis of 2,0 g of TEAE~cellulose pep ml, of the

?yi s‘vf_ , original seum sample, Prior to use the TEAEselliulose is washed.

L | 'f]. fer several days by stirriﬁg in approximately 1ts own volume
Lﬂ"; ‘ of 0.5 ¥ NaOH, and then with several portions of distilied water
u 64 '

. |
) ;
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. of 0,2 M NaHEPo

! fi;on is continued with 0,03 M disodium phosphate buffer of pH
’._'-8.0 and the'effluent is-again'collected in 3 ml, aliquots until
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S

" entil the pH of the washing fluid coases to be alkaline, After
decantation of the final bath of distilled water, the slurry 1s

v"resuspended in lO times 1ts volume ‘of 0.2 M Na2HPO4 After one

"hour the buffer is removed and replaced by several portions of

distilled water until the.pH of the washing fluld ceases to be

b_alkaline. The wet slurry is resuspended in 10 times itz volume

4 and, after one hour, washed again repeatedly with

_distilled water until the pH ceases to be acid, The paste is now’

“suspended. in 10 times 1ts volume of 0.0l M disodium phosphate

buffeﬁ of pK 8,0, This buffer ié obtained by mixing 50 volumes

~of 0,01 M NayHPO, and 3'volumes of. 0.0 M NaH2P04. The final

suspension of TEAE-cellulose is poured into the column and

‘allowed to settle, after whiah the column 1s washed with 50 ml,

'-.4of equilibrating buffer per gram of TEAE-cellulose employed

-The sample to be chromatographed 15 dialyzed-against 50 times

~ its own volume of starting baffer /0,01 M; pH'8.0/, at 4°, The.

outer fluid is renewed‘twicérduring'the 24-hour period of dialysis.
The'sample is then concentrated to one-fifth 1ts volume by ultéé#v
.filtration in vagto,.and run into the column, Five times the
fcolumn'volume of starting buffer ié now pasé@d and the‘effluent
féiscarded.‘No protein 1s recovered at thils step, Elutlon 1s'

‘now performed with 0;02 M ‘disodium phosphate buffer of pH 8.0,

'.and the effluent 1s collected in 3 ml, aliquots, Extinction-readings
. are mdde at 280vm/u and elution 1s continued until baseline values

~ are again reached, Thls eluate will contain a mixture of Q“

'ﬂglobulin and 7 S Y- globulin 1n the proportion of 2 ¢ 1, No

' attempt hes been mado to purify this preparation any further, Elut-




| L.d
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the extinction at 280 m/u‘has returned to baseline values. This

product has,proved to be 9 ~globulin free from any contaminants

| iff, VL detectable by immunoelectrophoresis and immunodiffusion against

polyvalent, antiL?7 37, or anti-19 S 7’ antlsera. |

| “ . ‘Elution. 1s resumed with 0,05 M, disodium ph0sphate buffer

.'of pH 8,0 and continued until the effluent no longer contains.
any protein. This product still contains much 7] - globulin
together with approximately equivalent amounts of “?-globulins.
Separation can be achieved by means of preparative electtrophore~

. s8is, which will thus yield an 'additional amount of pure /,}”lA

L globulin.

Results and discussion ;
N - ‘Steps 1 and 2 may cause losses 0f %“;,-globulin amount-
;€v' ing to as much as 307 of the quantity intially present in the
i ‘: serum sample, About 60% of the amount of 3“1 introduced into
- ':, " the CM-cellulose column are collected with the effluent. From -
| this recovered‘amount about 28% 1is- eluted with the 0.02 M buffer,
©,16% with the 0,03 M buffer, and 5% with the 0,05 M buffer. The
L  yleld of the method is thus abﬁout 7% 1f only the product eluted
: . ;%JII at 0,03 M 1s recovered, andjthis can be raised to 8,8% if the
: o 1a from the 0,05 M step is included |
A ';\ . One advantage of the presently described method in compa-’
‘?i“ -‘fi nirison with the earlier zinc sulfate fractionation procedures
| ‘/l, 2;‘3/ is 1its excellent reproducibility. Another considerable
| ‘ advantage reslides in the purity‘of-the 9”14 fractions'thus.
N ?' obtained. Such products should prove most sultable for investigat-
“ions on the antibody activities of 7+ 14" -globulin,
 Native ¥ -globulin, as also the 7 S ¥ and 19 s %

: 1A
components of the immune globulin system, _consists of a hetero-

: j H% OFFIGIAL | U3 QHLY
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‘ ‘ftfgeneous pOpulation of moleques which -are distributed over a rather.
; gﬁgbroad electrophoretic speetrum of mobilities. One of the dis—
riﬁf}advantageSfof the presently described method is that the purest

1,
'

QZZUlA fractions here obtained appear to contaln a predOminant
ﬁlprOportion of the faster componcnt of 7 .family., The slower
jfportions are eluted with tho Q. 02 M fraction, which, as already

stated, 1s heavily conteminatod with 7S P-globulin,

R |
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‘,?? The Formation of specific 7. s and Macroglobulin Type Antibodies

RIS

in Chickens S - u' o - . ,
.o Cos A o . ) Vo o :
' : "’:.0';, . . . . ," " ..;.“;“V: ,_, M . l . ) ‘
A R TS S FE . C ‘ '
LR SRR .

Instituto of Microbiology, 0zechoslovak Academy of Sciences'
Prague, Czechoslovakia k (a ’

s

- The heterogeneity of antibodies has now been demonstrated

T e

'iﬁ. in different characteristics of the antibody molecule, i e, in

'\'

;"f serological properties, physico chemical character and in the

Rt

\;}”f antigenic structure /6/. Considerable data have been collected

Lo ‘on the formation of different types of antibodies. For example,

the immunization of rabbits with foreign erythrocytes led to

o e e e
Y

L
&
W
N
-
<k

‘.;ﬁ?f; the formation of antibodies which were mainly\of the macroglo-

BT

~bulin type at the beginning of immunization. while after repeated

{
'g“'“d s immunization a large- proportion ofxantibodies was formed with
1

3 v
E} :(’”é - .en electrophoretic mobility of gamma2 and a. sedinentation

? 'f;;?i;‘ constant of 17 8 /15, 14, 8/.. This time course Ain the- formation
;;> : ’ of” antibodies of the gammay i and gamma2 type was demonstrated
éig”‘ ‘;; o “in further types of oorpuscular and soluble protein antigens
él.g;(’«;: These facts, pointing to theainterrelationship»between the

L formation of macroglobulin and 7 s antibodies, were: further con-
. «gf> firmed by the finding that both types of antibody are also formed
'ff’;fﬁﬂi together in the lower. vcrtebrates /16, 17/ and’ bytthe fact that

'f a similar time course in the formation of the two types of anti-

Lo
. e R T ) "

. ~;.;f§1l bodies was found in the period of immunological immaturity /15 11/°
igl'g, ’ Little 1s ‘yet known of the serological properties of difforent

types of antibodies. It has been shown that macroglobulin anti-

'ffﬁéi bodies have higher haemolytic activity and bind less complement
f f ) A 'Fﬂﬁ : Hﬁéii U3k mm
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than 7 3 antibodies /14 8/ MacrOgldbulin antibodies are also’

~

e o Jdcessentially more effective in the haemagglutination reaction
-F:“‘r;ff,;:ztin which 700 times less macroglobulin than 7 S antibodies are
'1§f§3§lnecessary to produce the same affect /9/ . These results,

v:h0wever1 touch onlonly a small part of antibody activity and

H\;%ffdJ:?“ﬂ*it would be most impOrtant to carry out & comparison and
: '5idifferent serological manifestations on reaction with antigcn.

'42\;¥;¢?g1 ' _ We have attempted to make a comparison of the activity and -
f{?il t%ifu'vspecificity of antibodies of the macroglpbulin ‘and 7 S type,

SRy ;‘Chichens were used.as_the source of antibodies.since they are:

© very good producers of antibodies'to soluble proteﬂn antigens
UL -'and produce macroglobulin antibodies in relatively high amounts‘
Lt?dli"/l 4/. In addition antibody formation in chicken is véry rapid
E.a high level appearing even aftcr primary immunization.

A group of chickens /Leghorn, weight 1.5 kg/ were- immunizedt

”'“;ffwith one dose of 50 mg. of human serum albumin p- ~-azobenzoic acid

- . R .
. 1

:1‘l/p~ABA-HSA /9/ » ’
‘ji Antibodies to protein carrier determined by the haemagglu-yd
i?ptination of HSA. sensitized erythrocytes appeared in all chickens

ti‘f;ias soon as on the third day after immunization, whereas anti-, |
:‘:“{gbodies to hapten, aiso determined by haemagglutination, aid not i

'?fappear until the séventh day after immunization and then only

-

Siiin low titves similarly as’ described by Gold and Benedict AR
| The birds were exaan((ud.nated on the seventh day and the types
-5;;0f antibodies present in- the serum determined by ultracentri-
&"ffugation in a sucrOse gradient and by haemagglutination of ‘the

hseparate fractions. In accord with the data in the literature

SR /l i/ antibodics to HSA were of both the macroglobulin and
°a;”;1i§§ 7 S type On the other hand antibodies to hapten were exclusi-
Q{flii‘f vely of the macroglobulin type /Fig 1/ o L

P N N :
S R . : . . '
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47'5 :.Z ﬁ'_ Since in the first experiment we found that . after primary
immunization, antihapten antibodies were of the 19 'S type, in

:
&

i;i;. -8, further experiment we attempted to determine whether anti-,'

' 'if}\ bodies of two physico-chemical types can be formed to one

o determinant group, 1. e. haptenic grcup bound to .the protein

molecule. We therefore investigated whether antibodies of the

TR YR AR TR LTI RERT X L a0 e
. : . 3 '.4-' B .

ii}*? S type were not also formed against hapten on repeated immunizat-
ion. A further group of chickens was immunized repeatodly with _
40 mg. of p-ABA-HSA given intravenously at weokly intervals: |
Blood was collected on the seventh day after immunization before
giving the next immunization dOse. As evident from Fig.2, \anti«
bodies to hapten in the first two collections were .of the maoro-

' globulin type and after the third immunization dose antihapten

: antibodies of the 753 type appeared, 80 that after further immu—
nization antibodies of ‘both types were present in the serum,
‘These ; antibodies to hapten were dempnstrated by haemagglutination
of p-ABA bound by azo-linkage to erythrocytes. In this system,
in addition to the actual hapten, the amino acids, with whicA
diazotized p-ABA° reacted could form part of the determinanti
)group, whereas the other carriers,«i.e..HSA on immunization and
'erythrocytes on detoction, are “Quite‘" different, Thls donotes

“fthat both types of antibodies, macroglobulin and 7 S, are formed
.against the seme determinant group and that hapten alone or

)

'possibly a hapten-azo amino acid- residue /12/ are suffioient in' "

'both cases to produce a. pOsitive reaction. Bauer /3 demonstrated

o That tho two types of! antibodies have the same specificity
-h does not, of course, dcnote that both-: must have the same immuno-

| ‘Au'chemical prOperties, i e. .an . equally large combining site, the same’
” -ﬂ'space configuration of the combining site and therefore an equally

’
N\

'
S
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;fj}i'*tf‘ 19 8 and 7 § antibodies to the same hapten in rabbits, similarly, |

3

-




" Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 |

Y ‘I' A\ N ( . . ‘ ‘/
e . ‘ o © Riha -4

o ) !

. firm binding With antigen, Unfortunately, we could not used

antihapten antibodies to obtain more details about macroglobulin
combining site because these antibodiesloccured in too small
amounts in the serum and attempts to concentrate them were un-
'“"_:'i"successful In further expariments, therefore, we used antibodies

‘to BSA which were formed after immunization in sufficient amounts

¢ \

f»:for serological study..

R | The anti-BSA. antibodies were separated into macroglobulin and

fpk vf '”;f_V S typeés by filtration on Sephadex G-200, Antibodies from the
h defcorresponding fractions were-concentrated by precipitating the

: /f' rglobulins with 30% saturated sodium sulphate, and dissolved in4
| | -a small volume of saline, The sodium sulphate was removed by
~ filtration on Sephadex G 25. '

o :;\ ~We worked with pooled sera from three groups of chickens,
1.6, taken after primary immunization, after secondary immunizat-
ion and finally with hypcrimmune serum, Tho birds wore immunized

;‘intravenously with 40 mg BSA at monthly intervals, hyperimmune
.fd t;}";; serum was collected after the fifth<immunization. '
| In accord with the data in the literature, in all three groups
‘iwe found haemagglutinating antibodles in both the macroglobulin
"and 7 S fractions, Fig.s shows the eluates of the primary and
";f‘hyperimmune sera from the Sephadex’ column and haemagglutinating
v'.titres of the separate fraotions. It is evident that In the primary‘
~ .;"% seba most haamagglutinating activity was present in the fraction'

| ;1'containing macroglubulin and in the fraction containing antibodies_

| v; of the 7 S type anti-BSA antibodies were demonstrated only'after

'-;ri';concentration wilth spdium sulphate, In hyperimmune sera haemagglu=~
‘tinating antibodies were present in both peaks. A most interesting |
‘fact ‘was discovered on determining the presen@zof cross-reacting
.antibodies. If a comparison is made of the titres of haemagglu-

‘ f'. ) | . |
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‘ :tj ;“* 3 :, tination of erythrocytes sensitized to BSA and cross-reacting
with- HSA in the separate fractions of the eluate, 1t can be seen
that,antibodies crOssqreacting with HSA ‘are mainly present in
'ii:4 1 the fractions containing the macroglobulin antibodies‘ whereas
t . in tho 7 8 fraction thelr titre is incomparably 1ower as R
?2 ", ;pr compared with ‘that . _of anti BSA antibodies, - f ;
i p Antibodles werc further determined by quantitative preci-
o pitation. In concentrated fractions of antibodles of 7 5 or
V macroglobulin type the precipitin reaction was made in 0,15 M NaCl
and in 1,5 M NaCl to determine both types of antibodies /4/
In concentrated antibodies of the macroglobulin type we were not
ih':'- ;'_t successful in demonstrating the presence of detectable amounts'
of precipitating antibodies in any of tho pooled sera tested. How.
ever, in the case of macroglobulin antibodies the sensitivity of
‘ the reaction was greatly decreased since these antibodies pre=-
cipitate spontaneously so that the control values were 80 great

" that. thoy ‘dld not permit the detormination of amounts of antibody

~—

?;'{s of less than 20-30 sug Ab/ml.
ﬁf' : The precipitation of antibodles of the 7 S bype was posi-
| ‘ ' tive in 1. 5 M NaCl in all three pools of sera investigated, In
; o f;if‘ 0.15 ‘M NaCl the reaction was positive after the secondary 4 o -
r‘fﬁ “‘; ':: zation and in hyperinmune serum, but not in the primary serum.
" The amount” of antibodies precipitating in 0.15. M NaCl or in 1.5 M

NaCl varied so that the relatively highest amount of antibodies
A precipitating BSA at O, 15 M NaCl in- the mixture of hypcrimmune
| vsera similarly as was described by Benedlct.et al. /4/. This
ﬂ{ ' i | also,explains the increase in haemagglutinating antibodies in

. fractions corresponding to antibodles of the 7 S type during

immunization, since only antibodies precipitating in 0,15 M NaCl

b
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' - /4/ are efféctive in haemagglutination.‘
_ A comparison of the amount of type 7 8 antibody precipi~

“taﬁing in 0,15 M NaCl with haemagglutination titre of that

" frhotion showed that the sensitivity of the haemagglutination
' ,i7 " peaction s within the dsual range of sensitivity for passive

| .,1haemagglutination. If we oompare *he h gh haemagglutination

. tltres of antibodies of the macroglobulin type with thec negative

:reeults of quantitative precinitation /tht means that the amount
i{./'.iﬁ " of these antibodies was less than 30" jug Ab/ml/, 1t is evident

. ":;t ~that'thefmacrOglcbﬁlih'antipodies in chickens arc much more

active in hacmagglutinatlion than the 7 5 type antibodles. Evident-
“ly in passive haemagg“utination chicken macroglobulin antlibodies
'react similarly as rabblt ant:orythrocyto *lM antiv»odies, vhere
jGreenbury et al, /8/ founo that for produCLng the same haemato-

lytic, effect an incomparably gmallcr amount of maﬂroglobulin
,antibodies is needodthan An haemagglutination with 7 8 antibodies,

;l - We next attemtcd to dotermine the upocifici,y ‘and binding

Zpower of haemagglutinating antibodlcq of tho two types. For this,
.‘;purpose we used cross reactions with ES4 and inhibition of haemagw\'

5glﬁtination. Inhibition was studicd_bj adding 5 Sug of BSA or

'HSA to each tube of serial dilutionvof'the sera tested and by
R .}comparing the result'of'haemagglutinatjon with that of the controi°
o Fig.4 givcs/a comparison of the reactions of all throe' test

-sera, It 1s evident that in cross reactions the antlbodles of thc ,

_two types differ considerably. Antibodics of the anti-BSA macro-

»V;. ‘globulin type give cross roactions with HSA sensitized erythro-
| “‘cybes to a high degrec'in all throe'caecs: In‘tho case of anti-
‘bodies 'of the 7 8 type cross-reacfioms were essentlially less,
~i.e, these antibodies showod a fan»higher specificity to BSA.

v_”, "Similar differences were ? tﬁy ip t@@ &ae?agglutination in-
o Sﬁ i‘ aﬁ’ﬁ- &uﬂ‘h bhi—
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‘: hibiﬁon reyction, Macroglobulin antibodies were only inhibited

; by homologous antigen to a. small extent, whereas the reaction

‘of the 7 S type antibodies was almost completely inhibited by

, homologous antigen, On comparing the results of cross reactions

of macroglobulin antlbodles from the samples tested no essential

‘t\differenoes could be found; 7 S type haemagglutinating antibodies
" on the other hand cross react in hyperimmune’and gsecondary sera

o less than do antibodles in the primary sera,

 The high degree of cross reactivity of macrOglobulin antl-

b‘bodies can be explained in . two ways. First, by a different “me-
o chanism of formation of these antibodies and thereby a different

. degree of response to separate determinant groups of antigen

‘used for immunization, which could lead to a higher formation

| - of antibodies to-determinant groups common for related antigens,

The secondvpossibiiity expianation 1s that‘the comblning site
of macroglobulin antibodies i1s less complementary to the deter=

minant group of antigen which would permit a higher degree of

. eross reactivity;'The‘lOWer degree of complementarity could

“be due to the'combining sité”iﬁgilér in macrogiobulin antibodies
than in 7 8 antibodies or to 1its being less exactly dellmited
in space /less rigidity of the structure of the site of linkage/
If the second explanation of the high cross reactivity of"macro-
globulin sera, l.e.dlfferenés in the combining slte of antibody,
were true, this property would necessarily manifest itself in

greater dissociation of the antigen-antibody complex. This

o corresponds to the results of the inhibition reactions which

show | that the system macroglobulin antibody- BSA~erythrocyte
is only very little inhibited in the presonce of free antlgen

s which 1s evidently due to the high dissociation of the antigen-

l antlbody complex,

: Decnlassifi‘ed in Part - Sanitized Copy Approved for Releaee 2(.).1 4/01/15 :_CIA-RDP80-00247A004200090001;4




rDeoIa§siﬁed‘in Part - Sanitized Copy Approved for Relea_se 2014/01/1‘5 : CIA-RDP80—00247A004200090001-4

e R

e _ Rina -8
; ;‘ | o Summariz1ng our results ‘we can say that macroglobulin
B antibodies have different prOperties from 7 S antibodles, Both ty-
. .-';pes of antibodies can arise to the same determinant group but
: ; the specificity and‘firmness of sthe binding of macpoglobulin
E . ﬂif'entiEOdies is lower than that of 7 S antibodies.
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Formation of 19 S and 7 3 ZPype Viral Antibodies, The Rolo

and Nature of "Antibody Cofactor".

B;ﬁtyk and L,Hina

Institute of Virology, Czechoslovak ncademy of Scionces,

Bratislava, Czechoslovakia

In rccent years data have boen publishod on thé formation

' of 19 S and 7 S typc antibodies in response to various viruses
/6 7, l.et al./, In our contribution, rindings will be prosont-
ed mainly concorning tho nature of antibodles to influenza
virueesi 4 further dlfference in the character of anti—influana
vantibodies will be described in addition to the 19 8 - 7 § type,
i.6, the change in their ability to be potentiated by the
so~called "antibody cofactor". We will show that misloading
results in tho detection of 19 S ,and ospocially of 7 S influenza
.antibodies can be obtained if the additive effect of cofactor

is disregarded. Somo characteristics of this'serum component
will be thercfore presontod first.

/

We found /4, 5/ that the. titros of spe¢ific influenza anti-.

. haomagglutinins decreased after heating of antisera /56 °C/30 mins./,

1f 'a "non-avig" nz influenza strain /i.e, a strain of low anti- -

2 body: sensitivity, also designated A2~ /cf 2/ was used as antigen

. ‘}‘

in the haemagglutination inhibition test /HI/ The decrease was
quch more marked in sera taken after first virus administrations
than in hyperimmunc sera /Fig.l/ It was possible to restore
‘the titro of HIT antibodies to their original, or even to a

'f higher, lovel /Fig.l/ by adding normal unheatod serum containing
" no inhibitors to 4R-virus, | ' ‘ e

Vo
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",The fact that the activity of heated or stored 1 nmune

eI ".'f.lz«?"-ﬂ-"f'

sera incroases after the addition of normal unheated sorum, |

s not a new finding 1n virology /Gordon, Mueller, Moyer, Morgan,
Whitman Leymaster and Ward ‘Chanock, Casals and others/, Our
exporiments, however, 6ffered evidence that at least with
inrluenza viruscs, the potentiating factor is not complement

- but an entirely differcnt thermolabile sorum component We
prOposcd the nome "serum cofactor" or "antibody cofactor" for

this component : _av | '

] ' : Several approaches were used to prove that the cofactor is

‘,} not identical with complement or its components /C’1 - -¢° 4 2

Clear evidence was obtained when comparing the titres of cofactor f

1]

and c’ components in sera freed of complement by binding on 'the ~

D antigen~antibody complex. Further substances with anticomplemen—

v tary activity, such as dextrm sulphates, heparin, pelentan

j and trypsin, or tho removal 0f the c’3 component of complemcnt by

L

3 zymozan treatment do not substantially affect the cofactor

titre. Thc prcsence of EDTA, which blooks .the activity of C'1
icomponent of complcmont, doeshot inhibit the cofactor activity
. in human, mouse,. pig, piglet and horso sera.

| With some . animal sera we were successful in separating the o=
factor rrom the components of complements, using gel filtration.

Separation of guineca pig serum on Sephadex G-2OO is illustratcd

in Fig.z Cofactor activity occurred mostly in the first peak

S SN

.3€‘ containing the macroglobulins, whercas the individual complement

‘, ;53 romponents were mainly present in the 7 S peak It must be addcd

that with many other sera the first c’ component was: also detected

F . \

1n the macroglobulin poak, /¢’ components weore detected using

reagents R1, R2, R3 and Ri,

o v ‘ j

oy ~ S ; : S
L : i ) - i
oo o , .

o N\

2 ¢

deficient in the respective C’component/,
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On poper electrophorosis, the cofactor from mouse ‘serum
j:o | . ._movod along with . -plobulins. On 1mmunoeleotr0phorosis, tho -
b,;-~ : cofactor activity of bovino serum wds bound to the fa-macro_

o "f_ : globulina. The macroglobulin character of cofactor from varicus
'i>>'.,animal sora was also dcmonstratod by density gradiont zonal
f;': ['- centrifugationl/a/ In Fig.3 the chrOglobulin nature of mousg,
/ | ~ bovine and pig cofactor As evident. However, tho cofactor

from serum of newborn unsuckled piglets\is of lower molecular
_vweight showing an spg y value of 3.0 to 4,0 S, Tho smallor
"moleocular size of piglet cofactor was also confirmed by ‘chromato-

graphy of piglet serum on Sephadex G-200 /Fig.ﬁ/.

- - Now some remarks on the 19 8 and 7 S influenza antibody

R R it

formation. The character of antlibodics in rabbit serum taken

o

lO days aftor administration of non-avid A2-iInfluenza virus

£

e

. ;7;_ -1s 1llustrated in Fig.s. 'Both 19 S and 7 8 antibodies can -
' be dotectod in unheated samples against tho homologous antigcn.

‘The titres of those antl-haemagglutinins docrease aftor heat~

w———— e
AN

ing /56°C/30 mins/ but can bo restored by adding cofactor in.

tho form of normal mouse serum, ;'Using pﬁe A2+ virus as antigon
| in tho HI rosﬁ “the 7 s globplins'can also be detected in this
~-antiserum, though in a low titre, which 1is rather suror131ng.

We cannot sqy, however, in what quantity 19 S anti-A2+ anti-

' bodies are prosent in this antiserum. Tho samplos from the

ST S YT g, e S 3
o s L .o A
-

.macroglobulin peak show quite high HI activity, but wo

T . found that tho nonspecific 7*inhibltor /against A7 + strains/
tis presont in this peak aftor Sephadex chrOmatography of

nermal Yera,

, The Sephadex separation of another rabbit antiserum is

_illustrated in Fig.6, Tho serum was taken lO days after A2+ the

FUR Bfﬂﬁiéi USE GMY
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| administration of influenza virus. Tho - formation of 7 S antl- ‘
bod&es against the homologous antigen is obvious, The 19 S antibo-

*7_ © - ales aro alsd probably present but - as in tho previous case -

“they cannot be differontiated from the non-specific ¥ “inhibitor,
~ Both'19 S /in a small quxntity/ and 7 S antibodies can be detectod
:‘%G.‘against a non-avid /-/A 2 strain, but only after additiondof ‘tho
sorum cofactor, the importance of which thus becomes clearly
o evident : v v ': o _ - .
_ Extenalve. immunisation eXperiments on white mice revealed
f‘:creat variability as far as 19 S and .7 8 antibody responsc 1is
‘concerncd. There wore cases. where 19 S antlbedy formation precedod
g ‘that of 7 S antibody, as expected. However, in other oxperiments,
:‘i: A,f 7S antibody appeared simultaneously with and in equal or even
| higher amounts than 19 S antibody. This océured on the Srd ~,5th
day. Detoction of antibodies . or their titre ~ dopended on -
; - whether serum cofactor was present in the respcctive fractions.
L il.‘ Fhis 1s especially true of 7 8 antibody, “becauso owing to the
o o macroglobulin character of cofactor,.the later was not present
: in fractions fron the 7 8 globulin'peak. A similar case 1s shown
- ‘f in Flg.7 which 1llustrates the separation of mouse serum taken
- 5 days aftor virus administration. Judging from results whioch
t;‘samples tested in saline a small amount of 19 S and 7 S antibody
. should be present, However, ir the same samples &ro tested with
cofactor added /i e, using normal mouse soerum l: 15 as diluent/,
);_tho detected amount of 7 S antibody increases considerably. This
""1s also true for virus neutralizing /VN/ antibodies. /VN acti
vity was tcsted only in fractions from the top of the first and
. .socond protein peaks/, In many cases the activity of 7 S antibody
"i; was much more enhanced by the cofactor than that of 19 S antibody,

o —

i . -,
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 On sumuery, we would like to point out that in addition to
2f " 'j_‘the.repiacement of 19 S by 7 8 antibodles, & further change‘iﬁ
" the charactor of antibgdlos from "early" and "late" influenza anti-
‘sera can be observed, i.e. thelr ability to bo potentiated by tho
f‘-"antibod& cofactor", The former change'/19bé‘~ 7 8/ 1is usualiy
._..more rapid and does not coincide with the latter because anti- -
b.hody which 15 and that which 1s nbt éotentiated by the cofactor
‘can be both of the 7 S type. '
Serum cofactor does not play any role in the activity of
antibody /olther 19 S or 7 S/ to bacteriophage (13X 174, Our
| re;ults-of 19 8 and 7 S antlbody formation were similar to
éf . 5';£hose in eXperiqents of Uhr and Flnkelstein /7/; However, in
f_ugddition to the 'sxpected sensitivityvand Insensitivity of 19 S and
f. E t:"of 7~S antibody, réspectively; to méroaptoethanol, we observed
;;' i ° the formation in rabbit of 7 S type gnti-phage antibody which

- .. .was sensgltlve to 2-mercaptoethanol treatment,
i : ‘
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The Occurence and Significance of Natural Antibodies e

o j _,‘: f t,a\;“l
-S.Boyden L
s . S .

: l John Curtin School of Medical Research Australian National

| University, Canberra, Australia
:%l? ;o The means by which ‘the antibody~forming system discriminates .
'néf between material ‘to which 1t is naturally responsive and that to
“vawhich it 1s naturally unresponsive is unknown, The point is a -
L very crucial one in immunological theory /20 19/ and know-'

1 ledgo of the mechanism of\the discriminatinn would tndoubtebly

'formation. ,

A similar problem faces those who are interested in phago~
-cytOsis, for the phagocytic system of multicellular animals also

‘possesses a remarkable discriminative capacity. The resemblance

":efof these two problems is indeed close, 'for in each instance the
cells appear to recongize and respond positively to the same

1category of substances. in both the antibody-forming system and

“the phagocytic system, the response appears to be elicited by

ff Imacromolecular groups which are not normally present in the body

fluids + /6 7/- A difference between the two problems is that

";]recogniticn by the antibody forming system seems only to apply to

§ 7 e s - .
.

"'+For want of a better term, the word "foreign will be used to

.ftidenote\material whother autohhotonous or of "extrinsic origin, WhiCh

© i dg not normally prosent or expOsed in the body fluids,

4

4
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vertebrates, whereas recognition of foreign matter is a
property of phagocytes throughout the metazoa.
The suggestion has been put forward that the means by which

: phagocytes, in vertebrates and invertebrates, identify foreign

matter i1s the same, or at least very similar, to that which
:operates in the immune response’/G 7/ It seems reasonable to
since a very efficient mechanism of discriminat-
lon between foreign and not foreign matter was already present
in the invertebrate ancestors of the vertebrates, the same mechs-
nism may have been utilised during evolution to form the basis
. ofdiscrimination by the cells responsible for the production of
antibodies, It must be admltted that -this concept is not conL
patlble with the clonal selection theory /19/, according to which

immune discrimination is due to the presence in the body of a

vast number of genetically different cells, each responsive only

to one or a few forelign antigens, and to the absence of mutants
which would be capable of responding to normally. exposed self~

components. Obviously such & mechanism could not account for

'discrimination by phagocytes, which are multipontential with s

regard to the macromoleculas which they appear to recognize

as foreign. However we feel that a more complete examination

- of the problem of discrimination by ‘phagocytes might help towards

an understanding of the first essential step In antibody formation-

_“\the recognition of foreign antlgens,

may be termed "recognition'factors" /24, ﬂ68 39, 58, 5/,

A numbér of theories of antibody formation require the

existence in the body fluids, or on the surfaces of cells, of what

9]

- According to these theories, recOgnition of/ the antigen depends

\ .
on the presence of special substances which combine with foreign

“determinant groups in the initial stage of the process of anti- -
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 e——

AT o T R PR R T T SRS LA ST AT ST T
.. - ] g

Declassifié_d_in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4

: L Boyden = 3
body ‘formation, serving initially to link or associate the
fofcign’moloculelwith certoin cells. Only reoognition factors
;'reactivo with fOre;gp of unfamiliar determiﬁant-groups‘a;e
presént. . PR |
iTheSé.intfoduotéry.remarks provide the background to
- our interest iﬁ "natural antibodies", The question we ask 1s-
whether'"recognition factors" can be detected in non-immunised'
“animals, and whether natural antibodles, or certaln types of ‘
| ‘natural antibodies, mlght be the postulated recognition fact ors, .
: At tho present state of our knowledge the best we can do 1s to
consider whether the information dvailable about natural anti-
ﬁodiea is compatible With this notion, and we will do so bearing
in mind»tho concept that recognition by phagocytes and by the
‘antibody-forming-system may be due to essentlally théJsame‘
'meohanism; ' - | ‘
At. this point something must oe sald about the term "natural
_antibody", in order to ovoid os far as'possible, unnecessary seman;”

_tio dcbate. Difficultics arise if we follow rigidly any of the

_usual. definitions of antibody. Some dﬁflnitions, for example,

R f' Vinslst that an antibody must be a globulin, But if we find sub,

stancos in the blood of, for example, an'invertebraté with the

“same sort of biological activity and function as the gamma;
globgiin antibodies of vertobrates, but ﬁith different electro—
‘,pboretio\mobility - are we then precluded from calling ‘them

. antibodies? The requirement that anfibody should react specifically
with antigen ralses difficulties which will be mentioned below,
Biologioal'activity does not provide‘a good basis for a definition.
Many virologlsts use specific neutralisation of virus infootivitf
as a test for antibodios;'novertheless gamma;globulins arelsoﬂe-

L]

‘times detectable in scra ¢f immunised animalo which react specifi-
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cally With virus, but which onhance its infectivity /3Q/ Nor can

Ef‘f‘;éféoi phenomena such agglutination,'complcmcnt fixation, opsonisation g
ﬁ? QEp.~3 ’etc. be used as a basis for definition, for not all antibodles ' ’
?ﬁ ;fc”él give positive reactions in these tests even ‘when the antigen 1s

f} L;.iﬁ?’{ suitablo. j.v ‘ ; o - . B E .
i;:i?'_.“z Y Further discussion on this ‘point is not worthwhile. In this

EF f};igf.; paper,:the term natural antibpdy will be used in a very broad

:‘ i'ité ' sense for substances /probably always protein/ which are present

fiiﬁzﬂ i; in the body fluids of normal animals and which can be shown to
Gilo:"ééf: combine with foreign matter but not with normally exposed "self— :

®
v

components it is. assumed that natural antibodies have some

i role to play in keeping the tissucs free of extraneous and

%ffﬁgf:éf§ ’ unwanted matter: although this function is not of course, always

g' ?tx~ demonstrable. ' |

%ﬁ;o?o'hyﬁ Natural Serum Antibodies : K

ga‘*z.#?zs. @ccurrence | - ‘ )

%, ! &,‘zﬂ’.\ * The fact that normal sorum from many different species of

é{ . E"f' vertebrstes contains substances with physico- chemical and bio- L
2' 5qf~§'} 1opioa1 properties similar” ‘o those of ' tho antibodies which '
%; f?'” lappear,’ usually to much higher levcls, follcwing immunisation

gf I“é %nqs bcen known since the-end of the last centrury. The referen—
t&;i‘ffé'ﬂ ces in the litcrature to such natural antlbodics arec innumerable,
!§335??§é‘? 1t is almost impossible to pick up a number of a current immuno-

i¥: -E logical journal which. does not contain somc refercnce, direct or

i; '.%{f indirect, to natural antibodics; The subject has' frequently been

iv ,é discussed in textbooks and review articles /88, 73, 47, 50, 71/, |
si.i . E-] o Natural antibodics have beon describcd in vertebrate sera

;r | . i/f:reactive in one test or}another with very many different kinds of

{ 3; A;:{ bacteria /see reviews mentioned above/, with bacteriophage /40,.80/; a

=

i
§ ’ :
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zymosan /61/, starch particles /62 81/, protozoa /72/, fungi “

' ;?ﬂ_ P Boyden -5
;'a:ig /15/, etazoal parasites /70/, heterologous and isologous ery~
throcytes /56 31 2 47/ and mammalian tissue cells /48, 77/
“';pé'».Sera oi normal animals»have<also been: shown to contain’ anti-

| u'bodies@against components ofzthe.hOSt not normallylexposed in the
T%_r circulation including spermatozoa /03/ and extracts of various
:‘* tissues /45 9/ | ’ , o a
G Natural\antibodies'appear to have ‘been demonstrated in sera
.;‘Z of all, vertebrate species cxamined including reptiles and fishes
_ /see 72/ Some authors have attempted to ‘rank different species
‘byi‘ﬂ according to the levc1 of natural antibodies in their sera /18,
l.f-~ T\ 41 28/,,but the usefulnems of this procedune is - doubtful, espe-

) cially since ‘the authors differ in the order in which they place

B CPE . -
3 ol . . ?
PR : s . \

= dj':jlj the different specles, = . L o

Y

EISL? ’iéﬂ ,j Q There are also many reports oﬁ substances in the body fluids

;fQ of inveptebrates with in vitro biologica activities similar to

various animal cells etc. have been described /91 35, 21 84/.
_'. 7 It 1s thus cloar that normal sera from all’ vertebrate- animals
'i: and many invertebbatesl possess antibody like activity detectable
i; ;2:;; by one procedure or another against a vast array of antiéens. In
J?\:l%' connection with the present topic the 1mportant questlon arises

: _whether or not natural antibodies detectable in thc sera of verte-

5?57f479 perhaps fron a foreign macromolecule which shares determinant
- groups. with the test anticren. Many authors /e.g.8'7/ believe that
this to: be the case 1in the vertebrqtes ‘and there can- be little ,
_-Goubt that some of the. antibody activity of normal serum is due to
this causei There is plenty of evidonce that many antigenic deter-
u'{ minant groups are sharod among microorganisms and animal tissues,'

L RIS - o : 4 . :
o : T ot ) v : LI

B T L S . St

k Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4

those of antibodics in mammals. Bactericidins, haemagglutinins for

P,




" Declassified in Part - Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247AQO4290090001 4 : 1
I : ‘ ’ : : . ! ° " . L . . .

i AP ' !
AN A R ) 4 ' i

LU L § 4 S jf i o Boyden -6
TR S : : D : ' :
{. 1 : .

the Forssman antigen is the most wells kn0wn example /26 is, 4/

The fact that titres of many natural antibodies increase with

(]

i? : age ig oompatible with this view /2? 88/
i: - If all natural antibody activity were the consequence of
l'éf‘previous antigcnic stimulation, then the idea that the postulated
;:.recognition factors are detectable as natural antibodies ~would
‘obv1ously not be tenable. However although stimulation by cross-
"reactlng antigens is responsible for some of the antibody acti-
’ _vity of normal serum, partlcularly when high titres are demonstrab--
'5Lf1’7v; le, dogmatic statements that all antibodies detectable in normal -
3 serum are the consequence of antigenic stimulation are not
/ JUSuifiCd at the present time. Some authors, in fact take the
©view that both the level' and the speclficity of natural anti-
o —bodies are genetically determined /53 42/,'and there are several
Astudies indioating that genetio factors’ control the level in the
'serum of certain natural antibodies against heterologous antigens
| /52 74, 75, 44, 56/ It 1s well know, of course, that the
hhé production of certain isoantibedies is under genetic control
| The: question can be put anothcr way;/are natural antibodies'
| detectablo agalnst all the antigens against which the host is .
Lf»capable of respondlng immunologically9 An affirmative answer - to
7 this question would be strong support for the recognition factor A
hypothesis, but unfortunately, available evidence does not Justify
-a definite answer one way or the other, The problem does not-seem"

‘; to ‘have been attacked systematically, perhdps because the task would

!seem to be too stupendous. However, a single ¢lear demonstration'

'V”that "natural” antibodies do " not exist against .any s1ngle antigen .
to which a given’ animal is immunologically responsive would be: -

dufficient evidence to eliminate the hypothesis that natural anti-

i : X B .
. X L . . . -, . ’
. [ : . S
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EEREN bodies are the recognition ‘factors for acquired immunity. Even
in such a case, one could always argue that the test used was .

Fii‘ - not sufficiently sensitive. Certainly a negative result in one

of the classical techniqucs, depcnding on agglutination, passive

i '.‘ ¢5~' ”vhaemagglutination, bactcrial activity and so forth would not

| " warrant thc conclusion that natural antibodies are not present,
{t 1s sometlmes stated, for instance, that normal guineapig: |
.sernn contains no naturdl antibodies reactive with sheep erythro-
cytes /e g. 54/ The resuls gilven in Table 1 show this statement

\

o to be. incorrcct It is true that normal guineapig serum does- not
o i

avglutinate sheep cells, although it has fairly high agglutinat-

Ca

B L BTN
e XS o K 3

ilon titres against pOssum and rabbit red cells. However, if sheep

P

cells, after erxposure to dilutionsiof normal guineaplg serum,

e R

P

. are washed and resuspended in rabbit antimguineaplg serum, they”

gslutinate to a titre of about 1/2560 of the guineapi serur,
The factor 1n the guineapig serum which renders the sheep cells
‘ .Aagglutinable by rabbit anti*guineapig serum is specific, in that
% ) ' absorption of the serum with' shecp cells completely removes 1it, E
? "; A : but leaves the titre against rabbit and possum red cells un-
e T changed, o |
| Another gource of: error-is the possibility that the test

~mixture may contain‘substances which interfere with the - com-

e e S Y S e e T

.bination of an antibody with 1ts antigen or with some observe- |
A ~able effect of this reactian, It,has been found that certain anti- -
| ;\ .I‘becterial antibodieslintcrfere with the bactericidal actlivity of ¢
?"_ "L other antibodies reactive with the same organism /1/, Thus, nega-
; : gli;_" tive results of a test‘which deponds on some seconaary manifestn
@ . ;i,_ ation of antibody-antigcn interactiOn ccrtainly cannot be takcn

', as- evidence of the - absence of antibody. ' ) : |

o oot

Declassified in Part - Sanitized Copy Approved f_ot R_'elease 2014/01/15 : CIA-RDP80-00247A004200090001-4 -—'/




R BE e

Declassmed |n Part Samtlzed Copy Approved for Release 2014/01/15 CIA RDP8O 00247A004200090001 4

LR FGH emam mvsB;.Yd 8

't .wif “«.\A Although an answer to tho uuestion whether natural anti~ oy
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AT TR

'i: «JVf bodies to: alr potential antigens are present in vertebrate sera

/ ‘»

-

is not yet permissible we cannot but be impressed by the fre-:'
queney with which natural antibbdies are found when we. look for
;rthem. BSY is relevant here to ‘recall that it is & common com=-

'”'tﬂ{; plaint of very sensitive serological ‘tests that "non specific"

~ I

f_reictions are obtained with normal sera.

Heat stability '. ’ . _
; R lt i sometimes stated that natural antibodiep in mammals ‘
are heat labile /56°¢/, . whereas "immune antibodles are stable at
-this temperature /75/ However, the 1iterature on this pOint is "
'éj. extremely confusing, and it would not be worthwhile to deal with\
{::f i thetquestion fully here. Some of the contradictions may be due to

7 the fact that heat treatment has been carried out at differont

5‘;7;‘. ~rogen-ion concentrations~or at different dilutions, ‘factors

ORI \'h:l.ch ¢an influence the heat lability of proteins /78, 55/, THere

Vi

m?{(.' 3} ciuding the faet, often’forgotten, thht heating does not mcrely

g;f‘ S destroy the chemical activities of certain labile substances, it

'iA'.f“ l‘

,also results in the production of new activities which may inter-
» /

O fere 'in some way with serolo&ical reactions /11/. One view that
SR
"~ has been expressed is: that among the bactericidal substances in

-

normal serum, those active against gram-negative bacteria are re-

Ronlhean il o - Ca 2

' :latlvely heat stable and require complement for thelr activity,\
;5 }" ’while thosc active against gram—positive baeteria are relatively
ggxl'ﬁ; less rGSistant to heat and do not require complement /e, g.'staale
?Jiyif{;gat 57.59¢C,/ but labile at GOOC - /55/ /, but there are many contra-
Ef;iziﬁ;.dictory\rcports on this point /?3 81, 32, 25/ Thc significance -

SR of such'differences is not clear, but tho work of Kleckovski /ﬂ5/

T ponUFRCIAL USE ONLY
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f? are many other factors which may contribute to the confusion in- -

\
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':‘:with normal sera from diffcrent speciesq

",HSpecificity

L.d

g

L :f R ? ; "-{ :

v
H
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Ve . . R ! . . .

f:'and of Bawden and Kleckovski /5/ suggcsts that apparent aLf-
'iferences in\heat stabiltty may in fact be due not to basic '
"‘}differences in the antibodies themselvos, but rather to differen-

..;fces in the antigenS.‘-A TS

3 i

It would not be useful here,to attempt to. compare in much"

';detail the results of different workers using 50 many differcnt_

ftechniques to study different readtions of different antigens

3 N ) . ]
L ted,
!

The gencral statement is often made that true natural anti-

) !
.

bodies .are less specific than "immune .antibodies,.and are loses - .

easily absorbed out of serum, /88/ On the other hand, there are

’ many reports of highly specific antibodies in normal serum /CeE

‘.iw

/

60, .59, .1, 81 36 31, 17/ Two factors need to be ‘taken into
[t f

account in this connection. First the difficulty in completely

absorbing antibody activity out of normal serum ‘as compared with
\ /,

immune serum does not mean that there is any fundamental physico-

1
t

chemical difference between the antibodies in the two cases, . ‘ l B

it may mean - only that the proportion of antibodies with high
avidity for the antigen is greater in the serum of an immunised

animal than 1in normal serum, a fact which may be .antlcipated from
\

' any selection theory of antibody formation /76/ Second when

comparing antibody activity against different antigens, the denon-

stration that - the antibodies against one antigen are mar e specific‘

-~

than thoae against another does not necessarily mean, as 1s often

implled that one is dealing with two different Kinde T e

t

"of antibody. In many such cases it is Just as likely that 1t is

the antigens. which differ, one being more common in nature than she

/

“ other, - Thus; relative non~specificity can be anticipated in anti~

t . ¥
. . - 4

' -
- )
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. '?% bodies reactive with polysaccharides, since there 1s, much more

?f§'ﬂ§t. sharing of determinant groups among the polysaccharides in dif-

. ferent species of plants and animals than amOng the prd:eins.,

A

U Some recent experiments in our 1aboratory have confirmed the

e suspicion that there is an apparent trend uowards a decrease in
LU v ‘
: lll' specificity of - natural nntibodies as we go backwards in the -

S evolutlonary scale, = - j g *". -

\ . -

iaﬁ\;‘\, Tyler and Metz' /84, 8*/ have suggested that the body fluids.

_ of eertain invertebrates contain relatively few antibodies re-

{ \ -

i {

in accepting this view and further work needs ‘to be done on the

|

‘;f.subject,

. . X
. [ N
. .

: "“}.T“,'- Im has been known for 70. .years that phagoéytOSiS bY 1euco-.

3
:cytes of mammals is promoted by components of normal serum which

were called opsonins by Wright and Douglas /89/ Opsonins became,
: adsorbed onto the surfaces of foreign particles which are thereby -

,";: rendered attractive to the phagocytic cells, MUCh work since that

| time has shown that in moat cases two factors in normal serum are

o " involved in this activity, the one heat stable /5600/ and specific’
- the other heat labile and nOn-Spelelc. The latter factor is often
',ﬁ, considered to be complement the Pormer is natural antibody. There
. iis, however, no general agreement in this field /see ll/, it has,
‘ L{;% recently been claimed ‘for example, that the opsonic activity ‘of.
| normal rabbit serum against certain bacteria is due 'to a single
non-spepific heat lablle substance, which 1s not complement /52/

- While there is still, some cor’usion as to ‘the exact nature of
V?? az, l the Opsonic factors in normal serum, there is no doubt that

\

. \ . .
t . .- i

Recognition by phagocytes ' f :.rfjf~ | - o e

e i

A\l‘f active wmth animal antigens, each specific for an antigen characte-

"ristic of whole groups of animals. There are some difficulties R

\
|

o
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v serum factors which combine with the surfaces of foreign par-
e ticles are of immense lmportance in phagocytic recognition, In most
cases. no interaction oceurs between phagocytes and partieles if .
the\latter are not coated with host gamma-globulin
’ [T

v Therc is evidence that natural antibodles also play an

_'essential role as: recognition faetors not only in the actual

LTINS o e e e T e
¥

process of phagocytosis but also in the first phase of the -

leucocytic response to foreigh particles - chemotaxis. For

R e e

instance the chemotactlc effect of cellulose, and foreign

fc_ $;V_;.‘ red cells on rabbit polymorphs depends on the adsorption onto
;sg\'~'lii the surface of the particles of serum components, The results
5?;<“. - summarised in Table 3 indicate that cellulose 1s not chemo-

' tactic for' polymorphs in medium adsorbed with cellulose In the \

cold, althoughtsheep red cells are chemotactic in thls medium,

Convereely, in medlum absorbed with sheep red cells, cellulose
elicitsva response, whlle sheep red cells do not /not shown

B in the Table/, As in the case of complexes between soluble anfi-
‘gens and their antibodies, the chemotactic response seems to

o F : =;. depend on the interaction of antigen-antibody complexes with

| o T . non~specific heat labile OOmponents of serum,.

| Information bearing on thc mechanism of recognition by the

;i'phagocytes of inverteprates is almost entirely lacking. However, . .
;in some recent experiments in vitro phagoeyteas of the snail

'b/Helix aspersa/ were found to phagocytose formalinised sheep
red cells in balanced salt solution only if the latter had ‘been
pretreated with snall serum /North and Boyden, unpub]ished/

',Earlier Ruediger ‘and Davis /67/ demonstrated "opsonins" in the
blood of a number of 1nvertebratcs active against 8 number of bactc;;

{1 , 3 ria, Unfortunately these authors were studying the uptake of the

- Declassmed in Part Sanitized Copy Approved for Release 2014/01/15 : CIA-RDP80-00247A004200090001-4 ——**
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%i:‘ ::E’ treated bacteria by mamma]ian phagocytes in me dium cortainin§
S ?,{ mammalian serum. Thus, while +hey certainly showed that the.

l C insect blood modified the surface -of the bactezia, they did not
eliminate the p0ssibility that the opsonic activity migh have
;1‘;£\. been due to the adsorption of mammalian serum components onto

the modified bacteria, perhaps by reacting directly with ad-

sorbed insect protcins.(

Efc»t ft_». Cell- bound recognition factors

| f}?i-;. It has been suggested that the specific host substance vhich
%;;{:;5';: ‘combines. with the antigen in the intial phase of ‘the immune‘ . '
”i-f~.'§*_ response is present on the surface of the potential antibody-~
_producing cells /24, 58 5y 6 7/, In this connection 1t 1s
"pertinent to mentilon. that there exists in rabbits a kind of

antibody which while present in the serum, also has a strong

,affinity for spleen cc]ls /13/, ‘The cells, when coated with this

fﬁj‘;ﬁ~“?_ tantibody, are capable of specifically adsorbing antigen, In-a
» 1~recent'study a similar “cytophilic“ antibody has becn demonstrated

b“.%' 7’_ in g,uinu,apigs in'-lunised with sheep red cells mixed with complete

igngs =
AN

"-Freund 8 adJuvant and in these experiments its presence was

/
~f.f' ;{’ found to- be correlated with the existence of a state. of delayed-

e ‘;0’

:vatype hypersen51tivity /8 lO/ Guineapig macrthages which have

lﬁdtf ; ?J{ been treated with-this antibody have a strong affinity for sheep

‘éptgl_fl-i-red cells, and cytophiiic antibody can ﬁhcrefore be said to piay.

; | cla role in the reco nition‘by these cclls of the forelgn particles, °
Eﬂ;’fb:c~ There is also some evidenee su&gesting that an antibody of this

. g type,, present in normal’ gulneapigs, ls important in the reeognit-

;}‘f' ) Vlion by. macrophaées of'effete*autochtonous er&thrOCytes /85- 86/,

:_é;.,The significance of natural autoantibodies has benn discussed |

2 ﬁj, elsewhere /Boydcn, 1964a, Grabar, 1958/ o Lo
IR I m’m m& em
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A_;Further work is necessary to show whether cytophilic or cell-
:.:if U;.p'{ bound antibodies are always present .in smalW amount in normal |
' ‘animais, but on Lhe “ace of it it would seem that natural
'3cytophilic antibodies are good candidates for the pole of

recognition factors in antibody formation.

Zg “.f'Comment o o
: In splte of the large anmount of work done on natural anti-
i,boaies, it is not possible at present to draw any dofinite

e conéiusions as to their nature and»origin. We may safely state,

*however,-that the. body fluids of both verte