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Ziconucleic acid (KLY extracts of certain cell iypes haVe tocenily

scon miziicated in iwmxwunological thenomenze These ritonucicnze-

censlizve axtracts have been shoun to be dnvolved in the Lo, v~

15

waduction of antibody formaticn, in tihe ragsive transfer of trano-

(VIR

cilantetion dmmunity and in the passive transfer of cellular dwoviity.

e o

0 Induce a primary sntlibedy response in VLT D

i

Zaerly attenpis
Tailed wnilforrly (Stavitsky, 1961). In these studies, the anmtisoa v .

roduced into the culture medium in which the lymphcic ceilic

were cathede In 1959, Fishman, using a somewhat more complicated

systen, was first successful in the induction of a primary aniibody

rgsporce in vitroe. Ke incubzted the test antigen, bacteriophage 72,

uith nermel rat macrophages for 30 minutes at 37 C, washed the izero-

al

+

£
@

Thages and homogenlzed theme Five days after the filtrate of
nonogerate had been added to normal ret 1lymph node cells in tissue
culture, neutralizing activity specific for T2 was detected in the
culture mediume The titer of this neutralizing activity inereased
¢ntil day 11, when the cells apparently began to lose viability. Opti-
winm rosulis were obtained with a T2-macrorhage ratio of 1 to 10C0.
Control systems, to uhich untreated T2 or homogenates of untreated
racrorhages were added, showed no neutralizing activity. The induction
cppearet to be somewhat species-specific, since pretreatment of thne
Srage with rabbit macrorhages or with Hela cells could not replace pre=
reatuent with rat macrophages when the homogenates were added to rat

iymph node cells. These results indicated that interaction between
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n o sussequent stuldy,
Loivity was due to antibody, since the moterial responciilic o too

setiviey was precipitated at the isoelectrice woint of serunm riezcliv ooz

1~ < ke

since rabbit antibedy ageinst rat globulin dnkibited tne activiiy.

soricily in vilved work gave poslitive results ordly 20~ of wac Tl

therciore experiments, in which Iymph node cells trezted with T2-

wacrophaze mixture were injected into chick embryos, were inciuvied ==

2ls study. UWaen dncubation of the T2Z-macrophnage mixture wos termirzted

2t 10 wirutes, the resultant homogenate was insetive. However, i thc

R Bl

maerctnages were incubated alone for an additlonal 20 ninutes alter

(0]

-

tais 10 minute period with antigen, an active homogenate wes obtalirnci.
Ihus, the macrophage was further shown to act upon the antigen in scus
ways. The homogenate could be inactivated by heating at 80 to 100 C Loz
i5 mj;ﬁu’c;es, as well as by the addition of ribonuclease or streptonycir.
Fishran (1951) postulated that some form of RIL comorised the active
portion of the homogenates

In a subsequent study, Fishman, Hzmmerstrom and Bond (1963) uscd
redioautography to show that low molecular weight macrophage Huil.
labelled with tritiated cytidine was, indeed, incorporated into lyrrch
node cells in cuwltures They used RN¥A from untreated macrophages only,
so it was not possible to know whether the RNA fractions incorporated
were the same as those involved in the in vitro induction of antibody

Iorzations \
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Zor T2, Chambors charged with homozenate alone led to circilcoiing
antisecy specific for T2 orly in non-irradioted reelpientse Llolthcl
- LN £ ~ S T, - -~ - - e oa ~m
TooLp OF ratls zave o titer waen homogenstes of uaureatcd fnerolliages
re uscd 1n tho charberse When phenol was used Lo extract tne R Joc
the norogenates, all of the activity of the homogzenstes was contained In
the low molecular weight R4 fraction. This extract could be inac-

tivatca by rioonuclease; hence, two probable mechonisms were postllotoc.

(u

(1) The X might induce antibody synthesis by virius of zRil. activivy
within the recipient lymph node cells=—=‘transiorration®™. (2) The &l
cxtroct might contzin bound antigen that is responsible for the
nduccion Proccsse

The resuits of Fishman (1961) and Fishman ard Adler (1963) wer:
confirned by Friedman, Stavitsky and Solomon {(1965). In addition, they
Jound that when the T2-macrophage mixture was incubated at 0 or 56 C,
the resuWltant RNA extracts were inactive. Thus, the active role of the
rzerovhage in this system was more clearly establishede. Frov _iiment of
tae extract with ribonuclease did not completely abolish the zctilvity,
waersfore, the RIA extracts were assayed for T2 antigens. ‘When RNA
wxtracts prepared by these worlkers or by Fishman were tested, %2 hecod,
tail and internal protein antigens were detected. Since T2 internal

rotein was found in the extracts and the antigen content of the

P

extracts decreased with prolonged incubation of the T2-macrophaze

mixture, it seemed that active degradetion of the rhage by the
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racroiages was reculsito To an active pregarciion.  Hence, Tas
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rnazocytize the phage particles, desrade thenm and attach partec of oz

antigen to certain low molecular weignt ! of the cells Cuce tho

malhi-antigen complex enters a lymgh node cell, the itl may Junciion oo 22
adjuvantcs. 7Tne inadequacy of phenoi extractlon Tor miwll and the presince
of catizen in the extracts were thouzht to argue stronzly agzinst tac
“trancrormation” concept of the mechanism involved.

The idea that Rlii-antigen complexes play an important roie in the
induetion and perpetuation of the antibody response wes not an entlrely
new one, for Garvey and Campbell (1957) had shown that various antizens
(labelled with radiocactive isotopes) were storec in the liver tissue of
the recipients in immunogenic form for several months.

iskonas and Rhoedes (1964, 1965) studied the induction of antibedy
forrzation by RINA extracted from macrophages exposed to Il3l-labelled
Hemocyanin for 2.5 hours in vivo and from macrophages to which the
antizen was added immediately before extraction. These extracts were
incubated with normal Yymph node cells for 1 hour and the mirtures
injected into mice primed earlier with the same antigen. The recipi-

nts' sera were analyzed for antigen binding capacity at various times

(0]

after injection. Both extracts were found to be inmunogenic. The
second Type, however, was only about one tenth as active as the first

typs. Since the addition of antigen to the macrophages immediotely

"

:

sefore extraction resulied in immunogenic preparations, they conclula

That an active process was necessary for RiA-antigen compiex formation

o

and thalt the immunogenecity of the extracts was probably not due to thc
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womnerred with the antigen emncnced The upioic ol
2y cuils competent to procduce tie correcsponcing antiDCLy iolsotliess
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Sriedman (1984 incubated Ll extrecic of spleen eells Dot oo

!

- g 3 > e 1 —~ —~ 2 .. ul g g N LA § ., = sen - = . Al
minized with shecp red blood cells (SREC) with nonimmune shlecn culils

: I I R e e Yy Y A - .- 4
ZOor T Layse ‘lne sysuci ius assayed oy Thne SUTnC an U_JCMJT Tiague Tocl-
nigue 2T various intervels The nuthe» of viacuos ool R e Lle
NAUe 40 Various inelvaiSe Lhe number 0 DLalusE, Znl Lovs o anviooly

zroducing cells, increased to a meximum at 43 to 72 nours.

~

of the extracis with ribonuclease, but not with deoxyribonucleziz,

ahiolived the increases Control systerms, consisting ol nonimiitie siicen
celisz Zncucated with RMA from nonimmune mice, from mice irmmunized with

calcien erythrocytes or from mice limunized with bovine ssorum a2lbumia,
showeC no increase in the nwbers of placues. Thus, the increase iz
antiboay producing cells in the first system was shown to be specifice.
.5 in the work of Iichman and Adler (19635, the low molecular weight
Iracilon of the RN extracts was the active portion. Neither antigen
nor antibody was found in the Rill extracts. Friedman (1964) suzzested
that the RNL extracts might induce antibody formation by: (1) an anti-
body coding mechanism; (2) an irwrmnogenic antigen-nuclelc acid complex;
or (3) an antibody precursor. He did not, however, state which
mechanism would best account for his results.

Zn 1964, Cohen and Farks studied a system similar™to that of
Srieiman (L984). In addition to Rl extracts of immune spleen cells,
“hey employed RN\ extracts of spleen cells from mice injected with zI-08
3.5 nours earlier and of spleen cells to which antigen was addcc dmiedi-

-~

ately -:slore extraction. In bothx of these systems the nuwber of antizZody
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Jaerelore, Cohen and rarliks (L984) postuwleted that the increzsc in anti-

splecn cells could be the result of: (1) an RIY

complex; (2) mRIL “transforration'; or (3) the vrecence of some Tactor
da 2

other than antigen in the Rid.

-

Further work (Cohen, Mewcomb and Crozby, 1965) showsd that, whcrsas

treatunent with deoxyribonuclease, trypsin, rprorase, althe-cryylase or

tete~arylase had no effect upon the conversion, itreatment of the il
extracos with ribonuclease or chloramphenicol innZbitsd ths appssrance
of cells walch produced SR3C hemolysins. The active fractiion wns fouwnd
to be 8 to 12 S RIW, which corresponds to RiL with a molecular welgat of
105. ihen the purified 8 to 12 & Kik was used in the system, the nwier

of converitcu cells per ug RNA was increased up to 1000-fol

p..
|5
O
)
@
bz}
[0
by

N
0

total nuwiter of antibody producing cells in a gilven preparation remoined
the samee. This can be explained, however, as a manifestation of other
mechanisms of antibody production, for Jerns (1954) has shown that oaly
a certain nuwiter of spleen cells in 2 given preparation are polentially
capable of producing a spscific antibody molecule at & given time. in
addition, the specific activity of the RNA decreased when RNA from
nonimnune anirals® spleen cells was used to "dilute® it.

Subsequent studies (Cohen, 1967) showed that the RNA extracts were
more resistent to ribonuclease treatment in physilological salt solutlons
(Psg) than in sodium chloride plus ZDTA solutions. In fact, the Ria

e

treated in PSS retained more large molecular weilght fragments

extracts

aZter rivonuclease treatment than did those treated in the other type



¢ soiutione. Vhen minimally digested RIL was added Lo normal gnleen
cells, no increase in antibody producing cells vms coserved. surithor,

£y L : L)

if witreated Rell from dlmnune mice was added

-
[%

o the spieen cells after
the addition of minimally digested RiL, only a sinlt increase In tho

o

nwiter of antibody producing cells was cbhserved zs compared to rositive

control systems. H¥L from spleens of rndee iraunized with digntheris

toxiod or Escherichia coli did not produce this effccte. Cohnen (1957

concruded that spleen cells potentially capable of producing SESC
henolysins have specific recognition sites for the RiL used in these
studies as the stimulus for antibody synthesis.

In 1964, Fishman, van Rood and idler showed, contrary to ezrlier
results, that active RNA preparations could be obtained using T2-
racropiage mixtures at a ratio of from 1l:l to 100:l. When ciffusion
chambers charged with this high antigen input macrophage Hil: were
inserted into rats, the recipients gave a biphasic response. That Iis,
two peaks of circulating antibody were evident, one at day 4 and another
at day 13. These results were contradictory to those of earlier experi-
ments; hence, another.experiment was designed to show if there were
qualitative differences in RNA capable of stimulating antibody synthesise
The chambers were removed from half the recipients after 16 hours and
inserted into other rats. Long-term recipients gave a characteristic
biphasic response, short-term recipients gave ordy the first wave of
antioody and secondary recipients of charibers gave only the second wave.
Thus it was hypothesized that two types of RNA might be present in thése

preparations awni. . .. the RMA which induced the first wave of antlibody

night diffuse more quickly than the RML which induced the second wave.



The charccterictic bilphaslce response was agaln ottained with I vinrs
zysteis end both tyres of Kl were shown to ve cependent upon zanze-
nacropraze interaction. Zowever, the R responsitle for the seconl
wave of antlibody was mors relractive to ribonuclcase treatment thazn wac
the one responsible for itne first wave. Lxperiumenis using actlnerycin D
showed the Rl responsible for the first weve to be synthesizzd upon
contact with antigen and the RNA responsible for the second wmve to te
vresent before antigenic contacte rFurther experiments showed that the
Jirst wave was 19 S antibody and the second 7 S.

“hen hdler, Fishman and Dray (1966) stimuisted lyath node cells
Zrom homozygous bd rebbits (the b locus determines the antizenic spoci-
Ticity of the light chains of the antibody molecule) with R4 from
macrorhages taken Lrom homozygous ’t_J_L'L rabbits, the first wave of antibodly
(19 S) had the allotypic specificity of the macrorhage donor ("9“‘),
faercas the second wave (7 S) had the specificity of the lymph node cell
conor (‘9_5)- The reciprocal experiment gave corresponding resulise
These results were interpreted as suggesting that at least one of the
types of RIL involved in the in vitro induction of antibody synthesis in
this system mizht do so by the mRMA (transformation) mechanism suggested
earlier, since only the RNA responsible for the second wave containea
antigen.

Ribonuclease-sensitive fractions of lymphoid cells zlso appear to
be involved in the passive transfer of transplantation immunity. I

1962, iznnick and Zzdahl found that RNA extracts of lymph node cells

=

o~

from rebbits that had received a skin grafi from another type of raboit

could induce transplantation immunity in the grait donor if the R s
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incittated with 1lymrph node cells from still other types of rabbiis avd

the nixiture injected intradermally into the grait donor. Vhen tre

[a¥

<

node cells were injected without being incubated with the RNL, xo
reactlion was seen. Treatment of the Rl extract with ribonuclezse
inactivated it.

In 1966, Wilson and Wecker studicd the same phenowenon with a
somewnat Gifferent system. Lymphold cells were removed Ifrom Lu. strain
rats thet had been sensitized to Lewls strain rat lymphoid cellsz and

DT ~ o e

W extracts were prepared. When nonimmune D& lymphoid cells were
incubateﬁ th these R4 extracts and then added to culiuires of Lewls
celis, the DA cells caused the destruction of up to 3¢5 of tic target
cells within 70 hours' incuoation. Significantly smaller percentages of
Lewis cells were destroyed in control systemse The degree of cestructlon
of the target cells was generally proportional to the amount of RiL used
in pre-~incubation of the DA cells and treatment with rivonuclezse Lelore
incubstlon inactivated the extracts. These workers tended to support
the views of Askonas and Rhodes (1965), as well as those of Friedman,
Stavitsky and Solonon (1965); in their interpretation of the possible
mechanism involved.

Hashem (1965) demonstrated that RNA extracted from cultures of
perigheral lymphocytes stimulated with the antigen to which the donor
had been sensitized promoted transformation and mitosis in culiures of
autologous unstimulated lyﬁphocytes- The mechanism was ribonuclease-~
censitive and specific with resvect to the antigen used in the

sencitization of the cell donor. This finding has significant impiica=-

tions In regard to both itypes of immunological rthenomena ciscussed
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(Zwmet, 1959, involves proliferation and diffcrentiation of cornetent
iyrmhoid cells as initial steps in the induction of antibody syathesise

S5t211 another type of immunological phenoumenon in whica il
extracts of certain cells have been dmplicated is the tassive transier
o ceilular ixgmunity. This phenomenon is usualily deiined as The
acquired intrinsic ability of cells of the reticulo~endothelici systen
to suppress multiplication of phagocytized organisns.

in 1962, Fong, Chin and Zlberg demonstrated passive transicr ol
H =9 o Py

celivlar Immunity against lyeobagterium tubgrculcsis by the dnjection of

viable histlocytes obitained from immune rabbits into normal recipient

rabbitse Cellular immunity was demonstrated in vitro as a2 lack of ceil

degeneration wnen systems composed of immune cells in immune serum, out
not normal cells in normal or Immune serum, were infected with virulent
tubercle bacilli. The recipients' state of cellular lmmunity wes demon-
strable by 11 but not by 7 days after injectlon and could be serially
transferred through four sets of recipients. Utater lysates of the
immune donors' histiocytes were found to confer the same state of
irmunity upon normal recipients. However, the immunity failed to reach
significant proportions until 12 days after injection of imnune lysatese.
Injection of lysates of normal histiocytes caused no change in the
recipients' Zimune statuse

In a subsequent study, Fong, Chin and Zlberg (1953) investigatcd

“he nature of the factor responsible for passive transier of csllular
)

irmanity with lsmmne cell lysates. 7The transfer factor wes found to Le

steble for at least 24 hours at 25 to 37 C, but was inactivated in 30



A es 2t 55 Ce Duo © 1roil e OF the ol oo
..... ILICS &80T 50 Le  JUC TO whe nealt~lovile natire oif the transiocr

PR T, SR RO S —oa J. N . I al T T R O A e N
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viatlc aistiocytes had been demonstrated (Fong et al., 1902), e

~

ratericl Involved was supposcd Lo be one cameble of rodlicatlicn,

FY
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veiele acid. Thus, Lmune iycates were trestied with ribenuclcase o
deoxyriboruclease prior to injectlone Ribonucleassg, but not deoxyriso-
nuclease, inactivated the Transier Jfactor. The mechanism involived was
thus inferred to be Rill-dependent. WVWaen various cell Zractions of

immurne lysates were assayed for transfer aciiviiy, nuclear and

- 5y

ritocnondrial fracitlons were ilnactive, whercas ricosormal and microsoranl

Lractions were active. Treatment of mlcro oral fractions with sodium:

ceoxycirolate falled To inactivate this frection, whereas itreatment wiin

ribonuclease inactivated it. Hence, 1t wes concluded that ribosomal
was the active factor of immune cell lysates. TiL extrocts of Lumuny

4

histiocytes were found to be effective in the passive transier of ceoriu~

-

t~

ar Irumunity, out to a lesser dezree than were complete cell iyeatiesg.

In order to check for the presence of visble k. tubercuiocis in

their R4 extracts, Fong ot al. (1953) injected guinea pigs stbcutanc—

ously with a preparation of immune histiocytic ribosomes well in excess
of the amount usually used in rabbitse. After 4 to 8 weeks, the guince
piges had no tuberculin skin sensitivity and no complement fixing

antivodies specific for . fuberculosis. Thus, it was concluded that

~ ~

the passive transfer of celluler lmmuaity was due to sone sort of

replicating WL from the immune histiocyltes and not due to contamination

N

0f the preparations with viable bacllli or bacillary antigens. This

concept was further supported by the fact that serum from izrmne animals
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vwas regulred LT the cells wore to rosist necrotizatlion ol Lubercie
Tacilii in vitro and by the fact thet scrial trensier of celliulc

resistance with viable imrmune histiocytes wes possible (Fonz sz rl.,

Subsequent studies (Fong, Chin and Viekrey, 1953) demonstroicd
Znterspecles passive transier of celluwlear Immunity, with riboccxes Iron
e histlocytes, between mice and rabbits. n addition, transfer
Zrom ratbits to guinea pigs, but not from guinea ©iz to zuinea riz or

Irom guinea pig to rabbilt or mouse, was demonstrated. This inmterspacies

o

o

transfer was not mediated by a transfer of viable bacilli, since the
lating of lysates upon glycerol-blood agar failed to show the precencs
of vieble tubercle bacilli.

The cellular resistance of histiocytes from recipients of ivimune
nistlocytic ribosores was to some degree non-specifie, since the

reciplents® histlocytes were protected from necrotization by Lrucsiia

r2litensis, as well as from that by . tubereulosis (Fong, Chin and

Zlberg, 1964).

Bl
H
\O

62, litsuhashi and Saito reported the successful in vitro

assive transier of cellular ilmmunity agalnet Salmonella enteritidis-

o]

Zeritoneal exudate cells obtained from mice immunized Wluh live S.

™~

-nteritidis were planted in bottles. 4Lfter the cells had settled out,

heat-killed $. cnteritidis orzanisms were incubated with the cells fox

2L hours, the supernatants were decanted and filtered to remove tae
bacteria. Normal mouse cells were incubated with this supernatant for
72 hours (3 changes), the superrn.tant was removed arnd the cultures were

inoculated with live S. gnteritidise. The cells treated with this
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suparnatent inhiolted intracelluwiar multiplicatlon of the orraiionm Zor

VS, whereas cells Treated with suderna
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were costroyed within 1 day

Zn 2 subsequent stiudy, Seito and idtstheski (1965) showed that the
superraant obtained Irom immune cells, as above, was active i &
dilution of 124 but not in one of 1:8. The active porition ol tne susco-
naternt (transfer agent) was incctivated by ribonuclease out not by

deoxyribonucleas This transfer agent was non~dialyzable and was
iractivated in 24 hours at 37 C. It was concluded that the transiex
agenlt was prooably some sort orf cellular RNA. Zvidently, this i s
roleased into the culture medium as a result of exposure to the organism
to muhich the donor mice were irmune.

‘

L later study (Sato and [Mitsuhashi, 1955) s
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transiecr of cellulaer ilmmunity to 3« enferitidis was due to the ribosomal

o~

Iraction of the immune monocytes originally cultured in the presence oI
killed organismse The activity of the ribosomal fractions or these

Zrmmune monocytes could be destroyed by treatment with ribonuclease out
not by treatment with deoxyribonuclezse or Trypsine Thus, the transicr

azent appearcd to be ribosomal RNA, as was the case in the work of Fong

In 1965, Ostrander passively transferred immunity to Francisells

tlzrensis by the injection of lysates of macrophages from Immune rats
into normal reciplent rats. The cellular resistance was demonsiratcec
iq vitro 13 days after lysate injection by the suppression of Iiira-

celiviar multiplication of Fe tularemsis and the lack of cell destruction



as 1 o cell culbturss with This orzanism. Trcotiont
of te injection with ribouuclease, but not wita
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coomyrisonuelease, ebolished the transier aciivity of the Llysatcss —ere
azain, the active vortion of dirmmune lysates avpeared 1o be relatsd in
some way to RELY obtalred from lvmune ceils. In any evens, The mecharnienm

of pescive trensfer of Lrmunity to £+ Lularensis was chown ToO te
ribortclease-sensitive.

it vweos the purpose of the present stuly to further investi
- pal = =z D ir o e
role of ribonucliease-sensitive fracticns of wmacrophages from ratsz

Irmmunized with X tWzrengis in the induction of lmmune mechanisms in

C

: rm,

norrol recivicentse The modes of in vitro resistance of macrozisges fronm

r

animals Immunizec with the live organism and of macrophages Ifrow anluzl
ominized with imzmune lysate were compared in an attempt To further
elucidate the mechanisms involved in immnity to twlaremia. n adcition
to cellular resistance, an opsonin which appezred in the body fluiws of
irmxime 1lysate recipients was investigated. The relative importance of

hurorael and cellular factors in the in vitro resistance to ¥« Lideorensis

was also studied.
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50 suredns of Franelsella tularensis, the attenuwatca strecin, Jdop

anc the virulent sirein, Schu, were used In this study. Toe originzl
cultures of these organisms were ovtained from Dr. iax looly,

Comnunicable Disecase Center, iAtlanta, Georziaz. These organisrs were

<

14

cultured on glucose cysteine blood agar (GC24) (Dowms ef ale, 1547).
The virtlence of Schu was maintained by pacssage throush normal nice.

N

alnonella Typaimurinm was used as the heterologous orgaxnism in the

T

adsorption studles. The culture of ithis organism was obtained from the
becteriology culture collection, Xansas State Teachers College. This

organism was cultured on brain heart infusion agar. in 211 instances,

bacteria used in this stuly were taken from 24 hour cuitures.

saxperimental Animals

Tne rats used In this study were of mixed breeds and were origin-
ally ooteined Ifrom VLK Animel Farm, iarion, Xansas, and Ifronm the
Lerbercer Company, Oshkosh, Wisconsin. White mice, originaily obtained
Zrom Hansas State Unlversity, ranhatten, Xansas, were used in some
pheces of thils study. The white rabbits used in this study were

obtained from various local merchants. In all cases, young adult

animals were used.
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cleaniiness in tae preparation of glasswares thal wouldd uliliiniely colic

Into contact with tissue culiture constitucnis or baclerizl organicsio.
rrior to wse, the glassware was washed in an ilconox solution, rinced 5
times with tap water, rinscd 5 times with distilled, Gelonizel wmicr and
alr driede. Glasswere was then wrapped, if approprizie, and stcrilizesd
along with other heat stable materials by autoclaving at 15 nourds
vressure for 15 minutes. ifter use, The zlasswmre was soaked in &
solution of 4lconox arnd Clorox uatil it was weshed. &£11 sateriels

i

coming info contact with live £« fularensis, however, were piaced in a

~

Clorox solution immediately after use and were autoclaved belore belin

=

handled further, to reduce the hazard of infectlon with this pethogen

stardaxdization of Bacterial Suspensions

The nwiber of viable organisms used dn any given experluent was

Cerived by serial dilution of a standard suspension of the organis:

G

The growth from one slant was suspended in saline and fransferced 1o 2

specirophotometer tube. The suspension wes then adjustied to read

D
(&}
-

transwission on o Bausch and Lonb Spectronic-20 colorineter at a wave-

length of 600 mu. This was called the standard suspension. In order to

s S S

assay tihe nuber of viable organisms per ml of the standard suspension,

gerial 10-fold dilutions were prepared in saline, plated onto GCoi ara

Py

colory counts were determined. The standard suspension was found to

_l

contain 5 to 10 X 10 07 viable F. tu

- - 4
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nizts were lwivnized wilih a sinzle dntraperitornesl injectlon ol LG
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wiszle organism of the atienuated sirain, dan. ilter a 3 wocl arlicw of
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obecervatlion, they wers challenzed with an intraperitoneal Injectlon ol

107 visble orranisms of the virulent strein, Schu. Those rats

~

a pindwun 35 week observation period after challenge were regarccd as

!
b

Culture fediuwn

0,

The cell clture medium used in viable count experiments ccnsistied
of Schererts tissue culture medium containing heparin (1:10,C00), 100

nits penieillin per ml and 30% (v/v) heated calf serun. Serua we

%]

onmitted in the medium used for opsonic studiled in order to 1linit the
humorel factors present to those harvested from the experimental anlizls
Scherer's mediun was obtained as a sterlle, 104 stock solutlon fron
Colorado Serum Company, Denver, Colorados
Cali serum was prepared in this laboratory using blood, from

b

fresaly slaughtered calves, obtained from Fanestil Facking Corpany,

nc.,

b..

wmporia, Kansase. A4iter the blood clotted, the fluid was péured off an
centrifuged for 15 minutes at 250 g to remove cellular coxponents. The
serun was then cdecanted, sterilized by bacterial Ifiltration and frozen
until used. ZSefore incorporation into cell culture mediun, the calf

serun was heat dnactivated a2t 56 C for 30 minutese -
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nivzles whose perdicncol macrophnzes wwire 10 De harvesled ware
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was then cleansed with Puroocan, the skin iaic bacik and 3 to 5 ol ¢ ccll

L 5

culiure meaiuwn without calf serun were Injectec into the peritonsal

le]

caviity. The peritoncwn was gently masssfZed To create & cell cuspenzion

26 openca alonz the midline. The exudate was then removes with a

Lysates were prepared according to-the method of Fong er ale (1902

ascrophazes were harvested Irom norral and imrme rats in

te
O
¢
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O
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Eanke¥ balanced selt solution conteining heparin and peniciliin. The

cell suspensions were pooled appropriately, the cells was
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Hanks' solution and counted with a hemacytometer. After & thinrd wauca,
the cells were resuspended in distilied water to give a concentration of
107 cells cer ml. The resulting suspensions were dncubated in a 37 C
water bath for 3 hours and were agitated occasionally. The cell debris
was sedimented by centrifugation, the supernatants were decanted and
injected intraperitoneally into normal arnimals. Rats received 2 mi
lyvsate eachy mice received 1 ml. Portions of each lysate were ﬁlatsd on
e

GC34 to check for the presence of viable F. tulsrensis. The lysates

e i b

were consistently sterile. , -
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noyme Treatrient of lyseics was carriec au with bovine pancreatic

Zree ard without protezse activity. The enzynme waes dissolved in 0.02

4

chosthate buffercd saline (pd 7.2) and sterilized by bacterial filtra-

)

tione U was then heated at 80 C for 10 minutes to remove an
contamirating enzyme activity (Fishman and 2dler, 1963). 4 swilicient

zmotnt of this solutlon was then added to the lysates to give a final

concentration of 1 mg ribonuclease per 7l lysate. Thls mixture wes
incubated a2t 37 C for 20 minutes and then injected into mormal

reclpients.

Vianle Count Studies

“he exudates from the animals in each group were pooled alter

narvesting. Cell counts were determined with a hemacytometer, the
suspensions were adjusted to 3 X 106 cells per i by the addition of
Scherer's and enoush heated calf serum to give a final serum concentra-
tion or 30%. For controls, 1 ml poriions of the wninfected cell
suspensions were planted in flying cover siip tubes and incubated in zn
inclined stationary vosition at 37 C for the duration of the experiment.
In the initial experiments, the rermalining suspensions were inoculated
rith Jap, planted and incubated. In the supernztant exchange experi- -
ments, the remaining suspensions were diviﬁed in half.e The cells in on

half of each system were sedimented by centrifugation at 1000 g for 10
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Wdrutes and the supornstant Diuids were ex ".&.“."c-;‘-
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Diate countse The pH of the cuwliure medium wes adjusted as rnecessaly
.. Y "

with 5% sodium bicarbonate in Scherer'se

PO B FL A S P S K
-3 Staining Techniones

"or viable count were

o
Fy

The cover slips in the tubes Lo be assaye

crushed with a gless rod formed to fit the bottom of the tuces. In thi

way, the cells containing organisms were disrupnted and the organisms

D]

were released into the mediuwne. Serial 10-fold dilutions were taer

predared in saline. Duplicate GCZs plates received 0.1 rl of ecach

I
appropriate dilution. It was necesszry to plate over a2 range ol at
lezst 3 dilutions for each system. The inoculum was spread on the
the agar with a sterile bent glass red. ZFlate counts wers
determined affer 72 to 96 hours' incubation at

studies (Ostrander, 1956) hed shown that Fe fLularensis did not survive

in cell culture medium elone, plate counts were regarded as accurate

Fa

representations of the nuwiber of viable intracellular organisis per tube

The cover slips in those tubes to be assayed for cell condition
were ramoved and air driede fThe cell preparations werc Iixed In
methanol for 5 minutes, stained with uay-G”ﬁ nweld for 5 mirutes,
steined with Giemsa for 8 minutes, rinsed in acetone for 1 minute,
rinscd in acctone-=wylene (1:1) for 1 minute ard éleared in xylence Zor

- . - ~

ihe stained cover slips were then atltached to microsceo

b
b
4
(J
L]
-

clides with Fermount arnd observed.
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2 rde (1920) e & repbit was rmmunized with multirle Injections of
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Tormelin=-kiiled Schu. Cre weex efter the las ection, the raobit as

cled Zrowm the ear veln. The blood was allowed to clot ard the serun
coliccteds The glebulins were precipliated at hall-saturation with
arzmonliunl sulfate overanight in tae cold. The nixture was then centri-
Iuged Tor 30 minutes at 2500 g in the cold, the supernatant cilscarded
ard the pellet re—dissolved in distillec waters Precipitetion weas
repeated twice to rid the globulin of hemogiobine The ammonium sulfetle
removed by dialysis zgainst 0.85% saline (3 changes) in the cold. ‘The
proieln content of the gloowlin was deternined by the Siurst mcthod.
After adjustment of the solution to 3% protein with saline, 1 1l of
carconate-bicarbonate buffer (pi 9.0) wms added for every 9 mi of
zloculin. The solution was chilled, 0.05 mg flucrescein isotniocyanzie
per mz protein were added and the mixture was stirred overnizhi in the

2 T

cold. The conjugated protein was separated

| 45

ror non=-conjugated protein
and from unbound Iluorescein isothiocyansie on a sephadex G-25 colwn.
Tne conjugate .aé eluted from the colwin with 0.0l X phosphate buffered
saline (p# 6.5) and adsorbed with 100 mg anhydrous rat liver powder per
»] conjugate to eliminate non-specific staining components. ihe

-

flvorescent antioody preparation was shoun to be specific Ior 2

tulzsrensis by quenching of Zluorescence when untagged anti-tularensis-

serur was added To the smear of organisms prior to steining witn
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Comonic Studies
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Feritoneal macropasges were harvested freom lysale veciplents at
B, v a P G Saaded as Cald A1 I P N T )
app te dntervals after injection. ell couwnts wecre Taken and the

concentrations of the separetely pooled suspersions were adjusted o

- - 6 lal T .

5 X 10% cells per :ml by the adaition of Scherer's. Tor controls, 1 ml
ortions of the uninoculated cell suspensions were plantcd in cover sli

tubese The remsaining cell suspensilons were ilnoculated with dap in an

-

organiscm to cell ratio of 5 to 1 ard planted. The cystens were incu-

bated for 3 hours at 37 C in sn inclined stationzry position. The cover
slips were then removed, fixed in acetone for 5 minutes, rinsed in 3
baths of 0.02 X phosphate buffered saline (¢ 7.2) for 5 minutes,

stained with fluorescent antibody in moisture chambers Ifor 30 minutes,
sed In 3 baths of phosphate buflfered saline and mounted on microscobe

slides with vhosphate buffered glycerol (vi 8.0). The cell preparations

&

were scored with an ultravioclel microscope by counting several hundred

cells in rendomly selected fields on 2 cover slips and calculzting the

ver cent cells containing organisi._.

5

hange and acsorption experi Aonts, uninoculated

i
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o
[0]
R
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cell syslenc were planted and The cells allowed to attach to the cover
glips during 3 hours® incupation at 37 C. The sudernatants were then
removed and vooled appropriately. For supernatant exchanze experiments,

the supernatants were inoculated with Jap, replaced on the appropriaste

cell cultures and the experiments followed as usual. For adsorption
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cell cultwre mediume. 4Lfter the adsorbed supcrnotants had been filtcerec
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to reiove the organisms, they were inoculated with Jap anc rgplaced on

tae ccil cultures. The experinents were followed as belor

(L‘

“ho rats used in each experiment were bled from the dorsal zorta.

he blcod was appropriately rooled and aliowed to clote The serus was
seperated fron the clot by centrifuzation at 250 g for 15 mirutes,
decented and frozen until titered.

The growth from 24 hour cultures of Jdap wze suspendcd in 0.85%
saline containing 1% formalin and held overnight in the cold. The
orzanisis were then washed with saline 3 tires by centrifuzation ai
2700 g for 20 minutes and the final peliet resuspended in saline to give
che standerd suspension. The prepared antigen was diluted 1:1 before
use in agglutination testss

Three-tenths ml portions of serial 2-fold dilutions of the serum,
lysate or supernatant to be titered were placed in swall tubess A&n
equal arount of prepared antigern was added to each tube, the tubes were
shaken and incubated in a 37 C water bath for 3 hourss The tubes were

held in the cold overnight before being read for titer
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resulte recorted bty Ostrander (1966).

oocexvation that peritonsal macro
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onafes Irom rats dununized witza vistle
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e Lrroronsis cowla suppress the Intracelluwler ruitipiication of tne

organism in an in vitro syster. Peritonezl exuvdete cclls were odltalincd

from norral ard immune rats, the adjusted cell suscensions iroculated

stalins and plate counts. The results, tased on viable count date, are

presented In Fig. 1. The normal cell systen a2llowed axtensive

ensiss whereas the 1mmune cell systen
suppressed the muliiplication of the organism to a large cezroc.

ricroscopic observations of stained cover slips confirmed the resulte

(/)

chiained fron plate counts. Nunsrous intracellular organisms irere
evident in the normal cell system at 48 hours after iroculation and by
95 hours the organisms had destroyed most of the cells. In contrast,

very few Intracelluler organisms were evident in the ilmuune cell system

a2t 48 hours and by 95 hours, although intracellular organisms and soie
cell destruction were cvident, most of the cells remai .
was concluded that cells from rats Irmunized with viable F. fularensis

wrere resistant to the organism in the system employed.



Comparison of the wmultipiication of . tularspnsis in

normal and iwri..e cell systems.



Comparison of the wultiplication of F. tulaxensis in

normael ard irzi... cell systemse.
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were carricd oute The cells were scrarated Irown thelir

SuBernatant
Iraction oy cenirifugetion and resuspended 1n the desired superratant to
cive the following systemss (L) imrame cells in immure sulbernate

e
CLldll valivy

l2) Zrune celis In o

supcraatant; and (&) normal cells in normal supernatant. Thc coll
systems were 1noculated with 103 dap per rl znd planted. Tne
was followed with stains and plate counts. The most cffective controw
of organismal multiplication was obtained with the cox
systen, ives, imuune cells plus immune supernatant (Fiz. 2). The loast
effective controli of crganismel multipiication occurred in the complete
ormal system. EHowever, the fact that immume cells infected arnd
cultiured in normal supernatant suppressed the multiplication of the
crgenism, in comparison to normal cells bathed in morizl supernatend
was or utuwost significance and demonstrated that humoral factors were
of sccondary importance in resistance to F. ftularensis. .Zcroscopic

servations agaln corovorated viable count resulice Little cell

v » . -

obsg
dgestrucilon and few intracellular organisps were opscrved in Iryme cell

a3

preparations, regardless of the suvernztent used in the systen, whercas
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2oll destruction and large nurbers of organisms were oLserved inm”

norrial cell preparations by 956 hours after inoculation. Theose resuli
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demonstrated that in vitro resistance to . tulare:
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Zffect of normal and dLmwiune humoral factors on the multi-

plication of . tularensis in normal and immune cell systonms.
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conlizrrcd in the initzel phases of this siudy ws o report of passive

transfer of Zrmunity to £« Lilarensis by the dnjsction ol lysat [
racrovhages fron lmmune rats into normal ratse Jormal and lrniwre coll

lysates were prepared and injected into normel rats. -Ilter 15 days,
cell suspensions were obtained from the lysste reciplents and visitle
cotnt experiments set up. DBecause these experiments wsre inltented o

determine only if Irmune mechanisrns couwld be passively tranzierrec to

norral animals by Injectlons of immune cell lysates, the cells twrere not

¢

separated from thelr attendant supernatant fluld. The poolsd cell

L

suspensions were adjusted, inoculated with 107 Jdap ver ml, nleuted and
the experiment was followed as before

! ‘

indlcete thal cell systems obtained from

more effective 1n the suppression of intracellular

ensis than were cell systems obteined from normal lyszie

recipientse ZHere again, microscovic examination of cover slips
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ts obtained froa viable count cdata. ZIZy 90
infectlon, the orzanisms were quite evident and had viriually destroycd
the cells in the norrizl lysate cell systenm, whereas they were evident in

cnall nwisers and had caused only a slighi degrec of c¢ell destruction

in the immune lysatc cell system. It was apparent that lwmmumne

uechanisas could, indeed, be pessivoly transferred to normal rats with



Jlgure 3. Comparison of the nmultinvlication of F. Lulerensis in
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Gestroyes waen lmmuae cell lysate Trlor
to injectlion. Therelore, immune cell lysates were pregared ani divided

into 2 pertions; 1 portion wes treated with ribonuclezce and wotia

portions were injected into norrmal rats. Thirteen days later, celil
suspensions were obtained from the reciplents and a viable count exoeri~

ment cet upe The adjusted cell suspensions were inoculated with 107 Jao
per ml, plantec and the results followed as usual. Cell systeiz derived
Irom recipients of ribonucleasc-treated irmune lysates failed to sugyress
intracelivler mulitiplication of the §rg nism as corgared to cell syciens
Zrom recivlents of untreated irmmme lysates (Fiz. &4). Licroscopic
oossrvations were in accord with resulis obtlained from viable counts.

It was concludea that passive transier of immunity to . fularensis with

immune cell lysates was medizated by a ribonuclsase~-sensitive mechanisrie

Jpsonic activity in Jwmune Lvsate Reclvient Hats

Ribonuclease-sensitive fractions of macrophages exposed to antizen

have been implicated in the irnduction of antiboedy production (Friecdman,
1964y sskonas and Rhodes, 19653 Friedman ef ale., 19653 idler et 2l.,
190l; Cchen 1967)« Since the appearance of antibody in immuns lysate

recinients, waether it resultcd {rom pessive or active mechanisms, cowld

account solely, or at least in part, for the resistancc observed in coll

'
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studles were cumloyeds Cell suspensions were rarvested Ifrou noriial
S mvariyn s Troa Tt mand Nt ot e o At 12 dasre Tt e 7 A et en
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v

activity appeared in the peritoneal Iluids of dmnunce lycate recipicnis
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nd that the activity increased for at least 13 days after injection.
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Riconuclease~Sengitivity of Advpearance of Cosonie Letiviiy

With the appearance of opsonic activity in the peritoncel fluids

of immune lysate reclplents, 1t became Important Lo deterizine iX this

o ™~

irraame Mechanism was also due to ribonuclease=-sensitive fractions of

the Lrzaune cell lysatese Lysates were prepered Irom xmmune and hormal

cell pools, half of czch lysate was treated with ribonucleasc and the

lysates were injected into normzl animals. Thirtecn days later, cell
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susrwensions were octeined from The reciplents, a2djusted, incculated with
E dop per cell and planted. sfter 3 hours' ineubation at 37 C, cover
57,

slios were removed, steined with fluorescent artibody and the per cont



Figuare 5. Domoroiration of sequential increase of opsonic activity

in Lvmaune lysoate recipientse
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cultures increasea the phagocyiilc efficiency bty

observed in toe system composed of normal cells bothed in norszl suder-

natants It Thus apneared that the opsonin was found in the gloswlin

Iraction and that it wmight be antibody.

Y )

£ the opsonin were antibedy, it wouid e specific for the

nomclozgous organism, F. tularensis, but not for an unrelaled organisi.

hence, adsorption studles were designed to establish the specificiiy of
the opsonine Cell suspensions were oblaired from Limune lysatc recip-
ients 13 cdays after Injectione The uninoculated cell suspensions werc
adjusted and planted in cover slip Tubes. When the cells had atiechca

to the cover slips, the supernatant {luids were remcved, pooied and

adsorbed. One alicguot of the supernatent was adsorbed with .
tulnrensis, another with 2. Lyvhirmurium end the third was Llelt untreated.

after the organisms had been removed from the adsorbed supernatants b

Tiltration, tne supsrnatants were inoculated with Jap as before and

“

replaced on the cerl culturese. Cover slips were renoved threes hours

later, stzined with fluorescent antibedy and the per cent phagocytosis

heterolcgous organicm, 3. Typhimuediu:, abolished the orconic activiiy.
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¢ and mumune lysate reciplents?

L

humoral factors on the mlitinlication of F. tulasrensiz

in normal lysate and immune lysate cell systens.
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sysiens by 90 hours oogst-infectlion, whercas 11ilile Cell CeSUlruCiUion &4l

LWmine celd Lysates inivo
TeClpPLents resuited in the induction of celliudar LInundiy &8 wWedli s L

oearance of a specific opsonin. It was conciuvded that coll-

associated factors constituted the basis of I1n viiro resistance to

sis in immunie lysate cell systems and That huwuoral factors

were of secondery importance only.

Lopearance in Mice Injeched with Lysates a2t

Tre following experiments were performed in an effort to elucidate
the mechanisns involved in the passive transifer of immune mecnanisms to
normal animals by the injection of irmune cell iysetes. &lthcuzh tre

presence of antizen in the form of wvizble s tularensis in immune

lysates wes ruled out by a lack of growth of the organisn when lmmune
lysates were plated on GC3A, non-viable antigen could have been
contained in these preparations. Thereiore, vrecipitin tests, using
immare iysate as precipitinogen arnd anti-tvlarensis serum of known titer
as precipitin, were poerformed on imuune lysates belore injectione. Tae

tests were uniforsly negatives Since the

()

.~ gL < 4 -
> preeipitin test is not highly
LR B ]

RIS L S JURCR. - Ea) - 3 e h| 3 i a. Fa R P
sengitive, anoller Type of cxperiment was designed to test for the

presence of an

3 3 5 = A 0y . _~ L
in irmmane lysates. These cxperiments were tascd
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3CTLG into normal

cell suspensions were inoculatsd with Jap ina 5 Lo

ratlo and plantecs aAfter 3 hours® Incitbation, cover slins were

with fluvorescent antibody and the per cent phagocytosils was dctermineds

The results presented in Table IV indicate that an opsonin cid not

-~ - S am S Lo 3 -1 - P - %A= B -
appcar in mice injected with lysates prepars rat racro=-

©0 te specles-specific and no far-reaching conclusions concerning the

mechanisys dnvolved could be dravne
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he results obitolnesd in wno NISlCny

corciusionss (1) Feritoncal rmacroriaics
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sbsence of specific arntibody. (3) vhereas humorsl raciors crliance Tac

gontror of organlsmal multiplication, they arc seffccis

limitea extent in resistance to the organisn and tac

of sceondaxy importance 1n relation tec cellulea

lyvsates of 1rmune macrophs

£68 are Ll Lic of

reslistance against the homologous organism, &

tion into norrzl ratse. (5) The mechanism of

o)

!

ribonucleasec~sensitive. (8) In addition to resistance as dermonstrated
in vitrg, ribonuclezse-sensitive fractions of Lumune celli lysates Inauce

the formation of a specific opsonin in ncrral recipients. (7) The

(’)
[63]
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£
ct
[
81
ci

onsorin is associazted with the globulin Iraction of the

o

ITlvias of peritoneal exvdates from dmmune 1lysate reci

'd
.
o©
5
ck
6]
14
2,
)
o]
o]
(6]
I
L
10

o be antibody, even though it cowld not te detected with standard
testse (8) The role of the opscnin in the
resistance of c¢ll systerms derived from immune lysate recinients is

secondary in rcletion to cellular immunity. (9) Finelly, the passive

Transfer of Irmiurs mechanlsms with lmmune cell lysates appears to te -
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Stansberry and Woodward (1962) wrerorted a similar vascive transion
of dumunity to tularemis. They noted thal a critical minivel nurier oI
visble cells had to be injected to confer significant resistence upon
recipiencs, but failed to detect any relationship between the nwicer of

3 -

celrs injected and the degree of resistance atiteined wien larger nwoers

[y

They zlso corcluded that Irmamity to Fe tularernsis

of ¢cllis wWere usede

resulted f»rom cellular, rather than humoral, mechanicms oI host

I . ] 5 . 7 . _ - o a2 .. 1 S -
Thorpe and larcus (1964a) reportcd that perifoneal macrodhages Irom

nore eifective in ine

inzesticn and intraceliular destruction of the organism in an

1

syztern tha

t normal rabbits. Specific extrz-
ceilviar antibody was shown to ploy only a minor role in the in viirn

resistance dermonstrated by these workerss In a leter raper (Thorpe an

4}

. L L IR B T - - P L A 3
s, 19540), it wms revorted thet peritonezl cells from immunized

s A pamne o~ e . 2 2 de s : ] A +
ritce and suinea 2igs exhiblzed resistance to the orgaxnism similar o

that exiicited by Llmmune ractbit rccerophases. 1L was conclulced thet



. B LTI Sty B YR

CoLa vl LACTOoTs Qe 0L Loarolry

. ot
e -~ <y
DL ICe Lol ZLlinaTly

()

ey

Lol U b-- &

o~ m R, N T 2 T PR . sl . Y o~ e e mmmen e P U
SGEll, WG, Thal The Zuportance of ccilulax Zactors far oulsiodows waetl

[ T T T PN Y4 o~y o ~ I R Tar
2lthoush 2llien (19%2) ard Stensberry and Woccuward (196

successivl in passively trensferring

unized donors, transiers using hcomozcrates of toe ceils

failed. In the vresent study, water lysates ol e ceils Wore shown

to be capable of conferring cellular resistance upon normal rccirnientiss
erhaovs the disrardty in resulis 1s due to the mothod used in ths

prevaration of disrupted cells for the transfer. Soth Alleon {1922 and
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Stansterry and Voodiwmrd (1962) used a frecze-tnaw mothod, waereas a ruch

the oresert studyes another possibility migiit e in the method of

iroculated with attenuated organisms wes usced in the present study,

wacreas in the cther two studies, recipients of imnune cell homogenates

N1ty in vivo, ©y chellenge with the virulent strain
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(1953) was mediated by a non~specific
thercas that otserved by Sato and kitsuhashi (1965) was not affected Ty
the reroval ol immune serume

Llthouza cellular dmmunity in the

(1963) failed %o detect & humoral response in

recirplents of ricosomal fractions of immune cells. 1n contrest, the
celltlaxr resistance in the system used in the vresent study wos enhanced
Ty, tul not dependent upon, humoral factors and a spsciic opsornin was

detecied in the peritoneal fluids of iwmune 1lysate recipientse This

ribonucleasc-scnsitive fractions immune cell lysates because (1) it did

not appecar in norral lvsate recinients 2) it did not avpear waen the
o - = 3

wne lysate was treatec with ribonuclease prior to injection, (3) it
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incrazsed In Tiler with time after injectlion of Insmune lysates and

(4) it wes romoved from the peritoncal exwlate by adsoroiion with the
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mechanisms are induced by the same portlon of these Ifractlons ¢l Liiinte
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celi lysates. In this regerd, both of the other renorts of

Trenslier of cellular irmunity with portions of immune celle (Fonz of als
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19563; Sato and iitsuhashi, 1985) have implicated riscsomal Xi. as the
zciive Zoagtor, whereas the reports of imduction of antibody with
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extracis of colls exposed to antigen (Pishman and idler, 1003; Fricdienn,

196y Conen gt ale, 1965) have implicatea low moliccular weizzt Rl as

the active factors With this as a basis, one woula expect two active

sucstancoes to te contained in the »ibonuclecase-sensitive fractions of
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without precedent, since Adler ef al. (1965) revorted two types oI
prescent in wacrochage RNL from high antigen 1npul systems, each of which
irduced a different type of antibody in normal lymrh node cellse These
two types of Ll evidently induced antibody production by a soxewhat

Girlerent mochanier, since one of them was antligen-Ifree and was syn*’;l:e-

1

sized upon antigenic contact, whereas the other one contalined ant

ard was found o be present in the macrorhages before anticenic contact
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