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Thé work préséntécL in  th lé  théoiô wés diractéd towaràô 

developing & clearer underotanding of ©ome of the biochemical 

aspecte o f antibody production. The systems employed were 

rabbit^-anti-bovine serum albumin (BSA) for stu d ies on the 

sp ec ific  a c t iv ity  of DNA polymerase > and ratmanti#"Sheep red 

blood c e l l s  (SHBO’s) for  polyribosome studies*

Some rabbits were rendered tolerant to  BSA by the 

in traperitoneal in jection  of th is  protein a t birth# The 

establishment of tolerance was confirmed by antigen  

elim ination t e s t s  in  the mature animal* Comparative studies  

were made on the sp ec ific  a c t iv ity  of BHA polymerase from the 

spleens and appendices of normal untreated rab b its, rabbits 

undergoing a primary or seomdary response to  BSA and rabbits  

previously rendered to lerant to  BSA*

The r e su lts  obtained indicated that in  the case of the 

sp lenic polymerase a c t iv ity  was increased by the immunisation 

procedures* Increased a c t iv ity  was observed on days I*, 3 , 4$ 

6 and 8 of the primary response and on days 2, 3 , 4 , 6 and 8 

of the secondary reeqponse* In the case of the animals
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rendered to lerant to  BSA enzyme a c t iv ity  was depressed 3, 4 

and 6 days a fte r  one in jectio n  of th is  protein in to  the 

adult animal and 1, 4 and 6 days a fter  a second in jection*

The eignifioanoe of these résu lté  and th e ir  p ossib le  

relationsh ip  to  lack of macrophage p ro lifera tio n  in  the 

secondary response and in  tolerant animals was discussed*

R esults from comparable studies in  the appendix showed 

no con sisten t pattern but there appeared to  be a decrease in  

the sp e c if ic  a o t iv ity  of the enzyme a t various times a fte r  

antigen in jection* A p ossib le  ro le  of the appendix in  the 

immune response was considered on the b a sis  o f these resu lts*

In view of th is  antigen stimulated c e llu la r  response in  

the sp leen , stud ies were made on the polyribosome patterns 

or the epleens of control and immunised animals* A 

procedure was developed whereby polyribosomes could be 

extracted and analysed from rat spleens* Ro consistent 

differenoes between the polyribosomes of control and 

immunised ra ts  were observed. P ossib le reasons for th is  

inconsistency were discussed*

CflSCaC® JB* MOFFAT
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Wa n<M come to  the important question of the eignifioanoe  

of the toxophiXe groupe in  organe. That these are in  

function sp ec ia lly  daelgnad to se ize  on toxines cannot he 

for one moment entertained* I t  would not he reasonable to  

suppose that there were present in  the organism many 

himdredé of atomic groups destined to  unite w ith tox in es, 

\then the la t te r  appeared, but in  function r e a lly  playing no 

part in  the processes of normal l i f e ,  and only arb itra r ily  

brought in to  re la tion  with them by the w i l l  o f the 

investigator* I t  would indeed be highly superfluous, for  

emmple, for  a l l  our native animals to  possess in  th eir  

t is su e s  a tm ic  groups d eliberately  adapted to  unite with 

abrin, r ic in , and orotin , substances coming from the far  

d istant tropics*

Paul mirlich* I9OO.
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Thé concept of Immunity properly began with the 

in tr  oduoti on of vaooination against oow-pox in  the la te  I8th 

century (Jenner, 1798) but the f i r s t  attempt to  place 

immunology on a more eeoure s c ie n t if ic  haeis must he 

attributed  to  Louis Pasteur# Almost 100 years a fte r  Jenner, 

he showed that attenuated mioro^organisms oould he used for  

the preparation of vaccines against chicken cholera (Pasteur, 

I880a) and other d iseases of b acteria l origin  (Pasteur, 

Ghamberland and Roux, 1881 ) .  At the same time he suggested 

(l880b) that in  the f i r s t  attack of a mioro-organiem on an 

animal some nutrient substance was consumed by the organism* 

On the occasion of a ftsrther attack on the same animal, the 

same organism would be unable to  thrive and Immunity would 

resu lt*  This was termed the "exhaustion theory#" In 

contrast, Ohauveau ( i 860) postulated a "retention theory" 

which suggested that the mioro*i*organism l e f t  behind some 

substance whioh prevented a further attack from being 

successful#

However, with the eluoidation of a b acteric id a l 

m aterial in  plasma, Buchner ( I 894) presented h is  hypothesis 

that tox ins were modified and incorporated in to  an titox in s



in  the body* This was probably the f i r s t  attempt to  explain  

the © peoifioity of the immune response but the downfall of 

th is  theory oame with the rea lisa tio n  that the amount of 

an titox in  formed was very much greater than the amount of 

toxin  administered to  the animal* Another prooess by whioh 

some sp eo ia lised  c e l l s  oould attack and destroy in fec tin g  

agents was being in vestigated  by Metohnikoff ( 1901)* This 

was a ce llu la r  defence mechanism termed "phagocytosis" and 

involved the actual ingestion  of the in fe c t in g  agent by the 

ce ll*  This concept however fa ile d  to  gain popularity u n til  

many years later*

In 1900, Ehrlioh elaborated in  some d e ta il  h is  

"eldSwchain" theory of antibody formation. He considered 

that c e l l s  were f i t t e d  with "side-mohains," the normal 

function of whioh was to  take up food stu ffs but each of which 

"incidentally  and by pure chance" a lso  had the capacity to  

combine with a particu lar toxin* When th is  combination 

happened, the normal function of the "side.*chain" was 

impaired and regeneration of the particu lar c e l l s  and 

"sidem,chains" involved then took p lace. However, according 

to  Ehrlioh, an over*#compensation resulted  in  the production 

of an excess of "side^hains" which were consequently 

discarded in to  the blood thus accounting for serum antibody.



This theory explained many of the known aspects of immunity 

including *•

(a) The sp e c if io ity  of an titox in s

(b) The duration of immunity (even in  the absence 
of toxin)

(o) The excess production of an titox in  in  comparison 
with the amount of toxin administered

(d) Failure to  respond to  a given toxin*

Ehrlioh suggested tîiat th is  la s t  point simply implied the 

absence of a su itab le "aide-^chain*** He further suggested 

that some antibodies, particu larly  those d irected  against 

erythrocytes and bacteria , had 2 s p e c i f ic i t ie s .  One of 

these allowed the antibodies to  combine with the sp ec ific  

antigen and the other permitted combination with the heat 

la b ile  serum factor (complement) and led  to  ly s i s  of the c e l l  

involved,

Ehrlioh’ s theories so adequately explained the known 

phenomena of immunity that they formed a working hypothesis 

for research over the ensuing 3 decades* As w i l l  be 

mentioned la te r , scxne modem theories of antiboây formation 

adopt many of the p rin cip les of Ehrlioh’a "side^hain"  

theory* However, some immunologists of the early  1930*8 

considered that the number of antibodies which an amimal



oould synthesize was so great as to  exceed the number that 

would be availab le according to  Ehrlioh* s "eide-oîaain" 

theory, and eo new hypotheses began to  appear.

In the d irect template theories of Breinl and Haurowits 

( 1930) , Alexander (1931) and Mudd (1932), i t  was suggested 

that the antigen ic m aterial directed incorporation of amino 

acids in to  antibody molecules at the s i t e  of synthesis and 

thus ensured oomplementarity of oonfiguration. These 

theories d ictated  that antibody sp e o ifio ity  was a funotion  

of the amino acid sequence of the antibody moleoule* On 

the other hand, Pauling (1940) suggested that the antigenic  

deteiminant served only to  d irect the fo ld in g  of the 

protein chain and that the various antibody molecules d iffered  

from each other only in  th is  respect, and not in  amino acid  

sequence*

Burnet ( l9 4 l)  considered these d irect template 

th eories in  d e ta il  and h is  cr itic ism s of th e ir  inadequacies 

were as fo llo w s, The fa ile d  to  account for the fa c t  that a

1, A second or subsequent contact with an 
antigen causes increased antibody 
production (the secondary response)

2, Antibody production continues long a fter  
the antigen responsible has disappeared 
from the body
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3* Antibody production continues in  the 
progeny of the cell©  or ig in a lly  
stimulated

4* The type of antibody produced varies with  
age, with the mode of adm inistration of 
the antigen and from one epeoiee to  
another*

To overcome some of the d i f f ic u l t ie s ,  Burnet and Fenner 

(1949) proposed an Indirect template theory whereby antigen  

modified a globulin-fsynthesizing enzyme re su ltin g  in  the 

formation of an enzyme that was not o r ig in a lly  a c e l l  

constituent* Buch a proteinase would then be responsible  

for synthesizing the antibody globulin* These authors 

further suggested that a sim ilar mechanism was involved in  

the destruction of the body’s own aged c e l l s  but with the 

difference that such c e l l s  would carry d istingu ish ing  

components ("self-markers") perm itting th e ir  catabolism  

without concomitant antibody production. An important 

corollary to  th is  was the prediction that exposure of 

foetuses to  a "marker" would resu lt in  absence of an immune 

response to  such a "marker" in  adult l i f e *  This concept 

of "tolerance" was la te r  confirmed experim entally 

(Billingham, Brent and Hedawar, 1953)*

In 1955, Jeme propounded some ideas that were 

reminiscent of those of Ehrlioh of go years earlier*  The



e sse n tia l oonoept here was that of "natural antibodies*"

That i s ,  the' gamma globulin  fraction  of serum was 

considered to  be heterogeneous and fo r  every antigen there 

would be a gamma globulin of most c lo se ly  matched 

complementary configuration* After combination of the 

antigen with the se lected  globulin followed by phagocytosis, 

synthesis o f th is  particu lar globulin would then be enhanced 

(the "Natural Selection  Theory" of antibody form ation). 

Another theory whioh placed the emphasis on se lec tio n  rather 

than in stru ction  was the "Olonal Selection  Theory" of 

Burnet (1959)* According to  th is  theory, extensive  

mutation in  the relevant areas of the genes coding for gamma 

globulin takes place during embryonic l i f e *  This would 

r e su lt  in  a population of p oten tia l antibody forming c e l l s  

each with the capacity to  form a sp e c if ic  antibody* Also, 

during embryonio l i f e ,  clones whioh had the p o ten tia l to  

react with "self" antigenic determinants would be elim inated< 

In th is  way, se lf-recogn ition  and the induction of tolerance 

by the adm inistration of antigens to  the neonate were 

explained. In the primary response where the antigen or 

seme m aterial derived from i t  encountered the appropriate 

clone of c e l l s  i t  would tr igger o ff a sequence of events 

resu ltin g  in  ce llu la r  p ro lifera tion , the formation of 

antibody—producing c e l l s  and a lso  the formation of an
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increased number of conditioned c e lle  whioh do not 

immediately synthesize antibody but which on a further  

antigenic stimulus would be able to  do so . This would 

r e su lt  in  the more rapid and greater production of sp eo ifio  

antibody whioh i s  ch aracteristic  of the secondary response#

Variants of most of these theories are s t i l l  in  vogue 

and w i l l  be considered below under "Borne Current Theories 

of Antibody Formation#"

THE TiaaOEB INVOhTO)

The f i r s t  unequivocal evidenoe that the spleen was a 

s i t e  of antibody synthesis was supplied by Fagraeus ( 1948) 

who showed that plasma c e l l s  in  the red pulp of th is  t issu e  

were a c tiv e ly  involved* On the b asis of fluorescent 

antibody stu d ies , Leduo, Coons and Connolly (1955) concluded 

that the lymph nodes of hyperimmunized animals were a lso  

involved* Askonas and Humphrey (1958) in vestigated  the 

a b il i ty  of t is su e  s l ic e s  to  produce antibody in  v itr o  and 

oonoluded th a t, depending on the nature of the antigen and 

the mode o f adm inistration, t is su e s  as d iverse a s  spleen, 

lung, bone marrow and to  a le sse r  extent l iv e r ,  were 

im plicated in  production of antibody*

More recen tly  a considerable amount of evidence has
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been àmaBsed which Im plicates other lymphoid t issu e  in  the 

immune response* M iller (1961 ) showed that thymectomy in  

neonatal mice resu lted  in  depletion of the number of 

lymphocytes and in  impairment of the immune response in  the 

mature animal* He suggested that the thymus may be 

involved in  producing c e l l s  to  populate other lymphoid 

organs and a lso  in  secreting a factor which promotes 

lymphepoiesis in  such organs# An independent but sim ilar  

r o le  bas been suggested for the appendix ( th is  i s  considered 

in  some d e ta il in  the OTA polymerase section  of th is  th e s is )  

and for  other lymphoid areas such as Foyer’s  patches in  the 

in testin e*  In reviewing th is  f ie ld  recen tly , Cooper, 

Gabrielsen and Good (l96?) suggest that there i s  a thymus 

dependent system whioh i s  involved in  c e llu la r  immunity and 

a second systm  which in  birds i s  dependent on the Bursa of 

Fabricius and in  mammals on the Beyer’s  patch type of 

lymphoid t is su e  and which i s  concerned with serum antibody 

production * B ites of antibody production (such as ^ le e n  

and lymph nodes) are termed peripheral lymphoid t is su e s  and 

s i t e s  of origin of the functionally  diverse lymphoid c e l l s  

(fo r  example thymus, appendix) are central lymphoid organs*
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THE Om,W CTVOLTOD

The oelXulor aspect of the immtme response w i l l  he 

considered f i r s t ly  with respect to  plasma c e l l s  and 

lymphocytes, and secondly with respect to  the ro le  of the 

macrophage*

In reviewing the large amount of lite r a tu r e  on the 

plasma c e l l ,  Thorhecke and Benaoerraf (1962) concluded that 

there was no doubt that plasma c e l l s  and in  particu lar  

immature plasma c e l l s  were the c e l l s  a c t iv e ly  involved in  

the synthesis of antibody* They further suggested that 

these c e l l s  arose by

" S T "

where ( i )  occurred in  the lymphoid tissu e  (haemocytoblaat 

and large lymphocyte possib ly  being synonyms) and ( i t )  in  

the red pulp of the spleen* I t  was considered that both 

lymphocytes and plam a c e l l s  developed from undifferentiated  

reticu la r  c e l l s .

Nossal and #kel&  (1962a) reached sim ilar conclusions 

with some s ig n ifica n t additions* Thus they suggested *#

(a) that the antigen responsive c e l l s  may be 
large lymphocytesj
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(b) th at, a fte r  m ultip lication  of these c e l l s ,  
some d iffer en tia te  to  plasma c e l l s  and 
some to  restin g  or memory c e l l s  whioh they 
oonsldered may appear morphologically as  
small lymphocytes;

(c ) that antigen could a lso  stim ulate the 
memory c e l l s  whioh oould then re-en ter the 
cycle  as prim itive ompetent c e l l s  -  
p ossib ly  large lymphocytes.

In a review a r t ic le  on the lymphocyte, Toffey ( 1964) pointed

out that a certain  proportion of lymphocytes have a very

long l i f e  span and suggested that these c e l l s  were

developmentally s ta t ic  because they had been conditioned on

primary antigen ic stim ulation. He considered that in

response to  a second encounter with antigen these c e l l s

enlarged and were transformed in to  the large basophilic

c e l l s  which appear 24 hours a fte r  antigenic challenge. Both

Yoffey ( 1964) and Nisonoff and Thorbeoke ( 1964) present a

considerable volume of evidenoe that such a transformât! on

can take p lace .

M itchell and Galabresi ( 1964) extended th is  ocmoept of 

"conditioned lymphocytes" and postulated that some small 

lymphocytes formed in  a rabbit lymph node in  response to  a 

lo ca lised  primary in jectio n  function as "immunological 

messengers." By means of these c e l l s  remote nodes receive
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information whioh originated in  the node sen sitized  by 

d irect contact with antigen . Thus, i f  antigen was in jected  

near a node remote to  a f i r s t  in jec tio n , a typ ica l secondary 

response was obtained even though no antigen leakage could 

be detected a t the height of the ce llu la r  response to  the 

f i r s t  in jection#

Gonsidemble evidence has accumulated that recircu la tin g  

m a il  lymphocytes are involved in  the primacy response to  

homografte (reviewed by Wilson and Dillingham, I967)# I t  i s  

cm sidered th a t, when certain  co m itted  lymphocytes are 

stim ulated, they become estab lished  in  the r e g im a l lymph 

node, enlarge to  the large pyroninophiiio b la st c e l l s  which 

are ch aracteristic  of the early  part of an immune response, 

and that these subsequently divide to  produce more committed 

email lymphocytes. Furthermore, Hummler e t  a l .  ( 1966) have 

shown that c ircu la tin g  c e l l s  producing haemolytio antibody 

directed  against sheep red blood c e l l s  (BRBOs) showed the 

ty p ica l structure o f small lymphocytes when examined by 

e le c tr m  microscopy# In th is  connection^ McGregor,

MeOulla^ and Gowans (196?) have shown th at, when ra ts are 

prevented from producing a ham olysin response to  BEBC© by 

X -irradiation, th is  in a b ility  could be overcome by the 

adm inistration of normal small lymphocytes. I t  was a lso

suggested (Ford and Gcwans, 1967} th a t th e magnitude
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o f the haemolysin response depended cm the oonoentration of 

lymphocyte© entering the spleen at the time of administration  

of the antigen and that these c e l l s  whioh "homed" to  the 

p eriarterio lar  lymphoid sheath of the sp lenio white pulp 

within 3 hours of th e ir  adm inistration to  the perfusing blood, 

were the important c e l l s  in  the ensuing immune response* 

Nossal ( 1967) has sim ilarly  #%phasized the importance of 

lymphocyte "compartments" in  the # le e n  and s ta te s  tîmt 

antigens lo c a lis e  in  the lymphoid f o l l i c l e s  of the white pulp 

w ithin 2-4 hours of th e ir  administration#

Thus, while plasma c e l l s  are considered to  he the main 

effec to r  c e l l s  in  antibody production (A ttardi, Oohn,

Eoribata and Lennox, I964)* increasing importance i s  being 

attributed  to  the c ircu la tin g  small lymphocyte both as a 

p o ten tia l preoursor of such c e l l s  (v ia  tr a n sfo r a tio n  to  a 

b la st c e l l  and subsequent d iv is io n ) but a lso  as an antibody 

producing o e l l  in  i t s  own right*

A further p o te n tia lity  of the small lymphocyte was noted 

by Holub (1962) who recorded th at, when pure suspensions of 

these c e l l s  were transferred from an immunised donor and kept 

in  Mi H ip  ore d iffu sion  chambers in  the p eritoneal cavity  of 

a rec ip ien t rabbit, there was a gradual transformation of 

these email lymphocytes in to  macrophages# There îiava been
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considerable d ifferenoes of opinion in  th is  oonneotion but 

the recent report of Book, C hristie , Ford and Gowane ( 1968) 

strongly favours th is  concept of transformation of 

lymphocyte to  macrophage under certain  conditions. These 

authors in it ia te d  a graft-versus-host reaction  in  mice by 

the intravenous in jection  of thoracic duct small 

lymphocytes (98. 5^ pure)* Eleven to  12 days a fte r  th is  

in jec tio n , l iv e r  macrophages were iso la ted  from the host 

and by use of appropriate chromosome marker techniques i t  

was observed that 959? of those macrophages whioh were 

engaged in  m itosis  were of donor origin  -  th is  i s ,  were 

derived from the inoculum of thoracic duct c e lls*  However, 

in  another se t of experiments a d ifferen t stimulus for  

macrophage p ro lifera tion  was used and d ifferen t r e su lts  

ensued* Mice were 3C-irradiated and then re-populated with  

e ith er  ( l )  lymph node c e l l s  and bone-marrow c e l l s  or (2 ) 

thoracic duct c e l l s  and bone-marrow c e lls*  Host c e l l s ,  

lymph node c e l l s ,  thoracic duct c e l l s  and bone-marra? c e l ls  

a l l  bore d is t in c t  chromosome markers for id en tifica tion *  

Eleven to  19 days la te r , p a rtia l hapatectomy was used to  

stim ulate p ro lifera tion  of liv e r  macrophages and these  

c e l l s  were iso la ted  and id en tified *  In the former case 

(Case 1) ,  the majority of the d ivid ing macrophages were
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of 1)one-marrow origin and in  the la tte r  case (Oase 2) the 

r a tio  of bone-marrow s thoracic duct : host c e l le  as origin  

of the macrophages was around 8#5 s 3 ; 1, In these  

la t te r  experiments, however, the inoculum of lymphocytes 

(lymph node or thoracic duct) was very much greater than 

that o f hone-marrw ce lle#  Thus i t  was concluded that 

depending on the nature o f the stimulus re -c ircu la tin g  

lymphocytes and h<me#marrovf c e l l s  (whioh may hâ re the 

morphology of w a l l  lymphocytes) can transform in to  

p ro lifera tin g  macrophages#

In terest in  the macrophage as a c e l l  e s se n tia lly  

involved in  the mediation of the immune response m s  

revived by the e^qjeriments of Fishman (l9 6 l)*  These 

experiments together with other evidence in  favour of and 

a ^ ln s t  a cru cia l ro le  for  macrophage HNA w i l l  be considered 

below but observations on the ce llu la r  a s s e t s  w i l l  be 

introduced here.

In the experiments o f Perkins and Leonard (1963), 

mouse peritoneal macrophages ivere incubated 4^ vitro, with  

HBOs from various species or with EBOs coated vd.th serum 

factors to  enhance pM gocytosis# Oei microscopic 

examination of the macrophages i t  was obsmzved that 

phagocytosis o f the various antigens was highly se le c tiv e
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and oould be modified by the praeenoe of ©peoifio 

erythrocyte antibodiee* I t  was concluded from thaee 

experiments that individuai macrophages had the a b i l i ty  to  

r e o o # ie e  %nd in gest sp e c if ic  foreign m aterial, thus f i t t in g  

them fo r  some particu lar ro le  in  antibody biosynthesis#  

Schoenberg, Mumav, Moore and Weioberger ( 1964) summarized 

the ex is tin g  evidence im plicating macrophages surrounded by 

lymphoid c e l l s  in  the immune response w d  recorded that in  

studying sect!(m s of spleen and lymph node frcm immunized 

and nojtjt-immuniaed rab b its, " is le ts"  of macrophages 

surrounded by e ith er  plasma c e l l s  or lymphocytes were found 

in  a l l  cases -  though in  greater numbers with immunized 

animals* Bleotron mioroecopy revealed some areas of d irect 

oommunioation between the cytoplasm of macrophages and that 

of lyîiphooytio ca lls*  P a rtic le s  the s iz e  of ribosomes 

were seen in  the cytoplasm connecting the 2 c e l l  types 

th ou ^  antigen could not ba demonstrated in  antibody 

producing c e l l s .

This phenomenon was further suggested by the experiments 

of Nossal, Ada and Austin ( I 964) . Twenty-four hours a fte r  

the in jectio n  of lab elled  f la g e lla r  antigen the lab el was 

found in  d iscrete  c e l l s  in  the responding lymph node and 

each heavily  lab elled  centre appeared to  have extensions
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bearing lab elled  m aterial branching out from i t .  I t  was 

inferred from those observations that the la b e l was present 

in  macrophages which possessed dendritic processes 

containing antigen-derived m aterial and that when prim itive  

c e l l s  encountered these processes they wore caused to  

p r o life r a te . Those in vestiga tion s were la ter  developed 

and the conclusions confirmed by M iller and Nossal ( 1964) .

j^ rtfe ld  and Juliar ( 1964) described experiment b in  

which peripheral leukocytes from patien ts with rheumatoid 

a r th r it is  were grown in  culture for 4  days* 8uoh p atien ts  

are thought to  produce macroglobulin in  response to  

antigen ic stim ulation frcsn denatured gamma globulin*

Stained s lid e s  were prepared a t in terv a ls  from both 

rheumatoid and non-rheumatold cu ltu res. By 2-4 days the 

number o f small lymphocytes had decreased and there was an 

ino3?ease in  the number of lymphoblast c e l l s  and macrophages* 

A lso, in  6 out of 8 rhom atoid cultures; but in  no normal 

cultures organised " is le ts"  had appeared* In some of these  

i s l e t s ,  exchange of information ("peripoleeis") appeared to  

be taking plage* Similar observations were made by 

McFarland and Heilman ( I 965) Vfho observed that in  t is su e  

culture of peripheral leucocytes clumps of 10 or more 

lymphocytes were attached in  radial fashion to  macrophages.
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0?hey î3U{ïgoat0d that thia contact may reprcaeat an alternative  

to  c e l l  d iv is ion  as a means of developing dlonoc of antibody 

fom in g  c e l l s  in  lymphoid tissu e  a fte r  primary antigen ic  

stimulation^

Oohen ( 1967) has presented evidence which further 

suggests that there are sp e c if ic  binding s i t e s  on the surface 

of lymphocytes receiv in g  Information fran other c e lls#  Thus» 

when HM was extracted from the spleens of mice immunised 

against HRBOs» the HHA could confer antihody«*»forming capacity  

to  normal mouse spleen c e lls*  I f  th is  HM was minimally 

digested  with rihonuolease and administered to  normal c e l l s  

immediately before undigested "immunê * HHA was given» then 

the conversion to  antihody*preducing c e l l s  ŵ as inhibited*

The in h ib ition  was sp e c if ic  since incubation o f spleen c e l l s  

with HHA (d igested  or non--*digesteel) from spleens of animals 

immunised against one antigen did not .in h ib it the conversion 

to  8,ntibody-*producing c e l l s  when OTA frc«m animals immunised 

with another antigen was used* Thus i t  was considered that 

whether the activ e  OTA m s  pure or an BlfA^ntigen complex 

there were sp ec ific  recognition s i t e s  on the surface o f the 

reo ip ien t lymphocytes*

G a llily  and Feldman (19^7) have in ferred  from th e ir  

observations that processing of antigen by macrophages i s  a
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necessary step In antibody production* Mouse peritoneal 

maoropbagès rendered pure by culturing fo r  48 hours were 

incubated in  v itr o  with Shigella  antigen and were then 

transferred in trap erlton eally  to  X-irradiated recip ien t mice* 

Agglutinin production was demonstrated in  rec ip ien ts  5 and 8 

days a fte r  inoculation* However, i f  macrophages from an 

x--irradiated mouse were used, then these fa ile d  to  e l i c i t  

antibody production in  the %#irradiated recip ient* I t  was 

thus suggested that in  the immune response macrophages must 

"process'* the antigen, and that immunological unresponsive^ 

ness due to  Xmirradiatlon i s  a resu lt of some e ffe c t  on 

macrophages and not on lymphocytes*

In summary, the scheme presented in  Fig* 1 i s  postulated  

as a worlclng hypothesis regmyding the c e l l s  involved in  the 

immune response*

m m m tm

1* Antlmns

As w e ll a s  proteins and ce llu la r  structures, many other 

c la sse s  of compound exh ib it a n tig en ic ity . Folysaooharldee, 

nucleic ac id s , synthetic polypeptides can a l l  e l i c i t  

formation of sp ooifio  antibody* In addition , haptenes, 

organic compounds of low molecular weight, can a lso  act as 

antigens i f  complexed to  carriers of one of the above c la sse s .
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Hawowits ( 1955) oônsidéreâ that the shape m ther than 

the charge or p o larity  or any other property of the 

antigen ic determinant v/ae the important factor in  conferring  

a n tig en ic ity  on a compotmd* This concineion was based on 

reports that antihcdies can d ifferen tia te  between 0##, m-* and 

p**l0cmers, between I*# and MLsomere and between ois#, and 

trana^^derivatives of otherwise Id en tica l antigen ic  

determinants* Also* antibody directed against the 

p o s it iv e ly  charged haptens group ai3cphenyl** î̂F**trimethyl<«. 

mmonlim m ^ (GH^)j) can a lso  combine with the

tmoharged aoephenyl**trimethylmethane group 

(#3̂  m m Q The shape in  each case i s

id en tica l*

The experiments of KoW%land and Bngleberger ( I 96) )  

indicated that not only did the amino acid  content of 

d ifferen t antibodies vary but, when the antibody was 

directed  against a p o s it iv e ly  charged haptens* the difference  

in  amino acid  content in  the sp ec ific  antibody favoured amino 

acids bearing a negative charge and v ice  versa* Thus, while 

foreignnesB of shape may be the cr iter ion  of a n tig en ic ity , i t  

a lso  appears that a charged antigen can somehow d irect 

formation of an antibody bearing an c^posite charge. I t  was 

n ot, of course, established  that the charge on the antibody
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moleouXo i s  associated  with the antibody combining site*

2* Antibodies

Present knowledge on the subject of immunoglobulins 

has been the subject of a recent essay by Porter ( 1967) and 

of an extensive review by Cohen and ste in  ( 1967)*

The 3 main c la sses  of immunoglobiilin are IgG 

(78  antibody), IgUÎ ( I 98 antibody) and XgA, a l l  of which 

exh ib it antibody a ctiv ity*  Molecular weights are 150,000, 

900,000  and 400,000  respectively# A ll of the immuno

globulins are associated  with carbohydrate# The structure 

of each i s  based on a 4«^cmponent \m it of 2 heavy and 2 

l ig h t  chains held together by disulphide bonds (Fig* 2 ) .

The XgGr moleoule i s  a s in g le  u n it, Xÿv! i s  p ossib ly  formed 

from 5 unite held together by disulphide bonds and IgA from 

2 u n its which appear to  d isso c ia te  rea d ily , Fran electron  

microscopy stud ies i t  was inferred that th is  unit structure 

i s  T-shaped and that the angle between the 2 arms may vary 

from 0^ to  180*̂ ,

Hydrolysis with papain y ie ld s 2 id en tica l fragments 

(Fab) and a third fragment (Fo), Peptic hydrolysis y ie ld s  

a fragment (FaV)2 and small peptides from the Fo part of 

the moleculo* The H-terminal h a lf of the heavy oliain (Fd) 

oan be prepared frora the Fab fragments#
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s pmoHAmMio nwmmiwim oip Tim mm.
B * H t J O r o B  OF B E m O G I iO B lJ L I I S

Chains ara linîcôd by dieulphide bridges. Broken lin e s  

indlca'îï© \vhere variation  in  amino acid sequence may occur 

ml thin  a given chain type, Bot-dash lin e s  ind icate where 

p roteo ly tic  d igestion  takes plaoa giving r is e  to  the 

fragments ind icated ,
B’rom Oohen and M ilstein  (19^7)«

•FoJa ------------>i<  Fc.  ^

pA(*f»ipi

F (,»>=0x
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Studies of these various fragments have revealed that #.

( i )  5?ho antibody combining s i t e  resid es in  the Fab 
fragments

( i l )  fa r ia tio n  in  amino acid  sequence i s  common in  the 
Bwtemihal portions of heavy and lig h t  chains and 
may deteïiaine the threo^^dimensional structure of 
the iïMunoglohulin and hence antibody sp e o if io ity .  
The amino acid  sequenoe in  the O-terminal portion  
i s  virtual34T constant#

( i l l )  Fd fragments iso la ted  fr m  sp e c if ic  antihoây w il l  
hind to  c ircu la tin g  antigen ^  vivo hut iso la ted  
l ig h t  chains do not normally possess th is  a b il i ty

( iv )  Antibody binding capacity la  enhanced when lig h t  
chains fr m  the orig inal antibody are recmbined  
with ap eoifio  heavy chains, suggesting that the 
l ig h t  chain does have some ro le  in  the antibody 
binding s i t e

(v) Within a s in g le  c la ss  of immunoglobulin (igG,
or IgA) 2 or more types of lig h t  chain have 

been found which d iffe r  an tigen ioa lly  frcm each 
other * iso ty p ic  variants

(v i)  Associated with any of these types of l ig h t  chain 
there can be a variety  of heavy chain types each 
bearing d is t in c t  antigenic p rop erties, These 
type-^spaoifio determinants can be located on the 
Fc or Fd parts of the heavy chains

( v i i )  A llotypic variants (antigenic d ifferen ces between 
ind iv iduals of the same species) sometimes occur 
in  both l ig h t  and heavy chains (on Fo and Fd 

fragm ents) of a number of sp e c ie s
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( v i i i )  raiotypic variants (antigenic s p e c if ic ity
assooiated  with individual antibodies) have 
been demonstrated in  a few oases and appear 
to  be located in  the variable region of the 
Fab fragment*

Gohen and Mn^lstein (196?) emphasise that iso ty p ic  and 

a llo ty p ic  s p e c if ic i t ie s  alone determine the amino acid  

sequence of the 0-terminal sections of l ig h t  chains (and 

probably a lso  of heavy chains) while the amino acid  sequonoe 

of the W-terminal section s appears to  be sp e c if ic  for  th eir  

clone of origin  and vary from one immunoglobulin to  another#

The ro le  of the various c la sses  of itnmunoglobulin i s  

not oomplotely clear as yet# Bauer, Mathies and Stavitsky  

( 1963) and Ihn? ( 1964) shaved tliat for  most of the antigens 

studied (p articu la te  and protein) the primary response was 

characterized by early  production of antibody. This 

was arrested  and v/as followed by production of XgQ antibody 

beginning about 7 days a fte r  the antigen in  dec t i  on. In 

the secondary response, IgG was produced e a r lie r  and in  

greater quantity than in  the primary response and small 

amounts of 1 0  antibody could a lso  bo produced. I t  \ms 

suggested that the IgM mechanism did not develop 

inmunological memory whereas the XgO system does. Bauer 

0t a l .  ( 1963) postu late that the d ifferen t c la sses  of
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iiimimogldbulin are formed in  d ifferen t c e l l  types*

In th is  oonneotlon the experiments of Adler, Fishman 

and Bray ( 1966) are of eonsiderabl© in terest*  The d e ta ils  

of the experimental teohniquos are considered below hut, in  

smmary, rahhit peritoneal emidate c e l l s  were ineuhatad i^  

v itr o  with antigen* HM was extracted and transferred to  

cultured fragments of non-'immime rahhit lymph node tissu e  

and antibody production ensued. %%en the peritoneal exudate 

c e l l s  and lymph node c e l l s  came from animals of d ifferen t  

a llo ty p es , the IgM antibody formed f i r s t  in  the culture 

contained antigenic markers oharacteristio  o f the donor of 

the peritoneal exudate o e l ls ,  while the XgO antibody formed 

la ter  had the a llo ty p ic  sp e c if ic ity  of the donor of the 

lymph nod© ce lls*

The immunological ro le  of IgA i s  not c lea r . I t  i s  

present in  various seromuoouB secretions (Oohen and Mil s te in , 

1967) in  r e la t iv e ly  high oonoentration. Exocrine IgA shows 

certain  d ifferences froa serum IgA 3

(a) Greater molecular weight

(b) I t  i s  associated  with an an tigen ioa lly  
d is t in c t  fragnent (transport or T p iece)

(c) I t  te s  a greater s ta b il ity  in  the presence 
of mild reducing agents.
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3* Blbonuolelo Aoid

Ab already sta ted , the experiments of Fishman ( 196I) 

Implied that macrophage derived RM had a oruolal ro le  in  

the h iosynthesie of antibody* These experiments together 

\Tith other evidenoe which suggests that EH extracted from 

lymphoid t is su e  or from preparations of macrophages i s  

involved in  mediating the immune response w i l l  be introduced 

here #

In Fishman’ s experiments, preparations of rat lymph 

node c e l l s  containing not more tlian 5^ macrophages were 

cultured ^  v itro  and peritoneal macrophage preparations 

were obtained from the same animals# T2 bacteriophage was 

used as antigen . Either ( i )  T2 phage alone or ( i i )  

macrophage alone or ( i l l )  a washed homogenised preparation 

of macrophage c e l l s  pre^inotjbatod with Ts phage vms added to  

the lymph node c e l l s  in  t is su e  culture* A fter incubation, 

gamm globulin  was iso la ted  from the culture medium (by 

sa lt in g  out) and was concentrated ton-fold* Anti-Tg 

a c t iv ity  was assayed by te st in g  the a b i l i ty  of T2 pha^  

a fter  mixing with the culture medium concentrate, to  form 

plaques when spread over the surface of a uniform Bsch* o o li  

suspension in  agar in  P etri d ish es. The greater the 

n eu tralizin g  a c t iv ity  of the culture f lu id  the lower the 

number of plaques*
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Wo n eu tra lisin g  a c t iv ity  was found when culture f lu id  

from case ( i )  or ( i i )  was used* In case ( i i i )  there was 

s ig n ific a n t n eu tra lisation  but only in  1 out of every 5 

attempts* The antibody was sp ec ific  for  T2 phage* Other 

observations include §

(a) Apparently only 10 -  20/̂  of macrophages w ill 
react with antigen*

(b) Optimal time of incubation of macropÎBga 
with T2 phage was 30 min. More than a 
simple absorption or ingestion  appeared 
to  be involved*

(c ) The macrophages and lymph node c e l l s  must 
oomo from the same species -  for  example, 
no a c t iv ity  v/as found using rabbit 
macrophages and rat lymph node c o l l s ,

(d) Study of the phage-maorophage f i l t r a t e s  
which were su ccessfu l in  stim ulating antibody 
formation revealed that ribonuclease 
completely in h ib ited  antibody synthesis*
Control oxperimonts showed that th is  was not 
due to  any action  on lymph node ce lls*

Fishman’s ten ta tive  conclusion from those experiments 

was that lymph node c e l l s  in  tis su e  culture used ribonuclease 

sen sitiv e  m aterial derived from macrophages as a template 

fo3? antibody production.
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MBnniolc and Egdahl ( 1962) , using the p3?inciplo that 

lymph node c o l ls  of rabbits receiv ing a skin homograft have 

the p o ten tia l to  react against the skin of the donor rab b it, 

showed that a tiiboroulin-like skin reaction  vjas obtained 

When immune lymph node c e l l s  from a rec ip ien t rabbit were 

in jected  intradermally in to  the donor, VJhen non—immune 

lynph node c e l l s  from other rabbits were in jected  in to  the 

donor a t a d ifferen t s i t e  a skin reaction was obtained but 

in  a fewer number of cases.

In an attempt to  find  the a ctive  p r in c ip le , the OTA of 

the immune lymph node suspension was extracted and incubated 

in  v itro  with non-immune lymph node c e l l s  from a control 

rab b it, As control, non-immune lymph node c e l l s  incubated 

with but' RKAi‘were.: U sed •

The suspensions, t e s t  and control, wore in jected  in tra -  

dormally in to  opposite sides of the back of the donor rabbit, 

A s ig n ifica n t reaction  was obtained in  1? out of 20 oases 

with the te s t  suspension and in  only 2 out of 20 with the 

con tro l. Other con tro ls, neutral lymph node c e l l s  

incubated with HEA from other neutral rab b its, and the 

reactive  OTA without the lymph node c e l l s ,  both fa ile d  to  

produce a reaction . Further, the reaction  produced by 

neutral c e l l s  incubated with reactive  OTA was completely
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ep eo ifio  foj? the donor of the skin homograft.

Fishman and Adler (1963) in  the second paper of th eir

se r ie s  record experiments in  which they in serted  in to  the 

peritoneal cav ity  of ra ts  (irradiated  or non-irradiated) 

d iffu sion  chambers containing various permutations of ( i )

OTA extracted from macrophages pre-inouhated v/ith Tg phago 

-  OTA (M-Tg), ( i i )  OTA from untreated macrophages -  HHA (M),

( i i i )  lymph node c e l l s  from neutral ra ts  -  M , ( iv )

ribonuclease -  OTase, (v) T2 phage* Their most pertinent 

r e su lts  are summarised in  Table 1.

Studios on the reactive  ENA showed i t  to be of low 

molecular weight* Attempts to  find antibody binding 

m aterial in  the OTA fa i le d , though the p o s s ib i l i ty  was not 

©xoluded that the RMA contained fragments of T2 phage 

oanplexed with i t .

Friedman ( 1964) has s im ilarly  sham that HWA extracted  

from the spleens of immune mice oan confer the capacity to  

produce sp e c if ic  haemolytic antibody to  normal mouse spleen  

c e l l s .  Ribonuclease treatment of the immune donor RMA 

prior to  incubation vdth normal c e l l s ,  suppressed subsequent 

antibody format!on *

One major question raised  by these e:cperiments vjas
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TABLE 1 § from Fishman and Adler (1963)

1 RIA (M-T2)-I.ljf 8 /12  1 0 /l2

2 . HIA (M -Î2) 0 / l2  7 /9

3 HIA (M-T2)+W+HIaS0 O /i l  0 / l1

4 RHA (m)+W+T2 0 / l1  0 / l1

 ̂ Bee tex t for d e ta ils  of abbreviations

•K‘4& Ihmerator-nimber of ra te  producing antibody 
Denominator -  number tested
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whether or not antigen was present in  the RWA extracts used.

Askoms and Rhodes (19^5) in jected  D^I^haemocyanin in tra -

perlto3ieaIly in to  mice and a fte r  a^ hours coIXeotocX and

pooled the peritoneal c e l l s  from 20 mice. HHA was extracted

by phenol and by sucrose gradient a n a ly sis  the presence of
131maoromolooular I cenfimied.

Base of those OTA preparations were found to  be 

e ig n ifio a n tly  immunogenic in  primed rec ip ien t mice. A 

furthm? important observation vjas th at, i f  haomoeyanin was 

added to  the macrophage preparation immediately before RM 

extraction  (in  amounts su ffic ie n t to  give the same ra tio  of 

haomoeyanin to  RM as b efore), then th is  RMA was a lso  

immunogenic in  3 out of 5 m ice. From these experiments i t  

\ms concluded that antigen ic m aterial was present in  the 

reactive  OTA and that the reactive  RM was not informational 

RM newly formed by macrophages in  response to  contact \7ith 

antigen. They suggested t t e t  the RM simply permitted 

enhanced antigen uptake by the e ffec to r  c e l l s .

Gerughty, Rosemu and Moon (1966) have sham that 

antibody production can be induced in  suspensions of neutral 

mouse spleen c e l l s  by the addition of rlbosomoB extracted  

fvcm  the spleens of immunized mice. The antigen used in  

those experiments was a suspension of cultured c e l l s  of 

mouse or ig in . The transferring capacity of tho ribosomal
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preparation m s  Inhibited by ribonuclease, The experiments 

of Oohen { 1967)9 eoae aspects of which teve already been 

considered, a lso  indicated that HM from immune mouse spleen  

could confer antibody fom in g  capacity on neutral spleen  

c e l l s ,  Gohen recorded however that 8-12S BM was the 

activ e  form which i s  in  contrast to  the observations of 

Gerughty ^  a l , that the reactive EH m s  associated  with 

the rlbosomal fra c tio n .

In concluding th is  introduction to  the ro le  of EH in  

the irmmne response, sane reference w i l l  bo made to  EH 

metabolism in  lymphoid c e l l s ,

M itchell ( 1964^̂  '*964 ,̂) has carried out an extensive  

survey by autoradiography on nucleic aoid and protein  

metabolism in  lymphoid c e lls#  Ghe observed that the ra tio  

of uridine uptake to  leucine incorporated in  3 c e l l  types, 

imraunoblasts, small lymphocytes, mature plasma c e l l s ,  w s  

in  the proportion 93 § 8  ̂ 1, and concluded that in  mature 

plasma c e l l s  protein  synthesis did not depend on concomitant 

EH synthesis# In studying the e f fe c t  of aotinomycin, i t  

m s  found, using concentrations which were su ff ic ie n tly  high 

to  give almost ccmiplet# cessation  of % -uridino uptake, that 

th is  caused v ir tu a lly  no reduction in  the protein synthesis  

occurring in  plamm c e l l s  or lymphocytes -  that i s ,  protein
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eynthosia appeared to  be ooourrlng In these c e l l s  without 

aoccmpanying synthesis of mEM#

A sim ilar conclusion was reached by M iller ( 1964) .

At various time in terv a ls  a fte r  receiv ing a secondary 

stimulus of antigen I ra ts  were in jected  with t r i  tin ted  

nucleosides. At varying times th ereafter9 the animals 

were sa cr ificed  and autoradio^aphs of lymph node w ears  

were taken. Labelled cytop law io  EM was detected in  

plasma c e l l s  10 and 30 days a fte r  the la s t  dose of tr it ia te d  

nucleoside* l^ l le r  concluded that a stab le form of 

cytoplasmic BM ex isted  in  plasma ce lls*  He suggested that 

th is  was mlM and that by repeatedly serving as a tmiplate 

for  antibody synthesis a s in g le  molecule of mRî A could 

re su lt  in  production of a large number of molecules of 

antibody,

These r e su lts  appear to  c o n flic t  with those of bhr 

( 1963) who found that the in  v^tro production of antibody 

was in h ib ited  by actinomycin# and of Gvehag ( 1964) who a lso  

observed that the v itro  synthesis of IgM antibody was 

suppressed by the addition of aotinomycin and was therefore 

cm tingent # o n  MA-dependent mWk synthesis*
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SOME omiHmT THEORIES OF MTIBODY PRODÜOTXOH

Although controversy s t i l l  e x is ts  concerning the 

mechanism of antibody production^ i t  appears to  be no 

longer a matter of in stru ctiv e  versus s e le c t iv e  theories*

As Jerne ( 1966) recen tly  pointed out, the question now 

being examined i s  -  a t vdxat le v e l does se lec tio n  take place? 

For example, i s  i t  a t the le v e l of p re-ex istin g  antibody, 

at the ce llu la r  le v e l or a t the le v e l of genes coding for  

antibody? However, th is  i s  disputed by Haurowitz who i s  

the protagonist of the minority who s t i l l  favour an 

in stru otive  theory*

After considering the various stages in  the b iosynthesis  

of protein , Haurowitz ( I 965) postulated that the antigenic  

determinant complexed e ith er  with the mHHA or with the 

ribosomes involved in  gamma globulin synthesis* The code 

would be translated  normally along most of the length of the 

mOTA but, during formation of the antibody binding s i t e ,  the 

shape of the antigen ic determinant would re su lt  in  rejection  

of the "correct" amino acid s and incorpom tion of amino acids  

which vmuld permit complementary fo ld in g  of the nascent 

peptide chain. Haurov/itz considered that the antigenic  

determinants p ersisted  for many months in  antibody forming 

t is su e s  so the question of antibody formation in  the absence
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of antigen did not arise* According to  h is  theory, the 

e a r lie r  and greater production of antibody in  the secondary 

response resu lted  frcm the fa c t that antigen completed to  

e x is tin g  antibody and was more read ily  trapped in  

phagooytio c e l l s .  Thus a greater response was e lic ited *

The question of se lf-recogn ition  was considered Invalid*

This phenomenon, plus that of immune p ara lysis  invoked by 

the in jectio n  of massive amounts of foreign  protein in to  

the mature animal, was attributed  to  the continuing 

presence of the "self" or f o r e i^  proteins in  the serum.

I t  was paradoxically a consideration of tolerance and 

self-reoogn ition  that led  W ith ies to  develop h is  

hypothesis on the mechanism of antibody production 

(Sm ithies, 1965? 1966). He reasoned that for  the organ!mi 

to  elim inate genes coding for  undesirable antibody and to  

activ a te  genes coding for  desired antibody, the 

informational «uoleio aoid and the corresponding antibody 

product would be associated  as in  a v iru s . I f  the antibody 

coat protein  of such a  virus encountered the sp e c if ic  

"antigen** in  an unsuitable environment (for  e x ^ p lo , in  

plasma), the nucleio aoid would be released  and destroyed 

but i f  the contact m e  in tra ce llu la r , rep lica tion  of the 

virus and excess coat protein (antibody) would ensue*
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%nlthles’ hypothesis, which involves both se le c t iv e  and 

in stru ctiv e  stages, oan be summarized: v a r ia b ility  in

antibody structure a r ise s  by intragenic crossing over in  

the genes coding for immunoglobulin in  one se t  of c e l l s .

This process would i n i t i a l l y  occur during development in  

early  l i f e  and may occur in  the thymus, but i t  oou3d a lso  

occur in  adult l i f e  i f  for any reason regeneration of the 

lymphoid system was required* Such genes p ossib ly  in  

associa tion  with genes coding for other proteins such as  

n u cleic  acid  polymerase, become associated  with sp e c if ic  

antibody as the coat protein of the "antibody virus."  These 

viru ses would leave the c e l l  where they are formed and would 

e ith er  resid e in  macrophages or in  the eventual e ffector  

c e l l .  Any viruses encountering opeoifio  "antigen" during 

th is  transfer would be elim inated and thus tolerance and 

se lf-reco g n itio n  are explained. Antigen would then meet 

the appropriate virus e ith er  in  tnaorqplmges, in  which case 

the released  nucleic  aoid would be passed to  the effec to r  

c e l l s ,  or in  the e ffec to r  c e l l s  them selves, and virus  

p ro lifera tio n  and antibody production would fo llow . During 

the primary response i t  i s  postulated that v ir a l nucleic  

aoid coding for the antibody combining s i t e  i s  inserted  in to  

incomplete receptor genes in  the host c e l l .  Before th is  

stage these genes would be incapable of producing antibody
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but would code only for the constant parte of the peptide 

chains of the antibody molecule. In the secondary response 

there transduced c e l l s  would be stimulated to  divide and 

produce antibody with the same ccmblning sp e e lf io ity  as in  

the primary response but of a d ifferen t c la s s .  Thus the 

theory a lso  attempts to  explain production of 1 0  antibody 

(ch araeter istio  of the primary response) and XgG antibody 

(oh aracteristio  of the secondary response).

The constancy of the G#terminal h a lf of the im uno- 

globulin  lig h t  chains (Banco-Jones proteins in  th is  case) 

and the great v a r ia b ility  of the H-terminal h a lf were the 

main aspects considered in  the theory of Breyer and Bonnet 

( 1965)* These authors examined and rejected  the 

p o s s ib i l i ty  that lig h t  chains were formed in  2 halves under 

the control of separate genes. They suggested that a 

large number of rings of nucleic aoid , each coding for  one 

particu lar variable portion of lig h t  chain, were stacked 

along the length of the chromosome. During d ifferen tia tio n  

of the iimaunoglobulin producing c e l l  the common gene coding 

for the constant part of the lig h t chain would pair with one 

of the r in g s, Thus a range o f lig h t chains, each having a 

constant O-terminal portion could be fozmed. This theory 

made no attempt to explain primary and secondary responses.
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to lerance, se lf-reco g n itio n  and XgM and IgG antibody 

production,

A d ifferen t explanation for  the observation that 

variation  in  amino aoid sequence i s  confined to  the H- 

terminal parts of the immunoglobulin chains was afforded  

by the theory of Brenner and M ilsteiii ( 1966) ,  I t  was 

assumed that a hydrolytic enzyme recognises a base sequence 

near tho centre of the orig in a l gene coding for the chain 

in  question and that hydrolysis takes place* &onuolease 

action  would then occur producing a gap in  one o f the 

strands of the DM, I t  was postulated that during repair  

of th is  gap m istakes, e ith er  of base-pairing or of d eletion  

or addition may be introduced* On d iv ision  of tho c e l l ,  

one daughter would be of the orig inal type w hile the other 

would contain a mutant sequence, This process could then 

be repeated* Eventually, on destruction of the hydrolysing

or repair enzymes uniform stab le clones would be produced. 

Again, th is  theory made no attempt to  explain other aspects  

of the immune response.

One o f the major d if f ic u l t ie s  inherent in  forming any 

hypothesis on the origin  of antibody d iv ers ity  i s  that so 

many apparently paradoxical features have to  be explained, 

Bdolman and Gaily ( 1967) have l is t e d  some of these s



40.

(a ), extensive variation  in  one h a lf of the chain 
and invariance in  the other half

(h) most amino acid  a ltern a tives are oone!stent 
v/ith s in g le  base changes in  the genetic code

(o) in  d ifferen t lig h t  chains the variab le and 
invariable regions are of almost constant 
length

(d) w ithin the variable region sm e invariant 
segments occur

(e ) a llo ty p ic  s p e c if ic i t ie s  associated  with the 
invariant region do not randomly a ssoc ia te  
with a llo ty p ic  s p e c if ic i t ie s  in  the variable  
region -  that i s ,  the recombination frequency 
among a llo typ es i s  %m

( f ) most plasma c e l l s  can produce only one type 
of lig h t  and heavy chain.

These authors developed a theory which they considered met 

thèse requirements. In evolution , a number (50  would 

su ff ic e )  of genes coding fo r  the immunoglobulin chains 

arose by tandem duplication . D ifferent point mutations 

arose in  the region o f these genes oorresponding to  the 

variable section  of the immunoglobulin chain. Guoh genes 

would be present in  duplicated arrays such that non-identical 

genes lay  side-by-eide and during maturation of the lymphocyte 

somatic crossing over would occur resu ltin g  in  the formation 

of a new gene v/hih would appear to  have arisen  by point
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mutation. I t  v/as postulated that mutation in  the region  

corresponding to  the invariant region would he prevented 

heoaus© of se leo tion  pressure during evolu tion .

This theory, l ik e  that of Droyer and Bonnet ( 1965) 

d iffe r s  from those of Smithies ( 1965) and Brenner and 

M ilstein  ( 1966) in  that antibody d iv ersity  i s  oonsidored 

to  he a re su lt  of somatic reoomhination of a r e la t iv e ly  

small number of genes that have arisen  during evolution by 

mutation and natural se le c tio n . The other theories  

p ostu late only somatic varia tion .

For the enzyme stu d ies reported in  th is  th e s is  the 

choice of Immune system was governed by the requirements 

that the antigen should be ava ilab le  in  a pure form, that 

the response to  the antigen should be w ell ciiaraoterized  

and that induction of tolerance should be read ily  carried  

out. A system that meets these requirements i s  the 

rabbit-anti-bovine serum albumin (BSA) system* In 1954? 

Dixon, Maurer and Deichm iller presented quantitative  

observations on the primary and secondary responses of 

rabbits to  p urified  BSA using immunization procedures 

sim ilar to  those employed here* In the primary response 

immune elim ination of antigen began around 7 days a fter  

in jection* Free antibody \ms detected in  the serum on
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the gth day and v/as present in  optimal oonoentratioa on the 

12th day. In the secondary response immtme elim ination  

began 2 days a fte r  the in jectio n  of antigen (given  

approximately 9 weeks a fte r  tho f i r s t ) .  Free serum 

antibody was detected on the 4th day of the response and 

was optimal on the Tth-8th day. Dixon and Maurer (1955) 

reported immunological unresponsiveness in  rabbits in jected  

regularly  from b irth  with BSA, or infused with su itab ly  

large q u an tities of the protein in  adult l i f e .  Ginoe 

those i n i t i a l  stu d ies, the induotion of tolerance to  BSA 

in  rabbits has been w ell documented (see  % ith 1961 for a 

review ). In Section 1 of th is  th e s is , d e ta ils  are given 

v/ith regard to  in jectio n  schedules employed in  in it ia t in g  

a primary or seoondary response and in  inducing tolerance. 

Evidence i s  presented that the ch aracteristic  primary and 

secondary responses were given and that tolerance had been 

produced by the methods employed*

The tv/o most apparent sequels to  the adm inistration  

of an antigen to  an animal are the fa ir ly  extensive  

ce llu la r  reaction  in  the responding lymphoid t is su e  and 

the production of c ircu la tin g  antibody. I f  the former 

phenomenon involves synthesis of MA as most reports 

in d icate (see  Section 2 ), then in  th is  connection scsne
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otlier e f fe c t s  of antigen in jectio n  might ha expected, 

Gezt&inly, i f  i t  i s  a m ild  concept that antigen stim ulates 

the p ro lifera tion  of prim itive conditioned oolXs (e .g .  

l^nnphocytes) to  form a clone of antihody^-forming c e l l s  

(Burnetÿ 1959)* lihen i t  would he expected that in  the 

responding t is su e  there would he an increase in  the 

ep ec ifio  a c t iv ity  of OTA nucleotidyltransferase W  2 .7*7.7  

(OTA polymerase), ‘fh is  i s  one of the ensymes involved in  

the b iosynthesis o f OTA.

In th is  thesis*  r e su lts  are presented from comparative 

stud ies on the sp e c if ic  a c t iv ity  of th is  ensyme in  tho 

spleen and appendices o f control unimmuniced animals* and of 

rahhits k i l le d  during the primary or secondary immune 

response. As a further control, sm e rahh its were 

rendered tolerant to  the antigen and when mature they wore 

challenged with 1 or 2 in jec tio n s  of the same protein* ^ho 

a c t iv ity  of the enayme in  the spleen and appendices of such 

rah h its was determined. These r e su lts  are presented and 

discussed in  Section 2 .

I f  the production of c ircu la tin g  antibody i s  analogous 

to  the b iosyn th esis o f other proteins then in  th is  context 

a lso  antigen in jec tio n  would have many d irect and in d irect  

oonseq.uenoes* Thus* i t  might ho predicted that in  tho
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responding t is su e  tho sp e c if ic  a c t iv ity  of BNA-depondont 

BÎTA n ucleotid yl transféra so would increase 5 that more mMA 

would he formed than in  the non-^ntihody forming t is s u e 5 

that OTP synthesis and breakdown would he enhanced! that 

there would he an increase in  the proportion of heavy 

polyrihosomes and so on. The la s t  of these pred ictions  

was chosen for  d eta iled  in vestiga tion  and in  Section 3 the 

r e su lts  of the in vestiga tion s are presented and discussed. 

In these stu d ies the rat«anti**sheep red hlood c e l l  system 

was employed.

Some of the points raised  in  th is  General Introduction  

are further considered together with the m aterial presented 

in  the three Sections* in  the General Discussion*
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S E R O L O G Y
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INTRODUCTION

The aim of the sero log ica l experiments reported in  

th is  Section was not primarily to  in v estig a te  the nature 

of tho response to  BSA since th is  i s  already w ell known* 

but to  ascertain  that the methods used were e l ic i t in g  

ch aracter istic  primary and secondary responses. Also* 

i t  was necessary to  esta b lish  that tolerant** rabbits 

were in  fa c t unresponsive to  antigen administered in  

adult l i f e .

Since the concentration of antibody present in  many 

of the sera tested  was expected to  be quite low (for  

example* in  the early  part of both primary and secondary 

responses) and since i t  was required to  ensure the 

absence of antibody in  the sera of *Holerant** animals, 

the sero log ica l procedures adopted were sen s itiv e  ones, 

able to  detect very small quantities o f c ircu la tin g  

antibody*
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MATERIALS AND METHODS 

Animals

In the majority of the experiments, 3-5 month old male 

and female New Zealand white rahhits were used.

255 or 10^ (w/v) so lu tions in  O.IgM sa lin e  of c r y s ta ll

ine bovine serum albumin (Armour Pharmaceuticals,

Eastbourne, England) and p ig  gamma globulin (Pentex 

Incorporated, Kankakee, I l l in o i s ,  U .S.A.) were the antigens 

used*

Anti sera

(a) Raised for A nalytical Purposes. On days 1 and 

14, rabbits received 2 x  0 .5  ml. intramuscular in jectio n s  

of bovine normal serum (DNS) or p ig  normal serum (PNS) 

em ulsified in  Freund’s  Complete Adjuvant (D ifoo, D etroit, 

Michigan). On day 20* they were given in traperitoneal 

in jec tio n s  of 1 .5  ml* of 1 s 3 d ilu tion s ( in  0 .1 5M NaOl) 

of BNS and PNS resp ectiv e ly . One day la te r , the 

respective antigen was administered intravenously (0 .1 5  ml. 

of 1 : 3 d ilu tio n ) and the antisera co llec ted  a fter  6 days.

(b) Raised during Expérimentation. Rabbits referred  

to  below were used in  the DNA polymerase stu d ies (Section 2 ) .  

In a l l  cases (except for **toleranoofinducing** in je c t io n s ) ,
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blood samples were taken for  sero log ica l stu d ies prior to  

each in jectio n  and prior to  the death of the animals.

( i )  Primary Resnonse Group : (Groun 1^) .  In  some 

experiments* rabbits were k il le d  on days 1 , 2 , 3 , 4 , 6 

and 8 a fte r  a s in g le  intravenous in jectio n  of antigen  

(30  rag./ïCg.)* Uninjeoted rabbits served as con tro ls.

In la ter  experiments, rabbits v/ere k i l le d  -|>* 3 and 6 days 

a fte r  1 in jec tio n  of BSA (intravenous, 30 mg ./K g.) and 3 

and 6 days a fte r  1 intravenous in jectio n  of s t e r i le  0 , 15M 

feOl ( l  ml./lCgO.

( i i )  Seo ondar.v liesn onse Or out? s ( Gr q u o  2 ^ 1 .  Each 

rabbit received 2 intravenous in jectio n s of BBA (30 mg./Kg.) 

separated by a period of 8 weeks. Rabbits were k ille d  on 

days -I, 1* 2 , 3 ? 4 » 6 and 8 a fte r  the second in jec t io n , 

Uninjeoted rabbits served as controls* As with Group 1^, 

la ter  experiments were carried out where rabbüs were k ille d  

on days 3 and 6 of the secondary response to  BBA and 3 

and 6 days a fte r  a second intravenous in jec tio n  of s t e r i le  

0 . 15M NaOl.

( i i i )  Tolerant Group : (Groun T). 100 rag. of BBA was

administered in trap eriton ea lly  to  each rabbit 2 days a fte r  

birth# Five weeks la te r , each rabbit received a further  

in jec tio n  of BSA (100 mg. intravenously) and at 3 months
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they were randomly a llocated  to  Group or 2^ for  further 

treatment•

Immunoeleotronhoretio Analysis

Analyses were performed on a mioro^scalo using tho 

apparatus produced by (Stockholm, Sweden). The

prooodure was as described hy Hirschfeld ( i 960 ) .

T race-labelling  of Antigens

This was according to  the method of McFarlane (1958).
I l l I  was obtained from the H adiooh^ioal Centre, Amer sham, 

England. The sp e c if ic  a c t iv ity  of the proteins was 

adjusted to  approximately 3 /ic ./m g . of protein  by the 

addition of unlabolled homologous p rotein .

Berologioal Procedures

(a) Antigen Elimination T ests .

This w s  e s se n tia lly  as described by Talmage, Dixon, 

Bulcants and Dammin (1951) except that the antigen dose was 

30 m g./% . body w eight.

(b) The Farr T est,

P rincip le : The antigen binding capacity te s t  (ABO) 

of Farr (1958) involves in teraction  of antibody to  BBA with 

trace-lab elled  BSA, Since the antibody molecule i s  a 

gamma globulin , i t  i s  precip itated  at h a lf-sa tu ration  with

ammonium su lphate and any [̂ "̂ 81x} bsa bound to  antibody
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±B ooneomitantXy precipitated* The quantity of antibody 

present i s  then proportional to  the rad io a o tiv ity  detected  

in  the p rec ip ita te  so long as antibody i s  not present in  

excess.

Drooedure t The te s t  m s  carried out as described by 

Campbell* Garvey, Oremor and Sussdorf ( 1964) .  Final 

washed antigen-antibody p rec ip ita tes  were d issolved  in  4*5 

ml. of 0.2N lïaOH and the rad io a ctiv ity  determined. Non- 

Bpeoifle preoip itab le a c t iv ity  (n) was measured by treatin g  

1 .0  ml. of 1 t 10 normal rabbit seruiïî p lus 0 .5  ml, of 

exactly  as the t e s t  sera were treated#

Calculation t Total preolp itab le a c t iv ity  (T) was 

measured by treatin g  1.0 ml* of 1 t 10 normal rabbit serum 

plus 0 .5  ml. of with 20^ (w/v) tr ich loroacetic

ac id . The précipitât©  obtained was d issolved  in  4*5 ml, 

of 0.2B îTaOH and the ra d ioactiv ity  estim ated. I f  B i s  

the ra d io a ctiv ity  in  the d issolved  sediment in  a test*  then 

the percent antigen bound to  antibody in  that t e s t  i s  given

k i  '  « 0

The ABC value of an a n tiserm  was taken to  be the reciprocal 

of that d ilu tion  of an ti serum which p recip itated  33^ of the 

antigen present. This i s  the ABĈ  ̂ value* In practice*
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th is  value was approximated by ■ graphing the poroent antigen  

bound to  antibody a t various an ti serum d ilu tio n s  against 

the reciprocal of the d ilu tion  p lotted  on a log  sc a le . The 

point a t which 33^ of the rad ioactiv ity  was precip itated  

was then noted*

(c ) The Indirect Faemagglutination T est*

Priaoiiple* Formalinissed red blood c e l l s  are f i r s t  

rendered adhesive by treatment with tannic acid  and then 

coated with BSA, Treated c e l l s  are then incubated in  the 

presence of various d ilu tio n s of tho te s t  serum. The 

presence of antibody i s  indicated by the degree of 

agglutination  of the c e l l s  as determined by the sedimentation 

pattern in  the individual test*

Bed Blood C e lls . Formaliniaed chick red blood c e l l s  -  

FRBCs were supplied by Difoo (D etroit, îÆiohigan).

Tannine? and Goatin^ C e lls . The standard procedure 

described by Herbert (1967) was adopted except that tannic 

acid  a t a concentration of 1 s g ,000  was used.

T itra tio n s. Progressive two-fold d ilu tio n s  of te s t  

sera were made in  0 ,1 5M NaOl containing 0.5?5 normal rabbit 

serum, For the t e s t ,  0 ,3  ml. of serum d ilu tio n  and 2 

drops of c e l l s  were mixed together in  the cups of p la s t ic  

haemagglutination trays, and îmemagglutination patterns
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read a fte r  2-3  hours a t rom  temperature,

Soorln^. Soorxng of the patterns obtained m s  

aooording to  Stavitsky ( 1954)* The la s t  sediment pattern  

showing an inoomplete ring round the smooth mat of o e l ls  

("24" by S tavifsky’s notation) was considered to  be the 

end p o in t.
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B B S U Xi T B

Purity of Antigens

Both the BSA preparation and the PGG preparation used 

in  these in vestiga tion s showed up as s in g le  p rec ip itin  

l in e s  on an a lysis  by immunoeleotrophoresis (F ig , 1 : l ) ,

Berolog^oal Procedures

(a) Antigen Blimination T ests, The elim ination of 

BBA and PGG from the c ircu la tion  of rahhits

’’tolerant'* to  DBA and of BSA from the c ircu la tion

of 2 non-tolerant rahhits i s  shovm as a function of time 

in  F ig , 1 â 2 and the main findings are presented in  Table 

1 s 1, In none of the 4 "tolerant" rabb its which received  

a s in g le  in jec tio n  of was there a change in  the

rate  of elim ination of the protein a fte r  the i n i t i a l  

eq u ilib ra tion . On the other hand the BGG in  the 2

rabbits "tolerant" to  BBÂ and the BSA in  tho non-

to lerant animals both showed an increase in  the rate of 

elim ination beginning between 7§ and 9 days a fte r  in jectio n  

of the antigen .

In the 2 "tolerant" rabbits given a second in jection  

of BSA a constant rate of elim ination of the

protein  was again observed* Immune elim ination of a
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PIG. 1 : 1. IMMtnraiLBOTROPHOBJ»^^ If^T-ysiS  OF AHTIQBrS

Ra-a-BNS

PGG 
Ro-O'PNS 

PNS
Ik)

(a) BS4 (top) and BN3 (bottom) using  
rabbit-amti-3N8 as antissrum.

(b) PGG (top) and PHS (bottom) using  
rabbit-antl-PN8 as antissrum.



HI
CO

HEh
6
H

0 ,

I
i
M

I
CM

m

m

o • o
V "

91?

M
Ü
H

I S CO

0 Q) 
*H 0

p ® «\î Ln î>
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O’ABLB i c i .  SmîMARY OP AFfIGg BLimmïION STODIHS

Rabbit
Wambm?

*
Immune Status

Change in  
Elimination Rate 

ooourring at

Half ""life 
during 

Non*"iiTfimtmo 
Elimination

Penoent
Antigen 

B ra in in g  
in  Serum 
a t 24 hr8

T oi. "1®" BSA 4*5 days 32
Tg T oi. "1®" BSA 6*3 days 35

% Toi. "1®" BSA 5*0 days 36
T oi. "1®" BSA «M 5*1 days 29

CÎ. 926 1® BSA 8*7 daye 4*3 days 36
GÏ. 927 1® BSA 7*7 days 4*0 days 43
m  165 T oi. 1® PGG 8*7 days 2*6 days 47
WL 166 T oi. 1® PGG 8*2 days 2,1 days 49

Toi. "2®" BSA #» 5*4 days 36

*4 T oi. ”2°" BSA w 5*9 days 25
WL 165 T oi. 2® PGG 4*1 days 4*2 days 33
WÏ, 166 T oi. 2° PGG 3^4 days (?) ? 41

®ol.

1°
„0

raljMt from to lerant group (group T *• Material and 
Itethode) •
rabbit reoaived 1 in jootion  of I  lab elled  antigen
rabbit reoeived 3 in jeotion e of 
antigen, separated by 8 weeks#

131I  lab elled
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second dose of PGG began ea r lie r  (about 4 days a fte r  

antigen) and was more dramatic than in  the primary response*

(b) The Farr T est* The procedure fo r  determining tho 

ABOĵ  value of an antiserum i s  i l lu s tr a te d  for 4  an ti sera in  

P ig . 1 a 3 . Serum frcm rabbit îtob er 33, taken 8 weeks 

a fte r  a primary in jec tio n  of antigen showed an value

of 1 and, when taken 8 days a fte r  a second in je c t io n , the 

value was 9* Babbits 25 and 35? k il le d  8 and 4  days 

resp ectiv e ly  a fte r  a second in jection  of antigen , had 

resp ective ABÔ  ̂ values of gO and 600. Tho ABÔ  ̂ values 

for the sera found to  contain antibody are presented in  

Table 1 s 2*

By th is  to s t  serim antibody was never deteotod bofore 

immunisation nor during tho f i r s t  8 days follovd.ng primary 

antigen ic stim ulation nor in  samples taken prior to  the 

fourth day of the secondary response* ABĜ  ̂ values of 

serum from d ifferen t animals a t id en tica l times a fter  

immunis5ation showed considerable varia tion . Thus, 8 weeks 

a fte r  primary antigen ic stim ulation, values ranged between 

1 and 9§ on the fourth day of the secondary response, 

values of 7 and 600 were found in  d ifferen t rabbits; and 

on the 8th day of the secondary response, ASĜ  ̂ values of 

9 and 50 wore found.



FIG. 1 ; 1 . ILLUSTRATIOIT OF PROCEDURE USED

TO FIND ABC,, VALUE33 — —  c

58

jo A n tigen  
P r e c ip i t a t e d

100

50

33

1 10 1000100

RECIPROCAL OF DILUTION OF ANTISERmî

( a )  R abbit  no .  33

(b)  R abbit  n o .  33

( c )  R ab b it  n o .  25

(d)  R abbit  n o .  35

8 weeks a f t e r  primary i n j e c t i o n .

8 days a f t e r  secondary  i n j e c t i o n .  

8 days a f t e r  secon dary  i n j e c t i o n .  

4 days a f t e r  secondary  i n j e c t i o n .
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‘SmiM  1 : 2 HÎ3SÜÎ/Î?B OF m m  Oîl POBimVE BEEA

H a W j i t
STm 'bes?

ï n m u m o l o g l o a l  
S t a t u s  *

fa p r o o l p i t a t e d .  
a t  D i l u t i o n A B C33

1:1 1:10 1:100 1:1000

2 7 8 w e e k s  ( l ° ) 6 5 7 3 3 5
28 It 7 1 5 4 4 5
2 9 It 9 3 28 5 5 9

3 0 ft 21 4 4 4 1

3 1 t t 9 2 8 5 4 8
3 3 It 3 3 6 4 5 2
3 7 11 9 0 1 3 6 5 8

3 9 II 7 6 7 5 4 6

4 2
à»

tt

mm *M mmt «mm *mm mm .
2 5 4

m 1
3

«##* mm mm
2

w m  fw# #ww 1
1

mm ###

2 7 4 d a y s  ( 2*^) 8 9 3 2 2 7

3 5 u 9 2 9 6 7 0 12 600
g 5 6  d a y s  ( 2 ^ ) 9 8 8 1 7 6 8 6 0 0

3 4 tt 9 2 9 1 5 6 9 500
2 5 8  d a y s  ( 2 ^ ) 9 4 65 7 3 50
3 3 It 8 6 28 7 9

8 weeko ( l  ) Indlmtegi that hXoocL mmplé tob 
oolleotBd 8 weokB after a single  
injeotion of antigen*

6 days (2^) indicates that blood sample was 
collected 6 days after a second 
injection of antigen.
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(o) Indiroot Haemagglutination Teat, This to s t  was 

nsod in  the la te r  experiments and in  determining whether or 

not antibody oonld be detected in  the serum of rahhits  

"tolerant" to  BSA* Fig* 1 s 4 shows the patterns obtained 

a t the end of a typ ica l assay*

Antibody to  BSA was never detected in  serum taken from 

unimmunised animals (whether pra»injeotion samples or sormi 

fron sa lin e  in jected  con tro ls)> in  animals k i l le d  during 

tho f i r s t  6 days of the primary response, nor in  animals 

k il le d  before day 3 of the secondary response* Furthermore, 

no antibody was found in  any of the serum samples taken from 

to lerant animals.

As Table 1 « 3 in d ica tes , antibody was present in  some 

sera taken B weeks a fte r  a f i r s t  in jectio n  of B8A, in  1 case 

3 days a fte r  a second in jectio n  and in  a l l  cases in  the 

rabbits k i l le d  on the s ix th  day of the secondary response* 

There was again considerable, animal to  animal variation  in  

resu lts*  T itres foirad 8 weeks a fte r  a primary in jectio n  of 

B8A ranged from sero (rabbit Humber 72) to  64O (rabbit 

number 71 ) w hile on the six th  day of the secondary responses 

values as d ifferen t as 3,200 (rabbit Humber 79) nnd 2 x  10  ̂

(rabbit Humber 7?) wore observed*
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FIQ* 1 t a .  PATT3W9 QBTAINgP AFTER A TYPICAL I3fPIR18CT 
HAMAOOLOTIHATIOÏT TEST FOR ANTTBODY

Heolprocal of 
anti serum
d ilu tion  10 20 40 80 160 -  1600 3200

tt

i
4»

I

72

71

<
73

70

77

fZlT
( •

(iC*

TITOS

80

160

40

Sot in  range

The f i r s t  of eaoh pair of rows contained "test" c e l l s  
plus the antiserum d ilu tio n , while the second contained 
control c e l l s  (not coated with antigen) plus the 
antiserum dilution*

Blood sample taken 8 weeks a fte r  primary in jectio n
of BSA*
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Oonsiatent with the findings of Dixon e t  a l ,  (1954) 

vfere the observations that immime elim ination of BHA began 

between the 7th and 8th day (Table 1 5 1) and that no free  

antibody was detected during the f i r s t  8 days o f the primary 

response. The presence of serum antibody 8 wedks a fter  

primary inoculation  (Tables 1 * 2 and 1 * 3) i s  in  accord 

with the observations o f Biohter and Ilaurowits ( i 960) and 

R ichter, ZivmêmMx and Haurowits ( 1964) who have shown that 

antibody i s  s t i l l  present in  serum more than a year a fte r  a 

sin g le  intravenous in jec tio n  of BBA,

m m B  2 ^

The occurrence of fr ee  serum antibody on the 4th day 

of the secondary response and of h ighest antibody t i t r e  on 

the 6th day (Tables 1 : 2  and 1 s 3) i s  again consisten t 

w3.th the observations o f Dixon e t  a l ,  (1954)* Thus i t  

appears that the iim im isation procedures used in  these  

stu d ies re su lt  in  oharactoristic  primary and secondary 

responses to  B8A,
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m  oim T

The fa c te  that *

( l )  no iGHRune elim ination of BSA was detected  
in  any of the 4 rabbite given 1 in jec tio n
of B l ]  BSA nor in  the 2 given 2
in jec tio n s  (P ig , 1 s 2 and Table 1 s l )

and
( i i )  no free  antibody was detected in  the 

seruB of rabbits of Oroup T

i s  taken as evidence that in  Group T a s  a whole tolerance

had been induced. I t  i s  of course p o ssib le  that tolerance

had not been estab lished  in  some of the rabbits k il le d

during the f i r s t  8 days of the "primary response" or the

f i r s t  4 days o f the "secondary response" since free

antibody would not normally be detected in  the sera of non-

to lerant animals a t these tim es.

IVhile the main find ings of th is  Bection are that 

ch aracter istic  primary and secondary responses and sp e c if ic  

immune tolerance resu lted  from the corresponding 

ea^erimental prooedtu?es adopted in  these in v estig a tio n s , a 

nmber of other in tere stin g  features emerged fr m  the 

s e r o lo # c a l t e s t s  carried out.
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1 • Antigen Blim lnatl on Btudiea

The percentage of the ra d io a ctiv ity  remaining in  the 

circu la tion  24 hours a fte r  antigen in jec tio n  (Table 1 s 1) 

r e f le c t s  the degree of equ ilibration  between the in tra  and 

extra vascular spaces and the extent o f phagooytoeia of the 

^^^I#labelled protein* Hoeeal and Ada ( 1964) have shovm 

that in  mice in jected  with a protein to  which they have 

previously been inmuniced or rendered to lera n t, the degree 

of phagocytosis o f the protein  in  the responding lymph node 

t is su e  i s  very much greater over the f i r s t  few hours than 

that occurring in  normal mice in jected  with the same 

protein* That i s ,  macrophages from to leran t or immunised 

mice have a greatly  enhanced a b i l i ty  to  recognise and 

in gest the fo r e ip i protein* Thus i t  was of in te r e s t  to  

fin d  that elim ination of BBA over the f i r s t  24 hours was 

gE-eater in  the to lerant rabbits (average per cent B8A 

rm aining was 33^ Table 1 « 1 ) than in  the normal animals 

(average o f 40^ remaining) and that elim ination  of BO0 was 

greater over the f i r s t  24 hours o f the secondary re # o n se  

(average of 3T  ̂ remaining) than of the primary response 

( 48# remaining). In the ease of the 2 rabb its given a 

challenge in jec tio n  of the presence of anti^PGG
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In th e ir  serum prior to  th is  in jectio n  may a leo  have 

oontributect to  the greater elim ination of the antigen than 

ooourred during the f i r s t  24 hours of the primary response#

Another point of in te r e s t  in  Table I s 1 i s  that there 

appears to  be an inverse relationsh ip  between the peroent 

antigem ranaining in  the serum a t 24 hours and the ensuing 

h a l f - l i f e  of the protein  dncing the non*iimune phase of 

elim ination# Thus, for  example, omparing average values, 

33^ of BSA rw ained  in  the serm  of to lerant rabbits

given 1 in jec tio n  of the protein and the h a l f - l i f e  there^ 

a fte r  was $*2 days# tn  non*»tolerant rabb its given 1 

in jec tio n  of the antigen the percent antigen remaining a t  

24 hours was greater (40^) but the ensuing h a l f # l i f 0 was 

l#m r (4#1 days)# Rabbit Humber Wh I69 i s  a more str ik in g  

example# Twenty-*four h ow s a fter  1 in jec tio n  of

BGG, 47^ of the antigen remained in  the sertm and 

the half**life during non#immune elim ination was 1#6 days.

In the same animal, 24 hours a fter  a second in jectio n  only 

37?̂  of the antigen was present in  the serum but the half#, 

l i f e  thereafter was 4*^ days*

In view of the find ings o f Bossal and Ada ( 1964) and 

r e su lts  to  be presented in  Section 2 of th is  th e s is , i t  i s  

suggested that th is  inverse relationsh ip  can be e^ la in e d
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in  the fo llow ing way* In tho early  stages of the primary 

response, phagocytosis o f the antigen occurs to  only a 

lim ited  extent but p ro lifera tio n  o f macrophages talées p lace, 

(dhndl, B ile s , Barnett and MacDonald (l96g) present evidence 

that suggests that th is  may occur)* There i s  thus a 

subsequent enhancement in  the rate o f elim ination  of the 

antigen from the serum*

The macrophages of immune and to leran t animals however 

can read ily  in gest the foreign  protein of which they have 

had prior experience and th is  obviates the need for  

macrophage proliferation * Thus, in  comparison with the 

primary response, antigen elim ination oocure more rapidly  

over the f i r s t  24 hours but a t  a s l ig h t ly  slower rate  

thereafter*

A t e s t  for th is  hypothesis would be to  exswnlno tho 

e f fe c t  o f a m ito tic  in h ib itor  (for  example, co lch icin e) on 

the îaaif“* life  o f BBA in  to leran t rabb its and during the 

non îmmune phase of elim ination in  primary and secondary 

response rab b its . According to  the hypothesis presented  

above, a m ito tic  in h ib itor  would have no e f fe c t  on the 

non#dmmune antigen elim ination pattern in  to lerant and 

secondary response animals. In primary response animals 

i t  i s  predicted that the percent antigen remaining a t 24
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horn?8 wouM not "bo affootod “but that the half*»lif© of the 

protein  would he higher than in  animale not treated vÆth 

Ï InhiM tor#

A further feature whioh emerges fr m  %hl@ 1 s 1 i s  

that the h a l f - l i f e  of WO over the non îtmaune phase of 

elim ination was oonsidemhl^ shorter than that of BSâ in  

the primary response group (average of 2 days 9 hours 

oompared with 4 days 3 hoiu?s)* In general i t  appears 

that elim ination of gamma glohulins eoours more rapidly  

than elim ination of serum alhumins (Maeon g t  al*» 1954) 

prohahly hecause th e ir  greater moleoul^r weight renders 

them more su soep tih le  to  phagooytosis.

However» in  oontrast to  the s itu a tion  whioh holds in  

the case of hovine gamma globulin  (Slson g t  &!,#» 1954) the 

change in  the elim ination ra te  of WO in  the primary 

response corresponds to  the change in  elim ination rate of 

BBA (la te n t  period of just over 8 days in  both oases 

fa b le  1 s 1 ) ♦ fhe shorter la ten t period which i s

ch aracter istic  of the secondary response was a lso  evident *

2* fhe # irr  fa s t

Since the antigen elim ination stu d ies indicated that 

detectable antibody production did not begin u n t il  the 8th 

day of the primary response and around the 4th day of the
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sooondary response i t  was not surprising that the Farr f e s t  

fa ile d  to  detect antibody before these tim es (fab le  1 s 2 ) .  

fhe considerable sca tter  in  values of serim samples

taken from d ifferen t m im ais a t id en tica l stages of 

immunisation r e f le c ts  the ajiimal to  animal variation  that 

i s  a recognised feature of the immune response (se e , fo r  

emmple» Crowle, 1961)#

finokard, McBride and Weir (196?) have recen tly  

suggested that when the Farr ^est i s  carried out using  

BÊ̂ â a t a concentration of 1 yt%g*Iî/%l# (as was used 

here) not a l l  the # 8  antibody w i l l  be detected* These 

authors have found that for optimal detection  of 198 

antibody a BB4 concentration of 0*001 0*01 should

be used* However, 19^ antibody appears to  be involved only 

in  the early  part of the primary response (fo r  example,

Bauer ^  g l . ,  1963) so th is  p ossib le  lim ita tion  of the Farr 

Test as used here does not in valid ate the overa ll resu lts#

I t  i s  p ossib le  that some 198 serum antibody was present 8 

days a fte r  a primary in jec tio n  o f BSÀ but was not detected  

since conditions were not optimal*

3# The Indirect Haémag^lutination Test

As can be seen from Table 1 : 3  the in d irect  

haemagglutimtion te s t  proved a more se n s it iv e  means of
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d etectin g  antibody than the Farx* T est. Thus, in  the 

aeoondary response, t i t r e s  up to  200,000 were observed S 

days a fte r  BM in jec tio n  as cmpared with a maximum 

value of 600 in  the Farr T est,

A p ossib le  re la tion sh ip  between variation  in  antibody 

t i t r e  in  rabb its given id en tica l courses o f immunization 

(Tables 1 s 2 and 1 : 3) and variation  in  the ce llu la r  

response in  thèse animals i s  discussed in  Section 2*
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IITROBÏÏCTXOH

While the n ecessity  for ce llu la r  p ro lifera tio n  during 

the immune response lias been disputed, immunologists using  

a variety  of experimental techniques and immunological 

systems have observed that antigenic stim ulation of lymphoid 

c e l l s  normally r e su lts  in  OTA synthesis and c e l l  d ivision#

In a system enploying spleen c e l l s  transferred to  

X#.irradiated isologous recip ien t mice, Oapalbo, îlakinodan 

and Gud© ( 1962) observed that secondary antigen ic  

stim ulation of these c e l l s  resulted  in  a 2*fold reduction  

in  th e ir  mean generation time from about 24 hours to  about 

12 hours. A lso, a 4^fold increase in  c e l l  number was 

observed over the f i r s t  day of the secondary response,

These in vestiga tion s were extended by Hr so and Makinodan 

( 1963) who investigated  the response in  lymphoid c e l l s  

undergoing a secondary immune response to  bovine serum 

albumin, These c e l l s  were cultured in  d iffu sion  chambers 

in  Xm^irradiated rec ip ien ts . With th is  system, 

p ro lifera tio n  was observed to  begin sh ortly  a fte r  the f i r s t  

day and to  oomtinue up to  the fourth day. Again a 2 -fo ld  

reduction in  the generation time of the responding c e l l s  

was observed.
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Similar o e i l  transfer stud ies have indicated that 

c e llu la r  p ro lifera tio n  i s  involved in  the primary response. 

Gengozian ( I 964) examined the m itotic a c t iv ity  and 

tr it ia te d  thymidine incorporation of lymph node c e l l s  

cultured in  d iffu sion  chambers in  X-irradiated mice*

Primary antigen ic stim ulation of these c e l l s  resu lted  in  OTA 

synthesis and ce llu la r  p ro lifera tion  beginning about the 

fourth day of cu ltu re.

Those conclusions c o n flic t  with the observations of 

Roberts, Bixon and Weigle (195T) and H ell and Dixon (1959)# 

Suspensions of lymph node c e l l s  from rabb its immunized 

against BSA were in jected  auboutaneously and intramuscularly 

in to  X-drradiated unimmunized recip ien t rabbits*

Immediately follow ing the transfer, BSA was administered 

intravenously to  the re c ip ien t. Over the f i r s t  5 days of 

the ensuing secondary response the authors observed no 

m itotic  a c t iv ity  among the donor c e l l s  a t the in jectio n  s i t e  

and they concluded that morphologic tra n sitio n  rather than 

m ito tic  a c t iv ity  was involved in  th is  secondary response 

system.

The use of drugs has a lso  led to  c o n flic tin g  

conclusions on the need for  DM synthesis and m itotic  

d iv is io n  in  the immune response. S terzl ( 196I) used a



system whereby normal rabbit spleen c e l l s  were inoubated 

in  v itr o  with antigen and then in jected  in trap eriton ea lly  

in to  3*#5 day old rabbits* Thereafter, m ito tic  Inhib itors  

were in jected  d a ily  for 5 days and the e f fe c t  on antibody 

production was noted* While some purine antagonists 

completely in h ib ited  the primary immune response, the 

majority of pyrimidine antagonists and in h ib ito rs  of 

m ito tic  d iv is ion  appeared to  have no e f fe c t  on antibody 

production* The author concluded that the formation of 

a c a l l  clone by ce llu la r  p ro lifera tion  was not a necessary  

prerequisite to  antibody production. However, M erritt 

and Johnson (1965) found that adm inistration of 5-fluorçp* 

gmdeoxyuridine (a sp e c if ic  in h ib itor of OTA synthesis) to  

mice, could cause the abolish ing of the primary response 

to  bovine gaima globulin* The timing of drug administration  

was c r i t ic a l .  When the drug was given one hour before or 

up to  14 hours a fte r  the antigen, the immune response was 

enhanced, but i f  adm inistration was 18 hours or more a fte r  

antigen then the response was abolished, Thus, in  th is  

system i t  appeared that OTA synthesis was required and that 

i t  normally began around IB hours a fte r  antigen in jec t io n ,

tîsing autoradiography, a number of workers have 

in vestigated  DM synthesis in  lymphoid c e l l s  undergoing an



74

immune response by measuring uptake of tr it ia te d  thymidine, 

Fossa! and ooworkers concluded that antigen#*stimulated c e l l  

d iv is io n  occurred in  the responding lymphoid t is su e  in  the 

primary response (F ossal, M itchell and feoDonald, 1963) 

and a lso  in  the secondary response (Fossa! and Makela, 1962 b 

and Make là  and Fossa!, 1962)* I t  has a lso  been emphasised 

that r e # u tilisa t io n  of lab el may represent a serious hazard 

to  in terp retation s of r e su lts  obtained by th is  technique* 

(M itchell, teoiltonald and lo s s a l ,  1963)* Cohen and Ta Image, 

( 1965) a lso  found by autoradiography that antibody forming 

c e i l s  (detected by flu orescein  stain ing) in  the secondary 

response had been engaged in  OTA synthesis in  the ea r lier  

part of the response. In contrast to  these r e su lts ,  

Tannenberg ( 1967) found th a t, when mica undergoing a primary 

haemolysin response were infused continuously with tr it ia te d  

thymidine from the time of immunization to  the time of 

sa c r if ic e  4 days la te r , I 9 .S antibody synthesising c e l l s  were 

not derived by antigen*stim ulated c e l l  p ro liferation *  The 

c e l l s  %vere considered not to  have been engaged in  OTA 

synthesis since no incorporation of thymidine could be 

detected by autoradiography*

Further evidence that OTA synthesis or c e l l  d iv ision  

must occur before antibody synthesis w i l l  take place 1ms



75.

boon provided by ^  v itro  otuddos# Spleen c o l ls  from 

rabbits previously Immunized against e ith er  a soluble  

antigen (Dutton and Bady, I964f Harris and M ttle to n , 1966) 

03? BîiBOs (Biohardson and Button, I964) were ohallenged in  

v itr o  with the same antigen# In a l l  oases DM synthesis  

was greater than in  oontvol c e l l s  from unlimunlzed animals.

A s itu a tio n  which has features in  common with the 

iimime response i s  that o f regenerating liver*  In th is  

system a sp e c if ic  stimulus (p a r tia l hepatectomy) r e su lts  in  

c e llu la r  p ro liféra tion  accompanied by an increase in  the 

sp e c if ic  a c t iv ity  o f DM polyma3?ase. Bee, for  example, 

Faust0 and Van hancker ( 1965)#

The work reported in  th is  Beotion coneeams comparative 

stu d ies on the sp e c if ic  a c t iv ity  of OTA polymerase in  the 

spleens and appendices of rabbits* The animals used were 

e ith er  unimmunized rabbits as con tro ls, rabb its undergoing 

a primary or secondary response to  BSA, or rab b its rendered 

to lerant to  BBA (as described in  Bection I) and challenged  

with 1 or 2 in jec tio n s  of th is  protein in  adult l i f e .
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ATO mmom

D eta ils  regarding animals, antigens need, in jectio n  and 

bleeding schedules and induction of tolerance are given under 

M aterials and Methods in  the Serology Section . In summary, 

rabbits were k i l le d  by an intravenous in jec tio n  of euthatal 

(May and Baker, Dagenham, England) at various in terv a ls  

a fte r  a primary or secondary immunisation with BSA* S alin e- 

in jected  rabbits were used as con tro ls. Some studies were 

done on animals rendered tolerant to  BSA and k ille d  a fte r  a 

primary or secondary challenge with th is  protein*

Prenaration of Enzme : Immediately a f te r  death of the

rabbit, the i^ leen  and appendix were removed. The mucosal 

coat of the appendix was separated from the muscle layer and 

stored a t - 70  ̂ u n t il required* The spleen v/as used 

immediately for preparation of DM polymerase* The 

follow ing operations, based on the method of Keir (1962) 

vmre carried out a t 0^.

The t is su e  was homogenised in  10 v o l. of a t r is  buffer  

(0*01M tris-HGD, pH 8.0  containing 0.001M BDTA, O.OOgM 

2«*mercaptoethanol and 0*002 M MgBÔ ) in  a Potter*-Blvehjem 

homogeniser using 6 excursions of the p e s t le . This was 

su ff ic ie n t  to  disrupt the osm otioally swollen c e l l s  with 

minimal nuclear damage*
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The o e i l  hmiogenàte m s  then oentrifugod fo r  1 hour a t 

105,000 g in  a Bpinoo Model IS tJltraaentrifuge• To 6*0 ml* 

of the aupematant was added so lid  îCGl to  0*15 M and then 

0*2 H aoetio  aoid was added dropwise with constant s tir r in g  

u n til the pH had fa lle n  to  5*0* The so lu tion  was stirred  

for a further 3 min* then centrifuged for 5 min* a t 1,000 g* 

The centrifuge tube was carefu lly  drained and the 

p rec ip ita te  reoonetituted in  2 .5  ml* of t r i s  buffer (as above 

plus 0*15 M KOl)* To obtain a homogeneous preparation, i t  

m s  necessary to  homogenise the suspension gen tly .

The protein concentration of th is  pH 5 ,0  p rec ip ita te  

fraction  was measured by the method o f Dowry, Rosebrough,

Farr and Randall ( 1951) and the fraction  was immediately 

assayed for  enzymic a ctiv ity*

Assay of Enzyme s Assay of the pH 5*0 fraction  for  

polymerase a c t iv ity  was based on the method of Cray e t  a l .

The reaction  volume was 0*25 m l., composed of 5*5 /m oles  

of triSwHOD (pH 8 .0 ) , 1*0 pmole of MgSÔ » 15*0 jmoles of Kcl, 

0*12 jmoles of BDTA, 3*5 /m oles of 2*4nercaptoethanol, 200 /%g. 

of c a lf  thymus OTA (previously denatured by heating a t 100^ 

for 10 minutes and then cooled rapidly to  0^), 50 mpmoles 

each of dATP, dOTF, dOTF and (<A -  ^^F)dTTF, the appropriate

volume o f pH 5*0 p r e c ip ita t e  fr a c t io n  which contained
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100-^150 of protein , and d is t i l le d  mtea?*

The (c  ̂-  ^^P)dTTF was synthesised as described by Gray

et al# ( i 960) or obtained from International Chemical and

Fuolear Corporation (C ity  of Industry, C alifornia , H .B.A.).
r

I t s  sp eo ific  a c t iv ity  in  assays v̂ as 1-15 x 10  ̂ oounts/min*/ 

/m ole.

Incubation was a t 37^* At 30, 60 and 90 min, a fter  

incubation was begun, a 0,05 ml. sample was removed from 

each reaction  v e sse l and p ipetted  on to  an appropriately  

nmibered f i l t e r  paper d ise  (Wlxatman lo .  1, 2 .5  om# d ia ,) ,  

Each d isc  had previously been coated with 0*05 ml. of a 

0,2^ (w/v) so lu tion  o f BBA to  aid  p rec ip ita tio n .

The d isc s  were passed through 4 washes of ice -co ld  5^ 

(w/v) tr ich lo ro a cetic  aoid (15 m l./d ieo , 10 mln./wash) 

containing 0*15 tM  sodium pyrophosphate, then dried a fter  

f in a l  passes through absolute alcohol and ether.

R adioactivity due to  OTA p recip itated  on to  the paper 

d ise s  v/as estimated on a lu c lea r  Chicago ^ s - f lo w  counter*

In a few preliminary experiments, certa in  of these 

procedures were not followed -  thus

( i )  Gontrol rabbits were not in jected  with sa lin e
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( i l )  Tho t is su e s  were not weighed

( i l l )  The t is su e s  were hcmogenised in  10 ml# of
t r ie  buffer irrespeotiva  of weight, rather  
than in  10 v o l.

( iv )  The pH 3*0 p reo ip ita te  fraction  was not
recon stitu ted  in  a standard volume of t r i s  
buffer#

Oaloulation : In the la ter  experiments where the

procedures for extracting and assaying the enzyme were 

standardised, the a c t iv ity  of the polymerase could be 

expressed per g# of t is su e  or par whole t is su e  using  

conversion factors calcu lated  as fo llow s s

”a** m weight of whole tis su e  in  g#

*'b" m pg, of protein  in  0.02 ml* of pH 3,0
p rec ip ita te  fraction

"c** ** mpmoles (ĉ  -  incorporated
per mg. of protein per incubation  
period,

1, Volume a fte r  homogenizing » 11a ml.
102* 10 ml. removed for  centrifuging, i . e .  of to ta l ,

3 . 6 .0  ml. of supernatant used to
prepare pH g.O p rec ip ita te

6 10fraction  i ,e *

or of to ta l
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P recip ita te  reconstituted
in  2*5 m l . . i . e .  % n ^ o  pfe* of

protein  
in  2 .5  ml.

This 2 .5  ml# .came from of whole t is su e

Thus there are b x  ^  ug. of *̂pH 5*0 p rec ip ita te”

protein  in  whole t is su e  i* e .  229*2 at> pg*
or 0*23 ah mg. of protein

low 1*0 mg. of protein inoorporates o mpmoles of d#SP

BO a c t iv ity  in  whole t is su e  i s  o x  0 .23 ah

and a c t iv ity  nor rni* of tis su e  i s  c % 0,23 b .



81.

In presenting these re su lts  the term ”sp ec iflo  a o t iv ity ” 

i e  used u n less stated  otherwise, to  indioate the number of 

mpaoles of dTW incorporated in to  OTA per mg. of rooonstituted  

pH 5 .0  p rec ip ita te  protein in  a 60 min*. Inouhation. The 

r e su lts  w i l l  he presented under ( 1) Preliminary Studies -  in  

which the procedures adopted were s lig h t ly  d ifferen t (as  

outlined in  the M aterials and Methods Section) from those 

used in  ( 2 ) la te r  Studies*

1. PHBHMXIABI BTHBIBB

(a) Fon-tolerant Animals § The sp eo ific  a c t iv ity  of 

BFA polymerase extracted from 4 normal rahhit spleens was found 

to  he 1.02» 0 . 72 , 0 .8 0  and 0*70 -  average 0 .8 1 . The e f fe c t  

of a s in g le  or second in jec tio n  of BBA on the a c t iv ity  of the 

enzyme i s  shown as a function of time in  Fig# 2 s 1 • Each 

point exoopt the zero time uninjected control r e p r e se n ts  

one rah h it. This figure in d icates that the sp eo ific  

a c t iv ity  of the spleen polymerase was higher on days %f 3 ,

4 , 6 and 8 a fte r  a s in g le  in jection  of BBA and on days 2, 3?

4, 6 and 8 a fte r  a second in jec t io n .

In further oxp®3?im©nts i t  was observed that follow ing  

a s in g le  in jectio n  of BSA the sp e c if ic  a c t iv ity  of the 

polymerase had the follm ving values s
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PIG. 2 ; 1. EFFECT 0? ANTIGEN A m m i  STRATI OK ON SPECIFIC 

ACTIVITY OF MA POLY]\îERASE IN RABBIT SPLEEN

(a )  Prim ary Res-ponse

A c t i v i t y

2 . 0

Bays A f t e r  1 In .je o t io n  o f  BSA

Secondary Response2 . 0

S p e c i f i c

A c t i v i t y

Bays A f t e r  2nd In .je o t io n  o f  BSA

S p e c i f i c  A c t i v i t y  in  mjimoles o f L"'̂ PJ dTMP in c o r p o r a te d  

p er  mg. o f  p r o t e i n .
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On day-J* 1 . 82) 0.83  
m y 3 1.95 9 1.43
Bay 6 2#43» 1#13

After a second in jectio n  the values were §

Bay 4 1*30
Bay 6 1*74

(h) Tolerant Animals & The sp e c if ic  a c t iv i t ie s  of 

BIA polyoaerase In the spleens and append!cee of rahM ts 

to lerant to  BSA and k ille d  a t various times a fte r  1 or 2 

in jec tio n s  of th is  antigen are indicated in  Fig# 2 § 2#

In some cases? 2 rahhits were k ille d  at the same time a fte r  

in jectio n  of SSÀ* In these instances the average sp ec ific  

a c t iv ity  was taken and the individual values noted beside 

the relevant point on the graph.

These graphs shcfsr; that the spleen polymerase a c t iv ity  

was higher then the control value 8 days a fte r  1 in jection  

of antigen and in  1 rahhit 3 days a fte r  a second injection#  

Beoreases in  a c t iv ity  were observed 3» 4 und 6 days a fte r  1 

in jec tio n  and 1? 4 and 6 days a fter  a second in je c t io n . Tli© 

polymerase a c t iv ity  was greater in  the appendix than in  the 

spleen hut there was considerable variation  in  the r e su lts .  

A c t!v it ie s  higher than controls were observed on days 2 and 

6 of the ’’primary response” and in  1 case on day 3 of the
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secondary response*’* Reduced a c t iv i t ie s  were noted 1 day 

a fte r  1 in jec tio n  of antigen and in  some oases on days 1$ 4p 

6 and 8 a fte r  a second in jection*

2 . IATËR BmmMB

B%rther estim ations were made of the OTA polymerase 

a c t iv ity  in  the spleens and appendices of normal rahhit a and 

of rahh its k i l le d  on days 3 or 6 a fte r  1 or 2 in jec tio n s

of BSA and on days 3 or 6 a fte r  1 or 2 in jec tio n s  of saline#  

Tahle 2 s 1 shows the weights of these animals and of the 

t is su e s  removed from them# 1‘h is  tah le can he summarised t

1# With the exceptions of rahh its 90 and

and to  a le s se r  extent 89 and 91s there was l i t t l e  d ifference  

hétweôn the weights of the control spleens# ïher© was more 

scatter  in  the spleen weights of rahhits in jected  with B8A, 

the h ighest average in  hoth the primary and the secondary 

response groups Imving occurred 3 days a fte r  antigen  

in jection*

2, APPBroil# Although there was oonsiderahle variation  

in  the individual t is su e  weights» the average appendix weight 

for the majority of the rahhit groups was c lo se  to  1*85 g#/% . 

fhe exceptions were the uninjeoted controls» the rahhits 

k il le d  6 days a fte r  a s in g le  in jec tio n  of sa lin e  and the group
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2  î 1* oiiy a w  T ie sm n s  u sb b  im

L m m  EOTHIîMfB

Rabbit
Mumbor

Weight
at

Death
(% )

*
Days After Tissue5 Weight (g*/i(g*)^^

BBA Baiine Spleen Appendix Thymus

SXPSiHB
96
97
98

93
94
95

99 
100

ÎEIW 1
2,05
2.25
2.00

2.35
2.30
2.45

2.55
2.68

i !
6( 1«)
6 ( l 4
6UM

m
m
w

mm

0 .42)
0 . 50) (0 . 46) 
0 .46)

0 . 29) ,
0 . 61) (G.44) 
0 . 43)

1. 81)
1. 66) ( 1. 97) 
2 . 44)

1 . 68)
2 . 35) ( 1. 90)
1 . 67)

2 : i !  ^2.35)

1*28)
1. 58) ( 1. 46)
1 . 53)

1. 28)
2 . 39) ( 1. 70)
1.42)

! : î ! î
E sîsa ïî

85
86
87
88

89
90

MW’ 2
2.04
1.95
2.04  
1.98

2.30
2.07

ill
m

mm
#»

1.03)
0 .45) ,
0 . 29) (0 .56) 
0 .45)

: : # !  < » • • ' «

2 . 33)
1. 94) , „  , 
1. 23) ( 1. 84) 
1. 85)

\%] ' ’ - T O )

1. 30)
0 .83) ( 1.00) 
0.88)

î l î t j
EXPBRXE

73

li
82

91
92

IBM 3
3.40
3.28
3.53
3.45

2.60
2.95

1
in i  

No in;

«#
*#

eotion
lection

0 , 27)

0 I45)
0 . 73)

t'M < 0 * 5 1  >

1. 82)

2 I28)
1. 92)

2 : %  (^'44)

1. 50)

0 . 63)

!:S3) (^-59)

oont: nuod # * # * #
 ̂ ( l^ ) # one in jectio n

( 2^) m two in jec tio n s  separated hy 8 weeks

Figures in  p a r e n th e s is  are average t i s s u e  
w eig h ts  per group*
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TABLB 2 S t ( 0oniinuQd) * Weights of Rabbits and T issues used in
la te r  Experiments.

Rabbit
Humber

Weight
a t

Death
(Kg)

"K*
Days After Tissue Weight (g#/Kg.)**

BSA Saline Spleen Appendix Thymus

BJtPERI!
69
70
71
72

75
76

t »  A

2.87
2.96
2.93
2.76

3.29
3.50

i
## IIA

0.68^

o M \  (0-85) 
0 . 59)

S:SÎ <“ •« >

1*86)

1 :2 b  ( ' - w
2 *01)

I:??!

1. 18)

S:Î8 (0 . 99)
0 . 85)

0 :9! 1
BXPERIl

77
78
79
80

83
84

r a f  5
3.80
3 . 62:
3.43
2.98

3.22
3.60

6( 2°)

m
m

**
mm

0.33)

2:111
0.38)

1 . 65)

1:28 (^'29) 
1.49)

1:111 ('-OS)

0 . 37)
0:48 (0-55) 
0 . 84)

i ' j i ]  «>•«■')

 ̂ ( l^ ) # one in jection
(2°) « two in jectio n s separated by 8 weeks

Figures in  parenthesis are average t is su e  
weights per group*
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k il le d  6 days a fte r  a aecmd in jectio n  of BBA*

3* 2SS2E* With one exception.» the average thymus 

weight for each group of animale k il le d  a fte r  a sin g le  

in jec tio n  of BBA or aa lin e was higher than that of the 

corresponding group k il le d  a fte r  a second in jection *  The 

rabbits k il le d  3 days a fte r  a s in g le  in jec tio n  of BBâ and 

those k i l le d  3 days a fte r  a second in jec tio n  have» on 

average» the same thym e w eights. The average values are 

higher than the corresponding controls §  day and 6 days 

a fte r  1 in jectio n  of BBA and 3 days a fte r  a second injection»  

and Iw e r  6 days a fte r  a second in jec t io n .

the value of the sp é c if ie  a c t iv ity  expressed per 

mg. of protein» the a c t iv ity  per g . of t is su e  and per whole 

t is su e  was cmiputed as indicated under M aterials and Methods. 

These x^esults are sham in  Table 2 ? g .

Binco these assays were done a t d ifferen t tim es» 

reagents o f  varying ages had to  he used. In particular»  

the use of fresh  rather than ageing preparations of 

nucleoside triphosphates could a ffe c t  the r e su lt  of onsyme 

assays and for  th is  reason controls vmre included for  each 

assay. This e f fe c t  a lso  makes ooaparison 'between assays 

le s s  v a lid .
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Tho r e su lts  presented in  Table 2 s 2 are summarised belcws 

1. SPLBHT

(a) HOMAL RABBITS (91 and 92)8 The sp eo lflo  a c t iv i t ie s

were higher than in  the early  experimonts* , There vms closer  

agreement between the 2 t is su e s  when the ensyme a c t iv ity  vms 

expressed per whole t is su e  rather than per mg# of protein»

(b) RRXlMHY HEBPQNBB? At a l l  3 time in terv a ls  studied» 

the average sp e c if ic  a c t iv ity  was higher tlian the average of 

the corresponding controls although in  most cases there m s  

considerable animal to  animal variation .

(o) B ! O jG Q M ) A E Y  REBP ON BE: The average sp e c if ic  a c t iv ity

ocmparcd to  the corresponding controls m s  lower a t day hut 

higher a t days 3 and 6 . The increase a t day 3 m s  

p articu larly  consistent* When a c t iv i t ie s  per whole tissu e  

were compared» the increase m s  found to  he more consistent 

a t day 6 and more pronounced at day 3*

2# A v m m ix

(a) HQRML RABBXTB (91 and 92) g There was fa ir ly  c lo se  

agreemnnt between the 2 values © specially when comparison m s  

made of a c t iv ity  expressed per whole t is s u e . Again 

polymerase a c t iv ity  in  the appendix was found to  he 

considerably greater than in  the spleen.



90.

("b) PRITvîARY HlijBPOHgBs There vras oonsidem hle anitnal 

to  animal -variation making i t  inappropriate to  compare the 

t e s t  -vaines with the control..

(o) SBOOMPARY RBSPOWSB: The average value a t f  day

was lower than the oorresponding control bub again there 

was considerable variation  in  the r e s u lts . Polymerase 

a c t iv ity  in  days 3 and 6 were v ir tu a lly  the mme in  the 

appendices of antigen in jected  and sa lin e  in jected  rab b its.

In order to  f a c i l i t a t e  comparison o f the sp e c if ic  

a c t iv i t ie s  of DM polymerase found in  these la ter  experiments 

with the values found earlier^ Table 2 * 3  was compiled. In 

e f fe c t j  the control for each assay was corrected to  unity and 

the values for  the antigen stimulated animals were 

o orrG ondingly ad just od•

This tab le shows that increases in  DM polymerase 

a c t iv ity  were con sisten tly  found in  the spleens of non#- 

to lerant rabbits k i l le d  3 and 6 days a fte r  a sin g le  

in jec tio n  of antigen and 3 and 6 days a fte r  a second 

in je c t io n . Values wore depressed ^ day a fte r  a second 

in jec tio n  of BBA* In the appendix, values ware Imver than 

the normal value of unity  a t a l l  time in terv a ls  studied in  

the primary response, and a lso  12 hours a fte r  a second 

in jectio n  of antigen , but normal on the third and six th  days
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of the eeôondai^y response*

In the spleen of to lerant rabMts^ values were depressed 

a t a l l  times in  both the "primary" and the "eeoondary" 

responses with the escoeption of 1 rabbit k i l le d  on the third  

day of the "secondary response*" Increased a c t iv ity  was 

found in  the appendix on the six th  day of the "primary 

response" and in  one case on the th ird  day of the "secondary 

ro^onso'% and a decrease was observed in  1 rabbit k i l le d  6 

days a fte r  a second in jec tio n  of antigen*

in d icate  p ossib le  d ifferen ces in  properties of the 

various ensyma preparations? the sp e c if ic  a c t iv i t ie s  were 

a lso  found for  30 rain* and $0 min# incubation times* By 

subtraction, the amount of dWB incorporated in to  BM over 

3 successive 30 min. time in terva ls  was found and Table 2 s 4 

incorporates th ese*resu lts for the instances whox*e the 

sp e c if ic  a c t iv ity  of the spleen ensyme from non<**tolerant 

rabbits was p articu larly  high (above 3*0 per 60 min,) and 

p articu larly  low (below 1*4 por 60 min*)*

In the f i r s t  group? with the exception of rabbit 70, 

the onsyme a c t iv ity  was lower over the f i r s t  30 min* 

incubation than over the other 2 incubation periods and in  2 

cases a c t iv ity  was highest over the th ird  time interval* In 

the second group, the pattern was not greatly  d iffe r e n t.

With the exoeptions of rabbits 75» 7  ̂ and 79» a c t iv ity  was 

highest in  the 30*60 min# incubation period.



■PABIÆ! 2 a A. . 'SM SPBCmO A01IVICT OF MA POOTÜBRASE! OVER 
3 St?OOBSSITO 30 MEH. IBOUBATIOM PERIODS IIT MB OASBS TJHBRB 

THB aPEOlPlO AOUÎYITY PBR 60 MIH. .
WAS PARTIOÜIARI# HIGH (ABOYE) #  PARTIOTJURLY LOW (BBLCfff)

93.

Rabbit
lumber

*

Bays A fter Speolfio A ctiv ity  (mpmoles MP 
iftôorporated per mg. protein)

Bai Saline 0-30 rain. 
Incubation

30-60 min. 
Incubation

60-90 min. 
Incubation

92 Ho Itijeotion 1.31 1.74 2.40
90 3(1*) 1.27 1.91 1.47
85 3(1*) # » 1.70 2.24 1.97
88 3(1*) «## 1.55 2.33 2.32
70 3(2®) 1.69 1.66 1.49
72 3(2*) 1.98 2.27 mm

100 mm 6(1°) 0.52 0,87 0.61

75 # # 3(2°) 0.41 0.30 0.36
76 mm 3(2°) 0.66 0 .62 0.60
83 6(2°) 0.61 0.77 0.60

93 6(1*) 0.34 0.87 0.54
73 *(2*) 0.48 0.65 0.60

79 6(2*) 0.43 0.32

O m one in jection*

2^ « two in jec tio n s  separated by 8 weèks*
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Variation in  the weight of lymphoid t is su e s  taken from 

control animals can he due to  a number of factors# Thus 

the blood content of the spleen at the time of k i l l in g  has 

considerable bearing on the weight of th is  t issu e ; the 

weight of the thymus bears an inverse relationsh ip  to  the 

age of the rabbit; and thirdly? the weight of the lymphoid 

t is su e s  in  general i s  dependent on the immunological status  

of the animal a t the time of k illin g #  The t is su e  weight 

variation  which was evident in  a number of oases in d icates  

a lack of uniformity in  the condition of the rabbits used# 

Tills was one of the major sh or tam ings of those experiments 

and could only be overcome by using rabbits of more c loso ly  

matched age and weight raised  under gem^froo conditions 

and by perfusing the lymphoid t issu es  immediately a fter  the 

death of the animals.

The greater irregu larity  in  the t is su e  weights of the 

immunised animals (Table 2 s l )  r e f le c ts  the observation 

(noted ea r lier ) that in  d ifferen t animals there i s  

considerable variation  in  response to  a given antigen  

administered under comparable conditions.

Conclusions which can be dra\m with some degree of 

confidence regarding antigen induced changes in  the w e i^ t
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of lymphoid t is su e s  are that there v/as an increase in  spleen  

weight 3 days a fte r  a second in jectio n  of BSA and a decrease 

in  appendix weight 6 days a fte r  a second in jection# W issler, 

Fitch and La Via ( 196O) have recorded that ra ts  undergoing a 

prWary response to  a p articu late antigen had maximum spleen  

weight 2 days before serum antibody oonoontration was 

optimal so an increase in  spleen weight on the third day of 

the secondary response to  BSA i s  in  accord v/ith the 

occurrence of optimal concentration of anti-^BSA antibody 

found on day 6 by Dixon e t  a l # (1954)* The weight decrease 

in  the appendix on the six th  day of the secondary response 

méty r e f le c t  the p ossib le  ro le  th is  tis su e  has in  the immune 

response in  the rabbit# This i s  discussed more fu l ly  below 

(b »  1(b) and 3 (b )) .

B. MA fObYMERASB STOÎBS

1. m œ m i rabbits

(a) SPIiEM. The average value for the sp eo lfio

a c t iv ity  of DHA polymerase in  the pH 5*0 p rec ip ita te  fraction  

of rabbit spleen ( 2#42 in  the la ter  experiments) compares 

favourably with the value of 0#8l recorded by Shepherd (19^5)* 

A combination of factors? general improvement in  toohniipie, 

greater speed in  carrying out the manipulations involved and 

the use of purer preparations of reagents explains the
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greater a c t iv ity  obtained for the spleen enzyme in  the 

second ser ie s  of experiments compared with that obtained in  

the f i r s t  (2;42 compared with 0.81)#

(b) APPBM)I3C. The average sp e c if ic  a c t iv ity  of DM 

polymerase extracted from normal rabbit appendices was 6.08  

compared with the value of 8.96 reported by Shepherd (19&5)* 

This value i s  considerably greater than that recorded for  

the spleen in d icatin g  more extensive c a l l  p ro lifera tio n  in  

the appendix. In part th is  greater enzyme a c t iv ity  may be 

due to  the fa c t that in  omiparison with the spleen a greater 

proportion of the c e l l s  in  the mucosa of the appendix are 

lymphoid (there are comparatively few rod blood c o l ls )  but 

i t  a lso  r e f le c t s  a growing conviction that the appendix has 

an important ro le  in  the immune response in  the rab b it.

Ford and Gowans (19&7) have recen tly  siiggested that 

p o ten tia lly  antigen responsive c e l ls  are not fixed  in  the 

t is su e  which w i l l  mediate the immune response but that the 

important c e l l s  in  th is  respect are the lymphocytes in  the 

c ircu la tin g  blood a t the time of antigen adm inistration. 

Hossal ( 1967) a lso  points out that in  mice the antigen  

responsive c e l l s  are not fixed  and s ta te s  that they are 

probably derived from bona marrow and c ircu la te  with the 

morphology of Œiall lymphocytes in  lymph and blood*
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In the rabbit i t  appears probable that the appendix i s  

a source of these small lymphocytes* Suesdorf ( i 960) has 

Bhofv/n that? although the haemolysin response in  the rabbit 

i s  mediated so le ly  by the spleen, X -irradiation of the 

animal with sh ield ing of the spleen alone r e su lts  in  a 

diminution of the response, However, X^^irradiation with

sh ie ld in g  of the appendix alone did not cause a reduction  

in  the liaemolysin response*

Sutherland, Archer and Good ( 1964) have shorn that 

neonatal appendectomy depresses antibody production in  

rabbits challenged a n tig en ica lly  9 weeks la te r , to  the same 

extent as does neonatal thymectomy* Furthermore, ombined 

neonatal appendeotomyMthymeotcmy resu lted  in  a much more 

severe depression of antibody production than did  

Bplenect omy-*-thymeotomy #

Thus, while the appendix may not be the s i  to  of antibody 

synthesis and w hile in jectio n  of antigen does not r e su lt  in  

any con sisten t changes in  OTA polymerase a c t iv ity  in  the 

appendix (Table 2 é 2 ) , nevertheless the considerable OTA 

synthesising a c t iv ity  which occurs in  th is  t is su e  may have 

d irect relevance to  the events occurring in  the spleen  

subsequent to  antigen in jection*
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g .  PRXMHT M SPOHSU

(a) BPLBBI. I t  has already been stated  that d ifferen t  

animals respond to  varying degrees to  a given antigen  

administered under comparable conditions.. As w3.11 be 

considered more fu l ly  under Section 0 of th is  D iscussion, 

th is  observation may in  part be the explanation for the 

considerable sca tter  in  the le v e ls  of enzyme a c t iv ity  

recorded for  both spleen and appendix a t  various stages of 

the immune response#

However, in  sp ite  of th is  scatter  i t  i s  clear from 

Table 2 : 3 that the sp e c if ic  a c t iv ity  of the enzyme has 

increased on days 3 and 6 a fte r  the intravenous in jectio n  

of DBA# On the b asis  of the preliminary stu d ies (F ig . 2 s 

la ) ,  a c t iv ity  i s  a lso  high on days 4 and 8 but normal on 

days 1 and 2 of the primary response. This e f fe c t  of BSA 

in jec tio n  on OTA polymerase a c t iv ity  can be compared with 

the e f fe c t  of in jectio n  of SRBOs on thymidine kinase 

a c t iv ity  in  mouse sp leen , reported recen tly  by Raska and 

Oohen (196?). Those authors record that kinase a c t iv ity  

r is e s  sharply over the f i r s t  8 hours of the haemoiysin 

response and th is  i s  follow ed by a le s s  dramatic inorease 

reaching a peak a t 2 days# On the b asis  of the r e su lts  

reported here, th is  biphaslo pattern with i t s  ea r lie r
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increases in  enzymic a c t iv ity  might have been predicted  

since dTTP i s  a preroquisit© for OTA synthesis and since  

the response to  a p articu late  antigen i s  more rapid than 

the response to  a soluble antigen (Taliaferro? T aliaferro  

and daroslcav', 1964)*

Oraddock, Winkelstoin? Matsuyuki and Lawrence ( 1967) 

on measuring the uptake of tr it ia te d  thymidine in to  the 

OTA of the spleen of ra ts  undergoing a primary response to  

SRBOs, recorded an increase in  OTA synthesis w ithin 24 

hours followed by a more marked increase which reached a 

peak on the fourth day a fte r  antigen in je c t io n ,

A th ird  approach again leading to  conclusions which 

corroborate the findings reported hero was that of Wisslor 

©t a l ,  ( i 960)* Those authors found tîxat in  the spleen of 

ra ts  undergoing a primary immune response to  a p articu late  

antigen? m itosis  began a t  36 hours and reached a maximum 

between day 3 and day 4 .

Jandl, F ile s , Barnett and MacDonald ( I 965) have 

recorded th a t, when ra ts  were in jected  with heated autologous 

erythrocytes, macrophage p ro lifera tion  occurred at about 24 

hours * This could be the explanation for the increase in  

DM polymerase a c t iv ity  found 12 hours a fte r  a primary 

in jec tio n  of BSA, for the i n i t i a l  r is e  in  thymidine kinase
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a c t iv ity  reported by Ha ska and Cohen ( I 967) and for the 

early  increase in  OTA synthesis reported by Craddock et a l »

( 1967) ,

In the case of tolerant rabbits k i l le d  a fter  a primary 

in jec tio n  of DM (F ig . 2 s 2a), the 12-hour increase in  splenio  

polymerase a c t iv ity  i s  absent and there i s  a decrease in  

onzyi'ae a c t iv ity  in  the animals k il le d  3? 4 and 6 days a fte r  

injection;. I f  macrophage p ro lifera tion  i s  taken to  be the 

cause of the early  increase in  OTA polymerase a c t iv ity  in  

non-tolerant rabbits? then the absence of th is increase in  

tolerant rabbits i s  of some in te r e s t . Harris (1957) has 

shown that peritoneal macrophages fr m  a to lerant rabbit 

were able to  in gest the antigen to which i t  was tolerant 

and? when incubated with normal rabbit spleen c e l l s ,  could 

mediate an immunological response jjq v itr o . Hossal and 

Ada ( 1964)* avoiding the lim ita tion s of in terpretation  

associated  with the use of peritoneal macrophages, have 

shown that lymph node macrophages from a to lerant rat 

could recognise and in gest the antigen to  which tho rat 

v^s to leran t. Further, they reached the surprising  

conclusion that immune ra ts  and to lerant r a ts  showed a 

very much greater a b i l i ty  to  phagocytose the antigen at 

tho periphery o f the lymphoid f o l l i c l e s  than did control
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ra ts  responding to  a f i r s t  in jectio n  of antigen*

Thus i t  appears that? while rep lica tion  of macrophages 

may ho a necessary step in  the primary response in  non- 

tolerant rab b its, macrophages from a to lerant animal have 

no need to  rep lica te  on challenge since they Iiave a 

s u ff ic ie n t ly  enhanced a b i l i ty  to  recognise and in gest the 

antigen to  which the animal was tolerant*

(b) APPMCDIX, The sp e c if ic  a c t iv ity  of OTA polymerase 

in  the appendix appears to  decrease 12 hours a fte r  a f i r s t  

in jectio n  of antigen. There i s  a further and more consisten t 

decrease a t 3 days and a s h if t  back to  normal values at 6 days 

(Table 2 s 3 ) .  Where a c t iv ity  was expressed per whole tissue?  

these decreases were more pronounced in  a l l  cases*

On the b a sis  of those find ings and the e a r lie r  d iscussion , 

i t  i s  suggested that 12 hours a fte r  antigen d ivid ing  

lymphocytes have begun departing frcxa the tissu e*  Thus the 

proportion of lo s s  rapidly d ivid ing c e l l s  has increased and 

there i s  a concomitant decrease in  the sp e c if ic  a c t iv ity  of 

the recovered enzyme * The weight of the t is s u e , and hence 

the enzymic a c t iv ity  per whole tis su e  (Table 2 s 2 ), has 

a lso  decreased* The same situ ation  holds, perhaps on a 

s l ig h t ly  magnified sca le , a t 3 days* By the s ix th  day 

a fte r  BHA, there i s  regeneration of lymphoid c e l l s  w ithin
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the appendix (e ith er  "by p ro lifera tion  of e x is tin g  c o l ls  or 

by arr iva l of c e l l s  from bone marrow or thyiuus), resu ltin g  

in  an increase in  the sp ec ific  a c t iv ity  o f the polymerase.

The tissu e  weight i s  s t i l l  low so enzyme a c t iv ity  per 

whole t is su e  i s  lower than the control value.

In the case of the tolerant animals, no clear pattern  

emerged (F ig . 2 î 2c) and in su ff ic ie n t  stu d ies were done to  

allow  conclusions to  be dravm. I t  i s  p ossib le  that the 

fig u res recorded represent a sca tter  of norjnal values.

3 . BEOQHBAHY RBBPOHSE

(a) BPXiElBH. Oompared with the primary response, the 

secondary response i s  characterised by a shorter la ten t 

period and an e a r lie r  and higher peak t i t r e  of serum antibody 

(OTxon e t a l . ,  1954). Thus the e a r lie r  r is e  in  polymerase 

a c t iv ity  occurring between days 1 and 2 (F ig . 2 : 1b) and 

the more pronounced increase seen at day 3 (Table 2 s 3) 

might have been predicted.

In contrast to  the primary response group there was a 

depression in  polymerase a c t iv ity  a t 12 hours in  the 

secondary response animals. As already sta ted , Hossal and 

Ada ( 1964) have shown that macrophages from an animal given  

a second in jec tio n  of antigen have a greatly  enhanced 

a b i l i ty  to  in gest the antigen than do th e ir  primary response
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counte3?paa?ts. Thus i t  i s  suggested that as in  the css© of 

the to lerant "primary response" rabbits rep lica tion  of 

macrophages i s  not required# The sign ifican ce of the 

observed decrease in  polymerase a c t iv ity  w i l l  be discussed  

la te r  (D).

Autoradiographic evidence has led  Hoseal and ® k ela  

( 1962^) to  the guarded conclusion that antigen stimulated  

OTA synthesis in  rat lymph node c e l l s  has begmi by 24 hours 

and I s  optimal between days 3 and 4 of the secondary response, 

which shov/s c lo se  agreement vdth the pattern of OTA polymerase 

a c t iv ity  found in  those studios* The r e su lts  presented here 

can a lso  be ocmpared with the find ings of ÏÏrso and Makinodan 

( 1953)* D iffusion cimmbera containing rabbit spleen c o l ls  

undergoing a secondary response to  BSA were implanted in to  

X-irradiated rec ip ien ts and the authors reported that the 

m itotic  index of the c e l l s  began to  r is e  on the f i r s t  day 

a fte r  antigen ic stim ulation and reached a peak on the third  

day# Dutton and Bady ( 1964) reported that in  a system 

involving the in  v itro  addition of a protein antigen to  

primed rabbit spleen c e l l s  uptake of tr it ia te d  thymidine 

in to  DBA began to  increase markedly 20 hours a fte r  antigen  

and was s t i l l  r is in g  when the ô2cp© îïïi ï̂it was stopped 50 hours 

a fte r  antigen addition*
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In contrast to  these find ings, Oohen and Talmage (1965) 

oonoluded thàt from c e l l  transfer studies involving mous© 

spleen c e l l s  responding to  a second in jec tio n  of a 

partiou late antigen? OTA synthesis in  c e l l s  whose progeny 

produced antibody began w ithin 5 hours and liad ceased within  

48 hours* The la tte r  figu re was arrived a t on the b asis o f  

the follow ing observation* Primed mice were given a challenge 

in jectio n  of bovine gaimua globulin* After 48 hours the 

spleens were rmoved and sin g le  c e l l  suspensions incubated 

for 2 hours in  a medium containing tr it ia te d  tliymidine#

The c e l l s  were washed and transferred in to  a neutral host*

After a further 24 hours? 107 antibody containing c e l l s  in  

the recipient*© spleen were id en tified  and sin ce none was 

found to  be lab elled  i t  vms assumed that OTA synthesis imd 

stopped by 48 hours. However, as Hale, 0coper and Milton 

( 1965) have pointed out, stud ies based on the uptake of 

tr it ia te d  thymidine involve many assumptions, some of which 

are open to  question* In particu lar, the proportion of 

p ro lifera tin g  c e l l s  acttm lly in  8 phase (the OTA synthesis

in g  phase) in  a 2-hour period cannot be more than one-third  

and may be as Icf?/ as onOMslxth i f  the observations of Hale 

e t  al* ( 1965) on p ro lifera tin g  blood leucocytes are 

applicable and assuming that the generation time of immature
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plasma cell©  i s  about 12 hours (Oaual'bo e t a l,*  1962),

Pur therm ore, i f  c e l l  d iv ision  with a concceltant increase  

in  unlabelled c e l l s  does occur ? as the r e su lts  of th is  

section  suggest,; then fa ilu r e  to  observe lab elled  antibody 

forming c e l l s  on the th ird  day of the secondary response 

i s  not surprising. I t  should a lso  be noted that these 

stu d ies wore concerned only with c e l l s  a c tu a lly  producing 

antibody and, as Biozzi? S t i f f  e l .  Mouton, B outM llier and 

Beorousefond (1958) have shown, c e llu la r  m ultip licat!on  

i s  not r e s tr ic te d  to  th is  group of ce lls*

As in  the '%>rimary response," stud ies in  to lerant rabbits  

did not produce the same changes in  polymerase a c t iv ity  as 

did stu d ies in  non«*tolerant animals (Fig* 2 s 2b), In only 

2 oases (1 rabbit k il le d  on the th ird  day and 1 on the 

eighth day of the "secondary response") %ms polymerase 

a c t iv ity  higher than the control value, w hile rabbits k ille d  

on days 1, 4 and 6 of the "secondary response" shovmd spleen  

polymerase a c t iv ity  considerably lower than the control*

The sign ifican ce of the decrease w i l l  be discussed la te r  (D), 

I t  i s  te n ta tiv e ly  suggested that the increase in  polymerase 

a c t iv ity  in  2 oases may be a re su lt o f a break in  tolerance  

or to  the introduction of seme contaminating antigenic  

m aterial during the in jectio n  of BBA, Further stud ies  

would be required to  c la r ify  th is  p o in t.
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(b) APPBTOXZ, There was again more variation  in  the 

r e su lts  fran the appendix stud ies than from the spleen  

stu d ies (Tables 2 s 2 and 2 s 3 ) , The average sp ec ific  

a c t iv ity  of the enzyme, and the average a c t iv ity  expressed 

per g * ,o f t is su e  was lower than the corresponding control 

12 hours a fte r  the second in jection  of antigen but equal to  

the control value by the th ird and six th  days* The t issu e  

weight however had considerably fa lle n  by the six th  day* I t  

i s  again suggested on the b asis  of the e a r lie r  d iscussion  

that d ivid ing c e l l s  leave the appendix soon a fte r  the 

introduction of antigen and that th is  continues a t le a s t  

u n t il  the six th  day of the secondary response. By the th ird  

day, however, regeneration of c e l l s  w ithin the t is su e  occurs. 

Thus the sp e c if ic  a c t iv ity  o f the OTA polymerase has

recovered by the th ird  and six th  days but a c t iv ity  per whole

t is su e  i s  s t i l l  low (Table 2 s 2 ) .

Frcm the stud ies in  the tolerant rabb its (Fig* 2 ) 2d)

i t  appears that seme migration of d ivid ing c e l l s  from the 

appendix may have occurred by the f i r s t  day of the 

"secondary response" (decrease in  sp e c if ic  a c t iv ity  of the 

enzyme) and that regeneration was occurring on the th ird  

day (increase in  sp ec ific  a c t iv ity  of the enzyme). Howeven?, 

i t  i s  c lear that in  view of the considerable sca tter  in
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these r e su lts  in su ff ic ie n t  studios have been carried out to  

allow any d e fin ite  conclusions to  be drawn.

0 . mm POLTMBRASB ACTIVITY M 3  BBROLOGY

I t  has already been suggested that variation  in  OTA 

polymerase a c t iv ity  from one rabbit spleen to  another may 

r e f le c t  the animal to  animal variation  in  the extensiveness  

of the immune response* This could be read ily  checked in  

the la ter  experiments only in  the case of rabb its k ille d  6 

days a fte r  a second in jec tio n  of BSA since c ircu la tin g  

antibody i s  not detectable a t the other time in te r v a ls . 

Table 2 s 5 shows the re la tio n  between serum antibody t i t r e  

(see Serology Section) and polymerase a c t iv ity  and i t  can 

be seen that on the b asis of th is  lim ited  comparison low 

polymerase a c t iv ity  i s  aoccmpanied by low antibody 

production and high polymerase a c t iv ity  by high antibody 

production.

I t  i s  tempting to  conclude frait these observations 

that where abnormally low spleen OTA polyraorase a o t iv it ie s  

were obtained (e .g .  rabbit numbers 86 and 93 Table 2 s 3) 

those rabbits were not giving a good response to  BSA and 

that the opposite was the case where high a c t iv i t ie s  were 

observed ( e .g .  rabbits 70 and 72 -  Table 2 8 3 ) .
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ffABLE 9 8 REIATIW BBITOCT ATOBOPY TITRE AMD MA 
POLYt.'milîASB AOTIVin IB A RABBITS KIBLEP 

OH im  SI3CTH BAY OP fHOB SECOgBAR? 
BESP0ÎÎS13 TO BSA

Rabbit
Humber

T itre of * 
Serum Antibody

Specific  
A ctiv ity  of 
DIA
Poljraierase

77 200,000 1.99
78 100,000 0.99
79 3,200 0,51
80 100,000 1.68

•s T itres are the reciprocals of the 
highest serum d ilu tion  to  agglutinate  
tanned ohiolc SBO ooated with BSA,
(See Serology S ection ).
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D. T m  MMÏÏITO OF CHAHGEjB I I  BNA PQLBOTlâSE ACTIVITY

I t  XB d e a r  from Table 2 § 4 that incorporation of d%n? 

in to  OTA dooB not occur a t a uniform rate over the 90 min* 

incubation period* This emphasizea the fa c t  that the in  

v itr o  aeeay of the enzyme i s  om plioated by a number of 

factorS3

(a) Destruction of the enzyme during incubation  
a t 37°;

(b) Presence of other caûpeting enzymes -  ©*g* 
nucleases and phosphata-ses compete 
resp ective ly  with the polymerase for the 
OTA template and the triphosphatesf

(c ) P ossib le presence of an enzyme activator  
or in h ib itor  in  the preparation*

The reaction  catalysed can be represented by the 

equation -

dATP 4- dOTP 4- dGTP 4 dTTF 4* heat-denatured OTA

I
double-stranded OTA 4- pyrophosphate *

Interference due to  phosphatases in  the enzyme 

preparation i s  minimised by using an excess of nucleoside  

tripho^hates? but the concurrent action  of nucleases i s  a 

matter for greater concern* With the exception of rabbits  

75 and 79 where the spleen enzyme a c t iv ity  was abnormally
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low (Table 2 s 4)? the Incorporation of dT® in to  OTA was 

generally lower over the f i r s t  30 min, incubation period  

than over the second and third periods and in  view of 

th is  i t  i s  suggested that the reaction being follov/ed i s  

e s se n tia lly  a balance between the action  of OTA polymerase 

and endonuclease. During the f i r s t  30 min,? while the 

polymerase i s  cata lysin g  the synthesis of la b e lled  double- 

stranded DNAj endonuclease i s  catalysing the breakdown of 

the single-stranded template* In so doing i t  promotes 

the formation of a larger nwaber of DM templates of lov;er 

molecular weight but s t i l l  capable of functioning as  

template DHA* Thus synthesis of double-stranded DM i s  

enhanced over the 30- 6& min, incubation period and? 

depending on the r e la t iv e  proportions of the 2 enzymes? 

over the 60-90 min? incubation period*

Tho most obvious in terpretation  of the observation that 

the sp e c if ic  a c t iv ity  of DEA polymerase has increased in  

some oases a fte r  the in jectio n  of antigen i s  that the 

proportion of the enzyme to  other proteins in  the pH g*0 

p rec ip ita te  fraction  has increased, Dutton and Eady ( 1964) 

have recorded that in  the early  part of the secondary 

response v itr o  approximately I5J of rabbit spleen c e l l s  

are stimulated by antigen to  synthesize DEA and th is  agrees 

w e l l  w i t h  t h o  f i g u r e  o f  2 ^  f o u n d  h y  î l a r r i s  a n d
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L ittle to n  (I 966) for spleen c e l l s  examined on the second 

day of the secondary response. I f  further c e l l  d iv ision  

means that by the th ird  day 5/̂  of the rabbit spleen c e l l s  

are synthesizing OTA in  response to  the antigen ic stimulus 

a 2 ,62  fo ld  increase in  OTA polymerase a c t iv ity  in  the 

whole spleen (Table 2 s 3 ) means that there i s  a

% 100 or 32-fold  increase in  the a c t iv ity  of 

the enzjmie in  the c e l l s  actu a lly  responding to  the antigen . 

An increase of th is  magnitude appears to  be in con sisten t  

with tho observation of Capalbo et a l , ( 1962) that during 

the la ten t and log  phases of the secondary response the 

generation time o f the responding c e l l s  i s  decreased only 

2-fold? from 24 hours to  12 hours.

I t  i s  tempting to  speculate that? while the enhanced 

a c t iv ity  of OTA polymerase reported here may in  part 

r e f le c t  rep lica tion  of the complete oaaplement of the OTA 

of the responding c e l l s  and the subsequent m itoses of these  

ce lls?  i t  may a lso  in d icate rep lica tion  of a particu lar  

gene coding for antibody structure, Tho need for such a 

phenomenon to  explain the rap id ity  of the immune response 

has been emphasized by ^nith ies (1955) 8,nd invoked by him 

in  proposing a mechanism fo r  tho primary and secondary 

responses.
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The doorcase in  polymerase a c t iv ity  in  the spleens of 

rabbits k i l le d  12 hours a fte r  a second in jec tio n  of antigen  

and in  many cases in  the to lerant rabbits can be explained  

in  the fo llow ing way. Twelve hours a fte r  a challenge 

in jectio n  of antigen there i s  considerable lo ca lisa tio n  of 

the BB/l in  the spleen and an increase in  the enzymes 

eatabolizing  the antigen . Thus in  the pH g.O p recip ita te  

fraction  there i s  no increase in  the proportion of W k  

polymerase (as discussed ea r lie r ) but an increase in  non

polymerase p rotein . This re su lts  in  an a r t i f i c ia l l y  low 

value fo r  the sp e c if ic  a c t iv ity  of the enzyme.

In the to lerant animals the same phenomenon may 

account for  the depression observed in  the early  part of 

the "primary response" and on day 1 of the "secondary 

response" but f a i l s  to  account for the subsequent f a l l s  

on days 3» 4 and 6 of the "primary response" and days 4 and 

6 of the "secondary response." That those depressions 

occur where there are marked increases in  the non-tolerant 

rabbits (with the exception of the third day of the 

"secondary response") leads to  the speculation that in  

to lerant rabbits antigen derived m aterial not only f a i l s  

to  provoke an increase in  OTA polymerase a c t iv ity  but 

actu a lly  causes in h ib ition  of the enzyme in  the to lerant
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oêllB  (the ex istence of which has been postulated by 

MoGregor e t a l,#  196?)* Such an in h ib itor  would? a fte r  

homogenising and i f  present in  su ffic ie n t concentration? 

exert an in fluence on the measured sp e c if ic  a c t iv ity  of 

the polym rase extracted from the whole tisnue*

Thus an animal would be to lerant to  an antigen because 

in  the c e l l s  committed to  th is  antigen OTA synthesis and 

the subsequent maturation of the c e l l  i s  inhibited*  

Macrophage mediated in h ib itio n  of the antigen-provdced 

Increase in  OTA synthesis has already been recorded by 

Parkhouse and Dutton (1956) although these in vestiga tion s  

did not involve to lerant animals#
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WWm th le  aepeot of those studies was begim» consldem hle  

evidence had heen presented which implioated r ih osam l 

aggregates or polgrlhosomes # in  the Mos^mthesis of 

proteins in  bacteria  (fo r  example, G ilbert, 1g63$

Bchlessinger, 1963) ,  in  p lants (Marcus and Feelejr, 19^5) and 

in  aninials (for  example, îlàrke, Burka and Sohlesslnger, 1962$ 

Oierer, 1963; Howell, loeb and Tomkins, 1964)# However, 

there was a paucity of information on polyribosomes in  

lymphoid t is su e  and what few reports there were presented 

c o n flic tin g  r e s u lt s ♦

Thus, S ten sel, P h ill ip s , Thompson and Euhin (19^4) 

concluded that the functional rihoscmes in  rabbit spleen  

c e l l s  responding to  protein antigens were monomers (s in g le  

ribosomes) and dimers (aggregates of 2 ribosomes linked by 

mBM). Their in vestiga tion s appeared to  ru le  out 

riboauolease action  on larger aggregates of ribosomes# 

PagoulatoB ( 1964) prepared polyriboectme p e l le t s  from the 

spleens of noimal and immunised rabbits# He did not 

attempt to  reso lve these in to  constituent ribosomal 

aggregates but observed tîiat when these preparations were
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incubated in  the presence of an ATP regenerating sjst^ii and 

a soluble ce ll^ free  fraction  from rat l iv e r , incorporation  

of lab elled  amino acids in to  acid  p recip itab le  m aterial 

took place * This occurred to  a much greater extent when 

polyribosome p e lle t s  from immunised rabbits were used and 

led Pagoulatos to  the conclusion that the spleen of the 

immunised animal was much richer in  activ e  ribosomes than 

the normal spleen#

Manner and Oould (1965) found sin g le  ribosomes in  the 

lymph nodes of normal r a ts  but in  immunised animals they 

were able to  extract m aterial which they considered  

corresponded to  polyribosomes# However, th is  m aterial vmB 

extremely r é s is te n t  to  ribonuolease but could read ily  be 

disaggregated to  sin g le  ribosomes by p ro teo ly tic  onsymes# 

These authors concluded that polypeptide or protein  was 

involved in  link ing the individual ribosomes of "immune" 

rat lymph node tissu e#

Resolution of rabbit spleen polyribosomes in to  4 

components was recorded by Voss, Bauer and Finnorty (1965) 

but hero again the proportion of heavy polyribosomes was 

sm all. Incorporation of lab elled  u ra c il and leucine was 

greater in  lymphoid c e l l s  from immunised than from non** 

immunised animals# Scharff and bhr ( 1965) and Tawde,
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SùWrff and ühr (1966) fa ile d  to  reso lve lymph node o e l l  

polyrihoecmee from immuniised rabbits but showed that th is  

vjae a r e su lt  of excessive ribonuoleaee a c tio n . %en 

rlbonuolease a c t iv ity  was in h ib ited  by addition  of large 

amoimts of Heba c e l l  cytoplasm nascent protein  synthesis  

was found to  be associated  with po3yribosomes.

Horton, lew is and B iff  (1965) reoorded that in  rabbit 

lymph nodes polyriboscmal s ic e  increased with progressive  

immunisation. Thus, for example, in  rab b its which had 

received 1 in jec tio n  o f typhoid 0 antigen , lab elled  amino 

acid s were incorporated in to  protein almost exo lu sively  on 

sin g le  ribosomes. However, a fte r  4 in jec tio n s  

incorporation was largely  associated  with heavy polyribosomes 

aggregates of 5*10 ribosomes. These observations applied  

to  synthesis of both 198 and 7^ antibody. la  Via, Vatter 

and B'orthup ( 1966) resolved ra t spleen polyribosomes in to  

monomers, dimers and a small proportion of aggregates of 3 

ribosomes and concluded that the H and & chains o f antibody 

were synthesised in  fragments largely  on the monomers and 

dWers#

Thus i t  can be seen from th is  lite ra tu r e  survey, which 

i s  summarised in  Table 3 s 1, that the stu d ies which had
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pOLYRiBoam s tip TO smmmR 1966

Authors Tissue Pattern Oonolusloa

Btonsol

-# 6 4 ^ '

Babbit
spleen

Antibody synthesis on 
monomers and dimers.

la m o r
and
Gould,
1965

Bat
lymph
node ________

PolyriboBonaos bound by- 
peptide or protein

Voss

# '

Babbit
lynph
node

Antibody synthesis on 
ribosomal aggregates 
(not monomers)

Boîiarff 
and Bhr, 
1965

Babbit
lymph
node __________ / i /

Antibody synthesis on 
polyribosm es (peak 
a o t iv ity  on aggregates 
of 8 ribosomes;

Horton

1965

Babbit
lymph
node

Antibody synthesis on 
polyribosomes* 
Aggregates of 5-*10 
ribosomes*

I s  Via Bat
Spleen y \ / V  ,

s Antibody synthesis on 
monomers, dimers and 
a l i t t l e  on trimers*

p 1#0

0 .5

0*3>* a t  
B60 mu*

Bottom Top
s^aotion from Density Gradient
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boon carried out on lymphoid o e l l  polyribosomes had produced 

Q onflioting r e s u lts . In particu lar, few of the techniques 

employed had permitted good reso lu tion  of the polyribosome 

population p ossib ly  because of ribonuolease a c t iv ity  and 

th is  m s  in  a l l  probability  one of the major causes of the 

confusion.

The aim of the in vestiga tion s reported here was to  

determine i f  polyribosomes oould be extracted from lymphoid 

t is su e  and to  characterise the extraction  procedure. I t  

was a lso  intended to  determine the e f fe c t  of adm inistration  

of antigen on the polyribosome patterns obtained from the 

responding t is s u e .
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m M XAIiS Am laîBTHOBB

Animals

Babbits* Babbits were 3-5 month old Hew Zealand 

V/hltes of both sexes*

B ats* Albino male ra ts  (weighing 145*155 g*) wore 

used. The animals were starved overnight prior to  k illin g *  

Free aocese to  water was allowed a t a l l  tim es.

Antigen

The antigen used v/as sheep red blood c e l l s  8BBO0 

(Btn?roughs Welloome and Oo*, bondon). The c e l l s ,  which 

were supplied in  Alsever so lu tion , were washed 3 times and 

then made up as a 1^ (v /v ) suspension in  0.15M HaOl. They 

were warmed to  37*̂  just prior to  in jec t io n .

Immunisation

Eats to  be in jected  were anaesthetised using tr ile n e  

( lO l) . Bach rat was in jected  intravenously with 1.0 ml* 

of the antigen preparation and k ille d  a fte r  3 or 6 days.

Preparation and Resolution o f 3Polvribosome B e lle ts

The method employed was based on that o f W ettstein, 

Staehelin  and Holl (19&3). Bucrose concentrations used in
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th is  technique were made up in  a buffer con sistin g  of 0.05M 

tris-H G l. (pH 7*6), 0*025# and 0*005# MgOl^, Sodium 

deoxyoholato (BOO) v/as made up as a 10^ (w/v) so lu tion  in  

0*05# tris^HOl* (pH B*o), 0*025# KOI, The polyribosome 

p e lle t  v̂ as suspended in  a so lution  composed of 0*005# 

trie»H01. (pH 7 .6 ) ,  0.025% KOI., 0.005% MgOlg referred to  

a s TKM,

Babbits were anaesthetised  by the intravenous in jection  

of nembutal (Abbott laboratories, kent) and k i l le d  by 

exsanguination* Hats were stunned and k i l le d  by 

decapitation*. The fo llow ing operations were carried out 

a t 4^* Immediately a fte r  the death of the animal, the 

t is su e  ( l iv e r  or spleen) was removed, trimmed, rinsed in  

0*25# sucrose, b lo tted  dry and weighed* Two v o l. of 0.375#  

sucrose and, in  the case of the spleen 3-7 v o l .  of 0 . 25#  

sucrose, were added* Tho tis su e  was homogenised gently  

using a Potter-Blvehjem horaogeniaer with 4 excursions of the 

p e s t le .

A fter homogenising, the suspension was centrifuged  

(10 m in.i 1®, 15,000 g) in  a %inoo model h2 u ltracentrifuge  

to  reèiove mitochondria and o e l l  debris. 8i% m l. was
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transferred from the middle of th is  post#*mitoohondrial 

supernatant (PMS) to  a 10 ml# measuring cylinder and 

0*9 ml# of the BOO solution  added. The cylinder v̂ as 

inverted 3 times and 3*15 ml* of th is  BCD-treated WS was 

layered on to  a discontinuous sucrose gradient ( 3*15 ml. 

of 2 . 0M sucrose and 3*15 ml, of 0 *5# sucrose) oontainod 

in  c e llu lo se  n itra te  centrifuge tubes. Using these  

q u a n titie s , 2 polyribosome p e l le t s  could be obtained from 

each 6*0 ml. of OTS* A fter centrifugation  (4  h ow s, 1% 

160,000  g ) , the supernatant was decanted and the surface 

of the polyribosome p e lle t  was washed ca refu lly  with  

0 .2  ml* of WI* The TKM was decanted* îdver polyribosome 

p e l le t s  were reconstitu ted  in  a further 0*15 ml. of TM, and 

spleen polyribosome p e l le t s  In 0*2 ml* of TM* The 

suspended polyribosomes were resolved by carefu lly  layering  

0*04 ^ 0*05 ml* on to  a 15^ -  34^ linear sucrose gradient 

and centrifuging in  an Slî 50 rotor in  a Spineo model L2 

min.ÿ l^j 200,000  g ) .

Monitoring of Oradient

After the density gradient centrifugation  step , the 

tube was transferred to  a perspex holder, the base punctured 

and 45^ sucrose containing methylene blue as marker was
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pumped in , using a flov/ induoor (WatsoiWTarlow

L td., Bucks*)* In th is  way.the contents of the tube wore 

forced upwards through connecting tubing to  a flow#*oell in  

a Bookman I)B spec tr  oph pt omet or which in  turn was United to  

a recorder, This arrangement $ which permitted continuous 

monitoring of the op tica l density of the gradient a t 260 mp*,

i s  outlined schem atically in  F ig , 3 * 1, The f lo w -c e ll

was designed by Dr# T* A, Douglas and i s  shown in

diagrammatiQ form in  F ig , 3 s 2 ,

Analysis of Patterns

The patterns wore analysed by dropping perpendiculars 

fran the troughs between the peaks to  a b a se -lin e , and 

expressing the area under eaoh peak (ca lcu lated  using a 

compensatory planimotor) a s a percentage of the to ta l area*
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PIG. 1 ; 2. DIAGBAmiÀTTO REPSESEKTATION OF PLOW OELL
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ïîî presenting these resu lts*  the follow ing terms and 

abbreviations are used:

n # 1 (monomereOj n # 2 (dimers)* n « 3 (tr lm ers), n •  4 

(tetramers)* n *» 5 (pentamers) and n # 6 (he%amers) are 

terms used resp eetive ly  for  s in g le  ribosomes and aggregates 

of 2, 3j 4» 5 and 6 ribosomes attached to  a s in g le  moleoule 

of messenger OTA (mOTA) * A lso, n # 1+ i s  used to  describe 

the m aterial sedimenting between monmers and dimers on a 

sucrose density gradient and the terra "heavy polyribosomes" 

i s  talcen to  re fer  to  aggregates of more than 5 ribosomes*

Hat hiver Polyribosomes

The pattern obtained on density gradient an a lysis  of 

rat l iv e r  po3,yribosomes i s  shown in  F ig . 3 : 3 , The 

pattern c lo se ly  resembles that reported by V/ettstein ^  a l * 

( 1963) for  rat l iv e r  polyribosomes and la b e llin g  of the 

peaks i s  based on the findings of these authors.

I t  can be seen fr m  Fig# 3 : 3 that there i s  a large  

proportion of heavy polyribosomes in  rat l iv e r  (sedimenting 

in  the lower third of the tub e). Ribosome aggregates up

to  pentamers oould be id en tified *  The pre-Haonomer

m aterial absorbed a t 320 mp. and was designated " ferr itin ,"
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Uhis m aterial was observed con sisten tly  in  'both l iv e r  and 

spleen preparations*

Oomnàrison of Patterns from Ra~bMt Spleen and Rat Spleen

Rabbit and rat spleens were employed to  determine 

whether the prooednres used for the preparation and an alysis  

of ra t l iv e r  polyribosomes would permit iso la t io n  of 

lymphoid t is su e  polyribosomes# Qa an a lysis  of the p e lle ts  

prepared from these t is su e s  the patterns presented in  

Fig* 3 Î 4 were found* With rabbit spleen there was a 

large proportion of monoR'ior̂  s l ig h t ly  le s s  dimer, a small 

amount of trimer m aterial and a very low proportion of 

heavier polyribosomes* In contrast b etter  reso lu tion  v/ae 

obtained using rat spleen and there was a considerably  

greater proportion of heavy polyribosocaes* For th is  

reason subsequent stud ies were carried out using rat spleen  

t is s u e .

I t  was con sisten tly  observed that there was a greater 

preponderance of dimers than of any other aggregates in  

the polyribosome population of m t  spleens# There was 

s l ig h t ly  le s s  monomer m aterial and the proportion of the 

remainder of the riboscraal aggregates varied frcxa animal 

to  animal*



128

CO

CO

M

CO

M

M

COH

O

M

o\ CO VO

§HEhO<

I
§
g

CO0

1

o o o o

>H «
< £ ho M B
1—1 CO
Eh , o
PL, • p  VO
O A r t l  CV!



129*

^he E ffect of D ilution dm^ln  ̂ Preparation of Polyri'boBomeB

In vlow of the m a ile r  ei&e of the epleen^ i t  was 

neeeseary to  use 9 vol* of Buorose (2 vol* of 0.375^î and 

7 vol* of 0,25M) a t the homogeniain^j stage to  give  

su ff ic ie n t  m aterial for  centrifugation# For stud ies in  

l iv e r  polyrihosomesj the t is su e  was homogenised in  2 vol* 

of 0*375M sucrose* check any p ossib le  e f fe c t  of the 

di,lution in  the case of the spleens, the fo llow ing  

experiment was carried out* Spleens from 2 ra ts  were 

f in e ly  minced together* Part was homogenized in  2 vol* of 

sucrose and part in  9 vol* Polyriboscmes were prepared 

and analysed as before*

I t  \ms found that d ilu tion  of the t is su e  with 9 v o l. 

of sucrose resu lted  in  a Icw/or proportion of heaver 

polyribosomes in  the polyriboBome p e lle t  than did d ilu tion  

with 3 v o l. This e f fe c t  was further in vestiga ted  follow ing  

the experimental plan shown in  Fig* 3 s 5*

The r e su lts  of th is  experiment are presented in  Table

3 $ 2* Oomparison of Patterns 1 and 2 shows that a greater

proportion of heavy polyribosomes was extracted when the

tissu e  was hanogenised in  3 v o l. and not subsequently 

d ilu ted  to  10 (31*3^ compared with 26*3^)* In p a ra lle l  

with th is ,  the proportion of lower ribosomal aggregates
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PIG, 3 i. 9. PIAIf OF BXPBRimTO SESIGKBP 'JO ITOSTIGATH 

TOB! JBORBASB IK PROPOMIOW OP HMVY POmiBOSOMBS 

WITH IWHKASS IM DIIUTIOH OP TISSUE

combine 2 ra t spleene 

hanogeniae in  2 v o l. of 0,375®! suoroso

oontrifüge

16,000 s )
(10 rain», 1®,

3*0 ml* of supernatant +
0*45 ml# of m o  

i
PA TT» 1

D ilute to  10 % weight 
of t is su e  present 
with 0*25 1̂ suoroso

oentrifut, 
(10 min#, 1 , 

16,000 @)

3 *0 ml # of 
supernatant f  
0#45 ml. of m o

PATTTOT 2

3 .0  ml* of 
supernatant * 
0.15 m l. of DOG

V



TABLE % i 2 . m m n  OF jPIIjUglOW p m iw  BXTRAOTIGir OH 
BlSmSUflOB OF HIBOSiM&L ACjQBEOATES IM RAT SBLMf
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Pattern of Polyrlboeomos Prasont Ae

n#1. n#2+1$ n*3 n#4 n#5 n*G n#>5

1 13,7 4m 20,8 11,3 12,0 10,7 7,3 31.3
2 14,1 2*2 22,5 13,9 12,4 10,0 7.1 26.3
3 15,4 5*4 24,3 15,1 13,2 10,4 7 .0 20.9

For prooeâurea uae& to  obtain P attem o, soe
F ie , 3 s 5
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extracted was greater when the hcmogenate was diluted to  

10 v o l. Thus loss of some heavy polyribosomes in  the 

diluted preparation was not due to  inoreaeed physical 

shearing during homogenizing since some lo ss occurred even 

when d ilution  todk place a fter homogenising. The lo ss was 

more marked when the BOO t BHA ratio  was made the sm e in  

both diluted and undiluted preparations (Patterns 1 and 3 ). 

Comparison of these patterns indicates that the lo ss of 

heavy polyrihoscmal material resulting from dilution  of the 

homogenized tissu e i s  not due to a difference in  the 

BOO t BWA ra tio . I t  i s  a lso  apparent that in  the diluted  

preparations (Patterns 3 and 3) recovery of heavy poly** 

ribosomes was greater at the higher BOO concentration 

(26.35  ̂ compared with 20.9$)# Tn a l l  subsequent 

experiments the spleens were homogenized in  5 v o l. of 

sucrose (2 v o l. of 0.375M and 3 v o l. of 0,2gM) without 

further d ilu tion . This to ta l volume was necessary to give 

su ffic ien t material for the centrifugation steps.

hqcation of Monomers in  l a t  B^nleen Polyribosome Pattern

In order to locate the monomer peak a rat spleen 

polyribosome p e lle t was prepared and the pattern from a 

0.04 ml. sample was obtained. To the remainder of the 

reconstituted polyribosomes was added 0.2 ml* of TKM
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containing ribonuolease (10 pg*/fnl*)* The tube m s  

incubated a t 37^ for 5 rain* then 0.04 ml* was removed and a 

ribosome pattern prepared as before. The patterns obtained 

are compared in  F ig . 3 s 6 (page 135), After treatment 

with ribonuelease there was an increase in  m aterial absorb

in g  a t 260 mp. at the top of the gradient and a lso  in  the 

monomer region . There was s t i l l  sm e dimer m aterial 

present but most of the larger a g g re^ tes  bad been degraded.

^ f e o t  of Immunization on Folvribosome Patterns

Polyribosome patterns were prepared and analysed from 

3 groups of rata l

(a ) Oontrol^ un-injected

(b) K illed  3 days a fte r  an in jection  of BHBOa

(o) K illed  6 days a fte r  an in jec tio n  of SEBDe*

Tables 3 s 3a» 3b and 3c (pages 136» 137 and 138) show 

the d istr ib u tion  of ribosomal aggregates in  the individual 

animals and as average values for  eaoh group and a lso  

incorporate the w e i^ t  of eaoh spleen.

I t  can be seen from these Tables that» while a high 

proportion of heavy polyribosomes oould con sisten tly  be 

e%bracted from rat # leen s»  there was considerable animal
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to  animal variation  as i s  evidenced by the high standard 

doviationB. being th is  system, no s ig n ific a n t changes in  

the spleen polyribosome patterns resu lted  fK*om antigen  

administration#

Also evident from these Tables was the fa o t that there 

was considerable variation  in  the spleen weights of both 

normal and stimulated rats*
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Poi'oent of Total Holjrri'bosanas Present aè

Hat n-1 n»1i n«»2+1-|-* n»3 n«4 n»5 n«6 n»>555-»

Spleen
Weight

(g .)

1 15 34 14 12 8 5 16 1.08
2 17 #* 36 18 11 6 10 1.53
3 17 #» 36 18 10 9 8 1,83
4 13 4 27 12 11 10 8 87 0.92

5 17 itw 36 17 11 9 mm 10 1.83
6 12 5 28 8 9 10 10 33 1.21
7 13 32 11 10 9 7 25 1.24
8 17 5 34 10 8 7 6 24 1.23
9 14 4 29 13 11 10 8 23 2.28

10 13 3 31 16 13 9 5 18 2.03
11 11 4 27 9 9 9 8 35 2,07

Mean 
±  ,

14.5
i

4*2
±

31.8
i

13.3
±

10.5
±

8.7 7.1 20.8
+

1.57
i

8,D. 2.3 0 .8 3*6 3.6 .1.4 1.3 1.7 9.2 0 .5

Siïiôo not 0voï*3T pattern fôîiôwod a d is t in c t
peak$ the dimei? peak was alwaye taken to  include th is
Since not every pattern ehcwred a d is t in c t  peak,
the heavy polyrihoeomes were considered as
8.D, # Standard Deviation
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TABTjB 3 î 3b » BISmiBOTIOH OB RIBOSOMAL AGGREGATES IB 
Bm.YBTBOafm PELLETS EXTRAOTEB BROÜI SPIM S OF 9 RATS 

KILLED 3 BAYS AFTER AMPIGBB IBJEOTIOB

Heroent of Total Polyrltosomeo Present as

Hat n»1 n#1^ n»»24’t’i* n#3 n#4 n#5 n»6 «■>5^
Spleen
Weight

(g .)

1 11 25 12 10 9 9 33 2.43
2 17 5 38 16 11 8 10 1.60

3 14 6 33 15 13 9 6 16 1.22

4 11 •̂̂ 26 13 12 11 27 0.78

5 11 m 28 10 10 9 9 32 1.29
6 12 5 35 12 10 8 6 23 0.77

? 14 4 34 15 11 9 4 17 1.34
8 16 3 34 17 12 7 14 2.55

9 17 4 33 12 11 9 5 18 1.50

Mean

b . h/

13*7
i

2 .6

4.5

1.1

31.8
i

4*4

13#G
1

2.3

11.1

1.1

8 .8
±

1.1

6*5
+

2,1

21.1
±

8.1

1.51
±

0.6

800  ïalal© 3 s 3a
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TABLB 3 ; 3o : SITOIBTOtOCT Qg HISOSOmL AQGRBGAms IN 
POLTOIBOSailB PEtW S S3MA0IPBI) MCM SPUMS OP 15 HATS KILLED

6 DAYS AFTER AITIGOT IHJBCTIOM

Percent of Total Polyribosomes Present a s

Rat n#1 n#1^ n#2+1& 1 n#3 n-4 n»5 nm6 n»>5
Sploen
Weight

( e . )

1 18 5 36 9 7 7 6 23 0.80
2 17 5 35 16 13 8 «# 11 0.99
3 14 5 30 13 12 10 6 21 1.12
4 12 4 28 12 11 9 6 28 2.26
S 18 8 37 10 9 7 5 18 1.71
6 14 4 32 14 13 8 18 0.89
? 13 4 27 12 11 10 8 27 2.43
8 15 35 15 13 9 6 12 0.76
9 14 5 30 9 9 9 8 29 1.59

10 14 m 30 14 13 10 6 19 1.55
11 18 ## 31 18 11 6 «• 16 1.55
12 14 5 34 12 11 9 6 21 1.33
13 15 6 35 10 9 8 7 23 2.20

14 16 5 38 15 8 6 ## 17 1.29
15 13 4 32 13 10 8 7 24 2.08

îîoan 15.0 5 .0 32.7 12.8 10.7 8.3 6.5 20,5 1.50

~  « i ± + + + i i +
S.D*' 2 ,0 1.1 3.3 2 .6 2.0 1.3 0*9 5*4 0 .5

Sea Table 3 » 3a
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(Dhô pattorna obtained on analyaia of rat l iv e r  poly* 

ribosomes ompared c lo se ly  with those obtained by other 

workers in  th is  department (Fleck# Shepherd and Munro# 1965? 

Wunner# B e ll and Mtmro# I966) ,  1?he reso lu tion  of moncmor 

to  hexamer m aterial was s l ig h t ly  enhanoed. fh is  may bo 

duo to  the fa c t  that eonditions for the d en sity  gradient 

step varied (30 mine,# 1% 200#000 g used here as against 

60 min*# 1 #̂ 118#000 g) or to  variation  in  the methods 

employed in  an a lysis  of the gradient. i?he flow #oell used 

in  these in v estig a tio n s involved minimal inversion  of the 

gradient whereas in  the conventional flow ^ oell the gradient 

i s  completely inverted and has to  pass through a Upturn 

before being monitored#

With the rabbit spleen tissue# the preponderance of 

monomers and dimers (F ig . 3 $ 4 ) may in d ica te  more extensive  

ribonuolease a c t iv ity  than occurred in  ra t sp leen . One 

p ossib le  reason fo r  th is  i s  that there was a longer time 

in terv a l between the death of the rabbit and removal of the 

spleen than was regpired with the r a t . W ettstein at a l . 

( 1963) point out that temperature control of the t is su e  

involved in  these procedures i s  c r i t ic a l .  A lternatively#  

i t  i s  p ossib le  that these rats# which were reared in
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oomsnunal cages u n t il  axporimentatlon began were a c tiv e ly  

responding to  in fectio n  of one kind or another and are not 

true "normal" contrôle ## that is#  that the pattern  

obtained from rabbit spleen i s  more normal fo r  non*^ntibody 

forming lymphoid t is s u e . #h is p o s s ib il ity  i s  further 

considered in  the Beotion dealing with the e f fe o ts  of 

antigen in jectio n  on the polyribosome p atterns.

Resolution of rabbit # le e n  polyribosanee compares 

with that obtained by Voss S i, Si* (1965) using "immune" 

rabbit lymph node tissue# by % là l (1966) using normal 

rabbit spleen and by Bagdasarian# Bagdasarian and Boreoka

( 1966) using spleen c e l l s  fr m  hyperimmune rabbits* Bo 

far as i s  known# there are no reports in  the litera tu re  

showing s ig n if ic a n tly  b etter  resolu tion  of rabbit spleen  

polyribosomes or a greater proportion of heavy polyribo* 

somes in  th is  t is s u e . Aekonas and Williamson (1966) and 

Williamson and ACkonas (196?) have oonoluded that the lig h t  

and heavy chains of lg0  antibody would req^uire polyribosomes 

containing around 7 and 19 ribosomes reep eotively  (on the 

assumption that § ribosomes can be accommodated on a mBWA 

of 450 nucleotides as was found in  the case of haemoglobin 

synthesis ** Warner# %opf and Rich# 1963). a lso

assumes that the chains are synthesized complete and not 

in  fragments as i s  postulated by la  Via a l .  ( 1966) .
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Thus thé situ a tion  in  rabbit spleon c lea r ly  requires 

further in vestiga tion  since aggregates of 7*15 ribosomes 

have not been resolved in  th is  tissu e*  Improved 

reso lu tion  would greatly  f a c i l i t a t e  stud ies on the 

riboscmal aggregates Involved in  antibody production#

The reso lu tion  of rat spleen polyrib os ernes and the 

recovery of heavy polyribosomes i s  considerably botter  

than that reported by other authors (Talal# 1966; la  Via 

et a l .» 1966) although ha, Via, Hammond, Vatter and lorthup

(I 967) have some evidence that aggregates oontainlng up to  

12 ribosomes are present in  rat spleens* Without further 

stu d ies , e ith er  by electron  microscopy or by determination 

of sedimentation c o e ff ic ie n ts  i t  would be im possible to  

estim ate the maximal polyribosomal s iz e  obtained in  the 

in vestiga tion s reported here.

Under controlled  conditions, ribonuoloaee disaggregates 

polyribosomes to  monomers by attacking the lin k in g  mMA 

molecule but does not degrade the ribosomes themselves to  

any great ex ten t. The conditions used here were sim ilar  

to  those employed by Talal (I 966) and the r e su lts  confirm 

that the f i r s t  major peak in  the polyribosome patterns i s  

monomer m aterial (F ig . % t 6 ) .  The la b e llin g  of the other 

peaks as dimer, trimer and so on i s  based on the
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observations of W ettstein ot a l .  (1963) and would a lso  

require independent confirmation for th is  system# The 

ribonuolease s e n s it iv ity  of the polyribosomes i s  in  

contrast to  the find ings of Manner and Gould ( 1965) .  These 

authors, however, la te r  suggested that only a proportion of 

the polyribosomes i s  ribonuolease re s is ta n t (fenner, Gould 

and S layter, 1965)*

The haenolyein response in  ra ts  has been w ell 

characterized by a number of aiithors. Haemolysin t i t r e s  

in  normal ra ts  begin to  r is e  1*3 days a fte r  the intravenous 

in jec tio n  of BRBOs and i s  maximal 5*6 days a fte r  in jectio n  

(B lj iv io , Simio and Fetkovic, I 96O5 F itch , W issler, La Via 

and Barker, 1956)# In the spleen, which produces most of 

the c ircu la tin g  antibody (Rowley, 1930), m ito tic  a c t iv ity  

i s  max3.mal round about the th ird  day of the primary response 

(W issler e t  I96O).

With the ra ts  used here, spleen polyribosm ies could 

read ily  be extracted, in  contrast to  the observations of 

la  Via ^  a l .  (1966)* However, the d istr ib u tion  of 

r ib 08m al aggregates in  the spleen polyribosome populations 

was not s ig n if ic a n tly  d ifferen t using normal ra ts  or ra ts  

k il le d  3 or 6 days a fte r  antigen in jection# In view of 

the ce llu la r  response in  the spleen and the increased
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production of o irou latln g  gamma globulin provoked by antigen  

in jection# absence of any e f fe c t  on polyriboscmo s iz e  was 

surprising. Xt iias been ehoi.vn by electron  miorosoppy that 

in  the d ifferen tia tlo n  of antibodyeforming c e l l s  from 

precursor c e l l s  there i s  a considerable increaso in  the 

quantity of heavy polyribosomes (Xo Petria and Karlsbad,

One p ossib le  reason why th is  was not detected hero i s  

that the control ra ts  may not have been true con tro ls. Two 

observations suggest th is  to  be the oases

( i )  The average spleen weight (1.57 g , -  Table 3 ; 3a) 

was much greater than the value reported for  

normal rat spleens by other authors (0 .8 l g . for  

ra ts  weighing 400 g* * Uandl e t  a l . .  1965?

Q.7I g . for ra ts  weighing 530 g . * P eters, 19&7).

( i i )  The inorease in  spleen weight which i s

ch aracter istic  of the primary Memolysin response 

(W iesler g t  I960) was absent here.

I t  i s  suggested that these r a ts , which had a l l  been 

ra ised  in  communal cages, were in fected  to  one degree or 

another. This would account fo r  the variation  in  spleen  

weight and polyribosome patterns in  the control animals, 

and would a lso  any response occurring in  these



144.

parameters In animals Injected  with antigen* Again th is  

problem could only bo completely overcome by using animals 

reared in  germ*free conditions.

From th is  work i t  was concluded that polyribosomes 

were present in  considerable quantity in  the rat spleens 

used and in  le s s  quantity in  the rabbit sp leen s.

Extraction of these could bo carried out rea d ily , and the 

proportion of heavy polyribosomes recovered from ra t spleens 

varied according to the extent of d ilu tion  of the tissu e  

during extraction , but was of the order of 20^ of the 

polyribosome population of the t is su e . Antigen in jectio n  

appeared to  re su lt in  no a ltera tion  in  the proportion of 

heavy polyribosomes but for reasons discussed i t  was 

considered that th is  may have been an a r tifa c t*
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Binoê the ré su lté  of the 3 Beotione of th is  th es ie  

have already been dieoussed in  some d eta il#  i t  w i l l  be the 

purpose of th is  Dieouaeim to  re la te  the obeeirmtione to  

each other end to  some other relevant aepeote of antibody 

formation. Bleouseion w i l l  qonoeam events follow ing  

antigen injeotxon in to  normal animals (Primary Response), 

previously immunized animals (Beoondary Response) and 

to lerant animals (Tolerance).

pExmRT m BBm m

I t  has been postulated (Beetion 2) that 12 hours a fter  

a primary intravenous in jection  of an antigen in to  an 

animal p ro lifera tio n  of macrophages i s  occurring in  the 

spleen. since such p ro lifera tion  occurs in  animals 

in jected  with heated autologous erythrocytes ( Jandl e t  a l . .  

1965)11 i t  may be quite unrelated to  the iamune re%>onse. 

Uossal ( 196?) points out that the anatomical relationsh ip  

between macrophages and lymphocytes in  lymphoid t issu e  

precludes easy transfer of m aterial from one c e l l  type to  

the other and he does not favour the view that antigen  

in gestion  by macrophages i s  a necessary preliminary to  the 

immune response.
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Hôwewr, since macrophages are sp ecia lized  c e lle  involved  

in  the ingestion  of foreign m aterial and of dying c e l l s ,  i t  

seems probable that they have some sp e c if ic  surface s i t e s  

which recognize "foreignness." That th is  I s  the case ie  

suggested by the observations of Uossal and Ada ( 1964) that 

macrophages from immtme and to lem n t animals have a greater 

a b il i ty  to  recognize and in gest the sp e c if ic  antigen than do 

macrophages from normal animals#

Thus the intQ5?prstation placed on the observation that 

12 hoars a fte r  antigen in jectio n  in to  nom al animals there 

i s  an increase in  sp len ic BUA polymerase a c t iv ity  (Table 2s3) 

i e  that p ro lifera tion  of macrophages i s  occurring resu ltin g  

in  a population of macrophages able to  in g est and oatabolize  

the antigen*

An a ltern a tive  explanation ie  that the increase in  

polymerase a c t iv ity  a t th is  time r e f le c ts  M k  synthesis in  

c e l l s  whose progeny w il l  synthesize IgM antibody. There i s  

evidence that these c e l l s  are d is t in c t  from the c a lls  

involved in  production oi' IgG antibody (see  for example 

Vazquez and lakinodan, 1966)# Since Xĝ l antibody i s  not 

formed in  tolerant animals nor to  any great extent in  the 

secondary response, then th is  would account for the absence 

of the 12*hour increase in  MA polymerase in  these oases 

(Table 2 9 3)$
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UmmvBVf 2 obeerTOtions made a t 24 hours support the 

f i r s t  explanation given above* F ir s t ly , the enzyme 

a o tiv lty  had returned to  normal 2 s l )  which would be

unlikely  i f  continued p ro liferation  of c e l l s  involved in  

synthesis of Igîl antibody were the explanation- Secondly, 

aa indicated in  Table 1 : 1$ elim ination of antigen over 

the f i r s t  24 hours of the primary response v/as lower than 

over the f i r s t  24 hours of the secondary response, but the 

elim ination ra te  was greater thereafter*

lo s s a l  and # k e la  (1962b) have presented evidence that 

the c e l l s  which produce antibody during the primary response 

v/era engaged in  synthesis prior to  adm inistration of 

antigen* I t  has a lso  been suggested (Ford and Gowans, 196?) 

that lymphocytes which were present in  the c ircu la tion  at 

the time o f antigen adm inistration, are the c e l l s  which 

become involved in  mediating the immune response in  the 

spleen* Thus the p ossib le  decrease in  M k  polymerase 

a c t iv ity  in  the appendix 12 hours a fte r  antigen in jection  

(Table 2 9 3) was interpreted to  mean that by th is  time 

c e l l s  r e la t iv e ly  rich  in  the enzyme had l e f t  the appendix 

and had loca lized  in  the sp leen .

Consistent with the findings that 12 hours a fter  

primary antigen administration# polymerase a c t iv ity  had
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increased in  the spleen hut not in  the appendix (Table 2 î 3) 

aro the observations of Knight and Ling ( I 968 )* These 

workers reported that antigen ic stim ulation of spleen c e l l s  

in  v itr o  resu lted  in  a marked increase in  3)KA synthesis  

during the f i r s t  24 hours of culture* Using c e l l s  from 

other sources, including appendix, tliie  early  increase was 

not usually  observed.

The absence of any detectable increase in  sp len ic DM 

polymerase a c t iv ity  1 and 2 days a fte r  primary antigen  

in jec tio n  (F ig . 8 $ 1) i s  o f in te r e s t . The lag  period  

before lymphoid c e l l  p ro lifera tion  begins may r e f le c t  the 

time taken for  trapping and "processing" of the antigen in  

macrophages (or re ticu la r  c e l l s )  and then entry of antigen  

in to  the sp e c if ic  committed lymphocytes. (Evidence has 

been presented that antigen i s  present in  some antibody- 

forming c e l l s  *  see Uossal# 1967). In lyxïiphooytes, time 

would be required for in it ia t in g  synthesis of nucleoside 

triphosphates and other precursors neoessary for  the 

ce llu la r  response to  take place* In th is  connection i t  

i s  p ossib le  that HKA^antigen complexes extracted from 

macrophages are "immunogenic" when transferred to  lymphoid 

c o l ls  only by v irtu e of the fa c t that the antigen has 

already been degraded in  the macrophages* The BKA may
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serve simply , to  give bulîc to  the antigenio determinant 

perm itting i t s  phagocytosis* That the macrophage BIA has 

a pu3?ely adjuvant function in  these eystems i s  suggested 

by the experiments of Askonas and Rhodes (l9&5) and 

G ottlieb , GXison and Boty ( 1967)* These la t te r  workers 

found that while most of the macrophage EHA had Incorporated 

tr it ia te d  uridine during a 30 min. incubation of macrophages 

with antigen, the "immunogenic" RÊA contained very l i t t l e  

la b e l. Further# in  hybridization studies# "noni-immune"

CTA and "immune" BHA extracted frm  macrophages in fected  

with bacteriophage or an mirelated antigen# a l l  competed 

for  the DM of the in fected  maoroplmges* Thus i t  

appeared that the "immunogenic" RM was not formed in  

response to  antigenic stimulus and was not inform ational*

By the th ird  day of the primary response# the ce llu la r  

reaction  in  the spleen i s  considerable (see# for ommple# 

langevoort# 1963) and between then and the eighth day 

increased BHà polymerase a c t iv ity  vms found (Fig* 2 t 1 ) ,

The timing of th is  increase was consistent with reports of 

BRA synthesis and c e l l  d iv ision  by other authors (see  

Section 2 )* The order of the increase was greater both 

here and in  the secondary response than would have been 

predicted on the b asis  of the 2 -fo ld  reduction in  the mean
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generation time of the c e l l s  stimulated by antigen, which 

vme noted by Dreo and Makinodan (1963), For th is  reason 

i t  i s  considered that the incroasQ in  polymerase a c t iv ity  

may ho intei^preted to  mean that eplsomal rep lica tion  of a 

gone oodlpg for antibody structure occurs in  the stimulated  

ce lle*  As already noted, Bmithies ( 1965) has pointed out 

that a process of th is  nature may he necessary to  explain  

the rap id ity  of the primary response and he has involved  

th is  concept as part of a theory of antibody formation*

The observations reported here may con stitu te  seme evidence 

for th is  concept of episomal replication*

By the seventh to  eighth day of the primary response 

in  rab b its, antibody was released in to  the serum as 

indicated by the antigen elim ination te s t s  (Fig* 1 â 2 )*

The lag  period between in it ia t io n  of the ce llu la r  response 

and the re lea se  of antibody I s  a measure of the time 

required for the transfomiation of the stim ulated c e l l s  to  

Immunoblasts and th eir  subsequent p ro lifera tion  and 

d ifféren tia tio n  to  immature and.mature plasma ce lls*  As 

do P etrie  and Karlsbad ( 1965) have shown, th is  process 

involves considerable morphological changes in  the c e l ls  

involved including the development of endoplasmic 

reticulum , Oolgi complex and the formation of polyribosomes.
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Presumably a lso  many enzymes (fo r  example# amino aoid  

aoti-m ting enzymes) must be formed in  increased amounts 

before antibody synthesis occurs#

Yifhile the poiyribosome stu d ies on rabbit and rat spleens 

wore inoonolusiv0 |  i t  was nevertheless shown that ribosomal 

aggregates could be extracted from lymphoid t is su e  (Section 3 ) . 

Understanding of the ro le  of polyribosomes in  grnma globulin  

production has been considerably furthered by the stud ies of 

Shapiro# Soherff# Mhizel and Uhr (lg66) and independently by 

Williamson and Askonas ( 1967)* These authors have presented 

evidence that complete lig h t  and heavy chains are synthesized  

resp ectively  on I80B polyribosomes (aggregates of around 5-6  

ribosomes) and on 270-3008 polyribosomes (a g g re^ tes  of 

around 12-18 ribosomes)* They further suggest that free  

l i ^ t  chains are autonomously released f v m  the ribosomes 

and that these may a s s is t  and control heavy chain release*

This would re su lt in  balanced production of gamma globulin*

Bight weeks a fte r  primary adm inistration of antigen# 

serum antibody oould s t i l l  be detected in  the rabbits 

(Tables 1 : 2 and 1 : 3 ) , Rossal ( I 9Ô7 ) considers that 

antibody production continues in  the absence of antigen, 

which argues against a d irect template ro le  for antigen in  

antibody formation, but th is  i s  disputed by Ifeurowltz ( 1965)
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who considers that antigen ic detem inants may remain in  the 

antibody forming c e l l s  in  minute amounts.

Tho decrease in  the sp e c if ic  a c t iv ity  o f BM polymerase 

in  the appendix 12 hours a fte r  a second in jec tio n  of antigen  

(Table 2 $ 3) i s  interpreted to  mean th a t, a s in  the primary 

response# c e l l s  r e la t iv e ly  r ich  in  the enzyme leave the 

appendix and lo c a liz e  in  the spleen# I t  i s  ir ferred  from 

the absence of any concomitant increase in  polymerase 

a c t iv ity  in  the spleen a t th is  time that no maor^hago 

p ro lifera tio n  i s  occurring and that an increase in  

lo ca liza tio n  of antigen and in  formation o f other non

polymerase protein  in  the t is su e  maSks any increase in  BRA 

polymerase which may be present in  the lymphoid c e l l  

pcpuiation* Enhanced uptake o f antigen i s  supported by 

the observations of Rossal and Ada { 1964) and by the fa c t  

that é lim in ât!m  of antigen ( in  th is  case PGG) was greater 

a t 24 hours in  the secondary respm se than in  the primary 

response (Table 1 » I)*

Ro increase in  BRA polymerase a c t iv ity  was evident a t  

24 hours and i t  i s  again considered that the la g  period 

before lymphoid c e l l  p ro lifera tion  begins may be rela ted  

to  the time taken for  catabolism of the antigen# Apart
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t v m  thé 12-hour inoreasé in  the primary rosponGO the 

deteotablo inoroase in  eplonio BRA polymeyase m s  ea r lie r  

In the seoondary r e # o w e  (beginning a t 2 days -  Fig* 2 : 1  

and t i l ls  may r e f le c t  the involvement of a greater nimWr of 

c e l lo ,  i t  i e  a lso  known from h isto lo g ic  evidence (see# for  

example, Movat and Fernando, 1965) that the c e llu la r  

reaction  does begin e a r lie r  in  the secondary response* I f  

i t  i s  estab lished  that "proceeding" of antigens in  one c e l l  

type i s  a necessary preliminary to  antibody formation, then 

the ^ e a te r  a b i l i ty  o f macrophages to  in gest antigen in  the 

Secondary response may ea^lain the e a r lie r  in it ia t io n  of the 

c e llu la r  reaction* I f  macrophages (or re ticu la r  c e l l s )  are 

not involved, then i t  seems necessary to  p ostu late that the 

"memory" c e l l s  (email lymphocytes?) a lso  have a greater 

capacity to  recognize, in gest and catabolize the sp ec ific  

antigen . I t  i s  a lso  p ossib le  that the presence of antibody 

in  the serum would r e su lt  in  a more rapid immme response by 

oaapiexing with the in jected  antigen and rendering i t  more 

readi!^  phagooytosed*

% the th ird  day of the secondary resp m se, antibody 

has been released  in to  the serum (Beotion 2 and Mxon at a l . , 

1954) and in  these stud ies free  serum antibody was detected  

in  1 rabbit a t th is  time (Table 1 : 3 ) .  In the spleen,
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to  a le v e l which i s  again consisten t with the suggestion  

that ep ism a l rep lica tion  of a gene coding for antibody 

structure i s  occurring• A ctiv ity  in  the appendix i e  not

s ig n if ic a n tly  d ifferen t from control values (Table 2 ? 3) 

suggesting that any ro le  th is  t is su e  has in  the secondary 

response i s  complete by th is  time#

by the six th  day, free  serum antibody was detected in  

a l l  oases (Table 1 : 3 )  and BRA polymerase a c t iv ity  was 

s t i l l  h i# e r  than control values in  the spleen# From the 

stud ies of Bauer jgt ol* ( 1963) i t  i s  known that in  the 

secondary response only small amounts of I #  antibody are 

formed and that most of the antibody i s  of the IgG class#  

Uhr ( 1964) has shown that I # ï  synthesis oeasas in  the 

absence of antigen so i t  i s  p ossib le  that the k in e tic s  and 

oharaoteristies of IgM antibody formation are id en tica l in  

both primary and secondary responses and that the ea r lier  

production of IgG antibody in  the la t te r  ease r e su lts  in  

the removal of antigen and the cessation  of production, 

That the Igg-synthesizing system does not develop 

immunological "memory" has been suggested by %zquez and 

Makinodan (I 966 )#
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TOIEFtAROB

As det03Pmiwed by the absence of Immune elim ination of 

antigen (F ig , 1 : 2 )  and by the abeenoo of c ircu la tin g  

antibody, the in jec tio n  of a large amount of BBA in to  a 

rabbit a t b irth  r e su lts  in  para lysis of the antibody-forming 

mechanism in  the mature animal (Section l ) .

However, tolerance (or immune p ara lysis) can be induced 

in  other ways:

(a) adm inistration of very large q u an tities of 

antigen to  the adult animal e ith er  over a 

prolonged time in terv a l or in  one in jectio n  

(see  Smith, I96I );

(b) adm inistration of small quantities of antigen  

e ith er  f i l t e r e d  (Froi ^ o l # ,  1965) or u ltr a -  

centrifuged (Dresser, 1962) to  remove aggregated 

m aterial.

Using BSA as antigen and mice as experimental animals, 

Mitchison (1964) has further developed th is  concept of 2 

zones of p a ra ly sis . l i c e  were immunized against f lu id  

BBA #  3 in traperitoneal in jec tio n s  per week for  varying time 

in terv a ls  using a range of doses of the immunizing antigen. 

The a b i l i ty  of such mice to  give an immune response to  B8A 

in  Freund*s Adjuvant was then determined. P aralysis was
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indttoed to  varying degrees using low doses of antigen  

administered itp to  approximately 8 weelcs (depending tm 

actual antigen dose) and using high doses administered for  

more than 2 weeks (again depending on antigen dose). The 

pattern emerging from these studies suggested that any 

dose of antigen could even tm lly  paralyse were i t  not for  

the lim it s e t  by the life -sp a n  of the mouse.

Oonceming the ce llu la r  aspects of tolerance* the 

suggestion of Frel e t a l .  (1965) and Mitchison (196?) that 

antigens reaching lymphocytes in tact (without "processing" 

in  macrophages) induces tolerance# may r e la te  to  the 

observations of McGregor e t  a l .  (196?) that tolerant c e l ls  

do e x is t  ( i . e .  that tolerance i s  not simply a re su lt of 

absence of committed c e l l s ) .  Mitchison ( 1964) has 

suggested that even 1 molecule of antigen in teractin g  with  

a c e l l  may ha su ffic ie n t to  induce p a ra ly sis .

I t  i s  c lea r ly  necessary to  gain more information on 

the in tra ce llu la r  events which follow  encounter of antigen  

vfith a p oten tia l antihody-forming c e l l .  Under seme 

circumstances immunity r e su lts  and under other circumstances 

there i s  p a ra ly sis . Thus, the presence of a sharp f a l l  in  

the sp e c if ic  a c t iv ity  of sp len ic DM polymerase in  tolerant
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anima le  was of eonslderable in tere st -  e sp ec ia lly  Glnoe th is  

depression .occurred mainly a t those times a fte r  antigen  

adm inistration when sp len ic polymerase a c t iv ity  in  n m -  

to lerant animals had increased (Pigs* 2 s ga and 2b# c f .  

Figs* 2 s la  and 1b)* Absence of BRA polymerase from 

to lerant c e l l s  would make l i t t l e  d ifference to  the sp ec ific  

a c t iv ity  of the enzyme extracted from the whole t is su e  since  

these committed c e l l s  represent only a small proportion of 

the total.iJymphoid c e l l s  o f the spleen* Thus a decrease in  

enzyme a c t iv ity  may imply that some in h ib itor  of tho enzyme 

i s  present in  su ff ic ie n t  concentration as to  a ffe c t  the 

measured sp e c if ic  a c t iv ity  of tho enzyme extracted from the 

whole tissu e*  Thus# i t  i s  considered that the tolerant 

sta te  may re su lt  from formation of some in h ib itor  of BRA 

polymerase when antigen encounters the c e l l  sp e c if ic a lly  

committed to  i t*  On the other hand, antigen which has 

f i r s t  been "processed" may present a d ifferen t stimulus 

resu ltin g  in  c e l l  p ro lifera tion  and di,fforentiation*

In conclusion, the scheme shown in  Fig* 3 i s  presented 

as a hypothesis cm cem ing seme of the c e llu la r  aspects of 

antibody f<mmtion* This i s  an elaboration of the scheme 

shown in  F ig , 1 in  tho Introduction*
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(1) CoBditiôned lymphooyten rep lioate  in  the appendist 

and presmKiahly other lymphoid tiaou es.

( 2 ) fhese o e l ls  re#oironlate v ia  tho blood etream 

through tho sploon#

(3 ) When antigen i s  given to  normal animale i t  in  

ingested  by maorophageo (or re ticu la r  c e l l s )  and 

**immunogenic** RNA#antigen complexes are formed, 

ühe HNA ma2T he informational (Adler e t  al.t» 1966) 

or may not he informational (Ackonas and Rhodes, 

19651 G ottlieb 196?) »

( 4 ) î^ p h ocy tes have cp eo lfio  surface r e o o ^ it io n  

s i t e s  (Oohen, 196? ) .

(5 ) After ingestion  of **procossed** antigen, c e l l  

p ro lifera tion  and epieomal rep lica tion  of the 

genes coding for antibody structure takes place  

# resu ltin g  in  d ifferen tia ted  antibody^produoing 

plasma ce lls#

( 6 ) tn  Bome cases, d ifferen tia tio n  r e su lts  in  c e l l s  

which appear morphologi c a lly  as small 

lymphocytes# fhese are ♦*memory cells#**
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( 7 ) These oellB  re-enter the circu lation  and ean 

engage in  the c e llu la r  response on further  

oontaot with antigen derived m aterial.

(8) Antigen enoountering conditioned lymphocytes 

without processing r e su lts  in  immunological 

tolerance (Frei ei* al** 1965$ M itchison, 196?) 

perhaps by in it ia t in g  formation of an in h ib itor  

of 3)IA polymerase#

The more fundamental q^uestion of the origin  of d iversity  

of antibodies i s ,  o f course, not considered in  the above 

schm e# As information accumulates concerning the 

m odifications in  amino acid  sequences in  d ifferen t antibody 

molecules then th is  w i l l  permit fu lle r  understanding of the 

d ifferen ces in  the genes coding for these m olecules, and 

the eventual formulation of a theory which sa t is fa c to r ily  

explains the origin  of antibody d iversity#
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The work preeonted in  th is  th es is  was directed tovmrds 

developing a clearer imderstanding of some of the biochemical 

aspects of antibody production* The systems employed wer© 

m bbit-^nti^bovine serqm albimin (BE!) for stu d ies on the 

ep eoifio  a c t iv ity  of DBA polymerase $ and rat#anti#*sheep red 

blood c e l l s  (#BOs) for polyribosome studies*

Borne rabbits were rendered to lerant to  BBA by the 

in tm poritoneal In jection  of th is  protein a t birth* The 

establishment of tolerance m s  confirmed by antigen  

elim ination t e s t s  in  the mature animal# Comparative 

stud ies were made on the sp ec ific  a c t iv ity  o f DBA polymerase 

from the spleens and appendices of normal untreated rabbits^ 

rabbits undergoing a primary or secondary response to  DBA 

and rabbits previously rendered tolerant to  BBA,

The r e su lts  obtained indicated that in  the case of the 

sp len ic polymerase a c t iv ity  m s  increased by the 

immunisation procedures# Increased a c t iv ity  was observed 

on days 3* 4 * 6 and 8 o f the primary response and on days 

2j 6 and 8 of the secondary response# In  the case of

the animals rendered tolerant to  BBA ensyme a c t iv ity  m s



164f *

depressed 39 4 and 6 days a fte r  one in jec tio n  of th is  

protein in to  the adult animal and 1 ^ 4  and 6 days a fte r  a 

second in jection* The sign lfloanee of these r e su lts  and 

th e ir  p ossib le  relationsh ip  to  lack of maorophaga 

p ro lifera tion  in  the secondary response and in  tolerant 

animals was discussed*

R esults fr<m comparable studies in  the appendix 

showed no consisten t pattern but there appeared to  be a 

aeorease in  the sp e c if ic  aotlvi-ty of the engyme at various 

times a fte r  antigen in jection* A p ossib le  ro le  of the 

appendix in  the immune response was considered on the 

b asis  of these resu lts*

In view of th is  antigen stimulated c e llu la r  response 

in  the spleen r stu d ies were made on the polyrlboscme 

patterns o f the spleens of control and immimined animals*

A procedure was developed whereby polyribosomes could be 

extracted and analyeed from rat spleens* Bo consistent 

d ifferen ces between the polyribosomes o f control and 

immunised ra ts  were observed* Possible reasons for th is  

inconsistency were d iscussed.
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PLATS 1. Inraunoblast o e il*  in  peorimrteriol&r sheath 
of lymphocyte* in  Splenio White Pulp.
(% 500; Stain *  methyl«greent th io n in e).

Rabbit spleen 2 days a fter  2nd in jec tio n  of BSA.



167.

If

PLATS 2 . Concentration of darkly sta in ing  lymphocytes 
surrounding larger pale sta in ing  macrophage, 
(x  500; Stain «» methyl-greeny th ion in e).
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