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ABS TRACT 

The evolution o f  ve rte brate im mun i ty fro m the l evel 

of the p ro to cho rdates to that of the me tathe ri ans is 

revi e we d. 

Us in g s tan dard metho ds Ig G, IgM an d Ig A we re i so ­

l ate d fro m the s eru m o r  in tes tin al flui d of the Aus tra­

l i an  bru s h -tail e d  opos s um ,  Tri chos urus vul pecu la. Thes e 

we re ch aracteriz ed in terms o f  th ei r mo le cul ar weights , 

amino aci d an d carboh ydrate co mpos i tions an d val ues fo r 

the i r  con cen trations in s e ru m  we re calcul ate d. Two forms 

of Ig G we re s een wh i ch di ffere d  in their abi li ti es to 

bin d to ins olubl e  matri ces an d al so in th ei r mo le cular 

weigh ts . No an tigen i c  di ffe ren ces we re s een be tween the m 

on an �l ys is by ag ar diffus ion . The mol e cul ar wei ght of 

the Ig A s een in in tes tin al fl ui d an d res ults fro m i ts 

an al ys is by ag ar di ffus ion s u gg es t th at the mol e cule may 

l ack s e cre to ry co mpon en t. 

B l ympho cytes we re i den ti fi ed by the i r  s u rface immu ­

nog l o bu l in and their co mpl e me nt and Fe re cep to rs . The 

numbe r o f  thes e cel ls in blood an d various l ymphoi d  

tis s ues o f  r .vul pecul a was foun d to be s i mil ar to the 

values repo rted for mi ce an d humans . Lympho cyte frac­

tion a�ion on n yl on wool col umn s con fi rme d th at the mar­

ke rs e mploye d  we re as s o ci ate d wi th an adhe ren t cel l  

popul ation . 

Blood l ympho cytes we re s timul ated in vi tro wi th a 

range o f  mi togens an d the deg ree o f  trans fo rmation achie­

ve d wi th each was as s es s e d  by the cel ls : uptake of tri ­

tiate d  thymi din e .  Ins ol u bl e  con can aval in A, po ke we e d  

mi togen an d l ipopol ys acch ari de , in th at o rde r ,  we re 

the mo st effe ctive o f  th e mi togens us e d  on un fraction ate d 

bloo d l ympho cytes . Thes e three mi togens we re fu rthe r us e d  

in stu dies in whi ch n yl on woo l  fraction ation o f  bloo d 
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lympho cytes was us e d  to p rep are B cel l - an d T cel l ­

en ri ch ed cul tu re s. Lipopol ys acchari de was the on l y  mito ­

g en to s ti mul ate B cel ls  mo re th an T cel ls . Ins olu bl e  

con can avalin A cons is ten tl y s ti mul ated T cel ls to a 

g re ate r e xten t than B cel ls as di d p oke we e d  mi togen . 

The ultras tru ctu re of mi tog en -s ti mul ate d cel l s  was 

stu die d by e l ectron mi cros cop y an d i t  was s ho wn th at 

l ipopol ys acchari de in du ce d  the formation o f  pl as mabl as ts 

whi ch res e mbl e d  thos e of eu theri ans . 

Mi togen -s ti mul ate d cells we re als o  an al ys e d fo r 

the ir p ro duction o f  i lrununog l o bul ins , th e l evels of de 

� s yn th es is e d  mate ri als be in g me as u re d by thei r in co r­

po ration o f  is o tope -l abe l l e d  l e ucin e provi de d  in the cul ­

tu re me dium. Bo th s e cre te d an d in tracellul ar p rote ins  

we re meas ure d  in this way. Lipopol ys acchari de ,  pokewee d 

mi tog en and in s o lu bl e  con can av al in A al l in du ce d  s ign i ­

fi can tl y  in cre as e d l evels of 19S an d 7S s e cre te d pro te ins , 

thes e p ro te ins being s ep arated by g e l  fil tration . Po k e ­

wee d  mi togen i �du ce d th e s yn thes is o f  s ign ifi can tl y  in c­

reas e d  l evels o£  bo th 19S an d 7S in tracellul ar p ro teins , 

whil e l ipopol ys acch ari de an d ins oluble con can av alin A 

s ign i fi can tl y  in cre as e d the l evels o f  19S p ro tein 

on l y. The pres en ce o f  I gM an d Ig G in th e 19S an d 7S 

fraction s was s ho wn by the i r  p re cipi tation wi th cl as s ­

spe ci fi c  an tis e ra. 

The i mmun e res pons es of r.vul pe cul a to a p arti cu ­

late an d a s olu bl e  an tig en we re co mp ared wi th thos e o f  

rabbi ts to the s ame an tig ens . S heep e rythro cytes , at two 

do se lev els, were in jected in travenous l y. The res pons es 

o f  opos sums to 5xlo
9 

e rythro cytes we re app re ci abl y mo r� 

rapi d th an thos e o f  the rabbi ts . The res pons es o £  th e 

two s pe ci e s  to 25xlo
9 

e ryth ro cytes were s i mil ar in the 

ti tres a ttain e d  an d the ti me tak en to do so . The dis ­

tribu tion o f  h aemag g lu tin ating activi ty be tween Ig M an d 
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IgG was studied an d f oun d to b e  es s en t ial l y  the s am e  

f o r  bot h  s pecies f o r  both l evels of an t ig en . The r es ­

pons es of opos s ums t o  bovin e s er um al bumin in j ec t ed 

in t r amus cul ar ly wi t h  Fr eun d ' s  adjuvan ts wer e s imilar to 
t hos e of r a bb its . 

I t  is concl uded that the B c ell -depen dent immun e 

f un c t i on s  o f  r. vulpecula are  as efficien t  as thos e o £  

o ther m e t at he r ians an d compar e favou r ably with thos e of 

euther ian s . 
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PREFACE 

This s tudy of s ome as pec ts of the immun e c ap ac i ty of 

Tr ichos urus vulpecula ,  the Aus tral i an b r ush- t ai l ed opos s um ,  

c an be jus t i fied on s evera l  groun ds . Firs tly , mars upials  

have been l it t l e  s tudied f r om an immun ol ogical poin t  of  

v iew , their geograph ical r es t r ic t ion m ak ing them un ava i l ­

abl e  t o  mos t inves t ig at ors . S econ dl y , there is the r e l a­

t i ons h ip that Aus t r a l ian m ars upials have to Amer ican m ar ­

s up i als , on th e on e han d ,  an d  t o  p l acen t al ver tebr�t es 

on the other.  Mar s up ials an d placen t als are b e l i eved to 

have evolved f rom a c o mmon t her ian s t ock , differ en tiat ion 

be twe en the t vvo l in es beg inn i ng abo u t  100 m i l l ion years 

ag o . The Aust r al i an m ars up ials ar e t hought t o  b e  des cen ­

den ts o f  an Amer i c an imm ig r an t  t hat dis pers ed across wha t 

is n ow An t ar c t i ca in the l ate  Cr et aceous per iod . Subs e ­

quen t ly , Aus tr al i an m ars upial s  e vo lved i n  is o l at ion :for 

s om e  70 m i l l ion y e ars . I t  is the refore o f  in t e r es t to 

comp ar e  the immun e c apabi l i t ies of 1 . vul pecula, a r e l a t i­

vely r ec en t  m ars up i al , wi th thos e of i ts an c ien t , unchan g e d  

dide lpho id s tock an d wi th thos e of euther ian marrnnal s .  

Thir dly , r . vu lpe cul a has acquired a par t icul ar r e l evan c e  

t o  New Zeal an d .  S ince i t s  in t r odu c t ion from Aus t r al i a , i t  

has f l our is hed an d cons ervat ive es t im at es pu t i ts pres en t 

popu l a t ion in exc es s of 6 0  m i l l ion . Th e spec ies is invol ­

ved in two zoon os es in th is c oun t ry , n amely , tuberculos is 

an d l ep t os piras is . 

,!.vulpecul a s ee ms h ighly s us c ept ib l e  t o  Mycobac t er ium 

tuberculos is , the dis eas e bein g  r apidly pr ogres s ive in 

t hes e an imals . Foc i  occur thr oughout the count r y  in which 

infec t e d  opos s ums , g r azing bus h- pas ture fr inges , m ain t ain 

the inf ec t ion in dairy c a t t l e  m ak ing eradic a t i on of t uber ­

culos is from ca t t l e  diff icul t an d pres en t in g  a heal th 

h azar d t o  man . Fur thermore , 1 . vu l pecu l a  s hares i ts bus h 

hab i t at wi th deer , an im al s  of r ecogn is ed econom i c  poten ­

t ial . Tube rculos is is s een in c ap tur e d  wi l d  deer an d the 
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thr e at that this pos es both t o  the heal th of the han dl e rs 

of dee r  c a rcas s es and t o  an e xpanding v en is on market does 

n o t  need e mph as is ing . 

As re gards t o  l ep t os p i ros is , up to  7 0  per c en t  of 

s exua l l y  mature opos s ums f rom farm l an d  an d 30 per cen t 

f ro m  bus h are inf ec t e d  wi t h  Le ptospi ra b al can ica . This 

o rg an is m  has been repo rt e d  as caus ing l ept os pi ros �s in 
m an in Europe, but i ts rel e vance t o  the dis eas e in New 

Zea l and remains t o  b e  es t al::lis hed . 

Con sequen t l y , any info rmat ion  rel a t ing t o  the immune 

c apabil i t ies of the opos s u:fll coul d con ce i vably b e  useful in 

g ain ing a wide r  un de rs t a.n ding o£ t he e pide miolog y of thes e 

two dis e as es . 

The pr esen t inves tigat ion e xamines s ome as p ec ts of 

the im mun e comp e t enc e of _!. vulp�cu la. It is 1 imi ted to B 
cel l func t ions a..1 1d  cons i de rs the be haviour of thes e cel l s  

in vi t ro an d in v ivo and exam in es t he immunogl obul ins that 
the y produc e.  
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CHAPTER 1 

THE PHYLo::;ENY OF VERTEBRATE IMMUNITY 

1 . 1 Int r o duct ion 

Ver t ebrate an imals have a number of mechan is ms 
which protect  th em aga ins t infec t ion . Thes e a r e  conve­
n ien-tly divi ded in t o  inn ate an d acquired forms . Inn a t e  
r es is t ance i s  a fun ction of cer ta in phys ica l  an d chem i ­
c al f ea t ur es o f  the i ndividual . Acquired immun ity is 
fur t her divi de d  in t o  immun ity mediat e d  by c e l ls , pr e do­
m in an. t ly lymphocy t es an d ma.cr ophag es , an d irrL.11un i t y  
m e diated by an t ibodies . Phagocy t os is can b e  r egarded as 
a proper t y  common t o  bo th f·or ms o:f r es is t an c e ,  be ing 
effec t ive in the abs ence of an t ibody but g r e a t ly enh.:m­
c e d  by i ts pres ence . 

Invertebr at es , t oo , ar e capable of res is t ing infec­
t ion by  poten t ial l y  pathogen ic organ is ms . However , their 
defence s ys t ems ar e cons i der e d  to be l es s  s ophis t ic a t e d  
than �hos e of v e r t ebr a t es and appear t o  be r es tr ict e d  
t o  cel l u l ar mechan is ms . Whil e  phagocy t os is o f  foreign 
mater ial is eff ec t iv ely achieved by a rang e  of c e l l  
t ypes , there is , t o  dat e , n o  convin c ing e vidence t h at 
inver t e br ates p r o duce £act ors ill�in t o  ver t ebr ate  immune­
g lobul ins , ei th er in fun c t ional or s truc tur al t erms . 

The recogn i t i on of "non - s elf " material is a pr im i ­
t ive fun c t ion eviden t even in Prot ozoa . The diff er en c e  
between ver t ebr a t e  an d inver tebr a t e  immune poten t ial 
l ies in t he r an g e  o f  c e l l s  avail ab l e  t o  thes e an imals  
which are capabl e  of m ak ing t his dis t inc t ion . Both 
groups have phag ocy t ic cel ls cap abl e  of de tec t ing and 
r emoving fore ign m a t er ial . However , i t  is the occurr en ce 
in ver t ebr at es of ant ig en -s ensi t ive lymphocytes tha t  
r es ul ts in the development of an t ibody-s ecr e t ing p l as ma 
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c e l ls or in the prol iferation of effector c e l ls eng ag ed 
in the m any as pects of cell  m e dia t e d  immun i ty .  

It is the purpos e of t his r eview to ou t l in e  the 
developmen t of immun e compet en c e  throughou t the ver t e ­

brate phy l a  to t he me tather ian l eve l . 

1 . 2 Pro tochordates 

The as c idians � a gr oup of s es s il e  tun ic ates which 

belong t o  the Pro t ochor date g r oup , ar e cons i dered by  man y 

t o  s hare an an ces t r al s t ock w i th th e ver tebrates ( Rer r ill , 

1955 ) .  Tun i c ates have we l l - defin e d  phagocy t ic c e l l s  an d 

amoebocy tAs ( Ovex t on , 1 966 ) an d lymphocy t e-l ike cel l s  ( Warr 

et:, al. , 1 977 ) . That as cidians are  c apable of moun ting s om e  

form o.f immune r es pon s e  was s hovvn b y  Can t acuz en e ( 191() ) 

who des cr ibed an increas e d  ac t�.v i ty  o£ phagocy t ic ce lls of 

As cidia mentula following the in j ec t ion of thes e animals 
with a marine be1c ter ium. Amoebocy tic cel ls f r om inj e c t e d  

an imals agg lu t in at e d  th e bac t e r i a  a t the cells 1 sUJ�faces ; 

c e l l s  from con tr o l  an imals did n o t  s how this r ea c t ion, 

Neither the s pec ific i ty of the r eac t ion n or the r o l e  of 

humor al f ac t ors in it wer e  inves t igate d .  

Mar chal on is an d Warr ( 1 9 78 )  des cr ibe d  a pr o t e in in 
the haemolymph o£ Fyura s t ol on ifer a wh ich is c apab l e  of 

bin ding to both din itropheny l  (DNP) an d erythrocy te  ar. t i­
gens . This pr o t ein s h owed a c harg e  he t erogen ei ty , a m o l e­
cular we ight of 6 5 , 000 to 7 0 , 000 dal tons an d ,  on polyacry­
l amide gel analys is , it r es emb l e d  the mammal ian u chain . 
The au thors pr opos ed tha t  �he tun ic at es m igh t  expres s a 
primi t ive u- l ike chain an ces t r al t o  al l s ubs equen t 
immunoglobu l in polypept ide chains . 

Ther e is a colony s pecificity in s om e  compoun d 
as ci dian s  that is man ifes ted by fus ion betwe en colon i es 
when the adj acen t colon i es ar e of the  s ame s pe c i es , an d 
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n on -fus ion when the c o l on ies ar e of differ en t s pe c ies 

( Bancr of t , 1 903 ) .  Such a l logeneic recogn i t ion has been 

des c r ibed in s ever al  s pec ies ( Tan ��a et al. , 1 97 0 ) . 

Tan ak a  ( 1 973 ) has des cr ibed two types of f 2.c t or invol ­

v e d  in non- fus ion . On e ,  foun d in the t e st matrix an d 

b l oo d ,  br ings about the dis in t egr at ion of in compa t ib l e  

t es t c e l l s  an d gr anular amoebocytes . The s ec ond fac t or 

is r e l eas e d  from dis in te gr a t e d  c e l ls and c ons tr icts 

ampul l ae or blood ves s e ls ther eby CC:-\.US in g an ar e a  o£ 

n ec r os is . Thes e s t u dies in dicate tho.t im.muno--incompati­
b i l i  t y  in tun i cates inc ludes n o t  only non - s e l f  recogni­

t ion , but als o subsequent an t ag on istic r e ac t i ons lead.:..ng 

to l ocal is e d  cel l de at h . This dual rc:-spoBse to for e i gn ­

n es s  is char acter i s t ic of specif ic jm.mune r eactivity . 

1 . 3 F is h  

F is h  were th� earl ies t  ver t ebratR an imals to 

evol ve an d can be divided int o f 01.1r  main c l asses ; thes e 

ar e the ext in c t  Pl aco dermi , the Agna tha ,  the Chondr ich­

thyes an d  the Os te ichthyes (Table 1 . 1 ) . 

a .  Agn atha 

The mos t pr im i t ive l ivin g ve ::::-te brates ar e t he 

hag f is h  an d the l amprey . The Pac if ic hagf is h ,  Ept atre­

t us s t out i i ,  has n a t ur a l  s erum agg lut in ins for s heep 

r e d  b l o o d  cells ( S RBC ) , the l evels of which can be r ais e d  

by inj ec t ion of SRBC ( Linthicum an d Hil de mann , 1 970 ) .  

E . s t out i i  als o res pon ds t o  Ke yhole Limpet h aemocyanin 

( KLH ) ( Thoenes an d Hil demann , 1 970 ) and S tr ept ococci 

( Ra is on e t  al . ,  1 978 ) .  An t i -strep tococcal an t ibodies 

c ons is t of �- l ike heavy ch ains an d l ight chains , the 

l a t t er havin g  a mol ecu l ar weight s omewhat g r e a t er than 

thos e of many advanced ver t ebr ates . This f in din g is in 

mark e d  con t r as t t o  that of De- Ioann es an d  Hil demann ( 1 97 5 )  
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Tabl e 1.1 A c l as s if icat ion o£ fis h es 
( Af t er Romer , 195 5 ) 

Clas s  Pl acoderm i 
C l as s  Agn a tha 

Or der Cyc los tom ata 
Ept atr e tus s tou t i i  
Pe tr omyzon marinus 
Lampe t r a  japon ica 

C l as s  Chondr ichthy es 
Subclass El asmobran ch i i  

Heterodontus £rancisci 

i�hinobatos productus 
Tr i akis s emifas c i ata 
G in gl ;>nnos t oma cirra  turn 
f\1us t e l us can is 
Dasyat is centroura 

Dasya tis am er ican a 
Subc l ass Hol ocephal i 

Clas s Os t eichthy es 
Subc l as s Choan ichthy es 

Or der Cross opt er yg ii 
O:.:der Dipnoi 

Neoc er a t odus fors ter i 
Pr o topt erus aeth iopicus 

Subc l as s Ac t inoptery g i i  
S up eror der Chondros t ei 

Polyodon spathul a 
S up er o r der Holos tei 

Am i a  c alva 
S uperor der Tel eos t e i  

Lu tjanus gr is eus 
Caras s ius auratus 
Cypr inus carpio 

: Extin c t  

* Pac if ic hag£ is h 
S ea l amprey  
Arc t ic lampr ey 

Horned s h ark 
Guitar £ is h  
Leop ar d shark 
Nur s e  s hark 
S mooth dog f is h  
S t in g r ay 
S outhern r ay 

Aus t r al ian l ung£is h  
Afr i c an lung£is h  

Paddl e £ is h  

Bow£ in 

Gray s n apper 
Gold £is h  
Carp 



S uperorder Tel eos t ei ( con t d ) 

�pin ephelus i t aira 
Pl euron ec t es pl a t es s a  
Os teog los s us b ic ir r hos um 
Pr ion o tus evo lans 
S a l �  gar dn er i  
Lepom is machr ocur is 
Chr om is caer ul eus 
Dascyll us aru an us 

Anu.p1oma f imbri a 

Giant grouper 
Plaice 
Arowan a 
S ea robin 
Rainbow trou t  
Blueg i l l  
Dams e 1£ ish 
Dams e l f is h  
Sable£ is h 

* S pec ies n ames ar e m en t i on ed in t ext . 

5 
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who us ing immun o g l obul ins from n on - immunis ed E . s t o ut i i , ' -

were un able t o  demons t r ate the pr es ence of heavy chains 
by acrylamide g el electr ophores is . 

The S ea l amprey , Pet r omyzon ma1�inus , produces 
an t ib o dies to b ac t er iophag e f2 ( Mar chalonis an d Ede l ­
man , 1968a),  hum a:..11 erythrocytes ( Pol l ar a e t  al . , 1 970 ) 
and Bruce l l a  an t igens ( Li tm&n e t  a l . ,  1 970 ) . An alys is 
of th e an t i-phag e an t ibody s hows t h a t  i t  cons is ts of 
non - covalently b onded u cha in - l ike heavy ch a in s  and 
l ig ht chains which s how an extens ive char g e  h e t eroge­
n e i t y , s ug ges t in g  a wi de r ange of combinin g  s pec if ic i­
t ies . The s edimen tat ion c o effic ien t of  the  molecul e is 
depe nden t  on the pr o t e in con cen t r a t i on , be in g  6 . 6S at  
l ow protein c oncentr a t ions an d 1 4S u.t hig he r  concen t r a ­

t ion s . Somewhat diffe rent res ul ts have been descr ibed 
f o l l owin g an alys is of l amprey an t :i.-hum an '0' ery thr o ­
cyte  ant ibody ( Lit man e t  aJ . , 1 97 0 ) . Migr a t ing as i £  an 

alpha g l obul in , the mol ecul e  cons is t s  of four n on -cova­
l en t ly l in ke d  po lypept ide chains each with a m o l ecular 
we ight of 90 , COO dal t ons ; no eviden c e  of l ight chains 
was foun d .  The a uth ors s ugg es ,t e d  that  this molecul e was 
a ;u- chain polymer . A n atural ag g l ut in in for hors e er ythr ­

ocy t es has been charac t er ized in t h e  S ea l amprey ( Marcha­
l on is an d Ede lman , 1 96 8 b ) .  This l ar g e  molecule (48S ) 
c ons is ts of smal l er s ubun its  wh ich ar e bound t og e ther by 

dis ulphide bon ds . Fij i i  e t  al . ( 1 97 9 ) s howed t he pr oduc­
t ion of haemol y t ic and haemag g l ut in at ing an t ibodies in  
the Arc t ic l amp r ey ( Lampetra japon ica ) t o  s heep ery t hr o ­
cyt es . Fol lowing r epeat ed inj ec t i ons , hea t  s t abl e anti­
body was produc e d  after 4 weeks . A cons ider abl e s ec on dary 
r es pons e was als o demons t r at e d . 

Cel l mediated immun e  fun c t i ons  h ave been demon s ­
t r a ted in c y c l os t omes . The Paci f ic hag f is h r e j ec ts s k in 
a l lografts and s hows a s pec if i c , l ong term memor y  in this 
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r es pect ( Hildemann and Thoenes , 1 96 9 ) . De layed t yp e  
hypers ens i t ivity r eac t i ons to Fr eun d ' s  c omple te adj uvan t  
an d  skin allog r af t  r e j ec t i 0n have been s h own in P .  m ar i­
n us (Good et al . ,  1 972 ) .  Fur ther ev i denc e  of T- ce ll 
inf luenced funct ions c omes from the obs er vat ion of 
m ixed lymphocyte r ea c t i ons (MLR ) of ce lls fr om hagfis h 
an d lamprey larvae ( Cooper , 1 97 1 ) .  Fur thermore the pre­
s ence of "T ce lls " in thes e prim i t ive an imals is in dica­
ted by t he f in ding that lymphocy tes fr om ,!: . mar in us 

r es pond t o  phy t ohaem ag g lu t in in ( P I-1-'\. ) , a r e c ogn ized 
T- c e ll m i-:::ogen ( Ols on , 1 96 7 ; Coope.r. , 1 9 7 1 ; Du Pas quier , 
1 976 a ;  Coh en , 1 977 ) .  

Neither hag f is h n o r  lampreys have been s hown to  
pos s es s  p lasma cel ls , the ce lls pr oduc ing an t ibodies 
in thes e s pecies b e ing s mal l t o  l ar g e  lymphocy t es ( JOJ> 
dan , 1 938 ; Good e t  al . , 196 6 ;  Hil dcmanr, , 1 972 ) .  Hagf is h 
b lood lymphocy tes ar e d.er ived :f r om diffus e haemopoietic 
foc i found in the g u t  ·wa ll ; in the g en us Myxin� the 
an t er ior kidney acts as a fur ther h aemopo ietic  area 
( Mann ing a.l1 d Turner , 1 96 6 ) .  

The lampr ey is a more advanced cyclos tome than tbe 
hag f is h  and is the m os t primit ive an imal to have both 
thymic and s p len ic t i s s ues ( Fins t ad e t  al . , 1 96 4 ; Good 
et a l . , 1 966 ) .  No his t o log ic evi den c e  of thymic t is s ue 
is s een in � . s tou t i i  wh i le in � . m ar inus , pr oto thymus 
pharyngeal lymphoi d  accumulat ions deve lop in epith e lial 
foc i within the 2n d to 5th phar yngeal pouches . Fins tad 
e t  al . ( 1 964 ) demons t r ated that the hagfish "spleen " 
c ons is ts of haemopoiet ic foci thr oughout the g ut mucos a . 
The l ampr ey has a more  organ is ed haemopo iet ic mas s  
within an infolding of the ant er ior g u t . A s im i lar tis ­
s ue is found in the g ill r eg ion an d prot over t ebral ar ch , 
the l at ter pos s ib ly b e ing the phy log enet ic precur s or  of 
bon e marr ow (Good et al . , 1 972 ).  A pr o lif erat ive r es ­
pons e follow in g  an t ig en ic s t imulat i on has been des cr ibed 
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( Fins t ad an d F ichtel ius , 1 965 ) .  
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L� producin g  ant ibodies and r e j ec t ing s k in allo­
graf ts cyc los t om�s dis p lay bas ic B and T cell fun c t i ons . 
W he t h e r  or n o t  two s uch s epar a t e  c e ll popu lat ions exis t 
at t h is leve l is :::1 ot kn ovvn . With the fur ther phy log ene­
t ic emergence of org anis e d  lympho i d  t is s ues thes e two 
forms of immun e comp e t en c e  become more r eadi ly def in able . 

b .  Chon dr ich thyes 

The e l a.s:rn.obranchs have thymus es divis ib le in t o  a 
c o r t ex ,  dens e l y  popu lat e d  wi th s mall l ymphocyt es , an d a 
m e du l l a  ( Fins t ad et a.l . , 1 964 ) .  The s p leens of e lasmo­
b r �n chs ar e d iff er en t ia t e d  in t o  a r ed pulp with b lood 
s inus es an d a lymphocy t ic whi t e  pulp . Haemopo ietic ar ea.s 
ar e a l s o f oun d in the g u t  wall an d kidn eys . Whi le pl as m a  
cel ls h a..ve been des c: r i b e d  in advanced e lasmobranchs , 
s uch as the Leopar d s hark , Tr iak is s em ifas c iata , an d th e 
Nurs e s hark , G inglymos t om a  c ir r a t um ,  they ar e abs en t in 
more p r im i t ive forms , s uc h  as the Horned s h ark , Het er o ­
dontus franc is i i ,  an d Guitar f is h ,  Rhinobatus pr oduc tu..2_ 
( En g le e t  a l . , 1 958 ) .  

Differ en t ial mitogen r es pon s es by lymphocy t es of 
the Nurs e s h ark ( Lopez e t  al . ,  1 974 ) in dicat e lymphocy t e  
he t e r ogeneity in the f o rm of T an d B cells i n  thes e 
an ima ls . Unfr ac t ionated s hark lymphocyt es wer e  s hown to  
r es pon d to  concan aval in A ( Con . A )  bu t not t o  PHA . However , 
dens i ty g r adien t fr ac t i on at ion g ave a populat ion wh ich 
was r es pons ive to PHA , a f inding which the auth or s  
t ook t o  in dica t e  t he pres ence o f  s uppr es s or c e l l s  in 
t h is s pec ies . 

S harks res pon ds to a r ange of an t igens inc luding 
pr o t e ins ( Marchalon is an d Ede lm an , 1 965 , 1 966a ) ,  protein­
hap t en con j ug ates ( Voss  an d S ig e l ,  1 97 1 ) ,  b ac t er ia 



9 

(S chulk ind e t  al . ,  1 972 ) and v i r us es ( S igel and Cl em , 
1 963 ) .  TWo immunog lobul ins with s edimentation coeff i c i ­
en ts  o f  1 7 S  and 7S have been des cr ibed ( JVIar chalonis 
and Edelman , 1 96 5 , 1 96 6 a ;  Full er et al . ,  1 97 8 ) .  Am ino 
ac i d  anal ys is and ag ar dif£us ion s tudies of thes e immu ­
nog l obul ins f r om the Smooth dogf is h ,  Mus te lus can is , 
s how t hem t o  be ant igenic al ly ident ical ( Marchal onis and 
Edelman , 1 96 5 ) .  An alys is of cys t e ine-containing f r a g ­
men ts f r om t h e  h eavy and l ig h t  forms o f  immunog l ob u l i n  
from t h e  Nurs e s hark fur ther indica t e  that they belong 
to the s am e  c l as s  ( Kl apper and Cl em , 1 977 ) .  The Leopar d 
s hark has a high molecul ar we ight inununog lobul in which , 
in addit ion to l ight chains an d p.- l ike heavy chains , has 
a polypept i de ch ain of 2 0 , 000 dal t ons which may b e  analo­
g ous to th e J chain of m2Jlllllal i an  IgA an d IgM ( Kl aus 
e t  al . , 1 97 1 ) .  

The ident if ication of e l as mobr anch immunog l obul in 
as an IgJVl analogous to that of mammals is bas e d  on the 
e l ec tr ophor e t ic char ac t er is t ics of the molecu l e  ( Mar cha­
l.onis o.nd Edelman , 1 965 ) ,  i t s  high car bohydra t e  content 
(Nar chalon is and Edelman , 1 96 6a ; Cl em and Smal l , 1 96 7 ) ,  
i ts ul t r as t r uc t ure as det e rm ined by e l ectron m ic r os c opy 
( Feins t e in an d  Munn , 1 96 9 ; Parkhous e et a� . ,  1 97 0 ) and 
c ir cu l ar dichroic analys is ( Litman et  al . ,  1 97 1 c ) .  

IgM s how ing var ious deg r ees of polymer iz at i on 
occurs i n  different s pec ies of e l asmobranchs . Whil e  t he 
l)::)gf is h has only 7S and 1 7S forms the s t ingr ay , Dasy­
a t is c en t r our a , has an immunog l obul in with a molecul ar 
wei gh t  of 3 6 0 , 000 dal t ons , apparent l y  a dimer of t he 
bas i c  7S uni t , an d small amounts of pent amer ic 1 9S forms 
(Marchal onis and Sclm of e l d ,  1 97 0 ) .  Johns t on et al . 
( 1971 ) h ave s hown that t he major immunog lobul in in the 
S ou thern r ay ,  Dasyatis amer ic an a , is a pen t ��er ic form . 
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A n o t ab le differen ce be tween the immun og lobulins 
of l ampr eys an d s harks is that in the lat ter s pec ies 
the h e avy an d ligh t  chains are bon de d  with dis u lphide 
l inkag es r ather t han n on - c ovalen t forces ( t-1ar chalon is 
an d  Ede lman , 1 96 5 ) . 

c .  Os t e ichthyes 

Bony f ishes have both a s p leen an d a we ll deve loped 
t hymus ( Good et a l . , 1 966 ) .  In thes e f is h ,  th e s p leen is 
n o t  es s en t ia l  for an t ib o dy pr oduc t ion ; s p len ec tomy of 
t h e  t e leos t Gray s n apper , Lut junus g r is eus , do es not 
appear to affec t its a b ility t o  mak e  c ircula t ing an t i­
bodies ( Good et al . ,  1 966 ) .  

Dis t inct gut - as s oc i a t e d  lympho id foci a.re  a ls o 
f oun d in mos t bony f is hes an d i t  is thought that thes e 
may be involved in local an t ibody s y  n th es is ( Good e t  _ _  al . ,  
1 96 6 ; �1ann ing an d Turner , 1 96 6 ) .  Pl asma cell s ar e s e en 
in all g r oups of Act in opteryg ii ( Mann in g  an d  Turner , 
1 976 ) . 

Vfuen cultured with mitog ens t e leos t lymphocy t es 
s h ow pr o lifer at ive r es pons es wh ich s ugges t the pres ence 
of T an d B cell- like lymphocytes ( Et linger et al . , 
1 97 6 a , b ) . While R a in b ow t r out ( S a lmo gar dner i ) · b lood 
lymphocyt es and s p len ocy t es wer e s t imulated by Con . A ,  
l ipopolys ac char ide ( LPS )  or pur if ied pro tein der ivat ive 
( PPD ) , t hymocyt es wer e s t imulated on ly by Con . A .  Et lin ­
g er e t  a l .  ( 1 978 ) fur ther s howed that LPS an d PPD in du­
c e d  the f ormat ion of p las ma c e lls an d the polyclon al 
produc t ion of an t ibody in c u ltures of tr out b lood lympho­
cytes . Fur ther evidenc e  indicat ing a T  ce l l  or T ce ll­
l ike f un c t ion in t e le os ts has been provi de d  by t he demon ­
s trat ion of car r ier - effects in res pons es t o  prot e in ­
hap t en con j ug ates ( Av t a lion e t  a l . , 1 975 ; S to l en and 
Makel a ,  1 975 ; Yocum e t  al . ,  1 975 ) .  
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Or g an cult ur es of thymus ce lls der ived from £ is h  
immun iz ed with p r o t e in an t igens pr o duce s pe cif ic !gM ­
type an t ibody ( Or tiz - Mun iz an d S ig e l ,  1 97 1 ; S ailen dr i ,  
1 97 3 ) .  The thy mus es o£ phy logene t ic a lly more advanc2d 
ver tebr ates , lacking B c e l ls , ar e inc apab l e  of this 
ac t ivity ( Wr ight an d Cooper , 1 976 ) .  

Surface immunog lobu lin has b e en demon s t r at e d  on 
the lymphocy tes of car t il ag enous ( Ell is an d Parkhous e ,  
1 97 5 ) an d bon y  ( Emmer ich e t  al . ,  1 97 5 ; War r e t a l . , 
1 97 6 , 1 97 9 ; C l em et  al . ,  1 977 ) f i s h es . S tu dies in m ic e  
h a d  s ugges t e d  that the u chains of  cell s u r :f a c e  immuno ­

globul in m ay differ f r om thos e o f  s ec r e t e d  immun og lobu­
lin s  ( Me lcher et a l . , 1 97 5 ; Melcher and Uhr , 1 97 6 ) .  

War r  �n d Mar ch a l on is ( 1 9 77 ) s h owe d  t h at , in f ac t , the 
heavy chain of G o l df is h  ( Car as s .iu_� aur at\!_S )  s ur f ac e  
membr ane immun o g l obu l ins wer e  s om e  1 0 , 000 dal ton s  ligh ­
ter t han the heavy chain s of s er ulfl Igf\-1 . War :r 9t .al . 
( 1 979 ) s howe d !gM in the lys ates f r orn s p le en an d thymus 

c e lls of the t r ou t , 2_ . g ar dn er i .  

Bon y f is hes pr oduc e an t ibodies t o  protein ( Ever­
h ar t an d S hefn e r , 1 966 ; Hodg ins et  al . ,  1 967 ; Avt alion , 
1 96 9 ;  Trump , 1 97 0 ) ,  hap ten ( Sm ith an d Pot ter , 1 96 7 ; 
Clem an d Small , 1 97 0 ; Ambros ius an d F ieb ig , 1 972 ) ,  vir al 
( Uhr e t  al . , 1 962 ; S ig e l  an d C lem , 1 96 5 ) an d bac t e J� ia l  
( Ch iller e t  a l .  , 1 96 9 a ,  b )  an t igens . Fo llowin g  immun iz a­
t ion with S RBC , an t ibody s ec r e t in g  ce lls can be det ec t e d  
in the s p leen an d pronephros o f  t h e  t e l eos t Blueg ill 
( Lepom is macroch irus ) (Sm ith e t  a l . , 1 967 ) an d Rain bow 
t r out ( Chiller et a l . , 1 96 9b ) .  An t ibody ac t iv ity is 
as s oc iated with an !gM- like mo lecule which has a s om e ­
what lower molecu lar we ight than its mammalian equiva­
l en t  ( Flet cher an d Gran t , 1 96 9 ; Acton et al . , 1 97 1 b ;  
Litman e t  al . ,  1 971 b ; Mar cha lon is , 1 97 1 b ) .  Of par t icu­
l ar in t e r es t is the fac t tha t  on l y  on e form of the !gM 
mol ecule , a pen tamer e , us ual l y  exis ts in the s er a  of 
bony f is hes . Two excep t ions to th is are  s e en in the 
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hol os t ean B owf in , Amia calva , which has 1 3 . 6S an d 6 . 6S 
m o l ecules ( Li tm an et al . ,  1 97 1 b ) an d the grouper , 
Epin ephulus i t ar ia ,  wh ich s hows 1 6S an d 6 . 4S forms of 
IgM ( C lern , 1 97 1 ) .  The t e t r amer ic con format ion of the 
1 3 . 6S and 1 6S m o l ecules , s ugges t e d  by s edi.� en t ation 
coeff ic ien t  de t e r m inat ions , h as been confirm ed by elec­
t r on m icr os copy ( Ac t on e t  a l . , 1 97 1 a , b ;  Sh e l ton an d 
Sm i th , 1 970 ) .  Ther e is evidence that ant i b o dies in the 
s ecr e t ions of Act in op terygii are s i.rn i lar t o  thes e in 
t he s erum .  For examp le , an t ibodies p r es ent in p laice 
( Plenronectes pl a t es s aJ s erum an d mucus ar e both of a 
h i gh mol �cul ar weigh t  an d have s :i_m ilar car bohydrate 
an d amin o ac id compos it ions ( Mann ing d.Dd Turner , 1 976 ) . 

The Aus t r a li an lungfis h ,  Neocer ato dus fors t er i ,  
an d the Afr ican l ungf is h , Protopt e r us aeth .io..J2i�1:1_2_ , 
Cros s opterygi an f is hes of the or der Dipn o i , ar e t he 
m os t pr im i t ive s pec ies to s how two an t igen ical ly dj s t i­
n c t  immunogl obul in c las s es ( Marc hal on is , 1 96 9 ; Litman 
e t  al . ,  1 97 1 a ) . This obs ervation has adde d s ign if icance 
when �t is  r emembered t hat Cros s op t er ygian s pec ies 
were ances t r a l  to lan d ver tebr at es . N . fors t er i  has a 
high molecu lar we igh t  pr o t e in ( 1 9S ) which forms a dim er 
( 2 3S ) .  The 1 9S form is a pen t amer ic s truc ture an d t h is 
has the char ac t er is t ics of mammalian IgM .  The s econ d  
immun oglobulin has a s edimen t at i on coeff ic ien t  o f  5 . 9S 
an d a molecul ar we igh t of 12 0 , 000 dalt ons , s omewhat 
l es s  th an th at of mammalian IgG . Whether .or not this 
l ow molecular we ight immun oglobulin is a forerunn er of 
I gG in higher s pec ies is not known . The 1 9S an d 5 . 9S 
f orms have c ommon light chains but ant igen ically dis ­
t in c t  heavy chains . 

Ant ibody r es pons es in f is h  ar e gener ally s uppr e­
s s ed by  l ow amb ien t temper atuJ: es . The Warm Water carp , 
Cypr inus carpi o , pro duces an t ibodies at 2 0°C to  2 5°C ,  
but not if main t ain e d  at 1 2°C ( Pl is zka , 1 938 a , b ) .  
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However , the t e leos t s ab l ef is h ,  ��l� f imb r i a ,  from 
the c o ld waters of the Nor t h  Pac if ic , c an pr oduce an t i­
bodies at 5 t o  8°C ( Ridgeway , 1 962 ) ,  in dicat in g  a degree 
of  a dap t a t ion in the immune s ys tem .  

Firs t s et allogr af t s  are r ej ected in the Ar owan a ,  
Os t e oglos s um b ic irrhos um ,  wit h  a me dian s urvival t ime of 
1 8  days . By compar is on , hig her teleos ts ( Car as s ius , 
Cypr inus ) s how allogr aft median s urvival t im es r an ging 
from 3 to 8 days ( Borys enko an d Hil demann , 1 96 9 ) .  Adva­
n c e d  bony f is hes ( Chr om is caer u l eus , Das cyl lus ar uanus ) 
s how rap id r e j ect ion of f irs t s e t in t egumen t ar y  allo­
gr af ts an d accelerat ed r e j e c t ion of s econ d  s e t gr af ts 
with a vigo rous cel l u l ar i�1un i t y  at l e as t equ al to that 
of labor atory mammals ( Hil demann , 1 972 ) .  A ll ogr af t 
immun ity appears mor e highly develope d in t e l eos t s  than 
in e lasmobr anchs . As s oc ia t e d  wi t h  this in c r eas ed c e l l ­
mediated capabil ity is the demons trat i on that MLRs 
occur in the Rainbow t r out ( Et l inger et � · , 1 97 5 ) ,  
which might in dicate the  emergence of s ign if i can t his t o ­
compatj_ b il ity ant igens . 

In gener al terms , f is h  dis play a broad immunolo­
gic a l  compe t ence in t he ir ab il i ty to r es pon d t o  a wide 
var ie t y  of an t igens an d t o  r e j ec t  al l ogr af t ed s k in ,  
bon y  f is hes general ly b e in g  mer e eff ic ien t in thes e 
r es p ec ts than car t ilagen ous f is hes . Lympho id t is s ue 
dev e lopmen t is impr es s ive in t hes e s pecies with the 
except ion of the pr imit ive el asmobr anchs wh ic h  appear 
t o  lack pl as ma c ells . The emergence of T/B c e l l dicho­
t om y  is s een at this phylogen e t ic leve l . Perhaps t he 
mos t s ign ifican t deve lopm en t  within this group is the 
pro duct ion by lungf is h of two an t igen ically dis t in c t  
immunoglobul in c las s es , an ear ly in dic ation o f  t he com­
lexity of  immunoglobu lin s  in advance d  s pec ies . 
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1 .  4 Amph ib i ans 

The amph ib i ans diver g e d  from the cros s op t eryg ian 
f is hes in the Devon i an per iod ,  approximately 350 m i l l ion 
year ago , an d f o rmed the s tock from which al l l an d  
ver t e b r a t es der ived ( Romer , 1 955 ) .  The l iving amphib ians 

ar e divide d  in t o  thr e e  or ders , the Apoda , the Uro de l a  
an d the Anur a ( Table 1 .  2 ) .  The Apoda an d Ur o de l a  ar e 
in s ome r es pec ts mor e  pr im i t ive than t he Anu r a .  The 
Anur ans un derg o  a m o r e  radical m e t amorphos is an d t h e i r  

immun e s ys t em i s  cons ider ably m o r e  a dvanced than thos e 

of o t her amphib i ans . 

a .  Apo da 

The Apoda is an aber r an t  gr oup o£ leg l es s  amphi ­

bians adap te d for bur row in g . Thymus developmen t in th is 
gr oup is in the f orm of ep i tb e l ial  buds as s oc i a t e d wi t h  

each pair o£ phar yng eal pouche� g iving £our pairs o£ 
thym ic n o dules ( :'1ann in g an d Turner , 1 976 ) .  Adu l t  cae c i ­

l ians (Nec tr o c aec il ia cooper i ,  an apo dan ) als o have 
spleens , l ivers an d kidneys , whi ch pl ay key r o l es in 
immun e  functions ( Cooper , 1 976 ) . Caec il ians r e j ec t  
f irs t - s et al l og r af ts af t er 8 to  1 1  days ( Cooper and 
Gar c ia , 1 968 ) .  

b .  Ur ode l a  

The or der Ur o de l a  inc l udes mud- puppies , n ewts , 
s al am anders an d  axo l o t ls . Thy'mus es and s p l e ens ar e 
pr es ent in thes e s pec ies , but the r e  are n e i ther lymph 
n odes nor wel l - or g an is e d  gut- as s ociated lymphoid t is s ues 
( Cowden an d Dyer , 1 97 1 ; Hightower an d St . Pier r e , 1 9 7 1 ) .  
The bone mar r ow is not  lymphopo i e t ic , ins t ead the in t e r ­
tubul ar t is s u es of t h e  kidney an d t h e  s ubs c aps u l ar 
l ayer of the l iver t ak e  p ar t  in lymphocy t e  form a t ion 
( Cowden an d Dyer , 1 97 1 ) .  The thymus devel ops as a three­
l obed or g an in  th e connect ive t is s ue beh in d the man dib l e . 



Tab le 1 . 2 A c l as s if i c a t ion of Amphibians  
( Af ter Romer , 1 955 ) 

C las s  Amph ibia  
Subc l as s Lepos pon dyli 

Order Apoda 
Nectr ocaec il i a  coope r i  

Or der Ur odela 
Nect ur us maculos us 
Pl eur o de l es wal t l i i  
Tr i turus alpes t r is 
T:r i  turus v ir i des c en s  

�­
Caecil i�n 

Mud-pupp ies 
Newt 
New):. 
N ewt 

1 5  

Ambys t o� t ig r in um 
Ambys t oma mexican um 
S i r e don mexicanum 

Tiger s aJ aman der 
Axol o t l  

Or der Anura 
Buf o mar inus 
A lytes obs t e t r icans 
Xen opus laevis 

Ran a pipiens 
Ran a ea t es bian a  

Axol o t l  

Mar ine toad 
Midwife t o a d  
S out h African 
c lawed t o ad 
Leopar d f r og 
Bul lf r og 

* Species n amed ar e men t ion e d  in t ext . 
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In t he newts , Pl eur o de l es wal t l i� an d Tr itu tus alpes ­
t r is an d t he Tig er s alaman der , Ambys t om a tigr inum , 
thymectomy abol is hes or delays the r e ject ion of s k in 
al l og r afts ( T�u et  al . ,  1976 ) .  

In mos t ur odeles the s pl een an d in ter tubu l ar 
haem opo iet ic t is s ue of the ki dney ar e t he pr in c ipal 
s it es of lymph opo ies is , wh ile in s ome the l o.m ina pr o -­
pr ia o£ the in t es t in al t r ac t  is als o involved in t h is 
fun c t i on ( Cowden an d Dyer , 1 97 1  ) . G ood e t  .9-l:. .  ( 1 96 6 ) 

have iden t if i e d  pl asma c e l ls in the l �in a pr opr ia of 
the mud-puppy , Nect ur.us m ac u l os u s . Hen dry �1 d Char l e ­
magne ( 1 9'l7 ) r epor t e d  t he pres en c e  of p l as m a b l as t s , 

propl asma cells  an d plas m a  c e l l s  in � . walt l i i which , 
in their morph o l og ical fea tur es , r E:s emb l e d  their ma.nu.n a­
l ian coun t erpar ts . 

Ur ode l e  s p l en ic lymphoc y t es a r e c omp�r ab l e  t o  thos e 
of anurans wi th r es pect to the ir abil i t y  to un der g o  
b l as t  tr ans f ormat ion an d mitos is when cul tured w i t h  
mitogens or a l l og en e ic cells ( Du Pas qu i er , 197 3 ; Donn e­
l ly et al . ,  1 976 ; Golds t ine e t  al . ,  1 976 ) .  �l though 
ur o dele an d an ur an s pl een lymphocy t es r eac t s tr ong ly t o  
the B ce l l  m i togen , LPS , th e r es pons es of urode l e  c e l l s  
in MLR o r  i n  r es pons e t o  Con . A  an d PHA ar e ch ar ac t e r iz e d  
by s ignif ican t l y  l ower s t imul a ·..: ion in dices than t hos e 
s hown by anur an c e l l s  ( Col l in s  an d Cohen , 1 976 ) .  

Non- adher en t s pl enocytes of the axol o t l , Ambys t oma 
mexic anum , s ep ar at e d  by means of nylon woo l  column 
frac t ion at i on1 have a mitogen r es pons e prof i l e  char ac­
ter is t ic of T cells ( Col l ins an d  Cohen , 1 976 ) . The 
adher en t  cel l popul ation , in addi t i on to its r es pons e 
to LFS , als o  s hows s ign if ican t  Con . A  respons ivenes s .  
This might in dicate e i ther that the e lut ion of T c e l l s  
from the nylon wool was incomple t e  o r  that a s ub - s e t  of 
T cells adher e d  t o  the columns . Al t ernat ively , the 
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adher en t  c e l l s  m ight have both LPS an d Con . A r es pons e 

capab il i t ies ( Du Pasquier , 1 97 6 a ) .  The in v i t r o  beha­

viour of urode l e  lymph o c y t es migh t s ugges t t hat the 

T an d B lymphocyte dicho t omy of h igher ver t ebr ates may 

not  be  comple t e  a t  th is phy l ogenet ic level . 

Cell  s urface immunog lobul ins have been demons t r a­

t e d  on thymic an d s pl en ic l ymphocyt es from f . wa1 t l i i 

( Ch ar l emagne an d Tou rn ef ier , 1 97 5 ) .  Evidence for T and 

B cel l co- operat ion in the newt , Tr itut� vir i d�s� ens , 

was provide d  by Rub en e t  al . ( 1 97 3 )  who des er i bed a 

car r ier effect in an imals inj ec t ed wi th tr in it r opb.enyl 

( TNP ) - chicken RBCs an d Tl'�P- t oad RBCs . 

The pr es ence of s uppr es s or of T c e l ls in A . m e x i c <'l. ­

num was s ugg es t ed by the £ indiLg that the r es pon s e t o  

hors e ery thr ocytes was g r ea t er i n  th�nec t om is e d  an imals 

than in con tr o l s , a f in din g which als o in dic at es that 

hors e r ed blood c e l l s  ac t as a thymus - in depen den t an t i ­

g en i n  this s pec ies ( Ch ar l emagn e , 1 97 9 ) .  

S tudies on the an t ibody pr o duc ing capab i l i t i es of 

urode l es ar e l imited ; avail abl e  informat i on s ugges ts 

that thes e an imals pr oduce pr edom inan t ly , if not en t i ­

r el y , IgM-- type immun o g l obul ins  ( Ching an d Wedg ewood , 

1 96 7 ; Foug er eau an d Houdayer , l 968 ; Ambr os ius e t  al . ,  

1 97 0 ) .  

An t ibody depen den t cellular cyt o toxicity  ( ADCC ) 

has been demons trat e d  in � . mexican um ( MacLenn an , 1 972 ; 

Jur d and Dor i t is , 1 977 ) .  Thus , chicken er y t hrocytes 

s ens i t ized wi th r abbi t  an t i-chicken erythrocyte an t i ­

s er um wer e lys ed b y  n on -immune s pl enocytes in t h e  abs ­

enc e  of compl emen t :  the n ature of the cell r es pons ible 

for this act ivi ty was n o t  def ine d .  Au togr af ts s urvive 

in def initely in urode l es whi l e  the median s urvival t ime 

f or s kin a l l og r afts  is between 30 an d 50 days ( Cohen , 
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1 96 8 ; Cooper an d Gar c i a , 1 968 ) .  Del ayed hypers ens it i­
v i ty has b e en demons t r ated to  din itro-f luor obenzene and 
heat -kil l e d  Mycobac t er ium tuber cul os is in � .  mexican um 
( Tahan and Jur d ,  1 97 9 ) .  It was demons t r at e d  that th is 
s ens itization can be t r ans fer r e d  t o  uns ens i t ized axo l o­
t l s  by in j e ct ions of lymphocytes fr om s ens i t iz e d  ani ­
mals , but n o t  b y  s er um . 

c .  Anura 

The anur illl S , wh i ch in cl ude fr ogs an d toads , appea­
r e d  dv r in g  t he Tr ias s i c per iod ,  about 200 m i l l ion years 
ago ( G o in an d Go in , 1 97 1 ) .  They s how a cons iderab l e  
immun o l og i ca l  advan ce over t h e  11 r o de l es in pos s es s ing 
a haemopo iet ic bon e  marrow and we l l  organis e d  nodul es 
of l ympho i d  t i s s u e in the Q d.S tr o - in t es tin a l  t r ac t . In 
advanced member·s  of t h is group , nam e l y � the l� an idae ar.. rl. 
!?u.f o,l i i dae , r u d im en t ar y  lymph nodes make  their phy l o u e ­
n e t i c  appear an ce ( Cooper , 1 967 ; Cooper an d S chaefe r , 
1 970 ; Rivier e an d Cooper , 1 972 ) .  

Th e thymus is the f irs t l ymphoid organ to deve l op 
in anur ans ( Cooper an d Hil dem ann , 1 96 5 ) an d thyme c t omy 
affe c ts t h e i r  immune capab il i t ies . Larval thym e ct omy 
in the m idwife toad , Alytes obs t e t r i cans , iiupairs th e 
r es pons e t o  SRBCs ( To chin ai , 1 97 5 ) an d aff e cts t r ans ­
p l an t at i on reac t ions by e ither de creas ing or abo l is h ing 
the al l og r af t  r ej e ct ion capaci t y  ( Du Pas qu ier , 1 97 6 b ) .  

The k i dney , s pl een and l ymph n o des of anu r ans ar e impor ­
t ant  � econ dary lymphoid o r g ans an d c on tain l ymphocytes 
of thym i c  o r ig in ( Tu rpen et al . ,  1 97 3 ; Tarn e t  al . ,  1 976 ) .  

The anu r an s pl een , des cr ibed by Cooper an d Wr ight ( 1 976 ) , 

is invo l ve d  in ant ig en t r app ing and an t ib ody s yn thes is . 
An t ig en l o ca l is at ion pat t erns have been des cr ibed for 
S almone l l a  adelaide f l ag e l l a  in Buf o  mar in us ( Diener and 

Nos s al ,  1 96 6 ) an d  f o r  human g arnmag l obul in ( HGG )  in 
Xenopus ( Co l l ie , 1 974 ) . 
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The s pl en ic res pons es of adul t Xenopus to  HGG and 
of larval Ran a cates b ian a  to SRBC have been des cr ibed 

( Mann ing an d Turn er , 1 972 ; Mo t icka �-1:.. al . ,  1 97 3 ) .  

Pl aque forming cells  have been demons t r ated in t he 

s p l e en of the t oad , Xenopus l aevis ( Au er bach and Ruben , 

1 970 ) an d in the s pleen , lymph g l an d  an d thymus of 

Bul lfrog l arvae (Mot icka et al . , 1 973 ) fol lovd.ng immu ­

n i z at ion wi th SRBC . Splenectomy r educes the am oun ts o£ 
an t ibody produced in thes e s pecies ( Col l ie an d Turner , 

1 97 5 ; Brovvn an d Cooper , 1 976 ) .  In v i t r o  an t i b o dy pr o du c ­

t ion by s pl een c e l l  cul tures from Xen opus an d Bufo has 

b een des c r i be d .  Auer bach an d Ruben ( 1 97 0 )  s lwwed th 2..t 

s pleen e>..rpl an ts f r om adul t Xen opus c an pr oduce s pec if ic 

agg l ut in ins an d haemolys ins when expos ed to s :h <:�ep or 

mous e red bl ood cells in v i t r o_ , wh ile cell  s us pe.:n s ions 
of !?_ . mar in u s  spl een produce a pr iJnary illlinun e r es pons '.:.; 

t o  � . ade l a ide f l ag e l l in ( Azzo l in a , 1 97 5 ) .  

In addi t ion t o  a thymus an d s pl een , an ur an s have a 

var iety of lymph o id s tructu:r es wh ich have b e en des cr  ib '-:: d 
by Bacul i et  al_ . ( 1 970 ) . Clus t ers of lymphocy t es occu:;:: 

wi thin l ymphat ic ves s els g ivir1 g r is e  t o  j ugul ar bodies 

( Ken t e t  al . ,  1 96 4 ) .  Blood- f il t er ing lymph node- l ike 

s tructur es c ons is t ing of encaps u l ated aggregates of 

l ymphocy t es are s een in the ven tr al r egion of th e n eck 

of Bufon i i dae an d Ran idae ( Cowden an d Dryer , 1 971 ) . 

Un l ike t he cyclos tomes , e l. as mobr anchs an d tel eos t s , 

adult an ur ans have a bone mar r ow which , as wel l. as b eing 

erythropo iet ic an d myelopoie t ic , is als o lymphopoie t ic 

( Baculi e t  al . ,  1 97 0 ) . Gu t as s oc iated lymphoid t is s ues 

h ave als o been demons t r ated in anur ans (Golds t in e et a� . , 

1 97 5 ) .  

On the b as is of their r es pons es to  s olub l e  Con . A , 

PHA and PPD ,  lymphocytes ana l ogoQs t o  the T an d B c e l ls 

o f  b ir ds an d mammals have been des cr ibed in X . laevis 

( Mann in g  e t  al . ,  1 976 ; Du Pas q·..;�. i er and Hor t on , 1 976 ) .  
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Donn elly e t  al . ( 1 97 6 ) ,  s tudying the in vitro pr ol ife-- -
r at ive res pons es of l ymphocy t es from �. l aev is , found 

that the r es pons es t o  Con . A  �nd PHA wer e thymus - depen den t , 

whi l e  thos e t o  PPD wer e  thymus - in depen den t . Xen opus 

s p l een has b e en demons t r ated to b e  the primar y res er -

vo ir of per ipher al is e d  T and B c e l ls . The m i togen r es ­

pons es of t hes e cells  t o  Con . A ,  PI-lA , LPS and PPD res em­

b l e d  thos e of m ice (Green and Cohen , 1 97 9 ) .  Wr ight an d 

Cooper ( 1 978 , 1 979 ) s t udied the r es pons e of s pl een 

lymphocyt es of the Leopard frog , Rana pipiens , to  PHA 

an d Con . A  an d foun d that the dos e an d t ime r es pon s e  

k in e t ics wer e  s imilar t o  thos e r epor t e d  for f is h  ( Et l in ­

g e r  e t  al . , 1 97 5 ,  1 976b ; Cuchens e t  al . , 1 976 ) ,  rep t i -

l es ( Cuchens e t  al . , 1 976 ) ,  birds ( S al ls trom an d Alm , 

1 97 3 , 1 97 4 ) ,  me tather ian mammals ( Fox e t  al . ,  1 976 ; 

As hman an d Ke as t ,  1 97 6 ; As hman e t  a:J.:. . � 1 977 ) an d many 

eu ther ian m ammals ( Har vey et al . ,  1 974 ; l\1umfor d e t  al . ,  

l 97 5 ) .  Ul t r as tuc tur al s tudies c.,f g . pipi ens lymphocy t es 

f ol lowing in v i tr....9. s t imulat ion wi th PHA. s howed a tr ans ­

f ormat ion s equence fr om s mal l lymphocy t es t o  lympho­

b l as ts (Wr ig h t  et al . ,  1 979 ) .  T an d B cell  co- oper a t ion 

occurs in amphibians . Thus car r ier s pecific i ty has been 

s hown in I_ . vir ides cens ( Ruben , 1 97 5 ) an d has been imp l i­

cated in t he r es pons e of _g . pipiens ( Edwar ds et _?-1 . ,  1 97 5 ) .  

As in f is h ,  s urface membr ane immun og lobul in can be 

detected on both thym ic an d s p l en ic l ymphocytes of 

anur ans an d can be s hown t o  be  s ynthes is ed by t hes e 

cells ( Du Pas qu ier e t  al . ,  1 97 3 ; Jur d  an d S t ivens on , 

1 976 ; Hadj i-Az im i , 1 977 ; Nag a t a  an d Katag ir i , 1 97 8 ) .  

Thymic lymphocyt es are the f irs t to s how s urface m em ­

brane immun og lobu l in ( Cooper , 1 976 ) .  

Whi l e  ur ode l es appear res t r icted to the produc t ion 

of IgM , anur ans can pr oduce both heavy and l igh t immunog lo­

bul ins . Uhr et al . ( 1 962 ) s howe d the pro duct ion of 

i 9S and 7S an t ibodies in Bul lfrog ( g . cates bian a ) in 
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r es pons e t o  immun izat i on with b ac t er iophage 0X1 7 4 . 

Mar chalon is an d Edelman ( 1 96 6 b ) us ing bac ter iophage 

f2 conf irmed th es e f in dings . Ear l y  an t ibody ac t ivity 

was l imited to  the 1 9S mol ec� l es , th e l ow molecular 

we i g h t  ant ibodies appear in9 35 days after immun izat ion . 

By 58 days , over 90 per c en t  of the an t ibody act iv i ty 

was l ocal is e d in t he 7S pro t e in . The 1 9S an d 7S jJUmuno­

g l obu l in s  of g . c at�s b i an a res embled the IgM an d IgG 

c l as s es o£ mammals in polypept ide s tr u cture ( i\1ar cha­

l on is , l 0 7 1 a ) .  The two immunog lobu l in c l as s es wer e an t i ­

gen ically rel a t e d  thr ough t he pres en ce of s hare d  l ight 

cha ins  c-m d  dis t inguis hed by the po s s es s ion of dis t inc t 

p an d <] an�m.? • .  t ype heavy chains . ?._ . ��r i� was f oun d to 

pr o duct? on l y  1 9S an t ib o d i es to � · ?-d<?laide f l ag e l l a 

( Diener and Mar chalon is , 1 97 0 ;  Marchal on is and G ermair:. , 

1 97 1 ) ,  in c on t r as t  t o  it s 2,b i l i ty t o  pr oduce both 1 9S 

an d 7S c l as s es o£ ; mmun og l o bu l in t o  bo vine s � r um albu­
m in ( BSA )  (Ac t on et al. , 1 96 9 ) . Thes e r es ul ts an d r e l ated 

f in din gs ( Maun g , 1 963 ; Mar chal on is et  al . , 1 96 9 ) in i t i a­

l ly s ug g es t e d  that an ur an amphib ians can form on ly 1 9S 

an t ibodies in res pons e t o  S .  adelaide f l ag e l l ar an t i -

g en . Fl ag e l l in ,  the main componen t o.f S almon el l a  f l a­

g e l l a  is n ow recogn is ed as being a thymus indepen-

den t an t ig en ( Arms t r ong et al . ,  1 96 9 ; Dien er e t  al . ,  

1 97 1 ) an d as s uch s t imu l ates pr in c ipal ly , if n o t  en t i­

r el y , an IgM r es pons e ( Bas ten an d Howar d ,  1 97 3 ; Mitch­

e l l , 1 974 ) .  

The in t ens ity of the immune r es pons e of anurans , 

in t erms of an t ibody pr o duc t i on , is c ompar abl e  t o  that 

of m ammals , mos t of the an t igens us ed g ivin g  r is e  t o  

b o t h  1 9S an d 7 S  an t ibodies ( Marchalon is e t  al . ,  1 97 0 ) .  

A maj or his tocompati b i l ity comp l ex homologue has 

b e en des cr ib e d  in � . l aevis , whi ch con tr ols g r af t  rejec­

t ion , MLR act ivi ty an d  cer tain r ed blood c e l l  an t ig ens 
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( Du Pas qu ier et al . ,  1 97 5 ) .  AOCC us ing chicken ery­

throcyt es s ens i t iz e d  wi th r abb i t  an t i- erythr ocy t e  an t i ­

s erum has been s h own t o  occur w i th s pleen cells  f r om 

X . 1 aev is ( Jur d  an d Dor i tis , 1 97 7 ) .  

Prompt an d vigor ous a l l og r af t  r e actions in f r ogs , 

even du�ing lar v al deve l opmen t ,  s hows that c e l l  mediat ed 

iw�un i t y  a t  t h e  anur an l eve l is c ompar able t o  th a t  s een 

in b ir ds an d mammals ( Hi l demann an d Haas , 1 9 6 1 ) .  Thymic 

l ymphocyt es ar e impl ica t e d  as t he eff ector c e l ls s in c e  

early t hymec tomy impairs a l l og r af t  r e j e c t ion ( Cooper an d 
Hj_l den1ann , 1 96 5 ; Cur t is an d Volpe , 1 97 1 ; Hor t on an d 

Mann ing , 1 972 ) .  However , onc e  the s econ dar· y l ympno id 

o r g ans h ave been developed h1 l a t e  l arval l ife , thyme c ­

tomy n o  l on g er affects immune c apac ity ( Tam e t �� . ,  1 976 ) .  

An ur ans r e j e c t  skin al l ograf ts fas ter t han do 
urode l es ; the more a dvan c e d  .:..nur �s , s uc h  as t he Ran i da e , 
be ing mor e eff ic ien t in this r es pect th ill1 t he mor e 

p r i.mi t ive f orms exemp l ified by Xen opus ( B .:tcu l i an d 

Cooper , 1 97 0 ) . M ixed lymphocy t e  r eac t ions in th e t oad , 

X . l aevis have b e en demons t r a·L • . d  ( Du  Pas quier a:n d Mig g i ­

ano ,  1 97 3 ) .  Du Pas quier e t  al . ( 1 975 ) pr opos e d  t h e  

pr es enc e  of a maj or his tocompa t i b i l i ty compl ex f o l l owing 

t he obs e r vat ion that t he c on tr o l  of MLR an d g r af t  r e j ec­

t i on wer e £un c t i ons of t he s am e  r eg i on of the chr omo-

s ome . 

The immune r es pons e in amphibians is t emper atur e 

depen den t .  Upon chal le n g e  wi t h  � . ade la ide £ l ag e l l in 

B . mar inus pr oduce d  an t ib o dy - f orm ing c e l ls an d an t ibo­

dies more promp t ly at 37
°

C than at 22
°

C ( Diener an d 

Mar ch a l on is , 1 970 ) .  

Wi t h in the Amph i b i a , c e r t a in t ren ds in t h e  evolu­

t ion o£ immune c apac ity b e c ome eviden t ; n o t a b l e  is the 

incr eas ing s ophis t ic a t i on o£ the l ymphoid s ys tem , p ar t i-
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cul ar ly as s een in cer t ain anur an s pecies . A lympho­

po iet ic bon e  mar r ow con t r ibu t es to the immune r es pons e 

whi l e  t h e r e  is the phy l ogen e t ic appear ance of lymphoid 

org an s  whic h , .J. t  l e as t s t r uc tur ally , beg in to res em b l e  

t h e  n odes of mammals . 

. Analys is of mitog en - in duced l ymphocyte ac t iv i t i es 

an d t he oc cur r ence of c ar r ier - effe c t s  in dic a t e  t he 

pres ence of two fun c t ion a l l y  dis tinc t populat ions of 

lymphocy t es . 

Wh i l e  the l im i t e d  in.f o rma t ion available s ugges t s  

t h a t  u r o d e l es might be r es t r ic ted to pr oduc ing high 

mol e cuLu we ight an t ibody on ly , the an ur ans c o n s  i s  ten ­
t ly produce b o t h  1 9S an d 7S irnmunog l obul in s . As in 

Dipn o i d  lungf is h t hes e ar e an t � g en i c al l y  dis t in c t . How, 

ever , wher eas in l un gf is h t he l ower m o l e cular w e ig h t  

an t ib ody has a s e dimen t at i on c o eff i c i en t o f  5 . 9S the 

a.nu r an l ow m o l ec u l ar we ight immun og lobu l in s edimen ts 

at 7S an d in phys i cal an d chemical proper t i es is an alo­

g ous to the IgG of mammals . 

1 . 5 Rept i l es 

To- day ' s  rept iles ar e the r emnan ts of a once f l ou­

r is h ing rtn d dom inan t  g r oup of an imals . Diver g ing f r om 

p r im i t ive amph ib ians dur in g  t he Car bon ifer ous per iod , 

2 00 m i l l ion years ago ,  the repti l es expanded in to diver s e  

f orms to  become the dominan t s pec ies in the l ate Cre t a­

c eous . The r ept iles repr es en t  a br anching po in t  in evo­

l ut i on s ince two of their f orms , the Thecodon ts and the 

The r aps ids , wer e  an ces t r al to b i r ds an d mammals r es pec­

t iv e l y . The s ucces s ful m o dern forms in clude the S qu am a t a  

( l iz ar ds an d s n akes ) ,  t h e  Crocodil i a  ( crocodiles , a l l i ­

g at o r s  an d  c aymans ) ,  the Che l on i a  ( t or t ois e s  and tur ­

t l es ) and t he pr imit ive Rhynchocephalia , r epr es en t e d  by 

the t ua t ar a  ( Table 1 . 3 ) .  



Tab l e  1 . 3 A c l as s if i c a t ion of Rept i l es 

( Af ter Romer , 1 955 ) 

C l as s  Rep t i l ia 

Subclas s An aps i da 

Or de r Che l on ia 
Agr ion emps hors f ie l di i  

Tes tu do hermann i 

Chrys emvs pic t a  

Tor tois e *  

Tor tois e 

Pa in t e d  t ur t l e 

Tur t l e  

2 4  

Ps eudemus s er ipt a 
Ch e l vdr a  s erpen t in_� Sn app ing tur t l e  

Subcl as s Par aps ida 

Subc l as s  Di aps ida 

Superor der Lep idos aur i a  

Or der Rhyn choceph al ia 

Sphenodon pun r::t at um 

Order Squam a t a  

S ubor der Lat er t i l ia 

Cal o t es vers ico l or 

Ophis au r us apodus 

B as i l is cus bas il is cus 

Ti l iqua rugos a 

Iguan a iguan a  

G ekko gekko 

Chalc ides oce l l atus 

Mabuya qu in quet aen i a t a  

Uromas tyx aegypt i a 

Lac er t a v ir id is 

S ubor der Ophi di a 

Spaler os ophis diadema 

El aphae guadr iv ir g a t a  

Th amn ophis o r din o ides 

Ext inc t  

Tuatar a 

Lizar d 

Liz ar d 

Lizar d 

S l eepy l iz ar d  

Ig uan a 

Gekk o 

Liz ar d 

Liz ar d 

Lizar d 

Liz ar d 

Snake 

Sn ak e  

Gar ter s n ak e  



Table 1 . 3 ( con t d ) 

S uper order Archos aur ia 

Or der Cr ocodil i a  

Al l igator m is s  is s ippiens is 

S ub c l as s  Syn aps i da 

A l l igator 

Ext inct 

�- Spec i es named are men tion ed in t ext . 

2 5  
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Lympho i d  t is s ues in r ept i l es in c lude the thymus , 

s pl een an d gut - as s ociated l ymph o i d  t is s ues ( Pitchappan 

an d Muthukkaruppan , 1 977 ) .  The t hymus dis s emin at es 

lymphocytes to other organs of the l ymphomyel o id compl e x  

s uch as t h e  s pl een an d lymph n o des ( Auer b ach ,  1 96 1 ; 

Pitchappan an d Mu t hukkar uppan , 1 97 7 ) .  I t  has b e en s ug ­

g es t e d ( Pitch app an an d Mut hukkaruppan , 1 977 ) that t he 
thymic lymphocy t e  pr ogen i t or s in the l iz ar d ,  C al o tes 

vers icol or , or ig in at e f r om b lood- borne s t em c e l J. s , a 

s i tuat ion s im i l ar t o  t hat s een in chickens an d m ice 

( Moor e an d  Owen , 1 967 b ; Owen a.n d Ri t t er , 1 96 9 ) .  Thymec­

t omy in adul t l iz ar ds has been foun d to r e duce the 

number of pl aque forming c e l l s  s e en in r e s pon s e to S RBC 
( Muthukkaruppan et al . ,  1 97 6 ) .  No t hymus has b een f m.n• d 
in adul t tua t a r a  ( March a l on is e t  a� . ,  1 96 9 ) . Gu t - as s oc ia­
t e d  lymph o id t is s ues an d s tr uc t ur es res emb l in g  Pey e r ' s  

pat ches h ave been demons t r a t e d  in t he s n ake , ?.P.a l er os c;_­
phis di c:, dem a ( Hus s e in e t  a l . ,  1 97 9 ) . 

The s pl e en of s ome r ept il e s  e . g . , tuat ar as , l iz ar ds , 

s n akes an d t ur t l es , s how a dis t in c t  s epar at ion in t o  

wh i t e  an d r e d  pulps ( We t her al l an d Turner , 1 972 ; Mann in g 

an d Turner , 1 976 ; Hus s e in et al . ,  1 9 7 9 ) ,  al t hough K.an a­
k amb ika and Mut hukkar uppan ( 1 972 ) failed to s ee t h is 

dem ar ca t ion in C . vers icol or . 

Sma l l g r oups of lymphocytes h ave been foun d in the 

kidney an d por t al t r ac ts of the l iver in th e l iz ar d ,  

Til iqua r ugos a ( Wether a l l  an d Turner � 1 972 ) .  Mu l t ipl e 

aggregates of l ympho id t is s u es in the cloacal r eg ion of 

the tur t l e , Che lydr a s erpen t in a  r es emb le an at om ical l y  

t he  avian burs a of Fabr icius ( S idky an d Auer bach , 1 96 8 ) . 

Unl ike the a vian burs a ,  however ,  which as s umes i t s  

maj or r o l e  e ar ly in deve l opmen t ,  t h e  c l oacal lympho i d  

t is s ue of tur t l es is more ac t ive in adul ts than in 

j uven i l e s  and does not fun c t i on as a pr imar y l ymphoid 
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o r g an . The oes ophagus an d s mal l in t es t in e  o f  t h e  s n ake , 

El aphae �uadr iv irgat a ,  have dis c r e t e  l ympho i d  n o du l es 

in the muc os a ( Mann in g an d Turner , 1 976 ) .  Accumul a t i ons 

of l ymphocy tes r es emb l ing Peyer ' s  pat c hes have been 

des cr ib e d  in the l iz ar ds , Ig u an a  iguan a , G�l0�o gekko 

an d Bas i l is cus b as il is cus ( Ficht e l ius et  al . ,  1 968 ) .  

Surface membr an e  immunog l o bul in h as been demons ­

t r at e d  01"'. rept i l e  lymph ocy t es . J..n the tor t o is e ,  �gr io­

:t1 emps hors e£ i e l d i i , F iebig  an d  Ambr os ius ( 1 97 6 ) s howed 
that blood an d s pl een lymphocytes c ar ry bo th monomer ic 

IgM an d what· the aut hors des cr ibed as Ig Y .  Ig Y is a 7S 

ir.Lrnun og l obul in v.rh ich phys ice- chemical ly is more c l os ely 

r e l at e r'l t o  the chicken immun og l obu l in des ign a t e d  Ig Y 
by Les l i e  an d C l c=m ( 1 96 9 ) t han it is t o  mamma.l ian IgG 

( Hadg e an d Fie b ig , 1 97 5 ) .  Fiebig and Ambros iu8 pr opos ed 

tha t the IgY o £  r ept i l es m ig ht be an ear ly phy l og ene t i c 
c oun t e r. p ar t  o£ hum an I gD s in ce it s hows c e r t a in phys ical 

s im i l ar i t ies to that imm unog l obul in ( Les l i e an d Clem , 

1 972 ) .  Fur t hermo re , the au t hors s ugges t e d  t h a t  both t h e  

IgM ar. d the IgY might ac t as an t ig en r ecep t or s , a s it u a­

t ion c ompar ab l e  to the c ombin e d  r o l es of Ig M an d IgD 

in m an ( S ig e l an d Kl inman , 1 97 8 ) .  Whe r e as thymocy tes 

f r om £ is h  an d amphi b i ans have r e adily de t ec t ab l e  s urface 

membr an e  immunog l obul in , t his cou l d  not b e  demons tr at e d  

on t or t ois e  t hymocy t es . 

Polyacry l am i de gel an alys is of r adio l ab e l l e d  

s ur f ac e  membran e  immun o g � obul in from b l oo d  lymphocyt es 

of the al l ig ator , Al l igat o r  m is s is s ipi ens is , revealed 

two differen t  heavy chain types , in dicat in g  th at two 

an t ig en i cally differ en t  immun og l o bu l in s  occur on thes e 

ce l ls ( Cuchens e t  al . ,  1 976 ) .  

Evi den ce has been provided for t he exis tence of 

T- l ik e  an d B- l ike c e l l s  in � . mis s is s ipiens is fol l owing 

g l as s -wool column f r ac t ionat ion , s ur f ace marker s tudies 
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and mitogen r es pons iven es s  t o  PHA , Con . A  an d L PS  ( Cuchens 

and Cl em , 1 97 9b ) .  

Tur t les an d t o r to is es ar e the r ep t i l ian g r oups 

whos e immun e r es pons es have been mos t s t udie d .  The immune 

r es pons es of tur t l es ag ains t ery t hr oc y t es (Nog u ch i , 

1 902 ) ,  S a lmon e l l a  ( Evans e t  al . ,  1 965 ) ,  s erum pr o t e ins 

( Lykak is , 1 96 8 ; Coe , 1 972 a )  an d pr o t e in - h apten c on j ug at es 

( Les l ie an d Clem ,  1 972 ) have been s t udie d .  Tor t o is es 

h ave been s hown to r es pond to S RBC ( Ro t he an d Am b r os ius , 

1 968 ) ,  b ac t er ial an t igens ( Maun g , 1 96 3 ; Char t r an d  e t  al . ,  

1 97 1 ) an d p r o t e in an t ig ens ( Fr a i r , 1 96 3 ; Arnbros ius a n d  

Frenz e l , 1 9 72 ; Ben e dic t an d Po l l ar d ,  1 972 ) .  brunun o l og i ­

c a l  mc:tnOl� Y in the f o rm of a s e con dary r es pons e has been 

demons tr a t e d  in the tor t o is e ,  Tes tudo hermann i ( .'\mbr o ­

s ius , 1 976 ) .  

Tur t l es ( Ps eu demus �er ipt a  an d  Chrys ernys pi c t a ) 

have two an t igenc i a l l y  dis t in c t  immunog lobul in c l as s es 

with s e dimen t a t i on coeff ic ien ts of 1 8 S  an d 7 .  SS an d a 
thir d c l as s  having a s e dimen t a t i on c o effic ien t  of 5 .  7S . 

This l a t t e r  type is an t ig cn i c �l l y  def icien t wi t h  r es pect 

to the 7 .  SS c l as s  and may lack a por t i on o£ the F e  
reg ion ( Lykak is , 1 96 8 ; Char t r an d  e t  al . ,  1 9 7 1 ; Act on 

e t  al . ,  1 972 ; Les l ie an d C l em ,  1 972 ) .  Only th e 5 . 7S 

c l as s  was foun d  in ext r ac ts of tur t l e  egg yolk s ugges t ing 

that this c l as s  may have a s el ec t ive advan t age in i t s  

abil i ty t o  cros s c er t a in membr an es . A s  in o t her s pe c i es , 

the ear l ies t an t i bodies pr o duced in tur t l es ar e of 

high molecular we igh t ( G r ey , 1 96 3 ) .  Coe ( 1 9 72 ) f oun d 

that an t ibodies as s oc iated wi t h  £our types of immuno ­

g lobul ins were pro duced in £ . pic t a  in r es pons e t o  

immun izat ion w i th a r ange of s o lub l e  pro t e ins . Thes e 

immunog l obul ins wer e des ign a t e d  Ig 1 ( 1 9S ) ,  Ig2 ( s l igh­

tly heavier than 7S ) an d Ig 3 and Ig4 ( about 7S ) .  An t i­

body act ivi ty was f ir s t f oun d in Ig 1 an d Ig2 an d l at er 
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in Ig 3 and f in al l y  in Ig4 . I t  \\Tas n o t  r es olved whe ther 

Ig2 , Ig3 or Ig 4 wer e  degr ada t i on products of Ig 1 or 

wer e s ep ar a t e  s ubc l as s es . 

The immune r '2s pon s es of l izards have been s t udi ed 

us ing S almon e l l a  ( Evan s � al . ,  1 9 65 ) ,  BSA an d r a t  

er y t hr ocy t es ( Wether a l l  an d Turner , 1 972 ) , s erum p r o­

teins ( A111 b r os ius et  al . ,  1 96 9 a ; Hemmer l ing , 1 97 1 ) an d 

SRBC ( Kan akamb ilca an d Muthul<.kar uppan , 1 9 72 ) as an t igens . 

Fol l owjng inunun i z at i on v.ri t h  S RBC , � . �£S ic o l o r  pr o duces 

s er um h aemolys in s an d agg J u t in ins as wel l as b l o o d  ar, d 

s pl een p l a q:.1e-£ orrn ing cel l s  . Haemolys ins app0ar af t er a 

l a t en t  p e r i o d  of two we eks an d r each a peak dur ing the 

third t o  fourth week . F ol l ow in g a s ec ond in j e c t i on o £  

S RBC tl12 dev e l opmcn t o£ s er um an t ib o dy is m or e r ap i d  

but does n o t  inc r e as e in t i t r e . A s im i l ar :f in din g  has 

been repor ted for t ur t l es ( � . pic t a ) ( Grey , 1 9 6 6 ) an d 

t or to is es ( � . hors f i e l di i ) ( Ro th e  an d Ambros i us , 1 9 6 8 ) . 

In con t r as t ,  a r ap i d  an d e l ev a t e d  an t ibody r es pons e 

af ter a s econ d  in j ec t i on of an t i gen h as been r epo r t e d  in 

the t or t o is e ,  T . hermann i ( Ambros ius an d Lehmann ,  1 965 ) 

an d the l i zar ds , Oph is s  aur us aoodus ( Ambros ius et  al . , 

1 96 9 b ) a.Yl d ! . rug os a ( We the�· a l l  an d Turn er ,  1 9 7 2 ) . 

Liz ar ds p r o duce thr e e  types of immun o g l obul ins , 

a hig h mole cular we igh t  pen t a..'l1(:r , s imilar t o  IgM ( Ambx b­

s ius e t  al . ,  1 96 9 a ) , a 7 .  3S imm,.ln o g lobul in w i t h  b e t a - 2  

mob i l ity which cor res pon ds t o  t he I g Y  o£ b i r ds ( Les l i e 

and C l em , 1 96 9 ) an d a 6 . 8 S immun o g l obul in whi ch mig r ates 

as a b e t a- 1 pr o te in . The 6 . 8S form appears t o  be an 

is o t ype un ique to this r ep t i l i an g roup (Am b r os ius , 1 976 ) .  

The tuat ar a ,  Sphen odon pun c t atum , has immun o g l o ­

bul ins w i t h  s edimen t a t i on c oeff ic ien t s  of 1 8S an d 7S , 

t he 1 8S molecu l e ,  res emb l in g  human IgM in its e l ec t r o­

phor e t i c  mob i l i ty in p olyacry l am ide g e l  ( Mar chal on is 

� al . , 1 96 9 ) .  When immun iz e d  wi th � . adel aide :f l ag e l l a  
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for a per iod of e ig h t  mon ths , t u at ar as produ c e d  an t i ­

bodies r es t r ic t e d  t o  th e 1 85 c l as s . Dien er ( 1 970 ) n o t e d  

max imum an t ibo dy produc t ion i n  th is s p e c i es two t o  thr e e  

mon ths af ter immun iz at ion wi t h  � . ade l a i de f l ag e l l in , 

an t ibody ac t iv i ty be ing foun d on ly ir. a h igh molecu l e'..J: 

we igh t ( 1 8 S ) fr ac t ion even af t er s ix mon ths , a f in di n g  

cons i s  t en t  wi th t h is an t ig en b e in g  thymus in dependen t 

( Bas t en an d Howar d ,  1 973 ) . 

Ant ibo dies ar e pr o du ced in s n akes fo l l owing th p j  r 
immun iz a t i on with b ac t er i a l  an t ig e! JS  ( Dinwi\r an d S l awt -­
s chew , 1 96 7 ) ,  p r o t e in an t i g ens ( Coe et al . ,  1 97 6 ) a r: c� 

par as i t ic n emat o des ( Tim our i an et  al . ,  1 96 1 ) .  Coe . t  n.l. 
--- _ .. _ , --- --

( 1 9 76 ) immun i z e d  the g ar t er s n ake , Th amn�.:0:.� ��di���2.-� -�-:;:::_ , 
with ovalbum in , HGG or ICLH in Fr eun d ' s  comp l e t e  adj L� V �\li t . 

Thr e e  immun og l obul in types v1e r e  s e en ; an " Ig - M. ( 2 0S ) ' ! , 

an ' '  Ig - 1 ( 9 S ) "  an d an " Ig - 2  ( 8 .  SS ) " . Thes e worh: ers u.ls o 

demons t r a t e d  a s ec r e tory in.ununog l obul in s ys t em in ,r . o-.:: d.:i­
n o ides . Ig - M  was the on ly immun og l obul in in b i l e  an d \'.ras 
the pr e dom in an t immun og l obul in in s uccus en t er icus , 

wh ich als o had smal l amoun t s  of Ig - 1  an d Ig - 2 . Pr e l i ­

minary e v i denc e  in dicat e d  t h a t  a s irn i l ar s e c r e t ory s ys ­

t ern exis ts in the t ur t l e , g_ . pict a ,  ( Por t is an d Coe , 

1 97 5 ) .  Th es e obs ervat ions in d�_ c a t e  that Igr-1 may h ave 

s erved the fun c t ion of a s ecr e t ory immunog l obul in bcforP. 
the evo l u t ion of alpha he avy c h a in g en es . Kawaguchi 

e t  al . ( 1 978 ) s howe d  the pr o duct ion of an t ib o dy form ing 

c e l ls fol l ow in g  in j e c t i on of s he ep erythrocytes an d 

r ab b i t  ery thr ocy t es in the s n ake , El apha qu a dr iv i r g at a .  

S im i l ar p l aque forming cel ls wer e als o demons t r a t e d  in 

th e l iver of C . vers icol or ( Kan akambika an d Mu thukkar u ­

ppan , 1 972 ) .  

Jur d and Dor i t is ( 1 9 77 ) s howe d that s p l e en c e l ls 

of the l iz ar d ,  Lacer ta vir i dis cou l d  medi a t e  ADCC of 

chicken r e d  ce l ls coated w i t h  r ab b i t  an t i - chicken r e d  

blood c e l l  s er um .  



3 1  

Wh i l e  t he r e  is cons ider ab l e  inf orma t i on on the 

humoral immune fun c t ion s  of r ept i l es , l i t t l e  is kn own 

about the ir c e l l  mediated immune cap ac i ty . Member s o£ 

the Che l on i a , Squama t a  an d Crocodi l i a  al l r e j e c t  f irs t 

s e t  al l og r af t s  ( Borys enko , 1 97 0 ; Ter cbey , 1 97 0 ) .  R e j e c ­

t ion a t  phys io l og ically normal t emp e r a t ures i s  p r o l ong e d  

w i th median s urvival t imes o f  4 0  t o  9 0  days . Such r ej ec ­

t i on cou l d  r efl ect ei th er a pr im i tive r es pons e c apac ity 
o r  might in dicat e the l a ck of a m aj or h i s t oc omp a t i b i l i ty 

c ompl ex ( Cohen , 1 97 1 ) .  

Newborn s n app ing tur t l es , � · ��E..E�.n t i�� ' in j e c t e d  

wi th adu l t al logen e ic s pl e en c e l l s  s uc c um b e d  to ac u t e  
I 

g r af t - ve r s us - hos t r eac t i ons when hous e d  at J0
°

C .  Chr o-

n ic g�af t - vers us - hos t r e ac t iv i t y with a lower m or t al i t y  

was s een a t  the more n ormal t emper a t u r e  of 2 0
°

C ( Bory ­

s enko an d 1'u l j_pan , 1 973 ) .  In c on t1: as t ,  m ature t ur t l es 

wer e  n o t  aff e c t e d  by inocul at ion 111 i th s p l e en c e l l s  fr om 

adul t donors . Blood lymphoc y t es :fr om :2: . m is s  is s ipi c.ns is 

have b een s hown t o  par t ic ip a t e  in two-way MLR ( Cuch ens 

C l em , 1 97 9 a ) .  

An t ibody pro duc t ion an d a l l o g r af t  r e j e c t ion in 

r ep t i l es ar e r e duced by l ow am b ien t t emper ature ( Ev ans 

an d Cmv l e s , 1 9 5 9 ; Borys enko , 1 970 ; Wetheral and Turner , 

1 972 ) .  An in ter es t ing obs ervat i on by Hus s e  in e t  al . 

( 1 978 a , b )  was the s e as on al var i ation in lympho i d  t is s ue 

in the l iz ar ds , Ch alc ides o c e l l atus � - Mabuya quinqu e t ae­

n iat a an d Ur om�s tyx aegypt i a . In win ter the thymus es 

of thes e s pec ies wer e hig h l y  involu t e d  wher eas in o ther 

s eas ons t h ey s howed a r ich l ymphoep i t he l ial o r g an iz at ion ; 

s pl en i c  whi t e  pulp an d gut - as s oc ia t e d  lymph o i d  n o du l es 

were als o s ever e l y  dep l e t e d  in win t er . 

�he immun e  s ys tem of r e p t i l es r es embl es th at of 

amph i b i ans . Lymphoid t is s ue devel opmen t is c ompar able 

in the two g roups an d an t i body pr o duc t ion is r es tr ic t e d  
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to two immunog l obul in c l as s es . The expres s ion of immune 

competence in both g r oups is s ens i t ive t o  amb ient tem­

peratures . In this r e s pect the s eas on al var iat ion of 

l ympho id t is s ue s truc tur e  r epres er. t e d  in rep t i l es may 

b e  s ign ificant . Surface immunog lob u l in , readily demons ­

t r at e d  on thymocy t es from f is h  an d  a..rnphibians , was n o t  

det e c t e d  on t o r  t o  i s  e thymus cells , a f in din g cons i s  t en t  

with s ome attempts t o  demons t r a t e  s urface immunog lobu­

l in on human T c e l ls . 

1 .  6 B :.r ds 

Birds evo l v e d  from a rchos aur i an r ept i l es dur in g 

the Jur as s ic per i o d  s ome 1 6 5  m i l l ion years ag o ( Col ­

ber t , 1 96 7 ) .  

The immun e s ys t ern of bir ds l i es a:1atomica l l y  b e t -­

ween that o f  amphib i ans an d rep t i l es on t he on e han d ,  

and that of mammals on th e o ther ( Good and Fins t a d ,  

1 96 7 ) .  l\1any pr im i t ive features ar e r e t ained , n o t ably 

the pres ence of c o l l ec t ions of lymph o i d  t is s ue s cat t e r e d  

throughout t h e  s oma and t he ahs en ce of mammal i an - type 

lymph nodes . Al on g  with mono tremes , m ar s upials an d 

m��als , birds deve lop germin al cen tres in the ir per i­

pher al lymph o i d  t is s ue , a fea t ur e  not s een in e i t her 

f is h ,  amphibians  or rep t iles ( Payne , 1 971 ) .  

An alys is of the immune fun c t ions  of avian p r imary 

lymphoid t is s ues have con tr ibuted s ign if ican tly t o  the 

concept that c e l l  mediated and an t ib o dy medi at ed immun i­
t ies are £un c t ions of differ en t lymphocy t e  popu l at ions . 

Bir ds have two pr imary lymph o i d  s tructures , the thymus 

and the burs a of Fabr ic ius . Un ique t o  birds , the burs a 

has long been cons idered a "cl oacal thymus " ( Jolly , 

1 9 1 1 ) .  Removal of either of thes e org ans profoun dly 

affe c ts the devel opm en t  of ��un e compet en c e . G l ick 
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e t  al . ( 1 9 56 ) for tui t ous l y  s howe d  that burs ec t omy imp-

airs the an t ibody forming po t en t i al of chickens , an 

obs ervat ion that was con f irmed an d extended by o t h e r 8 ,. 

On the o ther han d ,  g r af t  s ur v ival t imes , un aff e c t e d  by 

burs e c t omy ( Warn er et al . , 1 96 2 ) ,  wer e s h ovm t o  be pr o­
l ong e d fo l l ow in g neon at al thyme c t omy ( t'Jar n e r  an d S z en ·­

b er g , 1 96 4 ) a man ipu l a t ion wh i c h  had l i t t l e  eff e c t on 

an t i b o dy pro duct ion . S t udies on the eff e c t  of t hyn1 e ci: omy 

in m ice ( Mil ler an d Os o b a , 1 967 ) ,  r ats ( Jankovic e t  al . ,  
1 962 ) an d r abb i t s ( Ar c h e r  an d Pierc e , 1 9 6 1 ; A r c h 8r �:!:. al_ . , 

1 96 2 ) s uppor t e d thes e obs ervat i ons an d l ed t o  th e � 8n ­

cept that t h e  two f o rms of imm un i t y  ar e medi ated  b y  

c e l ls depen den t on e i t h e r  a thym i c  o r  a pu rs al in f l u 2ncc . 
Th e s tu dies of Cooper e t  al . ( 1 96 5 , 1 96 6 ) con c h:.ts iv c l y  
s howe d t h a t  the t hymus an d b urs a  exer c is e en t ir e l )' 

diff er en t fun c t ions , e a ch c on tr o l l ing t h e  differ en t ia-­

t i on and developmen t of s epar a t e l in es of irm.nv.::1 e C (� :i. Js . 
Other s t udies prov i ded pr o of of a mes en chymal or i g in of 
s t ern c e l l s  f or b o t h  T an d B l ymphocy t es and o ther bJ ood 
c e l l s  ( Moore an d Owen , 1 96 5 , 1 96 6 , 1 96 7 a ) .  Con s equC?.n t l y � 
the n ow acc ep t ed two compon en t s ys tem of immun o l og i c al 

devel opmen t was pr opos e d  ( Cooper e! al . > 1 96 8 ) .  

The t hymus , ar is ing f r om th e thi r d  un d f our t h  pha. -­

r yng eal pouches , is t h e  f irs t lympho id or g an t o de v e l op 
in the embryo ch ick an d  h is t o l og ical ly r es emb l es t h a t  

of m ammals ( S chr ier an d Ham i l t on , 1 9 52 ; Ven zk e ,  1 9 52 ) .  

In addit ion t o  pr o l ong ing the s urv ival t i m e  of s k in 
a l l o g r afts ( Warner and S z enber g , 1 962 ; As p in a l l  �! al . , 

1 96 3 ) neon a t al t hyme c t omy als o r e duces the de l ayed 

hype r s ens i t iv i ty rea ct ion to s pin al cord l ip i d ,  tuber ­

cul in an d  diphther i a  t oxo i d  ( Jankovic and Is vanes k i , 

1 96 3 ; Cooper e t  al . ,  1 966 ) an d  r e duces the s ever ity of 

g r af t - vers us - hos t r eac t i ons ( S imens en , 1 962 ; C ooper 

e t  al . , 1 96 6 ) .  
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The burs a o£ Fabr i c iu s  ar is es as a s ac - l ik e  

evag in at ion on the dors al wal l o£ the c l oac a  on th e 

f if t h  day of in c uba t ion c:m d  is popul ated wi th h aemo ­

po i e t i c  s t em c e l l s from the y o lk s ac s even t o  e ig h t 

days l a t er ( Kat z , 1 97 7 ) .  I gM s yn th es is by hurs al l ympho­
c yt es b eg ins on e t o  two days l a t er whi l e IgG s yn thes is 

is de l ayed un t il h a t ch in g  ( Kinc ac1c an d Coop er , 1 97 1 ) .  

Mos t of t he IgJV! produc e d  is r e t ain e d  on th e c e l ls ' 

s urfaces t o  a c t as an t igen r e c ep t o:c s  ( C o op e r  e t  �l · , 
1 9 72 ) .  Fo l l ov.,r in g in t r a - l.J u :-c s al de v e l opmen t t h e  ma tur. e  

l ympho cy t es m i g r a t e  t o  p er iphe r a l l ymph o i d  o r 9 an s  

( Durkin e t  al . ,  1 97 1 ) .  

The mucos a l  l in in g  o£ t h e  b u r s a is arr cm q e d  in a 

number of l on g i t u d in a l p r .imar y f o l ds , e ach of 1uh i ch i s  

s ub di v ide d in t o  s e c on d a :q.' f o l ds ( Acl-:erman an d KYJ ouff , 

1 95 0 ) .  Th is t ::_ s s u e  f o r m s  3. n e two rk of lymph o i d  fol l ic l es . 
The o r. g an is f u l l y  dev c �  c p e d  in t}1 s imm a t u r e  b ir d  c\'l. d 

un de r g oes r e g r es s ion a t  t h e  ons e t  o f  s e xu a l  m a t ur i t y  

( R i ddl e ,  1 92 8 ) .  fl.n t i bo c1y produc t i on w i thin th e bur s a 

h as bt.en r epor t e d  ( Janko\ric e t  al . , 1 972 ; Wi'l.l t en bau gh 

and Van Al t en ,  1 974 ) .  

The burs a plays an impor t an t r o l e  in i:h<2 on t o g <2n y  
o f B cell deve l opm en t  ( t·Jeber ,  1 97 5 ;  We is s m an , 1 9 7 5 )  . 

Burs e c t omy , whether by h o rmori al (Gl ick , 1 9 6 4 ) ,  s ur g i ­

c a l  ( Mu e l l er e t  al . ,  1 9 62 ; W a r n e r  an d S z en b e r g , 1 96 4 ; 

S t iff e l  e t  al . , 1 96 8 ) or chem i c al (Gl i ck , 1 96 9 ) m e ans 

r es ul ts in a marke d dim in u t i on of B cell maturat i on , an 

abs ence of" g erm inal c en t r es an d pl as ma c e l l s  f r om per i ­

pher al lymphoid tis s u es an d a r e duced ahi l i t y  t o  pr o duce 

an t ib o dy .  An t ibody l ev e l s  c ompar able to thos e of in t ac t  

c on t rols have been r epor t e d  f or t h e  s econ dary r es pons es 

in bur s e c t om is ed b i r ds  ( Jankovic an d Is akov ic , 1 966 , 

1 967 ; Ros e and Or l ans , 1 96 8 ) .  However , t hes e an t ib o dies , 

in c on t r as t t o  thos e of con t r ol b i r ds , r ema in s ens i t ive 

to 2 -mer captoethan o l  ( 2 - ME ) an d hence , pres um ab l y , ar e 
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IgM ( Cl aff in e t  al . ,  1 966 ; Jankovic an d Is akovic , 1 967 ) .  

Surg ical l y  burs ec tomis ed b i r ds s how an IgG def ic iency 

which is fr equen t ly as s oc ia t e d  wi th an in creas e d  Igl\1 

l evel ( Or t e g a  an d Der , 1 96 4 ; Cooper e t  al . ,  1 96 6 ) ;  th e 

devel opmen t of n atur al haemag g l u t in ins is depr es s e d 

in thes e b i r ds (Gr aetzer �! al . ,  1 96 3 ; Jankovic an d 

Is akovic , 1 967 ) .  Other in ves t i � at ors , however , have 

r epor t e d  on ly s l igl lt  def ic ienc ies ir.. an t ibody pr o duct ion 

in burs ec t omis ed b i r ds an d pos tulate the exis t en c e . o£ a 

burs a- in depen den t con tr o l  r:1echanism of B cel l develop ­

men t  ( Lern e r  et  al . ,  1 97 1 ) .  

Burs e c t omy does n o t  affec t t r ans p l an t a t i on immun i ty 
, 

( Warner e t  al . ,  1 96 2 ; As pin al l  e t  al . ,  1 96 3 ) > d-2 l ayed 
hypers ens i t i v i ty r e ac t ions ( .Jankov i c  et  al . ,  1 9 6 3 ) or 

g r af t - vers us - hos t r ea c t ions ( Mue l l er et al . ,  1 96 4 ) .  

Avi a.,'l s econdary lympho i d  t is s ues in clude th(! s p l een. 
an d lympho id t is s ues in the al imen t ar y  t r ac t  an d par a­

ocu l ar an d par an as a l  o r g an s . Lympho i d  t is s ue , wi th 

diffus e m as s es of ge rmin al cen t r es , occurs wi t h  an 

ir reg u. l ar dis tr ibu t i on in the l amin a  pr opr ia of the 

al imen t ar y  t r act f r om the phar ynx t o  the c l oaca . Pro ­

m in en t  lymphoid s tr uc t ur e s  ar e t h e  ' c aecal t ons ils ' 

which app ear as en l ar g emen ts of the caudal en ds of caeca 

n e ar the i l e o - c aeco- c o l ic j un c t ion . Thes e  or g ans are 

impor t an t  s our ces of an t i b o dy ( Jankovic an d Mitr ovic , 

1 967 ) ,  b o t h  IgG an d IgM hav ing been de tec t e d  in them 

( Warne r  e t  al . ,  1 96 9 ) .  

Bang an d Bang ( 1 968 ) des cr ibed var ious lympho id 

t is s ue accumulat ions in l acr imal duc ts , Har der ian g l an ds 

an d ducts an d the l at e r a l  n as al g l an d  duc t ; t hes e 

aut h o rs s ugg es ted that t h es e t is s ues pr ovi de · l ocal immune 

r es pons e s . 
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The ch icken t hymus an d burs a ar e populated b y  T 

and B lympho cy t es r e s pe c t ivel y . S u rf ace marker s tu dies 

have s hovm t hat lymphoi<l c e l ls in t he burs a ar e exc lu­

s ively B ce l l s , whi l e  in the t hymus , al t hough the m aj o ­

r it y  or cel l s  a r e  T c e l l s , t he r e  is a s m al l  number o£ 

B c e l ls ( Kinca de e t  al . ,  1 97 1 ; R ab e l l ino an d Grey , 1 97 1 ; 

Huds on an d  Ro i t t , 1 97 3 ; Albin i  e t  al . ,  1 97 4 ) . Whi l e  

s e con d ary lympho i d  org ans norma l l y  c on t ain a m ixture of 
T an d  B cel l s , an exc ep t 1 on to t h is is s een in the , par a­

ocul ar Har der i an g l an ds wh ich c on t ain B l yrnphocytes 

on ly (Al b in i et al . ,  1 9 7 4 ) . The bon e marroVl in chickens 

is a s ec on dar y  l ympho id organ ( Ivany i et al . ,  1 972 ) ,  

wh e r eas in mammals i t  ac ts  as a pr imary ,l ymphoid o r g an 

( Os m on d  an d Nos s al ,  1 974. ;  Rys er an d Vas s al l i ,  1 9 74 ) . 

Burs a]  l ymphocyt es from 1 4  day - o l d  embryos h av e  

Igr-1 s u r f ac e  immun og l obu l in ( Kin cade an d Cooper � 1 97 1 ; 

Ta o-\·Je i dm ann. e t  al . ,  1 9 7 5 ) .  The per c en t ag e  of Igl\i- pos i­

t ive bur s a l  l ymph ocy t es inc r e as es t o  r e ach about 85 per 

cent at t he time of h atchin g . Burs al l ympho c y t es expr e ­

s s ing s u r f ace IgG ar e det e c t ab l e  b y  t he s ixteen t h  day 

of incub at i on ( Al b in i an d W ick , 1 97 5 ) an d r e ach a m axi­

mum of abou t 50 per cen t n ine days af t er h at ch ing ( A l b ­

in i an d W ick , 1 97 4 ) .  IgA has 1-:>een demons tr ated o n  burs al 

c e l l s  by the 20th day of in cub a t i on ( Co oper et al . ,  

1 976 ) . 

Chickens produce an t ibodies t o  a r ange of an t i ­

g ens inc lu ding s erum pr o t e ins ( Wolfe , 1 942 ; Wol £ e  and 

Dllks , 1 946 ; Grey , 1 96 7 a ; Aitken an d Parry , 1 974 ) ,  poly­

pep t i des ( Gunther et al . ,  1 974 ) ,  pro t e in - h ap ten c on j u­

gates ( Or l ans e t  al . , 1 96 8 ; Yamaha an d Ben e dic t , 1 975 ) , 

pn eumococcal polys acchar ide ( Medl in et  al . ,  1 97 3 ) an d  

he t er o l og ous e r y t hr ocy t es ( Ai tken an d Par r y ,  1 97 4 ; 

Ben t on an d Morg an , 1 978 ) .  The r e  ar e s pe c i es var iat ions 

in r es p ons e t o  any g iven ant ig en . Thus , whi l e  c hickens 
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r es pon d  promp t ly t o  BS A ( Wolfe , 1 9 42 ) ,  t urkeys ( Wolfe 

and Dilks , 1 949 ) , p igeons ( Wolfe and Dilks , 1 949 ; 

Gu t tman et  al . ,  1 97 1 ) , G u in ea fowl ( Wolfe an d Dilks , 

1 949 ) ,  Japan es e quail ( Les l ie an d Bene dic t ,  1 969 ) an d 

peng uins (Al l is on an d Feeny , 1 96 8 ) r es pon d poor ly to 

t h is an t igen . Wh i t e  an d N ie ls en ( 1 97 5 ) s tudied the r es ­

pons es of chickens to  both thymus - in depen den t an d t hymus ­

depen dent an t igens . Heat -k illed � . ,?J.d<? l aide in duced a 

r es pons e which was r es t r ic t e d  l ar g e l y  t o  1 9S iln:uun?g lo­

bul in whi l e  SRBC , in duced b o t h  1 9 S an d 7S an t ibo dies . 

Ch ick ens s how typ ical c ar r ier - effe c ts in res pons e t o  
irnmun iz at j_ on w i t h  pr o t e in - hapten con j ug ates ( S arvas 

e t  al . , 1 97 4 ) . 

B ir ds pr oduce an t ibodies of thr e e  dis t i n  e t  immuno­

g l obu l in clas s e s wh ich ar e an al ogous t o  mammal ian IgM,  

IgG an d I g A  ( Ben e di c t et al . , 1 962 ) .  S in c e the he avy 
chain o£ chicken 7S an t ibody is s ome 1 0 , 000 dal t ons 

heavier than i ts mammal ian equival en t ,  Les l ie an d Cl em 

( 1 969 ) des ign at e d  th is immunog lobul in as Ig Y ,  al t houg h 

o ther inves t i g ators r ef er to i t  as IgG . 

A maj or dev e l opmen t within th e b i r ds is t he phy l a ­

g en e -t i c  emergence of IgA . An avi an immunog l obul in corres ­

pon ding to m ammal i an IgA was firs t r epor t e d  by Leb acq­

Ver hey den et al . ( 1 972 ) an d Or l ans and Ros e ( 1 972 ) .  

IgA is the maj or immun o g l obu l in in b i l e  an d is foun d in 

h igh concen tr a t ion in s al iva , in t es t in al an d b r on ch i al 

s ec r e t ions an d ov iduc t was hings , wh e r eas i t  r epres en t s  

a m in o r  immunog lobul in i n  s erum ( Lebacq- Ver hey den e t  al . ,  

1 972 ; Bienens t ock et  al . ,  1 973 ; Les l ie � d  Mar t in , 1 97 3 ) .  

It is c apab l e  of c ombin ing w i t h  human s ec r e tory compo­

nent ( Bienens t ock et al . ,  1 972 , 1 97 3 ) .  By immunodiffu­

s ion t es ts Par ry an d A i tken ( 1 97 5 ) demons t r a t e d  the 

pres ence of IgA in the s al iva an d b i l e  of ph eas an ts , 

Japanes e qu a i l , Guin e a  fowl , t urkeys an d p ig e ons . 
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A pos s ibl e  IgA equivalen t h as b e en des cr ibed in pig e on 

dr opp ings , l acr imal f l uid an d s al in e  was h ings of ovi­

duc t s  ( Edwar ds e t  al . ,  1 96 9 , 1 97 0 ) .  

Wat an abc an d Kob ayas h i  ( 1 97 4 )  iden t ified two types 

of IgA in chicken ex t ernal s ec r e t i ons , n amely b i l i ar y  

IgA , which e xis t e d  a s  a pen t am er o r  t e t r amer an d l acke d  

the s ecr e t or y  c omponen t ,  and in tes t inal IgA , m a in l y  in 

a dimer ic form comp l e t e  with s ecr e tory compon en t . Fu r ­

ther s tudies by Wa t an abe e t  al . ( 1 97 5 ) s uppor ted t hes e 

f in dings . The e l u t ion ch arac t er is t ics of chicken s ec r e ­

t ory compon en t from die thy l am in o e thyl c e l l ul os e an d its 

mol ecul ar s iz e  c l os e ly res emb l e  thos e of human s ec r e ­

t ory c ompon en t  ( Newc orr..b e t  al . , 1 96 8 ; Br andt z aeg , 1 97 1 ) .  

Chick en lymphocy tes r es pon d in v i t r o  t o  PHA ( G r e a­

v es and Ro i t t , 1 96 8 b ) or Con . A  ( Toivanen an d To iv C�.D en , 

· 1 9 73 ) ;  an t i - immunog l obu l in cm t is e:r:um als o in duces p r o l i ­

f e r a t ive r es pons e ( Weber , 1 973 ) .  

Bir ds s how vig or ous t r an s p l an t at ion immun i t y in d i ­

c ating the pr es en ce of both � s tr on g  his t ocompat ib i l i ty 

s ys tem an d a we l l  deve l oped c apac i ty for c e l l  med i a t e d  

immun i ty . The his t ocomp at ibi l ity s ys t ern i s  r efer r e d  t o 

as t he B s ys t em ( Mc Derm id,  1 96 4 ; Hal a  an d Has el-� , 1 97 1 ) .  

Inc ompat i b i l i t y  t o  B an t ig ens leads t o  acute g r af t  

r e j e c t ion ( S chierm an an d Nords kog , 1 96 1 ) an d g r af t ­

vers us - hos t r ea c t ion ( Jaff e an d iv1cDerm id , 1 96 2 ) .  Gun­

ther e t  a l . ( 1 974 ) s tu died the an t ib o dy r es pons e of 

inbred chi ckens to a s yn t he t ic polypep t i de an d s ugges ­

ted that t h e  g enes con t r ol l ing the r es pons e t o  t h is 

mater i al ar e l inke d  t o  thos e of t he major his t o c ompa­

t ib i l i ty c omplex . The MLR in b i r ds is con t r o l l ed by a 

gene o r  g en es located in t h e  B g ene r egion (Gun ther 

� al . ,  1 974 ) .  The s im i l ar i ty of the B s ys t em of chick­

ens to the H- 2 s ys t em of m ic e  an d t he HLA s ys t em of 
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man r eflects the common evolut ion ary or ig in of thes e 

spec ies . 

S tudies on c e l l  mediated immun ity in turkeys 

( Healey � t al . ,  1 962 ) ,  ducks ( Has ek et al . , 1 96 6 ) and 

ch ickens (G i lmour , 1 96 3 ; Has ek :::!. al . , 1 966 ) h ave been 

r epor te d . Acu t e  r e j e c t ion of al l og r af ted t is s ue wi t h  

r ap i d  f irs t s e t r e s p ons es an d a s econd s et memory ar e 

s e en .  Al l og r aft immun i ty in chick ens is thymus - depen den t 

( As pin a l J e t  al . ,  1 9 6 3 ) ;  thus i r r adia t e d , burs e c t om is e d  

chi ckens s how t yp i c a l  acut e a l l og r af t  r e j e c t ion ( Per ey 

an d Dupuy , 1 9 70 ) .  S im i l a.r l y � W ar n e r  et �:!:_ . ( 1 97 1 ) s howed 

de l ay e d  t yp e  hypers en s i t ivi t y  r e ac t i ons i n  n o rm al an d 

bur s e c t om is e d  ch icken s . S ever a l  other s t udies have s hown 

t h a t  rl.e l ay e d  hyper s ens i t iv i t y  r es pons es can b e  e l i c i t e d 

in burs e c  tom is e d  ch i ckens ( Jank ovic et <1l . , 1 96 3 ; Pal l a­

dino et al . , 1 978 ) .  

Birds r epres en t a s ign if ican t s t ag e in immun e 

phy l ogeny . Th e avian burs a of Fabr ic ius is s e en as a 

pr imar y l ymph o i d  or g an es s en t i al £or th e ma tur at ion o£ 

an t ig en - s ens i t ive B cel ls . Ext irpat ion o£ this lymphoid 

m as s  i n  con j un c t i on wi t h  t hymec t omy exper imen ts del inea­

ted the b as is o£ T ill! d B cell divis ions . A t h i r d an t i ­

g en ic al l y un ique immunog lobulin clas s , IgA , emer g es at 

this  leve l . Compl ete w i t h  s ec r et ory compon en t , avian 

IgA is the for erunn er of s ecr et ion - as s ociated linmun ity 

of m ammals . 

1 .  7 Mammals ( Pr o t o ther ia an d Met at her ia ) 

The ances t ors of the mammals diverg e d from ther ap­

s id r ep t i l es about 2 00 m i l l ion years ago ( Romer , 1 9 55 ) .  

Three s ub c l as s es of m ammals s urvive name l y , the 

Pro t o ther ia , the Me t at her i a  an d the Euther ia ( Tabl e  1 . 4 ) . 

Pr o tother ian mammals , or monotremes , r e t ain a number of 



Tab l e  1 . 4 A c l as s if ic a t i on of M amm al s  

( Af t er Morr is , 1 96 5 ) 

Cl as s Mammal ia 

S u b c l as s  Pr o t o th e r i a  

Or der Mon o t r emat a 

Fam i l y  Tachyg l os s i dae 

Tachygl os s us acu l ea t
.� 

Orn i thorb_yn chus I?._�::_ad� 

S ub c l as s  The r i a  

S ub c l as s  Al � o ther i a  

S ub c l as s  Met a t her ia 

Or der Mars u p i al i a  

* 
Ech i dn a  

Pl at ypus 

Ext in c t  

E.x t  inc t 
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S uperf am i l y  Didel pho i dea 

Didelph is v i rgipi 3.n a  

S upe r f wu i ly Das y u r o idP.a 

F am i l y  Das yur o idae 

Ame r i c an opos s um 

Fam i l y  Not o r y c t i da e  

Superfam i l y  Per am e l o idea 

S uperf am i l y  Caen o l es t o i dea 

S upe r f am i l y  Phal an g er o i de a  

Fam i l y  Ph a l an g e r  i dae 

Tr ichos u r us vulp�c ul a  

Fam i l y  Vomb at i da e  

Fam i l y  M ac r opo d i da e  

S e t on ix br achyu r us 

Ma cr opus eugen i i  

Subc l as s  Euth er i a  ( = Pl acen t al ia ) 

Brus h- t a i l e d  

phalangers 

Quokk a 

Tammar 

* S pecies n am e d  are men t ioned in t ext . 



r ep t i l ian f ea tures . Thes e egg - l ay in g  mammals ar e 

r epr es en t ed by two ext an t  s pec ies , the s piny an t -
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eaters o r  ech idn a  and the Duck- b i l l ed pl atypus , both 

b e in g  r es tr icted t o  Aus t r al ia .  The M.e t ather ia or m ars u­

pials , ar e pouched vivipar ous mammals in which t he y oung , 

after  b e ing born at an embryolog ically imm ature s t ag e , 

m igr ate  t o ,  and con t inue eH� ir devel opmen t with in , th e 

maternal  pouch , or mar s up ium . The Euther ia ar e mamm als 

having a fu l ly de•,reloped p l acen t a , young b e in g  born at 

a r e l at i vely  advan c e d  phys iological  s t ag e  of devel op­
men t . 

a .  Pr o t o ther i a  

Both the echidna , Tacl��gl os s us a c u l e a t�s : an d the 

plat ypus , Orn i thorhyn chus p�� a doxus , h ave thymus es an d 

s p l eens his t o log i c a. l l y  c ompar abl e  to  t hos e of e:u ther i an s  

( Dien er an d Eal ey , 1 96 5 ; Dien e� , 1 97 0 ) . A n o t able  fea­

tur e of the echidna is  t he pr es ence o.f lympho id n o dul es 

whi ch are in termediate in s t ructur e  between th e j ugular 

bodies of amphibians an d the l ymph nodes of eu ther ians 

( Dien e r  a:r. d Ea.ley , 1 96 5 ) .  They ar e foun d wi thin lymph a­
t ic ves s els  and occur in s i tes wher e  lymph nodes woul d  

b e  expec t e d  in plac en t al ma.rnmals . Whereas the l ymph 

n o des of euther i ans s how f o l l ic l es within a diff us e 

cor t ex an d a medul l a  w i th s inus e s  and plas m a  c e l l s , the 

l ymph o i d  n o du l es each ac t as in dividual f ol l ic les . 

Schof ield an d  Cah i l l  ( 1 9 6 9 ) have des cr ibe d l �1pho i d  

e l em en ts within the g as t r o in t es t in al t r ac t  o f  the 

echidn a .  

The c el lu l ar r es pons es in echi dna lymph o i d  nodu l es 

was s tudie d  by Diener e t  al . ( 1 96 7 a ) followin g  t he 

in j e c t ion of is otope- labe l l ed f lag e l l ar an t igen of 

� . adel aide . Ac t ive germ in al cen tr e s  were s een within 

n o du l es wi thin thr e e  hour s of ant igen in j ec t ion . A 



s ign ifican t  upt ak e  of an t igen was als o s een in the 

appen dix , Pey er 1 s pat ches an d Has s al l 1 s corpus c l es 

of the thymus . 
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Two types of an t ib odies wer e pro duced b y  the echidn a  

( Dien e r  e t  al . ,  1 96 7 b ) .  The in i t ial res pons e was ch ar ac­

t er ize d  by 2 - ME- s ens i t ive an t i b o dy whi l e  2 - ME- r es is t an t  

an t ib ody \Vas domin an t l a t e  in the pr im ar y  r es pons e :  

t hes e appear e d  an al og ous to the IgM an d lgG of eu ther i ­

ans . Al t hough a s econ dary r es pons e cou l d  b e  demons t r a­

t e d  i t  w as of a mu ch s mal ler m 2 g n i t ude than that  of 

pl acen t al m �m al s . 

Atwe l l  et al . ( 1 97 3 ) de t ermin e d  that the IgM of 

the echidn a has a pen t a.me r ic s t :r. uc t ur e an d a mo l ��cu l ar 

we ight of 95 0 , 000 ! 57 , 000 dal t. ons , w h i l e  the IgG has 

a molec1...� J a r  we igh t of 1 50 , 000 _:: 9 , 000 dal t ons . Ev i den ce 

has b een provided to s h ow homo log y  b e tween t he q a..11m a  
ch ains of t h e  ech i dn a  an d e u t her i an s  b y  par t ia l  amino 

ac id s equence s t udies ( A twe l l  an d Mar chalon is , 1 977 ) 

an d by t he ir ab i l i t y  to b in d  to S t aphv lococcus aur eus 

pr o t e in A ( Mar chal on is e t  al . ,  1 97 8 ) .  

b .  M e t a ther i a  

Nor t h  Amer ican opos s ums ( Di de lph is v irgin i an a )  

ar e born af t e r  a g es t at ion per i o d  of 12 . 5  days at which 

t ime they h ave n e i t her circu l a t in g  l ymphocy tes n or 

o r g an is e d  l ympho i d  t is s ues . A lymph o i d  s ys tem s im i l ar 

t o  t h at of euther ian mammals ( Rowl an ds , 1 976 ) dev e l ops 

s oon aft e r  b i r t h  ( Bl ock , 1 96 4 ) .  

A s ing l e  t hor ac ic thymus is pr es en t  ( Johns tone , 

1 8 98 ; Yadav , 1 97 3a ) and is t h e  f ir s t org an  t o  con t ain 

l ymphocy t es wh i ch ar e s e en on the s econd day in t he 

pouch .  The cor t ex of the adu l t  thymus shows c l os e l y  

pack e d  smal l an d me dium l ymphoc y t es whi l e  t h e  medu l l a  
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cons is ts  of a m ixture of epithel ial c e l ls an d lympho­

cyt es . The l ymph nodes res emb l e  t hos e of eut her ian 

mammals havi.ng abun dan t lymphocy tes an d germinal cen tres 

in the cor tex an d plasma c e l l s  an d s in us oids in t he 

medu l l a  ( Rowl an ds , 1 976 ) .  Lymphocytes may be foun d in 

a c er vical n o de on the third day and ar e regular ly 

foun d in  o ther l ymph nodes by  the s ixth day ( Z immermann , 

1 940 ; Rowl c...nds e t  al . ,  1 96 4 ) . The s pl een is t r iangul ar 

or t r ir a diat e  in form , the in tern al s truct u r e  b e ing 

typical l y  mammal i an al t l:ough it l dcks el l ips o i ds an d 

s in us o i ds ( Per r or r , 1 96 6 ) .  Splen i c  l ympho cy t es appear 

between the s even t een th an d twen t ie t h  pouch days wh i l e  

plasmc c e l ls an d s ec on da r y  n o du l es ar e s e en ar oun d day 

60 : t ons ils and Peyer ' s  patches app e ar lat er . 

Newborn opos s ums l a ck s erum immun og l obul ins . How­

ever , 1 2  hr af ter a t t achmen t to the maternal t e a t  b o t h  

IgG- an d  IgA- l ike pr o t e ins , appar en t l y  der ived fr om the 

dam , appear in the c ircula t i on ( Hin rles an d l\1iz el l , 1 976 ) .  

Whi l e  IgM has been foun d in s ome an �nals af t er 1 4  days , 

many an im als of this ag e l ack this immunog l obu l in . 

No meas ur able  an t ibody produc t ion was obs erved 

when embr yos young er than e ight days were immun ized 

with 2_ . typhos a f l ag e l l ar an t ig en ( Rowl an ds et  al . ,  1 97 4 ) . 

There was regul ar pr o duct ion of an t ibody af t er e ight 

days an d aft er 20  days the l evel of s erum an t i b o dies 

incr e as ed .  

Rowl ands and Du dl ey ( 1 96 9 ) inves t ig at e d  the immune 

r es pons e of opos s um embryos t o  b ac ter iophage f2 an d to 

BS A  coup l e d  with DNP .  Embryos ag ed f ive days or more 

at the t ime of immun izat i on s howed an immun e r es pons e 

t o  b ac t er iophage f2 whi l e  embryos 1 5  days or o l der 

res pon ded t o  t he hap t en . IgM an t ibodies wer e mos t pro­

min en t in the res pons e s  but IgG an t ibodi es cou l d  als o 

b e  det ec t e d .  
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Rowl ands e t  al . ( 1 9 72 ) obs erve d that th er e was a 

not ab l e  increas e in the an t ibody act ivity of s erum 

ob t a in e d  from opos s um embryos which wer e  mor e  than 40 

days o l d when immun ized with bacte r iophage f2  compare d  

with the r es pons e of youn ger an imals . They s ug g es t e d  

that impr oved r ecogn it ion of ant i g en , increas e d  numbers 

o£ an t i g en- res pons ive lympho id c e l ls  or devel opmen t of 

new c l as s es of immunog lobul ins cou l d  b e  th e r e as on for 

this in cr eas e d  r es pons ivenes s . An t ib o dies wer e de tect e d  

in s er wn s even days af ter immun izat ion an d peak an t i­

body r es pons es wer e r each e d  1 4  days or mor e af t er immu­

n iz at ion ; a s econ d  in j e c t ion of an t ig en in cr coas ed the 

level of ant ib o dies on ly s l ightly . The ear l ies t an t i­

bodies de t e c t e d  by s ucros e dens ity g r adien t an alys es 

wer e  1 3S "embry on ic "  an t ibodies wh ich dis appeared when 

IgM an t ibodies wer e  produced . IgG an t ibodies wer e n ever 

pxom in en t an d wer e  l as t to appear in meas ur abl e a.moun t s . 

The au thors s ug g es ted that t he capac ity for immunolog i­

cal memory is not wel l  es t abl is he d  at  this ag e . 

S ever al ant ig ens have b ? �n us ed t o  s tudy the 

immune r es pons e of adul t Nor t h  Amer ic an opos s ums . Thes e 

inc lude par t iculate an t ig ens s uch as bacter i a  ( Tay l or 

ru1 d Burr el l , 1 968 ) ,  b ac t er iophag e ( Rowl an ds and Du dl ey , 

1 96 9 ; Rowl ands , 1 970 ; Row l an ds e t  al . , 1 97 2 ) and S RBC 

( Marx e t  al . ,  1 9 7 1 ) an d s ol ub l e  an t i g ens s uch as BSA , 

ova l bumin an d KLH both with an d wi thout hap t en conju­

g at ion ( Rowl ands an d Dudley , 1 96 9 ; Taylor an d Burr e l l , 

1 96 8 ; Marx e t  al . ,  1 9 7 1 ) .  The l evel of the  immune r es ­

pons es a t t ain e d  appear e d  r e l a t e d  t o  t he type of an t ig en 

us e d .  Thus , b ac t e r ial ant ig en induc ed higher an t ibody 

level s th an did inf l uenza virus which , in turn , was 

mor e  immun og en ic than KLH ; BSA in duced on ly feebl e 

res pons es . 

The r es pons es wer e  s een t o  fol l ow the  e u th er ian 

pat t ern in t hat  a 1 9S ,  2 -ME-s ens i t i ve ant ibody was 
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form e d  f irs t an d was r ep l aced in t ime by a 7S , 2 - ME­

r es is t an t  imnun og l obul in . Genco an d Lieber t ( 1 970 ) 

us ing DNP- BGG as an t ig en i den t if ied 1 9S an d 7 S  an t i ­

bodies an d als o a s ubcl as s  of the s m aller  immunog lobu­

l in .  Thes e aut hors als o s howed that the hexos e con t en ts 

of t h e  1 9S an d 7S immun og l obul ins wer e compar abl e  t o  

th os e o f  h i g her ver t ebr ates . They fur ther de t e c t e d  

"g amma G "  cm d  "g amma 1 "  i:nm.unog l obul ins in n ormal opo­

s s um m ilk an d in t he s al in e  ext r acts  of opos s um in t es ­

t in es . B e l l  ( 1 977 ) demons t r at e d  the pres ence of IgG
2 

in 

the S ETU..<"ll of _Q . v i rgin ian a . 

In con t r as t to IgG f r om 62 o ther mammal ian s pecles , 
on l y  opos s um IgG s howe d an apparent in ab i l i ty of i ts 

Fe r eg i on to  r eact w i th S t aphyl ococcal pr ote in A in g e l  

diffus ion ( Kronval l e t  _?.1 .  ) 1 970a ) .  

Hin d8s an d !VI iz e l l  ( 1 976 ) noted an immun og 1obul in 

in the s erum an d m i lk of D . v irgin iana. , whi ch , in i t s  

elec t r ophor e t ic mob i l i t y  i n  a polyacr y l amide g e l , r es em­

b l e d  euther i an IgA . 

Lim i t e d  s tudies of c e l l  m e diated immun i ty h ave 

been made in Didelphis . Tay l or and Bur r e l l  ( 1 968 ) s howed 

t ha t  skin r e act ions as s ociat e d  with e i ther tuber cul in 

s en s i t i v i t y , eA�er imen t al alle£gic enc ephal omye l i t is or 

con t ac t  s ens it ivi ty to d in i trochlorobenzen e  wer e m in imal 

compar e d  t o  the res pon s e s  g iv en by conven t i onal l abora­

tory an imals . The pas s ive t r ans fer of del ay e d  hypers en ­

s it iv i ty was achieved w i t h  per i t on eal exuda t e  c e l l s  

( Taylor , 1 96 8 ) .  

Adu l t  Didelph is s how f irs t an d s econ d  s et r e j e c t ion 

phenomen a t o  skin al l og r af ts . The reject ion of pr ��ary 

g r af t s  occur r e d  at about 1 4  days , whi l e  s ec on d  s e t s k in 

g r af t  r e j e c t i on was acce l er a t e d  an d occurr e d  at abou t 

6 days , the compet ence t o  r e j e c t  s k in al l og r af ts deve -



loping l ater t h an t he capac ity t o  produce an t ibody 

( La Pl an t e  � al . ,  1 96 9 ) .  A t t emp ts t o  s how MLR in 

Didelph is have been uns u c ces s f ul ( Fox et  a� . , 1 97 6 ; 

Rowl an ds , 1 97 6 ) .  

In t he abs ence of e u t h e r ian pr edat ors , Aus t r a-
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l ian mars up ials e v o l v e d  ii.1 t o  a v d de :range of forms 

occupying va.s t l y diff e r en t  eco l og ical n iches . The f am ily 

Mac ropodi dae embr aces 56 s pec ies an d in cludes th e k an ­

g ar oos , wal l ab ies , quol--'-.k as an d t amma:ts ( Ki r s c h  an d Ca l aby , 

1 9 7 7 ) .  

The quokk C\ ,  S e t on i x  b r achyu r u�-
' in common with all 

mars up i als o:f the f am i l y  Phalanger idae , h a s  two thymus 

g l an ds , a s ub c u t an e o us c e r v ical t h ymus an d a me dias t i ­

n a l  o r  t h o1: ac i. c  thymus ( Ya d.av , 1 9 7 3 a ) . Small l ympho c y t es 

appear in t he c Gr v ic a l  thym.us t h r e e  days af t e r  b ir t h  

an d in the t h or a c ic thyn1us :f ive days af ter b ir th ( Yadav 

an d Papadimi tr i c u , 1 96 9 ) . 

Thymec t omy of � - b r a c hyurus
_ 

young er than 2 0  days 

of ag e does n o t  res u l t in th e  typical was t ing s yn dr ome: 

s een in t hyme c t om is e d  euther i an ID2JT1mals ( Keas t , 1 9 6 8 ) 

al t hou gh th e l if e  s pans of thes e an im als ar e m arkedly 

r e duced ( As hman et  a l . ,  1 9 7 3 ) an d a s ever e lymphopen i a  

deve l ops ( Yadav e t  a l . ,  1 9 72 ) .  Th e  s pl een an d par a- cor t i­

c a l  areas o£ the lymph n o des ar e depl e t e d  in t hymec t omi­

s ed an imals ( As hraan an d Pap adimi tr iou , 1 9 7 5 ) whi l e  an t i ­

b o dy product i on to S RBC c ann o t  b e  demons t r at e d  dur ing 

pouch l if e  ( S t anley et al . ,  1 9 72 ) .  Neon at al thymec t omy 

al s o del ays s k in gr aft r e j ect ion in pouch y oung ( Yadav 

e t  al . ,  1 97 4 ) an d caus es a depr es s ion of l eucocy t e  

r es pons es t o  PHA an d C on . A  ( As hman e t  al . ,  1 9 7 7 ) .  

As hman e t  al . ( 1 9 72 ) s howed that quokka l eucocy t e  

cul tu r es have a dos e r es pons e curve t o  PHA s im i l ar t o  

t ho s e of man an d m ice ( F es tens t e in , 1 96 8 ; F i t z g er al d ,  
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1 '97 1 ) .  The dos e r es pons e curves o£ the quokka an d t he 

t ammar , Macr opus eugen i i , t o  Con . A  ( As hm an e t  al . ,  

1 9>76 ) wen, s im ilar t o  thos e r ecor de d  f"or hams t er lym­

phlocy t es ( S ingh an d Teve t h i a , 1 972 ) ,  wh ile the r es pons e 

t o  PWM res embl e d  that obt ain e d  £or mous e lymphocytes 

( .. Jfan os s y  an d G r e aves , 1 97 1 ) .  

The immune r es pons es o£ t h e  quok.lc:. a to S RBC ( S t an -

l ey e t  al . ,  1 96 6 ; Yadav , 1 973b ) , bac t er iophage 0X l 7 4  

( Yadav , 1 97 1 ; S t an l ey e t  .91:_. , 1 972 ; Yad.�v , 1 97 3b ) ,  

� . �del aide f l ageJ. l a ( Thomas e t  a1 . ;  1 972 ; Yadav , 1 9 7 3b ) 

an d BSA an d DNP- BSA ( Thomas e t  al . ,  1 972 ; Turn e r  e t  a l . ,  

1 972 ) have been s tudied . 1\�·o c l as s es o£ an t i b o dies 
an al ogous to eutherian IgM an d IgG ar e g en er a} J. y pr oduc e d . 

Tl·1e r P.s pons e t o  bac t er iopha g e 0Xl 7 4  aJ s o  in duced an ::>.n t i ­

b()dy with a m o l ecular weigh t  o:f 8 0 , 000 dal t ons ; this l ov.r 

m •olecular \Ve ight immun og lobu l in was n o t  a break down 

product of t h e  IgM or IgG c l as s es ( Thoiflas e t  al . ,  1 972 ) .  

A h igh an t ibody t i tre an d a dis t in c t  anamnes t ic 

n2s pon..; e was e l ic i t e d  by bac t er iophag e 0X1 7 4  an d � ·  ade­

L a.ide £ l ag e l l a ,  but n c> t  with S RBC ( Ya.dav , 1 973b ) . The 

t � ��s i t i on from 1 9S t o  7S occur r e d  r apidly in t he 

s �t�condar y  res pons e w ith the phag e an d t he f l ag e l lar 

�:n t igens but with S RBC a l ar g e  pr opor t i on o£ th e an t i ­

btOdy in b o t h  the  pr imar y an d s econ dary respons es was 

in the  1 9S f r ac t ion . 

As in Nor t h  Amer ican opos s ums ( RovJl an ds an d Dudl e y , 

1:. 96 8 ; Rowl an ds , 1 970 ) and euthe r ians  ( Adl er , 1 956 ; 

Munoz , 1 96 7 ; Wagner an d Fr e eman , 1 97 0 ) ,  the IgG an t i ­

bodies o£ quokkas ( an d  a l s o t ammars ill1 0  r . vulpecula ) 

�r e foun d t o  b e  on ly p ar t ially r es is tan t  to  2 -ME r e duc­

"t: ion while a por t ion of the IgM an t ibodies wer e  r es is ­

�an t to  2 - ME r e duct ion ( Yadav , 1 973b ) .  



48 

Thr e e  c l as s es of immunog l obul ins have been des ­

c r ibed f r om � . br achyurus . Thes e inc lude IgM ( Be l l  e t  a� . � 

1 974a ) an d IgG immunog lobu l in s , the l at t er exis t in g  as 

two s ub c l as s es , IgG
1 

an d IgG2 ( Bell e t  al . ,  1 974c1 ;  

Lynch et  a l . , 1 97 5 ) . The IgG s ubclas s es of the quokka 

ar e compar ab l e  to euther i an IgG1 an d IgG2 s ub c l us s e s 

in t he i r  el ectrophor et ic mob i l i t ies , c arbohydr a t e  con­

tent an d ext inc t ion c oeff i c i en ts : they have an U g cn i­

cally dis t in c t  heavy chains an d diff er i n  the ir m o l ccu -· 
lar wei gh ts ( IgG

1
, 1 7 8 , 000 dal t ons ; IgG2 , 1 36 , 00Q dal ­

tons ) ( Lyn c h  et a� . , 1 97 5 )  . Bell  et _?tl . ( 1 97 4 a ) ! �  . • "�s c:::- �_t:;. - � ; 

two s ubc l as s e� of IgG
2

, n am e l y :. IgG2 a 
an d IgG2 b

. 

The IgG 1 is otype s hows bo-:h p as s ive haema'=' (J J. u t i- ·  
n a.t ing an d homocytot r op i c an t ib od;.r act ivit ies ( Lvnch art '-, 

Turner , 1 97 4b ) .  Lyn c h an d Tu rner ( 1 97 4  ) fu r t h '2l' �, l1 mv e d  
that this homocy t o tr opic an t ib o dy was c=m t i'j en i c d l :l y  
related t o  hw�an IgE .  

The IgG2 of the quokka h as a coun tc;.�r par t in .Q .  v i r ­
gin ian a  ( Be l l , 1 977 ) an d  i t  has b een s <; gg es t e d th c=d. 
thes e immunog l obul in s  may be des c en den ts of the IgG 

pres en t when the Amer ican and Aus tr al ian mars up L�ls 

diver g e d .  

Bel l  e t  al . ( 1 974b ) iden t J.f ied an :immunog l o bu l in 

in quokka milk . wh ich , in i ts b iolog ical and phys ico­

chemical f eatur es , r es embl e d  euther ian IgA . In milk th e 

mol ecu l ar we igh t of this molecu l e  was in exces s of 

200 , 000 dal tons ; in s er um two forms were s een ,  on e wi th 

a mol e c u l ar we ight of 1 50 , 000 dal t ons , the other with 

a molecu l ar we ight excee ding 200 , 000 dal tons . TI1 is 

( s ecre t or y ) IgA was als o is o l at e d  from ur in e  an d gut 

con ten ts . 

Nurs ing S e t on ix immuniz e d  w i th e i ther S . ade l aide 

flag e l l a , phag e 0X1 74 or  S RBC t r ansmitted an t ib odies t o  

their young b y  way of m i lk ( Yadav , 1 971 ) .  An t ibody 
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ac t ivity i n  t h e  milk an d in the s er um of t h e  young 

an ima l  was as s ociat e d  w i th a 7S mol ecul e .  The capac i t y  

t o  abs orb ar1 t ibody t hr ough t h e  in tes t ine was l os t a t  

an age between 1 70 an d 2 00 days . 

Th e abi l it y of quokkas t o  moun t  c e l l mediat e d  

immune r e ac t ions has been s tu died us in g skin s ens i t i ­

z in g  ch em icals an d s k in al l og r  a:fts . Turner e t  a l  . .  ( 1 972 ) 

demons t r ated del ayed hyp ers ens it ivi ty devel opmen t in 

an imal s sk i n - pain t ed wit h  2 ,  4- d in i t r o:f luorobenzene . 

F irs t s e t s k in al lograf ts s urvived for 8 t o  1 4  days on 

adul t an ime'l.ls . the s u rv ival t ime on an imals age d  5 0  

days to one year was 1 4  to 2 1  dc::.ys ( Yadav et al_ . , 1 9 74 ) . 

Juven i l e  an if.1CJ. ls ; e i t her cervic all y or t ot al l y  thymec­

toTI'.is ed n eon .:"l t al l y , r e j ec t ed a l l og r af t s  a s  r apidly as 

did con t J: o l  an i m als . An exp l an at ion pu t forwar d f or the 

f ailure of n e on at al t hym e c t omy to in duce ilnmun ol og i c a l  

defe c ts , in con t r as t t c  that o0s erved in mur in e  exper i ­
men t al s y s t ems ( Mi l l er an d Os oba , 1 96 7 ) ,  was tha t j n  

t he abs enc e  of the thymus , other lymphoid t is s ues may 

r eplace i ts funct ion or th at a milk- borne s ubs t ance 

m ight main t ain the deve lopn1en t of lymphoid t is s ue 

( Yadav e t  al . ,  1 97 4 ) .  

Lit t l e  informat i on is avai l able on the immune 

capabil it i es of t he Aus tr al ian brus h- t ail ed opos s um ,  

Tr ichos urus vulpecul a .  Tr ichos urus belongs t o  the family 

Phal anger idae ( S t onehous e an d Gilmor e , 1 977 ) and is 

phyl og en et ically more advanced th an the Nor t h  Amer ican 

opos s um ( Young , 1 962 ; Walker , 1 96 4 ) .  

In c on t r as t t o  Didelphis , Tr ichos urus has both a 

t hor ac ic thymus , with two or four l obes and a pair of 

s uper f ic ial cervical thymus l obes ( Johns t one , 1 8 98 ; 

Yadav , 1 973a ) .  In addit ion , i t  has l ymph nodes , s pleen 

an d g as tr o in t es t in a l  lymphoid t is s ues ( Rowlan ds , 1 9 76 ) ;  
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his t o l og ically the lymphoid t is sues of Aus t r a l i an mars u­

p ials r e s embl es t hos e of Nor t h  Amer ican s pecies ( Yadav , 

1 97 3b ) .  

The inunun e  r es pons es of _! . vulpecu l a  t o  S RBC , � . ade­

l a i de f lagel l a  an d bac t er i ophag e 0X1 7 4  hd. s b e en s t u­
die d  ( Yadav , 1 973b ) . All t hr e e  an t ig en s  in duce d  the 

produ c t ion of IgM an d IgG an t i b o di es . An addi t i on al l on 

m o l e c u l ar w e i g h t  an t i b o dy of 80 , 000 dal t ons was s e en 
in the an im a l s  immun i z e d  w i t h  b a c t e r ioph a g e  0X1 7 4 . 
The s ens i t i  v i  t i es of t h e I g M  an d IgG <m t ib o d i es to 2-ME 
w e r e  var i a b l e ,  a diff e r en t  deg r e e  of l ab i l i t y b e �ng 
r ep o r t e d for each of t he an t i gen s . SP-run� t i t r es to al l 

t h e  an t i g ens us e d  we r e  higher in Tr ichos_�t_::� t h an in 
e i  the:c quokkas or t aiT'..m a�·s . 

Th e t r ans m is s ion of an t i b o dies acr os s th e g u t  of 

s uck l ing opos s ums has b e en s tu di ed by i n t:r oduc ing by 

g avag e  an t is era to S RBC , b a c t e r iophag e 0X 1 7 4  or � . a d e ­

l aide flag e l l a  ( Yadav , 1 9 7 1 ) .  A marked var ia t i on w as 

s een in the ag es at which young opos s u.ms l os t t h e i r  

ab i l i ty t o  abs orb s uch t r an s f e r r e d  a.11 t i body : a r an g e of 

ag es f r om 98 to 1 4 5  days was r ecor ded , a per i o d of 
deve lopmen t c o inc i d in g w i t h  the t ime the y oun g l e ave the 

pouch . 

Informat ion on the s t r uc t u r e  of Tr icho s u r us lffimu­

n og l obul ins is l im it e d .  In a compar at ive s tu dy ,  A tw e l l 

an d  Marchalon is ( 1 975 ) s howe d  that in terms of t h e ir 

mol ecular weights , the g amma chains o£ _! . vulpec ul a 
wer e  s im i l ar t o  t hos e of othe r  mammal s . 

1 .  8 Con c l us ion 

The poten t ial £or the developmen t of a s pe c if ic 

immune de£ens e s ys t em is evident in the mos t pr imi t ive 

l iv ing ver t ebrates . The full exploitat ion of this pot en ­

t ial , as s een perhaps in man , has been depen den t on the 
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par al l el  evolu t ion o f  a s ophis t ic a t e d  lympho id s ys tem 

which , in turn , has been s uppor ted by a number of 

a�ces s ory effec t or c e l ls . 

Whi l e  the bur geon ing of immune compe tence is s een 

mos t
' 

dramat ical ly in the phylog en e t i c  expans ion of 
immunog l obul in c l as s es an d s ubcl as s es , it  is als o appa ­

r en t  i n  the devel opmen t o f  ce l l  mediated mechan isms . 

Cel lu l ar mechan is ms , in the t ot al abs en ce of s olubl e 

eff e c t or. mol ecu l es , ar e probably t he mos t anc ien t of 

al l body def ens es . Such mechctn isms s how t hr ou g h  . .  ::m t  

ver t e br ate  evo l u t ion a p r ogres s ion f r om th e 1 ! s e l £ -- n on 
s el f 1 1  recogn it ion of as c idians t o  the compl ex s u r v e i ­
l l an ce an d his t ocompat i b i l i ty s ys t ems of high�r s pec i es . 

The out l in e  of th e phyJ. og eny of v e r t e b r a t e  immun i t y  

pr es en ted her e has a t t emptcd t o  c ,::�.p t u x: e s ome o :f  t b e  
high l � .gh ts of th is  evolu t i onar y s equen c e . 
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ISOLATION AND PART IAL CHARACTER IZATION OF 

Il\1l\1UNCG LOBUL INS 

2 . 1  In t r o duct ion 

52 

! ·  vulpecu l a  r es pon ds t o  immun izat ion v d  th SRBC o r  

� . adel aide £ l age l l a  by pr o duc ing an t ibod ies ana l ogous t o  

eutherian I g M  an d IgG ; w:h en bac t e r ioph ag e 0X1 74 is us ed 

as an t igen an addit ion al low mol ecul ar we ight a!' t ib o dy 

is produce d  ( Yadav , 1 97 3 b ) .  

This chap t er des er ibes the is o l at i on of IgG , IgM 

and s e c r E.' t or y  I gA f r om r1on - im.mun iz e d  opos s wns an d pre­

s en ts , £ or the f ir s t t ime , s ome phys ical p c ope r t ies o£ 

t hes e immunog l obul ins . 

2 . 2 Mat er ials  an d Me thods 

a .  An imals 

Opos s ums wer e t r app e d  f r om the wil d .  The y were 

hous e d  in dividual ly in wir e -mes h c ages an d f e d  a die t o£ 

s oake d  s ee d  peas , s uppl emen t e d  w i th £rui t an d veg e t ab l es 

an d wat e r  ad l ib i tum . A du l t  opos s um s  with a mean b o dy 

we ight of 2 . 45 kg wer e us e d  in the eA�er im ents . 

b .  Col l e c t i on of blood an d in t es t i n al f l u i d  

B l o o d  was c o l l ec t ed f r om an aes thet is ed an ima ls . The 

an ima l  t o  be an aes the t is e d  was plac e d  in a s t a in l es s  

s teel con ta in er f it ted with a c l ear Perspex l i d .  The 

c on t ainer was g as s ed wi t h  a m ixtur e  of halothane ( Fl uo-
* 

thane , I C I ) and oxygen . When t he opos sum became r ecum-

ben t i t  was remove d from the c on t ainer an d t he an aes t he ­

s ia was main t ained us ing a n os e con e . 

* A  l is t  o£ s upp l iers is g iven in Appen dix I .  
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Blood was co l l e c t e d  by c ar diac pun c t ur e  in t o  

Vacu t ainers  ( Bect on - Dickin s on ) and al l owed t o  c l o t  at 

r oom t emper at u r e  for 1 h.r before b e in g  he l d  overn igh t  

a t  4°C t c  a l l o·w r e t r a c t ion of th e c l o t . Th e s erum was 

then c o l l e c t e d  and cen t r ifug e d  at 7 5 0  g f or 15 m in an d 

s t or e d  a t  - 2 0
°

C .  Serum p o o l s  wer e es t ab l is he d ,  each 

p o o l  con t aine d  e qu a l  vo l ��es of at l e as t 5 s e r a . 

In tes t inal f l u i ds w E: .r e  c o l l ec t e d  f r om an im als that 

had been s t ar ved for 24 hr , an aes the t is ed an d k i l l e d by 

exs an g uiD at ion . The s mal l in t es t i�1 e was div i de d  in to hvo 

or t h r e e  s egmen ts e ach o:f ·wh ich was f l us he d  w·i t h  cold  

Tr is - HCl -NaCl b u f f e r , pH 3 . 0 ,  O . l M ( App en dix I I ) .  T}le 

was h ings were pool ed , c en t r ifug e d , c on c en t r a t e d  by dia­
l ys is ag a ins t po l y e th y l en e  g l y c o l  ( PEG , mol ecul ar w e i g h t , 
2 0 , 000 dal tons , B ak e r ) an d s t or e d  a t  - 2 0

°
C .  

c .  Is ol at ion of IqG 

i )  R ivanol pr e c ip i t at ion t echn iques 

T1-vo methods , bas ed on the pr e c ip i t at ion of hum an 

s erum pr o t e ins by R iv an o l  ( 2 , e thoxy- 6 , 9  ( 7 , 1 0 )  diam in o  

acr idin e  l ac t at e , Calbiochem ) ,  we r e  us e d  t o  is ol ate IgG 
f r om opos s um s e r um .  

As des cr ibe d by Rejnek e t  al . ( 1 973 ) ,  f ou r  vo lum es 

of 0 . 4  per cen t R ivanol in water wer e mixed v.; i th one 

vol ume of pool ed s er a . The pH of t h e  m ixt ur e was adjus t e d  

t o  be tween 7 . 6 an d 7 . 8 w i t h  lN HCl and the pr e c ip i tate  

that f ormed was r emoved by  centr ifug at ion . The s uperna­

t an t  f l u i d  was f r e e d  of R ivan o l  by p as s ag e  thr ough a 

Sephadex G-25 ( Pharmacia ) column ( 1 5cm x 2 cm ) . S odium 

s ulphat e was then added t o  a f in al c oncen t r at ion of 20  

per cen t . The r es u l t ing prec ipitate was  depos i t e d  by 

cen t r ifugat ion , d is s olved in a min ima l  amoun t of phos pha t e  

buffer , pH 8 . 0 ,  0 . 03M (Appen dix I I )  an d dialys e d  over -
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n igh t ag a in s t th is bu££er . Al iquots wer e  then chrom ato­

g r aphe d  on a diethy l arn inoethyl ( DEAE ) - ce l lulos e ( DE- 52 , 

Whatman ) column ( 1 5cm x 2 cm ) equi l ibr ated with the 

phos phat e bu££er . A s tep-wis e e lut ion us in g pH 8 . 0 

phos pha t e  buffers o£ 0 . 03 ,  0 . 04 ,  0 . 05 an d O . H1 was us e d  

a t  a £ l ow r at e  o £  app r ox j m a t e l y  40 m l  per hour . S even 

to 1 0  m l  fr act ions wer e  col l e c t e d ,  the op t ical dens i t ies 

of each b e ing m on i t o r e d  at 2 8 0  nm . Th e fract ions wer e 

poo l e d  ar oun d o bvi ous pro te in peaks , con cen t r a t e d  by 

dialys i_s c-\g a ins t PEG c.n d s to:r e d  at - 2 0°C .  The pool e d  

f r ac t ions w e r e  an alys e d  b y  irnmun o e l e c t r oph o r es i s  ( IEP ) 
us ing r abb i t  an t is er a ag ains t opos s um s e rum ( s ee below ) . 

In th e al tern at ive t echn ique ( Hc i de an d S chvv i ck , 

1 978 ) J O  m l  o£ pool e d  s er a  we r e  di l u t e d wi th 6 . 9  m l  of 

dis t i l l e d v..ra t e r  an d m ixe d wi t b  6 .  5 rnl o£ 3 per c e n t  

R i v an o l  in wat er , t h e  p H  b e i n g adj us t <:: d t o  7 .  5 w.i th lN 

HCl . Th e prcc ipi t at e  th � t  formed was r em o v e d  b y  c en t r i ­

fug a t i on an d t h e  Rivan o l  r emoved f r om t h e  s upe1:n a t an t  b y  

pr e c ipi t a t i on w i th s odium c h l or i de added t o  g iv e  a f in al 

concen t r a t i on of 5 per cen t � Fol lowing c en t r ifug a t i on the 

IgG in th e s upern at an t  v,ras precipitated with 50  pe..c c en �  

s atur a t e d  ammon ium s u l pha t e . This pr ecipitat e  was depos i ­

ted b y  c en t r if ug at-i on , dis s o l ve d  in dis t i l l e d  wat e r  an d 

the ammon i um s u lpha t e  prec ip i t at ion repeat e d . The s econ d  

precip i tat e was dis s olved i n  2 m l  o f  dis t i l l e d  water an d 

dialys e d ,  firs t ly ag ains t 0 . 1 5.tv1 s odium ch l or i de overn ight 

and s ec on dl y , ag ains t 0 . 03M phos ph ate buffer , p H  8 . 0  

overn ig h t . This mater ial was chr omatog r aphe d on DEAE­

cel l u l os e us ing phos pha t e  buffers of 0 . 03M an d O . OSM , 
each of p H  8 . 0 £or e l u t ion . The fract ions wer e  c o l l ec t ed 

and an a l ys e d  by IEP . 

i i ) Pr o t e in A-S ephar os e C L- 4B fract ionat ion 

The m e t hod us e d  was that des cr ibed by Ey et al . 

( 1 97 8 ) .  1 . 5  mg of Pro t e in A-Sephar os e CL- 4B ( Pr otein A­

S epharos e ,  Pharmac ia ) were r ehydr ated in dis t i l l ed water . 
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The s wo l l en gel was then equ i l ibrated with PBS , pH 7 . 2 ,  

0 . Ol M ,  in a. 1 0  m l  s yr in g e  b ar rel . Five ml amoun ts of 

poo l e d  s era wer e always us e d .  Fol lowb1g the elut ion of 

unboun d pro t e ins with phos pha t e buff er , pH 8 . 0 ,  0 . 1 5M ,  

a s tep-wi s e e l u t ion was car r ied out us ing O . l M s odium 

c i t r a t e - c itr ic ac id buffers with pH values of 6 . 0 an d  

3 . 5  ( Appen dix I I ) .  The fr ac t ions we:;r c col lec t E: d an d ana­

lys ed by IEP as pr evious ly des cr ib ed . 

d .  An alys is of I9.G i s o l a t es £ or s ub c J as s es 

Res ults wi l l  be pr es e:;n t e d whi c h  s how t h a t  two f orms 

of IgG wer e  is o l at e:; d f r om opos s um s e r um .  Th es e fo:::ms , 

des ig n a t e d  IgG . SA an d  IgG . L4 , were r e cogn is ed by di ffe r ­

en c es i n  t he i r  el u t ion ch ar ac t e r i s t i c s  fr om b o t h  DEAE­

c e l l u l os e an d Pr o t e in A - S e ph ar os e col umns , an d c o� s e ­

quen t ly , in th e i r  e l ec t r opho r e t i c m o b i J i  t ies . Thes e t \'vo 

IgGs v.·er e  e xam in e d for an t igen ic di"f£ er cm c es . An an t i­

s er um t o  each was pr epar e d  in r abb i t s ( as des c r ibe d 
b e l ow ) an d c r os s - abs or b e d with the he ter olog ous I0G 

type . "i'he abs or b e d  an t is er a  wer e  then us e d  i n  ag ar 

di£fus ion ag ains t the two is ol at es . Th e s ou r c es of the 

two IgGs exam ined ar e det a i l e d  below as ar e t h e� me thods 
of an t is era abs orpt ion an d an alys is .  

e .  Is o l at ion of IgM 

F ive , 5 ml amoun ts of poo l e d  s er a  wer e f r ac t i ona ted 

on 90cm x Scm columns of S epha dex G-200 us ing Tr is - HCl ­

NaCl buffer , pH 8 . 0 ,  O . l M , for elut ion . The opt ica l 

den s i t ies of the fract ions wer e  mon it ored at 2 8 0  nm . 

The l eading hal ves of the f irs t peaks wer e  pool e d ,  con ­

cen t r a ted b y  dialys is ag ains t PEG an d dialys ed overnight 

aga ins t ver onal buff er , pH 8 . 6 ,  O . OSM (Appen dix I I ) . 

This mater ial was t hen s ub j e c t e d  to  s t arch b l ock e l ectro­

phores is ( Os ter l an d ,  1 96 8 ) .  In  this  t echn ique 300 gm of 
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s tarch (S igma ) that had been was he d w i t h  dis t i l l e d  

wat er wer e equ il ibr ated with bar bi t al buff er , p H  8 . 6 ,  

0 .  05M , an d poured in to  a 40cm x 1 5cm x 0 .  Scm Pers pex 

m ould .  The ends of t he moul d wer e  cl o s e d  with l ayers o£ 

£ i l  ter p aper s t r ips which als o s erved t o  remove exces s 

f luid f r om the s t ar ch block . The mou l d  was covered with 

polye thy l ene f ilm to con t r o l  drying an d equ i l ibr ated at 

4°
C overn ight . 

Four t o  6 m l  amoun ts of the Sephadex G - 2 00- der ived 

m ater ial were appl ied to a trough in the block , the 

tr oug h b e ing cut 1 0 cm in from the cathodal en d .  Bromo­

phen o l  blue was us ed as the tr ackin g dye . The inn er 

e l ec t r o de ves s els con t ain ed phos phate buffer , pH 7 .  5 ,  

0 . 2M ,  the outer ves s e ls con t ain ed 0 . 05M bar b i t a l  buff e r , 

pH 8 . 6 .  El ec t r ophores is was performe d a t  300 vol ts £or 

40 hr at 4°
C .  

Af t er electr ophores is , 1 cm s t r ips of s t arch were 

cut from the bl ocks an d e ach s t r ip was placed in 4- m l  

of O . l :>M s odium ch l o r i de .  The pr ote in - con t a in ing s uper ­

n at ants  wer e co l l ec t e d  fol l ow ing cen t r ifug at ion an d th e 

optical dens ity of each meas ur ed a t  2 8 0  nm . 

£ .  Is o l a t i on of s e cre tory IgA ( s igA )  

In t es t inal f luids , col lected from 5 an imals , wer e  

in divi du al ly con c en t r ated by dialys is ag ains t PEG and 

dialys ed overn ight ag ains t Tr is - HC l -NaCl buffer , pH 8 . 0 ,  

O . lM .  Thes e mat er i al s  wer e then chr omat ogr aphe d  on 

S ephadex G-200 . Fol l owin g  concen t r a t ion ag ains t PEG , 

frac t ions con t a in ing s igA were iden t if ied by IEP us ing 

an an t is erum s pec ific for s i gA ( s ee below ) . 

g .  Lyoph i l is at ion o£ irnmun ogl obul ins 

Imrnunog l obul in s  :'in buffer s ol u t ions wer e  dialys e d  

ag ains t 0 . 05M ammon ium b icar bon at e  £or 4 8  hr . On e m l  
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amoun ts of e i th e r  the dialys ed mater ials or the ammon ium 

bicar bonate s o lut ion were pl ace d  in 2 m l  freeze dry ing 

ampoules , frozen at - 8 0
°

C an d f r e eze- d r  .i e d  un der vacuum 

£or 48 hr . 

Th e illll.po u l es we r e  wei gh t (')> d when emp ty an d af t er 

freeze- d"C y in g  �· the differen c e  in we igh t b e ing a meas u r e  

of th e weigh t o f  t h e  iiTliilun og l obu l in . Ly ophil is ed IgG 

( IgG . LA ,  def in e d  be l ow ) was r e c ons t i t u t e d  w i t h  v-r a t e r an d 

th e o p t imal dens i t i es of s ampl es of known pr o t e in c on c en ­
t r a t ion meas ur e d  a t  2 8 0  nm : thes e val ues wer e  us e d  t o  

cons t r uc t a s t an dar d  curve £ r mil v,rh i c h  t h e  con c en t r at ions 

o£ o th e r  I gG s o l u t i on s  c ou l d be ca l c�l a t ed . 

h .  Pr o du c t i on o£ inNtUn<2,2l o bu l :in c l as s  s_pec i f i� ar1 L �s e r a  

An t is e r a t o  IgG an d IgM wer e prepar e d  i n  r n.bb i t s  

by in j ec t in g  5 m g  o f  an t i g 12n s  in t r cu.-nus cu l ar l y on th r e e  
occas ions a t  two week in t erval s . For pr im ar y  in j ec t i ons 

the an t igen , in s al in e , was in c o rpor a t l? d  in Freun d ' s 

comp l ete a dj uvan t  ( Difco ) an d f or s ubs e q u en t in j 12 c t ions 

in Fr eun d ' s incompl e t e  adjuva.i1 J .  ( D i£co ) .  The is o l at ion 

of the IgG an d IgM us e d  for immun i z at ion is des cr i b e d  

above . An t is er a  to  IgG were pr epar e d  ag a ins t : 

IgG . SA :  Th i s  was ob t a in ed by Pr o t e in A- S ephar os e  chr oma­

togr aphy us ing s odium c i tr ate- c itr ic ac id buffer , 

pH 6 . 0 ,  O . l M .  Th is mat er i al is s e en as Frac t ion 

2 in Fig . 2 . 4b .  

IgG . LA :  This was obt ained f o l l owing the Sephadex G - 2 00 

f il t r at ion o£ Fr act ion 3 of Fig . 2 . 4a an d is 

s een in wel l  2 ,  F ig . 2 . 5 .  

Thes e an t is er a  wer e abs o r b e d  with lyoph il is e d  IgM 

an d s lgA- r ic h  frac t ions of  in tes t in al fluid un t il mono­

s pec ific as j udge d  by IEP ag ain s t a r abb i t  ant i - opos s um 

s er um ant is er um .  
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An t is er a  t o  IgM weJ: e  prepar ed us ing as an t ig en 

Fract ion 1 obt ained by s t arch b l ock elect rophores is of 

Sephadex G- 2 00- der ive d mater i al ( Fig . 2  . 8 a ) . An t i- IgM 

an t is era wer e abs orbed with lyoph il is ed IgG an d s IgA ­

r ich frac t ions un t il mon cs pec if ic as j udged by ag ar 

diffus ion an d IEP an alys is  ag ains t a r abbit an t i- opos s um 

s erum reagen t . 

Rabb i t  an t is er a  t o  s IgA were pr ep ar e d  by the m e t h o d  
of Coe ( 1 97 2 b ) .  s lgA i n  c oncen t r at e d  in tes t in al was hings 

was pr ec ip i t nt e d by the a d d i t i on of n on - abs or bed r ab b i t 
an t i - opos s um JgG ( i . e . , an t i - Ig G , -· Fab , -· Fe ) .  Th e preci­

p i t ated m a t 2 r i a l  was ·wa s h e d  thr ee t imes wi th col d PES , 
pH 7 . 2 ,  0 . 01 fvl  ( Appen d ix I I ) , r es us pende d in 0 . 1 51\'1 NaCl 

an d emuls if i e d  w ith equal volurnes o.f Fr eund ' s  adj uva�1 ts 

an d us ed to immun ize r abbits by t he s che du l e  des c r i b e d  
above . The r es u l t in g  0n t i s er a we r: e a bs o r b e d  wi th l y oph i ­

l is e d IgG un t i l mon os pe c i f ic . 

Al l abs orpt ions were car r ied ou t by addin g the 
approp:c i a t e  an t igen to an al iquo t of aE t i s e r um an d incu­

bat ing t he m ixture at 37
°

C for 1 hr . Any pr ecip i t a t e  

that formed was r emoved by cen t r ifugat ion an d the abs orbed 

ant is erum r e - tes t e d  f or s peci£ ic i ty by IEP. 

k1 t is er a  t o  whole opos s um s e r um wer e pr epared in 

r ab b i ts by in j e c t in g  1 00 pl amoun ts  of opos s um s erum 

in t r amus cul ar ly in Freun d ' s  �dj uv an ts us in g the immun i z a­

t ion s chedule des cr ibed above . 

i .  Immunoel ect rophor es is ( IEP) 

IEP was performed by the m ethod of Sche ideg g er 

( 1 955 ) us ing 1 . 2 per cen t Ion - ag ar ( Difco ) in ver on al 

buffer , pH 8 . 6 ,  0 . 05M ( Appen dix I I ) . Electrophor es is 

was car r i e d  out at 1 00 vol ts at room t emperatur e  f o r  4 

hr . For ty e ight hr af ter the a ddit ion of an t is er �w the 
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pl ates wer e  washed for 48 hr in frequen t  changes of 

1 . 5 per cen t s odium chlor i de s olut ion , dr ied in con t act  

with f i l t e r  paper 2-.t 37°C an d s t a ined with Am ido Bl ack 

(Wi l l i ams an d Chas e ,  1 97 1 ) ,  ( Appen dix I I ) . 

j .  Agar diffus ion 

Ag ar diffus ions were perform e d  in 1 . 2 per c en t  Ion ­

ag ar i n  0 . 1 5M s odiwr. chl o r i de con t ain ing 0 . 01 p er cen t 

s o dium &zide . Ag ar d i ff us i on plates wer e wash e d , dr i e d  

and s t ain e d  as des cr ibed for IEP . 

k .  Meas u r er,1 en � of s erll:ffi l evels  of IgG an d IgM 

The s c r um  l evels of IgG and  IgM we r e  meas u r e d  by 

the m e thod of Fahey an d McK.e l vey ( 1 96 .S ) .  G e ls c ons is t ing 

of 1 .  5 per cen t  Ion - ag ar ( D ifc o ) in PBS wer e prep o..r e d .  

The g e ls c on t a in e d  t h e  appr op1: i a t e an t i- immunog l obul in 

an t is erum at a con c en t r a t i on s •w•v-n to be opt i111al by pre­

l im in ar y  exper imen ts . Wel ls  were cut in the ag ar an d 

ch ar g e d  w i t h  5 J.ll of e ither . im.rnunog l obu l  in s t an da.r ds of 

known c oncen t r at ion o r  s er um s ampl es to be t es t e d .  S t an d ­

ar ds were prepared from lyoph i l is ed mater ial to g ive 

concen t r at ions r ang ing from 2 . 5 to 20 mg per m l f or IgG 

an d from 0 . 2 5  to 2 mg per ml for IgM . Th e p l a t es wer e  

then l ef t  f or 2 4  hr a t  r oom t emper ature in a hum i d  

atmos pher e .  Af ter t h is t ime t h e  diameter o f  t h e  r in g  of 

pr e c ipi t at i on could be m e as ur e d  directly w i t h  a X5 

l ens . Al tern at ively , the agar g e ls wer e was h e d ,  dr ied 

an d s t ain e d  as  des cr ibed for IEP plates and the  diameter 

of the s t aine d  prec ip i t at e  meas u r e d . A s t an dar d curve 

was prepare d  for each of the two immunog l obul in c l as s es 

in which the r ing diameter  ( in mm ) was pl o t t e d  agains t 

the s t an dar d immunog lobu l in con c en t r at ions ( in mg per 

ml ) . 
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1 .  Sodim1 do decyl s u lphate- Polyacryl am i de g e l  e l e c t r o­

phores is ( S ffi - PAGE ) 

Is o l at e d  immunog lobulins  wer e checked for homog e­

n e i t y  by S ffi - PAGE us ing a dis con t in uous buff er s ys t em 

( Laemml i ;  1 970 ; Laemml i  an d Fau r e , 1 97 5 ) .  The s epar at ion 

g e l  c ons is ted of 8 per c en t  acr y l amide ( BDH ) in 0 . 7 5M 

Tr is - HCl buffer , pH 8 . 8 ( Appen dix I I )  c on t ain ing 0 . 1  per 

c en t  S DS ;  the s t ack ing g e l  cons is ted o£ 3 per c on t 

acr y l ami de in 0 . 1 2 5M Tr is - HCl , pH 6 . 8 ( Appen dix I I ) and 

als o c on t ain ed 0 . 1  per c en t  S ffi . Tl1e g el s  wer e  £ orme d  in 

8 . 5cm x 0 . 7cm g l as s  tubes . 

El ec t r ophores is was car r ied out a t  4mA p er tub e ,  the 

r unn ing buffer be ing Ir is -Glyc ine ( 0 . 02 5M Tr is , 0 . 1 921'1 

G lyc ine ) ,  pH 8 . 4 ,  con t air: ing 1 per cen t  S DS ( 1-�..ppen dix I I ) . 
Bromophen o l  Blue , at a con c en t r a t ion of 0 . 005 per c en t , 

was us ed as a tr ack ing dye . Af ter e l e c t r ophores j s  the 

g e ls wer e s t ained overn ight with Coom as s ie Br i l l i an t  Blue 

( App en dix I I )  and des t ain ed with repca ted changes of 

methanol - ac e t ic ac id�water ( 5 : 1 : 5 )  un t i l  th e gel  b ack­

g r oun d v.ras cl ear . 

m .  Mol ecul ar weight es t imat ions 

S DS - PAGE was als o us ed to es t imate the mol ecul a� 

weights of the is o l at e d  immunog l obul ins an d of their 

heavy and l ight cha ins by the comb ine d  methods of Weber 

an d Os born ( 1 96 9 ) ,  Davies an d S t ark ( 1 970 ) an d Laemml i 

( 1 97 0 ) . Sample buff er , con t ain ing Br omophen o l  Blue , aD d 

g e l  buffer wer e pr epar e d  (Appen dix I I ) . For pr o t e ins with 

expec t ed molecular we ights of  1 0 , 000 t o  70 , 000 dal tons , 

1 0  per cen t gel was us ed , whereas 5 per cen t  gel was 

us e d  for proteins with expected mol ecu lar we ights of 

70 , 000 t o  2 8 0 , 000 dal t ons . Bovin e s er um al bumin ( m . w .  

6 6 , 000 ) , ovalbumin ( m . w .  45 , 000 ) , peps in ( m . w .  34 , 000 ) ,  
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wer e  us ed as mol ecu l ar w e i g h t markers . Thes e wer e  o b t ain e d  

as k i ts ( M\.V- SDS - 7 0  Kit  an d MW-S DS - 2 80 Kit , S igma ) .  

IgG . LA an d IgM were r e duced with 2 - m cr c ap t o e t h an o l  

( 2 -ME ) t o  l ig h t  an d h eavy chain s b y  t h e  m e t h o d  o f  'iveb er 

and Os born ( 1 9 6 9 ) an d an a l ys e d  by S DS - PAGE .  Imme di a t e l y  

pr ior t o  PAGE , the immun og l o bu l ins , a t  a c on c en t r a t i on 

of 1 mg per m l , wer e in c ub a t e d  a t  3 7
°

C f o r  2 hr in 0 . 01 M  

s odium. p ho s ph a t e  buffer , p H  7 .  0 ( Appen d i x  I I ) ,  c on t a in in g  

1 per c en t  S r:G  an d 1 per c en t 2 - I�'lE . 

El ec tropho r es is was c a r r i e d  ou t a t  8 mA per t ub 2  f or 

5 t o  6 hr . Th e g e l s  were s t a in e d  w i th Coomas s ie Blue as 

des cr ibed above . Th e r e l at i v e  m ob i l i t i es of t h e  m arker 

pr o t e ins wer e c a l cu l a t e d  by divi ding t h e  di s t an c e  of 

pr o t e in m ig r a t i on by t he dis t an c e  of t r ack in g dy e rr.. ig r a·­
t ion . The m ig r a t ion dis t an c e  of a b r o a d  or d if f us e b an d  

was t aken as t h e mean o f  t h e  m ig r � t i on dis t an ces of t h e  

l ea ding an d t x· a i l ir. g  e dg e s  of t h e b an d .  Th e re l at ive 

mob i l i t ies wer e p l o t t e d  a g a ins t the kn mm m o l e c u l ar 

we igh ts of t he m a r k e r s  on s em i - l o g ar i t hm ic p ap e r ; th e 

molecular we ig h t s  of t h e  immull. og 1 o b u l ins an d t he i r c om­

ponen t chains wer e  de t e r m in e d  from t h is gr aph . 

n .  C ar bohydr at e an alys es 

The hexos e ,  hexos am in e , fucos e and s i al ic ac id 

con ten ts of I gG . LA an d IgM wer e  es t imat ed by col our i ­

met r ic methods . Gravime tr ical l y  de t ermined amoun ts of 

lyophil is ed immunog l obul ins we r e  dis s o lve d in dis t i l l e d  

water  t o  g ive known prot e in con c en tr at ions o f  betwe en 

1 and 2 mg per ml . 
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Hexos e 

Hexos e was es t im at e d  by the combined me thods of 

Lus t ig an d Lang e r  ( 1 93 1 ) an d Weimer and Mos h in ( 1 952 ) .  
Two hun dr e d  pl of immunog lobul in s o l u ti on wer e  m ixed 

with 1 ml of 0 . 1 N NaOH . A b l ank con t ain ing 1 ml of wat e r  

an d  a s t ::t.n dar d c on t ain ing 1 ml o f  an equal m ixtur e of 

g a l ac t os e an d mann os e s olut ions , e ach at a concen t r a t i on 

of 0 . 1  mg per m l , wer e pr epare d .  8 . 5 ml of orc�1ol - H2s o4 
r e ag en t ( Appen dix I I )  was added t o  each tube . The tubes 

we;: e c l os e d w i th g l as s  mar bles an d p l ac e d  in an 8 0
°

C 
w a t er b a t h  f or 1 5  m in . They wer e tl: cn cooled in wat er an d 

the  opt i c � l  dens i t i es of the s o lut i on s  meas u r e d  at  540 nm . 

The hexos e c on t en t s  of the immunog l o bu l ins wer e es t ima­

ted f r om the op t i c a l  dens i t y  of the s t an dar d ,  the r es u l ts 

be ing exp r es s ed as mg of hexos e per 1 00 mg pr o t e in . 

Hexos am ine 

The me t h o d  of R iming ton ( 1 9 40 )  was us e d .  Two hun dr e d  

u l  volumes of inunun o g l obul in s ol u t i on were m ixed with 2 
m l  o£ 3N HCl an d hy dr olys Pd in a boil ing water b a t h  for 

4 h r , the tubes b e in g  f i t t e d  w i th air c on dens er s . The 

hydrolys ed s ampl es vv-ere neu tr al is e d  wi t h  3N NaOH an d 

diluted t o  1 0  ml w i th wat er . On e  m l  vo lumes of e ither 

the t e� t s ol u t i on , wa t er or g lucos amin e ( g lucos am ine HCl , 

0 . 06 mg per ml ) wer e  pl aced in s epar at e  tes t tubes an d 

rr. ixed with 1 m l  amoun ts of ace t y l ac e t one r eagen t  ( Appen­

dix I I ) .  The tubes were capped with mar bles an d h e l d  in 

a bo il ing water bath f or 1 5  m in . They wer e then c o o l e d  

in water an d 5 m l  o f  9 5  per cent e than ol were added t o  

e ach . On e  m l  o f  Ehr l ich ' s  r e ag en t (Appen dix I I )  was 

added to each tube an d the con tents diluted to 1 0  ml with 

95 per cen t e thanol . Af t er 3 0  m in the opt ical dens i t ies 

were meas u r e d  at 5 3 0  nm . The g lucos am ine con ten ts of the 
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immun og l obul in s  wer e es t imat e d  f r om the r eading of the 

s t an dar d and expres s ed as mg per 1 00 1119 of pr ot e in . 

Fucos e 

The fucos e con ten ts of the immunog l obul ins wer e 

meas ured by t he method of Dis c h e  an d S he t tl es ( 1 948 ) .  In 

dupl icat e tes t tu bes 200 u l  amoun ts of t he ir.unun o g l o bu ­

l in s olu t ions we r e  m ixe d with 1 m l amounts of  O . l N NaOH . 
On e ml o.f dis t i l l e d wat Er an d 1 ml of me thy l pen t os e 

s t an dar d ( f ucos e , 2 0  ug pe:r ml ) wer e pl aced in s e p ar at e  

t es t tubes . 4 . 5  m l  of ice - c o l d H2s o4- I-I< O  m ixt u re ( Appen­
dix I I )  1-\i f:::� r e  a dde d t o  ea. ch of t h e  f ou r  t ubes wh ich wer e 

.. 
t h en hel d  f o r  3 m in in a boi. l ing wa t er bat h . Af t e r  

cool ing t he t ub es , 1 00 ul  of cys t e in e  r e agen t ( Appen dix I I ) 

was adde d t o  on e of the s ampl e  t ubes , 1 00 u l  o:f wat e r  

b e ing a d d e d  to  the other . Aft e r  6 0  m i n  a t  r oom t emper a­

tur e the opt i c a l  dens it ies wer e r e ad at 396 an d 430 nm 

with the d i s t i l l e d water b l ank b e ing us e d  to  es t ab l is h  

z er o . The f u c os e c on t en t , eA�r es s e d  ns mg per l OO m g  of 

prot e in , was c a l cu J  a t e d  f r om the diffe r ence in the r ea­

din g s  obt ain e d  a t  3 9 6 an d 430 nm an d s ub t r ac t in g the 

val u es r e cor de d  f o r  s amp l es l ack ing cys t e in e . 

Sial ic ac id 

S i al ic acid was m eas ur e d  by t he method g iven by 

Ayal a e t  al . ( 1 951 ) .  4 . 8  ml of 5 per cent tr ichl o r o­

ace t ic ac id in water wer e  a dde d t o  200 ul amoun ts of 

immunogl obu l in s ol u t i ons and a s ial ic acid s t an dard 

( 0 . 2 mg s ia l ic ac i d  per ml ) . The tub es wer e capped with 

marbl es an d held in  a boi l ing water  b a th f or 1 5  m in . The 

tubes wer e  coo l e d  an d the ir c on t ents f il t er ed . Two ml  

amoun ts of  the  immunog lobu l in f i l t r at e  wer e  p l ac e d  in 

s eparate tubes . Q1e of thes e had 4 m l  of diphenylam in e  

r eagent ( Appen dix I I ) adde d t o  i t , the other h a d  4 m l  
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of a g l acial ac e t ic ac id- H
2

s o4 
m ixtur e  (Appen dix I I ) 

adde d .  The f il t r ate  of the s t an dar d s olution was t r e a t e d  

in the s ame way . A r eagen t  blank c ons is t ing o f  2 ml of 

5 per cen t t r ich l or o ace t ic ac id an d 4 ml of dipheny l ­

amin e r eagen t  was prepar e d .  The t ·ubes we r e  capped v..ri th 

mar b l es an d hel d in a bo i l ing wate r  bath £or a fur ther 

30  min . Af ter cool ing t he tubes i n  wat er  the opt ical 

dens it ies of the ir con ten ts wer e me as u r e d  at 530 nm . 

The s i al ic a.c i d  con ten t , expres s ed as mg per 1 00 mg o:f 

pr otein , was c a l cul at e d  f r om the differ en c e  in op t i c al 
dens i t ies in the pr es ence an d abs en c e  of diphen y l .:unine 

in o r der t o  c vr rect fo1.· n on - s pE.c i:f ic devel opmen t of 
col our . 

o .  Am ino ac i d  an alys es 

The amino acid c ompos i t j  on s of IgG . Ll\. an d Igt>l vve.r e  
de t ermined by t he method of  Sp<1 ckman e t  al . ( 1 958 ) us ing 

- ·--

an aut omat ic am ino ac id a.nalys er ( Beckm an , Model , 1 2 0C ) . 

The immun og l obu l ins  wer e hydr olys e d  with 6N HCl f or 2 4 ,  

48 and 72 h r  a t  1 1 0  � 1 °C under v acuum before b e in g  
analys e d .  An alys es wer e  con duc t e d  us ing a s in g l e  column 

programme . The concen t r at ions g i ven ( s ee Res ults ) h ave 

been obt ained by ext r apolat ion to z er o  t ime hydr o lys is . 

The amino ac id con t en ts ar e expr es s ed £or each am in o  

acid as a percen tage of the t o t a l  r ec over e d  ( Lis ows k i  

e t  al . , 1 97 5 )  . 

2 .  3 Res ul ts  

a )  Is olat ion of IgG 

i )  R ivan o l  pre c ipit at ion techn iques 

A DEAR- c e l lulos e chr oma t og r aphy e lut ion prof i l e  

typic al o f  thos e g iven b y  R ivan o l - tr eated ( Rejnek e t  a l . ,  

1 973 ) poo l e d  s er a  is �hown in F ig . 2 . 1 a .  S tepwis e e l ution 
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F IGURE 2 . l a .  Is o l a t i on o £  IgG . LA .  El u t ion prof i l e  of 

s upC?rnatan t  o b t a in e d  by tr eat ing op os sum s C?r um 

wi th Rivan o l  ( Rejnek e t  al . ,  1 973 ) .  S upern a- · 

t an t  £ r a c t ion a t e d  on D.SAE- c e l lulos e .  S t ep - v-ris e 

elut ion us in g phos p h a t e? buff er s , pH 8 . 0 ,  0 . 03M 

and 0 . 04f.1 . 

F IGURE 2 . l b .  IEP an alys is of frac t i ons o b t a ined by 

DEAE- c e l l u l os e  chromatogr aphy o_f R:i.van o l ­

tr eat ed s erum . Wells con t ain fr ac t ions s hown 

in Fig . 2 . l a .  Tr oughs con t ain r abbit  an t i­

opos s um s er um .  Cathode to l ef t .  
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with p H  8 . 0 phos phate buffers o f  0 . 03M an d 0 . 04M g ave 

two prot e in peaks . The IEP analys is of thes e peaks is 

s hown in F ig . 2 . l b ,  the an t is erum us e d  bein g  r abbit  an t i ­

opos s um  s er lli� . ��i l e  t he as cen ding por t i on ( Fr ac t ion l a )  

of the f irs t peak g ave a s ing l e  precipitat ion arc in 

IEP,  the des cending por t ion ( Fr ac t ion l b ) of this p e ak 

s howe d  two ar cs . Fract ion 2 ,  obt ained by elut ion w i th 

0 . 04M b uffer als o g ave a s in g l e  arc in IEP . The s in g l e  

ar cs s een in Frac t ions l a  an d 2 and t he domin an t ar c in 

Fr act ion l b  r es emb l e d  IgG in the ir el ec t r ophor e t ic mob i-· 

l it ies . A cons is t en t  f in ding was the s l igh t difference 

in the mob i l i -c i es of Frac t ions la and lb  compared with 

that 0£ Fr act ion 2 .  Fra c t ion lb mater ial was chr oma t e-

g r aphed fur ther on S e ph a de x  G -- 2 00 us in g Tr is - HC l -NaCl 

buffer ,  pH 8 . 0 ,  O . l M ,  :for e lu t ..:._on . F igs . 2 . 2 a  an d  2 . 2b  

s how the e l u t ion pat t ern ott ain e d  an d the IEP an alys is 

of the t hr e e  :L'ract ions exam in e d  from the g e l  f i l t r at ion .  

Fr�ct ions l a  and l b  each s howe d  s in g l e  arcs on IEP , the ir 

mob i l i t i es being char ac t er is t ic of IgG . Fract ion l e  
s h owe d , in addition t o  IgG , the ar c noted in Fr act ion l b  

( Fig  . 2 . 1 b ) . 

Pre c ip i t at ion of opos s um s er um pr o te ins by 

t he 1\ivanol  method of He ide an d S chwick ( 1978 ) g ave 

r es ul ts s im i l ar to thos e j us t des cr ibed . DEAE- c e l lulos e 

chr oma t ogr aphy at pH 8 . 0 ,  us ing a s t epwis e eJ. u t ion ( 0 . 03M 

an d O . OSM ) g ave two prote in p eillcs ; a r epres en t at ive 

e l u t i on p r of i l e  is s hown in F ig . 2 . 3a .  IEP an alys is of 

t hes e peaks ( Fig . 2 . 3b )  s howed that wh ile Fr ac t ion l a 

f r om t he as cen ding por t ion of th e f irs t peak ( obtaine d  

fol l owin g  0 . 03M e lut ion ) and Frac t ions 2 a  an d 2 b  from 

the s econ d  peak ( obt ain e d  by e l u t ion with O . OSM buff er ) 

each g ave doub l e  pre c ipi tat ion arcs , the mat e r ial in 

Fra c t ion l b  g ave two arcs . The domin an t  ar c in Fract ion 

l b  and the ar cs in Fract ions l a ,  2 a  an d 2b ag a in r es embl e d  

IgG in t h e i r  pos i t ions . The s econd ar c in Fr ac t ion l b  

may h ave b e en due t o  on e o f  the iron - bin ding p r o t e ins , 
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F IGURE 2 . 2 a .  Is o l a t ion of IgG . LA . S ephadex G - 2 00 

chromatogr aphy of Fr a c t ions l b  ( Figs . 2 . 1 a 

an d 2 . l b ) . Tr is - HC l - NaCl , pH 8 . 0 ,  O . l M us e d  

f o r  elut ion . 

F IGURE 2 .  2 b . IEP an alys is of f r ac t ions obt ain e d  by 

S ephadex G - 2 00 f i l t r a t ion of Fr ac t ion l b  of 

Fig . 2 . l a .  Wells  c on ta in opos s um s er t� or 

f r ac t i ons s hown in Fig . 2 . 2 a . Tr oughs con t a in 

r abbit an t i - opos s um s erum . Cathode t o  l ef t .  
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F IGURE 2 . 3a . Is ol a t ion of IgG . LA .  El u t ion prof i l e  of 

s up ern atan t  obt ain ed by tr eating opos s um s er um 

w i t h  Rivan o l  ( Heide an d Schwick , 1 978 ) .  S uper -: 

n a t an t  fract ion a ted on DEAE- c el lulos e .  S t ep­

wis e e l u t ion us ing phos ph a t e  buffers , pH 8 . 0 , 

0 . 03M an d O . OSM . 

f 

FIGURE 2 . 3 b .  IEP an alys is of fract ions obtain e d  by  

DEAE- c e l l ulos e  chromatogr aphy by Rivan o l ­

t r ea t ed s erum . Wel l s  con t ain frac t ions s hown 

in Fig . 2 . 3a .  Tr oughs con tain r abb it an t i­

opos s um s erum . Cathode to  l ef t . 
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t r ansfer r in o r  haemopexin . IEP an a lys is of Fract ions 2 a  

and 2 b  s howed a c athodal "s p l i t  en d" appear ance of the 

pre c ip i tat ion arc , a c omma:� feature s een in s uch an alys es . 

Fr act ion l a  was compar e d  in IEP with the o ther immun og lo­

bul in c l as s es is olat e d . F ig . 2 . 1 0a  s hows the homog en e i ty 

of this mater i al an d i l l us t r ates  its  char ac t er is t ic 

e l e c t r ophoret ic mob il i ty . S DS - PAGE an alys is of Frac t ion 

l a  confirmed the pur i ty of this is o l at e  (Fig . 2 . 1 1 ) .  

i i ) P:c o t e in A- S ephar os e CL- 4B fract ionat ion 

The thr e e  fract i ons obt ain e d  fol l owing the s t epwis e 

e lut ion of s er um pr o t e ins f·rcm Pr o t e in A- S epharos e columns 

w i t h  s o dium phos phat e  �n d s o d ium c it r at e  buffers ar e 

s hm.vn in Fig . 2 . 4a .  Th e s erum pr o te ins , inc l u ding s ome 

IgG , wh ich did n o t  b in d  to th e column wer e eluted  vd th 

t he phos phate  b uffer in the f irs t peak ( Fr ac t .ivn 1 of 

F ig . 2 . 4b ) . Th e IgG wh ich did .L·t o t  lJind t o  the column 

r es embl e d  the IgG e l u ted in t he th ird peak ( fi'ract ion 3 )  
in i t s  e l e c t rophor e t ic  mobil i ty on IEP ( F ig . 2 . 4b ) . 

Wh i l e  the s econ d peak ( Fract ion 2 )  appear ed t o  con t a in 

on l y  IgG , the third peak ( Fr a c t ion 3 )  con t aine d  IgG , IgM 

an d  IgA . Th is was s h own by the r eact ion of F r act ion 2 

an d Fr ac t i on 3 mater i al s  in IEP ag ains t an t i- opos s um 

s er um an d an t is er a  s pec if ic f or oposs um IgG , Igl\1 and s lgA 

( Fig . 2  . 4c ) .  Thus Fract ion 2 r e ac ted with the an t i- opos s um 

s er um an d with an an t i - IgG s pe c if i c  an t is er a  bu t did r.o t  

react w i th e i th er an t i- IgM o r  an t i - IgA s pecific an t i s era . 

Fract ion 3 reacted t o  v aryin g  in t ens i t ies ag ains t al l 

thr ee an t i- immunog l obul in ant is er a . The pr e c ip i t at ion 

l ines that f ormed when Fract ion 2 an d Fract ion 3 wer e  

r eacted ag ains t an an t i- IgG r e ag en t  differ e d  in the ir 

s hapes an d pos i t ion s . 
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F IGURE 2 . 4a . Is o l at i on of IgG . S A .  Frac t ion at ion of 

s erum on Pr o t e in A- S ephar os e CL- 4B c o l umns . 

Unboun d pr o t e ins r emoved with phos ph at e buffer , 

pH 8 . 0 ,  0 . 1 5M ;  co lumn bound prot eins r emoved 

with c i tr a t e  buff er s , O . l M ,  pH 6 . 0  an d pH 3 . 5 . 

F IGURE ?. • 4b . IEP an a l ys is of f r ac t ions o b t a in e d  by 
Pr o t e in A - S eph a� os e  CL- 48 f r a c t i on a t ion of 

s e r um . W�l ls c on t a i n  f r ac t i ons s hown in Fig . 

£ . 4a .  Tr oug hs c on t a in r ab b i t  an t i- opos s um 

s er um .  Ca thode to l ef t . 

F IGURE 2 . 4c .  IEP an alys is of Frac t ions 2 an d 3 ( o f  

Figs . 2 .  4a an d 2 .  4 b ) obtain ed by th e Pr o te in 

A- S eph ar os e C L- 48 f r ac t i on a t ion of opos s illl 

s erilll . Wel ls con t ain f r ac t ions s ho wn in Fig . 

2 . 4a .  Tr oughs con t ain r ab b i t  an t is era to opo­

s s um IgG . LA ( A ) ,  opos s um s erum ( B ) , opos s um 

s ecretory IgA ( C ) an d opos s um IgM ( D ) . Cathode 

to  l ef t . 

(No t e : An t i- IgA was made mon os pec if ic by 
abs orp tion wi th opos s um IgG . LA . Res idual abs o r ­
b ing an t ig en i n  this an tis erum has p r ec ip i t a t ed 
with its corr es ponding an t ibody in the an t i ­
opos s um s erum r eag en t  an d f ormed th e l in e  of 
pr ec ip i t at ion be tween the r el evan t  tr oughs ) .  
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b .  An alys is of IgG is o l at es £or  s ubclas s es 

The IgG is o l ated e i t her by the R ivanol/DEAE - c e l lu­

l os e method or by t he Pr o t e in A - S ephar os e fr act ion at ion 

procedure app e ar e d  t o  be of two forms which differ e d  in 

the i r  elut ion char ac ter is t ics . Th is differ enc e  in bin din g 

c apac i ty vJas r ef l ec t e d  in the IgGs ' electropho re t ic mob i­

li ties . The tvw forms wer e des ign at e d  IgG . SA ( s hor t ar c )  

an d  IgG . LP. ( l on g  ar c ) .  Exampl es of IgG . SA are s een in 
Figs . 2 . 1 b ( Fr ac t i on 2 )  an d 2 . 4b ( Fr ac t ion 2 )  wh i l e  IgG . LI\ 

is s een in F igs . 2 . 1 b ( Fract ion l a ) an d 2 . 4b ( the IgG 

pr ominen t in J<:c act ion 3 ) .  An t is er a  wer e pr epar e d  again s t 

IgG . LA an d I qG . SA .  Th e IgG . LA  us ed a s  an1:: ig en was obt ain e d  

by t he S eph adex G - 2 00 f i l t r at ion of Fract ion 3 mat er ial  
of F igs . 2 . 4a an d 2 . 4b ;  the I gG . SA us ed was F r a c t ion 2 

of Fig . 2 . 4b .  The e l ec t r ophor e t ic b ehav iour of t hes e 
mater ials is s hovvn in F ig . 2 . 5 .  The IgG n at u r e  of I gG . SA 

had been demons t r at ed by i ts react  ion with an IgG . LA­

s pe c if ic an t is e r um an d i ts failure to  r eac t w ith e i t her 

IgM or s IgA s pecific an t is era ( F ig . 2 .  4c ) .  

Agar diffus ion an alys es ( F i g . 2 . 6 )  s howe d t hat 

an t i- I gG . SA reac t ed w i th both IgG . SA and IgG . LA . Th e 

r eact ion was one of i den t i ty , n o  c r os s in g  of p r e c ip i t a­

t i on l in es or s pur f o rma t ion be ing s een .  S im ilar ly , an t i­

IgG . LA r eact e d  with IgG . LA an d with IgG . SA ;  ag a in the 

pat tern was on e of i den t ity . An al iquot of each an t is erum 

was t hen abs or b e d  with the heter olog o us lyophi l is ed an t i­

gen ( e . g .  an t i- IgG . SA was abs o r be d  w i th IgG . LA )  un t i l  

ag ar diffus ion s howed a l ack o£ any pr ecipit a t in g  act iv i ty 

. be tween t he two r eac t an ts . The r e ac t ions of thes e abs orbed 

an t is er a  ag ains t both the ir  he t e r ol ogous ( abs orbin g ) 

an t igen an d the ir homolog ous an t igens are s een in F ig . 

2 . 6 .  Abs orbed an t is er a  l os t t he ir  abi l i ty t o  r ea c t  with  

their induc ing an t ig en , a r es u l t  whi ch in dicat e d  t hat 

IgG . SA an d IgG . LA were an t igen ically i den t ic a l . 
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F IGURE 2 . 5 .  IEP an alys is of IgG . LA an d IgG . SA .  Wel ls 

c on t a in opos s um s erum ( 1 ) ,  IgG . LA  ( 2 ) an d IgG . 

SA ( 3 ) .  Troughs c on t ain r abb it  an t i - opos s um 

s er um .  Cathode to l ef t . 

F IGURE 2 . 6 Agar diffus ion an alys is of non - abs orbed 

an d abs or bed an t i - IgG . lA and a.n t i- IgG . SA 

an tis er a . 

a )  Non- abs orbed an ti- IgG . L\ ( A ) and an t i- IgG < 

U\ abs or bed wi th IgG . SA ( B )  reac t ed ag ains t 

IgG . LA  ( 1 ) an d gG . SA ( 2 ) .  Reac t ion o£ 

iden t i  y s een b IgG . LA  an d IgG . S A ;  

l ack o� precip i · at ion �a l l owing abs orpt ion . 

b ) Non - abs orbed an t i - IgG . SA ( C ) an d an t i- IgG . 

SA abs o r bed with IgG . LA  ( D )  r eac t ed ag ains t 

lgG . LA ( 1 )  an d IgG . SA ( 2 ) .  React ion o£ iden ­

t i ty s een between IgG . L� an d IgG . SA ;  l ack o£ 

pr ec ipitat ion fol l owin g abs orpt ion . 
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c .  An alys is of an t i - IgG an t is er a  

An t is er a t o  IgG wer e  prepar e d  in r abb i t s  as des ­

cr ibe d pr evious ly an d abs orbed with IgM an d s igA un t i l  

monos pe c if i c  in IEP . F ig . 2 . 1 2 a  s hows the r eact ion of 

such an an t is erum ag ain s t whol e  opos s um s er um : a s in g l e  

precipi t at ion arc is s een , i ts pos i t ion be in g  c har ac­

ter is t i c  of I gG . Ag ar diffus ion analys is conf irmed the 

s pe c if ic i ty of s uch an tis e r a  ( Fig . 2 . 12b ) .  

d .  Is ol at ion of IgM 

fu1 e l u t ion pr of i l e  r ep r es en ta� ive of thos e s een 

f o l l ow in g  t h e  S ephadex G - 2 00 f j_l trat ion uf opos s um s en .un  

i s  s hmvn i n  F ig . 2 .  7 a .  IEP an alys is of t he fract ions 

s howed a dis tr ibution of s er um prote in s  char ac t e r is t ic 

of s uch s eparat ions ( F ig . 2 . 7 b ) . Fr ac t ions f r om the 

l e ad .in g  edg e  of the firs t peak ( i . e . , Fr act ions l a ,  l b  

an d  l e ) c on t ain ed put at ive IgM an d a s ec on d  component 

which res emb l ed alpha-2 -macrogl obul in in its  e l ec tro­

phore t ic mobil ity . Such f r ac t ions from about 5 runs  wer e  

po o l E: ...L , c oncen t r at e d  ag ains t PEG c..n d  s ub j ec t e d  t o  s t ar ch 

b lock e l e c t r ophor es is , t he r es ul t  b e in g  s hown ±n F ig . 

2 . R a .  IEP an alys is of the three f r ac t i ons s e l e c t e d  s howe d  

t hat Fr act ions 1 an d 2 con t ain ed a s in g l e  component , 

pr es umably IgM , wher eas alph a-2 -macr og l o bul in and traces 

of o t her  pro t e in s  wer e  con f in e d  to Fra c t ion 3 ( Fig . 2 . 8 b ) .  

The e l e c t r ophor e t ic b ehaviour of Fract ion 1 mater ial was 

compare d  in IEP w i t h  thos e of other immunog l obul in 

is o l a t es : Fig . 2 . 1 0 a  s hows t he char acter is t i c  IgM- l ik e  

pos it i on of the r es u l ting precip it at i on arc . S DS - PAGE 

an alys is (Fig . 2 . 1 1 )  c onf irmed the homog en e ity of Frac­

t ion 1 .  The l ack of pen e t r at ion of this pr otein in to the 

g e l  was a f ur t her in dicat ion of its high mol ecular 

weight . 
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F IGURE 2 . 7 a .  Is ol at ion of IgM .  Elu t ion prof i l e  of 

opos s um s er um f r ac t ion ated on S ephadex G-200 . 

Tr is - HCl -NaCl buff er , pH 8 . 0 ,  O . l M .  

F IGURE 2 . 7 b . IEP an alys is of f r ac t ions obt ain e d  by 

S ephadex G-200 f r ac t ionation o£ opos s um s er um . 

wel l s  con tain f r ac t ions s hown in Fig . 2 . 7 a .  

Tr oughs con t ain r ab b i t  an t i - opos s um s er um .  
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F IGURE 2 . 8 a .  Is ol at ion o f  IgM . S tarch b l ock e l e c t r o ­

phor es is o f  !gM- en r ich e d  s erum f r ac t i ons 

obt ain ed by S cphadex G - 2 00 f i l t r a t ion . 

F IGURE 2 . 8 b .  JEP an alys is of s tarch bl ock e l ec t ro­

phor es is frac t ions . Wel ls c on t a in f r ac t ions 

s ho�� in Fig . 2 . 8 a . Tr oug hs con tain r abb i t  

an t i - opos s um s erum . Ca thode t o  l ef t . 
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The IgM is o l a t e  an d  IgG . LA wer e  an t ig en ical ly 

r e l at e d . Th is was demon s t r at e d  by t he ir cros s - reac t ion 

in ag ar di ffus ion when r eacted ag a ins t a r abb it an t i ­

opos s um s eJ:um ( F ig . 2 . 1 0b ) . 

e .  An alys�s of an t i - IgM an t is e r a  

An t is era were made ag ains t s tarch b lock Fr ac t ion 1 

m at e r i al an d abs orbed with Rivan o l - der ived IgG . LA. 

( Fr ac t ion l a ,  F ig . 2 . 2 b ) .  A11. an alys is o£ s uch an !gM­

s pecific an tiserum is s hown in Fig . 2 . 1 2 a  in whi c h  i t  is 

r eact e d  ag ains t who l e  opos s um  s erum .  A s in g l e  arc in the 

IgM pos i t ion is s een . F ig . 2 . 1 2 b  fur th� r s hows the 
s peci£ ic i ty of s uch an t is er wn 1n ag ar diffus i on .  

£ .  Is olat ion of s e c r e t o r v  I:9_{1. {s IgA ) 
When dialys ed an d c oncen t r ated in t es t in al \'vds hings 

·wer e  applied to  S epha dex G - 2 00 c o l umns an d e l u te d  w i t h  

Tr is - HCl -NaCl buffer , pH 8 . 0 ,  O . l M ,  tvm i l l - def in e d  

peaks were s een ; Fig . 2 .  9a i s  typ ical o f  the elu t ion 

pat terr-ts s een . IEP an alys is ag ains t r abbit an t i - opos s um 

s er um showed t hat Fr ac t ion l b  an d l e  g enerally  g ave a 

s ing l e  precip i t a t ion ar c ( Fig . 2 . 9 b ) . Oc cas ion al ly  

thes e frac t ion s s howe d t r aces of  l ow mol ecu l ar weigh t 

con t am in an ts on PAG E an alys is ( Fig . 2 . 1 1 )  wh ich wer e 

n o t  eviden t in IEP . The electropho r e t i c  mob i l i t y  o£ the 

s ing le componen t in Fr act ions lb an d le was diffe ren t 

in IEP to  thos e of the IgG an d IgM is ol ates an d r es emb l e d  

th at o f  IgA ( F ig . 2 . l Oa ) . The immunog l obul in natur e of 

this m ater ial was s h own by i ts abi l i ty to cros s - r eac t 

with I gG an d  IgM in an ag ar diffus ion ( F ig .  2 . 1 0b ) .  That 

this was s igA was c onfirmed by i ts react ion with s pec ific 

an t is era ( Fig . 2 . 1 2 b ) .  S DS - PAGE an alys is of  t he s IgA­

con t ain ing fract ion s  s howe d a s in g l e  in tens ely s t ain ing 
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F IGURE 2 . 9a .  Is o l a t ion of s ec r e t ory IgA ( s igA ) . 

S ephadex G - 2 00 f r ac t iona tion of in t es t in al 

was hin gs . TT is - HCl -NaCl , pH 8 . 0 ,  O . l M ,  us ed 

for elut ion . 

F IGURE 2 . 9b .  IEP an alys is of f r a c t ions o b t ain ed by 

S eph adex G - 2 00 frac ti on at ion of in t es t in a l  

was hin gs . Wel ls  con t a in f r ac t ions s hoM1 in 

Fig . 2 . 9a .  Tr oughs con tain r abb i t  an t i­

opos s um s erum . Cathode to  l ef t . 
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F IGURE 2 . 1 0a .  Compar-a t ive IEP an alys is of is ol ated 

immunog l obul ins . Wel ls c on tain opos s um s erum 

( 1 ) ,  IgG . LA  ( Rivan o l - der ived , Frac t ion 1 of 

Fig . 2 . 3 b )  ( 2 ) ,  s i gA ( Frac t ion 1 b  of Fig . 

2 . 9b )  ( 3 )  an d Ig M ( Fr ac t ion 1 of Fig . 2 . 8 a )  

( 4 ) .  Tr oug hs c on t ain rabbit an t i - opos s um 

s erum .  Cat h o de t o  l ef t . 

F IGURE 2 . 1 0b . Ag ar diffus ion an alys is of immun oglo­

bul in is o l a t es agains t an t i - opos s um s er um .  

Wel ls c on tain an ti- opos s um s er um ( A ) ,  IgG . LA  

( 1 ) , I gM ( 2 ) an d s IgA ( 3 ) . Reac t ions o:f p ar ­

t ial iden t i t y  ar e s e en .  

F IGURE 2 . 1 1 .  Compar a t iv e  S DS - PAGE an alys is of is o­

l ated immun o � l o bu l in s . a )  IgG . LA  ( Rivan o l ­

der ived , Fr ac t ion l a  o f  Fig . 2 . 3b ) ;  b )  IgM 

( Fr ac t ion 1 of Fig . 2 . 8a ) ;  c )  s igA ( Fr ac t ion 

1 b  of Fig . 2 . 9b ) . 
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F IGURE 2 . 1 2 a . IEP an alys is o f  immunogl obul in c l as s ­

s pecif ic an t is er a . Wel ls con t ain opos s um 

s er a . Tr oughs con tain an t i- IgG . I.A  ( A ) ,  an t i­

s igA ( B )  an d an t i- IgM ( C ) .  C a thode to  l eft  . 

. -

F IGURE 2 . 1 2 b .  Ag ar diffus i on an alys is of immun oglo­

bul in c l as s - s pecific an t is er a . Wel ls c on t ain 

an t i - IgG . LA  ( A ) , an t i- IgM ( B ) ,  an t i- s igA ( C ) ,  

IgM ( 1 ) , IgG . LA ( 2 ) an d s IgA ( 3 ) . 

#>-

F IGURE 2 . 1 3 .  Agar diffus ion analys is  of an t i- s igA ( C ) 

r eac t ed ag ains t in t es t in al f l u i d  ( S E ) and 

opos s um  s erum ( OS ) .  
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b an d  w i t h  l ow gel  pen e t r at ion and up t o  3 diffus e , 

b ar el y  dis cern ibl e  b an ds  with h igh gel  pen e t r at ion 

( Fi g . 2 .  1 1  ) . 

g .  An alys is of an t i- s  IgA an t is er a  

80  

An t is er a  t o  s igA wer e  made by in j e c t ing r abbits 

with t h e  pre c ipi t a t e  whi ch f ormed on adding r abb i t  ant i·­

opos s um IgG (non - abs or bed an d the r efor e capab l e o£ r eac­

t ing w i th bo th l ig h t  and heavy chains ) to in tes t in al 

f l u i d . The an t is era were abs or b e d  with IgG . LA  ( Fr ac t ion 

l a �  Fig . 2 . 2 b ) un t i l  monospec i f ic as j u dg ed by IEP ( Fig . 

2 . 1 2 a )  an d ag ar dif:fus i on ( Fig . 2 . 1 2 b ) .  Fig . 2 . 1 2 a  shows 

the r eac t ion of s uch an an t is e rum ag ains t whole opos s um 

s er um .  A s ing l e  ar c of p r e c ipit at ion , f orme d hy mater ial 

havin g  a differen t  e l ec t r ophoretic  mob i l it y  f r om that of 

e i th e r  IgG or IgM , is s e en , its pos it ion b e ing s im i l ar 

t o  t ha t  g iven by IgA in o ther s pec ies . 

Fur ther eviden c e  of the abi l ity of the an t i-s igA 

r e ag en t to react w ith s er um IgA is provided in F ig . 2 . 1 3 .  

A l in e  of apparen t iden t i ty e:x�_ ends between t he wel ls 

COYl t a in ing s en.un an d in t es t in 3.1 flui d .  No s pur formation 

was s een in dicat ing a pos s i b l e  l ack of s ecr e t ory compo­

n en t  f r om t he IgA is o l a t e d  f r om in tes t in al f lu i d . 

h .  Meas uremen t  of s erum levels of IgG an d IgM 

F ig . 2 . 1 4a s hows a p l o t  of t he precip i t at ion r ing 

d i am e t ers f orme d  when IgG s t an dards we r e  diffus ed in a 

g e l  c on t ain ing s pecific an t i- IgG . LA  at  a f in al dilu t i on 

of 1 : 20 . The appear an c e  of t he pr e c ipi t a t ion r ings is 

s hown in Fig . 2 . 1 4b . The plot  c ons t r uc t e d  with pr e c ip i­

t at i on r ing diame ters agains t IgG c oncen tr at ions was 

us e d  t o  de t ern1ine the IgG l evels of 27 opos s urn s era 

( Table 2 . 1 ) .  A mean value of  1 4 . 7  mg  per  ml  of  s er um was 

es t ab l is he d ,  t he r an g e  be ing 13 . 8  t o  1 9 . 0  mg per ml . 
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F IG URE 2 . 1 4 a . A p l o t  of th e p r e c i p i t a t i on r in g  d ia­

m e t e r s  ( mm )  g iv en by s t an dar d IgG . LA c on c en -­

t r a t i ons in a g e l con t a in i n g  s p e c if i c an t i ­

s er um . The d i am e t ers s h own ar e m e an s  f r om 

thr e e  exper imen t s . 

F IG URE 2 . 1 4b . Pr e c i p i t a t i on r in g s  f o rmed by IgG . IA 

s t a.'! da r ds an d opos s um s e n-m IgG in s in g l e  

r ad i a l  diffus ion an a l y s is . Top r ow :  IgG . LA 

s t an da r ds 2 .  5 t o  2 0  mg p e r  m l . H i ddl e an d 

bo t t om r ows : s e r um a l i qu o ts . 
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F IGURE 2 . 1 5 a  . .  A p l o t  of t h e  p r ec i p i t a t ion r i n g  di a­

m e t er s  ( mm ) g iven by s t an dar d IgM c on c en t r a ­
t i0ns in a g e l  c on t ain in g s pec ific an t is erum . 

The di am e t ers s hoVln ar e m eans f r om two expe r i ­

men ts . 

F IGURE 2 . 1 5b . Pr ec ip i t a t ion r in g s  f o rm e d  by Ig M s t an ­

do r ds an d opos s um s er um I gM in s in g l e  r a di al 

diffus ion an alys is . Top r ow : s erwn al iquo ts . 

Bo t tom r ow :  IgM s t an dar ds 0 .2 5 t o  2 mg  per m l . 
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Tab l e  2 . 1  IgG . LA an d IgM s erum l �vcls i n  opos s um 

de t erm in e d  by r adi al immun odi££us i on an a1 ys is . 

Immunog lo bul i!"' 

IgG . LA 

IgM 

m<;) pe r ml 

Ran g e  fvlean + S . E  
--------------- - - -

1 3 . 8  - 1 9 . 0  

2 . 9 - 7 . 5  

* 1 4 . 7  + 0 . 4  ( ;2 7 ) 

4 . 1  + 0 . 3  ( 1 6 )  

-x- Number in paren thes es in dic a t es nwuber o£ s er a  exam in e d . 
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The IgM s er um l evels of  16  an imals wer e meas ured 

s 5milar l y  ( Figs . 2 . 1 5a an d 2 . 1 5b ;  Table  2 . 1 ) .  A r ange 

o� values £rom 2 . 9  t o  7 . 5  mg per ml an d a mean of 4 . 08 

mg peT m l  o£ s erum were r e c o r de d .  

i )  Mo l ec ul ar we ight es t imat ions 

i )  In tact IgG an d s ecr e t or y  and s erum IgAs 

The m ig r at ion in S DS - PAGE of the haemocyan in po ly­

m<e:cs us e d  a s s t an dar ds is s hown in Fig . 2 . 1 6 a . Cal ibra­

t �on curves o f  mo l e cula r weights vers us r e l at ive mob i l i­

t ies ar e g i v en £ o r  thes e polymers in F ig . 2 . 1 6 b . T�es e 

c urves , c on s t x u c t e d  f r om t h e  mean val ues f r om f our r uns , 

wer e us e d  t o  c a l cu l a t e  t he mole cular we ights of in t ac t  

T9G . Lr\ , IgG . SA an d s er um an d s igAs . Two curves were 

p l o t t e d : t he curve ' a '  was pl otted us ing the r e l at ive 

m-ob il i  t ies o f  0 . 1  to 0 .  6 an d was us e d  to calculate t he 

mol ecul ar we igh ts of t he two IgGs ; c u r v e  ' b '  was p l o t t e d  

us in g r e l a t ive mob i l i t ies o f  0 . 05 t o  0 . 3 ,  and was us e d  

to cal cu l a t e  t h e  m o l e cu l ar we ights o f  s er um an d s lgAs . 

Cur ve ' b '  w as c on s t r u c t e d  t o  ...1l l ow a mor e precis e calcu­

lat i on of the two IgAs by extendin g the r e l at ive mob i l ity 

s cale al ong the X axis . 

IgG . LA was obt ain e d  by a comb in e d  R ivanol - DEAE­

cel lu l os e/S ephadex G - 2 00 procedur e , this m ater i al is 

s een as Fract ion l b  of Fig . 2 . 2 b . IgG . SA was ob t a in e d  

b �  Pr o t e in A- S ephar os e fract ion o f  opos s um s erum , this 

mat er ial  is r epres en t e d  as Fr act ion 2 in Fig . 2 . 4b .  The 

s IgA exam ine d  was der ived f r om in tes t in al was h ings an d 

�s s een in Fr ac t i on l e  of F ig . 2 . 9b .  The molecul ar weight 

orf s e rum IgA , wh ich was n ever s at is f ac t o r ily is olat e d ,  

w.as c a l c u l a t e d  us ing Frac t ion 3 o f  Fig . 2 . 4a . This was 

a Pr o t e in A-S ephar os e column - der ived mat er ial wh ich , in 

�ddit ion t o  I gG an d IgM , als o con t a in e d  IgA ( Fig . 2 . 4c ) . 
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The pos i t ion o f  the s erum IgA migrat ion ban d was de duced 

£ r om knowing th e m ig r at ion behav iours o£ pur if ied IgG 

and IgM .  The S DS - PAGE mobi l i t ies o£ t he immun og l obulins 

exam ine d  are s hcvm in F ig . 2 . 1 6 a .  

Tabl e  2 . 2 s hows th e molecul ar weights o£ the £our 

in t ac t  immun. og l obu l ins  as det ermin ed by SDS - PAGE an d 

als o pr es ents  a mol ecul ar v.reight for Igl\1 which is b as ed 

on t he calcul ated we ights o£ its l ight an d h e avy chains 

( s e� next s ec t ion ) ,  a pen t 2JlleJ�ic s t ruc t ur e  be ing as s ume d . 

IgG . SA was found t o  have a molecu l ar weight  o£ 1 50 , 000 + 

4 , 00 0  dal tons : while IgG . LA  had a!1 es t imate d  mole cul ar 

we ight  of 12 9 , 6 00 :: 1 , 000 dal tons . S erum IgA an d s igA 

had mol ecul ar we ights o£ 1 7 5 , 000 2" 5 , 000 an d 303 , 8 00 2" 
1 0 , 000 dal tons , respec t ively . Th e m o lecul ar w·e i g:·1 ·1� o.f 
IgM was calcul ated as 940 , 000 dal tons . 

i i ) Heavy a.'l d l ight  c hain s  0£ IgG , IgJI.1 an d IgA 

A c a l ibrat ion curve bas ed on t he migrat ion o£ 

s t an dar d pr o t eins in S DS - PAGE is s hown in F ig . 2 . 1 7 a , 

the r e l at ive mob i l i t ies shown ar e the aver ag e f r om two 

e l e c t r ophor e t ic runs . This curve was us ed to calcu l ate 

the molecu l ar we ights of the heavy an d  l ight chains o£ 

IgG . SA ,  IgG . LA , IgM an d s er llfl  an d s igA des cr ibed in t he 

pr evious s ec t i on . The mol ecul ar we ight o£ the alpha­

chain o£ s erum IgA was es t imat e d  f r om the SDS - PAGE o£ 

a m ixtur e o£ IgG , IgM and IgA ( Fr act ion 3 of F ig . 2 . 4b ) .  

The pos i t ion o£ gamma an d u chains in PAGE were es t ab­

l is he d  f r om analys es us ing r educe d pur ified IgG an d IgM ; 

the pos i t ion o£ alpha chain in a m ixture o£ the t hr e e  

reduced immun og lobulin s  could t hen b e  de termined . F ig . 

2 . 1 7 b  s hows t he S DS - PAGE appear an c e  o£ IgG . LA and IgM 

£ol l ow ing the ir r educ t ion t o  l igh t and heavy chains . 

The mol ecul ar weight  o£ the IgG . SA heavy chain was 

calcula t e d  t o  be 5 0 , 300 + 500 dal t ons , while  t he l ight 
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F IGURE 2 . 1 6 a .  S DS - PAG E an alys is of  haemocyan in 

pol ym ers an d is o l at ed immunog lobu l ins us e d  

to  det erm in e  mol ec u l ar weigh ts . 

G e l  a :  Haemocyan in polymers ; 
b :  IgG . LA  ( Fr ac t ion l b , Fig . 2 . 2 b ) ;  
c :  IgM ( Fr ac t ion l a ,  Fig . 2 . 8 a ) ;  
d :  s igA ( Fract ion l e , Fig . 2 . 9b ) ;  
e :  IgG . SA ( Fract ion 2 ,  Fig . 2 . 4b ) ; 
f :  IgM ( t op ) ,  s er um IgA , IgG . LA  ( bo t tom )  

( Fr ac t ion 3 ,  Fig . 2 . 4b ) .  

F IGURE 2 . 1 6 b . A c al ibration curve obtain ed with 

haemocyanin polymers on SDS - PAGE .  The r e l ative 

mobi l i t i es s hown ( m igration dis tan c e  of pr o­

t e in /m igr ation dis t an c e  of track ing dye ) ar e 

m eans from four an alys is . 
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F IGURE 2 . 1 7 a . A c a l ibr a t ion curve ob t ain ed with 

pr o t ein s tan dar ds on S DS - PAGE .  The r el ative 

m o b i l i t i es s hown ( m igr at ion dis t an c e  of pr o�  

t e in /m i g r a  t ion dis t an c e  of  t r acking dye ) ar e 

aver ag e values from two an alys is . 

F IGURE 2 . 1 7 b . S DS - PAGE an alys is of 2 - ME r e duc ed 

IgG . LA ( a ) an d I gM ( b ) . 
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Tab l e  2 . 2 Mo l ecu l ar we igh ts o£ IgG . SA , IgG . LA an d  o£ 

s erum an d s ec r e t o r y  IgAs de t erm in e d  by S DS ­
PA.GE .  The v alue :for IgM �vas calculat e d  from 

the m o l ecul ar we i�hts o£ the m o l ecul e ' s  l ight 

an d heavy chains , a p en t amer ic s true ture being 

as s ume d .  

Immun og l o bu1 in 

IgG . S A  

IgG . U\. 

IgA , s erum 

IgA , s ec r e t ory 

I gM 

----------

Mo1 ecul ar w·2 i9h t a ( d a l  t ons  ) 

1 50 , 000 + 4 , 000 ( 8 ) b 

1 2 9 , 6 00 + 1 , 000 ( J 2 ) 

1 7 5 , 000 + s , ooo 5 ) 

3 03 , 8 00 :::1 o , ooo 4 )  

940 , 000 

a Res u l ts  pres en t e d  as m e an val ues ! s t illl dar d error . 

b Number in par en thes es r efers to  number o£ es t ima­

t ions m ade . 
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chain of t his immun og lobu l in h ad a mol ecular weight of 

2 2 , 900 + 400 dal tons ( Table 2 . 3 ) . The molecul ar we ights 

of t he heavy an d l ig h t  chains o£ IgG . LA wer e 47 , 900 -: 600 

an d 2 1 , 300 � 500 dal t ons , r es pP.c t ively . The IgM s howed 

m o l ecular we ights of 7 1 , 8 00 � 1 , 400 dal t ons for its 

h eavy chains an d  22 , 2 0 0  � 900 dal t ons f o r  i ts l ig h t  

chains . IgA from s er um s howe d  a molecul ar we igh t o£ 

5 8 , 000 � 2 , 000 dal t ons for its heavy chains an d 22 , 800 + 

7 00 dal tons for its l ight chains . The he avy an d l ight  

c hains of s lgA s howed molecular we ights of 55 , 5 00 � 

2 , 500 an d 22 , 800 � 700 dal t on s , res pec t ive ly . 

IgG . LA <:m d Ig M wer e an a l ys e d f or t h e i r  c a r b ohy dr a t c  
c on t en ts , th e r es u l ts being g iven in Tabl e  2 . 4 .  I gG . LA  

s h owed an ave r ag e  hexos e c on t en t  of 1 . 9 9 mg p e r  1 00 mg 

of pr otein " The h exos am ine c on 1: en t of IgG . LA v.ras foun d 

t o  be 0 . 8 3 mg per cen t and the fucos e con t en t ·was 0 . 1 3 

mg per cen t . IgG . LA  s howed a s ialic ac i d  c on tE:n t of 

1 . 37 mg per cen t . 

IgM had a s omewhat h ig her carbohy.dr ate con ten t  than 

did IgG . LA .  The per cen t age of hexos e in IgM w as 3 . 71 mg . 

IgM als o con t ain e d  2 . 56 mg per cen t  hexos amin e , 1 . 03 mg 

per cen t fucos e and 1 . 91 mg per cen t  s i alic ac i d .  

k .  Amino ac id an alys es 

Tab l e  2 .  5 s hows t he am ino ac id c ompos it ion of IgG . LA 

an d  IgM . IgM has n o t iceably h igher l evels of his t i dine 

(""" 5 per cen t ) and arg in in e  (.rV 8 per cen t ) than does 

IgG . LA  (I'V' 2 an d,..., 4 per cen t , r es pect ively ) but a lower 

l ev e l  of g lu t am ic ac i d  ( IgM "-' 8  per cen t ; IgG . LA  ,...,_,. 1 1  per 

cen t ) .  
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Tabl e  2 . 3 Molecular we igh t es t imat ions de termined by 

SDS - PAGE ,  of opos s um immun og l obul in chains 

f o l l owing r e duct ion wi th 2 - ME .  

Mol ecul ar we igh ts Cdal t ons ) a 

Im.r!J.unog 1 obul in 
--------------------·-----

Heavy chain Ligh t chain 

IgG . SA 50 , 300 + 500 2 2 , 900 + 400 ( 8 )
b 

IgG . LA 47 , 900 + 6 00 2 1 � 300 + 500 ( 1 0 )  

IgA , s erum 58 , 000 :::-2 , 000 2 2 , 800 + 7 00 2 ) 

IgA , s ecre tory 5 5 , 500 ::2 , 500 22 , 800 + 700 2 )  

I gM 7 1 , 8 00 ::1 , 400 2 2 , 200 + 900 5 )  

a Res u l ts pres en t e d  as mean values � s t an dard error . 

b Number in paren thes es refers to  number of es t imat ions 

made . 
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Tabl e  2 . 4 Car bohydr at e c ompos it ion o f  IgG . LA an d IgM . 

Mean values an d r an g es o£ values ar e expr es s ed 

as mg of car bohy dr a t e  per 1 00 rng of p r o t e in . 

Immunog l obul in 
Carbohydr at e  

IgG . U\. IgM 
·· - - --

-J(- * 
Hexos e 1 . 9 9 ( 1 . 6 1 - 2 . 7 3 ) 6 3 . 7 1 ( 2 . 6 4- 4 . 6 9 ) 3 

Hexos amine 0 . 8 3 ( 0 . 67 - 1 . 1 1 )  3 2 . 56 ( 1 . 6 8 - 3 . 43 )  3 

Fucos e 0 . 1 3 ( 0 . 08 - 0 . 2 0 )  3 1 . 03 ( 0 . 6 0- 1 . 45 )  3 

S ial ic acid 1 . 37 ( 0 . 96 - 2 . 1 7 ) 4 1 . 9 1 ( 1 . 75 - 2 . 1 3 )  3 

To t al 4 . 32 9 . 2 1  

* Nwnber of es t imat ions made ( Not e : Th e i�nunog l obu l ins 

an alys e d  wer e  is o l a t ed from pool e d  s er a ;  the number of 

es t imat ions r efers t o  the number of differen t immunog l o ­

bul in isolates t es t e d ) . 
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Tab l e  2 .  5 Am in o ac i d  c ompos i t ion of IgG . LA an d Igi'-1 . 
The values giv en ar e per c en t ages o£ each 
amin o  ac i d  r ec over e d  in r es pect  to the t o t al 
am in o ac i d  c on t en t . 

Amin o acid IgG . lA  I gM 

Lys in e  6 .  02
a+ 0 . 2 8 5 . 37 b + 0 . 8 8 - -

His t idine 2 . 37 + 0 . 8 0 4 . 7 8 + 2 . 51 

Ar g in in e  3 . 86 + 1 , 1 4 7 . 8 4 + 2 . 3 0 

As p ar t ic ac id 9 . 02 + 0 . 80 9 . 8 1 + 2 . 08 

Thr eon in e 8 . 30 + 0 . 30 7 . 1 8 + 1 . 8 7 

S er in e  1 1 . 4 0 + 0 . 45 1 1 . 04 + 0 . 2 4 

Glu t amic ac id 1 0 . 70 + 0 .  7 9  8 . 3 9 + 0 . 1 4 

Pr o l i�1 e 5 . 2 3 + 0 . 06 5 . 2 1 + 0 . 2 1 

Glycin e  6 . 8 9 + 0 . 32 8 . 2 7 + 0 . 82 

Al an i n e  7 . 1 0 + 0 . 1 4 6 . 86 + 0 . 04 

Cys t ine , Half 3 . 05 + 0 . 2 6 2 . 40 + 0 . 2 0 

Val in e  7 . 88 + 0 . 2 1 7 . 03 + 0 . 94 

Meth ion in e 0 . 96 + 0 . 1 0 0 . 72 + 0 . 02 

Is oleucin e 3 . 68 + 0 . 06 3 . 8 8 + 0 . 1 1  

Leucin e  6 . 6 1 + 0 . 1 6 7 . 55 + 0 . 98 

Tyr os in e 4 . 06 + 0 . 1 4 3 . 5 1 + 0 . 1 0  

Phenylalan in e  4 . 1 2 + 0 . 05 4 . 40 + 0 . 41 

To t al 1 0 1 . 2 5  1 04 . 2 5 

a ) Mean ! s t an dard e r r or from four es t imat ions ; b ) m ean + 

s t an dar d e r r o r  f r om two es t imat ions . 
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2 . 4  Dis cus s ion 

Thr ee immun og l obul ins have been is olated fr om the 

bloo d and in t es t in a l  fluid Ol non - immun ized opos s ums . 

Des pi t e  their l ack o£ an t ibody act iv i t y  o£ any r e cogn i­

z abl e s pec if ic i ty they are cons i de r e d  to  be an al og ous 

t o  euther ian. I gG , Igl\1 an d IgA . This as s er t ion is bas ed 

on t he ir havin g been is o l a t e d  by methods known to  is ol at e  

immunog lobul in s , on the ir phys ical p r oper ti es and on 

the i r  an tigen ic r el at ions hip t o  each other . 

Two forms of IgG wer e recogn i z e d  in i t i al ly by differ­

ences in the i r  elut i on ch ar act er is t i cs from b o t h  DEAE­

c e l l u l os e an d Pr ot e in A·· S ephar os e cclumns . Thes e diff er­

enc es wer e r ef l ec t e d  1 n  the mo le cu l es ' elec t r ophor e t ic 

mobil it ies which l e d  t o  their be ing des ignat e d  IgG . LA  

an d IgG . SA .  Des p i t e an apparen t char ge differen c e  b e t ­

ween the? two forms , an d r e?pea t e d  ev i denc e of "spl it t ing ' '  
of pre c ip i t at ion ?.res in s ome c ir cums t ances ' n o  an t ig en i c  

differences between them c oul d be  de tec t ed b y  ag ar 

diffus ion an alys es . 

To b e  s uc c es s ful thes e an alys es r ely on t he de t e c ­

t ion o£ r es i dual an t ibody ac t ivi ty in abs orbed an t is er a . 

I£ this work wer e  t o  be repea t e d  the approach us e d  by 

Bel l  et a l . ( 1 9 74a ) of us ing an t i- l ight chain an t is er a  

wou l d  be adopted . Us ing this t echn ique the au thors s howed 

the c ompl exic i t y  of the quokk a ' s  humor al immun e s ys t em 

by demons t r at ing t he occur r en c e  in this s pec ies of s ep a­

r a t e  IgG c l as s es an d s ubc l as s es . Obvious ly an al t ern at ive 

approach t o  t ha t  chos en here mus t be us ed t o  exam ine 

the c ompl exity of the IgG c l as s  o£ immunog l o bul ins in 

T . vulpecula . 

IgG . SA an d IgG . LA  were s ubs equen t ly s hown to  differ 

als o in the ir mol e cu l ar weights . Us ing the mean molecular 
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we ight values obt ain e d  by �� alys es of t he in t ac t  mole­

cul es , IgG . SA was s ome 20 , 400 dal t ons  heavier than IgG . LA .  
If the molecular weights es t imat ed fer the cons t i tuen t  

heavy an d l ight cha ins  ar e cons i de re d ,  then this diff 2 r ­

enc e  in mas s c ou l d  b e  r e duced to 8 , 000 dal t ons . The m o r e  

corr ec t  of t hes e two values cann o t  b e  es t ab l is hed . Wha t  

is appar en t is t hat both the heavy an d the l igh t ch a in s  

o f  IgG . LA ar e n o t  on ly l ighter than t hos e o f  IgG . SA , but 

als o  l ighter than the corres pon ding chain s  of t he o ther 

immun og lo bu l in c l as s es . Thes e da t a  s ugges t that a del e ­

t ion of mat er ial h as occur red f r om on e o r  o ther or both 

po lypeptide cha ins in t h e  IgG . lA  molecul e .  S ince IgG . ':::JA 
an d IgG . LJ\ appear e d  aJ.! t igen ical l y  t he s arr1e , the l owe:r­

mol ecular weight of IgG . LA  m ight be due to that m o l e c u l e ' s  

having a r e duce d amoun t of a componen t whic h is common 

t o  both  IgG . LA an d IgG . SA . Thus , a par t ial de l e t ion of "­

� epeat ing am ino ac i d  s equen ce f r om on e or more con s t an t  

domains of IgG . LA  cou l d  be invo l ve d . I n  r e t r os pect , a 

c ompar is on of t he c ar bohydr at e  an d  amin o ac id c ompos i t ions 

of th e two IgG f o rms may have s he d  s ome l ight on t his 

ques t :.:.on . 

Ne i t he r  t r an s fer �· in nor haemopexin is pr ecipi t at e d  

b y  R ivan ol ( Putnam ,  1 96 0 ; S chul tz e  and Her emans , 1 96 6 ) .  

At t empts t o  s how that the  con t am i� an t s  s e en in Rivanol­

der ived IgG is o l at es wer e  one  or o t he r  of thes e iron ­

b in ding pro t eins by the s t ain ing m e thod of Ur iel ( 1 9 7 1 ) 

were uns ucces s fu l , th e t echn ique proving t o  be non - s peci­

f ic in that  mos t s er um pro t e ins became s t aine d  by this 

pr ocedur e . 

Pr ot e in A ,  a c e l l  wal l  componen t of S t aphyl ococcus 

aur eus , bin ds t o  the Fe r eg ions o£ immun og lobu l ins an d 

br ings about the ir pre c ipi t at ion in ag ar diffus ion 

s ys t ems ( Fors g r en and S j oquis t ,  1 96 6 ; Kr onval l and 

Fromme l , 1 970 ) . D . v irgin ian a  s er um  was t he onl y  one of 
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6 2  o ther mammalian s pecies t es t ed that  fail ed t o  s how 

th is r eac t ion wh ich was orig in a l l y  t hough t to be media­

t e d  s olely  by IgG ( Kr onvall e t  al . ,  1 970a ) .  Mor e  r ec en t  

ev iden c e  s hovv-s tha t  pr o te in A als o  bin ds to IgA an d IgM 

( Har bo e  an d Fal l ing , 1 974 ; Grov , 1 976 ) .  Nei th er ! . vulpe­

cul a s erum nor IgG . LA p r ecipi t a t e d  with  a commerc ial 

pr ep ara tion o£ prot ein A in ag ar diffus ion ( r es u l ts n o t  

p r es en t ed ) .  Never thel es s , when opos s um s erum w as pas s ed 

down a Pr o t e in A-S eph ar os e column IgG , IgM an d IgA b ecam e 

boun d t o  t h e  m a t r ix . It woul d s e em , th en , th at b in <ling 

between an immunoglobu l in an d pr o te in A can occur wi th-

ou t r es u l t in g  in pr ec i p i t a t ion . Al t ern a t iv e l y , th e c:--os S "LlJTl 

immun og l o b u 1  ins wer e binding t o  the S eph,aros e s u ppoJ� t 

r ather t h an i ts coup l ed Fr o t e in A :  f r ee S epharos e c o u l d 

n o t  be obt ain ed in t ime to tes t t his un l ikely al t ern at:i.v e . 

A c ons i de r a b l e  amoun t  of opos s um IgG f a i l e d t o  b in d  t o  

t h e c o l umn an d was e l u t ed with t h e  ph os phat e was h buffer . 

S im i l a£ f in dings have b e en des c r i b e d for s he ep ( Jon s s on 

an d Kronval l ,  1 974 ) an d rabbit  ( Go din g , 1 976 ) IgGs . The 

pos s i bil i ty that the  obs er v ed r es u l ts were du e t o  column 

over J oadin g was checked by us ing 0 .  5 m l  vol umes of s erum 

r at h er than the us ual 5 ml  volum es : the  s am e  elut ion 

p a t t erns wer e ob�ain e d .  

I t  i s  app ar en t  th at  ther e i s  a s u bcl as s  s pec if ic i ty 

in the  pr o t ein A- immun oglobu l in r e ac t ion . Wi th human IgG , 

it  has been s hown that ' IgG1 , IgG2 an d I gG4 but n o t  IgG3 
bin d to Pr o t e in A ( Kr onva l l  an d W i l l iams , 1 96 9 ) .  Th er e 

is als o a s ubcl as s  s pec if i c i  t y  of human IgA in th is r es ­

pec t with I gA2 but n o t  IgA1 bin ding t o  pr o t ein A ( S al t ­

vedt an d Har boe , 1 976 ) .  Howev er , ther e appears t o  b e  n o  

s imp l e  r el at ions hip between an immun og l obu l in s ubc l as s  

an d i ts capac i ty t o  a t t ach t o  prot ein A .  Thus , Brun da 

� al .  ( 1 97 9 ) s howed that wh i l e  s om e  human IgA1 an d IgA2 
immunoglobu l ins boun d t o  the pr o t ein A others  of both 

s ubcl as s es f ail ed t o  do s o .  A s imilar s i tuat ion appa­

r en t ly appl ies t o  opos s um IgG . 
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Cons ide r ab l e  var iation in the molecul ar we ights 

o£ immunog l obu l ins of , appar en t ly , the s ame c l as s es h ave 

been r epor t e d  be tween differen t s pecies . A de t ai l e d  

c ompar is on o £  t h e  mole cul ar we igh ts o f  opos s um immun og l o ­

bul ins with thos e o f  dis t an t l y  re l at e d  s pec ies wou l d  b e  

t e dious an d un rewar din g . Ins t ea d ,  Tabl es 2 . 6 and 2 . 7 

p r es en t the m ean mol ecul ar we ights of in t ac t  immun og l o ­

bu l in mol ec u l es an d the ir heavy c hains o £  s el ec t e d  s pec ies . 

I t  wil l be s een from thes e t ab l es that the dat a prov i de d  

£ o r  t h e  opos s um ar e i n  g eneral agr e emen t with thos e g iven 
for tl1es e o t her s pe c i es . Th is is p ar t icu l ar ly true for 

IgM , al thou g h  for IgG an d IgA a g r ea t er range of values 

is appar en t .  

The mol ecular weigh t of the in tes t inal fluid s ecre­

tory IgA is n o t iceably  l ower th an thos e recorde d  f o1.· s IgA 

f r om o ther s pe c i es l is t e d  bo th her e  an d els ewher e .  I£ a 

dimer ic s t r uc t ure is as s v.med for opos s um in t es t inal 

fluid IgA , t hen , us ing the mol ecul ar weights r ecor de d  

£ o r  the mol e cu l es heavy an d l ig h t  chains , on e coul d 

expec t  a mol ecu l ar we igh t of s ome 31 3 , 000 dal t ons £or the 

in tact mol e cul e , a figur e in c l os e  agreemen t with the 

303 , 8 00 dal t ons calcul a t e d . A r ange of mol ecular we ights 

h as been recorded £or mammal ian s igA an d ext en ds f r om 

357 , 000 da1. t ons , for dogs t o  420 , 000 dal tons , £or humans 

( Bj ork an d Lin dh , 1 974 ) . I£ opos s um s igA c�n be s aid t o  

have a mol ecul ar we igh t of ar ound 31 0 , 000 dal t ons , th en 

i t  is s ome 47 , 000 to 1 1 0 , 000 dal tons l ight er than s igA 

f r om o ther s pec ies . The molecular we igh t o£ free  s ec r e ­

tory componen t r an g es from 6 0 , 000 dal t ons , £ o r  r ab b i ts 

( O ' Daly an d C ebr a ,  1 971 ) t o  1 1 0 , 000 dal t ons for humans 

( Br an dt z aeg , 1 974 ) .  The differen c e  in t he mol ecul ar 

we ight o£ opos s um s igA an d that of o ther  an imals  appro­

ximat es that o£ s ec r e t o r y  c omponen t .  I t  wil l  be  r e ca l l e d  

that ag ar diffus ion s tudies f ai l ed t o  demons t r a t e  s ecre-
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Tab l e  2 . 6 The m o l ecular weights o£ immunoglobu l ins of 

s el e c t e d  s pec ies . 

Spec ies I gM IgG IgA 

Ch icken 8 8 0 - 8 901 ' a 1 7 8 a s igA : 350- 3 6 0b 

( G a l l  us 300- SOOc 

domes t i� ) 

Ech idn a 950d 1 50d 

( Q . �c:..doxus ) 1 7 7 e 

Aus t r al ian 9 40 IgG . SA :  1 50 s IgA : 304 b� ush - t ailed I gG . U\ :  1 30 IgA : 1 7 5  
opos s um 

( _I . vu lrc cu l a )  

Quok.k a lgG1 1 7 6£ s igA : 2 00h 

( � .  b r ac!1yurus ) 240g IgA : 1 50h 

IgG
2 1 3 6£ 

1 3 0g 

Hum an 9 50 i 
IgG1 1 46

j s lgA : 380j 

IgG3 1 6 5J IgA : 1 6 0
j 

- 3  1 Values g iven as m . w .  x 1 0  dal tons . 

a )  Les l i e  an d C l em ( 1 969 ) ;  b )  Les l ie an d Mar t in ( 1 97 3 ) ;  

c )  Wat an abe and Kob ayas hi ( 1 97 4 ) ,  Wat anabe et al . ( 1 975 ) ;  

d )  Atwe l l  e t  al . ( 1 97 3 ) ;  e )  Mar chalon is et al . ( 1 97 4a ) ; 

f )  Lynch an d Turn er ( 1 974a ) ;  g )  Bel l e t  al . ( 1 974a ) ;  h )  

Bel l e t  al . ( 1 974b ) ;  i )  Edelman an d G 9-l l  ( 1 96 9 ) ;  j )  
Nis ono££ e t  al . ( 1 97 5 ) . 
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Tabl e  2 .  7 Th e mol ecul ar weights of he avy ch a ins of 

immunogl obu l ins of s el e c t e d  s pec i es . 

Spec ies I gM IgG IgA 

Chicken 62 . 6 1 ' a 62 . 0- 6 6 . 0a 

( Q_ .  de m es t ic us ) 7 0 . 0b 

Echidn a 6 9 . 0c 40 . 0c 

( Q .  E_ar adoxus ) 6 1 . 0d 

Aus t r <:�_l i an 7 1 . 8  IgG . SA : 50 . 3  s igA : 5 5 . 5  
brus h- t a i l e d  IgG . LA. : 47 . 9  IgA : 58 . 0  opos � um 

5 5 . 7 e 
(. ! .  vulpe c u l a ) 

7 0 . 0f 5 3 . 0f -r 
Human 6 4 . o-

72 . og 5 1 . 0- 60 . 0  g 52 . 0- 58 . 0  g 

6 5 . 0  
h 

1 ) 
- 3  Vai ues g iven as m . w .  xl O dal t ons . 

a )  Hers h an d Ben edic t  ( 1 976 ) ;  b )  Les l i e  an d  C l em ( 1 9 6 9 ) ;  

c ) Atwel l et  al . ( 1 973 ) ;  d )  Marchalon i s  et al . ( 1 978 ) ;  

e )  Atwe l l  an d Marchalon is ( 1 97 5 ) ; f )  Edelman an d G al l 

( 1 969 ) ;  g )  Nis onoff e t  al . ( 1 97 5 ) ; h )  Cohen an d Mil s t e in 

( 1 967 ) .  
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t o r y  compon en t o n  in tes t in al f l u i d  s igA . Pr ece den t exis ts 

for the o ccur ren c e  in s ecr e t ions of IgA devo i d  of s ecre­

tory  compon en t .  Wat an abe and Kabayas h i  ( 1 973 ) an d Wat a-

n abe et al . ( 1 975 ) i den t if i e d  IgA in n umer ous s ec r et ions 

e . g . , t ears , s al iva , b i l e , in t es t in a l  f l uid , oviduc t 

mucus , e t c . , of chickens an d f oun d that on l y  in t es t in a l  

IgA was as s oc iat e d  with s ec r e tory  c omponen t .  The I gAs 

in s ecr e t ion which did not  s how s ecr e t ory c ompon en t  wer e  

gener al l y  in polyme r ic forms an d had mol ecul ar we igh ts 

of 800 , 000 to 900 , 000 dal t ons . B ir ds an d mammals have 

both evo l ved from r eptil i an s t ock . Bir ds have both a 

d imer ic f orm of IgA comp l e t e  w i t h  s ec r e t or y  component 

an d p o l ym e r i c  forms of IgA devoid of s ecr e t or y c ompon en t :  

e u t h e r i an s  have on l y  a dimer ic s ecr e t or y  Ig/\. wh ich is 

comp l � t e  with s ec r e t ory compon en t .  It may ther efor e be 

phyl ogen e t ic al �y acceptab l e  for  mar s up ials , wh i c h  diverged 

f r om a very e a r l y  euther ian s t ock ( Clemens , 1 96 8 ) ,  t o  

s how a dimer ic IgA l acking a s e2 r e tor y  componen t in i ts 

in tes t in al f l ui d .  The fur ther ex�1 in at ion of opos s um 

bo dy f l u i ds , o ther t han in t es t in al s ec r et ion s , for IgA 

an d s ec r e t or y  c ompon en t  is obvious ly r equi r e d . Repeat e d  

at temp ts t o  is o l a t e  IgA f r om s er um b y  the method of 

Tomas i an d Bienens tock ( 1 96 8  ); us i1 1g z inc s u lphate pr ec i­

p i t a t ion , were  uns ucces s ful . The is olated ma t er ial when 

exami:1 e d  in IEP in var iably c on t ained s ome IgG an d o t her 

c on t am in a t ing s erum prot e ins . 

Ther e appear e d  t o  be mor e IgG . LA  than IgG . SA in 

opos sum s er um , an impre s s ion g ain e d  by the r e l at ive 

amoun ts of each judg e d  by opt ic a l  dens ity an alys es of 

·mater ial e l u t ing from DEAE- c e l l ul os e an d Pr o t e in A­

S ephar os e columns . For th is r eas on emphas is was placed 

on IgG . LA  in determin ing s erum l evels of t h e  two f orms 

an d def in ing c ar bohydr a t e  an d amin o ac id compos i t ions . 

g,z:ssEY l1 !VUS'IT.f 
1.15RA ·· '  
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Al th ough marked differen ces in the carbohy dr ate 

compos it ion of the var ious immunog lobulin c l ass es have 

been des c r ibed , the fun c t ion al s ignifican ce of thes e 

componen ts is not kn own . The y  ar e n o t  needed for the an t i ­

body ac t ivit ies o f  the molecule ( Pu tn am , 1 977 ) b u t  may 

p l ay a r ol e  in th e var ious fun c t ions of t he Fe r eg ion , 

n o tab l y  in s ec r e t ion from p l asma cel l s ( Litman , 1 976 ) .  

Th e values for car bohy dr a t es g iven here are der ived f r om 

an alys es us ing immun o g l o bu l  in s is ol ated f r om d i ff e r en t 

s erum pools . The wide ran g es o£ valu es g iven for thes e 

in d iv i du a l  c ar bohy dr a t e s o£ IgG . LA an d IgM a r e  dis tu r b in g , 

but s i� i l ar ranges have been des cribed £or o ther s pec ies 

an d have b e en f o un d acc ep t ab l e .  Thes e ran g es pr obably 

in dic a t e a deg r e e  o f  impr e c i s i on i n  the c o l ou r ime t r i c  

methocs u s e d ;  unf o r tun a t e l y  mor e precis e methods of c ar ­

bohy dr a t e  determ in a t ion wer e  n o t  av a il ab l e . 

'::.'he t o t a l c ar bohydr ate con t en t of IgG . LA r es emb l e d 
t hos e r epor ted for t he l mver mo lecular weig h t  immun o ­

g l o b u l in s of ch icken ( Les l ie an d C l em ,  1 96 9 ) ,  Q . v irg i­

n i an a ( Rowl an ds , 1 97 6 ) ,  quokk as ( Be l l et al . ,  1 97 4a ) an d 

human s ( Chapl in e t  al . ,  1 96 5 ) .  The l ow c on c en t r a t i on of 

fucos e r e l at ive t o  thos e of t he o t her car bohy dr a t e  is 

cons is t en t  wi th the f indings in Chon dr ichthyes , Os t e ich­

thyes , Amphibia , repti l es , b i r ds an d mammals ( Ac t on et al . ,  

1 972 ) .  

The car bohy dr ate con t en t  of opos s um IgM was higher 

than that of IgG . LA  an d r es embled t ha t  of the macr og l o­

bul ins of the Horned shark , Het erodon tus franc is c i  

(Fr omme l  e t  al . ,  1 97 1 ) ,  th e Paddle f is h , Polyodon spat hul a 

( Pol l ar a et  al . , 1 968 ) ,  th e Bul l  f r og , Ran a ca t es b i an a  

( Marcha l on is an d Ede lman , 1 96 6 b ) ,  t h e  Amer ican opos s um 

(Rowlan ds , 1 976 ) an d man ( Edelman and G al l , 1 96 9 ) .  Th e  

car bohy dr a t e  compos i tion of immunog l obul ins , bot h IgG 

and IgM ,  appears t o  be a phyl og en e t ically s t ab l e  feature . 
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The s er um l evel of IgG . LA  was c l os e  to that recor de d  

f o r  euther i ans , including man ( Pr eval , 1 978 ) :  that  of 

opos s um IgM ( 4 . 1  ;:ng per ml ) b e in g  much h igh er than the 

mean value of 0 . 92 mg per ml r ecorded for man , but com­

par able t o  thos e recor ded for cat t l e  ( Duncan et al . ,  

1 972 ) an d p ig ( S etcavag e  an d Kim , 1 976 ) IgMs . The w i de 

r an g e  of v a l ues recor ded for opos s um IgM may v'Tel l  r ef l ect 

in adequac ies in the tes t s ys t em .  

The am ino ac id c ompos i t i ons of opos s um IgG . LA an d 
IgM wer e in gen er al agr eem ent w i th t hos e recor de d  for 

l ower ver te br at es ( l\1archalon i s  an a Ede lman , 1 9 6 6 b ; 
Atwel l an d l\1ar chalon is , 1 9 7 5 ) an d  �-lig her .. ma.rnmals  ( Crump­

ton an d W i lkins on , 1 96 3 ;  Chapl in et a l . ,  1 96 5 ) .  Th e r at i o 
of leuc ine t o  is ol euc in e  was ab ou t 2 : 1 in both opos s um 

immun og l obu l in c l as s es . A s im i l ar s i tuat ion is s e en in 
o ther mammals wher eas in th e immun_og l o bul i n s  of amphi­

bians an d chicken s t he s e two a.m in o  ac i ds occur i n  appro­

x imat ely equal amoun ts ( Atwe l l  an d  l\1archal on is , 1 97 5 ) .  

Al thoug h th is fea ture s e ems t o  be a div i ding l in e  between 

mammals and l ower ver tebr ates , i ts fun c t ion al s ign if i­

c ance is  n o t  known . The s im i l ar i t ies of the car bohy dr a te 

an d amino ac i d  compos it ions of immun o g l obul ins f r om 

divers e phylogen e t i c  s pec ies r 2 in£orces the n o t ion th at 

thes e immun og l obul ins ar os e f r om a c ommon precur s or 

g ene ( Hil l et al . ,  1 966 ) .  

The r e s u l ts pres en ted her e  an d  els ewher e ( Y adav , 

1 973b ; Bel l et  al . ,  1 97 4a , b )  c l ear ly in dicate tha t  the 

immunog l o bu l ins of Aus tral i an marsupials are s im i l ar in 

the ir comp l exi t; to thos e of e uther i ans . 
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CHAPTER 3 

I DENTIFICATION AND DIS TRIBUTI ON OF B LYMPHOCYTES 

3 . 1  In tr odu c t ion 

Lymphocyt es diff er in t heir f un c t ions , dis t r ibu­

t ion and s urface markers an d s everal  c l as s es of th es e 

c el ls ar e now r e cogn is ed .  Of thes e ,  the mos t s tudied 

are the T an d B lymphocy t es an d cons i derable informa­

t i on is ava i l ab l e  on their ac t iv i t ies , es pec ial l y  in 

m ice and humans ( for r eview , s e e Kat z ,  1 977 ) .  

T an d B ce l ls ful f i l l  compl emen t ary b iologi cal 

r o l es . T c e l ls ar e con cerned w i th the r egulat ion of 

immun e ac t i vi ty ( Gers hon , 1 976 ) ,  direc t cy t o t cxj c ity  

( Ce r o ·L. t in i an d Brunn e r , 1 97 4 ;  En g ers an d Mac Don al d ,  1 97 6 ) , 

mixed lymphocy t e  r eac t i  vi ty ( \veb er , 1 97 4 )  an d del aye d 

typ e hypers ens i t ivi ty ( Tigel a.ar an d G o r c z yn s k i , 1 97 4 ;  

Gor c zynsk i  an d Tig el aar , 1 97 5 ; Denn e r t  an d Hat l en , 1 97 5 ) 

wh i l e  B c e l l s  m e diat e humoral immun i t y  ( Dav ies e t  al . ,  

1 96 7 ; Mitc he l l  an d Mil l er , 1 96 8 ) .  Des p it e th is divis ion 

in immune capab i l i t i es , co-opc ... : a t ion be tween the two 

cel l types is r equir e d  for mos t an t ibody r es pons es 

( Cl aman et al . ,  1 96 6 ; Davies et al . ,  1 967 ) .  

T. an d B c e l ls differ in the ir cir culat ion pat terns , 

T cel ls being r el a t ively mob i l e  be twe en blood an d l ym­

pho i d  t is s ues whi l e  B cells  ar e r e l a t ively s es s i l e  wi th­

in lympho id t is s ues ( Be l l , 1 97 7 ) .  They als o s how diffe ­

r en t  dis tr ibu t ions within the lymph node an d spl een 

( Howar d ,  1 972 ; Spr en t ,  1 97 3 ; Golds chn e ider an d McG r e­

gor , 1 97 3 ) and have differ en t  l if e  s pans ( Howar d ,  1 972 ; 

Spren t  an d Bas t en ,  1 97 3 ) .  

The two c el l  t ypes can be dis t in geis hed by the 

pres ence of membrane- as s oc ia t e d  r ec ep tors an d ant ig ens 
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( Aiut i e t  al . ,  1 97 4 ; Katz , 1 977 ; G el£an d  an d Dos ch , 

1 97 8 ; S t it es , 1 97 8 ) .  In the mous e ,  T l�nphocytes car r y  

Thy . 1  ( Ra££ , 1 97 1 ) ,  a s urface an t igen which al s o  occurs 

on cer t ain non - lympho i d  c e l ls ( Re i£ an d A l l en , 1 96 4 ;  

Ra££ , 1 97 0 ) .  Mur in e B c e l ls h ave s urface markers that 

ar e g en er a l l y  l ackin g on T cells . Thes e inc lude r ea di l y  

de t e c t ab l e , s urface mem b r an e  immunoglobul in ( Sm l g ) 

( Raff et al . , 1 97 0 ; Un anu e  et al . ,  1 97 1 ) ,  a recep tor 

£or the third c omponen t of compl emen t  ( B i anco £!. al : , 

1 97 0 ; Dukor e t  al . , 1 97 1  ) an d a r eceptor for the Fe 

reg ion of r e ac t ed I gG ( Bas t en et  al . ,  1 972 c ; Par aske­

v as e t  al . , 1 972 ) .  

The iden t if i c at ion of T an d B c e l ls in o ther s pe ­
c ies r e l ies on t h e  detec t ion of s ur:Cac e mark e:cs aL a l o-

g ous t o  thos e f oun d on mous e lymphocytes . Whi l e  lnun an T 

c el l s  have a s ur f a c e  an t ig en t h a t  dis t in guis hes th em 
from B c e l ls ( Given an d Fang�r , 1 97 4 ;  Bob r ove e t  ill . , 
1 974 ) ,  a more c onven ien t  charac ter is t ic o£ th is cell  

type is  i ts abi l it y  to f orm ros e t t es w i th S RBC ( Jon dal 

et al . , 1 972 ) .  Hum an B l ymphocytes , in c ommon with 
mous e B cel ls � s how Sm l g  ( Frol an d  et  al . , 1 97 1 ; Wils on 

an d Nos s aJ , 1 97 1 ) an d have J: ecept ors for the Fe por t i on 

of reac t ed IgG ( Dick J. er an d Kunkel , 1 972 ) an d £or com­

pl emen t  compon en ts ( B i anco et al . ,  1 970 ) . 

In con tras t to th e extens ive l it er a ture deal ing 

with the l ymphocy tes o£ euther i ans ther e is  no pub l i­

s he d  informat ion on t hes e c el l s  o£ mct ather ian s pec ies . 

This chapter des cr ibes the iden t if ic a t ion o£ B cel ls in 

! . vulpecul a an d pres en ts s ome dat a  on the ir dis tr i bu­

t ion betwe en b lood an d cer tain l ymph o id org ans . 

3 . 2  Mater ials an d  methods 

a .  Harves t ing o£ lympho cytes 

Blood lymphocytes 
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Blood was c o l l e c t e d  in t o  1 0  m l  evacuate d  t ubes 

con t ain ing hepar in ( Becton and Dick ins on ) by car diac 

pun cture in an imals an aes the t is e d  with halothan e  ( Chap­

t e r  2 ) .  Mononuc l ear c e l ls wer e  harves t e d  by the method 

of Rooins on an d Ler t r a t an akul ( 1 97 5 ) .  The blood was 

c en t r ifug ed at  1 7 50 g for 30  m in at  r oom temperatur e . 

The buffy coat was col l e c t e d  an d dil uted with twice its  

vol ume of PBS con tain ing 1 00 un i ts of p r es er vat ive- f r e e  

hep a r in ( S igma ) per m l . The dil u t e d  c e l l  s us pens ion was 

l ayered on to a F icol l - Hypaque g r adien t ( Lymphoprep , 

Ny eg aa.r d ) us in g a c e l l  s us pens ion to  F icoll - Hyp aque 

ratio of 4 : 3 ,  an d c en t r ifuged a t  7 50 g for 30 m in at 

room t emper a ture . The in t erface l ayer o.f cel ls was 

harves t e d , and was h e d  twice wi t h  PES -h epar in . Th e cells 

wer e  r es us pen de d  in 10 m l  of Eag l e 1 min imal es s en t ial 

medium ( MEJ\1 ) s uppl emen t e d wi th 10 per cen t  h ea t - j_n ac t i ­

vat c d  ( 56°C for 30 m in ) foetal calf s er um ( FCS , Fl ow 

Labo£ator ies ) con t a in in g 1 00 IU �f pen i c ill in ,  1 00 u g  
o f  k a.n amyc in an d  1 00 ug of s tr ep tomy c in p e r  m l  of m e d­

ium ( MEM- FCS ) .  The cel l s us pens ion was then t r ans fer r e d  

t o  a pl as t ic pe t r i dis h an d in cubated at  37 °C for 30 

m in in an atmos pher e of 5 per cent co2 - in - air to r emove 

mon ocyt es wh ich adher e t o  the dis h s urface ( HonAJi tz an d 

Gar r e t t , 1 977 ) an d to f r ee lymphocy tes  of pas s ively 

acqu ir �d immun o g l obu l in ( Kurn ick an d Gr ey , 1 97 5 ; Lobo 

� a l . ,  1 97 5 ) .  The n on- adher en t  c e l ls wer e then was he d  

f r om the petr i dis h with MEM- FCS an d pel l e t e d  b y  c en t r  i­

fug a t ion at 3 5 0  g for 1 0  m in . The c el l s  wer e  c oun t e d  

( Appendix I l l )  an d  r es us pen ded t o  t h e  r equir e d  concen ­

tr a t ion in MEM- FCS . The perc en t ag e  o£ viab l e  c e l ls was 

es t ab l is he d  by trypan blue exc l us ion ( Appen dix I l l ) ,  

2 00 cells  be ing c oun te d .  

Spleen l ymphoc y t es 

An aes thet is ed opos s ums wer e  exs anguin a t e d  by s ec ­

t ion o f  a jugul ar ve in an d their s pl e ens r emoved as ept i-
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c al l y  in t o  MEM- FCS . The s pl eens wer e  dice d  an d the p ie ­

ces forced thr ough a s ter i l e  40 -mes h s t ain l es s s te e l  

s i.eve . A cell  s us p ens ion, was pr epar e d  in MEM- FCS b y  the 

method of S hor tman et al . ( 1 972 ) .  Lar g e  debr is was 

r emoved by l ayer ing the c e l l s us pens ion on t o 3 ml of 

FCS an d l eav in g i t  at r oom tempera ture for 1 5  min to  

al l ow t he l ar g er cell  c l umps t o s e t t l e . F ine debr is an d 

c e l l  fragmen ts wer e  then r emoved b y  l aye r ing t he MEM-FCS 

over f r es h  FCS an d cen t r ii'ug ing at 500 g for 7 m in at 

4°C .  To free the c e l l s  of con t am in a t in g ery t hr ocytes , 

t h e  p el l e t ed m at er i al was r es us pen de d in 3 ml of col d ,  

O . l7M NH4Cl an d h e l d  a t  4°C for 1 C1 m in . One ml of FCS 

was t hen l ay er e d  ben eath t he cell s us pens)on an d the 
t u be cen t r ifuged at  500 g £or 7 min at 4°C . The p2l l eted 

c e l l s  wer e  VJas h e d  onc e  v..ri t h  MEf\1 an d r es us pen ded in this 

mcdillill . Jl'ion ocyt es wer e  r emove d by incubat icn in a p l as t i c  

pe tr i dis h as des c r ibed above and the  lymphocy tes wer e 

h arves t e d  by cen t r ifug a t ion at 350 g for 1 0  m in at 4°C . 

The c e l l s  wer e  t es t e d  for viab i l i t y  by trypan blue exc l u­

s i on ( Appen dix I I I ) an d r cs us pende d  t o  t he r equired 

c on c en t r at ion in MEM- FCS . 

Thymus lymphocytes 

Thymus lymphocy t es wer e  pr epar e d  as des cr ibed f or 

s pl een l ymphocytes . The c e l ls wer e t es t e d  for the ir  via­

bil i ty an d adj us t e d  to  t he r equir ed c e l l  concen t r a t ion 

in MEM- FCS . 

Bone m ar r ow l ymphocy t es 

F emurs and humerus es wer e  cl ean e d  of t is s ues an d 

t r ans e c t e d  at both ends . Cold  MEM- FCS was s yr inged 

t hr ough t he bone c avity an d  the  m ixture of  bon e  mar r ow 

an d  medium was col l e c t e d .  The cel l  s us pens ion was l ef t  

at r oom t emper ature  for 1 0  m in  t o  a l l ow lar g e  clumps t o  

s et tl e .  The s upernat an t  w as then l ayer e d  on t o  a Fico l l -
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Hypaque gradien t  an d c en t r ifuged at  750 g for 20  min 

at r oom t emperatur e . The in t erface l ayer of c e l ls was 

harves ted an d was he d twice with PES - hepar in .  Monocytes 

wer e  remove d by incubat in g  the cells  in a pl as t ic pet r i  

dis h ,  the n on- adher ing c e l ls bein g  harves ted and coun te d  

a s  des cr ibed above . The lymphocytes wer e  tes t e d  for v i a­

b il ity an d  r es us pen de d t o  the requir e d  c e l l concen tra­

t ion in MEM- FCS . 

b .  Removal of mon ocyte::; 

The ext en t  to wh ich the in cubat ion of ce l l  s us pen ­

s ions in p l as t ic p et r i  dis hes was effect ive in removin� 

mon o cytes was as s es s ed by do ing diff er en t i a l  c oun ts of 
s mears of blood monon ucl ear c e l ls pr ior to ru'J d fol l owing 

the incubat ion s t ep . The s mears wer e  s t aine d  wi th Mac ­
Neal ' s  s t a in (Appen dix I I I )  an d the per cen t ages o£ mon o ­
c y t es wer e  cal cu l at e d  after c oun t ing at l eas t 200 r11 on o  . . 

nucl ear cel ls . 

c .  Fract ion at ion of lymphocytes on nyl on wool columns 

Enr iched popul at ion of B and T l ymphocy tes were 

obt ained by  frac tionatin g  Ficol l - Hyp aque- der ived mono­

nucl ear c e l ls from b l oo d  on nylon wool columns us ing the 

methods of Gr eaves an d Brown ( 1 974 ) an d Roy et al . 

( 1 976 ) .  Monocytes wer e  removed from the cel l s us pen­

s ion pr ior to its fract ionation as des cr ibe d . S ix hun ­

dre d  mg of nylon wool ( Leukopak , Fenwal Labor a t or ies ) 

were packe d  in to a 1 0  m l  s yr inge bar r e l  an d was hed ten 

t im es al t ernately wi th 0 . 2N HCl and dis t il l ed water . 
0 MEM- FCS , at 37 C ,  was r un through the column un t il 

there was no vis ibl e differ en ce in colour be twe en the 

MEM- FCS c om in g  off the column and the s t ar t ing medium , 

indica t in g  t hat the nylon wool was adj us ted to the 

corr ect pH. The column was incubat ed with MEM- FCS at 

37
°

C for 30 m in before bein g  l oaded wi th approximately 

1 08 lymphocytes in 2 m l  of m edium . Af ter  in cubat ion at 

37
°

C for 30 min the non- adher en t  c e l l s  wer e  e l u t e d  at  
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r oom t emperature with 2 0  m l  of m edium over a per iod of 

1 5  m in . The eluted c e l ls wer e pel l e t e d  by c en t r ifuga­

t i on in MEM- FCS , res us pended in 2 ml of t h is m edium an d 

pas s ed down a s ec on d  c olumn con t ain ing 300 mg of nylon 

wool whi ch had been equil ibrat e d  as des cr ibed above . 

Af t er incubat ion for 3 0  m in at 37°C the n on- adheren t 

c e l l s  wer e  eluted as des c r ibe d  previous ly . 

Adheren t cells vve r e  recov e d  from the nylon vmo l . 

Af t er flus h in g  each col u..'lln wi th 1 00 ml of MEM- FCS , the 

nyl on 'Hool was r emov ed , t eas ed apar t in MEM- FCS an d the 

f r e e d  c e l ls col l ec te d by cen t r j_fug at ion . 

Th e percent age o.f v iabl e  cel ls in both c e l l  p opu l a­
t ions was a s s es s e d by t r ypan blue exc lus ion an d t h e  cells 

r es us pen de d  to  the r equi r ed c e l l  concen trat ion in MEM­

FCS . 

d .  Demom; t r a t i on of s urface men,or an e  immnnoq l obul in (Sm lg_ ) 
In dir ec t imrnuno£ 1 uor es cen t  s t ain ing was us e d  t o  

det ec t  t h e  pres ence o f  S m i g  an d  t o  de t ermine the c l as s  

o f  immunog l obul in involve d .  The t echn ique us e d  was 

bas e d  on the m ethods of Mol l er ( 1 96 1 ) ,  Pern is e t  _al . 

( 1 97 0 ) ,  Johns on ( 1 977 ) an d Zan - Bar e t  al . ( 1 978 ) .  

Prepar at ion of an t is era t o  opos s um immunog lobul ins 

Opos s um gamm ag l obu l in was obt ain e d  by m i xin g equal 

volum es of opos s um s er um and 90 per c en t  s at ur a t e d  

ammon ium s ulphate at r oom temperatur e f o r  4 hr . The 

r es ul t ing prec ip i t a t e  was c o l l ected by c en t r ifug at ion 

and dis s o l ved in dis t il l e d  water t o  g ive a f in al volmae 

equal to that of the in i t ial s erum s ample . This cycle 

was r epeated thr e e  t im es . The f in al pr e c ip i t at e  was 

dis s olved in PBS t o  1/1 0 of the volume of the or igin al 

s er um s amp l e . 
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Rabb it an t is era t o  the opos s um gammag lobul in and 

t o  opos s um I gG ( IgG . LA , Rivan ol - der ive d )  an d I g M  ( S t ar c h  

b l o ck electrophores is - der ive d ) wer e prepar ed an d an a­

l ys e d  by IEP as des er ibed in Chapter 2 .  

Label l ing of lymphocytcs 

Two hun dred ,ul of lymphocy te  s us pens ion c on t ain ing e a . 

4xl o6 cel ls wer e m ixed v.rith 2 0  ).1 1  of rabb it an t i - opos s um
� 

g arnrn ag l obul in . \l\/1len l ymphocy t es wer e  examined for t h e  
pres ence u £  e i th er I gG o r  IgM on th e i r membr an es , the 

appr op r i a t e  s pe c i f i c  an t is e r um  was us ed in p l a c e  o:f the 

an t i- op os s um g ai'llm a g l o b u l in r e ag en t . Th e l ymph ocy tes 

·wer e allowed t o  r eac t w i t h  the an t is e r a  at 4°C f o r  3 0  
m in . Th2 y  wer e t h en w a.s h e> d  t hr e e t imes wi th PBS c on t c:�in ­
ing 0 . 02 per c Gn t s odium az i de . Th e was he d l ymph o c y t es 

wer e  r e acted wi t h  1 0  �1 of a fluores c eine- con j ug a t � d  IgG 

f ra ct ion of g o a t  an t i- r ab bi t  IgG ( Cappel Labor ator i�s ) 
which h a d  been abs orbed with opos s um l iver powder ( 1 00 mg 
of l iver powder per ml of an t is e r um ) at 37°C f o r  3 0  m in .  

Unr eac t ed con jugate? was r emoved by was h ing the cells  

t hr ee t im es w i th col d PBS con t a in ing 0 . 02 per c en t  

s odium a z i de . The cel l pe l l e t was r es us pended in 3 dr ops 

of a mixtur e of equal volumes o£ PBS an d glycer ol . On e  

drop of the s us pens ion was p l ac e d on a mic r os cope s l ide , 

moun t e d  with a c overs l ip an d s ealed wi th l acquer . 

Con tr o l  exper imen ts were car r ied ou t in which lymphocy­

t es were s t ained with the fluores c e in conjugate wi thout 

pr ior tr eatment wi th the r abb i t  an t i- opos s um immun og l o­

bul in s era . 

S l i des were examin e d  in a f l uores c en c e  micros c op e  

equipped with a HBO 5 0  mercury l amp .  Lymphocytes s howing 

f l uor es cen c e  wer e  c ons i der e d  as pos it ive c e l ls . At l eas t 

2 00 cells  wer e  coun t e d  from each of thre e  s l ides whi ch 

wer e rout inely prepare d  for e ach an imal . The mean 
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valu e  der ived from thes e three s l ides was us e d  to  es ta­

bl is h the r ange of values g iven in Table  3 . 1 .  

e .  Demons t r at ion of Fe r e c eptors ( FeR ) 

The me thod us e d  t o  det ec t  Fc Rs was that of S j oberg 

an d Ing anas ( 1 979 ) an d involved us ing l at ex par t i cl es 

coated wi th opos s um I gG . A 0 . 4  per cen t s uspens ion of 

l at e x  par t ic l es ( average diameter 0 . 8  ,.um ) in a s olut ion 

of opos s um IgG at a c on c en t r a t ion of 20 mg per ml in 

PBS was pr ep a.r e d  an d incubat ed at 37
°

C for 24 hr . The 

I gG us ed was o b t a in e d from s er 1 oo by Rivan ol precip i ta­

t ion ( Rej n ek e t  al . ,  1 97 3 ) as des crib<?.d in Chap t e r  2 .  

The par t ic l es wer e then was hed thr e e  t im es wi th PBS 
an d s us pen ded to g i v e  a. 0 . 2 p eJ� cen t  s ol u t ion in 2 . 5 p er 

c en t  r.s A in PBS con t a in ing 0 . 02 per c en t  s o dium az ide . 

I£ i t  was n ec es s ary f o r  the l gG - c o a t e d  l at e x  ( I gG l at ex ) 
p ar t icl es to  be s t or e d  at  4°C , t hey wer e s on i cated for 
5 s ec befor e us e to  dis pers e an y aggregated mater ial . 

Fifty pl of the IgG - l atex par t icles s us pens ion wer e 
m ixed wi t h  50 pl of l ymph ocyte s us pens i on con t ain ing ea . 

4xl 0
6 

cel ls per ml . The m ixtt�r �� was cen t r ifug eci a t  200 g 
for 6 m in t o  achi eve a clos e as s oc iat ion between the  

part icl es an d the  lymphocytes an d h e l d  a t  r oom t emper a­

t u r e  £or 1 5  min . The c el ls wer e then r es us pen ded us ing 

a Pas teur p ipet te . A drop of this s us pens ion was pl ac e d  

o n  a m icros cope s l i de and moun t e d  with a covers l ip .  

Cel ls bin din g  thr e e  or  mor e I gG- l atex par t ic l es wer e  

c ons i der ed pos i t ive for FcRs . Lymphocytes with a c l ump 

of l at ex part icles at one point of the cel l s urface 

were not cons ider ed pos i t ive . At l eas t 200 cells wer e 

coun t ed from each o£ thr ee s l ides which wer e rout in ely 

prepared £or each an im al . The mean val ue der ived from 

thes e s l i des was us e d  t o  es t abl is h  t he ran g e  o£ val ues 

g iven in Tab l e  3 . 1 . Con trol as s ays wer e  made in wh ich 

the l atex par t ic l es wer e in it ially inc uba t e d  in a BSA­

PBS s olut ion r ather than the IgG- PBS m ixtur e . 
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£ .  Demons trat ion of compl em ent recept or s  ( CR ) 

CRs wer e de tec ted by us in g a z ymos an - c omp l emen t  

comp l ex as des cr ibed b y  Kaj dacs y - Bal l a  an d Men des ( 1 97 6 ) 

an d S her an d Ivrc ln tyr e ( 1 977 ) .  Zymos an A par t i c l es 

( S  igma ) , der ived f r om S acch ar am;t:c es c eEe v is i ae , w e r e  

s us pen ded in l\1EM a t  a c on c en t r a t i on of 0 . 3 8 mg per ml 

an d incub a t e d a t  37
°

C f or 1 hr w i t h  a1·1 equal vo Lt.mP. of 
g u in e a  p i g  s er um a s  a c omp l emen t s ou r c e . Th e c o"ep l em en t ­

coat e d  zymos an ( ZC )  par ·t ic l es wer e t hen w as h � d  t h r e e  

t im es in MEM-f:'CS a t  2 00 g for 5 m in an d res us pc-n d2d i n  

f\'IEM- FCS t o  th e ir o r ig in al volum e: . 1\vo :1'..m dr e d  ,u J. nf a 
6 

l ymphocy t e  s us pens ion con t a in in g  2 xl 0  c e l ls pc:: :c m l  

w e r e  added to 2 00 pl  o f  ZC s us pen s  ion a .. nd the m j_ ,d u r e  

incubated at 37
°

C £ o r  1 hr . Af t er in c u b a t ion the tube 
w as c en t r ifug e d at  200 g £or 5 m in . On e  drop o f  G i ems a 
s t ain was adde ':l an d t h e  c e l l  p e l l e t  was r es us p2�n de d 
us ing a Pas t eur p ip c� t t e . A dr op of tb e s us p ens i on v.�c:ts 
pl ac e d on a micr os c ope s l ide , moun t e d  w i t h  a covers l ip 

an d examin e d  for r os e t t es . A r os e t t e was def ine d as a 

l ymphor y t e  wi th t h r e e , or mor e ,  adher en t ZC par t i c l es . 

Lymphoc y t es s howing ZC a g g r e g a " es a c cumu l a t e d  at a s in g l <2  

locat ion on the ce l l  s urface wer e n o t cons i dered  as 
pos i t ive . At l eas t 200 cells wer e c oun t e d f r om e ac h · 

of three s l i des wh ich w e r e rou t in e l y pr epar e d for ea ch 

an imal . A mean val ue was der i ve d f r om t he s e s l i de s  

which was us e d  to  es t ab l is h  t h e  r ange of values g i ven 

in Tab l e  3 . 1 .  A con trol c ons is t in g  of zymos an par t ic l es 

in MEM-FCS was us ed . 

3 . 3  Res u l ts 

a .  Viabil i ty of lymphocytes 

The v i abil i ty o£ is o l ated l ymphocytes , tes t e d  by 

tryp an blue excl us ion , always excee ded 95  per cen t . 
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b .  Rem oval of monocyt es 

The s uspens ion of blood mononuclear cells from 

the Ficol l - Hypaque gradien ts con ta in e d  9 to 1 1  per c en t  

monocytes . Af ter incubat ion on p l as t i c  petr i dis hes 

this l evel was r e duced t o  about 1 per c ent . 

c .  Demons trat ion of Sml2_ 

An alys is of an t is era 

Rabb i t  an t is er a  t o  opos s um g amm ag l obul in , I gl\1 an d 

I gG wer e an alys e d  by I E P  agains t opos s um  s erum ( F ig . 3 . 1 ) .  

The an t i- g ammag l obul in s er um  gave prom in en t precip i ta­

t ion ar cs in t he g amm a an d beta r eg ions . The an t i - I g M  

an d an t i- I gG an t is era , appropr iately abs orbed , each 
s howe d s in g l e  pr ec ip i t at ion ar cs in the r eg ions whe r e  

I gM an d IgG app ear on IEP an alys is . 

Quan t i t at ion of Sm l g - pos i t ive c e l ls 

The n1ean p er cen t ag es an d the r an g es of values of 

Sm lg pos i t ive l ymphocy t es in blood , s p l e en , bon e  mar r ow 

an d t hymus ar e g iven in Table  3 . 1 ;  the values quo t e d  in 

the t ext are m eans . The fluores cen c e  s e en on the cel ls 

var i e d  from dis crete  patches an d cr es cents to an even 

dis t r i but ion ( Fig . 3 . 2 ) .  Bone mar r ow s howed the highes t 

propor t ion of S m l g-pos i t ive cells ( 49 . 3  per cent ) whi l e  

n one wer e de tec t e d  i n  the thymus . For ty two per cen t  of 

s pl e en lymphocytes wer e pos i t ive for th is m arker compar e d  

with 1 7 . 3  per c en t  of blood lymphocytes . Nylon wool 

frac t i on at ion of blood lymphocytes g ave a n on - adher en t  

popul ation whi ch was depl eted of S m l g-pos i t ive cells  

( 3 . 2  per cen t ) an d an adher en t  popu l at ion enr iched for 

thes e cells ( 62 . 2  per c en t ) .  Con t r o l s  cons is t en t ly 

s howe d l es s  than 1 per c en t  of cel l s  fluor es c ing . 

When the Sm lg  is o type on blood lymphocytes was 

inves t ig at e d  1 4 . 8  per c en t  of the lymphocytes reac t e d  



Fac ing page 1 12 

F IGURE : 3 .  1 Immun o e l ec trophor e t i c  an alys is of rabbi t 

an tis era us ed to de tec t s urfac e membr ane 

immun og l obul in on opos s um l yop.hocy t es . Wel l s  

con t ain opos s um s erum . Troughs con t ain an t i ­

s era t o  opos s um IgM ( A ) ,  opos sum IgC� ( B ) ,  

opos s um g ammag l obul in ( C ) an d opos s wn s erum 

( D ) . 

F IGURE : 3 . 2  Demons tration of in dir ec t  immunofluo r es ­

c en c e  of lymphocy t e  s urface membr an e  immun o ­

g l obu l in s h owing differ en t pat tern s o f  f luor e­

s c enc e .  Lymphocytes trea t ed with rabbit an t i­

opos s um g ammalgobu l in an d  wi th goat an t i-- r ab b i t  

IgG c on j ug ated with f l uor es c ein is oth iocyan ate . 
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F IGU R E : 3 . 3  Dem ons t r a t i on of Fe r ec op t o r s  on opos s "LLill 
l ym p h o c y t os us in g lgG - c o a  t e n  l a t ex p <1 J: t i c l es . 

F IGURE : 3 . 4  Demon s t r a t j on of c ompl em en t r ec ep t ors on 
opos s um l ym ph o cy t es u s i n g  a Z ym o s an - c omp l e ­

m en t  r os e t t e  m e t ho d . Lympho c y t cs s t ain e d  w i t h  

G i em s a s t a in . 
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Tabl e  3 . 1  B c e l l  markers on opos s um lymphocyt es from var ious s our ces 

S our c e  

Blood 

Unfrac t ion a ted 

Non - adhe r en t  ( T )  

Adher en t  ( B )  

S p l e en 

Bone mar r ow 

Thymus 

1 
Smlg  

1 7 . 3
a 

( 1 3 . 0-22 . 0 )  4
b 

3 . 2 ( 1 .  0- 7 .  0 )  5 

62 . 2  ( 5 3 . 0-- 72 . 0 )  5 

42 . 0  ( 36 . C. - 46 . 0 )  3 

49 . 3  ( 43 . 0- 5 3 . 5 )  3 

0 . 0  2 

Marke::s 

_ 2  
FcK 

1 6 . 8  ( 1 3 . 0-2 4 . 5 )  3 

1 . � ( 0 . 0- 3 . 0 )  2 

2 5 . 7  ( 2 0 . 5- 31 < 0 )  2 

42 . 5  ( 42 . 0- 43 . 0 )  2 

1 4 . 0 ( 1 2 . 0- 1 4 . 0 )  2 

4 . 0  ( 2 . 0- 6 . 0 )  2 

CR
3 

1 5 . 9  ( 1 0 . 5 - 2 4 . 5 )  1 0  

2 . 3 ( 1 . 0- 5 . 0 ) 

51 . 3  ( 40 . 0 - 6 5 . 0 )  

38 . 6  ( 27 . 0- 48 . 0 )  

1 1 . 8  ( 9 . 0- 1 5 . 0 )  

1 . 8 ( 1 . 0- 2 . 5 )  

6 

6 

4 

3 

3 

1 )  Sm i g , S urface membr ane immun og l obul in ; 2 )  Fe R ,  Fe r ec ep t or ; 3 )  CR , compl ement recep t or ; 

a )  m e an percen t ages ; b )  Number of an imals examin e d ;  F igures in paren thes es s how r an g es of 

values . 1-' 
1-' 
,J:>. 
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with an t i- I g M  ( Range 1 1 . 0  t o  2 1 . 0  per cen t , from 5 

exper im'2nts ) wh ile  4 . 8  p er cen t  r eac ted with an t i- IgG 

( Rang e  4 . 0  to  7 . 0  per cen t , from 4 eA�er imen ts ) .  

d .  Demons t r a t ion of FeR 

Th e  b in ding of I gG - coat e d  l atex par t ic l es to opo­

s s um Iymphocytes is s hown in Fig . 3 . 3 .  The propor t ions 

of unfract ion ated bl ood an d s p l een lymphoc ytes bear ing 

FeR wer e s imilar to thos e s hov1in g S m l g  ( Table 3 . 1 ) .  

Fl·act i onnt ion of blood l ym pho cytes in to T an d B c e l l 

p opu l at i on s  an d exam in at ion of thes e ce l ls f or F c Rs 
g ave a_ s om ewh at s urp r is in g  r e s ul t .  \A!hi l e  n on - adheren t 

c e l ls s howed an expec t e d  l ow l evcd of s uc h  c e l ls ( 1 . 5  

p er c en t ) a dher ent c el ls wer e , on average, on l y  2 5 . 7  

p e r  c Pn t  pos i t ive for t h is r e c ep t or . Thymus ce l l s  s h owed 

a l ow l evel ( 4 . 0  p e r  cent ) o£ c e l l s  w i th t h i s  R- c el l 

m arker . Th ere  was 2.. m ark e d  diff e r en c e  in the p e r c en t ag e  

of ce i l s wh ich were FeR-pos i t ive ( 1 4 . 0  p e r  cen t ) i n  th e 
b on e  m ar r ow popul at ion an d t hos e which had be en s e en 

t o  b e  Sm i g  pos i t ive ( 49 . 3  per c ent ) .  Less than 1 per 

c en t  r os e t tes wer e f oun d  in co� t rol p r eparat ions . 

e .  Demons t r at ion of CR 

The r es ul ts obt ain e d  from CR an alys es us ing th e 

zymos an- c ompl ement s ys tem ar e g iven in Tab l e  3 . 1 .  The 

r os et t es that formed wer e  r eadily iden t if iabl e  ( F ig . 

3 . 4 ) . Th e l evels of unfr act ion ated blood an d s pl een 

l ymphocy tes which wer e  CR-pos it ive ( 1 5 . 9  an d 38 . 6  per 

c en t , r es pec t ively ) wer e  s im i l ar to thos e pos i t ive for 

Smlg and FcRs . The B- c e l l  n atur e of the CR- pos i t ive 

c e l l  was in dicated by the r es ul ts us ing nylon wool 

f r ac t ion ated cells . Non- adheren t  c e l ls s howed a mean of 

2 . 3 per cen t  pos i t ive c e l ls whi l e  the adher en t  popul a­

tion was 51 . 3  per c en t  pos i t ive . Bone mar r ow lympho­

cytes  s howed a lower pr opor t i on of CR- bear ing cells 
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( 1 1 . 8  per cen t ) than di d e i ther c e l ls from b l oo d  or 

s pl een . Thymus cells s howed 1 . 8  per cent CR-pos it ive 

c e l ls . Con tr ols us in g zymos an part icles alon e g ave 

l e s s  than 1 p e r  cen t  pos i t ive cells in all ins t ances . 

3 .  4 Dis cus s i on 

The r es u l ts pr es en ted her e h ave dem ons t r a t e d  the 

pres ence on opos s um lymphocy t es of markers wh ich , in 

eut he r ian s , a r e  be l i eve d to  be more charac t er is t ic of 

B cells t h an T c e l l s . Of the t h r e e  markers s tudied 

per haps on ly s tab l e , r eadily demon s t r a b l e S m l g  woul d be 

acl�n o wl edg e d  a s  b e in g  typ ical of B cells  ( Aiut i i  �! .d.l . ,  

1 974 ) s in c e  F c Rs an d C Rs c an be f oun d on normal ( An der ­

s on .:m d G r e y , 1 974 ; Bas t en £! a� . ,  1 97 5 ; Ar b eit e t  al . ,  

1 97 6 ) an d ac t ivat e d  T c e l l s  ( Yos hida an d An ders s on ,  

1 972 ;. Gyon gy os s y e t  al . , 1 97 5 ; Arn a i z ·- Vi l l en a  �..! a l . , 

1 97 5 )  an d a l s o on n on - l ymph o i d c e l l s  ( I luber e t  a l . , 

1 96 8 ; R e yn o l ds et a l . ,  1 975 ; Gupt a  £! al . ,  1 976 ) .  Even 

Sm l g  may n o t  be un iqu e to B c e l l s as this m a r k e r  h as 

be en c la imed to occur on T cel ls ( Feld'llann , 1 972 , 1 97 4 ;  

Mar ch al on is � al . ,  1 97 5 ) and on mous e ( War r et  a l . ,  

1 97 8 ) an d hum an ( Haeg er t et. al . ,  1 978 ) "nul l "  l ympho ­

c y t e s . 

Not al l "B cells " s h ow the pr es enc e  of al l th r e e  

m ar k e r s  s imu l tan eous ly ( Bas ten e t  al . ,  1 97 2 a ,  b ;  Dick l er 

an d Kunkel , 1 972 ; Dick l e r  e t  al . ,  1 97 5 ; Turs i et al . ,  

1 97 8 ) and cons iderable over l app ing of s ubpopul at ions 

pos i t ive for one or mor e receptors pr obably occurs . 

Fur thermore it  s houl d  be emphas is ed that the lymphocyte 

s urface membr ane is a f lu i d  mos aic ( S inger an d Nicho l ­

s on ,  1 97 2 ) and the l ikely  inf l uenc e  th at t h e  dyn amic 

s ta t e  of this s tructure pl ays on the pres en tat ion of 

r eceptors mus t be r emember ed . 
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I n  Tab l e  3 . 2  a c ompar is on is made of the ranges 

o£ values r ecor ded f o r  Smig- pos it ive l�1phocy tes in 

opos s ums , mice an d humans . Two points emerg e  from this 

tabl e . Firs t ly , the r e  are marked var i at ions in the 

values r ecor ded for a g iven s pecies . S ome of thes e 

d ifferences will be due to var iat ions be twe en in divi­

dual an illl als , others ar e un doub tedly due to differences 

in t echn iques an d the in terp r e t at ion of r es ults ( Warner , 

1 97 4 ; Kurn ick an d Gr e y , 1 97 5 ; Lobo et a l . , 1 97 5 ) .  

S econ dly , the levels of Sm l g - pos i tive cells r ecor ded 

for opos s w:r.:.s ar e in g en eral agreemen t  wi th thos e g iven 

for the other two s pec ies , a pos s ibl e  e xc ep t i on tc th i s  

is the s omewhat higher proport ion of t hes e cel ls s e en 

in opos s um bone mar r ow th<1.n in bone mar r ovr of e i ther 

h um an  or mous e or ig in . 

I t  is g en e r a l l y  ag r e e d  that Igf\1 is the immunog l o ­

bul in mos t f r equen t l y  ident if ied on human l ymphocytes , 

s ome 6 0  per. cen t  of Smlg - pos i t ive c e l ls car ry in g  t h is 

is o type ( Pern is et al . ,  1 97 1 ; Frol an d  an d Na t v ig , 1 972 , 

1 97 3 ) .  The pr es en ce of IgD on the s urface of human 

lymphvcytes has als o been repor t e d  ( van Boxel e t  al . , 

1 972 ; Kn app _ e t al. , 1 97 3 ; Fu e t  a l . ,  1 974 ) . Rowe et al . 

( l 9 7 3 ) an d Kn app e t  al . ( 1 973 ) us in g hlli� an  blood lympho­

cyt es an d Bran don et al . ( 1 9?9 ) us ing mous e s pl e en 

J.ymphocy tes have r epor t e d  the concom i t ant exis tence of 

Ig D an d Igr<f on the s ame lymphocytes . The s imu l t an eous 

occurrence of IgG an d IgM on in dividual l ymphocytes in 

mice ( Gr eaves , 1 97 1 ; Abney et al . ,  1 97 8 ) and r a bb i ts 

( Bon a e t  al . ,  1 972 ) has als o been r epor ted . 

In the pres en t s tudy 1 4 . 8  p er c en t  of c e l ls r eac t e d  

with an t i- I gM an d 4 . 8  p e r  c en t  with an t i- IgG . The total 

percen t ag e  of cells  s howing Smlg was 1 7 . 3 .  From thes e 

dat a  it  was calcul a t e d  that  66 per c en t of the Smlg­

bear ing c e l ls wer e  l ikely pos it ive f or IgM,  the r emain ­

der s t.owing IgG . Thes e r es ul ts are in clos e ag r e ement 
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Tab l e  3 . 2 The percen t ages of Smig-pos i t ive lymphocytes 

in var ious t is s ues of opos s um ,  mous e an d 

huillan or ig in . 

Species 
Lymphoc y t e  

s ource Opos s um  Mous e Human 

Bl oo d  
* 

2 8a 30b 
Un£r ac t ion c:.. t e d  1 3  - 22 1 4  - 8 -

Non - Cl.dhcr e:n t ( T )  1 - 7 7c 
1 - 1 1

d 

Adher en t  ( E ) 5 3  - 72 86 e 
73 - 97f 

S p l ee:n 3 6  - 46 40 - 49g 2 1  -
3911 

Bon e mar r ow 43 - 5 4  2 3  - 62 i 22 - 23] 

1hymus 0 1 - 2k 
1 - 2

1 

* Values a r e  r anges ln per cen tag es . 

a )  Rab e l l in o  _e_t _a_l . ( 1 971 ) ,  Warner ( 19 7 4 ) ;  b )  Ros s 

e t  a l . ( 1 97 3 ) ,  Di ck l er e t  al . ( 1 97 4 ) , Warner ( 1 97 4 ) ,  

Forn i an d Pe.r.n is ( 1 97 5 ) , Grey e t  al . ( 1 97 5 ) ,  Winches ­

t e r  et al . ( 1 975 ) ;  c )  Han dwerger an d S chwar t z  ( 1 974 ) ;  

d )  Fr o l an d  an d Natvig ( 1 973 ) ,  Wis l of£ an d Fr o l and ( 1 97 3 ) ,  

Jon dal et a l . ( 1 97 3 ) ,  Gr eaves an d Br own ( 1 97 4 ) ,  Turs i 

e t  al . ( 1 978 ) ;  e )  Han dwer g er an d S chwar tz ( 1 97 4 )  f )  

Jon dal et al . . ( 1 973 ) ,  Gr eaves e t  al . ( 1 974b ) g )  Rabe­

l l in o  e t  al . ( 1 971 ) ,  Di ck l er an d S achs ( 1 97 4 ) ;  h )  Ros s 

e t  al . ( 1 973 ) ;  i )  Rys er an d Vas s al l i  ( 1 974 ) , Yang 

e t  al . ( 1 978 ) ;  j )  Fauc i ( 1 975 ) ,  Hus z e t  al . ( 1 977 ) ;  

k )  Rabe l l ino e t  al . ( 1 97 1 ) ,  Lam e l in e t  al .  ( 1 972 ) ;  

1 )  Ros s e t  al . ( 1 973 ) .  
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wi th thos e obtain e d  for human b l o o d  lymphocytes ( Fr o ­

l an d  an d Natvig , 1 97 3 ) .  

Mos t ,  but n o t  a l l , B l ymphocy tes h ave r ec ep t ors 

for the Fe por t ion of r eac t e d  I gG .  A r ang� of 6 4  to 96 

per cen t  has been g iven for Smi g-pos i t ive l ympho cy t es 

c ar rying t h is r ec eptor in mur in e and hum an s ys terns 

( Dickler an d Kunkel , 1 972 ; Forn i an d Pern is , 1 97 5 ;  
Ramas amy an d Laws on , 1 97 5 ) .  Ag a in , t hi s  marker is n o t  

r es t r i c t e d  t o  B l ymphocytes as b o th n ormal ( An der s on 

an d  Grey , 1 974 ; Bas ten 2t al . ,  1 07 .5 ; Ar b ei t  e t  a 1 . ,  

1 976 ) an d a c t iva t e d  ( Yos h i da an d An ders s on ,  1 972 ) mous e 

T c e l l s  h av e been s hot.\rn t o  have F'cRs f o r  va.r ious immun o­

g l o bul in c l as s es . Pan g an d Wil s on ( 1 978 )" have s h o�·.rn 

s ubpopul at ions o£ l ymphoc y t es � car in g r e c ep t or s  of var ­

y ing aff in ity fo r r e ac t e d  F e  an d have po i n t e d out t h a t  

d iff e r en t  t echn iques may de t e c t  diff e r en t  Fc- r eac t ive 
popul a t ions . The per c en t ag es of F e R - bear ing 1 ymph o c y tes 
in the t is s ues o f  opos s um , mous e an d h um an or i g in ar e 
compar ed in Tabl e  3 . 3 .  I t  c an be s e en t h a t  the values 
g iven for the three s pec ies ar e in g eneral ag r eemen t , 

al though th e values ar e n o t i c e a b l y  higher in mice than 

for the o ther two s pec ies , wi th r es pec t t o  b on e m ar r ow . 

Bon e  mar row cel ls f r om mice an d humans ten d  t o  

l ack FcRs and CRs , thes e markers being as s oc iated with 

mor e  matur e  B cel ls ( Bas ten et al . ,  1 972b ; Rys er an d 

Vas s al l i ,  1 974 ; Hus z et  a l . ,  1 977 ; Yang et al . ,  1 97 8 ) .  

Thes e fin dings ar e r ef l ec t ed in Tab l e  3 . 1 ,  which in dic a­

tes· that FcRs an d CRs develop on opos s um l ymphocy tes 

on ly aft er the migrat ion of thes e c el ls from the bon e 

mar r ow . Smi g ,  however , is r ea dily s een on thes e cells  

an d t he value of 49 . 3  per cen t  for Sm ig-pos it ive cells  

in this  environmen t is in c l os e agr e emen t with the 50  

per cen t  recor de d  by Rys er and Vas s al l i  ( 1 97 4 )  f or 

mous e bone mar r ow c e l ls . 
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Tab l e  3 . 3 The per c en t ag es of Fe r ec eptor-pos it ive 

l ymphocytes in var ious t is s ues of opos s um ,  

mous e an d human or ig in . 

S p ec i es 
Lymphocyte 

s our ce Opos s um Mous e Hum an 

Blood 

U::1£rac t ion ated 1 3  -
* 

2 5  1 5  - 2 3a 
1 2  - 2 2

b 

Non - adher en t ( T )  0 - 3 2 - 3
c 

A dher en t ( B )  2 1  - 3 1  1 8  - 2 4d 

S p l een 42 - 43 3 9 -· 58 e 

Bon e  mar r ow· 1 2  - 1 4  2 1  - 33f 9 - 1 4g 

Thym us 2 - 6 0 -
,.., h 
6 0 - 2 i 

* Values ar e ran ges in per c en t ag es . 

a )  Bas ten et  al . ( 1 972 a ) ,  Rys er an d Vas s a l l i  ( 1 974 ) ; 

b )  Dick l er a n d  Kunkel ( 1 972 ) , Dickler e t  al . ( 1 974 ) ,  

Kurn i ck an d Grey ( 1 97 5 ) ,  Abdou e t  al . ( 1 976 ) ,  S j ober g 

an d Ing anas ( 1 97 9 ) ;  c )  Greaves et  al . ( 1 97 4b ) ,  Turs i 

e t �� · ( 1 978 ) ;  d )  Jon dal et al . ( 1 97 3 ) ,  Gr eaves �t al . 

( 1 974b ) ,  Abdou e t  al . ( 1 976 ) ,  Turs i � al . ( 1 97 8 ) ;  

e )  Bas t en et  al . ( 1 9 7 2 a ) ,  Dickler  an d S achs ( 1 97 4 ) ; f )  

Bas ten et  al . ( 1 972 a ) ;  g )  Ab dou et  al . ( 1 97 6 ) ;  h )  Bas ­

ten et  al . ( 1 972 a ) ,  Dick l er an d S achs ( 1 974 ) ;  i )  Dick­

l er et al . ( 1 97 3 ) . 
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Nyl on woo l - adheren t bl ood l ymphocytes ( B  c e l ls ) 
of opos s ums wer e  cons i derably l es s  Fe R-pos i t ive t han 
they wer e f o r  either Sm l g  or CRs . A s imil ar r es ul t  h as 
a l s o be en des cr ibe d in humans by 1'urs i e t  al . ( 1 978 ) 
who foun d that on l y  7 8  per cen t of the Sm lg -pos i t ive 
c e l l s  al s o  h ad Fc Rs . A s ubpopul at ion of B cells l ack ing 
FcRs may als o occur in opos s ums . 

The p r opor t ion of B c e l l s  having CRs may vary with 
t he s pec ies concerned . Ros s et  al . ( 1 97 3 ) r epor t e d - that 
wh i l e  al l CR- pos i t ive c e l ls wer e c.ls o Sm lg - pos i t ive , 
on l y  50 p e r  cent of Sm i9 -pos i t ive cel ls had CRs in a 
hum an l ymp h o cy t e  popul at i on . Ta ble  3 .  4 s h ows that s im i l ar 

I 

£ �1g es of val ues h ave been r ecor ded for CR-pos it ive 
l ymphocy t e s  in opos s urn :  mous e an d human lymph o i d  t is s ues . 
I:1 s orn e cas es , human bl ood for example , a wide 1'C1nge of 
r es ul ts h as been r ec or ded wh ich may be due t o  var iat i ons 
in the as s ay s ys t em us ed . The r el at ive ly l ow l evels of 
C R- pos it ivc cells in opos s um bone mar r ow as compar e d  
t o  the l evel of S m lg -pos it ive c e l ls in this s i te  has 
al r eady b e en commen t e d  on . 

In this s t udy at t en t ion has been focus s ed s ol ely 
o n  the i den t if icat ion of opos s um B l ymphocy t 8s . A r e l i ­
abl e  T c e l l  marker f or this s pec ies i s  n o t  availab l e  
( S ou t hern , pers on al commun icat ion ) .  Roden ts an d humans 
have lympho id c e l ls wh ich ar e negat ive for mos t B an d T 
cel l s urface markers ( Gr e en ber g et  al . ,  1 97 3 ; Ches s 
et al . ,  1 97 5 ) and Fr o l an d  an d Natvig ( 1 973 ) c l aim that 
u p  to 20 per c en t  of human blood l ymphocyt es fal l within 
t his categor y . Whe ther or n o t  compar able n umbers of s uch 
c e l l s  occur in opos s um b l ood is n o t  known ; if they do 
then the � el at ively l ow percen t age of Smlg- pos it ive 
c e l ls in t he nyl on wool adher en t  popul at i on � ight be 
exp l a in e d . The appr oach of War r  et al . ( 1 978 ) of us ing 
a phy l og en e t ical ly dis t an t  s pec ies in which to r a is e 
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Tabl e 3 . 4  The per c ent ages of comp l emen t  recep t or ­

pos i t ive lymphocy t es in var ious t is s ues of 

opos s um , m ous e and human or ig in . 

S pec ies 
Lymphocy t e  

s ourc e  Opos s um Mous e Human 

Bl ood 
* 

30a 3 9b 
Un£r ac t ion a t e d  1 1  - 2 5  1 5  - 1 0  -
Non - a dher en t  ( T ) 1 - 5 6 �  1 - 9d 

Adher en t  ( B ) 40 - 6 5  63 e 49 - 6 9£ 

Spl een 2 7  - 48 2 5  - 6 5g 20 - 3 1 11  

Bon e mar r ov: 9 - 1 5  5 - 8 i 5 - l 3 j 

Thymus 1 - 3 ok 0 - 2 1 

* values ar e r an ges in percen t ag es . 

a ) H.os s e t  al . ( 1 976 ) ;  b )  Ros s e t  al . ( 1 973 ) ,  Abr aham­

s ohn et al . ( 1 97 3 ) ,  Handwerger an d S chv\ar t z  ( 1 974 ) ,  

Abdou e t  al . ( 1 976 ) ,  Kaj dacs y-Bal l a  an d Mcn des ( 1 976 ) ;  

c ) Handwerg er an d S chwar t z  ( 1 974 ) ;  d ) 
( 1 973 ) ,  Gr eaves e t  a l . ( 1 974b ) ,  Tur s i 
e )  Ha,.1 dwer ger and S chwar tz ( 1 97 4 ) ;  f )  

( 1 973 ) ,  Gr eaves e t  al . ( 1 97 4b ) , Turs i 

Jon dal 

e t  a l . - -
Jon dal 
et al . - -

e t  al . - -
( 1 978 ) ;  

e t  al . - -
( 1 978 ) ;  

g ) Raff e t  al . ( 1 970 ) , Ros s e t  al . ( 1 976 ) ;  h ) S il ve i r a  
e t  al . ( 1 972 ) ,  Ros s e t  al . ( 1 9 7 3 ) ;  i ) Bianco e t  al . 

( 1 970 ) ,  Rys er an d Vas s al l i  ( 1 974 ) ,  Yan g et al . ( 1 978 ) ;  

j )  Bianco e t  al . ( 1 9 70 ) , Dukor e t  al . ( 1 97 1 ) ,  Abdou 

et al . ( 1 976 ) ,  Hus z e t  a l . ( 1 97 7 ) ;  k )  S ilveira e t  al . 

( 1 972 ) ;  1 )  Ros s e t  a l . ( 1 97 3 ) ,  S ilve ir a  e t  al . ( 1 972 ) .  



an t i- immun og lobu l in an t is er a cou l d  be  r ewar din g  in 
this r es pec t . 
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Wi th the fac i l i t ies avail able it  was not pos s ible 
t o  examine s imul t an e ous ly t he c e l ls fr om a s ingl e animal 
for al l t hr e e  marker s . Nei ther do the r es ul t s  exp l o r e  
t he l ikel ihood of day- t o - day var iat ion of  a. g i ven 
marker in an indivi du al an j�al . Both of thes e as pec ts 
m ight be pr of itably exillnine d .  

b1 s umm ary , i t  can be s t at e d  th at recogn is ed B 
cel l markers h av e  b e en demons trated on opos s um l ymph o ­
c y t es . Both the pr opor t ion of cel ls s how ing t h es e mark e=s 
an d their t is s u e dis tr ibut ion ar e br oadly s im j l a  . .r i1 1 
opos s ums an d euther i an s pec i es . 



CHAPTER 4 

THE IN VITRO RES PONSE OF LYMPHOCY TES 

TO VAR IOUS M ITOGENS 

4 . 1  In troduc t ion 
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Lymphocytes cul tured in the pres ence o f  an t i gens 

( Lyce t t e  and Pearmain , 1 96 5 ) ,  ant i- lymph ocy te an t i bo dies 

(Gras beck e t  al . ,  1 96 4 ) , an t i- immunog l obul in reag en ts 

( Se l l  an d G el l , 1 96 5 a , b ;  S ieckmann e t  al . ,  1 978 ) J Fe 

fr agmen ts ( Berm an an d We ig l e , 1 977 ; Morg an an d Wc ig l e , 

1 97 9 ) or m i  tog en s  ( Oppenhe im an d Ros en s t r e ich , 1 0 7 6 ) 

un der g o  b l as t og en es is a� d pr oduce e i t her, lymphok in es 

( Davi d ,  1 96 6 ; Law:r ence an d Landy , 1 96 9 ;  Gr ang er , 1 972 )  

or immun og lobul ins (An der s s  on � al . ,  1 972c ; Kcarney and 

Lawt on , l 97 5 a , b ;  Hammer l ing e t  a1. , 1 97 8 ) .  Ma t er ials 

which ar e mi togen i c for lymphocytes i n c lude pJ an t l ee­

t ins ( Lis an d Shar on , 1 977 ) ,  microb i a l  pr oduc ts  ( C l aget t 

and Enge l , 1 978 ) an d chem icals ( Diamans t e in e t  a.l . , 

1 973 ; Cou t in ho e t  al . ,  1 974 ; Novog r o dsky , 1 976 ) .  

S ome m i togens ac t s el ec t ively on e i ther T or B 

c e l ls an d in do ing s o  t hey pr ovi de c onven ien t  pr obes 

for  i den t ify ing thes e c e l ls in th e abs ence o£ other 

markers . Fur t hermor e , s ubs e t s  of T an d B c e l ls can b e  

i den t ified by their reac t ivit ies t o  cer t ain m itog ens 

( Janos s y  an d Greaves , 1 971 ; Greaves an d Jan os s y ,  1 97 2 ; 

An ders s on et al . ,  1 972b ; Peavy e t  al . ,  1 974 ) .  

Whi l e  the r e  is an extens ive l i t er ature on the 

m i togen - in ducec res pons es of euther i an lymphocytes , 

par t icul ar ly thos e of mice an d man , informat ion c onc er ­

n ing l ower ver tebr a t es is r e l at ively s pars e .  Lympho­

cytes f r om cyc l os t omes ( Ols on , 1 96 7 ; Du Pas quier , 1 97 6 a ) ,  

car t ilagen ous f is hes ( Lopez et al . ,  1 97 4 ) ,  bony f is hes 

( Et l inger  et al . ,  1 975 , 1 97 8 ) ,  amphibia ( Wr ight an d 

Cooper , 1 978 ) ,  rep t i l es ( Cuchens e t  al . ,  1 976 ) an d birds 



1 2 5  

( Evans an d Ivany i ,  1 97 4 ; Wal t en b augh e t  a l . , 1 977 ) 

a l l  res pon d to  on e o r  more m i  togens . Res ul ts fr om inves ­

t i g at i ons o£ s uc h  r es pons es have as s is t ed in fol l ow ing 

the phyl ogeny of lymphocyt e he ter ogen e i ty . 

Of the me t ather i ans , t he Aus t r al ian quokka ( S e t on ix 

b r  achyurus ) an d t amm ar ( Macropu s  aug en ii ) ( As hman e t al . , 

1 972 , 1 97 6 , 1 97 7 ; As h.inan and Keas t ,  1 97 6 ) an d the 

Amer ican opos s um ( .Q .  v ir o in i an a ) ( Fox e t  al . ,  1 9 7 6 ) have 

b e en s tudied in this r es pe c t . Th e dos e res pons e curves 

tu Con .A in th e quokka an d t he t amm ar (As hman et al . ,  

1 9 7 6 ) wer e f ou n d  t o  be s im il ar t o  thos e r e c or de d f o r  
h e:un s  t er l ymph o c y tes ( S ingh an d Teveth ia : 1 9 72 ) wi1 i l e  

t h e i r  r e s pon�, es t o  gv;.] res emb l e d  t hos e of mur ine cel ls  

( Jan os s y  an d G r eaves , 1 97 1 ) .  Bec aus e of  the s im i l a r i ­

t i es be tween thes e mars up ials an d euther ian m ammals in 

t h e i r  r e s pon s e s  t o  m i t og ens , As hm<:l.n (� t al_ . ( 1 97 6 ) have 

s l�gg <"::! c� t e d  t h a t  f un c t ion al e l emen ts of tb e c e l l u l ar 
immune r es pon s e may have evo l ve d  a l ong very s im i l ar 

l in es in th es e gr oups of an imals . 

The l im i ted in format ion ; 4vail ab l e  on the r es pons es 

of met ather ian lymph ocy tes to  mi tog ens prompt e d  an 

inves t i g at ion o£ the eff e c ts of a n umber of s uch s ubs ­

t an c es on opos s um lymphocy tes . The a i..ms of this s tu dy 

wer e tw ofo l d . r< irs t ,  t o  de termine whether or n o t  opos s um 

B l ymphocy t es c oul d be s t imul at ed by r ecogn iz e d  e u th er ian 

B c e l l  m i t og ens . Dat a s o  o b t a in e d  m ig h t  in dic ate any 

s imilar i t ies or differences in l ymphocyte c e l l  membr ane 

s tructure an d £un c t i on be tween thes e mammal ian g r oups . 

Secon d ,  t o  r ank opos s um B cel l - s t imula t ing m i t og ens in 

o r der o£ t heir ab i l i t ies t o  in duce DNA s yn t hes is w i th a 

view to  un der tak ing a s tu dy o£ the morphology an d immu­

n og l obul in s ecre t in g  c apab i l i t ies o£ polyclon al ly s t imu­

lated B c e l ls  fr om T . vulpecul a . 
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4 . 2  Mater ials an d Me thods 

a .  Col l ec t ion of lymphocytes 

Mononucl ear cel ls  wer e  harves t e d  fr om opos s um 
b l o o d  an d dep l e t e d  o£ monocyt es by techn iques des cr i b e d  
in Chapter 3 .  The lymphocytes wer e  cul tured e it her 
un£r ac t iona t e d  or aft er £ r ac t ion a t ion in t o B an d T cel l  
pop u l at ions on nylon wool columns ( Chapter 3 ) .  Lympho­
cy t e  v i ab i l ity was meas ured by t r ypan blue exc lus ion 
(Appen dix I I I ) .  

b .  Cu l tu r e  con d i t i ons 

In a prev ious s tu dy in wh i c h  four media we:c- e as s e ­

s s e d for their abi l i t ies t o  main t ain opos s um l ymph o c y t e  

via b i l i ty in c u l ture , Eag l e ' s  min imal es s en t ial medium 
( MEM , G IBCO ) s upp l em en t e d  w i t h  1 0  per cen t  foetal calf 
s erum ( B'CS ) w as s hown t o  be as s a. t i s f a c t ory  as cmy o t he..:: 
t es t ed ( S ou t hern , per s on al commun icat i on ) .  Cons equen t l y  
M�1 con t ain ing 1 0  per cen t  heat- in ac t ivated ( 56 °C f or 
30 m in ) FCS ( r<l ov: Labor a t ory ) an d enr iched with g l u t a­

min e  ( 1. ml of 2 0 0  mM per 1 00 m l  of medium ) was us e d  
r ou t inely . TI1 e med ium als o con t ain e d  l OO IU pen ic i l l in ,  
1 00 ug of k an amyc in an d 1 00 us; of s t reptomyc in pe r m l . 

Lymphocy t es wer e cul t ur e d  in Micr o  Tes t  I I  t is s u e  
cul ture plat es (No . 3041 , Fal c on Pl as t ics ) .  Tr ipl icat e  
cul t ures , each c on t ain ing 2xl0

5 l ymphocytes in 200 ul 
v o l umes , wer e  prepare d .  Concen t r at ions of th e var ious 
m i t og ens in 5 to 2 0  ul volumes of MEM- FCS wer e  added as 
r equ ired . Mit ogen-free cul tur es were us ed as c on tr o l s  . 
The cul tur e  p l a t es wer e  incuba t e d  in a humid atmos phe r e  
of 5 per cen t co2 - in - air a t  3 7°C f o r  v ar ious t imes 
( s e e  below ) . 
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c .  Mitogen s t imulat ion 

The fol lowing mitog ens wer e  us ed over a r an g e  of 

c oncen t r at i ons ( s (�e Res ul ts ) :  

Ins olu b l e  Concan aval in A ( Ins ol . Con . A )  ( S igm2. ) : Con c :' ­
n ava l in A ( Con . A )  is a s o luble pr oduc t o:f the 
j ack be an , Can aval i a £!1S iformis_ ,  an d is m i t og en ir : 

for T cells  {Grea ves an d R o it t ,  1 96 8 a ;  Jan os s y  ,:,_,-, d 
Greaves , 1 9 7 1 ) .  When r en dered in s o l ubl e , the l ee � :: 11 

is s ai d  to  act ivate predomin an t l y  B c e l l s  ( An deL-; · . '''' 
et a l . ,  1 972 a ,  b ) . Th e pr epar a t ion us e J  J1 ,:� r c  
cons is t ed of Con . A  boun d t o  Ag �r os e beads R t  a 

con c en tr at ion of 300 m g  o.f Con . A  pe't gm u.r /\J ;:::. ' 

The Ins o l . Con . A  was s us p en rte d  in r�mM- FC3 ;:;_ ;· a s < u 

concen t r at ion of 1 mg o£ m i tog 211  per ml . 

PokevJe e d  m i t ogen ( PWl\J) ( S igma ) :  PWJ\1 : fr om the i. t'. L t::: :r ' ,­

Phy_t o l acca ?---TTJ.e r ica.n a , is m i tog c-:n j c for b o ·t J .>. T3 < ' . '  

T c e l l s  ( J an os s y  an d  G r e aves , 1 9 7 1 ; Shor hil .Jn ��-�:. � - ' . , 

1 973 ) .  One mg of P\IJM p e r  m l  of JviEf•1- FCS was p r e: � < ' · . ,  

from the ly ophi l is e d  powder . 

Lipof. olys acchar i de B ( LPS ) ( Di£co ) :  Th e LPS u �; c d  w o. o� 

from E . c o l i  055 : B5 .  Th is B cell  mi togen ( Pe avy 

et a l . ,  1 970 ; An ders s on et al . ,  l 972b ) wc:ts p r ep , · r r · : i 
at an. in i ti al concen t r at ion of 1 0  mg per m l  of 
MEM- FCS . This mater ial was hel d in a boil ing w::.: l '-' ' : ­

bath for 60 min pr ior to  us e in or der to  in ac t iv � L 0  

the en dot oxin ( An ders s on e t  al . ,  1 972c ) .  

Pur if ied protein der ivat ive ( PPD ) : This B c e l l  m i tog en 

( Pearmain e t  al . ,  1 96 3 ; Sul tzer and Nils s on ,  1 972 ) 
was provi�"�.ed  as a neutr al is e d ,  fr eeze- dr ied powdc·r 

by t he Cen tr al Vet er in ar y  Labor a t ory , Weyb r i dge , 

Engl an d .  One mg of PPD was dis s olved in 1 ml of 

MEM- FCS . 
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Dex t r an s ulph at e  ( DxS04 ) ( S igma ) :  Des cr ibed b y  G r ono­

wicz an d Cout inho ( 1 974 ) as a B  cell  mitog en ; 

DxSO was pr epar e d  as a s t ock s olut ion con t ain ing 
4 -

1 0 mg per r.1l of MEM- FCS . 
Prote in A ( Prot . A )  ( Pharma.c i a ) : On e  m g  of Pro t . A  of 

S t ai?..�lococcus aur eus o r ig in , \A7as dis s ol ved in 

1 m l of MEM-l'CS . Pr o t . A has bee1 1  des er ibcd as a 

B c e l l m i t og en ( Fors gren et al . ,  1 976 ; JVlol l er an d 

Lan dvv2tll , 1 97 7 ) .  

Lana t os i de C ( Lan . C )  ( C 2.l b io :::: hem ) : 1-l<:U"'T..:.'ll ars t r om an d Smi th 

( 1 9 7 9 ) repor t e d that L<:m . C ,  a Di�J
_
i t al is g lycos j de , 

was m i to<jen i c  for B c e l ls . L<:J.,1 . C : was pr e p <J. r � d  a t  
a n  in i t i al c on c cm t r at i on o f"  1 0  1:19 per ml  o:f !\1EM-

FCS . 

Pur if ie d phy tohaemagg lut in in ( :?HA ) ( Wellcome ) :  PI-lA :from 

Ph as e o 1 u s  s pp .  is a r e cugn i z e d  T cel l m i t o<J en 

( Nowc l l , 1 96 0 ; Rohb ins , 1 96 4 ) .  The r eag en t w as 

dis s o l ved in i'·lEJ.l- FCS at a conccn t r  a t ion of' 1 mg 

per ml . 

d .  Meas ur cc::men t o£ m i tog en - i n du c e d  D.rA s;yn thes is 

nv-en t y  -four hours bef or e  b e ing har ves t e d , the 

cul tur es were each puls ed with 0 .  2 uC i of (me t hy l - 3 I-I )  
thym idin e ( s pec if ic act ivi ty 5 Ci/mrno l ) ( The Radio­

chemical  C cn tre ) J..n 20 ul of PES . At the en d o£ the 

puls e per iod , the ce l ls wer e harves ted in a mul t ipl e 

c e l l  har ves ter ( Dyn at ch Min i Mas h ,  Cooke ) on t o  g l as s  

m icrofiber dis cs ( GF/C , Whatman ) whi ch were th en dr ied 

overnigh t at 37 °C . The dr i e d  f i l ter s  wer e placed in 

s c in t i l l a t i on vials cont ain ing 5 ml of a toluen e - b as ed 

s cin til l at ion fluid ( Appen dix I I )  and coun t e d  in a 

l iquid s c in t il l at ion s pectrophotome ter ( Beckman ) .  The 

c ounts per m inute r e corded £or t he m i t ogen s t imul at e d  

cul tures wer e div i ded b y  thos e r ecor de d  for the m i togen­

free cul t ur es to es t 2.b l is h  a ' s t imul at ion index ' ( S I ) .  
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The means an d s t an dard er rors wer e  calcul at e d  for the 

S is o b t a in ed from r epeat exper imen ts . 

Th e fol l owing eA.=per imen ts we r e  don e : 

1 .  Det erm in at ion of l ymphoc yte viab i l i ty in cul ture . 

Blood lymph ocy tes  wer e  cul tur e d  ln J'.1EM- FCS an d 

the i r  v i ab i l i t y  was as s es s ed da ily for 7 cons ecu t ive 

days by t rypan b l ue exc lus ion ( Appen di x I I I ) . Tr ipJ. ic a ­

te cul tur es wer e es t ab l is he d .  In a s ing l e exper imen t  

to de t erm in e the r e l a t ive mer i t s  of homolog ous an d he te­

r o l ogous s erL�m s upp l emen ts on m a ir) t a in in g  c e l l v i ab i ­

l i t y , heat - in ac t ivat e d opos s um s er um ( 1 0 per cen t ,  f in al 

concen trat ion ) r epl ac ed FCS . 

2 .  De t el·m in at ion of op t imum c u l t u r e  t imes an d m i t o g en 

concen t r at i ons for b l o o d  l ymphoc y t es . 

Lymph ocy t es wer e  cul tur e d  in tr ipl ic a t e  in e c c h  of 

the concen t r at ions of the m i togens us ed . The cul tures 

wer e Duls e d  for 24 hr af t er 1 ,  2 ,  3 ,  5 an d 7 days of cul ­

tur e . The c e l l s  wer e  h arves t e  .... an d t he i r  incorpcr a t e d  

r adioac t ivity meas ur e d . 

3 .  The respon s e  of blood B an d T c e l ls to s e l e c t e d  

m i t og ens . 

The r es ul ts of the above eA.�er imen t al l owed the 

m i togens to  be r anke d in o r der of their m i togen i c i ty . 

The thr e e  mos t effec t i ve wer e us ed at opt imal concen­

t r at ions for  opt im al cul ture t imes t o  s t imul ate cul ­

tur es of b l ood- der ived B an d T c e l ls . Tr ipl icate 

cul tur es wer e es t ab l is he d  an d wer e  pul s e d  an d har ves t ed 

as des c r ibed above . 
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4 .  S t imul at ion of l ymphocy te cul tures wi th e ither was ­

hed , c ommerc ial Ins o l . Con . A  ( Ins ol . Con . A- W )  or with 

l abor a t o r y-prepar e d  Ins ol . Con . A ( Ins ol . Con . A- LP ) . 

Res u l ts f r om the pr ev ious exper im en t s h owed that 

the In s o l . C on . A  us e d  s t im u l at e d  T lympho cytes to a much 

g r eater degr e e th .:m B lymphocytes . A pos s ib l e  exp l an a­

t ion for this un expected f i 1 1 ding coul d have b een th e 

pres en c e  of fr ee , s o lub l e  Con . A  in the reag en t us e d .  

1\vo app r o aches we r e  us ed t o  exaJ.a in e this pos s ib i l i ty . 
Firs t l y , the comme r c ial mat er ial was washed t h r e e  t im es 

with MEM b e f o r e us e . S e c on dl y , f r es h l y  prepar e d  In s o l . 

Con . A  was pr ep <u-: e d  by ads c 1� b in g  Con . A  ( S igma ) on t o 
, 

c ar r i e r  p a r t ic l es by the me thods o_f G r eaves an d Bal..un in ­

ger ( 1 972 ) an d An de r s s o:-1 an cl Mel ch e rs ( 1 973 ) .  

Ten mo of s ol ub l e  Con . A  ( S igma ) wer e d is s olve d in 

1 ml of O . l M c ar b on at e  buffer , p H  8 . 5 ( Appen di x I I )  

c on t ain ing a 1 0  m o l a r  e x c e s s of a lpha m e t hy l - D - m an n os i dG . 

On e mg oi' c y an o g en b r om i de - ac t i v a t e d  S ephar os e beads 

( Pharmac i a )  wa.s a d d e d  an d the m ixture 1 eft at room t emp­

er a t u -L e  _fo r  30 m in . Un b o un d  prot e ins were r emove d by 

w as hin g �;�.ri t h  0 . 1 M c arbon ate buff er , pH 8 . 5 ,  an d PBS . 

The S ephar os e-Con . A  con j ugate was equil ibr at e d with 

MEM- FCS b y  incubat ion with th is medium twice at  37
°

C for 

24 hr . Dilut ions of packe d , Ins o l . Con . A- LP were pr e­

par ed an d us ed f or m i to gen s t imul at ion s tudies . 

4 . 3  Res ul ts 

a .  Blood lymphocyte viabil i ty in cul ture 

The viabil ity of blood lymphocy tes cul tur ed in 

media s uppl emen t e d  wi th e i the r FCS or homologous s erum 

is s hown in Fig . 4 . 1  which p r es en ts t he res u l ts of two 

exper imen ts in wh ich FCS was us e d  and on e us in g opos s um 

s erum . In th is exper imen t , as in al l o ther s , the lympho-
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F IGUR E : 4 . 1  The v i a b i l i t y  of opos s um b l ood l ymphocy t es 

cul tur e d  in Eag J c ' s  m in imal es s en t i a l m e dium 

s up p l em en t e d wi th e i t her 1 0  per c en t  foe t al 

c al f  s er um ( FCS ) or 1 0  per c en t  opos s um s er um 

( OP ) .  Res u l t s  ar e g iv en as mean percen t ag es of 

tr ipl ica t e  cul tures + s t an dar d er ror . 
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cy t es wer e  at l eas t 9 S  per cen t viable when the cul­

tur es wer e es tabl is he d .  Af t er 3 days of cul t ur e , the 

dur at ion of many of the exper iments des cr ibe d in th is 

chapter , lymphocy t e  v iabi l i ty in the media s uppl emen t ed 

w i t h  FCS was between 8 0  to 90 per cen t ,  wh i l e  th e 

v iabil i ty in cul tur es con t ain ing opos s um s erum was 

aroun d 6 S  per cen t . Af t er 7 days thes e values fel l t o  

S O  t o  70  per cen t  an d 3 6  p e r  cen t  respect ive l y . Th e us e 

of opos s um s erum did n o t  appear to  offer any advan t ag e  

over the more  r eadily ava i l abl e ,  s t an dar d FCS wh ich was 

us ed in al l s ubs equ en t exper imen ts . 

b .  De t e rm in a t ion of opt imum cu l t ur e  t imes an d mi tooen 

con c en t r a t i on s  

Th e S is obt ained b y  varying b o t h  t h e  con c en t .r c,tion 

of eacn m i t og en an d the dur at ion of c e l l  cul tur e ar e 

s hown in Tables 4 . l a t o  4 . 1 g .  Th is informat ion is s umm a ­

r is e d ln Tab l e  4 . 2  vJh i ch s hows t h e  opt im a l  c oncen t r a t ion 

of each m i togen an d the c u l t ur e  per iod n eeded with th is 

concen t r a t ion to  g iv e  a max imum S I .  The values in Tab l es 

4 . 1 a t n  4 . l g ar e bas e d  on s ing l e  exper imen ts involving 

t r ipl ic a t e  cul t ur es f or each m i t og en con cen t r a t ion / t ime 

of cul ture comb in a t ion . Th e values in Tabl e  4 . 2 ar e ag ain 
bas ed on th e res u l ts of tr ipl icate cul tures but ar e from 

r epeated exper imen ts us lng s e l e c t e d  comibin a t i ons of 

mitogen concen tr at ions  an d cul tur e t im es . 

Ins ol . Con . A  was the mos t po ten t  mitog en g iving an 

aver ag e  S I  of 1 46 . 06 + 3S . 32 ,  when us e d  a t  a concen t r a­

t ion of SO ug per 1 0
6

-
c e l ls over a 3 day cul ture per iod . 

PWM and LPS gave S is of 6 1 . 41 ! 1 7 . 96 and 1 6 . 1 8 � 1 . 4S ,  

r es pect ive ly , whi l e  the S I  of PPD was 3 . 2 1  + 0 . 1 6 .  The 

opt imum con c en t r at ion of PWM an d LPS wer e  S an d 2SO ug 

per 1 0
6 

c e l l s , r es pec t ivel y . Th es e c oncen t r at ions wer e  

mos t effec t ive us ing a 3 day cul tur e  per io d  for PWM an d 

a 2 day cul ture per io d for LPS . Pro t . A ,  DxS 0
4 

an d Lan . C  

g ave S ls of less  than 2 . 00 .  
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Tabl e  4 . 1  Mitogenic s t imulation of opos s um blood lym­
phocy tes wi th various m i t og ens at differen t 
c oncen t r a t ion and cul tur e d  for diff eren t  

Day 

1 

2 

3 

5 

Day 

1 

2 

3 

5 

Day 

1 

2 

3 

5 

days . 

a )  Ins o1 ub l e  Con . A 

l 

* 
2 . 1 0 

3 . 5 9 

1 . 1 7 

2 . 2 3  

5 

4 . 6 6  

9 . 9 1 

2 . 1 2  

5 . 4 9 

1 0  

6 . 6 4  

1 8 . 7 1  

9 . 8 3 

7 . 82 

6 ug per 1 0  c e l ls 

2 5 50 

2 0 . 43 9 . 96 

2 6 . 7 1 7 1 . 8 1 

1 1 1 . 27 1 8 4 . 3 0 

1 2 . 7 1 34 . 40 

1 00 

4 . 7 1 

8 3 . JO 
1 8 0 . 1 6 

3 0 . 1 2 

b )  Pokewce d  Mi togen : ug  per 1 0
6 c e l l s  

1 

5 . 02 

7 . 6 9 

47 . 72 

3 . 2 8 

c )  

1 0 

1 . 92 

5 . 8 1 

1 . 7 6  

2 . 1 7 

5 

7 . 2 9  

1 3 . 6 0 

52 . 51 

1 5 . 97 

1 0  

4 . 2 1 

6 . 33 

1 1 . 7 9 

2 . 8 1 

2 5 

2 . 22 

3 . 2 1  

8 . 58 

1 .  4 9  

Lipopol ys acchar i de : ug 

50 1 00 2 5 0  

4 . 00 5 . 32 7 . 1 7 

7 . 93 1 1 . 58 1 3 . 5 3 

8 . 43 1 0 . 96 1 0 . 66 

2 . 56 2 . 9 9 1 . 67 

per 

50 

1 . 9 9 

1 . 32 

3 . 9 1 

1 . 2 6  

1 06 

500 

5 . 1 2 

3 . 76 

6 . 04 

1 . 00 

1 00 

1 . 02 

0 . 97 

2 . 9 9 

0 . 67 

c e l l s  

1 000 

2 . 92 

2 . 88 

1 . 98 

0 . 2 5 

* S t imul at ion in dex ( cpm mi togen - treated cul tures /cpm 
con t r ol ) from tr ip l icat e cul t ures from one exper imen t .  
Maximum s t imulat ion index obt ain ed at opt imal concen ­
tr at ion an d  op timal c ul t ure per iod is un der l in ed .  
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Tab l e  4 . 1  ( con td ) .  

Day 
d )  Pur ified Pr o t e in Der ivat ive ug per 1 06 cc�l l s  

1 5 1 0 2 5  s o  1 00 

1 0 . 78 1 . 80 1 . 98 2 . 02 2 . 1 2 2 . 00 

2 0 . 77 1 .  7 9  2 . 09 2 . 78  2 . 9 1 2 � --) • I ""'  

3 1 . 53 1. 90 2 . 4 3 3 . 1 8 3 . 36 0 . 6 4 

5 0 . 7 1 1 .  52 1 .  97 2 . J 2 2 . 5 7 2 . 02 

-·- .- ---� 

Day 
e )  S t aphy l ococcal Pr o t e in A u g  p e J 1 06 c e _L  .L s 

-- ·---

1 5 1 0  2 5  ;5 0  l O•:J 
... .. _.__.. ____ _ _ ___ . ,_ . 

1 0 . 8 3 0 . 98 �- .  0 1  1 .  3 1  1 . 71 0 . . J ' � 
2 0 . 7 1 0 . 99 1 .  02 1 . 2 3  1 . 1 1  0 .  9 �� 
3 0 . 58 0 . 62 0 .  7 9  1. 1) 5 1 . 6 5 1 . 43 
5 0 . 7 8 1. 02 1 . 4 3 1 .  6 J  1 . 6 0  1 . 2 ]  

Day £ ) Dextran s u lphate : ug per 1
.
06

-
c e l l s  

1 0  5 0  1 00 2 50 500 1 000 
- - --

2 1 . 00 0 . 82 0 . 6 3 0 . 58 0 . 68 0 . 6 8 

3 1 . 07 0 .  7 0  0 . 38 0 . 39 0 . 6 3 0 . 55 

5 0 . 77 1 .  37 0 . 53 0 . 5 1 0 . 50 0 . 58 

7 1 . 02 1 . 2 0  0 . 98 0 . 7 0 0 . 50 0 . 4 5 

Day g ) Lanotos i de c ug per 1 06 c e l ls 

1 0  50 1 00 2 5 0  500 1 000 

1 0 . 51 0 . 53 0 . 7 1 0 . 8 3 0 . 88 0 . 90 

2 0 . 41 0 . 62 0 . 6 5 0 . 8 1 0 . 93 0 . 98 

3 0 . 52 0 . 41 0 . 6 1 0 . 78 0 . 87 1 . 44 

5 0 . 70 0 . 82 0 . 91 0 . 93 0 . 93 0 . 9 9 
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Tabl e  4 . 2  Max imum s t imul at ion in dic es r ecor de d  f o r  

opos s um b l ood l ymphocy tes when cul tured with 

s e l ec t ed dos e s  of  m i togans for s e l e c t e d  

per io ds . 

Mi togEn ug per 1 06 Days S t imul ai: ion 
ce l ls cul tur ed in dex ��-

* *  
Ins o l . Con . A  50 3 1 46 . 06 + 35 . 32 ( 4 ) 

PWM 5 3 6 1 . 41 + 1 7 . 96 ( 3 ) 
LPS 250 2 1 6 . 1 8 + 1 . 45 ( 4 )  
PPD 50 3 3 . 2 ]  + 0 . 1 6 ( 2 )  

Pr o t  . A  2 5  3 1 .  95 + 0 . 1 4 ( 1 ) 

DxS U4 50 5 1 . 8 0 + 0 . 43 ( 2 )  

Lan . C  1 000 3 1 . 44 + 0 . 40 ( 1 ) 

-)(- S t imul a t ion in dex :.:: cpm mitog en - s t imu l at e d  cul tures / 

cpm con tr o l  cu l t ures , m ax imum values g iven as means + 

s t an dar d errors . 
* *  F i SJ nres in par en t hes es r efer t o  n umber of e:>.rper imen ts . 
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Ins ol  . Con . A ,  PWM an d LPS , t h e  m i  togen s  s howing 

maxLmum S is f or unfrac t ion a t ed b l ood lymphoc y t e  cul­

tures , were us ed to s t imu l a t e  cul tur es of B or T lym­

phoc y t es in order to de term in e  which popu l at ion was 

r es pon ding . The r es ul ts ar e pr es en t e d  in Table 4 . � .  

Ins o l . Con . A  an d PWM wer e  m o r e  effic ien t  at s t imul a t ing 

T ce l l s  than B c e l l s . When Ins o l . Con . A  was us e d ,  the 

r at io o£ the S I  for T c e l l s  ( 3 91 . 05 )  t o  that o£ B c e l l s  

( 42 . 5 9 )  was 9 . 1 8 ;  £or P\VI-1 this value was 4 5 . 98 / 4 . 6 5 

= 9 .  97 . LPS s t imul ated B c e l ls mor e t han i t  d i d T c e l l s ; 
the r at io of T c e l l  S I  ( 7 . 1 3 )  t o  that of B ceJ l s  ( 1 9 . 52 )  

was 0 . 36 £or t h is m i t og en . B an d T cel l cul t ur es wer e 

als o s t imul a t e d  with PHA . Pr e l iminary exper im en t s  us inrJ 

unf r ac t i onated b l ood 1ymphocyte cul t ur es s howe d that 

max im'.illl s t imul at ion was ach i eved wi th 50 ug PHA. p e r  1 06 
c e l l s  in 3 day cul tures . When this c ombin at ion of m i  t o­

g en c on c en t r at ion an d cul tur e per iod was app l i e d  to T 

and B c e l l  cul tur es the r a t io of S I  £or T c e l l s  t o  S I  

for B c e l ls was 436 . 05 / 1 6 . 52 = ?-6 . 3 9 .  

d .  Th e r espon s es o£ b l ood B an d T lymphocyt es t o  Ins o l . 

Con . A ,  In s ol . Con . A-W an d  In s o l . Con . A- LP . 

The m i t og en ic eff e c t s  of the thr e e  Ins o l . Con . A  

pr epar a t ions ar e s hown in Tabl e  4 . 4 .  In a s ing l e  expe­

r imen t al l thr e e  s t imu l at e d  T c e l l s  c ons ide r abl y mor e 

t han B c e l l s . The comm er c i al mater ial ( Ins o l . Con . A )  

g ave the h ighes t S I T c e l l s  t o  S I B c e l ls r a t i o  ( 22 . 2 1 )  

and Ins o l . Con . A- LP the l owes t ( 6 . 5 ) . Thes e r es u l t s  s how 

th at t h e  h igh l eve l of T c e l l  s t imulat ion s een in i t i al ly 

with Ins o l . Con . A  ( Tabl e  4 . 3 )  was un l ikely t o  b e  due t o  

the pres ence of s olub l e  Con . A  in the r eagen t us e d .  
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Tab l e  4 . 3  S t imu l at ion indices r e cor ded f o r  opos s um 

b l o o d  B an d T l)lffiphoc y t es cul tur e d  with op t i -· 

mal c on c en t r 2.t ions of m i  t ogens for opt imal 

cul t ure per iods . 

-- - --- ----- -----

ug/ 1 0  6 
!\1 i t og ;-'n c el l s  

B 
--- - --

I:: .s ol  . C on . A 5 0  42 . 5 9 -j-

r·: .1-i 5 4 . 6 5 + 

L PS 2 5 0  1 9 . 52 + 

Pi -lA s o  1 6 . 52 + 

-)(-
S t im u l a t i on in dex 

ce l l s T C E-' l l s 

3 . 92 ( S ) a 
3 9 1 . 05 + 1 2 8 . 22 ( 6 )  

1 . 05 ( 4 )  45 . 98 + 1 1 . 32 ( 4 ) 

3 . 2 3  ( 4 )  7 . 1 3 + 1 . 30 ( 3 )  

8 . 2 9  ( 2 )  436 . 05 + 1 6 4 . 50 ( 2 )  

-x S t i:nu l e1. t i on in dex ( cpm mi togen --s t imul ated cu l tures / 

cpm c on t r o l  c u l t ur e ) , maximum values s hown as means + 

s t an dar d e r r ors . 

a--- Num bers  in p ar en thes es s how number of exper imen t s . 
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Tab l e  4 .  4 S t imulat ion in dices of bJ  ood B an d T l ymph.J ­
cytes s t imul ated with three diff<2n: :n t p-r c [ • ; .r ;:c ­
t i ons of Ins o l . C on . A .  

-------------------------------- - - -- - - . -· - · ·  -. -

Lymphor::y t es 
Mit og en 

B c e l ls T c e l Js 

·; 
Ins ol . Con . A  1 3 . 8 1 + 0 . 47 .3 06 . 5 0 + l s . :3 -� .� 

In s o l . Con . A-W 
1 

1 3 . 36 + 0 . 37 2 1 0 . 7 0 + 6 . .:-; J 

2 6 . 2 4  0 . 92 38 . 9 9 G .  9 .c;  Ins ol . Con . A- LP + ..-

* S t iJ.nulat ion in dex ( cpm m i t og en - s t imu l at e d  c•.; l tu ; · ;:. ·, _. ' 
cpm con trol  cul tur<2 ) ,  maximum v al u es s hown as me ; • 1 1 �-o + 

s t an dar d <2rr ors , from tr ipl icat e cul tures :f n:.om on •: 
exper im en t . 

1 ) Was hed Ins olubl e Con . A ;  2 )  Labor ator y  prepa.r e d  ln �, o l . 
c on . A .  
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4 .  4 Dis cus s ion 

The r es u l ts pr es en t ed in this chap t er s how that 

opos sum bl ood lymphocy tes respon d  t o  s ubs t ances which 

ar e recogn is e d  as be in g  m i t og en ic for euthe r i an lympho­

c y t es . 0£ the mat e r i als tes t e d  for t h is eff ec t ,  In s o l . 

Con . A ,  PWM an d LPS , in that order , wer e the mos t eff e­

t ive at in ducing DNA s yn th es is in cul tures of unf r ac ­

t ion ated l ymphocyt es . Cons equen t ly thes e s ubs t ances wer e  

us e d  t o  s t imul a t e  cul tures of B or T c el l s  in or oer t o  

de t ermine wh ich l ymphocy tA s ub s e t  was res pon ding . 

Ins o l . Con . A  cons is t en t ly in duc e d  more t han twice 

as much DNA pr oduct ion by cul tur e d  lymphocy tes than. di d 

PWI\1 . When an an al ys is was rrrade of the c e l l  type r es pon ­

s i b l e f or this ac t ivi ty i t  was foun d t o  res ide predomi­

n an t l y  in T lymphocy t e  as  t hes e c e l ls g eneJ� al l y  in c orpo­

r at e d  a.bout 9 t imes mor e t r i t iated thymidine th an did I3 
c e l l s . Th is is in c on t r as t t o  th e f in d ings of An ders s on 

e t  �1 . ( 1 972b ) an d Greaves an d Janos s y  ( 1 972 ) who s howe d  

t h a t  m �us e thymus c e l ls f a i l e d  t o  r e a c t  to e i ther l oc al ly 

c oncen t r at e d  or ins olubil is e d  Con . A .  The eff e c t  that 

ins olub i l is at ion of a m i t ogen has on i ts c apac i ty t o  

s t imul ate T cel l s  i s  s omewhat con trovers ial . Bas h am  and 

Waxdal ( 1 977 ) main t ain that Succin y l - Con . A  cr os s - l ink ed 
in t o  an ins olub l e  agg r e g a t e  s t imul a t es DNA s yn thes is 

equ al l y  as well in both T an d B c e l l s  of mous e o r ig in . 

S imilar ly , Greaves an d Baum in g er ( 1 972 ) , in mice , and 

Michlmayr e t  al . ( 1 97 5 ) ,  in humans , s howed that ins o­

lub i l is e d  PHA s t imul ated both B an d T c e l ls , al though 

B c e l l s  wer e mor e r eac t iv e  than T c e l l s . S in c e  i t  was 

adequately  demons t r a t e d  that the opos s um T c e l l  s t imu­

l at ion was not  c aus e d  by s o luble  Con . A  be in g  pr es en t 

in the r e agents  us e d ,  i t  mus t be c on c lude d  t h a t  

I . vu lpecula T c e l ls are s t imul at e d  by Ins ol . Con . A  t o  

a much g r eater degr e e  th an ar e B c e l l s . 
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It  was als o a c ons i s t en t  f in ding t hat T c e l l  

cul tures wer e  more r es pons ive t o  the m i tog en than were 

cul tures of unfr ac t ion a t e d  l ymphocy tes ,  the differen c e  

be ing g r e at e r  t han coul d b e  acc oun ted for b y  a s irnp l e  

increas e i n  th e number of T c e l ls ava i l ab l e .  Hers h  

e t  al . ( 1 97 4 )  an d Bon a e t  al . ( 1 976 ) h ave propos e d  a 

r o l e  for s uppres s or B c e l ls in PHA- an d PPD- s t imul ated 

cu l tures . Th e pres en t  r es ul ts s ugg es t th at a s im i l ar 

s uppr es s or popul at ion may occur in opos s um l ymphocy tes . 

The eff ic i ency of n y J on wool f r ac t ion a t ion in pro­

viding es s en t i al l y  T or B c e l l  popu l at i ons in this work 

is di:ff icul t to as s e s s .  Ce l ls bear i n g  s urface imm'...lncglo­

bul in oc cur a t  a fr equency of 1 t o  7 per c en t in the 
n on - a dher en t , pres umab l y  T cell  :fr ac t ion ( Ch ap t e r  3 ) .  

In t h e abs cn c e  of a T c e l l m ark e r  i t  is impos s ib l c' t o  

es t imate t he n umber of thes e c e l ls  i n  t h e  n y l on wool­
adher ...:·n t ,  s u r .f ac e  immunog l obul in - en r iche d  popu l at ion . 

An as s es s men t of thi s .fr C�.ct ion a t ion method was at temp-

t e d  by cul tur in g  both c e l l popul a t ions with PHA . \\l"l1 L l e  
Gr eaves e t  al. ( 1 974a ) an d G eha �t a l .  ( 1 9 7 4 ) h ave 
prov i ded evi dence that pur if ied B J.ymphocy t es of human 
or ig in ar e n o t  s t imul u t e d  by PHA , o t her s r epo r t the 

con t r ary ( Ph i l l ips an d Ro i t t ,  1 9 7 3 ; Ches s et a l . ,  1 9 7 4 ::�. , b ) .  

The 2 7 - f o l d  diff eren ce in T c e l l - as s ociated DNA s yn the-

s is over t h at of B c el l s  woul d argue in favour of a 

s ucces sful T/B c e l l  s epar a t ion by the techn ique us e d .  

Th e r es pons e of opos s um b l o o d  l ymphocytes t o  

PWM r es embl es thos e o f  euther i an s pec ies t o  this m i to­

g en ( Janos s y  an d Gr e aves , 1 97 1 ; Greaves an d Janos s y ,  

1 97 2 ; Waxdal an d Bas ham ,  1 974 ; Jan os sy an d G r e aves , 

1 97 5 ; Waxdal e t  al . ,  1 97 6 ; S axon e t  al . ,  1 97 7 ) but dif­

fer  m arkedly to the r es pons e of t he met athe r i an  quokk a . 

As hman et al . ( 1 976 , 1 977 ) r epor t e d  that the quokka 

r es pons e t o  PWM was in depen den t of the m i tog en dos e .  In 
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this s tudy the op t imum dos e o£ PWM was 5 ug per 1 0
6 

c e l l s  2.11 d any higher c on c en t r a t ion markedly r educ ed 

DNA s yn thes is , a s i tuat i on c ompar able to th a t  repor ted 

f or mou s 12 ( Jan os s y  an d G r e aves , 1 97 1 ) an d Q . vir g in i an a  

l ymphocy'L e  cul tur es ( Fox ?-t al . , 1 976 ) .  Opos s um T 

l ymphocy t es vJer e s t imulated by PWM s ome 1 0  t imes mor e  

effec t iv e l y  th�1 B c e l ls , s im i l ar res u l ts having been 

repor -L: ccl :for e u t her i ans ( Jan os s y  an d Gr eaves , 1 97 5 ; 

Weks lcT 2n d Kun t z , 1 9 7 6 ; tvio:ce t t a  e t  al . ,  1 97 9 ) .  PWM 

c:.'.c t iv�� -t 5.,,:n of B ce l l s  is thoug ht to be l arg e l y  depen den t 

on T cC' Li help ( Fauc i e t  a l . ,  1 976 ; Johns en an d Mads en , 
1 97 9 ) ,  a f in d i�g wh ich exp l a �1s the r e l at ive ly l ow S is 

of the B ce l l  cul T ures . 

The D eed f o r  mon ocy t es in th e Rvll- dr iven ac. t ivat ion. 

of eu ·u·, c:.: ,: j z-,.n lymphocy t es is c on t rov ers ial , s om e  workers 

des c c .dYi. t ; ·J an es s en t ial  r o l e  for t h es e ce l ls ( F inkelman 

an d L j :::' -- Ly , 1 97 9 ; Ros en b e r <J  an c'l Lips ky , 1 97 9 )  vJh i l e  ot hers 

do n o t  ( F :l.uC j_ 
.
e t  al . , 1 97 6 ; S ax on �! a l . , 1 97 7 ) .  In £our 

exper i!;1 C:1 t s , th e r es ul ts of which ar e no t pr es en t e d here , 

i t  was s r�en that the l evel o£ DHA s yn thes is i n  m onocyte­

depl e ted c :J.l t u:.:- es was no l es s , an d  w a s  frequen t ly g r e a t er , 

th an in cu l t ur es c on t a in ing monocytes . However , a mor e 

s tr in'] cn t  deple t ion o£ mon o c y t es woul d be n ee de d  b efore 

a c onclus ion cou l d  be dr awn with c e r tain ty on t h is 

poin t .  

A l t hough the r es pons e o£ un£ r ac t ionated l ymphoc yt es 

to LPS was cons iderably l es s  than t o  the oth er two 

m i togen s , LPS was the on l y  on e t o  s t imul ate B c el ls 

more th.:m T ce l l s . LPS has been s hown to in duc e DNA 

s yn th es is in B c e l ls an d is thoug ht  to have n o  eff ec t  on 

T lymphoc y t e  cu l t ur es ( Peavy e t  al . , 1 97 0 ;  An ders s on 

e t  al . ,  1 97 2 b ; G r ey et al . ,  1 972 ) .  In cul tur es c on ta in ing 

bo th types o£ lymphocy t es LPS may ac t on T c e l l s  by way 
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of a s o lubl e  medi ator e l aborated by B cells ( El£en be in 

et al . ,  1 973 ) .  Fur thermo r e , Kunor i an ct Ring den ( 1 979 ) 
s tu dy ing human blood lymphocy t e  s ubpopu l at ions , have 

s ho-wn that a smal l propor t i on o£ ery thr ocy t e - r os e t te 

form ing cel ls ( pres umably T cells ) wer e  al s o  ac t ivated 

al ong w i th B ce l ls . The au thors have s ugges ted that 

this T c e l l  pr ol if er at ion c ou l d  be s econdar ily in duc ed 

by LPS - ac t ivated B c e l l s . 

But in this s tudy , T c e l l  cul tur es s t imul ated with 

LPS s h owed S Is of ar oun d 7 ,  a value roughly on e - th ir d 

of that r ecor ded £ or B c e l l  cul tu:.:- es . Tlw l ow l evel of· 

s urface immun og l obul in - pos i t ive c e l l s  in the T c e l l  

f r ac t io:1s has been comm en t e d  on . It  mus t b e  con c l ude d ,  

then , that e ither opo s s "LI.r.l  T c e l ls res p on d  t o  LPS o r  that 

a popul <:�. t i on of s u r f ace immun og l obu l in n eg a t iv e  c e l l s  in 

_! . vu lpecula is  s t imul ated by this  m itogen . The S is o f  

opos s um blood lymphocy t e  ar. d of B lymphocy t e  cuJ  tur es 

s t imul a  tect w i th LPS wer e  s im i l ar , a f inding als o repor t e d  

f or human b l oo d  lywphocy t es ( Rin g den et al . , 1 97 7 ) . 
This may r ef l e c t  a deg r ee o£ T help er ce l l  ac t ivity  in 

th e cultures o£ mixe d l ymph ocy t e  n c..tur e ,  as r epor ted 

for mous e ( Nar cros s  an d Smith , 1 977 ; Goodman an d We ig l e , 

1 97 9 ) ,  r ab b i t  (Shinohar a an d Kern , 1 976 ) an d human 

( F inkelman an d Lipsky , 1 97 9 ) lymphocy tes . 

Al though PPD is ackn owledg e d  g en er ally as being a 

po ten t  B c e l l  m i t og en for m ice and guin ea p ig l ymphocy t es 

( Su l t zer and N il s s on ,  1 972 ; Anders s on �! al . ,  1 97 9 ) ,  cul ­

tures o£ unf r ac t ion at e d  opos s um blood lymphocy t es s howed 

a compar at ively l ow S I  t o  this mater ial . To de t ermin e i£ 

this r es ul t  cou l d  have been due to a l ack o£ m i t og en i­

c i ty o£ the PPD availab l e , cul tur es o£ rabb i t  an d mous e 

s pl een - der ived B c e l ls wer e  s t imul ated with t he PPD 

( da t a  n o t  pres en ted ) .  The r es ul t s  wer e  equivocal in that 

r abb i t  B cells r es ponded we l l  ( S I 54 . 00 )  whi l e  mous e B 
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c e l ls res ponded poo r l y  ( S I ,  1 . 4 ) . The low r es pons e of 

the mous e cel ls t o  P PD c ou l d  be due to s tr a in var iat ion 

(Gronowicz and Cout inho , 1 975 ) or var iations in diff e­

r en t  batches of P PD ( An ders s on et �1 . ,  1 97 9 ) .  Th e exor ­

b i t an t  pr ice of c omm er c ial l y  �vai l ab l e  PPD pr e c l u ded 

fur ther exper imen ts to  de term in e  the effe c t  of this 

mater i al on opos s um l ymphoc y t es . However , the failure 

t o  de tec t a prol if erat ive effect of PPD on T . vu l D ecul a 

l ymphocy t e  cul tures is in agr eemen t w i th the f .indings 

of Fox e t  al . ( 1 976 ) who s ho-wed th at l ymphocy t es from 

n o rmal .Q . v i r gin i an a  als o  f a i l e d  t o  r eact  to th is m i t o g en . 

Pro t e in A is m it og en ic f or human ( Rodn ey e t  al . ;  

1 972 ) an d mous e ( !V!o l l er an d Lan dvva l l , 1 977 ) B c e l ls . 

S ome ac t iv .i ty on T c e l l  popu l at ions , wh ich ac ted s yn er ­

g is t ic al l y  on B ce l l  r es pons es , has als o been r ep o r t e d  

( S ak an e  an d Gr een , 1 978 ) . 1 t i s  a po t en t  m i t og en for 

c an in e  blood  lymphocyt es , being mor e eff e c t iv e  th.:m 
e i ther PHA. or Con . A  in s t imul a t ing un £ r ac t i on a t e d  l ympho ­

c y t e  popul a t ions ( Be t t on et al . ,  1 980 ) . Nei ther Pr ot . A ,  

Dxs o4 nor La.n . . C s howed any obvious m i t o g en i c i t y  in th e 

f ew exper imen ts ln whi c h  they vv-er e us e d  in th is inves t J.­

g at ion . Wh ether or not th es e n egative r es u l ts in dic ate 

a g enuin e  f ailure  of opos s um l ymphocy t es to  r es pon d to 

t h es e  m i  togens canno t  b e  judg ed at th is s t a.g e . 

In mos t of the  exper im en ts r epor t e d  here lymphocy t es 

' fr om diff eren t  in div i duals have been us ed on each 

occas ion . A s tudy of pos s i b l e  day - to- day var iat ions 

wi th in an in dividual  an imal over a. per iod of t ime m ight 

pr ov ide in t eres t ing dat a .  

In s ummary , i t  c an be s ai d  that the r es pons iven es s  

o f  oposs um l ymphocy t es t o  the thr e e  m i tog ens us e d  

r e s embles thos e des c r i b e d  for human ( Peavy e t  al . ,  
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1 970 ; Keigh t l ey e t  a l . ,  1 976 ; Smith  e t  al . ,  1 97 9 ) ,  

mou s e ( Janos s y  an d G r e aves , 1 97 1 ; Kearn ey an d Lawt on , 

1 97 5 a ) an d other euthe r i an ( Bryan t  e t  al . ,  1 97 3 ; Har ­

vey e t  al . ,  1 974 ; Mumf or d et al . ,  1 975 ) lymphocy tes . 
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CHA PTER 5 

POLYCLONAL B CELL ACT I VATION : 

ULTRAS TRUCTURE OF TRA�S FORMED C ELTS 

5 . 1  In troduct ion 

L)®phocy t cs prol if er a t e an d en l ar g e in to  b l as t 

c e l ls 'vhen s t imul at ed with m i  togens  i:n vi t r o . 1\v-o b l as t  

forms ar e r ec ogn is e d , the i r  occu r r en c e  dep en din g 00 t h e  
m i t og en us ed . T c el l m i  togens in duc e b l as ts s h owing 

numerous m i t ochon d r i a , f r e e  r i bos om es an d wel l dev c:lopwJ 

Gol g i  appar a tus es  ( Farn cs et  al . ,  1 96 4 ; Bi b cr f el d , L 97 1 ; 

Janos s y e t  al . , 1 972 ; S han Js e t  01 . , 1 97 3 ) .  Bl as ts i n du­
ced by B cel l  ni t o g ens s hol'v , l n .:tdcli t i on to t h es e f e<\ ­
tu r es , the  devel opmen t of en dop l asmic r e t i c u l a  with 

numer ous as s oc i at ed polyr ibos omes ( Jan os s y  e t  a l . ,  1 972 ; 
Janos s y  an d Gr eaves l 1 97 5 ; Pag es e t  al . ,  1 97 8 ) .  PViTf.J 
wh ich s t imulates both T an d B c el l s  ( VJax da 1 an d B.-:ts h0..rn , 

1 97 4 ) in duc es t h e  format i on of both types of b l as ts 

( Movat  an d Fern an do , 1 96 5 ; Bach an d Reyes , 1 9 76 ) . 

In th is chap t er the ul tr as t r uc t ur e of n on - s  t im u l a.­

t e d  opos s um b l o o d  l ymphocy t es is compar ed wi t h  thos e of 

c e l ls s t imu l a t ed in v i t r o  .for var y ing per iods with e i ther 

LFS , PWJ'vl or PHA . 

5 . 2  Mat er ials an d Methods 

a .  Co l l ec t ion of lymphocyt es 

Lymphocy t es wer e harves t ed f r om bl ood , t es t ed f or 

viab i l i t y  and coun t e d  as des c r ibed in Chap ter 3 .  Cel ls 

fr om t h e  thymus and bon e mar row of on e an ima l wer e als o 

exam in ed . 
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b .  C e l l  cul tur e 

The l >�phocy t es wer e s us pended in cul tur e  m edium 

( Chap t e r  4 )  at a concen t r at ion of appr ox imately Sx 1 0
6 

c el ls per rnl . On e ml amoun ts of lymphocy t e  s us pens  ion 

wer e cul tured in 35x10 cm p l as t ic t is s ue cul tur e dis hes 

( No . J OOl , Fal con Pl as t ics ) at 3 7
°

C in 5 per c en t  co
2

- in­

air . Cul tures wer e f ed dai l y  with  90 ul of s uppl emen ted 

m edium . 

Th e c:ul tur es w <? r e s t .imu l ated wi th e i ther LPS , :i:-'Wl\1 
or PHA a t  c on c en t r a t i ons of 2 50 ug , 5 ug or 50 ug p er 

1 0
6 

c e l l s r es p ec t i v e l y  ( Ch0.p t er 4 ) . LPS was de t ox if i ed 
i n  a � o i l ing water b ath for 60 m in pr ior to us e ( An der ­

s s on e t  0 1 . ,  1 972 c ) .  Cul tur es l ack ing m i  t og en s s e r v e d  as 

con t r o l s .  Th e c u l t u r ed c e l l s  wer e harves t ed for e l ec t r on 
m i c r os c opy af t er t h e  in cub a t i on t imes s hown in th e r es ul ts . 

d .  El ec t r on m i c r os c� 

C el l pel l ets w e r e pr epar ed by th e method of Doug l as 

e t  al . ( 1 967  a ) . The c e l l s  wer e col l ec t e d by s crapin g  the 

s urfac es of the cul tur e d is hes with a p l as t ic  pol i c em an 

an d was he d  twice wi th MEM- FCS , c en tr ifugat ion b e ing a t  

225  g for 1 0  m in . The c e l l  pel l e t  was r es us pen ded i n  a 

dr op of m edium an d taken up in to a haem atocr i t  tube an d 

cen t r if ug ed a t  1 5 , 000 g for 3 m in . Th e tube was cut  a t  

t h e  in t er fac e of the c e l l  pe l l e t  an d the s up ern a t an t ,  

an d th e c el ls p l aced in Ka:rnovs ky ' s  f ixa t ive ( Appen dix I I ) 

for 4 hr . The f ixed c el ls wer e th en ext�uded fr om the  

haematoc r i t  t ube an d was hed with cold  phos pha t e  buff er , 

0 . 1M ,  pH 7 . 2 ( Appen dix I I )  an d pos t - f ixed in 1 per c en t  

osmium t e t roxide for 30 m in a t  4
°

C .  Th e cel ls wer e  then 

dehydr a t e d  in incr eas in g con c en tr a t ions of e thanol f r om 
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2 5  p er c en t  to abs ol u t e . They wer e s tain ed wi th 1 per 
c en t  ur an y l  ac etate at the 7 5  per cen t  ethan o l  s tag e .  
Final  dehy dration was c ar r i e d  ou t wi th 1 00 per c en t  
propyl en e  ox ide . Inf i l t r a t ion an d embedding o.f the c el ls 
wer e achieved by t r eat ing the c e l l s  in i t j ally  with a 
2 5  per c en t  epoxy r es in mix tur e ( Appen dix I I ) in propy l en e  
oxide an d then with a 1 00 pe r c en t  �poxy r Qs in m ix t ur e .  
The r es in was polym er is ed a t  60°C for 3 6  hr . 

Th ick an d t h in s e c tions wer e cu t on a m ic r o ton1e 
( Ul t ra t ome I l l ,  LKB ) .  Af t er tr immin g th e b l ock. , s ect ions 

of 0 . 5  t o  1 . 0 urn thickn es s wer e cu t ,  picked up on a 

micr os c ope s l id� , s t ain ed wi th tol 1 1idin e  blu c / b as ic 
fuchs in s t ain ( 1\.ppen dix I J ) on an 8 0°C h�t p 1< :\. t e  an d 

exam ined . A r eas wi th n um er ous cel ls w er e  s c 1 ec t c�d , tr imm e d 
an d thin s ec t ion s wer e cu t an d f l o a t e d  on t o  c a r b onis e d  

col l o d i on-co a t e d  g r ids . Th e thin s ec t ions w�r c s t a in e c1 
wi th ur an y J  ace t a t e - lead c j  trate s t <�. in ( App en dix I I ) an r't 
exam in e d  in a El\l- 2 00 Ph i 1  ips elec tr o11 111 icros cope . 

5 . 3  Resul t s  an d Dis cus s ion 

The elec tron m ic r o g r aphs s hown are  s ec t i ons of in di ­
vidual cel ls an d as such c ann o t  b e  us ed ei t l1.e r  t o  meas ur e  
c el l  diam eters or t o  g aug e accur a t el y  nucl ear morphology . 
I t  mus t als o be po in t e d  out that th e s ec t ions have been 
chos en to s how c er t ain f eatur es of the c el ls . This r ais es 
the ques t ion as to wh e ther or n or they ar e " typical " of 
a g iven pr eparat ion . Th e h e t erogen ei ty of lymphocy t es 
an d th eir dyn amic n atur e mus t resul t in a r an g e  of c e l l  
types bein g  pres en t in any populat ion . Diff icul t i es als o 
ar is e in t he int erpr e t a t ion of thin s ec t ions . For example , 
Figs . 5 . 1  t o  5 . 3  ar e r epres en ta t ives of a n on - incuba t e d ,  
n on -s t imul a t ed s t ar t in g  population . Fig . 5 . 2 s h ows a c e l l  
with a s impl e  s truc tur e . The nuc l eus appears r oun d an d 
c en t r al t o  the c e l l . Th e r im of cy t oplasm s hows onl y  
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s ome s ca t t er ed r ibos omes , a few v acuol es an d the s ug g es ­
t i on of s l igh t en dop l as m ic r e t iculu m  devel opmen t .  A m o r e  
el aborat e cytop l as m i c  arch i tecture i s  s e en i n  th e c e l l  
in Fig . 5 . 3 .  Her e the c y t op l asm is occupied b y  num er ous 
m i tochon dr i a , abun dan t r ibos omes , s ome o f  which ar e aggr 2-· 
g a t e d ,  an d t r a c es o£ en dop l asmic r e t iculum . Ther e is a 
Golg i zon e  ev iden t  wi th c en tr io l es , microtubul es an d 
v es ic l es . In addi t ion the nuc l eus app ears t o  b e  ecc en t r ic 
an d inden t ed .  However , had this c e l l  b e en s ec t ioned in 
the  p l an e  A - B as in dic a ted i t  cou l d  have appea r ed very 
s im i l z.r to th at s hown in Fig . 5 .  2 .  

With this r es erva t ion in m ind i t  1 s  diff icul t t o  
be convinc ed t h a t  r es t in g  B an d T c e l l s  c an eac h h e  r e c u0 -

n iz ed by thei r un ique arch i t ec tur es . Thus B l ym phocy t es 
of mice an d humans a r e  s aid to  have "c J. ear " cy topJ  as:w s 

con t ain ing numer ous organ el l es wher eas T c el ls o£ tlH�s l:; 
s pec ies h av e  "dens e n cytopl a.sm s  l ack in g in s t r u e  t u r  ell 
:f eatur es ( l\1at ter e t  a l . ,  1 972 ; Toma £.! al . ,  1 97 7 ; Le 
Bou t e i l l e r �_! a l . ,  1 978 ) .  In addi t ion , the nuc l e i of B 
c ells have b e en des c r i bed as b e ing mor e irr egul ar an d 
h aving mor e in den t a t i ons th an thos e of T lymphocy t es 
( Ol ah et  al . ,  1 97 5 ; Le Bou t ei l l er et a l. , 1 978 ) .  I£ th e 
plan e of s ec t ion in g can dec id2 the apparen t  nuc l ear ou t-· 
l in e  then an ex tr emely larg e s ampl e  of cel l s  wou l d  b e  
n eeded t o  confirm o r  r efut e  this s ug g es tion . C er t ain ly 
S hohat e t  al . ( 1 973 ) c oul d n o t  dis t in gu is h  mous e spl een 
B an d T c el ls f r om each o ther on s im ilar  c r i t er ia . V..lben 
opos s um blood lymphocy t es wer e  'cl as s if ied ' on their 
nucl ear ou t l in es l i t t l e  over half of them ( 56 p er c en t )  
wer e  found t o  be T c el l s  whi l e  30 per c en t  of thym i c  
lymphocy t es fail e d  to f i t  th is T c e l l  des cr ip t ion . 

Cel ls cul tured for 2 4  hr , e i ther in the abs en c e  o r  
pr es enc e  o £  mitogen s  app ear ed g en eral ly s im i l ar ( Figs . 
5 . 4  to  5 . 6 ) .  Their cytoplas ms wer e us ual ly s impl e  and 
s howed s ca t t er ed m itochondr ia an d n um erous r ibos omes 
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which were occas ion a11y al ign ed on s pars e en dopl asm i c  

ret iculum . Ther e was fr equen tly eviden c e  of Golg i zon es 

though t o  a var i abl e ext en t . 

Af t er 2 days of cul tur e the m i t o g en - t r ea t ed cel ls 

s eem ed to  s how an in cr eas ed c omp l ex i ty of th eir cy to­

plasms v1hen c omp ar ed wi th the con tr ols . The con t rol 

lymphocy tes ( Fig . 5 .  7 )  were s imil ar in ,::.,ppear an c e  t o  

thos e described f r om human bl ood l ymphocy t e  cul tu r es 

( Doug l as et a.l . ,  1 967 a ) an d mous e ( S han ds e t  al . ,  1 973 ) 

an d Leop ar d  fr og s pl een c ul tur cs ( Wr ig h t  �!. a l . ,  1 97 9 ) . 

Bo th the LPS - an d the PVvl\1-s t im u l a t e d  c el ls ( Figs . 5 . 8  
an d 5 . 9 ) showed sa me deg r ee of ac t iv CJ. t ion . Their c y t o ­
pl as m  t o  nucl eus r a t i os appear ed g r ea t e r th an th a t o£ ti.1 e 

cont r ols an d ther e wer e s igns of incr eas ed cytopJ. ns � i c  

ac t iv i ty . Par t icu l arly promin en t  was the d e v e l opm en t o£ 

n u m e r ous m i t oc h on dr i a  \V i th obuious er is t & e , a f ea tur e 

pr ob a 1J l y  r ef l ec t in g an in cr eas e d en ergy u em e1.n d by thcos e 
cells . The LPS - t r ea t ed c e l ls may have s hown s e1.m e advan c e  
in en dopl as m ic r et ic1..�l urn devel opmen t. Pr om in en t n u c l eo l i  

wer e s � en in man y o f  the m i togen - t r e a t e d  c e l l s . 

Even mor e marked wer e the chan g es s een in c el ls  

cul tured for  3 days . Many of  the con tr o l  c e l ls ( F'i g . 5 . 1 0 )  

s howed eviden c e  of incr eas ed cy t op l as m i c  ac t ivity p ar t i­

cularly 
_
}n the  n wnbers of  en l arg ed m i tochon dr ia an d the 

appearn c e  of c en tr i o l es an d Golg i zon es . The s t imulus 

for- this ac t iv i ty may hav e been p r ovided by th e foetal 

calf s er too p r es en t in the medium ( S hig i e t  al . ,  1 977 ) .  

Cel ls  s t imul a t ed with PWM var ied in ul tras truc tur e from 

s eeming ly r es t ing c e l l s  ( Fig . 5 . 1 1 )  to  thos e s howing 

in tens e cytopl as mic activity . Thus , Fig . 5 . 12 s hows a 

c el l  with a m arked r e- ar r ang emen t of nucl ear mater ial 
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an d a complex cy t op l asm . The c y t op l as m  c on tains en l arged 

m i t ochon dr i a , frequen t ly s howing a loss  of  c r is t a e , an d 

di l ated en dopl as m ic r e ticul a . ��i l e  n um er ous pol y r ibos omes 

ar e s een as s oc i a t ed wi th the en doplas m ic r e t icula m any 

appE:ar to be fr e e  in th e cy t op l asm ( Fig . 5 . 1 3 ) .  Wh i l e  

t h e  eccen tric nuc l eo lus of th is c e l l  an d als o i ts c hroma­

tin dis t r ibu t ion r es emble  thos e of th e LPS -s t imul a t ed 

c e l l s hown in Fig . 5 . 1 4 ,  the two c el ls diff er appr eciably 

in their over a l l  appearan c e  an d th eir r el a t ions hip _ to 

each o ther i s  n o t  cl ear . 

The Pv,r:vl:.. s t imul ated c e l l  in Fig . 5 . 1 2 is diff er en t  

1n ul tras tuc tur e t o  both thE: LPS - s t imul a t ed c e l l in Fig . 

5 . 1 4 an d the PI-lA- induced thymus c e l l  in Fig . 5 .  2 4 . PVv� 

is un dou b t e dly a p o t en t  B an d T c e l l  s t imul ator in o-pos s ums 

( Chap t ers 4 an d 6 )  bu t wheth er or n o t  the c el l  in Fig . 
5 . 2 4  is b e i n g  dr iven t owar ds a B or T bl as t ,  or in deed , 

h<1s a� .ready peaked in i i s  ac t iv i ty , c ann ot b e  dec id2d . 

Pl as ma c el ls wer e f irs t s e en in LPS - tr ea t ed cul tur es 

af t er 2 days of in cubat ion , their numbers s e eming to 

incr eas e over the fol l owing 2� to 48 hr . By day 4 ,  appro­

x im a t ely 26 per c en t  of the c e l l s  wer e iden t if ied as 

b el onging to the pl as m a  cell s er ies . Bo th in their f r e­

quency an d ul tras t r u c t ur e  thes e c el ls r es embled thos e 

des cr ibed in LPS - ac t iv a t ed mous e s pl een c el l  cul tur es 

( Gu da t  et al . ,  1 97 0 ;  Shands e t  al . ,  1 973 ; S hohat e t  al . ,  

1 97 3 ) .  Th e LPS - in duc e d  plasmac y t es had ecc en tr ic nuc l e i  

which fr equen t ly s howed promin en t n uc l eo l i  ( Fig . 5 . 1 4 ) . 

The cy top l asms of thes e c el ls c on t ain ed en l arged m i  tochon ­

dr i a  an d n umer ous c y t op l as mic vacuol es �n addit ion to 

ext ens ive en dopl as m i c  r e t icu l a  an d as s oc iat ed polyr i bo­

s omes ( Figs . 5 . 1 5 an d 5 . 1 6 ) .  Mos t of the c e l ls appear e d  

to r es is t LPS s t imul a t i on and wer e p r es umab ly T c el ls an d 

LPS -non - r es pons ive B c e l ls ( Jan os s y  an d Gr eaves , 1 97 5 ) .  
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The p l asma cel l of Fig . 5 . 1 4 s houl d  be c ompar ed 

with the c el l  s h own in Figs . 5 . 25  an d 5 . 26 . The l at t er 

c el l , s e en in a bon e m ar r ow pr epar a t ion , is c l early of 

th e s ame l in eage as that in Fig . 5 . 1 4 but t h e  two diff er 

in appearan c e , a l ik e l y  exp l an a t ion be in g  that they r e ­

pr es en t diff er en t  dev el opm en tal s tag es . 

Five day cul tu r es c on tain ed , in addit ion t o  the 

b l as t forms des cribed above , c e l ls with numer ous l ar g e  

m i t ochondr ia an d ,  fr equen t l y , vacnoles an d e l e c t rvn ­

den s e bodies ( Fig . 5 . 1 7 t o  5 . 1 9 ) .  The g en er al app ear an c e  

o f  thes e c e l ls was s im i l ar to that of th e thymus c el l  

b l as ts in Fig . 5 . 2 4 . 

Af t er 7 days the cul tur es con tain ed con s i derable  

amoun ts of cell  debr is . The c on t r o l  c e l ls wer e f r  equen i.. l y  

vacuo l a t e d , the vacuoles con t a in ing s m al l inc l us i ons 

( F5_g . 5 . 2 0 ) . Pl as macy t es wer e evi d cm t  in the LFS - s t imu l a ­
ted cul tures , th e nuc l e i  in mw1y ins t an c es be in g  l arg ely 

euchr oma t in wh i l e  th e cy t opl asms wer e r ich in l amin at ed 

endop l as m ic r e ti cul a an d con t ain ed many mi t ochon dr ia 

( Fig� . 5 . 2 1 an d 5 . 22 ) . �VM-s t imul a t e d  c el ls fr equen t l y  

c on t ain ed numer ous s m a l l  vacuol es ( Fig . 5 . 23 )  an d ther e 

was eviden c e  of ur opod f ormat ion by thes e c e l ls . Uropod 

formation in P.f-IA- an d Con . A- s t imul a t e d  cul tur es has heen 

r epor t e d  from o ther s pec i es ( McFar lan d and S c hechter , 

1 970 ; Toma et  al . ,  1 977 ; Le Bouteil l e� et al . ,  1 9 78 ; 

Wr ight e t  al . ,  1 97 9 ) .  I t  has been s ugg es ted th at  ur opo ds 

ar e involved in c el l - to- ce l l  in t er ac t i ons ( Biberf e l d ,  

1 97 1 ) an d may als o s er v e  a s  ar eas s pec i al is ed f o r  endo­

cy t os is ( Ros en thal an d Ros en s tr eich , 1 974 ) .  The ul tr a­

s tr uc tur a l  f ea tur es of t h e  ur opods s e en in th e opos s um 

l ymphocy t e  cul tur es wer e es s en t i al l y  th e s am e  as thos e 

des cr ibed in human b l ood l ymphocy t e  cul tur es ( Ros en thal 

and Ros en s tr eich , 1 974 ) .  



1 52 

Thes e r es ul ts s how that t h e  u l t r as truc tur a l  f ea t ur es 

o£ both r es t ing and m i t og en - s t imul a t ed blood l ymphoc y t es 

o£ 1 > vulpecul a  ar e an al ogous t o  thos e s een in m ic e  ( Jan ­

os s y  2n d Gr eaves , 1 975 ; Pag es e t  a l . ,  1 978 ) an d man 

( Doug l as e t  al . ,  1 96 7 a ,  b ) .  S t imul a t ion of the  l ymphocy t e  

c u l tur es with a known B c e l l  m i t og en c er t ain ly gave 

r is e  to charac t er is t ic B c e l l  b l as t forms . Over a l l  the 

r es ul ts  fur t her s uppor t th e n o t ion that met a t he r ian �1 d 

euther i ar.. immun e fun c t ions ar e s i111 il ar an d that they are  

b as ed on  c el ls of  c l os el y  s im i l ar , i£  not i den t ic a l , 

s truc tur e .  
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F IGURES 5 . 1  t o  5 . 2 6 are el ec t r on m ic r o g r aphs of s ec t i ons 

o f  opos s um l yrnp h o c y t es . The f o l l ow in g  a b b r ev i at ions 

a r e us e d  to l a b e l  t h e ul t r as truc tur al f ea t- ur es of 

t h es e c e l l s . 
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F IGURE 5 . 1  Opos s um b l o o d  l ymphocy t es . Normal . 

X6 , 400 

F IGURE 5 . 2  Opos s um blood lymphocy t e .  Normal . 

X1 3 , 500 

F IGURE 5 . 3  Opos s um b l o o d  lymphocy t e .  Normal . 

X13 , 500 
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F IGURE 5 . 4  Opos s um b l ood l ymphocy t e .  1 day cul tur e ,  
c on trol . X 1 3 , 50 0  

F IGURE 5 . 5  Opos s um b l ood l ymphocy t: e .  1 day c u l tur e ,  
s t imul a t ed wi th LPS . X 1 7 , 500 

. ... 

F IGURE 5 . 6  Opos s um blood lymphocy t e . 1 day cul tur e ,  
s t imul at ed with  PW� . X 22 , 500 
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t 

F IGUl�E 5 . 7  Opos s um blood lymphocy t e . 2 day cul tur e ,  
c on tro l . X 1 7 , 500 

I' IGTJl�E 5 .  8 Opos s um blood lymphoc t e . 2 day cul tur e ,  
s t imul ated with LFS . 1 7 , 500 

• 

... 

f 

F IGURE 5 . 9  Opos s um blood lymphocyt e . 2 day cul tur e ,  
s t imulated with PWM .  X 1 7 , 5 00 

• 
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F IGURE 5 . 1 0 Opos s um blood l ymphocy t e .  3 day c u l t ur e , 

c on + r o l . X 22 , 500 

F IGURE 5 . 1 1 Opos s um bloo d lymphoc.1 t e .  3 day cul tur e ,  

s + imu l a1· ed wi +h H·vTM . X 8 , 1 00 

F IGURE 5 .  1 2  Opos s um bl ood l ymphocy t e .  3 day cul tur e ,  

s t imul at ed with PVJM . ) :  1 3 , 5 00 

... J 

F IGURE 5 . 1 3 Higher magn if icat ion o£ par t o£ the 

c y topl as m  o£ b l as t c el l  h1 Fig . 5 . 12 

s howing en l arged m i tochon dr i a  an d 

di l at ed r ough en dopl as mic r e t iculum . 

X 6 1 , 000 
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F IGURE 5 . 1 4 Opos s um b l ood l ymphocy t e . 3 day cul tur e ,  

s t imul at e d  with LPS . X 1 3 , 500 

F IGURE 5 . 1 5 Higher m agn if i c a t ion of p ar t  of th e cyto­

pl as m  of  an LPS - s t imul at e d  b l as t cell  cul ­

�ur ed f o r  3 days , s h owin g  cy toplas m i c  v es ­

ic l es ( Vs ) , mi t ochon dr i a  ( l\1 )  an d di l a t e d 

r oug h en dopl as mic r et iculum ( Er ) .  X 46 , 000 

-

F IGURE 5 . 1 6 Higher magn if ic at ion of par t of the cyto­

p l as m  of  the  bl as t cell  s hown in Fig . 5 . 1 4 

s howin g en l ar g ed m i tochon dr ia { M )  wi th l os s  

of c r is t ae an d en l ar g ed r ough en dop l as m ic 

r e t iculum ( Er ) .  X 46 , 000 
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F IGURE 5 . 1 7 Opos s um blood l ymphocy t e .  5 day cul tur e ,  

c on tr ol . X 22 , 5 00 

F IGURE 5 . 1 8 Opos s um blood l ymphocy t e .  5 day cul tur e ,  

s t imul a t ed with LPS . X 1 3 , 500 

F IGURE 5 . 1 9 Opos s um blood l ymphoc y t e . 5 day cul tur e ,  

s t imul a t ed with PWM . X 22 , 500 
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F IGURE 5 . 2 0 Opos s um blood lymphocy t e .  7 day cul t ur e , 
con tr ol . X 1 3 , 500 

F IGURE 5 .  21 Par t o£ a b l as t  c e l l  from a 7 day cul t ur e 

s t imul a1- e d wi th LPS s howin g euchroma+ in 

nucl eus an d cytop l asm s howin g  en l ar g e d  

m i t ochon dr ia ( M ) , rou9h en dopl asmic r e t i­

culum ( Er ) , num er ous poly r i bos omes ( P ) an d 
cypl asmic v a cuol es an d ves ic l es . X 1 7 , 500 

F IGURE 5 . 22 Par t of the cytop l asm of a pl asma c e l l  
fol l owin g  s t imu l at ion with LPS for 7 days 
s h owin g en l arg ed mitochon dr i a , r ough en do­
p l asmic r e t iculum an d cytopl asmic vacuo l es . 
X 46 , 000 

F IGURE 5 . 2 3 Par t of  a b l as t  c el l  from a 7 day cul tur e  
s t imul a t e d  with PWM s howing euchr oma t in 
nucl eus . Cy t opl asm s howin g wel l developed 
Gol g i  z on e ,  m i tochon dr i a ,  numerous cyto­
p l as m i c  vacuol es an d ves ic l es , po lyr ibos o­
mes  an d r ough en dop l asmic r e t iculum . 
X 1 7 , 5 00 
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F IGURE 5 . 2 4  Opos s u.."ll +hymus 1ymphocy t e . 7 day cul t ur e ,  
s t imul ated wi th PHA . X 1 0 , 500 

F IGURE 5 . 2 5  Opos sum bon e m ar r ow pl asma ce l l . 

X 1 3 , 5 00 

F IGURE 5 . 2 6 Higher magn if i c at ion of par t of the 

cy t opl as m  of the cell  s hown in Fig . 

5 . 2 5 s howing en l arged m i t ochondr ia ( M )  

with l os s  of c r is tae an d en l arged  rough 

en dopl asmic r et iculum ( Er )  con t ain in g  

el ec tr on opeque mat erial , p r obably 

immun o g l o bu l in ( Ig ? ) .  X 6 1 , 000 
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CHAPTER 6 

POLYCLONAL B CELL ACT IVAT ION : 
AN ANALYS IS OF THE IMMUNcx:;LOBUL INS S YNTHES IS ED 

6 . 1  In t r o duc t ion 

B c e l l s  are lymphoc ytes that are capable of s yn ­
thes is ing immunog l o bul ins . Pr e- B cel ls , al ready c omm i t ted 
t o  the  s yn thes is of  a s in g l e  i diot y�e ( Gathings et  � - , 
1 977 ) , ar e foun d  in the foetal l iver an d adul t bon e 
m ar row of humans ( Haywar d an d Lawton , 1 977 ) .  Thes e c el ls 
devel op in t o  s m al l (.........,. 7u.m ) , matur e ,  r es t in g  B l ympho­
cytes dis p l ayin g  s ur f ace ii'1.ll1unoglcbul in ( Fr o l and et al . ,  

I 

1 9 7 1 ) .  Expos u r G  of r es t in g  B c e l ls t o  s u i table  m i t og ens  
r es ul ts in t h e ir pr ogr es s ion to  ful l y  dif£eren t i a t ed 

p l as m a  c e l ls which ar e char ac terized by the pres enc e  of 
ext en s j ve r ough en dopl asmic r e t ic'.ll a and G o l g i  app a-c a­
tus es ( G eha e t  a l . ,  1 9 73 ) .  Many s ubs tan c e�; are capc.b l e  
o f  in duc ing t he in v i tr o  trans f orm at ion of smal l lympho­
cy tes to ac t ivated B cel l s  ( Mo l l er , 1 979 ) .  The us e of 
s uch "polyc l on a l  B c e l l  ac t ivator s " ( PBAs ) (Greaves et c..l . ,  

1 974a ) has fac il i t a t ed the fun c t ion al an al ys is of B 
lymphocy t e  popu l c:lt ions s ince c el l s  ac t ivated by PBAs 
appear t o  ac t in t he s ame mann er as do ant ig en - dr iven 
cells . 

Diff eren t  PBAs ar e known t o  ac t ivate diff er en t  s ub­
pop'.l l a t ions of B c e l ls which m ay b e  at  var ious s tag es of 
devel opmen t an d in diff eren t  l ymphoid t is s ues . This is 
s een in mur in e ( Diam ans t ein e t  al . ,  1 97 4 ;  Gronowicz an d 
Cout inho , 1 975 ; Melchers e t  al . , 1 97 5 ) an d human s ys t ems 
(An der s s on e t  a l . ,  1 977 ) .  In m i c e , for exampl e ,  dex t r an 
s ulphate acts on r el at ive ly immatur e B c el ls an d in duces 
the pr oduc t i on of DNA r a ther than of immunog l obu l in , 
wher eas PPD ac ts on matur e B c e l ls an d the s yn thes is of 
immun og lo bul in exce eds th at of DNA ( Gr onowicz and Cou­
t inho , 1 97 5 )  . 
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Spec ies differ in their r es pons es to in dividual 

PEAs . Whi l e  LPS ( An ders s on e t  al . ,  1 972 c ;  Gr ey �! al . ,  

1 972 )' , en t er o toxin B ( Janos s y  an d Gr eaves , 1 97 5 ) ,  dex­

t r an s u lphate ( Dorr is e t  al . ,  1 97 4 ) ,  f l age l l in and l evan 

( Cou t inho an d Mol l er , 1 973a ) ,  an d pn eumococcal po lys a­

c ch ar i de I I I ( Cou tin ho a."1 d Mol l  er , 1 973 b )  eff ec t ively 

s t imul at e  mur in e B c e l ls , es pec ial l y  thos e from the 

s pl e en , they fail to s t imul a t e  human blood B c e l ls . A 

wat er - s olub l e  compon en t £:r om the c el l  wal l of s everal 

Nocar dia s pec i es ( Bon a �!- a l . ,  1 974 , 1 97 9 ) an d Eps t e in ­
Bar r  virus ( Bi r d  an d Br i t t on , 1 979 ) ac t as PBAs for 

hu;uan l ymphocy t es . 

R c e l l  ac t ivat ion j n duc e d  by PEA s is bes t s t u di e d 

by m ea_s ur in g imrnunog l o bul in pro duc t ion r a ther tb an DNA 

s yn thes is s in c e  immunog l obu l in p r o duc t ion is l im i t e d t o  

t h i s  c e l l  t y p e . Th e immunogl obul in pr odu c e d can b e  m e a ­

s ur ed in  a nuwber of ways . In t r a -- c y t op l as m i c  acc u m u l a-· 

t ions of immun og l obu l in can be  detec t e d  by f l u c r es cen t 

an t ibody t e c hn i qu es ( Cooper e t a l . ,  1 97 1 ) vih i l e  s ec r e t ed 

m a t er ial c an be meas ur ed e i ther by r adi o immunoas s ay 

t ec hn iqu e s  ( Wal dmann e t  al . ,  1 974 ) or by i ts inc orpora· 

t i on of an is otype - l ab e l l e d  precurs or provided in the 

c u l tur e m edium ( Mel c h e rs , 1 97 0 ; Parkhous e an d Mel c h e r s , 

1 97 1 ) .  Al t ernat ively , immun og l o bul in pr oduc t ion c an be 

m eas ured as s pecif ic an ti body us ing var iat ions o£ the 

o r ig in al pl aque-form ing c e l l  t echn ique ( Jern e an d Nor din , 

1 96 3 ) .  An t ibody t o  b o th S RBCs an d s oluble an t ig ens c an 

b e  as s es s e d  s ens i t ively by thes e m ethods ( Chior azzi et  al . ,  

1 97 9 ) .  

In this s tudy the l evels of to t al , 1 9S an d 7S pr o­

t e ins  produc ed by m i t og en - s t imul a t ed cul tur es of blood 

l ymphocytes wer e meas ur e d . Bo th s ecr e t ed an d in t r acel lu­

l ar proteins wer e examin ed : s ecr eted proteins  wer e  mea­

s ur e d  in c e l l -free cul tur e  s upern a t an ts and in t r acel lul ar 
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proteins in the lys a t es of cul tur ed lyrnphocy tes . The 

d� � s yn thes is ed p r o t eins wer e  meas ur ed by their 

incorpora t i on of is o t ope- l abel l ed l eucin e  which was 

p r ovided in the medium . The pres ence of n ewly s yn t he­

s is ed IgM an d IgG was demons trated by precip i t a t ing th e..rn 

wi th immun o g l o bul in c l as s - s pecif ic an t is e r a . 

6 . 2 Mat e r i al s  and Me tho ds 

Lymphocy t es wer e har ves t c d  from bl o o d , tes t c� d  f or 
v iability an d coun t e d  as des c r j  b e d  in Chap t e r  .3 . The 

c e l ls wer e  s uspen ded in cul t ur e  medium at a con c �l t r a -
6 

t ion of app r ox im a t e l y  5x1 0  per ml . 

b .  C u l t u r e c on d i t i on s 

The medi um us c d  \'vas l e u c in <O� - :C r e e  Ec-:.9 l e  ' s  i'iEi';J ( G JJ3·:o ) 

s upp l em en t ed w i th g l u t am in e , <m t i b i o t i c s  z:m d h c 0 t ­
in ac t iv a t e d  foe tal calf s er um a t  t h e  con c en t r a  t i cms 
g i ven in Chapt er 4 .  On e  m l  amoun ts of the l ymphocy t e  
s us pens ion we r e  c u l t u r e d  in 3 5x1 0 mm pl as t i c t is s ue 
c u l t u r e  dis hes ( No . 3 001 , Fa l c on Pl as t ics ) a t  3 7

°
C in 5 

per c ent  co2 - in - air . Al l the cul tur es wer e made in dup ­

l i c a t e  an d c on t r o l  cul tur es l acking mi togens we � e  es ta­

bl is hed r ou t in ely . Wh en c u l t u r e  s upernatan t s  wer e to  be  

examin ed for the pres en c e  of s ecre t ed pT o t e ins the cul ­

tur es wer e fed daily w i t h  1 0  uC i of L- ( 4 , S - 3 H )  l euc in e  

( 1 0 0  C i  per mmol , The Radiochem ical Cen tr e ) ( An de r s s on 

e t  a l . ,  1 972c ) .  When the c el ls wer e to be exam ined for 

in t r acel lular proteins th e c u l t ur es wer e  puls ed wi th 

60 uC i of the is o tope 4 h r  befor e being har ves ted ( Ander ­

s s on e t  al . ,  1 974 ; Cho i , 1 977 ) .  

c .  M i t ogen ic s t imul at ion 

The cul tur es wer e  s t imul ated with e i ther LPS ( Difco ) ,  

PWM ( S igma )  or Ins o l . Con . A  ( S igma ) at concen tr a t ions of 
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2 50 ug , 5 ug an d 5 0  u g  per 1 0
6 c e l ls r es pec t ivel y , 

t hes e con c en trations havin g  induced maximum s t imul a­
t ion in previous expe r imen ts ( Chapter 4 ) . The LPS was 
de toxified in a boil ing water bath for 6 0  min pr ior to 
us e ( An ders s on et  al . ,  1 972c ) . 

d .  Meas u r em en t  of s ec r eted pr o t e ins 

S ecr e t ed pro t eins wer e  de tec t ed by the m e thod of 
An der s s on et al . ( 1 972 c ) .  

i )  To t a l  s ecre t e d  prot e ins 

The c u l t u r es we r e  h ar ves ted on the th i r d  day rJh en 
LPS was the mi togen us e d  an d on the four t h d ay wh en PvJM 

or ln s ol . Con . A was us ed . Lymphocy tes were dis l odged from 
t h e  cu l t u r e dis hes by s cr apin g  the s urfac es wi t h  a p l as ­
t i c  pol i c eman an d t he c ul tur e fluid an d s us pen ded cel l s  

c o l l e c t e d . Each d i s h \v as t h en r ins ed w i th 1 m l  o f  MEM­

FCS an d thes e was h in gs we r e  adde d t o  the h a r v es t:: e d  c e l l  

s us pens i on s . Th e l ymphocy t es wer e pel l e t ed by cen t r ifu­

g at ion at 2 00 g for 1 0  m in a t  4°C .  The s upern at an t  was 
fur ther c en tr ifuged at  1 , 000 � for 2 0  min a t  4°C to 
en s u r e  compl e t e removal of c e l ls an d debris . On e ml of 
1 0  per c en t  tr ichlor oac e t ic ac id ( 1�A ) in w a t er was 
a dded to 2 00 ul of the r ecen t r if ug ed s upern atan t . The 
r es ul t ing pr ecipi t a t e was col l ec t ed on g l as s  m icrofibre 
f i l ters ( G F/C , Whatm an ) an d was h e d  thr ee t im es wi th 1 m l  

amoun ts  Ol 10 per cen t  TCA . The f i l t er s  wer e  dr i e d  over ­
n ig h t at  37°C an d p l ac e d  in 5 m l  of s c in t i l l a t ion fluid 
( Appen dix I I ) . The radi o ac t ivity of the prec ip it ate was 
then meas ur e d .  The r es u l t s  ar e expr es s e � bo t h  as coun ts 
per m in ( cpm ) per cul tur e an d s t imul at ion in dices ( S I ) . 

The cpm per cul tur e wer e arr ived a t  by mul t ip l y ing by 
10 t he cpm r ecor ded f or the  2 00 ul s ampl e  c oun t e d .  The 
cpm of the dup l ica t e  t es t cul tur es wer e t o t a l l ed and an 
aver ag e o b t a ined;  the da ta f r om the con t r o l  cul tur es wer e  
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als o  t r e a t ed in t h is way . A S I  was o b t aine d  b y  dividing 
th e cpm of mi tog en - s t imul a t ed cul tures by th e cpm of 
the con t r ols . Res u l ts wer e t es t ed by an alys is of var ianc e 
on l ogg ed data . Means wer e t es ted a pos t er ior i by l eas t 
s ign if ican t ran g e  me thod ( S ok al an d Rohl£ , 1 96 9 ) .  

i i )  1 9S an d 7S s ecreted pro teins 

T h e  r em ain ing 1 . 8 ml of cul tur. e s upern atan t  was 
m ixed w i t h  500 ul of car r ier opos S "L'.Ill s erum an d th e mix­
tur e pr ec ip i t a t ed w i t h  an equal volume of s a turated 
ctmmon ium s ulph a t e  a t  4°C overn igh � . The precip i tat e was 

c o l l ec t ed by r en t r ifug a t ion , d:i_s s o l ved in 2 ml of dis ­
t i l l ed wat er an d r e- pr ec ip i t at e d  w i t h  an equal vol un:. e of 
s a tu r a t ed ammon ium s u lph a t e  f or 3 hr at 4°C .  This  pr ec i ­

p i t at e  was d is s o l v e d  in 1 ml of dis t i l l ed wa ter an d dia­
lys ed agains t 0 . 1 5M s o dium chl or i de overn ig h t  to r emove 

exces s amm on ium s u l p h a t e .  Th is m at er ial w as then a.pp l i ed 

to a S eph adex G - 2 00 c o l umn ( 40cm x 3cm ) an d eluted wi t h  
0 . 1 M Tr is - HC l -NaCl buff er , pH 8 . 0 .  T\vo ml f r ac t ion s  wer e 
c o l l ec t ed , their op t i c al dens i t i es being me as ure d a t  
2 8 0  nm . 4 0 0  u l  of each of t h e  f r a c t ions wer e m ixed wi th 

5 m l  of s c in t i l l a t ion f luid an d coun t ed in a l iquid 
s c in t i l l a t i on coun t er . The r ecor de d  cpm wer e conver t e d  

t o  the cpm per total volume o f  th e frac t ion and the da t a 
an a l ys e d  and pres en t e d  as des cJ: ibed above . 

e .  Meas u r em en t  of in t r ac el lular pr o t eins 

In t r ac el lul ar pr o t eins wer e analys ed us ing a s l igh t 
modific a t ion of the me thods of An ders s on et al . ( 1 97 4 ) 
an d Cho i ( 1 977 ) .  

i )  Lo t al in tracel lular pr o t eins 

Lymphocy t e  cul tu r es wer e  harves t ed as des cr ibe d . 
The c e l ls were pel l e t e d , was he d  once with  MEM an d th en 
lys e d  with 3 . 5  ml of 0 . 5 per c en t  Tr i t on X- 1 00 ( Pr imal , 
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Rohm and Haas ) in Tr is - HCl buff er , pH 7 . 6 ,  0 . 05M . 
Af t er be in g  hel d  a t  r o om temper ature for 30 min th is 
m ixture was cen t r ifug ed at 1 5 0 , 000 g for 1 hr at 4°C . 
The s upernatan t  was dialys ed overn ight agains t PES an d 
c en tr ifug ed a t  20 , 000 g for 2 hr . Twc hundr ed ul o£ 
t h is m at er ial wer e  pr e c ip itated wi th 1 ml of 1 0  per cen t 
TCA , f i l t e r ed an d was h e d  wi th 1 0  per c en t  TCA as des ­
c r ibed pr evious ly . The r adioac tivity of the prec ip i t a t e  
was de termined f ol l owin g i ts s us pens ion ln 5 ml of s c in­
t i l l a tion fluid . The da t a  are an al:->'s e d  an d pres en ted as 
des cr i bed above . 

i i ) 1 9S an d 7S In t r acel lul ar pr ot eins 
, 

The remai n in g  1 . 8 m l  of the c e l l  lys a t e  was mixed 
w i th 500 ul of opos s um s erum which ac ted as a carr ier . 
The mix tur e was s ubj ec ted t o  armnon im11 s ulph a t e  pr ec ip i ­
t a t i on an d g e l f i l t r a t ion o n  S ephadex G - 2 00 . The r adio­
ac t ivi ty of each :f r a c t ion was then de t erm in ed as des cr ibed 
for the  an alys is of s ec r e t ed irmnunog l o bu l ins . The da t a  
ar e an alys ed an d pres en t ed as des e r  ibed a bove . 

f .  The iden t if i c a t i on of irmnun ogl obul ins in the in t r a­
cel lul ar pro te in s . 

The pr es en c e  of in v i t r o  s yn th es is ed !g M an d IgG 
in the  cell  lys a t es was es t abl is hed by their pr ecipi­
t a t i on with immun og l o bul in c l as s -s pecif ic an t is er a . 
The pr epar ations of t hes e an tis era h ave been des cr ibed 
in Chap ter 2 .  1 00 ul amoun ts of the c el l  lys a tes , which 
h ave been dialys ed ag ains t PES , wer e  mixed wi th equal 
vol um es of the appropr i a t e  an t is e r a  and he l d  at 4°C 
overn ight . The pr ec ip i t a t es that formed wer e  coll ec t e d  
o n  g l as s  microf ibr e f il t ers (GF/C , Whatm an ) an d was hed 
twice with PES . The f il t ers were dr i e d  and c oun t ed ,  
the r es ul ts being expr es s ed as cpm per cul tur e as des ­
c r ibed e ar l ier . Al l s ampl es were pro c es s ed in duplica t e . 



The numbers of cul tur es exam ined ar e s hown in 

Tab l es 6 .  1 and 6 .  2 .  

6 . 3  R es u l ts 

a .  Meas uremen t  of s ec r e t ed pr o t eins 
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The ext en t t o  which pr o t e in s ec r e t ion b y  blood 

lymphocy tes was s t imul a t ed by each of the three  mitog ens 

is s hown in Tabl e 6 . 1 -. In this tabl e , as als o i n  Tab J. e 

6 . 2 , t o t al pr o t e in r ef ers  t o  mate� i al that was pr ec ip i ­
t a t e d  from cul ture s upernatan ts by TCA and , ther efor e ,  

includes not  on l y  1 9S an d 7S pro te ins Lut al s o  pro t ei _ .;_� 
of l ower mol ecu l ar we ig h ts . The us e of the dc-: s :ign a�: i on s  

" 1 9S " an d "7S " is bas ed on the elu t i on char a·� t er is t ics 

of I g M  an d IgG f r om S ephadex G-2 00 . I t  is  appr �c i a t e d  
that  1 9S prot eins  c on c e ivably c an in c l ude prot eins o t l � r  

than Igr-1 ,  v.rh i l e  7 S  pr o t e i n s may in c lude pr o t e in s  otheE 

than IgG . 

Eac h  of the m i t og ens in duced the s ecretion o£ s lg ­
n ifican t  amoun ts of total pro tein , LPS being the mos t 

eff ec t ive . 

Table 6 .  1 als o shows the re  l a  t i  ve amoun ts  of 1 9S 

an d 7S pr o t eins s ecr e t ed by the m i t og en -s timul ated an d 
con t r ol cul tur es . The v alues in Tabl e  6 . 1  ( an d  Table 6 . 2 ) 

ar e b as e d on the means of r epeat exper imen ts  us ing c e J l s  
from differen t an imals . I n  thes e exper imen ts t h e  in d i v i ­

dual fract ions form ing e i ther t h e  1 9S an d 7S peaks wer e 

poo l e d  and the to tal r adioac t iv i ty of each peak meas ur e d . 

Fig . 6 . 1  is r epr es en t a t ive of thes e exper imen ts and s hows 

the s pread of r adioac t iv i t y  with in each pe�� fr om a 

s in g l e  exper im en t  for each m i tog en . Firs t peak m a t er i al 

( Fr ac t ions 1 t o  7 )  repr es en ts 1 9S p r o t e ins , s ec ond peak 

mater i al ( Fr ac t ions 8 t o  1 4 ) , 7S pr o t e ins . 
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Tab l e  6 . 1  The in corpor a t ion of tr i t iated  l euc in e  in to 

immun o g l o b u l ins s ec r e t ed by con trol  an d 

mi togen s t imu lated bl ood lymphocy tes . 

M i togen Pr o t e in 
1 

cprr.. 
3 

p 

LPS To tal  

1 9S 

7 S  

-x· 2 8  . 1 2 + 4 .  7 0  ( 6 )  3 .  6 5  < 0 .  0 1  

2 . 76  + 0 . 5 4 ( 5 ) 

1 . 0 9  + 0 . 2 8 ( 3 )  

3 . 00 < 0 . 0 1 

2 . 7 3 NS 

PWM To tal  

1 9S 

7S 

2 0 . 9 1  + 1 . 46 ( 1 0 ) 2 . 7 2 < 0 . 0 1  

5 . 1 9 + 1 . 00 ( 4 )  5 . 6 4 < O . O l 
1 .  56 + 0 .  2 0  ( 4 )  3 .  90 < 0 . 01 

Ins o l . Con . A To t � l  1 2 . 2 0 + 1 . 7 J.  ( 5 )  

5 . 3 1  + 1 . 2 1  ( 3 )  

2 . 7 5  + 0 . 9 5 ( 3 ) 

1 _ 58 <' 0 . 0 5 

1 9S 

7S 

5 . 77 < 0 . 0 1 

6 . 88 < 0 . 05 

Con t rol To t al 

1 9S 

7S 

7 .  70  + 0 .  96 ( 6 )  

0 . 92 + 0 . ] 0 ( 3 ) 
0 . 4 0 + 0 . 1 4 ( 3 )  

1 . 00 

1 . 00 

1 . 00 

* 

1 

2 

3 

Figur es in par en thes es r ef er to number of cul t u r es 
examin ed .  

- 4  
Mean coun ts per min u t e  per cul ture x1 0 � S . E .  

S timu l a t i on in dex ( cpm t es t /cpm con t r ol ) . 

S ta t is tical pr obabi l i ty ( p � O . OS ) 
NS Not s ign if ican t . 
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F IGURE 6 . 1  Rep r es en t a t i v e  r es ul t  o £  S ephadex G- 200 

f i l t r a t i on of ammon ium s u lphate p r ec ipi t a t e d  

s upern & t an ts o£ m i t o g en -s t imul a t ed an d 

c on trol  c u l tures . Cul tur e  c on d i t ions  an d 

puls e per iod des c r ibed in t ex t . 

G) """""'" 0 OD o£ n ormal ( c arr ier ) opos s um s erum . 

o -....-.. o cpm per cul tur e s t imu l a t ed wi th LPS . 
b. -==-t::. cpm per cc.l t ur e  s t imul a t ed \Vi th P\lJM . 
o--o cpm per cul ture s t imu l a t ed wi t h  Ins o l . 

Con . A  

. . .. .  � cpm per c u l t ur e ,  c cm i: r o l  . 
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I£ t h e  l evels o f  1 9S pr o t e ins in th e thr ee � i togen ­
t r e a t ed cul tu res ar e compar ed wi t h  tha t  o£ t h e  con trol  
then al l thr ee are s een to be  s ign ifican tl y  incr eas ed 
( p  £... 0 .  0 1 ) .  The r anking o£ th e mi togens in t erms o£ t heir 
abi l i t ies to  in duce 1 9S p r o t ein s yn thes is was Ins ol . Con . A  
> PWM > LPS . If the s yn t h es is o£ 7S pro tein is cons i dered 
then PWM and Ins ol . Con . A  s ign i£ ican tly incr eas e d  pr oduc­
t i on ( p <: O . O l an d p < O . OS ,  res pec t ively ) o£ this material ; 
LPS fai l e d  to do s o .  

b .  Meas u r emen t of  in t r acel lu l ar pr o t e ins 

Of the thr ee mi tog ens , Ins o l . Con . A  g en e r a t ed the 
highes t levels of t o t a l  in tr ac e l l u l ar pr6t e ins ( Tabl e 6 . 2 ) .  

In a l l  cas es the in t r ac e l l ul ar t o tal pr o te in l evels of 
mi tog en - s  t ir;ml a t e d  c u l t ur es wer e  s ignifican t ly h igher 

th an thos e o£ c on trol c u l tur es . Ta b l e  6 .  2 als o s hows th e 
amoun ts of in tracel J ular  l 9S an d 7S pr o t eins . Ins oJ. . Con . A ,  
PV\7l\1 an d LPS we r e  dec r eas ing ly eff ec t i ve ,  in that or der , 
in in duc in g  the  pr oduc t ion of th es e mater ials . 

v-ig . 6 . 2 s hmvs typi cal r es u l ts fr om a s ing l e  exper i­
men t us ing eac h of the m i t o g ens . Th e dis tr ibu t ion of 
r adio ac t ivity between the f r ac t ions is s ho\<m and can be 
r elated to 1 9S ( Fr ac t ions 1 to  7 )  an d 7S ( Frac t ion s  8 to 
1 4 ) pro t e ins . The h igh er radioac t iv ity g en eral l y s een 
with the in trac el l ular pro t e in s  as oppos ed to the s ecre­
t ed pr o te ins ( Fi g . 6 . 1 )  1s  appar en t . Als o s een in Fig . 
6 . 2 is t h e  higher l evel o£ 7S p r ot e in thilll 1 9S pro t e in 
in duc ed by PWM in t his s ys t em ; PWM was the only m i t og en 
to s how t his eff ec t . 

c .  A compar is on o f  the amoun ts o£ s ec r e ted ver s us in tr a­
c e l lular 1 9S and 7S pr o t e ins . 

Tabl e 6 . 3 r e -pr es en ts da t a  s h own in Tables 6 . 1  and 
6 . 2 to  emphas is e the r e l at iv e  amoun ts of s ecr e t ed an d 
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Tab l e  6 . 2 The incorpor a t ion of t r i tiated l eucin e  in t o  
in trac e l lu l ar immun og l obul ins in con t r o l  and 
mitogen s t imu l a t ed blood l yTiphocy tes . 

Mitogen Pro tein 1 s r2 3 cpm p 

•* 
LPS To t al 1 5 . 2 5  + 0 . 4 9 ( 4 )  1 . 6 5  <( 0 .  01  

1 9S 8 . 2 0  + 1 . 1 4  ( 3 )  2 . 63 < 0 . 05 
7S 3 . 77 + 0 . 8 0 ( 3 ) 1 . 8 0 NS 

P\IJM To t aJ 6 4 . 8 9  + 7 . 04 ( 4 )  7 . 01 < O . Ol 
1 9S 8 . 2 0 + 1 . 55 ( 3 )  2 . 6 3  < O . O.:i 

7S 9 . 2 3  + 0 . 55 ( .3 ) 4 . 40 < 0 . 01 

Ins o l . Con . A To t a l  7 9 . 37 + 3 . 7 1 ( 4 ) 8 . 57 < 0 .  0 1  

1 9S 1 5 . 2 9 + 4 . 90 ( 3 )  4 . 90 ..( 0 . 05 
7S 1 2 . 86 + 6 . 1 2 ( 3 )  6 . 1 2 NS 

Con t r ol To tal 9 . 2 6 + 0 . 6 1 ( 2 ) 1 . 00 

1 9S 3 . 1 2 + 0 . 22 ( 2 ) 1 . 00 
7S 2 . 1 0 + 0 . 07 ( 2 ) 1 . 00 

* Figur es in par en thes es refer to number of cul tur es 
exam ined . 

1 Mean per minut e  cul ture  - 4  S .  E .  coun ts per x10 + -
2 S t imul ation in dex ( cpm tes t/cpm con trol ) .  
3 S t a  tis  tical probabil i ty ( p  0 . 05 ) . 
NS No t s ign ifican t . 
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F IGURE 6 . 2 Repr es en t a t ive r es ul t  o£ S ephadex G -· 2 00 

.f i l t r a t ion o£ a1mnon iurr1 s ulphat e pr ecip i t c:. t e d  

c el l  l ys a t es f r om m i togen - s t imul a t ed an d 

c on t r o l  cul tur es . Cul tur e con di t ions an d 

1::m l s  c per i o d  des c r: i b ed in t ex t . 

e......, @ OD oi" n ormal ( ca r r ier ) opos s um s e r um .  

o-o cpm p er cul tur e  s t im u l a t e d  wi t h  LPS . 
L::. -L::. cpm per  cul tur e s t imul a t ed wi th PWM . 
o-o cpm per cul t 'Jr e s t imul ated \V i t h  Ins o l . 

Con . A .  

0 • • "0 cpm per cul t ur e ,  c on tr o l . 
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in trac e l l u l ar 1 9S an d 7S pr o t e ins s yn thes is ed by the 
s t imul at ed an d con tr o l  cul tur es . The r a t ios o£ the c om ­
b ined in trac el l u l ar 1 9S an d 7 S  pr o tein valu es to thos e 
of the combin ed s ecr eted 1 9S an d 7S protein values wer e 
broadly s imilar £or all cul tures , inc luding th e con trols , 
and r an g ed from 2 . 58 t o  3 . 9 5 .  Tab l e  6 . 3  pres en ts the 
s ta t is t ical s ign if ican c es of t he in dividual r es u l t s  £or 
s ecreted an d in t r acellul ar pr o t eins . Each mit ogen in duced 
s ignifican t l y  in creas ed l evels o£ 1 9S prot ein s yn the­
s is in the £ or:m of s ecr e t e d  C'\nd in t r acel lul ar proteins . 
PVJM in du c e d  s ign if ican t ly in cr eas ed l evels of bo t h  s ecre­
t ed an d i n t r ac e l l u l ar 7S proteins . 

The amoun t of either s ec r e t e d  o r  in t r a c e l l u l ar 
pr o t e in de tec t e d  is a meas ur e o£ a m i t og en 1 s  abi l i ty to 
e l ic i t  pr oduc t ion of th a t  par t icul ar pr o te in . Fr om t h es e  
r es u l ts it c an b e  c on c l u ded that P\'JI\1 is capable of s t i­
mul a t in g  a s t a t is t ically s ign if ican t incr eas e in t h e  
s yn thes is an d s ec r e t ion o f  1 9S an d 7S pr o t eins . In s o l . 
Con . A  als o incr eas ed the l evels o£ 1 9S an d 7S pr o t e ins 
s yn tht..s is ed in t racellul arly an d s ec r e ted al though the 
incr eas e in the l evel o£ in trac el lu l ar 7S prot ein di d 
n o t  a t t ain s t a t is t ical s ignifican c e , probably becaus e o£ 
the wide var ia t ion in coun ts in the treated cul tures . 
LPS treat ed cul tures on l y  s howe d  s ig n ifican t increas es 
in 1 9S protein s yn thes is an d s ec r e t i on . 

d .  Iden tif ic at ion of immun og lobu l ins in the in t r ace l l u l ar 
pr o t eins 

De n ovo s yn t hes is ed is o tope - l abelled IgM an d IgG 
wer e  precip i t a t e d  from c e l l  l ys a t es by their s pe c if ic 
an t is er a . Tabl e  6 . 4  s hows the - radioac t ivity as s oc ia t ed 
with the pr e c ipit ates an d compar es thes e values wi th 
thos e of the par en t  1 9S an d 7S frac t ions . The cpm of the 
precip i t a t es wer e a lways cons iderably l ower than thos e 
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Table 6 . 3  A comp ar is on of  the amoun ts of  s ecr e t ed an d 
in t r acel l ul ar 1 9S an d 7S pr o t e ins produced 
by blood lymphocy t es in res pons e t o  m i togen 
s t imul at ion . 

Mitogen Pro t e in . . . 1 - 4  Rad1oac t 2v1ty , cpm x1 0 

LPS 

PWM 

Ins o l . 
Con . A  

Con tr o l  

S ec r e t e d  
In tra­

cel lul ar 

Secre t ed 
In tra­

ce l l u l ar 

S ecret ed 
ln tra­

cel lul ar 

S ecr e t ed 
In tra­

cel l u l ar 

1 9S 

* 
2 . ? 6 

-)(-8 . 2 0  

* 
5 . 1 9 

* 8 . 2 0  

-)(-5 . 3 1 
-l<· 

1 5 . 2 9  

0 . 92 

3 . 12 

7S 1 9S +7S 

@ 1 . 09 3 . 8 5 
3 . 77@ 1 1 . 97 

-)(-
1 . 56 

* 
6 . 7 5  

9 . 23 1 7 . 43 

2 . 7 .5 8 . 06 
@ 1 2 . 8 6 28 . 1 5 

0 . 40 1 . 32 

2 . 1 0 5 . 22 

- 4  Mean coun ts per minu t e  per culture x l O  . 

3 . 1 0 

2 . 58 

3 . 49 

3 . 95 

1 
2 Rat io of total in t r acellular  pro t e in to to tal s ec r e­

ted prot ein . 
* S ta t is t ically s i gn i f ic an t  ( p < 0 . 05 ) . 

S t a t is t ical ly n o t  s ign i f ican t . 



Tabl e  6 . 4  A compar is on o£ the incorporat ion of tr i t i a t ed leucin e  in t o  the 
in t r ac el l u l ar immunoglGbul ins in c on t rol an d m it o g en -s t imul at ed 
blood lymphocyte cul tur es fol l owing S ephadex G-200 fract ion at ion 
an d s ubs equen t immun e pr e c ip i t a t i on . 

Mitogen 

Ins ol . Con . A  

PWM 

Con t r ol 

1 9S f r om 
S ephadex 

1 5 . 2 9 + 4 . 902 
-

8 . 2 0  + 1 . 55 

3 . 12 + 0 . 22 -

Igi\1 f r om 
1 Imm . Pr . 

3 . 73 + 1 . 41 -
2 . 99 + 0 . 2 2 

1 . 62 + 0 . 2 8 

7S from 
S ephadex 

1 2 . 8 6 + 6 . :1. 2  

9 . 2 3  + 0 . 55 

2 . 1 0 + 0 . 07 
-· 

1 )  Immun e pr ec ip i t a t ion ; 2 ) Coun t s  . - 4 per m ln u te per cul tur e x 1 0  ; 
ar e means from two exper imen ts + S . E .  

IgG from 
1 Imm . Pr . 

3 .  96 + 1 . 1 1 

2 . 73 + 0 . 2 4 

1 . 1 9 + 0 . 26 

values g iven 

I-' 
--l 
()\ 
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of the 1 9S and 7 S  m ater ials , a f in ding whi ch pr obably 

ref l ec t s  cer tain deficien c ies in th e method us e d .  However , 

the r es ul ts obtain e d  did conf irm that the 1 9S an d 7S 

frac t ions con t ain ed Ig M an d IgG r es pec t ively . 

6 .  4 Dis cus s ion 

In this chap t er eviden c e  is pr es en ted which s hows 

that oposs um lymphocy t es s t imul a t ed in vitro with cer ­

t a in PEAs pr oduce eithex· IgM alone or IgM an d IgG in 
s ign if icc:•.n t amoun ts . 

In IJ r e l im in ar y exper im en ts , th e r cs ul ts o£ \'Jhich 

ar e not pJ." es en t ed ,  it  was f o un d  tll <.\t opos s um blood l ympho­

cy t e  cul tures s how2d m ?.x im a l  in t r ac e l lul ar t o t al p r o t ein 
pr o duc t i on an d p e ak DNA s yn t hes is on the s ame day : the 

mi togens us e d  b ein g PWM , LFS and Ins ol . Con . A .  Cons equen t ly , 
i t  was de c id e d  tl1at  th e c u l t u r e  t im es es t a b l is h e d  in 

Chap t er 4 w o u l d  be appr opr i a t e  f or t h e  pr es en t  exper i­

men ts . Ther e is s ome dis c r epan c y  in t h e  o p t im a l  c u l t u r e 

per iods r ecom...rnen ded for det eJ:min ing immun ogl obu l in pro­

duc t ion . Thus Cou t inh o et al . ( 1 97 3 ) an d Janos s y  ( 1 9 76 ) 

us ed 3 day cul tur es when s tudy in g  t h e  immunog l obu l in 

s yn t h es is of LPS - s t imu l a ted mous e lymphocy t es whi l e  

Ander:; s on et al . ( 1 972c ) an d Kun or i  et  al . ( 1 9 7 8 ) , us ing 

the s am e  s ys t em ,  foun d that max imum immun ogl obul in s yn ­

thes is took 4 t o  5 days . Bas h am an d Waxda l  ( 1 9 7 5 ) r epor t ed 

that maximum prot e in s yn thes is by mous e s pl een c el l  

c ul tur es s t imul a t ed with PWM was s een on th e four th day 

of cul tur e ,  wher eas hum an blood lymphocy t e  cul tur es 

expos e d  to the s ame m i t og en , s h ow pe ill� immun og l o bu l in 

s yn thes is be tween 5 an d 7 days of cul tur e ( Choi an d Good , 

1 97 7 ; Nes pol i e t  al . ,  1 978 ; Fauc i e t  al . ,  1 978 ) .  

The amoun t of t o t a l  prot ein prodused has been us e d  

in t h e  pas t as a r eferen c e  agains t which t o  es t imat e th e 

r el a t ive amoun ts of 1 9S and 7S m a t er i als pr oduce d .  Us ing 
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t his approach Anders s on e t  al . ( 1 972c ) employing a mous e 

s pl e en c el l  s ys t em and S ymons an d Lay ( 1 978 ) us ing pig 

blood lymphocy t es , both s t imulat ed with LPS , s howed th at 

1 2 . 8  and 1 3 . 0  per c en t , r es pec t ively , o£ th e t o t al pro­

t ein s ec r e ted was 1 9S m a t er ial . For opos s ums this val ue 

was 9 . 8  per cen t . Finkelman and Lipsky ( 1 97 9 ) r epor t ed 

that , comp ar ed t o  con tr o l  cul tures? human s pl e en c el l s  

s t imu l a t ed with L PS  g ave a S I  o£ 4 .  4 £ o r  I g l\1  s ecret ion ; 

the cor r es pondin g  value £ or opos s um bl ood l ymphocyt es 

was 3 .  0 .  

Th e in trac el lular pr o t ein l evels wer e  always c ons i­
der ably higher than thos c o£ the s e cr e t ed prot eins . Th is 

.. 

is n o t  un expec t ed becaus e o.f s om e  di l u t i on o£ the s ecr e­

ted m a t er ial b y  c u l tur e  medium . Fur thermo r e , s yn th es is 

mus t pr ec e de s e cr e t ion . :!:.,on g er cul '.;ur e per i o ds  may h ave 

r educe d  the di£:f er en c e  b e h'le en th2 l evels  o£ t h e  s ec r e­

t e d  an d in tr ac e l l u l a r pr ot 2ins . 

The T c e l l - s t imul a t ing e££ ec ts o£ PWM and Ins ol .  

Con . A  ( Chap t er 4 )  are r ef l ec t ed in th e l evels o£ in tra­

cel lLl ar prot e ins induc e d  by th es e m i tog en s . I£ the s um 

of the 1 9S an d 7S values is calcul a t ed as a. per c en t ag e 

of th e t o t al protein , then £or LPS , a mar g in al T c e l l  

s t imul a tor , th is value i s  r oughly 8 0  per c en t ; £ o r  P�� 
and Ins ol . Con . A  it f a l l s  t o  abou t 12 an d 35  per c en t , 

r es pec t ivel y . 

LPS induced the s yn thes is o£ hig her l evels o£ 1 9S 

than 7S proteins , r es ul ts th at agr ee with thos e o b t ained 

from euther ian s pec ies ( Lan dy et  a l . ,  1 96 5 ; Br i t ton and 

Moller , 1 96 8 ; Mel chers an d Anders s on ,  1 973 ; S ymons and 

Lay , 1978 ) .  However , i t  has been c laimed r ecen t l y  that  

LPS pr omo t es the s yn thes is , by  mous e s pl e en c el ls , o£ 

mor e IgG t han IgM ( Gr on owicz et al . ,  1 97 9 ; Hepper et  al . ,  

1 97 9 ) .  The l a t t er authors poin t  out th at t echn ical  di£ -
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feren c es , includin g cel l dens i t y  in cul tur e ,  LPS var ia­
b i l i ty , an imal s tr ain diff er en c es an d the s en s i t ivit ies 
of the as s ay s ys t er,1s J ar e  impor t an t  in de termin ing the 
type an d amoun t of immun og l o bul in de t ec t ed . 

PWM in duced the s yn thes is of s ignif ican t amoun ts 
of s ecreted I g M  and IgG , the level of IgM exc eeding that 
of IgG . Nes pol i e t  al . ( 1 97 8 ) an d Lanz avec ihia et al . 
( 1 9 7 9 ) ha.ve des cribed s imilar r es u l ts for human blood 
lymphocy t r:::s .  However , Finke lman an d Lips ky ( 1 97 9 ) have 
r epor t ed that hum an s pl een c el ls s t imul at ed with PWM 
s ec r e t e  mor. e I ;JG t han I g M .  When the in t racel lular pro­
t eins induc ed by PWM wer e inves t igated in t his pres en t 
work , it was s een that ther e was s omel\1hat mor e 7S th an 
1 9S pr o t ein . Had a l on g  er cul tu r e  per iod been us ed wi th 
t h e  opos s um l ymph ocy t es , a r es u l t compar ab l e  t o  that 
g iv en by human s pl e en c el ls might  have been s e en .  Mous e 
spleen c el l s  ar e s a i d  t o  pr oduce on ly I gM when s t imul a t e d  
w i t h  P\AJM ( Parkhous e e t  al . , 1 972 ) .  

The h ighes t l evels of both s ec r e t ed an d in t r acellular 
1 9S an d 7S proteins wer e f oun d in In s o l . Con . A - s t imu ­
l a t ed cul tures , a r ef l ec t ion per haps of th e pot en t  m i to­
g en ic aff ec t tha t  this s ubs tan c e  has for both opos s um T 
an d B lymphoc y t es . Un for tun at el y , in the c as e  of int r a­
cellular 7S prot ein s yn thes is , l ar g e  in dividual var iat ions 
wer e s een between differ en t  cul tur es making the incr eas e d  
pro t ein s yn thes is s ta t is t ic a l l y  n o t  s ign if ican t . An cter ­
s s on and Me lchers ( 1 97 3 ) r epor ted that l ocally con c en ­
t r a t e d  Con . A  s t imul at es on ly I gM produc t ion by cul tur es 
of mous e B cells . Whe ther or n o t  opos s um B cells , per ­
haps with T cell help , produce s ign if ican t levels of 7S 

pro t e ins in r es pon s e  t o  Ins ol . con . A c anno t  be r es olved 
at pres en t . 
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The r es u l ts from a l imited n umber of exper im en ts 

c onfirmed that the cell  lys a t es con tain ed IgM an d IgG . 
The cpm of th e pr ec ip i t a t es wer e markedly l ower th an 
thos e of the par en t  m a t er i al from which they wer e 
der ived . Two r eas ons can be  adve>.nc ed t o  ac c oun t for 

th is . Firs t l y , the pr e c i p i t a t ion woul d  hav e b een m o r e  

eff i c i en t  h ad var y ing amoun ts o f  t h e  s pec if ic an t is e r a  

b e en added t o  the cons t an t  volume  o f  c el l  l ys a t es . 

S ec on dly , th e m e thod inv olved a s ing l e  pr ec ip i t a t ion 

s t ep when ideal ly a s ec on d  precipi t a t ion , us in g an an t i­

r abb i t  garnmag l o bul in r e<.J.g en t , s ho u l d  h ave b e en empl oy ed . 

The un ava i l ab i l i t y  of s uc h  a r eagen t at  the t ime pr e­

c l uded this appr o ach . Th e us e of tht::�s e t eclm ical irrlp.c o ­

v em en ts woul d have un dou tJ t e dly g i v en higher pr ec ip i t at e  

cpm . Howev er , the  a im o f  the  ex?cr im en t was t o  es t abl is h 

t h e  pr es en c e  of im.rnun o g l o b u l ins in the cel l l y s a t es an d 

n o t  t o  quan t i t a t ively as s es s  them . 

In s ummary , i t  c an b e  s ai d th a t  LPS , P\•JM and In s o l . 

Con . A  a l l  in duced pr oduc t ion o£ s ign if ican t  l evels o£ 

1 9S pro t e ins , which in c l uded IgM ,  in opos s um b l o o d  

l yrnphocy t e  cul -cur es . P\'Ji\1 in add i t i on in duc e d  s ign i £ i ­

c an t ly incr eas e d  l evels o f  7S pr ote ins , wh ich inc l uded 

IgG . 
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Publ is hed inf ormation on th e an t i body res pons es 
of ! . vulpecul a is l im i t e d  t o  a s in g l e  paper ( Yadav , 
1 973b ) .  Fol lowin g  admin is tr at ion of S RBCs , � . adel aide 
f l ag e l l a  or bac ter iophag e 0X1 74 t o  an opos s um ' 'by a 
s er i es o£ in j ec t ions ove:r on e year " ,  Igf\1 an d I gG an t i ­
bo dies agains t a l l  three an t igens were de tected in the 
s er um ;  an addi t i on al , low mol ecul ar we igh t an t ibody of 
abou t 80 , 000 dal t ons was produce d  1n r es pons e to the 
bac t e r iophag e . 

In the pres en t s tu dy the an t ibody r es pons es of 
T . vu lpecu l a  t o  a par t iculate an d a s o lubl e an t ig en ar e 
compared wi th thos e g iven by r ab b i ts to the s am<=> mater i als . 
An t is era were  col l ec ted at in t ervals fol l owing iilllrmn iza­
t ion an d th eir  t i tres m e as ured by haemagg l u t inat ion 
t echn iques . S om e  an t is e r a  wer e f r ac t i onat e d  on S ephadex 
G - 2 00 an d  th e dis tribu t i on of I g M  an d IgG an t ibodies 
es t abl is hed dur in g the pr imary an d s econdary res pons es 
of the two s p ec ies . 

7 . 2  Mater ials an d Me tho ds 

a .  An imals 

Adu l t  opos s ums an d r abbits weighing between 2 . 5  an d 
3 . 0 kg were us e d .  The r abbits were New Zealan d  Whi t es 
ob ta in ed from th e Small  An imal Produc t ion Un i t  of 
Mas s ey Un ivers i t y .  

b .  Pr epar at ion o f  an t igens 

Sheep r e d  blood ce l l s  ( S RBC ) 

S heep were b l ed from a j ug u l ar ve in in t o  Vac u t a in ers 
( Beckton - Dickins on ) con t ain ing hepar in . The blood was 
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cen t r ifug ed at  1 7 50 g for 20 m in illl d  th e buffy coat 
and p l asma dis carde d .  The erythrocy t es wer e was hed 
three t im es wi th PBS , coun t ed in a haemocy tome t er an d 
r es uspen ded in 0 . 1 5M NaCl at con cen tr at ions of approxi-

9 9 m a t e ly 5x1 0 or 2 5x 1 0  c e l l s  per m l . 

Bovin e s erum al bumin ( BSA ) 

BSA ( c rys t al is ed an d lyophi J  is e d ,  Si gm a )  was d is ­
s ol v ed in 0 . 1 5M NaCl at a conc en tr at ion of 2 0  mg p er m l . 

c .  Immun izat ion 

Opos s ums we re an aes th e t is e d ri j th h al o th an e  ( Ch t.tp ter  
, 

2 )  wh en being in j ec t e d  w i t h  the an t i gens an d when b e j ng 
b l e d  by c ard i ac pun c tu r e . R a b b i T s wer e r es t r a in e d  by an 

as s is t an t  an d b l e d  f r om P.vu g in a l e<J.r ve in s . Pr e - immun iz a­

t i on s er um s amp l es wer e  c o l l ec t e d .  

SRBC 

On e ml am oun ts of th 2 SRBC s us pens ion s wer e  in j ec ­

t e d  in to the t ai l  veins of opos s ums or m a r g in al ear 

v e ins of r abb i ts . Two of each s pe c i es rec e ived 5x 1 09 an d 
two received 2 5xl 09 S R BCs .  Serum s ampl es we r e  col l ec t e d  
a t  weekly in t ervals . When th e h a em ag g l u t in a t ion t i t r es 
of thes e s er a  ( s ee b e l ow ) s howed a dec l in e towar ds 
pr e - immun i z a  t ion l evels th e an imals wer e  r ein j ec t ed 
in t r a  venous ly  with the s ame number o£ SRBCs as us e d  in 
the primar y in j ec t ions . An imals wer e then bl ed at the  
in t ervals s hown in Tab l es 7 . 1  an d 7 . 2 .  

BSA 

Each an imal ( two an imals f r om each s pec ies ) r ecei­
ved 1 ml of a mixture o£ equa l  volumes o£  0 . 1 5M NaCl , 
c on tain ing 2 0  mg o£ BSA per m l , an d  Freun d ' s  comp l e t e  
adj uvan t  ( Di£co ) in t r amus cul ar l y . When th e pr imary 



1 83 

t i tres s howed evi dence of W3.n ing the an imals wer e  in j ec ­
t e d  in t r amus cul a r l y  wi th a mixtur e  o f  BSA- in -s al in e  
( 20 mg p e r  ml ) an d Freun d ' s  incomp l e t e  adj uvan t ( Difco ) .  
The an imals wer e then bled at in tervals s hown in Tabl e  
7 . 4 .  

d .  S erology 

Mea.s u r em en t of an t i - S RBC an t ibody 

Douhl ing dilut ions of heat - inac t ivated ( 56°C f o r  
30 m in ) an t is er a  wer e made in PBS . 50 u l  o f  a 1 .  5 p e r  
c en t s uspens icn o f  SRBCs wer e  added to each 5 0 0  ul o£ 
s er um dil u t i on . Th e m ix t u r e  was i n cubated at  room t empe ­
r atur e for 3 h r . The hig h es t s erum dilut ion s how ing 
haem agglutin a t ion in th e f o rm of an ev en mat of cel ls 
was r ec o r d e d  f o r  each s amp l e .  The r es u l ts g i v en are 
r ec iprocals o f  thes e  t i t r es . 

S om e  an t i- SRBC an t is er a  wer e f r ac t iona ted on S epha. ­
dex G - 2 00 ( Chap t er 2 ) .  Th e in divi dual f r ac t ion s  vver e  
pool ed ar o un d  obv ious pr o t e in peaks an d con c en t r a t e d  by 
dialys is ag ains t PEG to the origin al volum e  of the s er um 
s ample .fr ac t i ona ted . The thr e e  f r a c t i ons s o  ob tain ed 
were des ign ated Fr ac t ions I ( r ich in IgM ) , I I  ( r ich in 
IgG ) an d I I I ,  Frac t ion J being th e f i rs t peak elu t e d .  
Each of thes e thr ee f r ac t ions was as s ayed f o r  an t i-S RBC 
ac t iv ity as des c r ibed above . Addit ion al ly , the pr es enc e 
of I gG an d IgM in each f r ac t ion was determined by IEP 
( Chap t er 2 ) . 

Meas u r emen t  of an t i - BSA an t ibody 

A m icr o t i  t r e  haem agglu t in a t ion s ys tem was us e d  
( Marx e t  al . ,  1 97 1 ) employing in dicator ery thr ocy t es 
s en s i ti s ed by the m ethod of Evans e t  al . ( 1 974 ) .  On e  m l  
of thr ic e -was hed , packed SRBCs was mixed with 9 ml  of 
PBS con t ain ing 3 mg BSA . The s us p ens ion was s t irred a t  
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r o om t emp er atur e for 3 m in . On e  ml  of 2 . 5  per cen t 
g l u t ar al dehyde in 0 . 1 5M NaCl was added over a per iod 
of 15 m in a� d the m ixtur e s t irred f or a fur ther 4 5 m in . 
The BSA- coated S RBCs wer e  then was hed thr e e  times 1Ni th 
0 . 1 5M NaCl an d r es uspen ded in s al in e  to g ive a 1 . 5  p er 
cen t c e l l  s us pens ion . 

Doubl ing dilut ions of heat - in ac t ivated ( 56 °C for 
30 m in ) an t is e r a  were made in 50 ul volumes of PDS in 
micro- t i tre p l a t es ( Kay l ine P las t ics ) .  Ten u l  of <-1 ' 1 . 5  

per cen t  s uspen s ion of BSA- coated S RBC were added to  
each well . The p l a t es we re in cub a t e d  a t  room t empccr atu r c  

for 3 hr . Th e high es t dilut ion of an t is e r um sb ow�i ng 
agg l u t inat ion was r ec o r ded . 

7 . 3  Resul ts 

The haemag g l u t in at ion t i tres of opos s ums an d r abb i ts 
in j ec ted in tr avenous ly with 5x1 09 SRBCs ar e g i ven ln 
Tabl e  7 . 1 . Pl o ts of the l o g1 0  val ues of thes e t i tr es 
ag ains t t ime af t er in j ec t ion ar e s hovm in Fig . 7 . 1 .  A 
marked diff er en c e  in t h e  r es pons e of the two s pec ies was 
s een . In the opos s um the pr line�.ry r es pons e was compl et ed 
in abou t 30 days where as in the rabb i t  this took n earer 
to 60 days . Fol l owin g a boos t er inj ec t ion th e maximum 

t i t r es a t t ain ed by th e opos s um s  wer e  1 0 , 240 ( l og 1 0=4 . 0 )  
whi l e  the r abb i ts s howe d t i tr es of 8 1 , 920 ( l og 1 0=4 . 9 )  
an d 1 6 3 , 840 ( l og 1 0=s . 2 ) .  Th e s econ dar y res pons es in the 
opos s ums were appr eciably s hor ter th an thos e in the 
r abbi ts . Table  7 . 3  s hows that whi l e  m aximum t i tr es wer e 
r each e d  in opos s u!lls 40 days following an in it ial in j ec ­
t ion o f  the an t ig en , maximum t i t r es were reached in 9 9  
and 8 6  days in the r abb i ts . 

This marked differ ence in t he r es pon s e  of th e two 
species was l es s  apparen t  when a l arger n umber of ery th1: o -
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Tabl e  7 . 1  The haemagg l u t in at ion t i tr es of oposs ums 

Day 

0 

5 

1 0  

2 0  

2 5  
* 

3 0  

35 

40 

4 5  

5 0  

5 5  

an d r abbits in j ec t ed in travenous ly w i th 5x1 0
9 

S RBCs . 

Opos s um Rabb i t  

No . 1  No . 2 Day No . l  No . 2  

0 0 0 0 0 

40 40 7 8 0  J 6 0 

8 0  6 40 1 4  1 6 0 6 40 

40 80 2 9  32 0 320  

0 40 39 80 1 6 0  

0 1 0  46 40 8 0  

2 0  40  5J 40  8 0  
�-

1 0 , 2 40 1 0 , 2 40 6 1  0 1 0  

1 0 , 240 1 0 � 240 67 1 6 0  32 0 

640 32 0 7 4  2 0 , 48 0  2 0 , 4 8 0  

1 6 0  4 0  8 1  2 0 , 48 0  40 , 960  

86 40 , 96 0  1 6 3 , 840 

9 9 8 1  ' 92 0 8 1 , 920  

1 1 0  2 , 56 0  5 , 1 2 0  

1 2 5  64 0  640 

1 3 5  8 0  32 0 

1 46 8 0  1 6 0  

1 56 2 0  1 0  

* Boos ter in j ec t ion o£ 5x1 0
9 S RBCs g iven in t r avenous ly . 
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F IGURE 7 . 1  Immun e r es pon s es of opos sums an d r a bb i ts 

in j ec t ed in t r av enous l y  w i t h  Sx 1 0 9 S RHCs . 
A �rows A an d B indic a t e  t h e  days w h en s �cond 
in j ec t i on s  wer e g iven to op os s ums an d r a bb i ts , 

r es pec t iv el y . 
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cy t es was inj e c t e d .  Tab l e  7 . 2 an d Fig . 7 . 2  s how the 
r es ul ts of in j ec t ing 2 5x 1 09 S RBCs in travenous ly . Al t hough 
at this l evel of an t ig en the r es pons e curves of t h e  
opos s um an d r abbit  ar e s imilar th er e is s ome s ugg es t ion 
that the pr imary an d s econ dary r es pons es of the opos s ums 
ar e s ho r t e r  than thos e of the r abb i ts . However , the 
maximum t i t r es r eached are s im i l ar in the two species 
( Opos s um , 8 1 , 92 0/ log 1 0=4 . 9 ; r ab b i t , 40 , 96 0/ log = 4 . 6 )  
as ar e t he times taken t o  do s o  ( 50 days f or opos s ums ; 
56 days for r ab b i ts ) .  

b .  An t i body r es non s es t o  BSA 

In g ener a] t erms the r es pons es of opos s ums an d 
r a.bbi  ts t o  BS A  in j e c t e d  in t r amus cularly w i th Fr eun d ' s  

a d j uvc-1:'"i ts wer e  s im i l a r  ( 'fable  7 .  4 an d Fig . 7 .  3 ) .  Th e m axi ­

mum t i t r es r e c o r d e d  f or b o t h  s pec ies wer e s im i lar as was 
the t i m e  t ak en to  r e ach them ( Tabl e 7 .  2 ) .  Th G us e of 
a dj uvan t ma de t h e  d is t in c t i on b e tween pr im a r y an d s econ ­
dar y  r c� pons es s omewha t diff icul t to def in e . However , 
f r om Fig . 7 . 3 ,  t h er e is a s ug g es t ion th at th e pr im ary 
r e s pons e in the opos s um s  may h <lve s t ar ted to wan e ar oun d 
day 3 0  or 40 wh e r e as in r abb i ts this was m o r e  l ik e l y  t o  
have been aroun d  day 7 0 . A del ay o f  s ome 1 5  to 2 0  days 
was s e en in in dividuals of both s pec ies in res pon din g 
in i t i al ly t o  th e an t ig en . 

c .  Immunoglobu l in c l as s  dis t r i bu t ion of an t i -SRBC 
an t ibodies 

The haem ag g l u t inat ing ac t iv i t i es of the thr ee S epha­
dex G- 200- der ived f r ac t ions ar e s hown in Tables 7 . 5  an d 
7 . 6 an d in Fig . 7 . 4 .  A compar is on of the t i tr es recorded 
for whol e  s er a  ( Tabl es  7 . 1  and 7 . 2 )  wi th thos e of the 
fr ac t ions s hows th a t  fr ac t ion a t ion always r es u l t e d  in a 
con s i der ab l e  l os s  of an t ibody ac t ivity . 
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Tab l e  7 . 2 The h aemagg l u t inat ion t i t r es of opos s ums 
an d r ab b i ts in j ec t e d  in t ravenous ly wi th 
2 5x1 09 SRBCs . 
------------------------------------------------------------

Opos s um Rabbit  

Day No . 3  No . 4  Day No . 3  No . 4  

0 0 0 0 0 0 

5 1 6 0  2 0 7 2 0 2 0 

1 0  160 1 , 28 0  1 4  1 6 0  8 0  

1 5  640 1 , 2 80  2 1  1 6 0  1 , 2 80 

2 0  20 6 4 0  2 8  640 1 0 , 240 

3 1  640 35 1 6 0  32 0 
* 

40 1 0  32 0  42 80  1 6 0  
* 

45 1 6 0  40 , 96 0 49 40 1 0  

50 2 0 , 480 8 1  ' 92 0 56 40 , 960 1 0 , 240 

60  5 , 1 2 0  2 0 , 48 0  6 3  5 , 1 2 0  5 ' 1 2 0  

6 7  5 , 12 0  2 '  56 0 7 0  2 , 56 0  5 ' 1 2 0  

7 4  2 , 560 1 , 2 8 0  7 8  2 , 56 0  5 , 12 0  

8 0  2 , 560 640 84  2 , 56 0  2 , 56 0  

9 0  1 , 2 80 640 91  2 , 56 0  2 , 56 0  

9 7  6 40 640 99 2 , 56 0  1 , 280  

1 02 6 40 40  1 07 1 , 2 80  640 

1 08 40 40 1 1 2  1 , 2 80 6 40 

120 1 , 2 8 0  1 6 0  

128 1 , 2 8 0  1 6 0  
1 36 8 0  40 

* Boos t er in j ec t ion of 2 5x109 S RBCs g iven in t r a  venous ly . 
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F IGURE 7 . 2 Immun e r es p ons es o f  opos s lli-.n s  an d r abb i ts 
in j ec t ed in t r aven ou s l y  w i th 2 5x i 09 S RBCs . 

A r r ows A an d B in dic a t e  t h 2  da ys wh en s ec on d  
in j ec t ion s wer e g i ven t o  opos s ums an d r a b b i ts , 

r es p ec t i v el y . 
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Tab l e  7 . 3  The l og 1 0  values of m aximum haemagg lut in a t ion t i tr es recorded 
for oposs lli�s an d r abb i t s  in j ec t e d e i ther w i th S RBCs o r  BSA . 

An t ig en 

S RBCs 5x1 o9 

S RBCs 2 5x 1 0 9 

BSA , 2 0  mg 
w i th FCA

4 

An imal 

Op . 1  
Op . 2  

Rb . 1  
Rb . 2  

Op . 3  
Op . 4  

Rb . 3  
Rb . 4  

Op . S  
Op . 6  

Rb . 5  
Rb . 6  

Pr imary 

Ti t r e  

1 . 9  
2 . 8 

2 . 5  

2 . 8 

2 . 8 
3 . 1  

2 . 8  
4 . 0  

2 . 2 

2 . 5 

4 . 6  
4 . 3  

1 Days 

1 0  

1 0  

2 9 
1 4  

1 5  

1 0  

2 8  

2 8  

2 6  

3 7  

6 6  
6 6  

S econ dary 

T i t r e  

4 . 0  
4 . 0  

4 . 9  
5 . 2 

4 . 3  
4 . 9  

4 . 6  

4 . 0  

4 . 9  
5 . 2 

(· . 1  
� '; � - '-' 

2 Days 

1 0 
1 0 

38 
2 5  

1 0  
1 0  

7 

7 

66 
40 

1 9  
1 9  

3 Max . days 

40 
40 

99 
86 

50 
50  

56 
56 

1 1 0  

8 3  

1 06 
1 06 

1 )  Ref ers t o  days f o l l owin g primary in j ec t i on ; 2 )  R C?f er s  t o  days f o l l owing s econd­
ary in j ect ion ; 3 )  Refers t o  maximu111 days f r om in i t ial in j ec t ivns of an t ig ens ; 4 )  
FCA- Fr eun d 1  compl e? t e  adjuvan t . 

1--' 
\() 
0 
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Tabl e  7 . 4  Th e  haemagg lut in at ion t i t r es o£ opos s ums an d 
r abbi ts in j ec te d  in t r amus cularly with 2 0  mg o£ 
BSA in Freun d ' s  adj uvan ts . In i t i a l  inj ec t ion 
us ing Fr eun d ' s  complete  adj uvant . 

Opos s um Rabb i t  

Day No . S  No . 6  Day No . S  No . 6  
·-----

0 0 0 0 0 0 
7 0 0 1 .L  1 6 0  0 

1 4  2 0  0 2 1  6 4 0  0 
26  1 6 0  40 2 8  1 , 2 8 0  8 0  
37 8 0  32 0 35  2 , S6 0  32 0 

* 44 1 6 0  32 0 50 5 '  1 2 0  1 0 , 2 4 0  
5 1  6 40 32 0 5 9  2 0 , 48 0  1 0 , 2 40 
59 640 6 40 6 6  40 , 96 0 2 0 , 48 0  
7 6  1 , 2 8 0  2 0 , 4 80 73  40 , 960  1 0 , 2 40 
83 5 '  1 2 0  1 6 3 , 8 4 0  8 1  2 0 , 48 0  5 , 1 2 0  

-)(-1 00 2 0 '  480  8 1 , 92 0  87 5 , 1 2 0  2 , 56 0  
1 1 0  8 1  ' 920 8 1 , 92 0  9 4  40 , 9 6 0  5 '  1 2 0  
1 1 6 p, 1  ' 92 0  8 1  ' 92 0  1 01 8 1 , 92 0  40 , 960  
1 2 4  2 0 , 480 40 , 960 1 06 6 55 , 36 0  1 6 3 , 8 40 
1 30 2 0 , 480 40 , 96 0  1 1 8 40 , 9 6 0  8 1 , 92 0  
1 41 1 0 , 240 40 , 96 0  1 2 9  2 0 , 48 0  8 1 ' 92 0 
1 48 Died 2 0 , 48 0  1 44 2 0 , 48 0  1 0 , 2 40 
1 59 5 , 12 0  1 53 1 0 , 2 40 5 , 1 2 0  
1 6 9  2 , 56 0  1 6 4  5 , 1 2 0  2 , 56 0  
1 8 4  2 , 56 0  1 8 0  1 6 0  4 0  

* Boos t er inj ec t ion of 2 0  mg o£ BSA in Freun d ' s  adj uv an t  
given in tramus cu l ar l y . 
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F IGURE 7 . 3 Immun e r c.s pol! s e o .f  opos s um s  an d r a b b i t s 

in j e c t e d  in t r am us c ul a r J y w i t h  2 0  m g  of BSA in 

F r eun d ' s  c omp l e t e  a.dj uvan t . Ar :c ows A an d B 
in dic <:1. t e  t h e  da ys wh en s cc on d i n j ec t i o n s  

w e r e g i v en t o  opos s ums an d r a b b i t s , r es pe c ­
t iv e l y .  
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Tab l e  7 . 5 K in e t ics o£ an t ibody r es pons e in adu l t  opos s um an d r ab b i t  
immun ized wi t h  5x1 09 S RBCs , in t r aven ous ly . 

Day 

0 
5 

1 0  
1 5  

2 5  
* *  

3 5  
40 
45 
so 
55 

* 
F 1  

0 
40 

32 0 
8 0  
8 0  

5 
8 0  
8 0  
8 0  
2 0  

Opos s U..'T.'- 2 

F2 

0 
2 0  
2 0  
2 0  
4 0  

0 
640 

5 , 12 0  
5 '  1 2 0  
2 '  56 0 

F 3  

0 
5 
0 
5 

1 0  
0 
0 

1 0  
0 

0 

Da.Y 

0 
7 

1 4  
2 9  
53  
6 1 -)H:-
74 
99 

* * *  

-

F 1  

0 
1 6 0  
640 

1 6 0  
8 0  

32 0 
2 0  

Rabt n t 2 

F2 

0 
40 

1 6 0  
1 6 0  

40 

1 0 , 240 
5 ' 1 2 0  

S ephadex G - 2 00 g el f il t r a t ion f r ac t ions ; Secon d  in j ec t ion g iven . 

F3 
0 
0 

2 0  
0 

1 0  

0 
0 

I-' 
1.0 
w 



Tab le 7 . 6 Kin e t ics of an tibo dy r es pons e in �dul t opos s um and r abbit 
immun ized wi th 2 5x1 o9 S RBCs , in t r avenous l y . 

Day Opos s um 3 
Day 

Rab b i t  4 
-)(-

F1 F2 F3 F1 F2 F3 

· o 0 0 0 0 0 0 0 
5 2 0  5 0 7 1 0  1 0  0 

1 0  1 6 0  1 6 0  2 0  1 4  80 1 0  0 
1 5  6 40 40 2 0  35 4 0  80 1 0  
2 0  2 0  5 0 42 1 0  1 0  0 

* *  * -)(-
40 5 0 ') 49 l O 2 0  0 
45 40 1 6 0  0 56  1 6 0  2 , 56 0  32 0 
50 8 0  1 0 , 2 40 0 6 3 1 6 0  1 0 , 2 40 5 
6 0  2 0  2 , 56 0  0 70  40  2 , 56 0  5_  
67 0 2 , 56 0  2 0 7 8  8 0  2 , 56 0  2 0  
8 0  5 1 , 2 8 0  0 8 4  1 0  2 , 56 0  2 0  
90 0 1 , 2 8 0  0 91 2 0  1 , 28 0  2 0  

1 02 5 640 0 99 2 0  1 , 2 8 0  5 
1 07 2 ()  1 6 0  1 0  1-' 

1 2 8  0 40 \0 0 � 

* S ephadex G-200 g el f iltr a t ion f r ac t ion s ; +:- * S econ d in j ec t ion g iv en . 
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F IGURE 7 . 4  TI1 e l ev els o£ an t i b o dy ac t iv ity in t h e  

IgM an d IgG f r ac t i on s  o f  immun e s er a  f r om 

opos s ums an d r ab b i ts , g iven Sxl 0
9 

S RBCs ( a ) 
9 

o r  2 5x 1 0  S RBCs ( b ) .  Ar r ows A an d B in dic a t e  

the days w h en s ec on d  in j e c t i on s  w e r c. g iv en 

:i.n opos s ums an d r ab b i ts , r es pe c t i v e l y . 
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In b o t h  opos s ums ill1 d r abb i ts the maj or ity of the 
an t ibody ac t iv i t y  was f oun d in t he IgM frac t ion dur ing 
th e pr iniary r es pons e .  Fo l l mvin g s ec ondary s t imul a t ion 
both s p ec ies s howe d s harp i n c r eas es in t h e i r  IgG l evels , 
r e aching peak t i t r es in 1 0  to 1 5  days i"ol l owing s e con dary 
in j ec t ion . Th ere  was al s o  an in i t i al incr eas e in the 
I gM l evel dur ing t h e  s e c on dary r es pons e ,  bu t this was 
always l es s  than the pr im ary respons e l e\rel . W i t h  h igh er 
con c en t r  n. t ion s o f  ill1 t i g en bo tll s pe c i es s hovved e l evated 
l evels o f  I gG an t i bo dy for l on s v: r  p er iods of t ime . 

The da i.. 0. ar e t o o  l im i t ed t o  make an )' def in i t e  
as s es smen t  o£ the an t j b o dy dis n: i but ion b e tween t h(� I gJ'vi 
an d IgG c l as s e s . Fr on� F �-CJ . 7 .  4 i t  do es ctppe0.r , L ow•:ve r ,  
th a t the dis tr ibut ion o� haem aaa l u t in a t in g  ac t iv i t y  b e t ­

w e en the h,' O immun o g l o b u l in c l as s es was s im i lar :in b o th 
s pecies f o r  b o t h  dos e s  of an t :i_rJ en a. t an y g iv en ph as e of 
t h e  i.mmun e r e s p ons e .  An exc ep t _; on t o  tb is may b e  t J.1 e  
mo r e  trans ien t app e a r .::.;.n c e  of I g l"! in t h e  s e c on dar y  :r es ­

pons es of opos s ums t h an o c c u r r e d  in t h e  s e c on dar y  r es ­
pons es of r abb i ts . 

7 . 4 Dis cus s :i. on 

Any dis c u s s ion of th es e res ul ts mus t be pr efac e d  
with C:L'1 adm.iss i on th a t  "they ar e der ived f r om a smal l 
numb er of an imals . Th e us e of addi t i on al an imals wou l d  
have made s er um f r ac t ion a t i on impr ac t icab l e  an d th e 
cho ic e  was m ade t o  fol l ow the an t ibody r es pons es of  a 
few an imals a t  s hor t in t ervals r athe r  than mon i t or a 
g r eat er number l es s  fr equen t ly . Fur thermore i t  s houl d  
b e  p o in t ed th at this dis cus s ion i s  c onfin ed t o  a c ons i­
der a t ion of the an t ibody r espons es of metathe r ians to 
ei ther S RBCs or BSA on l y . 

Obvious differ en c es wer e s een in the r es pons es of 
the two s pecies t o  the l ower dos e of SRBCs in j ec t e d .  
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Firs tly , the t ime t aken to  r e ach the peak haemagg l u t i­
n at ion t i t r e  in th e opos sums was abou t half that of the 
r abbits . This was l es s  appar en t when a larg er dos e of 
S RBCs was us ed al though ther e s t il l  r emain ed an in dic a­
t ion that the opos s ums reac t e d  more pr cmptly th an did 
r abbits . Thes e res ul ts might in dica t e  th at a re l at ion­
s hip c l e ar ly exis t s  between the amoun t of an t ig en in j ec­

t e d  an d t he t im in g  of the r es pons e  to  th is an t igen . 

This pos s i b i l i ty coul d be eA�lored by us ing a g r e a t er 
var iety o f  ery throcyte dos es f o r  immun izat ion . 

S econ dl y , th e haemag g l u t in at ion t itres of the r a h b i ts 
inj ec t e d  with th e lower: dos e of s heep eryth T ocy ':.: es wer e 

, 

8 - to 1 6 - t imes t hos e of th e opos s ums . \!Jhen t h e  l ar g er 
dos e of S RBCs was us ed the t i tres of the two s pec i es 
wer e very s im i l ar , a s i tu a t ion br ou g h t abou t by imp �ov e d  
r es pons es on t h e  par t o f  th e opos s mns an d a r e l at ive 
dec l in e  in thos e of th e r aob i ts . 

Yadav ( 1 973 b) r epor t e d  t h a t  the s erum of an oposs um 
which had r ece iv ed , over a per i o d  of on e ye ar , an uns pe · ·  
c if i8d n um b er of in tr a-per i t on eal in j ec t ions of 2 m l  
amoun ts  o f  a 2 0  p e r  cen t  s us p en s  ion of S R BCs h a <i  a h aema­
gglutin a t ion t itre of 512 , th e as s ay s ys t em us e d  was n o t  
s pecif i e d . What t his s ing l e  t i t r e  mea:n.s r e l ative to  the 
r es u l t s  g iven her e cannot be imag in e d .  

Thomas et al . ( 1 972 ) immun iz e d  quokk as s imul tan eous ly 
with S RBCs , S . adel aide f l ag e l l a  an d bac ter ioph ag e 0Xl 7 4 . 
Two 2 m l  amoun ts  of a 20 per cen t S RBC s us pen s ion wer e 
in j ec ted in t r a-per itoneal l y  over 2 1  days . S even days 
after the s econ d  in j ec t ion the s in g l e  an ima l  repor ted 
on had an t i - SRBC agg lut in ins a t  a t i tre of  1 6 , the s er o ­
log ic al m e thod us ed was n o t  des cr ibe d .  

Marx e t  al. ( 1 971 ) des cr ibed max imum haemagg lu t in a­
tion t i t r es of 6 4  in Q . virgin ian a . However ,  the immun iza-



1 98 

t ion an d b l eedin g s chedules wer e  s omewhat unor t ho dox 
and may h ave con tr ibu t ed t o  t hes e l ow values . The aut hors 
c l aimed that th e "c e l l  dens i t y " of the opos s um s pl een 
was 1 /l O th that of a mous e spl een ; fur thermore , the 
opos s um s p l een res pons e ,  as m eas ure d  by a pl aque as s ay , 
was "inf er ior " to "t hos e of o ther s pec ies " .  Pl aque 
as s ay s ys tems provide a direc t meas ure of the number of 
l ymphocyt es wi th in a populat ion tha.t ar e capab l e  of r es ­
pon din g t o  a given an t ig en an d are wel l  s u i t ed t o  s tudy 
the r es pons e to SRBCs . This appr o ach was con t emp l a t e d  
in the p r es en t s tudy ,  but prel im in ary exper imen ts with 
the pl aque ing s ys tem s howed th a.t  l ar g e  numbers of an imals 
would b e  needed t o  g ive s ign ifican t  r es ul ts . 

The dis tr ibu t ion of an t ibody ac t ivity b e tween t he 
Igr1 an d I gG immun o g l obu l in cl as s es of immun e s e r a  has 
r ece ived s ome at ten t ion in t h e  l i ter ature . Th is dis t r i -­
bu t ion i s  doub t l es s  depen den t t)n m an y  fac tors in c l u di n g  

the pr ior an t ig en ic exper ience of the in div i du al , the 
a11 im al � s  ( immun e )  g en e t ic compos i t ion , the type of an t i­
g en us ed �� d in par t icular its degr e e  of t hymus depen ­
den cy or  in dependency . Fur thermor e , i t  may als o depen d 
on th e r e l a t iv e  eff icien c i es of an t ibodies of diff er en t  
immur. og l obu l in c l as s es in b eing abl e  to par t i c ipate in 
the as s ay s ys tem us ed . For thes e r e as ons i t  s eems poin t ­
l es s  t o  t r y  t o  c ompar e the pres en t l imited r es ul ts with 
equal ly l imited on es from o th er s pec ies . A fair g en er al 
s tatemen t would be that t he r es u l t s  f it a " typical " 
eu th er i an pat t ern in that IgM domin a t ed the pr imary r es ­
pon s es an d IgG the s econ dary r es pons es . 

In g ener al t erms the dis t r ibu t ion of the haemag g l u­
t inat ing act ivity b e tween t he IgM and IgG immun og lobu l in 
c l as s es throughout the an t ibody r es ponses was s im i l ar 
in th e two s pec ies . IgM may h ave had a more t r ans ien t  
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rol e in the s econdary r es pons es of the opos s ums than 
in r abb i ts but the dat a  ar e s o  l im i t ed th at  t his mus t 
r em a in on l y  an impr es s i on .  

I t  was in i t ial l y  p l ann e d  t o  s tu dy the c ar r i er eff ec t  
ill� d h apten dis cr imin a t ion in r . vulpecul a by us ing combi­
n a t ions of KLH- 1N P  an d BSA- DN P .  However , af t e r  r epea t e d  
in j ec t ions o f  t h e  BSA- DNP con j ug at e al on e  in to opos s ums 
over a 3 mon th per io d no an t ibody to BSA coul d be  de tec­
t e d  b y  pas s lve haemagg l u t inat ion t echn ique . The us e of 
an adjuvan t s e emed n eces s ary if a r es pons e to a s olubl e 
pro t e in was to be achieved in the opos s um .  

As j u dg e d  by t h e  an t i- BSA t i tres r e ached an d th e 
t im es t ak en to  do s o  t h e  two s pec ies s howed s im i l ar c apa­
b i l i t i es . Table 7 . 4 cou l d  pos s i b ly be in t erpr eted as 
s howin g tha t the pr imary res pon s es of t h e  opos s ums wer e  
again m o r e  br i ef than t hos e  of r abb i ts an d als o o f  a 

l ower magn i t ude . In r e t r os pec t the boos er in j ec t i on s  of 
th e opos s ums coul d wel l  have been de l ayed s omewhat in 
o r der �o g ive the an im als mo r e  t ime in which t o  s how a 
defin i t e  chang e in t he ir an t ibody l evels . 

Twen t y - on e  days af ter the in j ec t ion of 1 00 mg of 
BSA in Fr eun d ' s  comp l e t e  adj uvan t a quokka had an an t i ­
BSA t i tre , meas ur e d  by a pas s ive haem ag g l u t inat ion t ech­
n ique , of 1 024 ( Thomas e t  al . ,  1 972 ) . This  s pec ies , as 
w as als o n o t e d  for r . vulpecul a ,  did n o t  s how a vigorous 
s econ dary r es pons e .  Thus twenty five days l at er , an d 
af t er r ec e iving a fur th er 50 mg of BSA in tr a-per i t on e al l y , 
the t it r e  r emain ed a t  1 024 . Aft er a fur ther BSA in j ec ­
t ion the t i tr e  even tual ly r os e  t o  1 06 , a t i tre  s ome 4 
t im es g r e a t er than that  recorde d  her e for r . vu lpecul a , 
but in g en er al the r es pons es of th es e two s pecies t o  
BSA were n o t  dis s irn i l ar . 
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Fol lowing in tramus cul ar inj ec t ions of BSA in to 
Q . virgin iana , Taylor an d Burr e l l  ( 1 968 ) s howe d th at 
on e o£ the two opos s ums s howed a peak haemag g l u t inat ion 
t i tr e  of 1 024 about 3 weeks after a boos ter in j ec t i on , 
the o ther on e di d n o t  s how any an t ibodies . Wh en t he 

au thors us ed KLH as the an t ig en , three out of four 
opos s v.ms s howed haemagg l u t in a t ing an t i bo dies a l though 
on e an imal s howe d an t i bodies on ly af ter 18 we eks of 
pr im ary inj ec t ion . The peak t i t r e  obtain ed ( 4096 ) f o l ­
l owin g a b o os t e r  in j e c t ion wi th KLH was h igher than 
that a t tain e d  ag ains t RS A in the o t her an imals . 

From the dat a ava i l ab l e  i t  w ou l d  s eem th a t  _! . v u J pe ­

cnla is as ef£ic ien t as o ther modern m e t a  ther ians  in i ts 
abiJ i ty t o  r es pond t o  e i ther SRECs or BSA . Indeed , the 
an t ibody r es pons es of this en t ir e  gr oup s e em typ ic a l l y 

euther ian in both the expec t e d  l e v e l s  of an t i bo dy pro­
duc ed an o in t h e  immun o g l o b u l in c l a s s es exp r es s ed .  
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CHAPTER 8 

CQ� C LUD ING S TATEMEN T 

Th is in ves tigat ion has con s i der ed a number o£ B 

cell  fun c t ions in _! . vu lpecu l a . It has es tabl is hed that 
this s pecies has B c e l l s  which , in their s ur f ace mar -
kers an d t is s u e  dis t r i bu t ion , r es embl e  t hos e of eu the­

r ia:n s . It has als o s hown that in cul tur e thes e c e l l s  

r es p on d t o  r ec ogn i z e d  m i tog ens in a m ann er s im i l ar t o  

th e i r  eu ther :i.an coun t e rpa.r t s -· th e morphol og ies o £  the 
t r an s f ormed cells  an d t h e i r  immun oglobu l in produc ts  bein g  
th e s a.r.1 e in b o t h  c as e s . I.mrnun og l o b u l in s an a l o g ous t o  

eu t h e r i a:1 IgG , IgM an d I g A  have been i den t if i ed in T . 

\m l pec u l a .  A dm i t tedl y , t h e  s tu dy has f a i l e d  t o  demon s ­

t r a t e  the o c c u r r en c e  of s u b - c l as s es o£ i mmun og l o bu l ii' s , 

par t i cul ar l )' in regard ·e o IgG , b u t  as dis cus s ed pr evious l y  
thi s is l �<� l y  t o  be due t o  the appr oach us e d . Fin a l ly , 
t h e  a t. i l i ty o f  _! . vu lpec u l a to r es pon d to an t ig en i c s t i ­

m ul at ion was s e en t o  be  es s en t ia l ly the s am e  as that of 
rabb i ts . 

In br ief , n o  e v i d en c e  has b e en pr o du c e d  that s ug ­
g es t s t ha t  ! ·  :::ulpecul a  is in an y way de£ ic i en t in B 
c el l  capab i l i t y . However , th e c o - operat ive r ol e  o£ B 
an d T cel ls  in mos t an t ibody r es pons es is appr ec i a t ed 
an d s tudies in v es t ig at in g  T c el l  m e di a t ed h elp an d s up­
pr es s ion in an t ibody produc t ion s e em war r an t ed . 

Each c l as s  of ver t eb r a t e  an imal mus t b e  ackn owl ed­
g ed as being immun o l og ical l y  c ompet en t  or els e i t  wou l d  
n o t  s urviv e .  N ever thel es s t h e  evolut ion o f  ver t ebrat es 
has been ac compan ied by an inc r eas in g comp l ex i ty of 
immun olog ical capac i ty . By s tu dy ing th e immun e c apabi­
l i t i es of "lower " an imals we may be abl e to vis ual ize 
the s tr a t a  on wh ich the f in al eu ther ian form of immun i t y  
is bas ed . I t  is  in th is r es pec t that compar at ive immun o -
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logy provides a fruitful and impor t an t ar ea f or inves ­
t ig a t i on .  

It  is becaus e of t h is liapor t ance that compar at ive 
immuno logy holds t hat t his t hes is en ds vd t h  a plea . Val id 
compar is ons of the  immun e capab i l it ies o£ diff eren t  
clas s es of an im als will  b e  pos s ib le on ly when a mor e 
s tandard inves t ig a t ive appr 8ach is us ed . It is the au t hor r s 
f irm hope t hat the us e of a bat t er y 8£ s tan dar d an t i-
g en s , err.pJ .oyed in an ag r e ed f as h ion : the r es pons es t o  

which ar e as s ayed b)' s t an da::::· d  t e c hn ique s c an b e  adopt e d . 

I t  woul d n o t  b e  d iff i cu l t  t o  ext en d this con c e p t  t o  c o ver 

f ie l ds s uch as Bitogen r e s pon s iven e s s  by cells in cul -
tur e a:-1 d the many other d iver s e  areas which m akE=: compa ­

rat ive i mmun o l ogy s o  f as c in a t ing . S u ch an appr. oacb. w o u l d  

n o t  pr e c l ude t he us e of addi t i Jn a l  an t igen s e i t her as a 
pers on a l  pr ef e r en c e  or :for a par t i cular pur pos e but i t  
would cer t a in ly r e duc e t h e  c onfus i on t ha t  n o;1 c. x is t s . 
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York , USA .  

IC I ,  Imper i a l  Chemic al Indus t r i es , Mac c l es f ield, Cheshir e ,  
Gr eat Br it ain . 

Kayl ine Plas t ics , Pl ymp t on , S o u th Aus t r al i a . 

Nyegaard Company , Tor s hov , Os l ow 4 ,  Nor way . 

Pharm ac i a  Fin e Chem icals  AB , Upps a l a ,  S weden . 

Radiochem t c al Cen tr e , Amers ham , Eng l an d .  

Rohm an d  Haas N . Z .  Ltd . , Otahuhu , Auck l an d ,  New Zeal an d .  
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S igma Chemical  Company , S t .  Louis , USA .  

Shel l Chemicals N . Z .  Lt d . , 9 6 , The Terrac e ,  Wel l in g t on , 
New Zeal an d .  

Wel l  c om e  Res ear e h  Labor ator ies , Becken h �lm , Ken t , 
En g l an d . 

Wha tman Lt d . , Spr ing£ i e l d  Mi l l , Mai ds t on e ,  Ken t , 
Eng l an d .  



APPEN D IX I I  

Bu££ ers an d r eagen ts 

Ac e tyl ac e t on e  r eagen t 

Ac e ty l ac e t on e  1 ml 

S o dium carbon ate , 0 . 5N  50 ml 

Fr es hly pr epar ed each t ime . 

Am ido Bl ack s t ain 

.'\m i do Bl ack 
Ac e t ic ac id , 1 M  

S odium ac e t a t e ,  0 . 1 M 

G lyc erol 

1 gm 

42 5 ml 

42 5 ml , 

1 50 ml 

Bar b i t a l buffer  £or immw1 oel ec trophores is 

S odium bar b i  t al 

Bar b i tur ic ac id 

S o dium ac e t a t e  

Dis t i l l e d  wat er t o  mak e  

Ion i c  s t reng t h  
pH 

1 0 . 3 1  gm 

1 .  8 4  gm 

6 . 8 0  gm 

1 000 ml 

O . H 1 
8 . 6 

Barbi t al bu££er £or s tarch b l ock el ectrophor es is 

S o dium bar b i tal 

Bar bi tur ic ac id 

D is t il l ed wa t er to mak e  

Ion ic s t r en g th 

p H  

1 9 . 95 gm 

3 . 41 gm 

1 000 m1 

0 . 1 M 

8 . 6  

2 57 

This buffer is diluted 1 : 1 with dis t i l l ed wat er 

to g ive a f in al mo l ar ity o£ 0 . 05M b efor e us e .  

Coomas s i e Br il l i an t  Blue s ta in 

Coomas s ie Br i l l ian t  Blue 

Methanol - ac e t ic ac id-water 
( 5 : 1 : 5 )  

0 . 2 5 gm 

1 00 ml 



Cys t e in e  r eagen t 

Cys tein e  hydrochlor ide 

Dis t i l l ed water to  rn��e 

Ehr l i�h '  s r eagen t 

p- dime thyl am in o ben zal­
dehyde 

Methan ol 

Con c en t r a t ed HC l 

3 gm 

1 00 ml 

0 . 8  gm 

30 . 0  ml  

30 . 0  m l  

Diphen y l am in e  1 gm 

G l ac i a l  ac e t ic ac id : c one . 
b Ulphur ic ac id ( 9 : 1 ) 1 00 ml 

Epoxy - r es in m i x t u r e  

Comp on en t A ( Epoxy- r es ir:.. , 
Flul<:: a ) 

Cornnon en t B ( Har dn er 96 4 ,  
Fluk a ) 

Compon en t c ( Acc e l etor 
Fl uk a ) 

Compon en t D ( Di - n - butyl 
ph t hal at e , BDH ) 

96 4 ,  

5 . 47 gm 

4 . 7 9  gm 

0 . 2 0 ml 

0 . 1 0 ml 

2 5 8  

0 
Compcn en ts  A an d B wer e mixed , l eft at  60 C £or 5 

m in an d then r e- m ixed thoroughly in a vor t ex b l en der . 

Compon en ts C an d D wer e then added to  this mixture 

an d mixed thoroughly . 

Gel  bu££ er £or S DS - PAGE 

N aH
2

P04 
N a

2
HP04 

S o dium dodecy l s ulpha_te 

6 . 8  gm 

2 0 . 45gm 

2 . 0  gm 

Dis s olve an d dil u t e  to  1 000 m l  with dis t i l l ed 

wat er . pH s ho u l d  be approximately 7 . 0  at 2 5°
C .  



G l ac i al ac e t ic acid-Sulphuric  ac id mixtur e 

G l ac i al ac etic ac i d  

Su lphu r ic ac id , 
c on c en tr a t e d  

S ulphuric ac id , con c en t rated 

Dis t il l ed water 

Karn ovsky ' s f ixa t ive 

Form al dehyde 

Glu t araldehy de 

Phos phate buffer , O . l M ,  
p H  7 . 2 t o  make 

Lead c i tr a t e  s tain 

90 m l  

1 00 ml 

6 volum es 

1 volum e  

2 ml  

3 ml 

1 00 ml 

u�ad ci tr ate  0 . 02 5  gm 

S o di urn hydr oxi de , 1 0N 0 . 1  ml 

Dis t i l led v,;a t er to mak e  1 0 . 0  ml 

Or c in oJ - s ulphur ic acid r eagen t 

Reag en t A :  
S ulphur ic ac i d , 

c on cen t r a t e d  

Dis t il l ed wa t er 

Reag en t B :  

Or c in o l  
Dis til led water 

Reag en t  A 

Reag en t  B 

Phosphat e buffers , pH 8 . 0 

0 . 03M S ol u t ion A :  N aH2 Po4 . 2H20 

S olut ion B :  N a, HP04 . � 1 2 H2 0 

Mix s ol u t ion A 

s olut ion B 

60 ml 

40 m l  

1 . 6 gm 
1 00 ml 

7 . 5 volum es 

1 . 0 vol um e  

4 . 6 8 gm/1 L  

1 0 . 7 5 gm/1 L 

53 m l  

947 ml 

2 5 9  

\ 



0 . 04M Solut ion A :  N aH2 PO 4 . 2 H2 0 

S ol u t ion B :  N a2 HP04 . 1 2 H2o 

Mix s olut ion A 53 ml 

s olut ion B 947 ml 

0 . 05M So lut ion A :  N aH2 Po4 . 2 H2 0 
S o  1 u t  ion B : N a2 HPO 4 . 1 2 H2 0 

0 . 1 M 

Mix s olut ion A 

s olut ion B 

5 3  ml 

947 ml 

S ol u t ion A :  N aH2 PO 4 . 2 H2 0 
S olution B :  N a2 HPO 4 . 1 2  H2 0 

Mix s olu t i on A 5 3  ml 

s olu t ion B 947 ml 

Phosph<;l-t e  buffer , 0 . 011\1, pH 7 . 2 

N a2 HPO 4 . 1 2 H
2

0 

KH2 Po4 
Di s t i l l ed wat er to lilak e  

26 0  

6 . 2 4 gm/l L 

1 4 . 3 3 gm/1L 

7 . 8 0 gm/1 L 

1 7 . 91 gm/l L 

1 5 . 6 0 gm/1 L 

35 . 82 gm/ l L  

2 . 5 1 g m  

0 . 41 gm 

1 00 ml 

Phosphat e buff er for s t arch 81 ock el ec trophor es is 

NaH2 P04 . 2 H20 0 . 2M 2 9 . 0  mJ 

N a2HPO 4 . 1 21-120 0 . 2M 1 56 . 5  ml 

Dis t i l l ed wat er t o  make 1 000 ml  

Ion ic s tr en g th 0 . 2M 

pH 7 . 5  

Phosphate buff er ed s al in e  ( PBS ) ,  0 . 01:f'.l,  pH 7 . 2 

NaH2 Po4 . 2 H20 0 . 2M 1 6 . 5  ml 

N a2 HPO 4 . 12 H2 0 0 . 2M 3 3 . 5  ml  

N aC l  8 . 5 gm 

Dis t il ��d wa t er t o  make 1 000 ml 



S ampl e buff er for S DS - PAGE 

N aH2 Po4 
N a2 HP04 
S odium dodecyl s ulphat e 

2 -Mer captoe tha.nol  

Br omophenol  Blue 

Ur ea 

0 . 3 4 gm 

1 . 02 gm 

1 . 00 gm 

1 . 0 0 gm 

0 . 005gm 

3 6 . 00 gm 

Dis s oJ ve an d d i l u t e  t o  1 00 ml with d is t i l l e d  

wat er . pH s houl d b e  app r ox im a t e l y  7 . 0  a t  2 5
°

C .  

S d n  t i l l a. t ion f l u i d  

2 , 5 - Diphen y l  ox a z o l e  ( PPO ) 

1 . 4- b is ( 2  ( 4-methy l - 5 -phen y l  
oxaz o l y l ) ) b en z en e  
( Dime t hy l POPOP ) 

Tol u en e 

Tr i t on X- 1 0 0 

S odium phosphat e buffer , O . OH1, p H  7 . 0  

4 gm 

1 0 0 g m  

3 0 0  m l  

7 0 0  m l  

2 6 1  

S o l u t ion A :  

S o l u t i on B :  

N aH2 PO 4 . 2 H2 0 

N a2 HPO 4 . 1 2 H
2

0 

1 . 5 6 gm /l L 

3 . 5 8 gm/ 1 L  

Mix s olut ion A 3 9 0  m l  

s o lut ion B 6 1 0  m l  

S odium phosphate buf f er (for Pr o t ein A--S epharos e Cl - 4B 

chromatogr aphy ) , 0 . 1 5M, pH 8 . 0 

N aH2 P04 . 2 H20 

N a2HPO 
4 

. 1 2 H
2

0 

0 . 1 5M 

0 . 1 5M 

5 3  m l  

947 ml 

Tr is - HCl b uff er for S DS - PAGE (S epar a t ing ge l ) , 

1 . 5M , pH 8 .  8 

Tr izma · ( S igm a ) 
Dis s olved in d is t il l ed wat er 

pH adj us t ed to 8 . 8 wi t h  1N HCl 

Fin al volume made t o  

1 8 . 1 5 gm 
5 0  m l  

1 00 m l  



Tr is - HCl buf f er for S DS - PAGE ( S tack inq gel ) ,  

0 .  SM, pH 6 .  8 

Tr izma ( S igma ) 

Dis s olved in dis t il l ed wat er 

pH adj us t ed t o  6 . 8  with lN HCl 

Fin al v o l ume made t o  

3 gm 
3 0  ml  

s o  

Tr is - HCl -N aC l  ( O . l M Tr is , 0 .  2 M  N aCl ; pH 8 .  QJ 

Tr is 

S odiwn chlor ide  

Dis t il l ed wat er t o  m ake 

Adj us t the ' pH to 8 .  0 with lN HCl 

2 4 . 2 2 gm 
2 3 . 38 gm 

1500 m l  

... 
Make up t o  2 000 ml w i th dis t i l le d  wat er . 

Tr is -Glyc in e buff er f or S DS - PAGE 

Tr izma ( S i gma ) 
Glyc in e  

S odium dodecy l s ul pha t e  

Dis t i l J_ e d  wat er to  make 

..Lon ic s t r en g t h  

p H  

�an Blue s ta in 

Trypan Blue 

0 . 02 SM 
0 . 1 92M 

8 . 4  

S o dium chlor ide , 0 . 9% t o  make 

Ur anyl ac etate s t ain 

50 p er c en t  e th an o l  w i th 

s at ur a t ed uran y l  ac e t at e . 

6 . 0  

2 8 . 8  

1 . 0  

1 000 

Tr is 
G lyc in e  

1 gm 

l OO ml 

gm 

gm 

gm 

m l  

2 6 2  

Ur an y l  ac e t a t e  was added t o  s atur a t ion in SO per 

c en t  e t h an o l , c en tr ifug e d  an d the s upern atan t  s tor ed in 

brown g l as s  bot t l es . 



Wh i t e  c e l l  di l u t ing f l u i d  

Methyl  v:i_o l e t  

Ac e t ic ac id 

Dis t il J  ed wat er to mak e  

0 . 0 5 gm 
0 . 5 0 gm 

l OO ml . 
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APPEN D IX I I I  

His t ology of s el ec t ed lympho id t is s ues of 

_! . vulpecu l a  

A4 . 1 .  In t r oduc t ion 

2 6 4  

In v iew o f  t h e  a t t en t ion p a i d  to the iden t if ica­

t ion an d  dis tr ibut ion of B lymphoc ytes in _! . vulpecu l a  

( Chap t er 3 ) ,  i t  was f e l t  that s ome cons i der a t ion s hould 

b e  g iv en to the his t o l ogy of s el ec t ed lymphoid t is s ues 

f r om this s pec ies . 

A4 . 2 .  Ma ter ials an d Methods 

Lymph nodes an d Peye:r ' s  patches an d thym ic an d 

s p l en ic t is s ues we1- e  c ol l ec t ed from an exs an guin a t ed 

an imal . Th e y  wer e e...11bedded in par aff in , s ec t i on e d  an d 

s t a in ed \Vi th haemat oxy l in an d eos in by s t an dar d m e thods . 

A4 . 3 .  Res u l ts an d Dis cus s ion 

Fig s . A4 . 1  t o  A4 . 1 1 s how the his tolog ical appea­

r an c E.  of the t is s u es examin ed . In al l as pec ts th e 

arc hi t e c tures an d c e l l ul ar c ompos it ions  of the t is s ues 

r es embl ed thos e of eu ther ian s p ec i es . 



Fac in g  pag e  2 6 5  

F IGURE : A4 . 1 . �h n ode . Cor t ical ar ea o£ l ymph 

n ode s howin g p r imar y n odul es with g ermin al 

c en tr es . This ar ea is en c aps ul at ed by irr egu­

l ar l y  ar r an g ed f i brous c onn ec t ive t is s ue an d 

adipos e t is sue . The ar ea abov e the nodul e r e­

pr es en ts th e zon e ,  which in eu ther ian s , is th e 

thymus dep en den t ,  p ar acort ic al r t?gion . X 6 0  

F IGURE : 1\.4 . 2 .  Lymph n o de . Par t of a medul l ary cord 

an d a medul l ar y  s in us ar e s hmvn . The medul l ary 

co:r. d c on t ains pr edomin an tly plasma cells ( P ) . 

Tb.e f ew c ells  which c on t ain larg e pal e s tain in g 

nuc l ei ar e r e t icul o - en dothel ial c el ls ( E ) . The 

medu l l ary s in us c ons is ts of a thr ee- dimens ion al 

r e t icul  ual n e twork w i th f r e e  an d £ ixed m acr o­

pl; - g es an d c ir cul a t in g  l ymphocyt es ( L ) . X 6 00 

F IGURE : A4 . 3 .  ��nph n ode . Thr ee main typ es ar e r ecog ­

n iz abl e w i t hin t h is pr imary n o du l e .  Lar g e  n uc l ea­

t ed ,  pal e s ta in in g  r et icul o - en do thel ial c el l s  

( E ) , smal l , dark , nuc l ea t ed lymphocyt es ( B )  an d 

in t ermedia t e  c e l l  types of the l ympho id s er i es 

includin g l ympho b l as ts  ( Lb ) or pr olymphoc y t es . 

X 6 00 
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F IGURE : A4 . 4 .  Pey er ' s  pa t c b . Eac h n o du l e  s hows a 

dark s t ain in g c o r  on a of dens e l y  packed s m (). l l 

lympho cy t es . Th e g er m in a l  c en t r e  is an ar ea 

of ac t ive m i t o t i c  d iv is ion s . X 1 00 

F IGURE : A4 . 5 . Peyer ' s  �t c h . Hig h er nJ aqn i£ i c a t "i.or.. 

of P y e r ' s  p at c h  s how in g dark l y  s t a in in g ,  

d8n s c l y pack e d  s m n l l l ympho c y t es a t  t he p er i ­
phe r y  o£ th e g erm in al c en t r e .  X 2 40 

' 

F IGURE : A4 . 6 .  Peyer ' s pa t c h . Hig her magn if i c a t ion 

of Pey e r ' s  p atch s how in g den s e ]  y packed , 

s m a l l l ymph oc y t es ( L )  an d r e t i c u l o - en do t h e­

l ia l  c e l l s ( E ) . X 6 00 
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F IG UR E :  A 4 . 7 .  Thymus .  Ar ea of cor t ex s howin g lobu­

l es of l;,m1pho id t is s ue s ep ar ated by conn ec t ive 

t is sue . Haemos ider in is  pres en t in tl:e in t er ­

l obul ar c onn ec t ive t i s s u e , probably in dic a t in g  

t h e  deg en er at ive chan g es as s oc i a t ed with ag e 

involut ion . X 1 00 

F IGURE : A4 . 8 .  Thymus . Medul l ar y  r egion showin g  th e 

pr Ls en c e  of a Has s a l ' s  corpus c l e  ( H ) . Th r ee 

c el l  ·�ypes ar e p:r. es en t . Larg e ,  pal e s ta in ing 

cells  are the  epi t hel ial - r e t icu l ar cel l s  ( E ) ; 
S!TI.al l dark s t a in in g  c e l ls ar e matur e  T c e l ls 

( T ) ; m as t c el ls ( M )  w i t h  b lue s t ai n in g  cy t o ­

p l as m  ar e occas ion al l y  s e en .  X 6 00 
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F IGURE : A4 . 9 .  Spl e en . S ec t i on s hows t h e  c aps ule 

an d as s oc i at ed t r a b ecul ae ex t en din g in to  the 

s ub s t an c e  o:f the or g an . Areas of r e d pulp ( R )  

an d  wh i te pu lp ( W )  ar e v is i b l e . On e a r t er i o l e  

s ur r oun ded b y  l ympho id t is s ue can b e  s e en a t  

t h e  bo t t om o £  th e pho t om icrogr aph . This is 
t h e  p e r i ar t er i o l a r  l ymphatic s h ea t h  p o pu l a­

t ed by T l ymphocy t es . X 6 0  

F IGURE : /\.4 . 1 0 .  �l e � .  Higher magn if i c a t ion o£ 

s p l e en s howi n g  a p er i ar t e r io l ar l ympha t i c 

s h e a t h  en c l os in g an ar t e r i o l e  ( A ) . X 240 

F IGURE : A4 . 1 1 �  Spl e en . Hig her magn if icat ion of the 

wh i t e pulp of s p l e en s h ow in g  n um e r ous s m a l l  

lymphocyt es amon g t h e  n e twork f ormed b y  r e t i ­

cul o - en dothel ial c e l l s . X 6 00 
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APPEN D IX IV 

Mis c e l l an eous t echn iqu es 

Lynpho cyt e c oun t ing 

The lymphocy t es to b e  coun t ed wer e s us pen ded in 

2 m l  of MEM- FCS . 2 00 ul of t h is s us p en s ion was m ixed 

for 1 m in wi th  4 ml of wh i t e  cel l di l u t in g  f l u i d  ( App en ­

d i x  I I ) .  A dr op o f  t h is m ix tu r e  was p l ac ed in a h aemo ­

c y t om e t er an d exam in ed un der Xl O magn if icat ion . The 

t o t al n umber o f  c el ls in the f o u r. l ar g e  c orn er s quar es 

was coun t ed , an d mul t ip l ied by 5 0  to g i v e  the n mnbej_ of 

c el l s  per cmm ; t h is val u e  was mul t ip l ied by 1 0 00 t o  g iv e  

t h e  n mnber o f  c el l s  p er m l . 

MacN eal  ' s  s t a in 

Sm ears m ade f r om mon onucl ear c e l l  s us pens ion s wer e 

f l ooded w i t h  MacN eal  1 s s t ain for 3 m in . The added s t ain 

w as then di l u t ed w i t h  an app r ox ima t e l y  equa.l amoun t of 

phos phat e buf f er , p H  6 . 8 ,  0 . 0 1 1\1 ,  an d lef t for 6 min . 

The s t ain was was h ed f r om t h �· s l ide  wi th  dis t il l ed water 

an d t h e smear a ir - dr i ed . 

Pr epar a t i on of l iver .2owder 

Opos s um l ivers wer e obtain ed from exs an guin ated 

an im al s . They wer e d i c e d  an d was hed twi c e  wi t h  0 . 1 5N 

N aC l  prior  t o  b e in g  homog en iz e d .  The homogen at e was m ix e d  

with 4 volumes of ac e t on e an d c en t r ifu ged a t  r oom t emp­

er a ture . The pr ec ip i t at e was was hed twice wi th ac e t on e 

ill! d ,  f i l tered on a Buchn er funn el an d d£ i ed at 37°C 
overn ig h t . The dr ied c o ar s e powder was g r oun d  in a mor tar 

an d s ieved . The f in e  powder s o  o b t ain ed was s tored a t 

4°C .  
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S t a in in g thick s ec t ions of b l o cks ( el ec tron micr os copy ) 

S t ains cons is t ing of 1 per c en t  toluidin e blue  or 

4 p er c en t  b as ic fuchs in wer e us ed t o  s tain th ick s ec ­

t i ons of embedded bl ock . S t a in in g  was for 1 m in a t  8 0°C 

for each s t ain .  The sm ear s were th en was hed with  d is ­

t i l l e d  water an d air dr ied . 

S t a in ing -t h in s ec t ion s of b locks ( el ec tron m i c r os c opy ) 

The gr ids con t ain in g t hin s ec t ions wer e s t ain ed 

with u:..: an yl ac e t at e for 5 m in .  Th ey wer e t h en wa.s hed 

wi th 5 0  per c En t  ethan o l  for 2 m in an d s t a in e d  wi t h  l e ad 
ac et a t e  :for 5 m in . Th e g r i ds wer e then was hed wi th dis ­

t i l l e d  w a t e r  an d a i r  dr i ed .  

Trypan blue s t a in :i ng for C el l  v i a b i l i ty 

2 00 u l  of lymphocy t e  s us p en s i on wer e mixed with 

1. 8  ml o£ t r ypan blue s t ain ( App en dix I I ) .  Af t er 5 m in 

two hun dr ed cel ls wer e exam in ed an d t h e  n um b er s t ain ed , 

pr es umabl y  dead c e l l s , was coun t ed .  
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