
S U M M A R Y 

Bats , classi f i e d unoer the order Cn irop tera which 

origi nate d almost at the beginning of ma1;.rnal ian e volut ion, are 

known f o r their role as car r i e rs of a n umbe r of d reade d p atho­

gens without b eing i nfected . Previou s stud i e s in our laboratory 

r e ve a led a notic eably delaye d onset an d d e c ay of immune respon­

se s i n the se anir.1a ls , but little wa s k nc wn abou t the c e lls 

me c i ating immun ity in bats . In the p re s e nt wo rk, t he major 

categor i e s o f i mmunoc o mpe tent cells in the In ~i an f ruit bat 

Fte r opus gigan teus have b een c harac t e rized i n de t a il b y seve ral 

crite ria , viz. t heir adhe s s ibility t o 6 i f f erc n t substrata, cell 

surface topog r a0 hy , surfac e a n tigenic marke rs , o r g anization 

i n l ymphoid o r g an s , and ul t rastruc t u r a l detai ls . 

Cell s epar atic n technique s base d o n physic al a d he repce 

t o p l astic anc n~' lon wool distinguis hed t h ree maj o r g r oups 

of irnn•unocompe tent cel l s with d iffe renti a l surf ace a dhessibi­

l ity - the p l a stic a dhere nt cells , the n yl on woo l a dherent ' 

c e lls and the nylon wool n on a dh e rent cells . I ntake of the 

vita l dye neutral red by the p l as tic adhe r e n t cells but not 

b y e t he r c e l l type s indicate d the p ha g oc y tic natu re of these 



65 

cells . subsequent immunofluo rescence and cyto toxicity experi­

nents revealed that t h e plastic adhe rent cells were negative 

f or b oth surface Ig and Thy-1 t ype an t i gen; the n y lon wool 

adherent cells were surface Ig positive but Thy-1 negative, 

wh j_ l e the reve rse was true for the nylon woo l n on adhere nt 

cells . 

The p lastic adhere n t , nylon wool a dhere nt and nylon 

wo o l non adherent cells appeared in a ratio o f about 1: 2 :9, 

which is pretty close to the ratio of murine macro phage s, B 

and T lymphocytes obtained by sinilar tech nique s; this i ndicates 

that de layed responses in bats are probably not caused by a 

def iciency in the type or quanta of the im1unocompetent cells. 

Next, scanning electron microsc Opic analysis delineated 

significant differences in surface t opograp hy among these three 

categories of cells . Th~ plastic adherent c e lls were charac­

terized by their possession of different types of pseud opodia, 

the n y lon wool adherent cells showed small microvilli, while 

the nylon woo l n on adherent cells characteristically had a 

smooth cell surface . These feature s are in compliance with the 

macrophages , B and T lymphocytes respectively of many other 

manmals . 
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A s mall g r ou p o f p l astic aohere~t cells p ossessing 

b ulb uo us protrusi ons were di stinguished by SE M from the usual 

pseud opodia beari ng p lastic adherent cells; these cells 

reserrbled the rrurine follicular dendritic ce l ls . Such cells , 

because of their proven r o le in a n tigen retention and presenta­

t i on to other lymphoid cells in mouse, rat , man etc. led us 

to propose that they might have irrportant irrp licat ions f or the 

delay in decay of immune responses in bats . 

Significant changes in surface top o grap hy of especially 

the nylon wo ol adhere nt cel ls were not e d after in Y!Y2 stimula­

tion with a model antigen like sheep erythrocytes . A n o table 

i ncreas e in surface ruffling and the production of long fila­

men tous s p ikes on t he su r f ace of ny l e n wool adherent cells 

possibly r eflectec a n alte rat i on i n membrane flui d ity which 

is u s u a lly a ssoci ated with t ransiti o na l c h anges i n t he l i p i d 

bi l ayer of the membrane during lymp hocyte transformation. 

Further characterization o f the c e ll t ypes was brought 

about by a nal y ses of cell surface anti ge nic moietie s. In c ourse 

of t h is study , serurr irrmunog lobulins o f bat isc lated by affinity 

c h roma t ograp hy, were fract i c nated into two rr.ajor clas ses by 

gel filt ration . The molecu lar we ights of these twc fraction s 

a s judged by the ir chr omato graphic elution pattern and their 



67 

relative electrophor e t ic mobility re serrb led those of human Ig M 

and Ig G. These two class es of Ig thus rep resent the Ig M and 

Ig G in thi s animal. Subsequent irnn·uno f luorescence microscopy 

u sing rabbit antisera to bat Ig M a nd Ig G fractions revealed 

the presence of surface Ig M or Ig G specifically on the nylon 

wool a dherent cells , thereby confirming further their equiva­

l e nce t o the B lymphocytes of othe r mammals. Majority of the 

B ce lls possessed cell surfac e Ig M as i n o ther hig her verte­

brates >vhile presence of Ig G o n some B cells d istinguished 

them f r o m rep tilian or avian Ig Y bearing cells. 

Analysis of the tiss ue dist ribution of t he B lymphocytes 

revealed that bene marrow of b ats containe d 32 -45% B cells, 

p robably in<'i i cating that b one marrow is the prirr,ary lymphoid 

organ for ge ne ration of B lynphocytes. Spleen a nd lymph nodes 

con tained 61-7 1% and 29 - 35% B cells re s pectively; such a 

reciprocal proportion is alsc true for rrouse and man. Number 

o f B cells in peripheral blood is above 7~~ which is strikingly 

h i gher than in n ormal mo use or man; such a higher p roportion 

is encountered in human patients with certain irrmunodeficiency 

d iso r ders . The exact significance of it for the immune resp on­

se s in bat is yet to be r e solved. 

The existence of a T cell corrpartrre nt in t he bat immune 

system was conf i nned by ·the O.emonst r ation of susceptibility of 
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s pecifically the n y lon wool no n a dhere nt cells to rabbit anti­

b a t b rain serum, thereby inc icating sharing of a Thy-1 type 

cel l surface antigen between these ce l ls and brain ce l ls like 

the T lymphoc yte s of othe r ma~mals . Anti- thymocyte serum c ould 

n ot be used in this experiment because of - non availability of 

thymus in a 0ult bats due to thymic invo l ut i on as in man. Thus 

a clear d ichotomy of the lymphocytic population al o ng T and 

B lines in t he bat was established. 

In vivo a dministration of an t i-bat b r a in serum in bats 

effectively de p l e ted the T lyrrphocyte pcpu lation f r om secondary 

lympho i d organs s uch that the ratio o f p lastic adherent : nylon 

wo ol a c he rent : nylc n wo ol n o n a dheren t c el ls carre down to 

about 1 :2:4 after 72 h ours of treatment, as c on·p ared t o the 

n o rr.al ratio of 1:2:9. This experimr: nt t hen led us to inve sti­

gate t he local izatio n of the T lymphocytes in the secon d ary 

lymphoid o rgans of bat . Histological study of sple en and lymph 

n odes of anti - brain serum treated bat s revealed T cell de p le­

tion c hie f ly in t he peria r terio l ar lymphocytic sheath of splenic 

lymphoid fol licles and in lymph n ode p araco rtex; these regions 

may therefore be marked as T depencent regions in bats as in 

rr:ou se or man. 

Be sides the surf ace topogra:r ·hic and antigenic characteri­

zation , the inte rnal arcr, i ·tecture c f t he cells was stud i ed by 
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transmis s i on el ectro n microsc opy of the cel ls in second ary 

lymphc i d organs . On t he basis of size an d shape of the c ells, 

nucleocytoplas~ ic ratio, nuclear hete rochromatinization, 

cytoplasmi c organelle s etc ., four types of immunoco~petent 

cells we re i de n tified ; s mall lymphocytes had a heavily hetero­

chrcmatinized nuc leus surroun ded by a thin rim of cytoplasm, 

while the larger l ymphocytes possessed a less hete. rochromati­

~ized nuc l e us an0. a h igher c ontent of mitochon dria, Golgi 

vesicles , endoplasmic reticulum, ribosome s etc. Plasma cells 

ha c c haracte r istical ly large , mainly euchromatic nucleus and 

a large amount of cytoplasrr whi l e macrophages showed an irregular 

shape , les s heterochrcmati mized nuc leus and cytop lasm cont aining 

vesicles rese rrb ling lysosome s and phagosorr.e s . 

Afte r irnmunization , an increase in cell size, nuclear 

cytoplasmic r atio and ribosomal content and a decrease in 

nucle ar hete r ochroma t imi zation ind icated the diff erentiated 

state of these cells under TEM. 

The prese n t investigation tri ed t c. c h aracte rize the 

i mr.unoc c mpetent ce l ls of Pteropus giganteus , an evolutionarily 

old mammal , f r om seve ral p c i n t s of view, such as structural 

ennow~ents , specific cell surface antige n ic markers and their 

(~ i f ferential d i stribution . All these features are comparabl e 
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t o t ho se o f the h i ghly evc lve d recen t ma mma ls like p r irr ates . 

So it a p pe ars t h at t~e char acteristi c features of mammalian 

l ymphocytes evo lved alrrost at the t i n e of o r i g i n of marrrnals 

a nd s i nce then they remainec as permune nt fi xtures in c ourse 

of evolution , or vne need s to envisage p arallel evoluti on of 

i mmunocompe t e nt cells in c iffere nt or cers o f mammals to acco­

r.modate t he i dea of con stant changes du~ing evol ution. 

Furthe rmo re , the s i~ilaritie s i n type s anc ratio of the 

i m ru nocompete nt ce ll s of b at with tho s e of othe r ma mma ls suggest 

t h a t the reason for d e l ayed imrrune responses i n b ats lies 

some\vh e r e else th an in the possibility of deficie ncy in types 

o r quanta of i mmunoco mpete nt cells . Recent revelations in our 

laboratory about lmve r den s i t y of anti gen/n i togen receptors 

on lyr~phocyte surf ace ( Pau l and Cha k r avarty , 1989) anc slower 

e ne r gy turnc•v e r in lymphocyte s dur j ng acti vati on (Paul, 1 986) 

in b ats as genon·.ic deficiency or ac aptation mi ght hold the key 

fo r e x p laining pecul iaritie s of delaye d immune r e s ponse in this 

i n t e resting animal . 


