
Animals : Big br own Indian frugivorous bats frorr natural 

populations were supplied by an animal supp lier at Calcutta 

and maintai ned in our laboratory with adequate food and water 

a d libitu rr·. Healthy adult bats of both sexes with body weight 

ranging from 440 to 520 grms were cho sen randomly for the 

experiments . 

Meoia: I sotonic Du lbecco ' s phosr hate buffered saline (PBS), 

Hank' s balanced salt solution (HBSS), Earl's balanced salt 

solution (EBSS) and minimal essential medium (MEM) were 

obtained f r om HI MEDIA, Bombay , India. All media and balanced 

salt soluti ons were suppl errented with 1~/o heat in activated 

goat ser um as this serum was established in o u r laboratory 

to be a good and cheaper substitute f o r the more costly 

foe tal calf serum (Chaudhuri and Chakravarty , 1983). 

Collection of lymphocytes : The method of Chaudhuri and 

Chakravarty (1983) was followed with certain modifications. 

Briefly, secon d ary ly~phoid o rgans like spleen, mesenteric, 

axilla~' and maxillary l ymph nodes were dissected aseptically 

from anasthetized bats and rinsed in PBS . The organs were cut 

into small p i eces and pres sed against a s tainless steel wire 
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mesh t o dissociate the ce lls. Further dissociat i on o f the 

smal l clu rr.ps of cel ls was brou ght abc..ut by passing the cell 

suspe nsion thrc.. u gh a 27 g au ge hypodermic needle . Contaminant 

red blood cells were lysed by subj ec ting the c el l s to hypo­

t onic shock in 0 . 3 4% NH
4
Cl d i s solved in 0 . 1H Tris- HC l (pH 7 . 2) 

for 10 minute s , followed by t wo i mme d iate 1..vashe s in excess 

PBS. The lymphoid cells were t hen resuspenned in serum s u pple­

mented EBSS or HBSS containing 50 U/n~l of penic i l lin-strepto-

mycin a nd 50 U/ml of n ys t atin . 

Separation o f plastic a dherent c ells : About 5 rrl o f the cell 

suspension c ontain ing u p t o 2 x 10
8 

cells was spread o n a 

sterilised plas t ic petri dish o f 5" diameter an d incubated a t 

37 ° C fo r 1 hc ur . Then the s upe rnatan t containing the plastic 

nc n adhe r e nt cel ls was gently pipetted of f . The p l astic adherent 

c e l l s were then renoved f r o rr petridish by scrapping with a 

rubbe r policeman . Al t ernat ively , treat ment with O . ~lo ELTA fo r 

a few ninute s also rel e ased the cel l s f r o rr the p lastic . The 

adherent a nd n o n adherent cel ls we r e t hen separately resusp8n ded 

in serur. s uppl emented EBSS f o r fu rthe r experimentation. 

Nylon wool column separation~!L~hoid cells : Out of several 

techniques fo r separating the T and B l ymphocytes of hig her 

v e rtebrat es , we op ted for the nylon woo l f ibre c o lumn separation 

t e c hnique a s outlined by Julius and c o•..vorkers (1 973) because of 
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its sinplicity and rap i dity and also because t he cel ls are not 

exposed to any harsh treatments curing t his procedure . 

Abcut 400 mg of nylon wool was cut into small pieces 

and teased into loose fibres devoid of knots. The wool was 

then boi l ed in lN HCl for 10 minutes to re rr.ove any toxicity. 

Then washing in boiling tripple distilled water was done for 

3- 4 times to remove the acidity. The fibres were then air 

dried and loosely fclded and p acked in ~ 10 ml glass syringe 

upto the 6 ml mark. In another method, suggested by Henry 

(1980), the washed wool was soaked overnight in a mixture of 

0. ~,~ EDTA and 0 . 2% NaHC03 washed in distilled water, dried 

and packed in the syringe . In all cases, t he nylon wool column 

was sterilised by autoclaving and then incubated in serum free 

EBSS f o r 45 minutes at 37°c. 

About 5 ml of the cell suspension c ontaining upto 

108 cells/ml in serum s upplenented warrr EBSS or ME M was 

carefully loaded in the presoaked an d prewarmed nylon wool 

column and incubated for 1 he. ur at 3 7°C in · a hun:idif ied atmos-

phere containing 5% co2 • Then the nylon wool non adherent cells 

were eluted out with an excess arr ount of warm EBSS, and 

resuspended in fresh medium. The co lumn was then filled with 

chilled HBSS and further incubated in ice for 10 minutes. Now 

the nylon wool adherent cell s were eluted out with an exce ss 
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amount of cold HBSS by vigo rous agitation of the wool and 

then re suspended in fresh me d ium. 

Preparation for scanni ng electron micro scopy : 

A. Fixatio n a nd Dehyd ration The iso l ated cel l populat ions 

we r e fixed and dehydrated f o llowing s t a nd ard techniques (Pease, 

1964) . Briefly , the cells were resuppende d in 0. 2M Sodium 

cacodylate buffer (pH 7.2) and smeared on grease free cover-

slips appropriately marked at the side with a d i arron d tipped 

pencil. After 10 rrinute s, when the ce ll s settled on the glass 

surface , t he overlying buffer was d rained off and 2% Gluter-

a l dehyde in the sarre buffer was ove r laid . The ce lls were fixed 

for 3 h ours after which the fixative was rerroved by several 

gentle rinses in cacodylate buffer. The ce l ls were then post 

fixed with 1% Osmium tetroxide in cacodylate buffer for 10 

minutes . Excess fixative was removed by several gentle rinse s 

i n distil led water after wh ich the specimens were dehydrated 

in 30, 50, 70, 90 and 10~/o e t hyl alcohol with t wo c hanges in 

each . 

B. Critical point dr1i~= Although a few samp l e s were d ried 

in air, most c f t he cell samples were dried by the critical 

point drying technique since this technique has been shown to 

pre serve t he cell sur face details better (Pol l iack ~ al, 1973a; 
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Bartlett and Burstyn,l975). The cell sar. ples on the coverslips 

were transferred from absolute ethyl alcohol to anhydrous amy~ 

ace tate an~ c ritical poin t d ried using liquid co2 as the 

transitional flui d in a Polaron Critical Point Drier at the 

Regional Sophisticated Instrumentation Centre, Bose Institute, 

Calcutta, following standard methodo l ogies (Albrecht, Jordan and 

Hong , 1978) . 

c. Gold _coating : The critical p c int dried cell sarr ples on 
0 

the c overslips were c oated with 150-200 A gold layer in a 

sputter coater at the R.s.r.c., Calcutta. 

D. Sc anning electron microscopy The gold coated cell samples 

were scanned in a Phillips Scanning Electron .t<icroscope with 

an accelerating vo ltage of 20 KV at the R. S.I.C., Calcutta. 

Photographs were taY-en on ILFORD FP4 p anchromatic film and 

a ppropriately developed. 

Pre~aration of B~Sepharose i mmunoad sorbent for isolation 

of bat Ig _~ Bovine serum alburrin (BSA, obtained from Sigma, 
. 

USA ) was i mmobilised on Sepharose 6B-1 00 dextran 

f o llowing standard rrethodology {Porath ~ al , 1967; March 

et al, 1974 ) . Briefly, 20 gr of Sepharose 6B- 100 (wet weight) 

was washed with d i stilled water on a sintered glass funnel and 

then suspended in 40 ml of 2M K2co3 • 2 g m of Cyanogen Bromide 
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(CNBr ) was d issolved in 1 ml acetoni·s rile and mixed with the 

sepharose slurry. The mixture was stirre d slowly in cold for 

2 minut·:=:s, then washed immediately with cold d istilled water 

i n a coarse sintered glass funnel . Finally, the mixture was 

washed 2 times with o.1 M NaHCo
3

• BSA (300 mg in 60 ml of O.lM 

NaHC0
3

) was then mixed with the activated Sepharose; the reaction 

mixture was stirred gently fo r 18 hours at 4°C. Ethanolamine 

(100 ~1 ) was added t o the c onjugate to neutralise any unbound 

active groups generated by CNBr on the Sepharose mo lecules. 

The mixture was again stirred for 30 minutes in cold, then 

washed with O.lM NaHco
3 

until the filtrate showed near zero 

absorbance at 280 nm. Finally, the BSA- Se p harose immunoad sorbent 

was susp ended in O. l i'-1 PBS for further use. 

Ra ising_of bat anti- BSA se.nun : BSA frorr the same lot as used 

for the preparation of immunoadsorbent was injecte d in b ats at 

a dose of 10 mg in 1 ml PBS by intravenous route. The b at anti-

BSA serun was collected after 12 days and pooled. 

I solation of~ anti-BSA irrmunoglobulins: The BSA con j ugated 

sepharose was washed 3 times with 0.01M PBS pH 7.2 and p acked 

in a 2 . 3 x 14 e m chromat ography column avoiding air bubbles. 

4 . 0 ml of bat anti - BSA serum previously d ialysed for 48 hours 

against O.OLM PBS , was carefully layered on the col~.n and allowed 



19 

t o enter the gel. Then elution was started with O.l M PBS pH 7.2 

until the absorbance of the eluate at 280 nm went below 0.01. The 

eluate was passed throu gh the column two more times to ensure 

compl e te binding of the antibodies with the BSA in the column. 

The column was thoroughly washed with PBS, and e lution of the 

anti - BSA antibodies was started with 3M anmonium thiocy anate 

(NH
4

SCN ) . The e l uate was taken in 1 ml quantities in small g lass 

tube s c ontaining 4 ml d istilled water. Elution was c ontinued 

until the eluate showed an absorbance less than 0.02 at 280 nm. 

The eluted fractic ns were immediately poo l e d and di alysed in 

cold against trip le distilled water wi t h seve ral changes a day 

for two days, and then c oncentrated by vacuum dialysis at low 

t enpe rature. 

Isolatio n of bat Ig?--1 and IgG by Sephaoex G- 200 gel filtration : 

Se phadex G-200 d extran beads (Pharmacia Fine Chemicals, Sweden) 

were washed successively i n lN HCl , d istilled water, lN NaOH 

and again distilled -water until the pH of t he wash was neutral. 

The bead s were swollen in O.lM Tris-HCl, pH 7.3 containing 

0.15M NaCl fo r 3 d a ys. The swollen gel was packed in a 2.5 x 60 

em chromatography column avoiding air bubbles, and washed with 

the same buffer u sing a hydrostatic pressure of about 12 em. 

The bat immunoglcbulin solution obtai ned by affinity chromato­

graphy was carefully layered on the gel bed and ... elution started. 

A flO\o~ r ate o f about 5 ml /hcur was maintai ned and the eluate 
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was c o lle cted in 3 ml fractions . Absorbance of the eluate at 

280 nrr was recorded and plotted against t he fraction number. 

Two absorbance 280 peaks were obtained (fig . 4), the first 

peak eluting i n the v oid volume and the secc n d peak just after. 

The fractions c o rresp onding to the two absorbance peaks in the 

elution profile were pooled , dialysed against several changes 

of c o l e tripple d istilled water , lyophilised by vacuum dialysis 

and stored desiccated a t -2 0°C in 2 mg aliquots for further use. 

Raising of rabb it anti sera against bat IgM and bat IgG : 2 mg 

o f either bat Igl'~ or IgG was dissc lved in o. 5 ml PBS and mixed 

we ll with Freund 's Complet e Adjuvant (FCA ) in 1:1 ratio. The 

e rrulsion was injected through s u bcutaneous route in the left 

thigh of a rabbit from which normal serum had already been 

c ollected . The rabbits were given 6 such weekly inj ections and 

b led 72 hours after the last booster dose and respective rabbit 

antisera against bat IgM or IgG were colle cted . 

Ammonium sul phate precipitation of imnunoglobulins raised in 

rabb~ : 2 ml of the rabb it antiserum agai nst bat IgM or bat 

IgG was mixed slowly with 2 ml of saturated ammoni um sulph ate 

under constant stirring in col d . The precip itate produced by 

such 50% amrr.onium sulphate saturation was collected by centri­

fugation a t 10 , 000 g and reconstitut e d to original volume (2 ml) 

i n tripple distilled Nater. To this, 1 ml o f saturated ammonium 
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sulphate was slowly added under c onstant stirring in c o l d . The 

precipitate formed by such 33% ammon ium s u l p hate saturation 

was c ol l e cted by centrifugation , rec onstituted to original 

vo lume in tripple disti l led water and passaged through a 

15 em x 2 . 5 e m colunn of sephadex G- 25 t o renove the ammonium 

s ulphate molecules. The protein s o lutions were concentrated by 

vacuum dialysis and stored in small aliquots at -20°C. 

Polyacry lamide gel electroEhoresis of bat Ig: The method of 

Davis (1965 ) d isc gel e l ectrophoresis was used with little 

modific ations . About 9 em long separating gel column was 

formed of 10% ac rylarr1ide; the overlying 1 em long stack gel 

colurrn contained 2 . 5% acrylamide . P olymerization was brought 

about by TEMED and freshly prepared ammonium persulfate. For 

separation of the Ig classes of bat, 20 pl of affinity purified 

b at Ig was mixed with 20 pl of 2M sucro se and 5 pl of 0.05% 

Br omophenol blue ind icator dye. The mixture was layered ov e r 

the stack gel and the t ubes were gentl y filled u p with Tris 

glycine electrode buffer. BSA and purified hurrran IgG (obtained 

from Sigma, USA) were used a s standard markers. Gels were run 

fo r 3- 4 hours in c o ld at 3 - 4 rrA/tube current at 300V. After the 

run, gels were briefly treated with 1~/o TCA, staine d with 

Coomani c Brilli ant Blue and destained in methanol-acetic acid 

mi x ture . Phot ogra phs were taken on 24 ASA black and white fi lm. 
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Conjugation of go at- anti- rabbit IgG with fluo rescent d~ : The 

met hod o f Goding (1976) was used wi t h b rief mod ifications. 

Briefly, fluorescence in Isothiocyanate (FITC), iso mer I I on 

celite (obtained f r om Sigma, USA) was d i ssolved in 0.15M 

Na
2

HP0
4 

• 2H
2

0 (pH 9 . 0) buffer to a final concentration of 

l . C mg/ml immed iate l y bef o re use . o . ~ ml of t his s olution was 

mixed und e r c onstant s tirring with 2 ml of goat anti-rabbit­

IgG immunoglobulin solution (concentratio n about 10 mg/ml 

in the s ame buffer) at room temperature. The pH of the reaction 

nix ture was adjusted to 9 . 5 by addition of O.lM Na3Po4. 1o H2o. 

The re uction was c ontinued f e r 2 h c ur i n d ark, afte r wh ich the 

rdxture was c har ged on a Sephadex G- 25 gel filtration colunm 

(1 5 x 2 . 5 em) . The fluorochrome c on jugat ed inmunoglobulins were 

eluted out in the void v olume using 0 . H ' PBS . This fraction 

wa s quickly concentrated by vacuun d i alysis in dark and stored 

a t - 20°C . To eval uate the labelling ratio , a s mall part of the 

c on j ugate was d iluted in distilled water and subjected t o 

spectrophotometry at 280 nm and 495 nrr.. The r atio o f the 

abscrbance 49 5 t o abso rbance 280 was f cun~ to be 1 . 87 wh ich 

was quite satisfacto r y for our p urpose. 

Innun of luorescence microscopy for det~ion o f IgM a n d IgG 

bearing cell s o f bat: An inc irect i mmunofluorescence technique 

usin g i nci dent ill~ination was a dopted. Inmunocorrpetent cell 

types f r om secc n dary lymphoid organs , peripheral blood and b one 
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rr.arrow were taken in 0 . 1 rrl cold PBS with cell concentration 

at 107 cell s/ml anc incubatec at 4°C f o r 3 0 min . with 100 pl 

o f 1:10 dilution of rabbit a nti bat Igl·1 or rabb it an1..i- bat IgG 

antibod ies in presence o f 0 . 1% NaN
3

• The cells were then washed 

twice with c o le PBS c ontaining 0. 1% NaN
3 

a nd further incubated 

with 100 pl of 1:10 dilut ic n o f goat anti rabb it Ig coupled 

wi th FITC for 30 rr in . a t 4°C in presenc e of 0 . 1% NaN
3

• After 

incubation, cells were was hed with PD S at 4°C two times and 

0 re s uspend in 0 . 1 rrl of 1 :1 mixture of PBS anc glycerol at 4 c. 

F o r con t rol, cells were first incubated with ncrrral rabbit 

serum, washed twice , 2nd incubated further with f luorescinated 

g oat anti-.rabbit Ig followed by two wa s hes, and the c e lls were 

finally resuspended in glycercl PBS. Ce lls were then taken on 

a haerrc cyt ometer slide , covered with a cover slip and exanined 

in a Zeiss FLUOVAL fluorescence nicro scope equipped with epi~ 

illumination from a HBO 2 0 0 UV larr.p . D2 24 excitation filter 

f or blue excitation and BG47 barrier filte r was used. Fluo rescent 

ce l ls we re photographed o n 1 o d ak 400 ASA film exposed for 4-6 

rrinute s and b oosted to 800 ASA during deve l opment. 

Rais j ng of rabbit anti- bat brain serum : Brain cells of mouse, 

rat etc . are known to share the e or Thy-1 cell surface antigen 

with T lymphocytes and anti- brain serurr has been shown to 

recognise the T cel l s in these animals (Rei£ and Allen, 19 64; 

Golub, 1971, 1972 ) . To rai s e antiserurr against bat brain cells, 
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the technique of Chakraborty and Chakravarty (1 98 3) was followed 

wi t h little r. ·od if ications. Briefly, p ieces o f cereb ral c ortex 

of bats were homc genized in c o le PBS (pH 7 . 2 ) in a glass 

homogenizer. Then 1 ml of brain ho mogenate was errul sified with 

1 ml of Freund ' s Corr.ple te Adjuvant (Difco Laboratories, Detroit, 

u . s . A. ) , and 1 n l of this water-in-uil erruls ion was injected 

subcutaneously in the thigh region of the hind leg of a healthy 

rabb it frorr wh ich normal serurr. had already been collected. The 

rabbit was given 6 such weekly injections . After 72 hour s of 

t he l a st b ooster inje ction, t he rabb it \vas b l ed by ear vein 

puncture and antiserurr was collected as outlined previously. 

Serurr. a l iquotes were preserved frozen at - 20°C unti l use . 

Before every u s e, the antiserum was decomple mentec b y heat 

i nactivation at 56°C for 30 minutes. 

Co lle ctio n of guine a pig co~plerrent : Blood was c o llected 

frc rr guinea p igs asep tically by heart puncture and allowed to 

stand at roo m ter. perature for 45 rr i nutes following t he method 

of Herbert (1978). Af t e r clotting of t he blood , serum was 

collected by cent rifugation and aliquotes of serum were pre­

served at -20°C until use as scurce of c c nplement. 

In vitro cytoxc city of rabb it an t i - bat brain serum : For the 

serurr cytotoxicity test, t he method c utline d by Chakraborty and 

Chakravarty (1983 ) was adopted with few modifications. Cytotoxi­

city of the rabbit anti-bat brain serum was tested against the 
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plastic adhe r ent, nyl on wool no n adherent and nylon wool 

a nherent cell popu lations sep arately . Heat inactivated normal 

rabbit se rum, rabb it anti- bat brain serum a nd n o n inactivated 

9uinea p ig corrpleme nt were absorbed with packed (1 ~/o of the 

volume of s erum ) erythroc ytes , liver and kic ne y cells of the 

experime ntal bats fo r 1 h ou r at 4°C . An al i quote of 0.1 ml of 

bat immunocompe t ent cel l suspe nsion at a ccncentration of 107 

ce lls/rnl was mixe d with 0.1 ml of 1:1 0 , 1:20, 1:40, 1 : 80 and· 

1:160 d ilutions of rabb i t anti-bat brain serurr. . In the c ontro l 

tubes, bat i mn unocompetent cells were nixed with similar dilutions 

of norrral rabbit serum. In anothe r s et of contrcl tubes, cells 

were n ixed with 0 . 1 ml HBSS c nly. Triplicate tubes for each 

serum di lution were first incubated at 37°C f or 30 minutes after 

which 20 pl fres h guinea p i g serum was a~ded to each tube as 

source of conplement . The tubes were then incubated at 37°C for 

further 1 hour . The reacti on was stopped by p lac ing the tubes 

o n ice for 10 minute s . Viable ce l l s were c ounted b y using Trypan 

Blue dye exclusion technique . The l ytic index of the antiserum 

for each dilution was calculated f r orn the following fornula : 

% lysis = 

No . of l ive cells 
with normal se rum 

----------------------------

No . of live cells 
with antiserum 

Total Nv . of c ells a~dec in each tube 

X 100. 
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In ~ t r eatment with rabbit a nti-bat brain serum: The method 

described by Pitchappan and Muthukkaruppan (1977) was employed. 

Bri~fly, bats were given dai l y intravenous injections of 1/10 

dilution of rabbit anti- bat brain serum in 1 ml quantity. After 

5 c onsecutive injections , bats were sacrificed at 24# 72 and 

120 hours and their secondary lympho id organs were removed 

fo r h istological observations and ce ll separation studies. 

Histo logi cal study: Small pieces of sp leen and lymph n odes 

from norrral and experimental bats were fixed with Bouin's 

fixative for overnight . Excess fixative was th~removed by 4-5 

changes in 7~/o ethanol. Tis sues were then dehydrated by passing 

thrc ugh increasing grades of ethanol, cleared in xylene and 

embedded in paraffin . Sections of 6 prn thckness were cut in 

rotary microtome and stained with haematoxylin and eosin. For 

better staining of the fibrilar materials, some o f the sections 

were stained with Masson ' s Trichrome stain c ontaining Biebrich 

scarle t, fast green and Weigert's haematoxylin. 

Transmission electron microscopy Small pieces {about 

1 mrn
3

) of spleen and lymph node tissue s were first fixed with 

2. 5% Gluteraldehyde i n 0. 2M Sod ium cacodylate buffer (pH 7.2) 

for 3 hours in cold. Excess fixative was ren.oved by several 

washings in chilled cacodylate buffer and the specimens were 
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post fixed wit h 1% Os~ium tetroxide i n the sare c a c ody l a t e 

0 
bu ffer for 2 hc urs a t 4 c . After wash i ng out the exces s osrr ium 

tetroxid e , with the same buffer, the samples were de hy c r ated 

b y pass i ng thr ough increasing grades of c c l c a cet o ne , an d 

infiltrated with a 1:1 nixture of acetone and Epo n embe dd ing 

me dium for 48 h ours a t roo m temperature . Finally, the s amples 

were embedded in the Epon embed c ing medium containing 1 3 ml 

Epon 81 2 , 7 ml Nadic Methyl Anhydride, 8 ml Lodecyl Succ inic 

Anhydride and 16 d rops o f DMP 30 as per stan dard methodol ogy 

(Pease, 19 64) . Po l ymerization o f the res i n was done f e r 48 

hou r s at 60°C . Ul t rathin sections obtained f r orr a LKB NOVA IV 

Ul~ramicrotome were taken o n naked c opper grids and s tai ned with 

5% aquous Urany l acetate for 1/2 hour and the n with 2% Lead 

citrate fo r 5 minute s (Pease , 1 964) . The stained s e ctions were 

exarrined in a JEOL 100 ex Transmission Electro n Mic r o s c cpe a t 

60 , 80 and 100 KV acceleratin g voltages at the Ce n t r e fo r 

Cellular and Mo lecular Bio logy, Hyoerabad. 


