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t h a t  t he  cells p r e p a r e d  b y  t h i s  t e c h n i q u e  are single cells. 
O b s e r v a t i o n  of t h e  cells a t  h i g h  m a g n i f i c a t i o n  (Fig- 

ure  2) d e m o n s t r a t e s  t h a t  t h e  ceils h a v e  a d i s t i nc t  sarco-  
mere  p a t t e r n i n g  a n d  t h a t  t he  sa rcomere  spac ing  is fa i r ly  
u n i f o r m  a long  t he  l e n g t h  of t he  cell. T he  sa rcomere  
spac ing  (de t e rmined  b y  d iv id ing  t h e  n u m b e r  of sarco- 
meres  in a g iven  region of t he  cell b y  t h e  l e n g t h  of t h a t  
region) is a b o u t  2.1 ~zm (average  of 11 d e t e r m i n a t i o n s  on  
10 cells). 

A n u m b e r  of p r e l i m i n a r y  t e s t s  h a v e  been  pe r fo rmed  
to  assess t h e  v i ab i l i t y  of these  i so la ted  ceils. T he  ab i l i t y  
of these  cells to  give t w i t c h  like c o n t r a c t i o n s  in response  
to  a n  electr icaI  s t imu lus  was de t e rmined .  E lec t r ica l  
s t i m u l a t i o n  was p rov ided  b y  field s t i m u l a t i o n  b e t w e e n  
a n  e lec t rode  p laced  in close p r o x i m i t y  to  a cell a n d  a 
r e m o t e  e lect rode p laced  in t he  f luid in  t he  cu l tu re  dish.  
Of 479 ceils ( from 7 atr ia)  t e s t ed  w i t h i n  5 h of p r e p a r a t i o n ,  
380 (79%) of t he  cells gave  t w i t c h  like c o n t r a c t i o n s  in  
response  to  e lec t r ica l  s t imu la t ion .  T he  response  of t h e  
i so la ted  cells to  e l eva ted  ex t race l lu la r  p o t a s s i u m  con-  
c e n t r a t i o n  was also de t e rmined .  Of 101 cells ( f rom 5 
atr ia)  super fused  w i t h  h i g h - K  R inge r ' s  so lu t ion  (115 m M  
KC1, 111 m M  NaC1 a n d  1.8 m M  CaCI~), 87 (89%) of t he  
cell p roduced  e i the r  su s t a ined  or t r a n s i e n t  con t r ac t i l e  
responses.  Ve ry  few ceils showed  s p o n t a n e o u s  con t r ac t i l e  
a c t i v i t y  w h e n  exposed  to  n o r m a l  R inge r ' s  solut ion.  

Discussion. The  t e c h n i q u e  of t r y p s i n  a n d  col lagenase  
d ispers ion  of i n t a c t  t i ssue  appea r s  to  work  nice ly  for t h e  
p r e p a r a t i o n  of i so la ted  frog a t r i a l  cells. T he  m o r p h o l o g y  
of cells o b t a i n e d  b y  t h i s  t e c h n i q u e  appea r s  to  be  s imi la r  
to  t h a t  o b t a i n e d  b y  1VIARCEAU 6 on cells i so la ted  f rom 
frog card iac  t i ssue  b y  a c o m b i n a t i o n  of p o t a s s i u m  caus-  
t i que  a n d  acid d issoc ia t ion  of i n t a c t  t issue.  T he  cell 
w i d t h  of 5 ~m is s imi la r  to  t h a t  o b t a i n e d  b y  MARCEAU as 
well  as t h a t  r e p o r t e d  b y  e lec t ron  microscopis t sL  The  
cell l e n g t h  of 300-500 a m  is longer  t h a n  r epo r t ed  pre-  

v ious ly  in t he  l i t e ra tu re .  BARR e t  al. s r epo r t ed  cell l eng ths  
of 175 o t  250 tzm on frog a t r i a l  ceils t eased  f rom bund l e s  
i n c u b a t e d  in E D T A  Ringe r ' s  a n d  SKRAMLIK 9 r e p o r t e d  
l eng ths  of 73 to  193 ~zm in cells i so la ted  b y  K O H  diges t ion 
of i n t a c t  t issue.  However ,  t he  d i ag rams  of frog card iac  
cells p r e sen t ed  b y  MARCEAU 6 give a l e n g t h  to  w i d t h  
r a t io  of a b o u t  70 i n d i c a t i n g  cell l eng ths  in  excess of 
300 [zm. The  sa rcomere  spac ing  in t h e  i so la ted  cell of 
a b o u t  2.1 ~zm is s imi la r  to  t h a t  r epo r t ed  for i n t a c t  frog 
ca rd iac  t i ssue  ~0, ~. 

The  i so la ted  ceils p repared '  f rom a d u l t  bu l l f rog  a t r i a l  
t i s sue  a p p e a r  to  h a v e  i n t a c t  m e m b r a n e s  as ev idenced  b y  
t he  obse rva t i ons  t h a t  t h e y  give con t r ac t i l e  responses  in 
response  to e lec t r ica l  s t i m u l a t i o n  or a n  e l eva t ion  in 
ex t r ace l l u l a r  p o t a s s i u m  concen t r a t i on .  I n  c o n t r a s t  to  
m a m m a l i a n  cardiac  cells p r e p a r e d  b y  e n z y m a t i c  diges- 
t ion  where  on ly  a b o u t  10% of t h e  cells a p p e a r  to  h a v e  
i n t a c t  m e m b r a n e s  ~2, t h e  m a j o r i t y  of t h e  i so la ted  frog 
a t r i a l  cells a p p e a r  to  h a v e  n o r m a l  m o r p h o l o g y  a n d  re- 
spond  to e lectr ical  or chemica l  s t imu la t i on .  Also, these  
frog a t r i a l  ceils t o l e r a t e  ex t race l lu la r  ca lc ium concen t r a -  
t ions  in  excess of 1 m M ,  whereas  i so la ted  m a m m a l i a n  
ca rd iac  cells go in to  c o n t r a c t u r e  if ex t raee l lu la r  ca lc ium 
c o n c e n t r a t i o n  is e l eva t ed  above  1 m M  12. 
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Summary. A p o p u l a t i o n  0f l y m p h o c y t e s  is found  to  s t a i n  pos i t i ve ly  for esterases.  The  pos i t ive ly  s t a in ing  l y m p h o c y t e s  
are more  p r e d o m i n a n t  a m o n g  T t h a n  B l y m p h o c y t e s  a n d  are  s ign i f i can t ly  increased  on  s t i m u l a t i o n  w i t h  P H A .  Trea t -  
m e n t  w i t h  cho l ines t rase  i nh ib i t o r s  reduces  t h e i r  n u m b e r  s igni f icant ly .  

S t a in ing  for non-specif ic  es terase  is a wide ly  used cyto-  
chemica l  m e t h o d  for  t h e  i den t i f i ca t ion  of monocy tes .  
However ,  i t  h a s  n o t  been  r e p o r t e d  t h a t  l y m p h o c y t e s  
s t a in  pos i t ive ly  us ing  t h i s  t echn ique .  W e  n o w  r e p o r t  t h a t ,  
in  c o n t r a s t  to  t h e  diffuse cy top l a smic  s t a in ing  p a t t e r n  
obse rved  w i t h  monocy tes ,  a v a r i a b l e  p r o p o r t i o n  of 
l ~ m p h o c y t e s  show one or more  d iscre te  cy t op l a smic  
' spots ' .  W e  e x a m i n e d  t h e  poss ib i l i ty  t h a t  pos i t ive ly  
s t a in ing  l y m p h o c y t e s  m a y  cor re la te  w i t h  d i s t i nc t  sub-  
p o p u l a t i o n s  of l ymphocy te s .  W e  also s tud ied  t h e  effect  
of l y m p h o c y t e  s t i m u l a t i o n  w i t h  p h y t o h a e m a g g l u t i n i n  
(PHA). 

Blood leukocy tes  f rom 26 persons  were s e p a r a t e d  b y  
H y p a q u e - F i c o l l  g r a d i e n t  c e n t r i f u g a t i o n  2. T he  ave rage  
yield of l y m p h o c y t e s  was 85% a n d  95% of t he  cells were  
l ymphocy t e s .  V iab i l i t y  as j u d g e d  b y  dye  exclus ion was  
99%.  Sheep red  b lood cell (SIRBC) rose t t e  f o r m a t i o n  
w i t h  T l y m p h o c y t e s  was car r ied  ou t  as p rev ious ly  de-  

scr ibed a. R o s e t t e  fo rming  l y m p h o c y t e s  were  s epa ra t ed  
f rom n o n - r o s e t t i n g  l y m p h o c y t e s  b y  g r a d i e n t  cen t r i fuga-  
t i on  4. The  s e d i m e n t e d  rose t t es  a n d  t h e  free cells h a r v e s t e d  
f rom t h e  in te r face  were used as source of T a n d  B- r ich  
l eukocy tes  suspens ions  respect ively .  A d h e r e n t  ceils were 
dep le ted  b y  i n c u b a t i n g  8 • 106 l eukocy tes  in  2 ml  of 
m e d i u m  in smal l  p e t r i  d ishes  a t  37~ for 2 h 5. 

L y m p h o c y t e  p ro l i fe ra t ion  was i nduced  b y  cu l t u r i ng  
4 • 106 cel ls /ml  w i t h  12.5 ~zI of P H A  (Burrough-~Vel lcome 
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Proportion of esterase positive lymphocytes (EPLs) 
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Untreated lymphocyte Adherent cell depleted S RBC rosette forming Free cells (B- rich fraction Following PHA stimulation 
suspension lylnphocytes ~ 

12.84-6.1 (26) b 14.04-6.1 (8) 17.74-8.6 (12) 11.74-4.3 (12) 17.84-6.3 (12) 
(NS) (p < 0.05) (NS) (p < 0.03) 

aThe SRBC rosettes formed a mean ( ~  SD) of 65 ~_ 5.6% of the untreated lymphocyte suspension, bA minimum of 200 lymphocytes or 
rosettes were counted and the proportion of EPL calculated. Number in brackets signify number of observations. NS, not significant. 

ba tch  K6674) for 72 h. Paral lel  cul tures were pulsed 
wi th  3H-thymidine a t  t h a t  t ime  to ensure t h a t  prol ifera-  
t ion has occurred. Cell v iab i l i ty  a t  the  end of 72 h was 
greater  t han  85%. 

Smears  prepared  f rom lymphocytes  or roset tes  were 
fixed in 25% formaldehyde  and stained for non-specific 
e s t e r a s e  6. 

The Table  shows the  results obtained.  The  T lympho-  
cyte  fract ion shows a higher  propor t ion  of esterase posi- 
t ive  lymphocytes  (EPL) than  ei ther  the  B lymphocy te  
f ract ion or unf rac t iona ted  lymphocytes .  This  observat ion  
was di rec t ly  confirmed when smears of roset te  prepara-  
t ions were made,  and i t  was found t h a t  cells forming 
roset tes  had  a higher  percentage of E P L s  than  nnfrac-  
t ionated  lymphocytes .  Culture wi th  P H A  also increases 
th  9 propor t ion  of EPLs.  Fu r the rmore  P H A  st imulat ion 
causes some lymphocy tes  to acquire  a r im-sta ining pa t -  
tern. 

Our results make  i t  unl ikely t h a t  the  mononuclear  
cells showing discrete s taining for non-specific esterase 
are monocytes  wi th  lymphocyte- l ike  morphology.  The  
propor t ion  of E P L s  remains unchanged following de- 
plet ion of adheren t  cells, and following such t r e a t m e n t  
there  tends  to be a greater  number  of E P L s  which form 
S R B C  rosettes.  Monocytes  do no t  form roset tes  wi th  
un t rea ted  S R B C  7. 

While  accumula t ing  evidence points  to the  fact  t h a t  
P H A  induces prol iferat ion of bo th  T and B lymphocytes  
as measured by  3H-thymidine  up take  in the  h u m a n  s-l~ 
work by  GREAVES et  al. n and JONDAL 12 indicate  t h a t  
the overwhelming ma jo r i ty  of blast  cells developing in 
response to P H A  car ry  surface markers  specific to T 
lymphocytes .  We  have  s tudied the  effect of PI-IA-induced 
prol iferat ion to inves t igate  the  possibi l i ty t h a t  the  ap- 
pearance of esterase staining is associated wi th  an in- 
crease in lymphocy te  metabol ic  act ivi ty .  Our findings of 
PHA- induced  increase in E P L s  is in keeping wi th  the  

previous ly  repor ted  observat ion  t h a t  immunof lorescent  
s ta ining for cholinestrase increases following P H A  stim- 
ulat ion 13. 

I t  is s ignificant  t h a t  esterase ac t iv i ty  is represented 
more on cells of the  T lymphocy te  different ia t ion axis, 
in view of the  recent  observat ions  t h a t  ant ichol inestrase 
agents  inhibi t  SRBC roset te  formation1*. The effect of 
these pharmacologic  agents  on t3 l ymphocy te  receptors is 
still  unknown.  Our pre l iminary  results show t h a t  cholin- 
estrase inhibi t ion by  physos t igmine  sulphate  and de- 
plet ion by  echoth iophate  iodide s ignif icant ly reduces the  
propor t ion  of E P L s  15. The biological significance of the  
presence of cholinestrase ac t iv i ty  on lymphocy te  mem-  
branes is no t  establ ished;  however  is has been suggested 
t h a t  i t  m a y  p lay  an essential  role in the  s tabi l izat ion of 
membrane  s t ructure  ~4 and in the  process of lymphocy te  
ac t iva t ion  ~a. 
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Invertase Activity in the Midgut of Sarcophaga ruficornis and Musca domestica (Diptera: Insecta) 
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Summary. The p H  for the  op t imum ac t iv i ty  of the  midgu t  invertase  was 5.5 in the  adults  of S. ruficornis, 6.0 in its 
larvae and adults  of M. domestica and 6.5 in the  larvae of the  la t te r  fly. The o p t i m u m  tempera tu re  was 50 ~ E n z y m e  
ac t iv i ty  was re tarded  by  the  addi t ion of glucose and fructose. 

Adul ts  of S. ru/icornis and M. domestica survived  well 
on cane-sugar and water ,  while the i r  la rval  stages failed 
to develop on this diet  inspire of the  fact  t h a t  bo th  the  
stages possess the  enzyme required for the  hydrolysis  of 
cane-sugar,  namely,  inver tase  (unpublished observations).  
Presuming  t h a t  there  might  be some difference in the  
na tu re  of the  enzyme of the  two stages, the  effect  of 
var ious  factors on the  inver tase  ac t iv i ty  has been studied. 

Materials and methods. S. ruficornis was reared on sugar 
and meat ,  and M. domestiea on sugar and milk  1. Midgut  
homogena te  was prepared  as described by  SINIIA e. The  
enzyme concent ra t ion  was 4 gu ts /ml  and 1/2 gu t /ml  in the  
case of larvae and adults  respect ively.  
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