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t he  de te rmina t ion ,  of h a e m o g l o b i n  10 a n d  t o t a l  p r o t e i n  11. 
Mercu ry  so lu t ions  of c o n c e n t r a t i o n s  v a r y i n g  f rom 5 to  

500 p p m  were p r e p a r e d  f rom A R  grade  mercu r i c  ch lor ide  
dissoIved in tris-maleic acid buf fe r  p t l  7.0. These  so lu t ions  
were label led  b y  t h e  a d d i t i o n  of Hgr203 so lu t ion  to  give 
a specific a c t i v i t y  of 10 v.Ci/tlg Hg.  Al iquo t s  of t h e  h a e m o -  
g lobin  a n d  m e r c u r y  so lu t ions  were m i x e d  in sealed 
d ia lys is  t u b i n g  bags  (Visking) and  cen t r i fuged  for 2 h a t  
2,500 g in a t e m p e r a t u r e  con t ro l l ed  cen t r i fuge  a t  25~ s. 

I n i t i a l  s tudies ,  o m i t t i n g  haemoglob in ,  showed  m a r k e d  
b i n d i n g  of m e r c u r y  to  t he  bag.  P r e l i m i n a r y  t r e a t m e n t  of 
t he  bags  w i t h  successive washes  of 0.1 N HC1 0.1. N sod ium 
h y d r o x i d e  so lu t ion  a n d  f ina l ly  severa l  changes  of bo i l ing  
dis t i l led  w a t e r  was  necessa ry  to  reduce  t h e  m e r c u r y  b ind-  
ing to  a n  accep tab l e  a n d  cons i s t en t  level. 

Af te r  cen t r i fuga t ion ;  a l iquo t s  of t h e  u l t r a f i l t r a t e  a n d  
t he  res idua l  h a e m o l y s a t e  were o b t a i n e d  a n d  t he  m e r c u r y  
c o n t e n t  d e t e r m i n e d  b y  m e a s u r e m e n t  of t h e  7-emiss i0n  of 
Hg-203 us ing  a H e w l e t t - P a c k a r d  auto-y-spect romeCer .  
The  m e r c u r y  b o u n d  to  t h e  h a e m o g l o b i n  was d e t e r m i n e d  
b y  difference.  

Findings. The  resu l t s  were sub j ec t ed  to  ana lys i s  b y  
t he  m e t h o d  of sCATCHARD 12 a n d  are g iven  in t h e  Figure.  
The  i n t e r c e p t  on  t he  abscissa  ind ica tes  t h a t  t he  haemo-  
g lobin  molecule  has  a m e a n  va lue  of 2.5 s i tes  ava i l ab le  for 
m e r c u r y  b ind ing .  F r o m  t h e  i n t e r c e p t  on  t he  o r d i n a t e  t h e  
unco r r ec t ed  assoc ia t ion  c o n s t a n t  (Ku) for  t he  m e r c u r y  
h a e m o g l o b i n  complex  was ca lcu la ted  a n d  gave  a va lue  for 
log Ku = 6.65. I o d o a c e t a t e  (10-2M) b locked  t h e  b i n d i n g  
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Plot and regression line for v/M against v, where v denotes moles of 
bound mercury per total moles of haemoglobin and M is the molar 
concentration of free metal (Mter SCATCHARD 12). The 95% confidence 
limits are included. 

of m e r c u r y  to t he  h a e m o g l o b i n  molecule  t h u s  conf i rming  
t h e  a d d i t i o n  of t he  m e t a l  to  t he  avMlab le  -SH  groups.  

The  s t a b i l i t y  c o n s t a n t  needs  to  be cor rec ted  for reduc-  
t i on  in c o n c e n t r a t i o n  of free m e t a l  b y  t i le  c o m p e t i n g  t~is 
a n d  ch lor ide  c o m p l e x e s ~ ,  ~*. The  cor rec ted  va lue  ~s such  
t h a t  log K = 19.6. Th i s  v a l u e  agrees  well  w i t h  t h a t  
o b t a i n e d  b y  o the r  workers  ~4. 

Discussion. The  work  descr ibed  offers an  a l t e r n a t i v e  
a p p r o a c h  to  t h e  s t u d y  of mea l  b ind ing  in biological  
sys tems .  I t  h a s  t he  a d v a n t a g e  of s impl i c i ty  a n d  r a p i d i t y  
c o m p a r e d  w i t h  t h e  dia lysis  t e c h n i q u e  a n d  does no t  suffer 
f rom the  p r o b l e m  of e lec t rode  c o n t a m i n a t i o n  exper ienced  
in po l a rog raphy .  The  m e t h o d  can  be  a d a p t e d  to  t h e  s t u d y  
of o the r  p ro t e in s  a n d  m e t a l s  a n d  a l t h o u g h  a r ad ioac t i ve  
t r ace r  d e t e r m i n a t i o n  was i nvo lved  in t h i s  s tudy ,  con- 
v e n t i o n a l  s p e c t r o p h o t o m e t r i c  or a t o m i c  a b s o r p t i o n  
ana lys i s  could also be  used. 

The  m e a n  va lue  o b t a i n e d  for t he  n u m b e r  of m e r c u r y  
a t o m s  c o m b i n i n g  w i t h  t h e  h a e m o g l o b i n  molecule  is in  
good a g r e e m e n t  w i t h  those  o b t a i n e d  b y  o t h e r  work-  
ers 1, 3,1~, 1~ a n d  appea r s  to  conf i rm the  o b s e r v a t i o n  2 t h a t  
r eac t ion  of t he  na t ive ,  as opposed  to  t he  dena tu red ,  
p ro t e in  r ep resen t s  a n  equ i l ib r ium invo lv ing  all  t he  sulph-  
yd ry l  groups  presen t .  The  l i nea r i t y  of t he  p lo t  in  t he  
F igure  ind ica tes  t h a t  t h e  b i n d i n g  si tes are  all  e q u i v a l e n t  
and  equa l ly  ava i l ab le  for mercury .  

Zusammen/assung. Mit te ls  2~ als Hg-Chlor id  w u r d e n  
die f re ien  S H - G r u p p e n  des H~Lmoglobins in  e inem 
s t romaf re i en  H g m o l y s a t  t i t r i e r t  u n d  festgestel l t ,  dass  die 
d u r c h s c h n i t t l i c h e  Zah l  freier, r e a k t i v e r  S H - G r u p p e n  p ro  
Molekii l  2,5 be t rug .  
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A Technique for Establishing Parabiosis between Houseflies (Musca domestica L.) 

E x c h a n g e  of 'mi l ieu  in te rne ,  of l iv ing  an i m a l s  b y  t he  
t e c h n i q u e  of pa rab ios i s  affords un ique  o p p o r t u n i t i e s  for 
va r i ed  e x p e r i m e n t a t i o n .  WlGGLESWORTHFS 1 a n d  WILLI- 
AM'S ~ work  w i t h  Rhodnius a n d  Plalysamia respect ively ,  
us ing  t h i s  t echn ique ,  are classics in  t he  anna l s  of en tomo-  
logical  research.  BEAMENT a de tec ted  b lood-borne  para lyz-  
ing agen t s  in  s t r e s s -p ros t r a t ed  A m e r i c a n  roaches  b y  us ing  
t h i s  t echn ique .  COLHOUN 4. ha s  also used th i s  a p p r o a c h  for  
s t u d y i n g  insec t ic ida l  act ion.  

I n  t he  course of a n  i nves t i ga t i on  5 of t he  n a t u r e  of 
r e s i s t a n c e  m e c h a n i s m s  aga ins t  t h e  insect ic ide  dieldrin,  an  
a t t e m p t  was m a d e  to effect  a p a r a b i o t i c  l ink  be t ween  
houseflies,  Musca domestica L. E x p e r i m e n t s  c o n d u c t e d  for 
e s t ab l i sh ing  successful  pa rab ios i s  b e t w e e n  flies are  r e l a t ed  
below. 

The  a n i m a l  used as t he  ' p r i m a r y '  was  dep r ived  of i t s  
wings  a n d  i ts  meso thorac i c  t e r g u m  was c l ipped n e a t l y  so 
as to  expose  t he  dorsa l  l o n g i t u d i n a l  muscles  ly ing  
u n d e r n e a t h  (Figure A). A smal l  d rop  of phys io log ica l  
sal ine (ASPERN and  VoN ESCH 6) was depos i t ed  in t he  
incis ion to  keep i t  moist .  The  a n i m a l  was t h e n  immobi l i zed  
on  a b lock  of wax  us ing  s taples  (Figure ]3). The  f ly used as 
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Steps in the establishment of parabiosis between houseflies. A) Fly with incised mesothoracie tergum. B) 'Primary' immobilized by 
staples. C) 'Primary' and 'Secondary' with their thoracic openings in close apposition, held firm and immobile by a grid of staples. 
D) Top view of a parabiotic pair. E) Side view of a parabiotic pair. 

Duration of survival of parabiotic pairs of different strains of 
houseflies 

Experiment Flies No. Pairs surviving/time after 
No. (parabionts) pairs union (h) 

1 2 1 4 8 12 24 

1 R~ R 22 22 22 22 22 18 
2 S b S 10 10 10 10 10 7 
3 R S 15 15 15 15 15 11 

Resistant (U2i strain, b Susceptible (WHO/SRS/Musca domestica/1) 
strain. 

t he  ' s econda ry '  was  s imi la r ly  incised a n d  p laced  on t h e  
immobi l i zed  p r i m a r y  in such  a m a n n e r  t h a t  t he  incis ions 
of t he  2 an ima l s  were opposed  to each  other .  Once t h e  
flies h a d  been  t h u s  p laced  b a c k  to  back ,  more  s taples  
were gen t ly  pressed  on t he  r e n t e r  of t he  secondary ,  en 
compass ing  t he  2 an ima l s  in a gr id  of s taples  (Figure C). 

U p o n  t he  r e m o v a l  of t he  s taples  a f t e r  a b o u t  30 min,  
t he  2 i nd iv idua l s  r e m a i n e d  a t t a c h e d  t o g e t h e r  (Figure D 
and  E) and  were no t  s epa ra t ed  insp i te  of hec t ic  
m o v e m e n t s  of t he  flies. An  e x a m i n a t i o n  of these  ind iv i -  
duals  u n d e r  t he  b inocu l a r  microscope  showed t h a t  t h e y  
were f i rmly  held t o g e t h e r  a n d  no  p a r t  of t h e  inc is ion  in  
e i t he r  was  visible.  No e x u d a t i o n  of t i ssue  or f luid could be  
de t ec t ed  in  a n y  of t h e  severa l  pa i r s  examined .  M a n u a l  
s e p a r a t i o n  of t he  pa i rs  u n d e r  t he  b inocu l a r  microscope 
revea led  t h a t  t he  dorsa l  muscles  of t h e 2  p a r t n e r s  h a d  
become  f i rmly  wedged to  each  other .  Th i s  c o n t i g u i t y  
be tween  t h e  2 ind iv idua l s  was so f i rm in some cases t h a t  
s epa ra t i on  caused  t he  d i s loca t ion  of a b lock  of muscle  
s t r a n d s  of one or b o t h  indiv iduals .  E x p o s e d  dorsal  muscles  
of a r ecen t ly  s epa ra t ed  pa i r  were f reely b a t h e d  in hae-  
m o l y m p h  showing  t h a t  ac tua l  pa rab ios i s  h a d  been  
es t ab l i shed  - mere  m e c h a n i c a l  adhes ion  be ing  ru led  o u t  
as incised flies p e r m i t t e d  free exposure  to  air  deve loped  a 
d a r k  brown,  fa i r ly  b r i t t l e  scar  t issue. 

E s t a b l i s h m e n t  of pa rab ios i s  was  f u r t h e r  conf i rmed  b y  
d e m o n s t r a t i n g  t h e  ac tua l  exchange  of h a e m o l y m p h  
b e t w e e n  the  f ly pa r ab ion t s .  Fo r  this ,  flies were pa i red  as 
descr ibed and  a un ion  of i h allowed. One of t he  p a r t n e r s  
of each  pa i r  was in jec ted  w i t h  1 tzl of 0 .1% 13romophenol  
b lue  so lu t ion  in  In sec t  R i n g e r  t h r o u g h  i ts  p leuron.  T h e  
flies were  p e r m i t t e d  to  r e sume  a c t i v i t y  whi le  sti l l  pa i red  
a n d  e x a m i n a t i o n s  of b o t h  t h e  in jec ted  a n d  t h e  cor respond-  
ing u n i n j e c t e d  p a r t n e r  were  m a d e  a t  d i f fe ren t  t i m e  
in te rva l s  a f te r  in ject ion.  Presence  of t he  dye in t he  muscles  
a n d  h a e m o l y m p h  could be  m a d e  ou t  as ear ly  as 5 m i n  
a f te r  t he  in ject ion.  B y  t h e  15 th  m i n  a f te r  in jec t ion ,  t h e  
dye  was v is ib le  in  t h e  a l i m e n t a r y  cana l  of b o t h  t h e  

in jec ted  an d  t h e  u n i n j e c t e d  p a r a b i o n t s .  Af te r  20 min,  t h e  
d i s t r i b u t i o n  of t h e  in jec ted  dye  in t h e  2 an i ma l s  was  
ident ical ,  l eav ing  no  d o u b t  a b o u t  t h e  p a r a b i o t i c  n a t u r e  of 
the  l ink.  

Once parab ios i s  h a d  been  es t ab l i shed  b y  these  me thods ,  
t h e  success of such  opera t ions  was d e t e r m i n e d  b y  keep ing  
the  p a r a b i o t i c  pa i rs  on sucrose a n d  w a t e r  u n d e r  c o n s t a n t  
obse rva t ion  a n d  n o t i n g  t he i r  m o r t a l i t y  or su rv iva l  a t  
d i f fe ren t  t i m e  i n t e rva l s  a f t e r  t h e  opera t ion .  All  those  
i nd iv idua l s  w h i c h  were  inj ured  d u r i n g  ope ra t i on  or  w h i c h  
got  a p a r t  as a r e su l t  of t h e i r  own m o v e m e n t s  w i t h i n  1 h 
of t h e  opera t ion ,  were  discarded.  Pa i r s  wh ich  did  n o t  fall  
a p a r t  w i t h i n  I h a f te r  t h e  p a r a b i o t i c  ope ra t i on  would  n o t  
sepa ra te  f rom each o the r  later .  These  were r ega rded  as t h e  
successful p a r ab i o n t s .  

O b s e rv a t i o n s  of such  ope ra t ed  i nd iv idua l s  be long ing  to  
2 d i f fe ren t  s t r a ins  of flies are g iven  in t h e  Table .  I t  was 
n o t e d  t h a t  all  successful  p a r a b i o n t s  were v iab le  for a t  
leas t  12 h a f te r  t h e  opera t ion ,  whe rea f t e r  some of t h e m  
died. E v e n  so, nea r ly  70% of t h e  p a r a b i o n t s  could 
r ead i ly  surv ive  up  to  24 11 a f t e r  t h e  p a r a b i o t i c  opera t ion .  

These  o b s e rv a t i o n s  i nd i ca t ed  t h a t  t h e  t e c h n i q u e  of 
pa rab ios i s  descr ibed  above  could be  m o s t  p r o f i t a b l y  
employed  for su i t ab ly  des igned sho r t  t e r m  in v ivo  
expe r imen t s .  Thus,  t h e  t e c h n i q u e  was found  qu i te  su i t ab le  
for e x a m i n i n g  t h e  p r o d u c t i o n  or o the rwise  of neuro-  
tox ins  o the r  t h a n  t h e  insect ic ide  in d i e l d r i n - t r e a t ed  flies 
b y  us ing  two  s t r a ins  showing  a gross dif ference in sens i t iv-  
i ty  • t h e  t o x i c a n t  in  ques t ion .  T h e  resu l t s  of th i s  s t u d y  
will  be  p u b l i s h e d  in de ta i l  e lsewhere  later .  

Zusammentassung. Es  wird  eine neue,  sehr  e infache  
Me t h o d e  zur  E r z e u g u n g  pa rab io t i sche r ,  12-24 h lang  
lebensfXhiger  F l i eg en p aa re  (]Kusca domestica L.) be- 
schr ieben.  

R. N.  SH&RMA 7 

Department o/Zoology, University ot Dehli, 
Delhi-7 (India), 29 April 1972. 

7 The author wishes to thank Prof. K. N. SAXENA for encouragement. 

C o r r i g e n d u m  

J.  HANNERZ: Discharge Properties o/ Motor Units in 
Man, E x p e r i e n t i a  29, 45 (1973). A t  t h e  t o p  of t h e  F igu re  1 
the  t i m e  b a r  is too  long, so t h a t  t h e  f requencies  of t h e  
m o t o r  un i t s  seems to be twice  as h i g h  as these  g iven  in 
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r educed  a t  4 mm.  


