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b lue - s t a ined  p ro t e in  bands .  Th i s  also appl ied  to  t he  zones 
of t he  p ro t e in  f rac t ions  s epa ra t ed  in  cellulose ace ta te .  
Es t e r a se  b a n d s  7, 13, 15 a n d  16 were loca ted  in t h e  pre-  
a l b u m i n  f ract ion,  whi le  B a n d s  10, 11 and  12 m o s t l y  in  t h e  
~t-globul in  f ract ion,  a nd  B a n d s  2, 3, 4, 5 a n d  8 in t h e  x~- 
g lobul in  f rac t ion.  B a n d  6 and,  pa r t ly ,  B a n d s  2 , 4  a n d  8 
were in t he  fl-globulin f r ac t ion  a n d  B a n d  i m a i n l y  in t he  
y-globul in  f ract ion.  

I n  a c o n c e n t r a t i o n  of 10 -SM, which  was found  to be  effec- 
t ive,  eserine i n h i b i t e d  t h e  a c t i v i t y  in  B a n d s  2, 3, 4, 5, 10, 
11 a n d  12; w i t h  lower c o n c e n t r a t i o n s  of eser ine B a n d s  3 
a n d  12 were on ly  p a r t i a l l y  inh ib i t ed .  I n  a c o n c e n t r a t i o n  of 
10-4M, i so -OMPA i n h i b i t e d  ]3ands 2, 3 a n d  11, p resum-  
ab ly  non-specif ic  chol inesterases .  I n  t h e  c o n c e n t r a t i o n  of 
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Fig. 3. Diagrammatic presentation of the esterase bands found. Tile 
same numbering is used in the text. The eorres'ponding serum protein 
fractions are marked at the bottom of the two-dimensional separation. 

10-SM only  t he  b a n d  11 was  sens i t ive  to  t he  inh ib i to r .  E v e n  
in the  h ighes t  c o n c e n t r a t i o n s  used (10-SM) 284 C 51 fai led 
to  cause  a n y  i n h i b i t i o n  of t he  es terase  b a n d s ;  t h i s  suggests  
t h a t  ace ty lcho l ines te rase  is en t i r e ly  a b s e n t  f rom t h e  r a t  
se rum.  

W i t h  t he  two-d imens iona l  s t e p - g r a d i e n t  a c r y l a m i d e  
e lect rophores is ,  i t  was  possibie  to  cor re la te  t he  i n d i v i d u a l  
s e rum p ro t e ins  a n d  es terase  to  t h e  c~-, fi- a n d  y-g lobul in  
b a n d s  in t h e  same way  as was p rev ious ly  e s t ab l i shed  b y  
SMITHIES I~, us ing  t h e  less d i s c r i m i n a t i n g  p a p e r  a n d  s t a r c h  
sys tem.  One -d imens iona l  gel e lec t rophores i s  gave  ve ry  
l im i t ed  i n f o r m a t i o n  of t he  d i s t r i b u t i o n  of es terases  in  t h e  
classical  s e rum p ro t e in  f rac t ions .  The  o b s e r v a t i o n  t h a t  t he  
es terase  b a n d s  d id  no t  a lways  co r respond  to  t he  areas  of 
s t a inab l e  p ro t e in  is in  a g r e e m e n t  w i t h  ear l ier  obse rva t ions  
b y  HUNTER et  al. 7 on s epa ra t i ons  w i t h  p a p e r  a n d  s ta rch .  

Zusammen/assung. I s o e n z y m e  v o n  Se rumes t e r a sen  wur-  
den  zuers t  m i t  Ze l lu loseaze ta t  u n d  d a n n  m i t  e inem Gra-  
d ien tge l  yon  P o l y a k r y l a m i d  m i t  zwe id imens iona le r  Elek-  
t r ophore se  be t  der  R a t t e  u n t e r s u c h t .  E i n  neues  Band ,  das  
eine s t a rke  Albumines t e ra seak t iv i t~ i t  aufweis t  u n d  u n e m p -  
f ind l ich  gegen 10-3M P h y s o s t i g m i n  ist, wurde  somi t  ge- 
funden .  Von  17 E s t e r a s e b ~ n d e r n  w a r e n  7 e m p f i n d l i c h  auf  
P h y s o s t i g m i n ,  u n d  3 w u r d e n  auch  d u r c h  I s o - O M P A  ge- 
h e m m t ,  wi ih rend  284-C-51 gar  ke inen  E f f e k t  zeigte. 
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Mercury Binding to Human Haemoglobin 

Mercu ry  solut ions,  b o t h  as inorgan ic  m e r c u r y  sa l ts  a n d  
as organic  m e r c u r y  complexes ,  h a v e  found  wide  appl ica-  
t i on  in  t h e  e s t i m a t i o n  of s u l p h y d r y l  groups  in p ro t e in s  1-6. 
These  m e t h o d s  genera l ly  use  e i the r  a n  a m p e r o m e t r i c  
b a c k - t i t r a t i o n  of m e r c u r y  a f t e r  r eac t i on  w i t h  t he  -SH 
groups  or a s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n .  Fo r  these  
sys tems  t he  organic  m e r c u r y  clerivatives,  such  as 'p- 
m e r c u r i b e n z o a t e '  h a v e  p r o v e d  m o r e  successful  t h e n  
inorgan ic  m e r c u r y  wh ich  suffers f rom t he  d i s a d v a n t a g e  
of i ts  d iva l ency  since i t  can  r eac t  w i t h  e i the r  one -SH 
group to fo rm R S H g X  or two  to  form (RS)2Hg 1,~. Th i s  
ha s  lead to  conf l ic t  conce rn ing  t h e  n u m b e r  of ava i l ab le  
s u l p h y d r y l  groups  p resen t .  

The  degree of d e n a t u r a t i o n  of t h e  p ro te in ,  especia l ly  
w i t h  haemoglob in ,  m a r k e d l y  affects  t he  e s t i m a t e d  
n u m b e r  of th io l  groups.  S t r i c t  adhe rence  to  t he  con t ro l  of 

"pH a n d  compos i t ion  is essent ia l  a n d  even  a m m o n i a  based  
buf fers  are r epo r t ed  to yield e r roneous  resu l t s  due  to t he  
f o r m a t i o n  of meta l l i c  a m m i n e s  s. However ,  t he  in t roduc -  
t i on  of tris buffers  has  s u b s t a n t i a i l y  i m p r o v e d  t he  con- 
f idence p laced  in e x p e r i m e n t a l  resu l t s  7. 

The  work  descr ibed  here  offers a n  a l t e r n a t i v e  a p p r o a c h  
t~o t h e  s t u d y  of h a e m o g l o b i n  s u l p h y d r y l  groups  a n d  t h e i r  

r e ac t i on  w i t h  m e r c u r y  us ing  a t e c h n i q u e  ana logous  to  
t h a t  p rev ious ly  r epo r t ed  in c o n n e c t i o n  w i t h  t h e  in te r -  
ac t ion  of lead w i t h  h a e m o g l o b i n  s . 

Method. W h o l e  b lood  was col lected b y  v e n e p u n c t u r e ,  
the  cells s epa ra t ed  a n d  w a s h e d  3 t i m e s  w i t h  physio logica l  
saline.  The  e r y t h r o c y t e s  were t h e n  h a e m o l y s e d  b y  r epea t ed  
f reezing a n d  t h a w i n g  and  t h e  s t r o m a  r e m o v e d  b y  cent r i -  
fuga t ion  9. The  s u p e r n a t a n t  was  r emoved ,  d i lu ted  • 2 
w i t h  tris-maleic acid buffer ,  p H  7.0 a n d  samples  t a k e n  for 
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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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