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The  h e a r t  v o l u m e / b o d y  we igh t  r a t i o  ha s  b e e n  used as a n  
i ndex  of r e l a t ive  h e a r t  size in m a n  7. However ,  in  m a n  t h e  
b o d y  w e i g h t  is a n  incomple t e  express ion  of t h e  phys ica l  
s t a t u s  of t he  ind iv idua l ,  owing to t he  wide v a r i a t i o n  in 
n u t r i t i o n a l  s t a t e  a n d  b o d y  hab i tu s .  Therefore,  in  man ,  
radio logica l ly  e s t i m a t e d  h e a r t  v o l u m e  expressed  pe r  
squa re  m e t r e  of t h e  b o d y  surface  bears '  a closer r e la t ion-  
ship  to  the '  h e a r t  size 1 I n  rats ,  l iv ing  in s t r i c t ly  s t a n d a r d -  
ized condi t ions ,  t he  dev ia t ions  in  t he  i n d i v i d u a l  nu t r i -  
t i ona l  s t a t e  a n d  phys ica l  s t a tu s  are  v e r y  sl ight,  as s h o w n  
b y  t he  close r e l a t i on  b e t w e e n  b o d y  we igh t  a n d  h e a r t  
v o l u m e  (Figure 4). In  h e a l t h y  growing  ra t s  t he  cor re la t ion  
b e t w e e n  t he  h e a r t  vo lume  and  t he  h e a r t  we igh t  also was 
found  to be  s ign i f ican t  a t  t h e  P < 0 .001 level  s. Th i s  
r e l a t i onsh ip  could be  expressed  b y  t he  regress ion l ine 
y ~ 347 + 2.44x. The  cor re la t ion  fac tor  was  0.880. 
Owing  to these  corre la t ions ,  we found  i t  unneces sa ry  to 
cor re la te  t he  h e a r t  v o l u m e  w i t h  o the r  pa rame te r s .  

I n  p r e l i m i n a r y  expe r imen t s  s we were able  to  follow t h e  

d e v e l o p m e n t  an d  regress ion  Of va r ious  fo rms  of exper i -  
m e n t a l  c a rd iomega ly  in  rats ,  us ing  t h i s  m e t h o d  for 
d e t e r m i n a t i o n  of h e a r t  vo lume.  

Zusammen/assung. Radiologische,  u n b l u t i g e  Bes t im-  
m u n g  des H e r z v o l u m e n s  be i  der  R a t t e  m i t  Mod i f ika t i on  
der  Me t h o d e  zur  B e s t i m m u n g  des H e r z v o l u m e n s  beina 
Menschen  u n d  Nachweis  e iner  Kor re l a t i on  zwischen 
K 6 r p e r g e w i c h t  u n d  H e rzv o l u men .  
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" r w o - D i m e n s i o n a l  E l e c t r o p h o r e s i s  of Rat  S e r u m  E s t e r a s e s  in Ce l lu lose  Ace ta te  and 
A c r y l a m i d e  Gradient  Gel 

Elec t rophore t i c  s e p a r a t i o n  of se rum esterases  of d i f fe ren t  
species ha s  been  d e m o n s t r a t e d  in  a n u m b e r  of inves t iga -  
t ions.  The  s e p a r a t i o n  a n d  c lass i f ica t ion are ma in Iy  b a s e d  
on e lec t rophores is  on  cellulose co lumns  1-4 and  on s t a r c h  s, s. 
Two-d imens iona l  t echn ique ,  c o m b i n i n g  p a p e r  and  s t a r c h  

gel e lectrophoresis ,  was  used b y  HUNTER, DENUC~ a n d  
STRACHAN 7. T h e y  obse rved  8 new areas  of es terase  ac t ive  
p ro t e i n  in  mouse  sera.  W i t h  p o l y a c r y l a m i d e  get e lectro-  
phoresis ,  i t  p r o v e d  poss ib le  to  d e m o n s t r a t e  more  p ro t e ins  
w i t h  es terase  ac t iv i ty ,  because  t h i s  s y s t e m  s i mu l t an eo u s l y  
explo i t s  dif ferences  in  molecu la r  size a n d  charge  for pur -  
poses of f r a c t i o n a t i o n  s,9. H u m a n  se rum p ro t e ins  h a v e  
been  s epa ra t ed  b y  a t w o - d i m e n s i o n a l  cellulose ace ta te ,  
s t e p - g r a d i e n t  p o l y a c r y l a m i d e  gel e lec t rophore t i c  s y s t e m  10 
an d  t h e  f ine r e so lu t ion  m a d e  i t  possible  to  i den t i fy  as m a n y  
as 30 pro te ins .  

In  t h e  p re sen t  s tudy ,  a s imi la r  t w o - d i m e n s i o n a l  electro-  
phores i s  s y s t e m  was used to  s epa ra t e  non-speci f ic  es terases  
in  t h e  r a t  serum. As was expected ,  i t  was  poss ible  to  ob- 
t a i n  a more  cr i t ica l  s e p a r a t i o n  of t h e  esferases  an d  to  re- 
vea l  new e n z y m e  spo ts  wh ich  c a n n o t  be  d e m o n s t r a t e d  
w i t h  o n e -d i men s i o n a l  a c r y l a m i d e  gel e tectrophoresis .  

Material and methods. Blood was col lected b y  ca rd iac  
p u n c t u r e  f rom male  Sp rag u e -D aw l ey  r a t s  u n d e r  e the r  
anaes thes ia .  T h e  se rum was s epa ra t ed  f rom t h e  b lood  cells 
b y  cen t r i fuga t ion .  S e r u m  samples  were s tud ied  w i t h  t h e  
Or tec  h igh  re so lu t ion  e lec t rophores i s  u n i t  u s ing  a s tep  gra- 
d ien t ,  f l a t  bed  a c r y l a m i d e  gel s y s t e m  n.  However ,  s ince 
di f f icul t ies  were e n c o u n t e r e d  w i t h  t h e  r e m o v a l  of gels f rom 
t h e  or iginM cells, new cells were des igned w h i c h  were easy  

Fig. 1. a) A gel ceil, assembled for casting in the cell holder, b) The 
same ceil dismantled. The cell holder on the left. The gel 'sandwich'  
layers consist of an outer glass plate, 2 inner methacrylate plates 
separated by  2 glass spacer strips and another  glass plate. The plates 
are damped  together With 4 steel clips. 
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to  d i s m a n t l e  a f te r  e lec t rophores i s  in  o rder  to  r e m o v e  t h e  
gel s labs for f u r t h e r  hand l ing .  Fo r  cas t ing  p rocedures  t h e y  
were set  up  and  f ixed in t h e  cas t ing  s t and .  Deta i l s  of a cell 
are seen in F igures  I a a n d  b. As c o m p a r e d  w i t h  closed cells, 
t h e  s imple  cells, essen t ia l ly  cons i s t ing  of 2 glass p la tes ,  2 
m e t h a c r y l a t e  p la tes  and  2 glass spacers,  p r o v e d  c o n v e n i e n t  
and  t he  gel s labs  could easi ly  be  r e m o v e d  w i t h o u t  damage .  

The  e l ec t rophore t i c  s e p a r a t i o n  in f i r s t  d i m e n s i o n  was 
car r ied  ou t  in  cellulose ace t a t e  p a p e r  s t r ips  us ing  0 . 0 5 M  
Tris-barbituric acid buf fe r  a t  p H  8.8 in  a S e p r a t e c h , t a n k  
(Gelman) .  The  in i t i a l  c u r r e n t  was  set  a t  2 m A  a n d  in- 
creased a f t e r  1/2 h o u r  to  4 mA.  The  vo l t age  was 235 vo l t s  
and  t he  s e p a r a t i o n  t i m e  a b o u t  1 h. T h e r e a f t e r  t h e  cellulose 
ace t a t e  s t r ips  were cu t  l o n g i t u d i n a l l y  in to  3 m m  wide sec- 
t ions  over  t h e  s e p a r a t i o n  and  p laced  on  t he  surface  of a 
s tep  gel cons i s t ing  of 4.5, 6, 8 a n d  12% of po lyac ry lamide .  
A n  8% a c r y l a m i d e  gel cap  was p ressed  aga ins t  t h e  u p p e r  
surface  of t he  str ips.  O t h e r  s t r ips  were s t a ined  w i t h  A m i d o  
b l a c k  in  order  to  i den t i fy  t he  p ro t e in  f rac t ions .  As a se- 
p a r a t i n g  gel buffer ,  a 0 . 7 5 M  Tris-sulphate buffer  a t  p H  
9.0 was ut i l ized:  B o t h  t he  u p p e r  and  t he  lower t a n k s  were 
fi l led w i t h  0 . 0 6 5 M  p H  9.0 Tris-borate buffer .  C o n s t a n t  
power  for  t h e  e l ec t rophore t i c  s e p a r a t i o n  was p r o v i d e d  b y  
m e a n s  of a pulsed  c o n s t a n t  power  supply,  in  wh ich  t h e  ini-  
t i a l  pulse  r a t e  was 75 pulses/sec.  T h  e pulse  r a t e  was  in-  
c reased  b y  75 pulses/sec  a t  5 ra in  i n t e rva l s  u n t i l  300 pulses /  
sec was reached.  The  c a p a c i t a n c e  was set  a t  1.0 ~z-farad a n d  
t h e  vo l t age  a t  280 vol ts .  The  t o t a l  t i m e  e lapsed for t h e  r u n  
was 45 rain.  

Fo r  p ro t e in  s ta in ing,  t h e  gel was f ixed in 12% t r ich loro-  
acet ic  acid, s t a ined  w i t h  a 0.2% aqueous  so lu t ion  of Coo- 
mass ie  Blue  a n d  de - s t a ined  in 10% acet ic  acid. For  de- 
m o n s t r a t i o n  of esterases,  t he  gel was  p laced  in a 0 . 1 M  
p h o s p h a t e  buf fe r  (pH 7.4) so lu t ion  for  10 m i n  a n d  t h e n  
t r a n s f e r r e d  t o  t h e  i n c u b a t i o n  so lu t ion  inc lud ing  a h is to-  
chemica l  es terase  subs t ra t e ,  ~ - n a p h t h y l  a c e t a t e  (B.D.H.  
L a b o r a t o r y  chemicals ,  Poole) or e - n a p h t h y l  b u t y r a t e  
(S igma chemica l  c o m p a n y ,  St. Louis).  The  e n z y m e  ac t iv -  
i t y  was  d e m o n s t r a t e d  p r i nc ipa l l y  accord ing  to t he  m e t h -  
od of ALL]~N, POPP a n d  MOORE s. The  i n c u b a t i o n  so lu t ion  
cons is ted  of 100 ml  of 0 . 1 M  p h o s p h a t e  buf fe r  (pH 7.4), 
4 ml  of a 1% ace tone  so lu t ion  of t he  s u b s t r a t e  a n d  100 m g  
of F a s t  b lue  R R  (G.T. Gur r  Ltd . ,  London) .  The  i n c u b a t i o n  
t i m e  was 15 ra in  a t  37 ~ The  r eac t i on  was s topped  w i t h  an  
ac id  a lcohol  m i x t u r e  cons i s t ing  of 20 ml  of 95% e thy l  al- 
cohol  and  80 m l  of 10% acet ic  acid. 

Fo r  t h e  s t u d y  of specific esterases,  t h e  fol lowing inh ib i -  
to rs  were used:  eser ine in  c o n c e n t r a t i o n s  of 10-82V_r to 
10-SM, t e t r a i s o p r o p y l p y r o p h o s p h o r a m i d e  (iso-OMPA) in 
c o n c e n t r a t i o n s  of 10-~M to  10-~]V/and 1 : 5-bis-(4-allyl di- 
m e t h y l a m m o n i u m p h e n y l ) p e n t a n - 3 - o n e - d i i o d i d e  (284 C 
51). E a c h  i n h i b i t o r  was i n c o r p o r a t e d  b o t h  in t he  p re incu-  
b a t i o n  f luid a n d  t he  s u b s t r a t e - c o n t a i n i n g  i n c u b a t i o n  solu- 
t ion.  Af te r  d e m o n s t r a t i o n  of t h e  es terase  ac t iv i ty ,  some 
gels were s t a i ned  w i t h  t he  p r o t e i n  s ta in .  However ,  in  th i s  
way  i t  was  poss ib le  to  d i s t i ngu i sh  and  cor re la te  on ly  t h e  
s t ronges t  es terase  b a n d s  w i t h  s e rum pro te ins .  

Results and discussion. A t w o - d i m e n s i o n a l  es terase  elec- 
t r o p h e r o g r a m  is i l l u s t r a t ed  in F igure  2 a and  b, and  a dia- 
g r a m  of t h e  es terase  bands ,  ba sed  on  severa l  gels, is shown  
in  F igure  3. A t o t a l  of 16 b a n d s  was found  in t he  u n i d i m e n -  
s ional  s e p a r a t i o n  w i t h  ~ - n a p h t h y l  ace t a t e  as subs t r a t e .  
Two-d imens iona l  s e p a r a t i o n  revea led  one a d d i t i o n a l  b a n d  : 
t he  i n t e n s e l y  r eac t ive  b a n d  !3 of a l b u m i n  es terase  a p p e a r e d  
as 2 s epa ra t e  f rac t ions .  No o t h e r  new f rac t ions  were found  
in  t he  second d imens ion .  The  a c t i v i t y  and  reso lu t ion  w i t h  
e - n a p h t h y l  b u t y r a t e  were n o t  as h i g h  as w i t h  c~-naphthyl 
ace ta te ,  e - N a p h t h y i  b u t y r a t e  d id  no t  revea l  a n y  new bands ,  
no r  d id  t he  longer  i n c u b a t i o n  t i m e  w i t h  a n y  of t he  two 
subs t ra t e s .  

A t o t a l  of 29 p ro t e i n  b a n d s  could be iden t i f i ed  in t h e  
t w o - d i m e n s i o n a l  separa t ion .  *When t h e  es te rase-pos i t ive  
zones (Figure  2a) were c o m p a r e d  w i t h  t h e  p r o t e i n  b a n d s  
(Figure  2 b), i t  was found  t h a t  t i le  p a t t e r n  of es terase  ac t iv-  
i ty  cons ide rab ly  dif fered f r o m  t h a t  of t h e  Coomassie-  

Fig. 2. a) One- and two-dimensional serum esterase patterns separated 
in the same acrylamide gel plate and demonstrated with c~-naphthyl 
acetate as snbstrate, b) One- and two-dimensional separation of serum 
proteins, stained with Coomassie-Blue. 
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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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