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Die Zellen der  Kragendr i i se  i ibe r l appen  sich u n d  b i lden  
sch lanke  For t s~ tze  aus. Diese s te l len typ i sche  Pedice l len  
dar,  wie sie sons t  n u t  yon  v ie len  N ie r eno rganen  b e k a n n t  
sind.  B e n a c h b a r t e  Ped ice l len  werden  wie do r t  d u r c h  
D i a p h r a g m a t a  v e r b u n d e n  (F iguren  2 a n d  3, Pfeile). In  
a l len Zellen s ind cy to t i sche  Ves iku la t ionen  (V) h~iufig. I n  
i h n e n  is t  die f~dige G l y k o k a l y x  deut l ich .  Die Nuclei  
l iegen im zen t r a l en  Zel lbere ich  und  s ind i iberwiegend 
kugelig.  Die s te t s  n u r  crist~Lren Mi tochondr i en  k o m m e n  in 
grosser Zah l  vor.  Cha r ak t e r i s t i s ch  s ind viele  Lysosomen  
(F iguren  3 u n d  4, Ly) versch~,edener Gr6sse a n d  Dich te  
sowie sch lauchf6 rmige  a n d  oft  gewundene  Konf igura t io -  
nen  (W), d i e  im C y t o p l a s m a  v e r s t r e u t  liegen. Auch  
bezi igl ich dieser  S t r u k t u r e n  wi rd  m a n  sehr  an  das  Bi ld  yon  
Sacculuszel len des M a x i l l a r n e p h r i d i u m s  von  Polyxenus 
lagurus e r i n n e r t  5. 

Se tz t  m a n  expe r imen te l l  eine H / i u t u n g  in Gang% 
d a n n  werden  die Kragendr i i senze l l en  deu t l i ch  ak t iv ie r t .  
Die v o r h e r  we i t en  In t e r ze l l u l a r spa l t en  (F iguren  1, 2 u n d  3) 
v e r s c h w i n d e n  wegen e iner  s t a r ken  V o l u m e n z u n a h m e  der  
Zellen fas t  vo l l s t~nd ig  (Figur  4). I m  C y t o p l a s m s  t r e t e n  
h~iufiger freie R i b o s o m e n  auf. Lysosomen  u n d  Mi tochon-  
d r ien  s ind deu t l i ch  v e r m e h r t .  Die Z i s t e rnen  des urspr i ing-  
l ich schwach  en twicke l t en  g ranu l~ ren  E R  s ind j e t z t  

s te l lenweise  b las ig  au fge t r i eben  a n d  m i t  f lockigem I n h a l t  
gefiillt. Besonders  b e m e r k e n s w e r t  ist, dass  n u n  auch  
agranul / i res  E R  in der  N~he  yon  Golgife ldern s i c h t b a r  wird. 
Die  Zah l  der  Golg ikomplexe  p ro  Zelle sche in t  v e r m e h r t ;  
an  den  freien E n d e n  ih re r  Z i s t e rnen  werden  Prosekre t -  
g r a n a  abgeschn i i r t  (Figur  4). Ausf t ihr l ichere  Un te r su -  
c h u n g e n  werden  d e m n g c h s t  an  ande re r  Stelle ver6f fen t -  
l icht .  

Summary. A h i t h e r t o  un iden t i f i ed  endocr ine  ' g l andu la  
per ioesophagea l i s '  in  Polyxenus lagurus is descr ibed.  I t s  
cells are t yp i ca l  podocytes .  B e t w e e n  t he  pedicel ls  the re  
are m a n y  in te rce l lu la ry  spaces. I n  an ima l s  close to  mol t ing ,  
the  g land  cells are ac t i va t ed .  
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Lead Binding to Human Haemoglobin 

Lead  is k n o w n  to com bi ne  w i t h  e r y t h r o c y t e s  1. Previ -  
ously  i t  was  t h o u g h t  to  combine  w i t h  t he  e r y t h r o c y t e  cell 
m e m b r a n e  ~ b u t  r ecen t  work  has  suggested  t h a t  i t  r eac t s  
w i t h  t he  cell con ten t s ,  n o t a b l y  w i t h  h a e m o g l o b i n  3. The  
n a t u r e  of t he  r eac t ion  is st i l l  in  d o u b t  and  t h i s  r epo r t  
descr ibes  a n  a t t e m p t  to  d e t e r m i n e  t he  assoc ia t ion  c o n s t a n t  
f o r  t h e  lead h a e m o g l o b i n  complex  a n d  t he  n u m b e r  of 
b i n d i n g  s i tes  ava i l ab le  for lead on  t he  h a e m o g l o b i n  
molecule.  

S t r o m a  free h a e m o l y s a t e s  were o b t a i n e d  f rom adu l t  
and  fe ta l  b lood red cells, p rev ious ly  washed  3 t imes  w i t h  
n o r m a l  sal ine,  b y  u l t r a c e n t r i f u g a t i o n  3. E a c h  h a e m o l y s a t e  
was d i lu ted  w i t h  twice  i ts  vo lume  of t r i s -male ic  acid 
buffer ,  p H  7.0 and  s am p l e s  o b t a i n e d  for h a e m o g l o b i n  4 
and  p ro t e in  5 de t e rmi na t i ons .  V a r y i n g  c o n c e n t r a t i o n s  of 
lead in t he  r ange  50 to  500 p p m  were p r e p a r e d  in the  
buffer  a n d  label led  w i t h  car r ier  free Pb-203 to  give solu- 
t ions  of k n o w n  specific ac t iv i ty .  Volumes  of t h e  lead solu- 
t ions  were m i x e d  w i t h  samples  of t he  h a e m o l y s a t e  in 
bags  of Visk ing  dia lys is  t u b i n g  w h i c h  h a d  p rev ious ly  
been  p r e p a r e d  b y  bo i l ing  in several  changes  of dis t i l led 
water .  The  sealed bags  were cen t r i fuged  for 2 h a t  2500 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~ us ing  a 
t e c h n i q u e  p rev ious ly  descr ibed  3. Al iquo ts  of t h e  u l t ra -  
f i l t r a t e  a n d  res idua l  h a e m o l y s a t e  were o b t a i n e d  and  the  
lead c o n t e n t  of each  der ived  b y  m e a s u r e m e n t  of t he  
r a d i o a c t i v i t y  w i t h  a H e w l e t t - P a c k a r d  Auto -y -Spec t ro -  

meter .  The  lead b o u n d  to h a e m o g l o b i n  was d e t e r m i n e d  
b y  t he  dif ference b e t w e e n  the  free and  t o t a l  lead  act ivi t ies .  

Ana lys i s  of t he  resu l t s  b y  t he  m e t h o d  of SCATCHARD6 
gave  a l inear  r e l a t i onsh ip  be tween  ' v '  (moles of b o u n d  
lead pe r  t o t a l  moles of p ro te in)  a n d  'v/M' (where M is t he  
m o l a r  c o n c e n t r a t i o n  of free m e t a l  ; F igure  1). Th i s  suppor t s  
t he  v iew t h a t  t he  s i tes  ava i l ab le  for lead b i n d i n g  are 
e q u i v a l e n t  a n d  t h a t  t h e r e  is no i n t e r ac t i on  be tween  them.  
The  i n t e r c e p t  on  t h e  X-ax i s  i nd ica t e s  t h a t  t h e  adu l t  
h a e m o g l o b i n  molecule  ha s  8 si tes ava i l ab le  for lead b ind-  
ing a l t h o u g h  t he  s t a n d a r d  er ror  of t he  slopes of b o t h  
regress ion l ines would al low va lues  be tween  7 and  10 
(Figure  2). The  s y m m e t r y  of t h e  haemog lob in  molecule  
(e~fl~) would  suggest  t h a t  t he  n u m b e r  of lead b i n d i n g  sites 
would be  g iven  b y  a n  even  whole  number .  

The  assoc ia t ion  c o n s t a n t  (K) for t h e  lead h a e m o g l o b i n  
complex  was ca lcu la ted  f rom t h e  va lue  g iven  b y  t~he 
i n t e r c e p t  of the  lille on  t he  Y-ax is  a n d  was such  t h a t  log 
K = 4.08. Th i s  va lue  ha s  been  re l a t ed  to  o t h e r  k n o w n  
va lues  for lead assoc ia t ion  c o n s t a n t s  (Table  I). The  
d i s p a r i t y  be tween  t he  P b - E D T A  and  the  P b - H b  associa- 
t ion  c o n s t a n t s  was such  t h a t  exposure  of t he  P b - H b  to  
free E D T A  would  re su l t  in t he  t r ans f e r  of lead and  t h e  
f o r m a t i o n  of a P b - E D T A  complex.  This  was ver i f ied  in 
l ead -con ta in ing  haemolysa t e s ,  in  which  t he  lead was 
comple t e ly  r e m o v e d  b y  E D T A  ; b y  c o n t r a s t  l i t t l e  lead was 
r e m o v e d  f rom i n t a c t  e r y t h r o c y t e s  (Table  I I ) .  These  

Table I. Comparison of Log K values for Pb ~+ ions in different sys- 
tems 

Ligand Log K 

EDTA 18.0 (Ref. 1~) 
Haemoglobin 4.08 
Bovine serum albumin 2.3 (Ref) 5) 
Gelatin pH 5.5 1.84 (Ref) 6) 
Gelatin pH 6.5 2.21 {ReI. TM) 
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Table II. The effect of extracellular EDTA on the partition of lead 
between erythrocytes and saline 

Molar content in 0.9% saline 

Lead EDTA 

Erythrocyte lead (%) 

10 -s - 95.87 
10 3 _ 94.20 
10 -s 10 -3 "1.02 
10 3 10-8 1.16 
-- . 10 -3 95.17 �9 
-- 10 ~ 92.42 �9 

I ml of washed erythrocytes added to 4 inl of solution, mixed for 10 rain. 
Lead content of erythrocytes determined after washing • 3 with 
0.9% saline. The lead solutions were labelled with carrier-free Pb-203. 
�9 Washed erythrocytes previously equilibrated with 10-3M lead. 
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Fig. 1. Plot and regression line for v/M against v, where v denotes 
moles of bound lead per total moles of haemoglobin and M is the mo- 
lar concentration of free metal (after SCATCHARD6). 

f i nd ings  s u p p o r t  t h e  s u g g e s t i o n  t h a t  E D T A  does  n o t  
c ross  t h e  e r y t h r o c y t e  m e m b r a n e  a n d  in v ivo  r e m o v e s  
ske le t a l  r a t h e r  t h a n  e r y t h r o c y t e  leadT. T h i s  w a s  f u r t h e r  
s u b s t a n t i a t e d  b y  s tud ie s  w i t h  C-14 label led E D T A ,  w h i c h  
s h o w e d  t h a t  t h e  E D T A  added  to  w h o l e  b lood  r e m a i n e d  
ex t race l lu la r .  

T h e  n a t u r e  of  lead b i n d i n g  s i tes  on  t h e  h a e m o g l o b i n  
molecu le  is n o t  k n o w n .  P r e v i o u s  w o r k  w i t h  h e a v y  m e t a l s  
( m e r c u r y ,  s i lver)  h a s  s u g g e s t e d  t h a t  b i n d i n g  occ u r r e d  
w i t h  u p  to  6 s u l p h y d r y l  g r o u p s  s - ~  a l t h o u g h  on ly  t w o  of 
these  are  n o r m a l l y  ava i l ab le  for  b i n d i n g ' S .  An  a v e r a g e  of 
7.5 s u l p h y d r y l  g r o u p s  ava i l ab le  for  h e a v y  m e t a l  b i n d i n g  
h a s  b e e n  r e p o r t e d  for  h a e m o g l o b i n  H (e~/~2). H o w e v e r ,  i t  
h a s  b e e n  s u g g e s t e d  t h a t  s p u r i o u s  r e su l t s  m i g h t  occur  w i t h  
d i v a l e n t  m e r c u r y  ions  due  to  t he  f o r m a t i o n  of H g - H g - S H  
l inkages  t h u s  g iv ing  an  inco r rec t  e s t i m a t e  of t he  n u m b e r  of 
ava i l ab l e  g r o u p s  ~3. B lock ing  t h e  free - S H  g r o u p s  of 
h a e m o g l o b i n  b y  t h e  i n c o r p o r a t i o n  of iodoacet ic  acid in 
t he  h a e m o l y s a t e s  p r io r  to  t h e  a d d i t i o n  of lead r e su l t ed  in 
l i t t le  d i f fe rence  in t h e  lead b i n d i n g  (F igu re  2) s u g g e s t i n g  
t h a t  free s u l p h y d r y l  g r o u p s  are  n o t  e s sen t i a l  in t he  f o r m a -  
t i on  of t he  l e a d - h a e m o g l o b i n  c omple x .  

A n a l y s i s  of t h e  d a t a  o b t a i n e d  f r o m  e x p e r i m e n t s  us ing  
fe ta l  h a e m o g l o b i n  gave  s imi l a r  r e su l t s  s h o w i n g  t h e  s i tes  
ava i l ab l e  for  lead b i n d i n g  to  be  i n d e p e n d e n t  of t he  
~-cha in  c o m p o n e n t  of t h e  h a e m o g l o b i n  17. 

Zusammen/assung. Die V e r b i n d u n g  y o n  Blei m i t  m e n s c h -  
l i chem H~trnoglobin w u r d e  in v i t r o  m i t t e l s  Pb-203 u n t e r -  
such t ,  wobe i  m a n  die A n z a h l  der  zug~tnglichen Verb in -  
d u n g s s t e l l e n  a m  Molekiil  des HS.moglob ins  u n d  der  Ver-  
b i n d u n g s k o n s t a n t e  tiir den  B l e i - H ~ t m o g l o b i n k o m p l e x  
b e s t i m m t e .  Die V e r b i n d u n g  w a r  w e d e r  y o n  der  A n w e s e n -  
he i r  der  / / - K e t t e n  n o c h  v o n  f re ien  S u l p h y d r y l g r u p p e n  
abh~ingig. Mi t te l s  E D T A  k o n n t e  Blei  y o n  H~tmolysa ten ,  
n i ch t  a b e r  aus  i n t e k t a n  E r y t h r o z y t e n  e n f f e r n t  werden .  

D. BARLTROP a n d  A. SMITH 
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Fig. 2. Graph from Figure 1 superimposed on the results from fetal 
haemoglobin, normal adult haemoglobin controls and aoult haemo- 
globin containing added iodoacetic acid. The standard errors of the 
slope of the regression line are included. 
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