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Af te r  t he  run,  t h e  p a p e r  was  a i r  dr ied  and  m o i s t e n e d  w i t h  
5% acet ic  acid. The  we t  s t r ip  was t h e n  v iewed u n d e r  
U V  l igh t  for  green-ye l low f luorescence (charac te r i s t i c  of 
c i t r in in) .  The  f luoresc ing  po r t i ons  were m a r k e d  F. T h e  
s t r ip  was t h e n  s t a ined  for p ro t e in s  o v e r n i g h t  us ing  
b r o m o p h e n o l  blue.  5% acet ic  acid was  emp loyed  for 
des ta in ing .  

Results and discussion. F r o m  t h e  f igure i t  can  be  seen t h a t  
a f luoresc ing p o r t i o n  was p r e s en t  in  t h e  e lec t rophore t i c  
p a t h  of h u m a n  s e ru m-c i t r i n i n  mix tu re ,  an d  th i s  corre-  
s p o n d ed  w i t h  t h e  a l b u m i n  band ,  w h e n  s ta ined .  The  on ly  
o the r  f luorescence m a r k e d  was t h a t  of pu re  c i t r in in  ( run 
alongside)  an d  th i s  h a d  m o v e d  t o w ard s  t h e  anode  fas te r  
t h a n  t h e  a d j a c e n t  a l b u m i n  f r ac t ion  of serum.  These  
o b s e r v a t i o n s  sugges t  t h a t  a) c i t r in in  is capab le  of b i n d i n g  
to  a t  leas t  one of t h e  h u m a n  s e r u m  p r o t e i n s - a l b u m i n ,  a n d  
b) t h e  b i n d i n g  of c i t r in in  to  a l b u m i n  is fa i r ly  s tab le  
becauSe t h e  complex  was n o t  a f fec ted  b y  dialysis.  I n  a 
s epa ra t e  e x p e r i m e n t  i t  was  s h o w n  t h a t  u n d i a l y z e d  h u m a n  
se rum-c i t r i n in  m i x t u r e  e x h i b i t e d  2 f luorescen t  spots ,  one  
co r r e spond ing  to  free c i t r in in  a n d  t h e  o t h e r  to  t h a t  of 
a l b u m i n  por t ion .  All  t h e  above  o b s e rv a t i o n s  could be  
n o t e d  aga in  w h e n  aga r  gel was emp loyed  for e lectro-  
phoresis .  Moreover ,  s tud ies  w i t h  14C-citrinin Confirmed 
t h e  b i n d i n g  of c i t r in in  to  s e r u m  a lbumin .  
I t  is fel t  t h a t  t h e  obse rved  in v i t ro  b i n d i n g  of c i t r in in  to  
s e r u m  p ro t e i n  f r ac t ion  m a y  help  in u n d e r s t a n d i n g  t he  
possible  t r a n s p o r t  m e c h a n i s m  of toxic  c i t r in in .  S imi la r  
b i n d i n g  s tud ies  w i t h  cel lular  c o m p o n e n t s  will t h r o w  l igh t  
on  t h e  possible  mode  of ac t ion  of c i t r in in  w i t h  reference 
to  i t s  t ox i c i t y  in  an ima l s  a n d  p l a n t s  7-9. 

1, Human serum (dialyzed); 2, Human serum-citrinin mixture 
(dialyzed); 3, Citrinin; F, Fluorescence portions (marked before 
staining). 
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Summary. Sera  of h a p t o g l o b i n  s u b t y p e s  H p  I F - 1 F  a n d  H p  1S-1S i n c u b a t e d  a t  56~ show a d i f f e ren t  degree  of re- 
d u c t i o n  in t he  h e m o g l o b i n  b i n d i n g  capac i ty .  The  di f ference is smal l  b u t  s igni f icant .  

Ea r l i e r  i t  was  d e m o n s t r a t e d  t h a t  in  s e r u m  i n c u b a t e d  a t  
56 ~ t h e  h e m o g l o b i n  b i n d i n g  c a p a c i t y  (HbBC) is r educed  
a n d  t h e  e x t e n t  of r e d u c t i o n  var ies  w i t h  t h e  H p  p h e n o t y p e  
in t h e  o rder  of dec reas ing  H p  1-1 < H p  2-1 < H p  2-2 ~. 
The  d u r a t i o n  of t h e  h e a t  i n c u b a t i o n  also inf luences  t h e  
e x t e n t  of r e d u c t i o n  in t h e  H b B C  2. Agar-ge l  e lectro-  
pho re t i c  i nves t i ga t i ons  p r o v e d  t h a t  a smal le r  q u a n t i t y  of 
H p - H b  complexes are  fo rmed  in h e a t - t r e a t e d  s e r u m  a n d  
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Change of the HbBC mean value of sera heat-treated at 56~ as 
compared in percent to their not-treated controls. 

t h i s  q u a n t i t y  depends  on  t h e  p h e n o t y p e  3. On t h e  basis  of 
e x a m i n a t i o n s  of complexes  fo rmed  w i t h  sera  of t h e  p h e n o -  
t y p e  H p  1-1, one m a y  conc lude  t h a t  even  w i t h i n  these  
p h e n o t y p e s  t h e r e  is a n  a d d i t i o n a l  v a r i a t i o n  a m o n g  t h e  
i n d i v i d u a l  sera~. These  f ind ings  sugges ted  d i f fe ren t  h e a t -  
s t a b i l i t y  for sera  of d i f fe ren t  H p  sub types .  
Materials and methods. 28 sera  of H p  1 F - I F  a n d  H p  I S - I S  
s u b t y p e s  were ana lyzed .  S u b t y p i f y i n g  was  ca r r i ed  o u t  
accord ing  P a s t e w k a  e t  al. 5. P h o t o m e t r i c  m e a s u r e m e n t  of 
t h e  pe rox idase  a c t i v i t y  of t h e  complex  fo rmed :  t h e  sera  
were  d iv ided  in to  4 par t s .  One  r e m a i n e d  u n t r e a t e d ,  t h i s  
r ep re sen t ed  t h e  n a t i v e  con t ro l  sample .  T h e  o t h e r  3 were  
k e p t  for half ,  1 a n d  3 h r e spec t ive ly  in w a t e r  b a t h  a t  
56~ T h e  p lac ing  of samples  in to  t h e  w a t e r  b a t h  was  
car r ied  o u t  in  such  a m a n n e r  t h a t  h e a t - i n c u b a t i o n  of al l  
samples  was  f in i shed  a t  t h e  s ame  t ime.  Fol lowing  th is ,  
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t h e  va lue  of H b B C  was d e t e r m i n e d  w i t h  t he  guaiacole  
pe rox id  m e t h o d  accord ing  to Owen  e t  al. 6 b o t h  in t h e  
n a t i v e  a n d  h e a t - i n c u b a t e d  samples .  T he  or ig ina l  m a n u a l  
m e t h o d  was m e c h a n i z e d  w i t h  p ipe t to rs ,  a n d  f l o w t h r o u g h  
cuve t t e .  The  samples  were p r e p a r e d  in 6-sec- in terva ls  
a n d  m e a s u r e d  a f t e r  10 ra in  s t a n d i n g  in w a t e r b a t h  a t  25 ~ 
in t h e  same  order  w i t h  t h e  same  in te rva l s .  I n  th i s  w a y  t he  
sera  of H p  1F-1F  a n d  H p  1S-1S p h e n o t y p e s  were ana -  
lyzed t o g e t h e r  in t h e  same  ser ia l  p rocedure  to avo id  pos-  
s ible  i n a c c u r a c y  and  d ivergence  of t h e  resu l t s  o r i g ina t i ng  
f rom d i f fe ren t  r eagen t s  a n d  reac t ions  execu t ed  in d i f fe ren t  
serials. 
Results. T h e  f igure s u m m a r i z e s  t he  resu l t s  of e x a m i n a -  
t ion.  I t  m a y  be  n o t e d  t h a t ,  as c o m p a r e d  to t he  na t ive ,  
t h e  H b B C  va lue  was r educed  less in  sera  of t h e  s u b t y p e  
H p  1F-1F  t h a n  in those  of s u b t y p e  H p  1S-1S. B e t w e e n  
t he  m e a n  va lues  of t he  2 groups,  t he re  is a s ign i f i can t  
d i f ference a f t e r  t h e  h e a t - i n c u b a t i o n  for 1 h as ev idenced  
b y  t h e  d o u b l e - t - t e s t  of S t u d e n t :  t = 4.09; p < 0.001. 
The  a l p h a  p o l y p e p t i d e  cha ins  of H p  molecules  de te r -  
m i n e d  b y  t he  alleles H p  1F a n d  H p  is  differ  in on ly  one 
a m i n o  acid. I n  pos i t ion  54, t h e r e  is lys ine in t h e  a l p h a - l F  
cha in  and  g l u t a m i n e  in t h e  a l p h a - l S  cha in  7. Th i s  causes  a 
di f ference in t h e  e lec t rophore t i c  m o b i l i t y  of t h e  2 poly-  
pep t i de  cha ins  on  t he  basis  of wh ich  s u b t y f y i n g  is ca r r i ed  
out .  Accord ing  to p r e s e n t  knowledge,  t he  b e t a  cha ins  do 
n o t  differ  in  i n d i v i d u a l  p h e n o t y p e s  s. I t  m a y  be  supposed  
t h a t  t h i s  chemica l  d i f ference ill t h e  a l p h a - c h a i n s  of H p  
causes  also a d i f ference in t h e  b e h a v i o u r  of t he  H p  mole-  
cule to  hea t .  

The  p h e n o m e n o n  was i n v e s t i g a t e d  in whole  h u m a n  se rum 
a n d  n o t  w i t h  pur i f ied  Hp.  However ,  t h e  decrease  of t h e  
H b B C  in t h e  s e rum u n d e r  effect  of h e a t  m a y  s u p p o r t  to  
t he  a l t e r ed  b e h a v i o u r  of t he  Hp.  Th i s  is jus t i f i ed  b y  t h e  
d e p e n d e n c e  of s u b t y p e s  a n d  b y  t he  ear l ier  d e m o n s t r a t e d  
d e p e n d e n c e  of usua l  p h e n o t y p e s  1, 8. 
A t  p r e sen t  t h e r e  is no e x p l a n a t i o n  for t he  H b B C  r e d u c t i o n  
of H p  occur r ing  u p o n  t he  effect  of hea t .  Mos t  p r o b a b l y  
56~ of h e a t  does n o t  cause  m a j o r  changes  in t h e  H p  
molecule.  I n  t i le  course  of e x p e r i m e n t s  m a d e  w i t h  Laure l l ' s  
r ocke t  me thod ,  t h e r e  was no  d e g r a d a t i o n  p r o d u c t  to  be  
seen in h e a t  i n c u b a t e d  sera  ~. I t  is more  l ike ly  t h a t  t he  
change  is conf igura t iona l .  The  H p  molecules  h a v e  a 
s t r u c t u r a l  s imi l a r i t y  to  13ence Jones  p ro t e in s  7. The re  is a 
s imi l a r i t y  b e t w e e n  t h e  2 p ro t e in s  in p r e s e n t i n g  a special  
b e h a v i o u r  aga in s t  hea t ,  too. The  h e a t  sens ib i l i ty  of t he  
H p  molecules  concerns  one of i ts  func t ions ,  t h e  m o s t  
cha rac t e r i s t i c  a n d  t he  m o s t  i m p o r t a n t  - as we r ega rd  i t  
n o w a d a y s  - ,  t h e  h e m o g l o b i n  b i n d i n g  capac i ty .  The  f u r t h e r  
i n v e s t i g a t i o n  of t h e  decreas ing  h e m o g l o b i n  b i n d i n g  ca- 
p a c i t y  of t he  h a p t o g l o b i n s  exposed to  h e a t  m a y  lead to  
new d a t a  conce rn ing  h a p t o g l o b i n - h e m o g l o b i n  in te rac t ion .  
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Summary. Zinc is essen t ia l  for  t h e  g r o w t h  of all  species. G r o w t h  a r r e s t  resu l t s  f rom i ts  def ic iency a n d  p r e s u m a b l y  re- 
f lects  i m p o r t a n t  roles for  t h i s  m e t a l  a t  c r i t ica l  po in t s  of me tabo l i sm.  S tudies  of zinc m e t a l l o e n z y m e s  show t h a t  zinc 
serves  as a coenzyme  to  more  t h a n  80 enzymes ,  a m o n g  wh ich  are t h e  reverse  t r a n s c r i p t a s e s  wh ich  cause  l eukemia  in 
m a n y  species. I t s  role in  nucleic  acid m e t a b o l i s m  is emphas ized .  

Zinc is essent ia l  for t h e  g r o w t h  of all  species. G r o w t h  
a r r e s t  r esu l t s  f rom i ts  def ic iency  a n d  p r e s u m a b l y  ref lects  
i m p o r t a n t  roles for  t h i s  m e t a l  a t  c r i t ica l  po in t s  of me-  
t abo l i sm.  Thus ,  i t  was  found  25 years  ago t h a t  n o r m a l  
l eukocy tes  c o n t a i n  s u b s t a n t i a l  q u a n t i t i e s  of zinc whi le  
l eukemic  cells c o n t a i n  less t h a n  10% of t h e  zinc c o n t e n t  
of n o r m a l  l eukocy tes  2. T he  consequences  to  cel lular  
g r o w t h  a n d  p ro l i f e ra t ion  of such  i n t r ace l l u l a r  decreases  
in  zinc c o n t e n t  h a v e  on ly  b e g u n  to  be  i n v e s t i g a t e d  re- 
cen t ly .  W e  h a v e  ut i l ized va r ious  cell l ines  inc lud ing  
E. gracil is  3, a n d  h u m a n  leukemic  l y m p h o b l a s t s  to  e x a m i n e  
t he  i n v o l v e m e n t  of zinc in t h e  b iochemica l  even t s  of cell 
d ivis ion.  The  biological  e s sen t i a l i t y  of zinc can  be  dis- 
ce rned  a t  va r ious  s teps  of cell g r o w t h  a n d  d e v e l o p m e n t  in  
b o t h  n o r m a l  a n d  neop las t i c  ceils. 
The  ~ un ice l lu la r  euka ryo te ,  E. gracilis,  h a s  p r o v e d  m o s t  
su i t ab le  in  t h i s  r e g a r d  a n d  ha s  se rved  to  def ine  t h e  ap-  
p roaches  r equ i red  to  s t u d y  zinc m e t a b o l i s m  in ceils cul- 
t u r e d  in v i t ro .  I m p o r t a n t l y ,  t h e  zinc c o n t e n t  of t h i s  
o r g a n i s m  decreases  to  less t h a n  10% t h a t  of no rma l ,  zinc 
suf f ic ien t  cells w h e n  t he  zinc c o n c e n t r a t i o n  of t h e  cu l tu re  
m e d i u m  is less t h a n  10 .7 M s. T h e  r e s u l t a n t  def ic iency 
seve re ly  l imi ts  i ts  g rowth .  A n u m b e r  of s t r i k ing  m o r p h o -  

logical  a n d  chemica l  d e r a n g e m e n t s  are  t h e  consequence .  
B o t h  R N A  a n d  p ro t e in  syn thes i s  are  m a r k e d l y  depressed.  
T h e  D N A  c o n t e n t  a n d  cel lular  v o l u m e  doubles  whi le  
fl-1,3 g lucan  (pa ramylon)  aggregates .  F u r t h e r ,  p ro t e in s  
a n d  pep t ides  of u n u s u a l  compos i t ion ,  amino  acids,  nucleo-  
t ides  a n d  p y r o p h o s p h a t e  accumula t e .  I n  add i t ion ,  t h e  
in t r ace l lu l a r  c o n t e n t  of Mg, M n  and  Fe  increases  marked ly .  
A d d i t i o n  of zinc to  t he  cu l tu re  m e d i a  comple t e ly  res tores  
t h e  chemica l ,  morpho log ica l  a n d  g r o w t h  p a t t e r n s  to  those  
cha rac t e r i s t i c  of n o r m a l  E. gracil is  cells ~. These  d r a m a t i c  
resu l t s  show t h a t  in  z inc-def ic ien t  ceils b o t h  b iochemica l  
and  morpho log ica l  processes  of t h e  cell cycle, i.e. D N A  
a n d / o r  R N A  syn thes i s  as well  as f u n c t i o n  a n d  cell d iv is ion  
are  m a r k e d l y  d i s tu rbed ,  p e r h a p s  as t h e  consequence  of 
t he  e s sen t i a l i ty  of zinc to  t h e  p r i m a r y  molecu la r  events ,  
r e spons ib le  for t hose  events .  Consequen t ly ,  we h a v e  am-  
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