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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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p loyed  F low C y t o f l u o r o m e t r y  to def ine i ts  role in  t he  cell 
cycle of e u k a r y o t i c  cells, s ince t h i s  a p p r o a c h  pe rmi t s  
r ap id  ana lys i s  of t he  D N A  c o n t e n t  of i n t a c t  cells. 
Zinc  is essent ia l  to  specific s teps  of t he  cell cycle, i.e. Gx, 
S and  t he  G 2 -~ M t r a n s i t i o n  5, and  i ts  def ic iency can  b lock  
each  of t h e m ,  fol lowed b y  g r o w t h  arres t .  Such  s tud ies  
w i th  E. gracil is  h a v e  p r o v i d e d  basic  i n f o r m a t i o n  wh ich  
al lows i n v e s t i g a t i o n  of t he  role of th i s  and  o t h e r  m e t a l s  in  
t he  m e t a b o l i s m  of m a l i g n a n t  cells in general ,  and  leukemic  
cells, in  pa r t i cu la r .  I n  th i s  m a n n e r  m e t a l  d e p e n d e n t  s teps  
p e r t i n e n t  to  t he  Gx + S t r ans i t i on ,  and  S i tself  h a v e  been  
def ined  in a h u m a n  leukemic  cell line. 
The  i n v o l v e m e n t  of t he  e l em en t  in  t he  p r e m i t o t i c  even t s  
of t h e  cell cycle is c o n s i s t e n t  w i t h  ear l ier  obs e r va t i ons  of 
i ts  i m p o r t a n c e  to  nucleic  acid me tabo l i sm.  Zinc, a m o n g  
o t h e r  metals ,  s tabi l izes  the  s t r u c t u r e s  of R N A  and  D N A  
and  p r e s u m a b l y  affects  tiaeir m e t a b o l i s m  6. Moreover ,  i t  
p lays  an  i m p o r t a n t  role in nucleic  acid syn thes i s  and  is 
i nd i spensab le  to  t h e  func t i on  of D N A - d e p e n d e n t  D N A  
a n d  R N A  po lymerases  of E. coliT, 6. The  d i scovery  of t he  
R N A  d e p e n d e n t  D N A  p o t y m e r a s e - r e v e r s e  t r a n s c r i p t a s e -  
in  Type  C oncogenic  R N A  vi ruses  9 has  s t i m u l a t e d  s t u d y  
of t h e  in i t i a t ion ,  b iochemica l  bas is  a n d  m a i n t e n a n c e  of 
m a l i g n a n t  t r a n s f o r m a t i o n s  and  of t he  m a n n e r  b y  which  
a D N A  copy  is t r a n s c r i b e d  f rom v i ra l  RNA.  The  above  
ind ica t ions  of t h e  i m p o r t a n c e  of zinc in n o r m a l  and  
leukemic  l eukocy te  m e t a b o l i s m  h a v e  p r o m p t e d  us to  
e x a m i n e  t he  R N A  d e p e n d e n t  D N A  po lymerases  f rom 
a v i a n  mye lob las tos i s  v i rus  a n d  m a m m a l i a n  Type  C R N A  
t u m o r  viruses.  

1 , 1 - O - P h e n a n t h r o l i n e  (OP) r eve r s ib ly  i nh ib i t s  all of t h e  
R N A  d e p e n d e n t  D N A  po lymerases  f rom a v i a n  myelo-  
b las tos is  1~ rout ine ,  s imian,  fel ine and  RD-114  R N A  tu -  
mor  v i ruses  11. The  p K o v  var ies  on ly  f rom 4.7 to  4.9 a n d  
t h e  n u m b e r  of moles of i n h i b i t o r  b o u n d  to t he  meta l ,  K, 
f rom 1.3 to 2.2, va lues  v e r y  close to  those  p rev ious ly  
r epo r t ed  for k n o w n  zinc enzymes .  Combined  use  of 
m ic rowave - induced  emiss ion  s p e c t r o m e t r y  a n d  micro  gel 
exclus ion c h r o m a t o g r a p h y  has  d e m o n s t r a t e d  s toichio-  
me t r i c  a m o u n t s  of zinc essent ia l  to  t he  func t i on  of t he  
enzymes  f rom av i an  myeloblas tos is ,  m u r i n e  l eukemia  and  
woolly  m o n k e y  Type  C vi ruses  10,11. Most  r ecen t l y  we h a v e  
s h o w n  f u r t h e r  t h a t  t he  D N A  d e p e n d e n t  R N A  po lymerase  
I I  f rom E. gracil is  also is a zinc me ta l loenzyme .  The  
impl i ca t ions  of these  f indings  to n o r m a l  a n d  a b n o r m a l  
g r o w t h  will be examined .  
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Summary. A m i n o a c y l a t i o n  of t R N A  w i t h  va l ine  was g rea te r  in  t h e  c e r e b r u m  of ch icken  t h a n  t he  ce rebe l lum or opt ic  
lobes. Th i s  g rea te r  a m i n o a c y l a t i o n  was due  to  b o t h  t he  a c t i v i t y  of t he  ce rebra l  v a l y l - t R N A  s y n t h e t a s e s  a n d  t he  
accep t ing  a c t i v i t y  of t he  ce rebra l  t R N A  val. 

S tudies  c o m p a r i n g  p r o t e i n  syn thes i s  b y  va r ious  regions 
of b r a i n  h a v e  shown  reg iona l  differences  1-3. R e c e n t l y  Liu 
e t  al. 4 r epo r t ed  t h a t  t he  g rea t e r  cell-free p r o t e i n  s y n t h e t i c  
a c t i v i t y  of the  p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t  of t he  
c e r e b r u m  of ch icken  b r a i n  c o m p a r e d  to  t he  ce rebe l lum 
or opt ic  lobes was p a r t i a l l y  due  to so luble  fac tors  in t he  
pos t -mic ro soma l  s u p e r n a t a n t  (cell sap), poss ib ly  fac tors  
respons ib le  for t he  a m i n o a c y l a t i o n  of t R N A .  T a k a h a s h i  
a n d  Abe  ~ found  t h a t  t he  a m i n o a c y l a t i o n  a c t i v i t y  of cell 
sap  f rom the  ce rebra l  co r t ex  of r a b b i t  b ra in  was higher ,  
as  d e t e r m i n e d  b y  a2P-pyrophospha te  exchange ,  t h a n  t he  
a c t i v i t y  f rom t h e  cerebel lum,  medul la ,  pons,  t h a l a m u s  
or  h y p o t h a l a m u s .  However ,  Liu  e t  al. * found  in ch icken  
b r a i n  t h a t  t he  cell sap  f rom t he  ce rebe l lum h a d  a g rea t e r  
ab i l i t y  to  a t t a c h  r a d i o a c t i v e l y  labeled  a m i n o  acids on to  
t R N A  t h a n  t he  c e r e b r u m  or  op t ic  lobes. Because  t h e  cell 
s ap  con t a in s  b o t h  c o m p o n e n t s  r equ i red  for am i noacy l a -  
t ion,  a m i n o a c y l - t R N A  s y n t h e t a s e s  a n d  t R N A s ,  i t  is 
necessa ry  to s t u d y  t he  a m i n o a c y l a t i o n  a c t i v i t y  of specific 
a m i n o a c y l - t R N A  s y n t h e t a s e s  a n d  t R N A  w h e n  c o m p a r i n g  
t h e  a m i n o a c y l a t i o n  ac t iv i t i e s  of va r ious  b r a i n  regions. 
Th i s  s t u d y  is t he  f i rs t  r e p o r t  c o m p a r i n g  t h e  aminoacy la - -  
t i on  a c t i v i t y  of t R N A  s y n t h e t a s e s  and  t he  cha rg ing  ca- .  
p a c i t y  of t R N A  isola ted f rom d i f fe ren t  b r a i n  regions. 

Materials andmethods. The  p o s t - m i t o c h d n d r i a l  s u p e r n a t a n t  
a n d  cell sap of t he  c e r e b r u m  (cbr), ce rebe l lum (cbl), a n d  
opt ic  lobes (opl) were o b t a i n e d  f rom 12-18-month-o ld  
l eghorn  hens  accord ing  to  t h e  m e t h o d s  pub l i shed  b y  Liu 
e t  al 4. A m i n o a c y l - t R N A  s y n t h e t a s e s  were o b t a i n e d  f rom 
the  cell sap  b y  a d d i n g  a m m o n i u m  sul fa te  to  t he  cell sap 
to  51~o sa tu ra t i on .  The  re su l t ing  suspens ion  was  cen-  
t r i fuged  a t  low speed a n d  t he  p rec ip i t a t e  col lected and  
dissolved in a p h o s p h a t e  buf fe r  p H  7.5 (15~o glycerol,  
10 m M  KH2PO4, 5 m M  KC1, 1 m M  MgC12, a n d  20 m M  
2-mercap toe thano l ) .  The  so lu t ions  were d ia lyzed  aga in s t  
t h e  p h o s p h a t e  buf fe r  ove rn igh t ,  passed  t h r o u g h  a 1.8 • 20 
cm S e p h a d e x  G-100 co lumn,  e lu ted  w i t h  p h o s p h a t e  buffer ,  
and  f rac t ions  c o n t a i n i n g  p ro t e in  were pooled  a n d  used 
as t he  source of a m i n o a c y l - t R N A  syn the t a se s .  
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