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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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R N A  was i so la ted  f rom t he  cell sap b y  t he  m e t h o d  of 
So lymosy  e t  al. *. Th e  t R N A  was  recovered  f rom t h e  R N A  
b y  p r e c i p i t a t i n g  r R N A  w i t h  1 M NaC16. A m i n o  acids 
a t t a c h e d  to  t he  t t~NA were d i scha rged  f rom t he  t R N A  
as descr ibed  b y  Chou a n d  J o h n s o n  7. A m i n o a c y l a t i o n  was 
p e r f o r m e d  b y  i n c u b a t i n g  t h e  a m i n o a c y l - t R N A  s y n t h e t -  
ases a n d  t R N A  in a buf fe r  (pH 7.5) c o n t a i n i n g  50 m M  
Tris,  100 m M  KC1, 3 m M  A T P ,  2 m M  g l u t a t h i one ,  9 m M  
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Fig. 1. Aminoacylation of tRNA with valine by aminoacyl-tRNA 
synthetases isolated from the 3 regions of chicken brain. Aminoaeyl- 
tRNA synthetases were isolated from the cbr (O), cbl (A) and opl 
(@) of chicken brain, and their amiuoacylation activities with yeast 
tRNA (A) and ebr tRNA (B) were measured. In A the concentration 
of yeast tRNA in each reaction mixture was maintained at 125 [xg 
RNA/ml, whereas the amount of aminoacyl-tRNA synthetase pro- 
tein was varied from 75 to 1150 ~g/ml. In B 46/xg/ml of aminoacyl- 
tRNA synthetase protein was added to the indicated amounts of 
cbr tRNA (7-75 tzg RNAJml). The charging of tRNA with radioactive 
valine was determined as described in 'methods'. i)F 
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Fig. 2. Valine accepting activity of tRNA isolated from the 3 regions 
of chicken brain. Transfer RNA was prepared from the ebr (O), cbl 
(A) and opl (@) of chicken brain, and the valine accepting activity 
determined with aminoacyl-tRNA synthetases prepared from the 
cbr (A) or from the cbr, cbl, and opl (B). In A each reaction sample 
contained 43 [xg/ml of ebr aminoaeyl-tRNA synthetase protein to 
which various amounts of tRNA (7-75 p~g RNA/ml) were added. In 
B tRNA (7-75 [xg RNA]ml) from the cbr, ebl or opl were incubated 
with 45 [xg/ml of aminoaeyl-tRNA synthetase protein obtained from 
the same brain region as the tRNA. The charging of tRNA with 
radioactive valine was determined as described in 'methods'. 

MgC12, a n d  2 aCi /ml  t4C-L-valine (252 mCi /mmole)  a t  
37 ~ for 20 min .  The  r a d i o a c t i v i t y  p r e c i p i t a t e d  b y  cold 
5% t r i ch lo roace t i c  acid b u t  hyd ro lyzed  b y  i n c u b a t i o n  a t  
100~ in 5% t r i ch lo roace t i c  acid r ep resen t s  t he  I~C-L- 
va l ine  specif ical ly a t t a c h e d  to t R N A .  
Results  and  discussion. Figure  1 shows t h e  ab i l i t y  of 
va r ious  c o n c e n t r a t i o n s  of a m i n o a c y l - t R N A  s y n t h e t a s e s  
f rom the  cbr,  cbl  or opl  to  a t t a c h  r ad ioac t ive  va l ine  
o n t o  e i t he r  y e a s t  t R N A  (purchased  f rom S igma  Chemica l  
Company)  or t he  t R N A  iso la ted  f rom t h e  cbr  of ch i cken  
bra in .  A t  low c o n c e n t r a t i o n s  of t h e  a m i n o a c y l - t R N A  
s y n t h e t a s e s  t h e  a m i n o a c y l a t i o n  of y e a s t  t R N A  w i t h  rad io-  
ac t ive  va l ine  was s imi la r  for a m i n o a c y l - t R N A  s y n t h e t a s e s  
f rom the  3 regions of ch icken  b r a i n ;  however ,  a t  s a t u r a t i n g  
levels of t h e  a m i n o a c y l - t R N A  s y n t h e t a s e  p r e p a r a t i o n s  t he  
a m i n o a c y l a t i o n  b y  t h e  v a l y l - t R N A  s y n t h e t a s e s  f rom t h e  
cbr  was  a b o u t  10~ or 20% h i g h e r  t h a n  v a l y l - t R N A  
syn t t l e t a ses  f rom the  cbl  or  opl  r e spec t ive ly  (figure 1A). 
W h e n  yeas t  t R N A  was rep laced  w i t h  t R N A  iso la ted  f rom 
the  cbr,  s imi la r  dif ferences  in  t h e  ac t iv i t i es  of va ly l -  
t R N A  s y n t h e t a s e s  f rom the  3 b r a i n  regions  were observed .  
Aga in  t h e  a t t a c h m e n t  of r ad ioac t ive  va l ine  on to  t R N A  
was  20% h i g h e r  b y  t h e  a m i n o a c y l - t R N A  s y n t h e t a s e  p rep-  
a r a t i o n  f rom the  cb r  t h a n  t h e  p r e p a r a t i o n s  f rom the  cbl  
or opl. S imi la r  resu l t s  were obse rved  w h e n  cbl  or opl  
t R N A  was used in place  of cb r  t R N A .  The re  was no  
specif ic i ty  of a m i n o a c y l - t R N A  s y n t h e t a s e s  f rom a pa r -  
t i cu la r  region of t he  b r a i n  for  t R N A  f rom t h a t  same  
region.  Therefore ,  t h e  v a l y l - t R N A  s y n t h e t a s e s  f rom the  
cb r  h a v e  a g rea t e r  c a p a c i t y  t h a n  v a l y l - t R N A  s y n t h e t a s e s  
f rom the  chl  or opl to  a m i n o a c y l a t e  e i the r  b r a i n  or 
y e a s t  t R N A .  N e x t  a c o m p a r i s o n  of t h e  va l ine  accep t ing  
ab i l i t y  of t R N A  f rom the  3 regions  of ch icken  b r a i n  was 
p e r f o r m e d  us ing  a m i n o a c y l - t R N A  s y n t h e t a s e s  f rom t h e  
cb r  (figure 2A). The  va l ine  accep t ing  ab i l i ty  of opl  a n d  
cbl  t R N A  p r e p a r a t i o n s  were 1 0 - 1 5 %  less t h a n  t h a t  ob-  
s e rved  w i t h  cb r  t R N A .  R i m i t a r  resu l t s  were obse rved  
w h e n  cbr  a m i n o a c y l - t R N A  s y n t h e t a s e  p r e p a r a t i o n s  were 
rep laced  w i t h  e i the r  cbr  or opl  p r e p a r a t i o n s .  
F igu re  2]3 shows t h e  a m i n o a c y l a t i o n  a c t i v i t y  of va r i ous  
c o n c e n t r a t i o n s  of cbr,  cbl  a n d  opl  t R N A  w i t h  aminoacy l -  
t R N A  sy-nthetase p r e p a r a t i o n s  f rom t h e  s ame  b r a i n  region 
as t h e  t R N A .  The  s y n t h e t a s e - t R N A  s y s t e m  f rom the  cbl  
or opl  was  50-60~ less ac t ive  in  t h e  a t t a c h m e n t  of 
va l ine  on to  t R N A  t h a n  t h e  s y s t e m  f rom t h e  cbr .  There -  
fore, our  resu l t s  c lear ly  show t h a t  t h e r e  a re  reg iona l  
d i f ferences  in  t h e  ab i l i t y  of d i f fe ren t  regions  of t he  ch icken  
b r a i n  to  a m i n o a c y l a t e  t R N A .  Th i s  di f ference is due  to 
b o t h  t he  ac t iv i t i e s  of t h e  v a l y l - t R N A  s y n t h e t a s e s  a n d  
t h e  accep t ing  a c t i v i t y  of tRNAval .  The  fac t  t h a t  our  
l a b o r a t o r y  4 h a s  s h o w n  t h a t  t h e  a m i n o a c y l a t i o n  a c t i v i t y  
of va r ious  regions  of ch i cken  b r a i n  w i t h  p h e n y l a l a n i n e  
were s imi la r  emphas i zes  t he  i m p o r t a n c e  of s t u d y i n g  t h e  
a m i n o a c y l a t i o n  of t R N A  w i t h  a specific amino  acid r a t h e r  
t h a n  gross acy l a t i on  ac t iv i t i e s  w h e n  c o m p a r i n g  d i f fe ren t  
regions  of t h e  b ra in .  
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