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Acceleration of the Rate Limiting Step in Norepinephrine Biosynthesis  by Potass ium 

A n u m b e r  of r ecen t  expe r imen t s  have  ind ica ted  t h a t  
norep inephr ine  (NE) b iosynthes is  is accelerated by  in- 
creased nerve  s t imula t ion  in v i t ro  ~-4 or by  fac tors  which  
cause an increase in s y m p a t h e t i c  ac t iv i ty  in vivo 5-9. The 
enzymat i c  s tep  in the  b iosyn the t i c  p a t h w a y  for N E  
format ion  which  is accelera ted appears  to be the  ra te  
l imi t ing hyd roxy l a t i on  of tyros ine  a,~,8. The ac tua l  
mechanism(s)  involved in th is  accelerat ion of syn thes i s  
p roduced  by  increased nerve  ac t iv i ty  remains  Obscure: I t  
has  been suggested t h a t  tyros ine  hydroxy lase  ac t iv i ty  
m a y  be increased as a resul t  of deple t ion  of a smal l  
' s t ra teg ic '  pooI of N E  wi th in  t he  neuron cIosely associated 
wi th  the  enzyme  (tyrosine hydroxylase)  and  act ing as a 
feedback  inh ib i to r  of th is  ra te  l imit ing enzyme 2, 9,10. 

Recent ly ,  we have  found  t h a t  angio tens in  amide  I I  
(Ciba) also causes an accelerat ion of N E  b iosynthes is  in 
sympa the t i ca l l y  i nne rva t ed  t issue a t  concen t ra t ions  as 
low as 10-0M n. Since nerve  s t imula t ion  and also poss ibly  
angi0tens in  produce  an a l te ra t ion  of ion m o v e m e n t s  wi th-  
in sympa the t i ca l ly  i nne rva t ed  t issue ~-14, we decided to  
inves t iga te  the  effects of var ious  inorganic ions on N E  
synthes is  f rom ~4C-tyrosine in sympa the t i ca l ly  i nne rva t ed  
tissue. Dur ing  th is  s tudy  (BOADLE, HUGHES and ROTH, in 
prepara t ion)  we m a d e  the  in teres t ing  observa t ion  t h a t  
N E  b iosynthes i s  in the  vas  deferens  was mark ed l y  
accelerated when  the  concen t r a t ion  of po tas s ium ion in 
the  Krebs-Hense le i t  m e d i u m  was  increased. The  following 
repor t  describes t he  effect  of po tass ium on ca techolamine  
b iosynthes is  in t he  isolated guinea-pig vas deferens  pre-  
para t ion .  

Methods.  Vasa  deferent ia  were r emoved  f rom 350-400 g 
guinea-pigs and  incuba ted  a t  37~ for var ious  t ime  
in terva ls  in normal  Krebs -Hense le i t  medium,  and  
Krebs -Hense le i t  m e d i u m  in which a por t ion  of the  
sod ium chloride was replaced by  equimolar  amoun t s  of 
po tas s ium chloride t h u s  ma in ta in ing  the  solut ions iso- 
osmot ic  and  isotonic. The concen t ra t ion  of ~4C-tyrosine (L- 
tyrosine-14C-uniformly labeled;  final specific ac t iv i ty  
a f t e r  pur i f ica t ion  and  di lut ion wi th  unlabeled  L-tyrosine = 
10 m c / m m ,  New E n g l a n d  Nuclear  Corp.) in t he  m e d i u m  
was 5 • 10-5M. Af te r  incuba t ion  for 1 h the  t issues were 
removed,  b lot ted ,  f rozen on dry  ice, weighed, homo-  
genized and t h e  endogenous  and  newly fo rmed  (14C- 
labeled) ca techolamines  assayed  as descr ibed previously  15. 

Resul ts  and  discussion. Increas ing  the  po tas s ium con- 
cen t ra t ion  p roduced  a m a r k e d  accelerat ion of catechol-  
amine  b iosynthes is  (Table). This  increase in synthes is  is 
man i fes ted  b o t h  by  a s ignif icant  increase in the  a m o u n t  of 

labeled ca techo lamine  found  in the  vas deferens  and  by  a 
ma rk ed  increase in the  specific ac t iv i ty  of the  N E  isolated 
f rom this  t issue. The max i ma l  s t imu la to ry  e f fec t  was  ob- 
served when  40% of t he  sodium chloride was replaced by  
potass ium.  This  s t imula to ry  effect  appeared  to  be 
localized at  t he  tyros ine  hydroxy lase  s tep  since incuba t ion  
of t he  vasa  deferen t ia  wi th  14C-dihydroxyphenylalanine 
(D; L-d ihydroxyphenyla lan ine ,  specific ac t iv i ty  = 3.94 mc/  
mmole ,  New E n g l an d  Nuclear  Corp.) in the  presence  of 
h igh po tas s ium (40%) produced  no observable  increase in 
t he  fo rma t ion  of labeled N E  when  compared  wi th  con- 
t rois  i ncuba ted  in normal  Krebs.  In  fact, the re  was a 
sl ight  bu t  s ignif icant  decrease in t he  a m o u n t  of labeled 
ca techo lamine  formed in the  presence  of high po tass ium 
(40%). A ganglionic, si te of ac t ion for po tas s ium in the  
p roduc t ion  of th is  effect  is unl ikely since p o t en t  ganglionic 
s t imulan t s  such as nicot ine (10-100 ag/ml) and McN-A- 
343 (4 - (m - ch lo rophenylca rbamoyloxy)  - 2 - b u t y n y l  - tr i  - 
m e t h y l a m m o n i u m  chloride) 10-100 a g / m l ) d i d  no t  accele- 
r a te  ca techo lamine  b iosynthes is  in th is  tissue. In  addi t ion,  
if the  vasa  di f ferent ia  were s t r ipped  of the i r  ganglia is prior  
to  incubat ion ,  po ta s s ium still  p roduced  an  accelerat ion of 
N E  format ion  f rom C14-tyrosine. This  increase in cate- 
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The effect of potassium on the conversion 14C-tyrosine to 14C-norepinephrine in guinea-pig vasa deferentia 

% NaCI replacement ~ ~ C14-tyrosine ~ NE b synthesis % increase Specific activity 
with KC1 4- SEM nmoles/g/h 4- SEM synthesis DPM/~g NE 4- SEM 

0 a 8 100 1.54 4- 0.18 - (4) r 3538 4- 96 
10 4 102 2- 14 1.80 4- 0,15 17 - 
20 8 90 4- 7 2.16 4- 0.11 40 (4) 3958 4- 133 
30 4 97 4- 10 3.84 =t_ 0.60 149 - 
40 12 95 4- 7 4.17 4- 0.27 171 (4) 7173 4- 180 
50 3 97 4- 4 2.86 4- 0.13 86 - 
60 4 67 4- 3 2.38 4- 0.16 54 (4) 6552 4- 444 
80 4 66 4- 4 1.90 4- 0.16 23 (4) 5782 4- 232 

100 4 67 4- 8 1.62 4- 0.27 5 - 

Cl<tyrosine content]g of vas deferens expressed as % of control value (1.954-0.016 • 106 dpm/g), b Identified as > 80% intact norepine- 
phrine by Amberlite chromatography, o Number of individual vasa deferentia analyzed, a Normal Krebs-Henseleit medium. 
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cholamine  b iosynthes is  induced  by  po tas s ium appears  to  
be a more  p o t e n t  effect  t h a n  t h a t  induced  by  nerve  
s t imulat ion.  Thus,  nerve  s t imula t ion  for I h per iods  
produces  var iable  increases in N E  format ion  which se ldom 
exceed 100% ~, *. On the  o the r  hand ,  the  increase induced  
by  po tass ium (40%) is a lways grea ter  t h a n  100%. How- 
ever, p re l iminary  exper imen t s  do indica te  t h a t  like the  
accelerat ion of N E  b iosynthes i s  induced  by  nerve  s t imu-  
lat ion,  the  accelerat ion induced  by  po tas s ium can also be 
blocked by  the  presence of N E  (10-6M) in the  medium.  
We  are cur rent ly  inves t iga t ing  the  mechan i sm of th is  
po tass ium- induced  accelerat ion of ca techolamine  bio- 
synthes is .  

Zusammen/assung. Kal ium e rh6h t  die Bi ldung von  
m a r k i e r t e m  Noradrena l in  aus m a r k i e r t e m  Tyros in  im 
isol ier ten Vas deferens.  Es  wird  a n g e n o m m e n ,  dass  dieser  
E f fek t  auf  eine Ste igerung der  Ty ros in -Hydroxy la se  zu- 
r i ickzufi ihren ist. 

R. H. ROTH, M. BOADLE 
and J. HUGHES 
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Studies  on the B iochemica l  Character izat ion of H u m a n  Ceru lop lasmin  

The pathological  p ic ture  of Wilson ' s  disease has been 
a t t r i b u t e d  to the  abnormal  depos i t ion  of copper  in liver, 
k idney  and brain,  along wi th  a decrease in serum cerulo- 
p l a s m i n l  Tha t  no direct  re la t ionship,  however ,  has  been  
observed  be tween serum ceruloplasmin concen t ra t ion  and  
the  sever i ty  of the  disease 2-4, has  led us to a hypo thes i s  
for the  i ndependen t  role of copper  and  ceru loplasmin  in 
the  possible pa thogenes is  of Wilson 's  disease. 

Materials and methods. The ceruloplasmin was ob ta ined  
f rom serum by  adsorp t ion  onto  D E A E - S e p h a d e x  and by  
a m m o n i u m  sulfate precipi ta t ion.  1/10~ ceruloplasmin in 
sod ium ace ta te  buffer  (0.1M, p H  5.5) was used for the  
analy t ica l  u l t racentr i fuge at  59,780 rpm.  Disc gel electro- 
phores is  was pe r fo rmed  at  p H  8.9 for 45 m i n  to 1 h a t  
4 m a m p / s a m p l e  wi th  a 7.5% cross-l inked po lyacry lamide  
gel. 

Oxidase ac t iv i ty  was de tec ted  essent ial ly  by  the  me t h o d  
of OWEN and SMITH 5. Subuni t s  were de t e rmined  af ter  
t r e a t m e n t  of the  pro te in  in 9 M  urea wi th  2-mercapto-  
e thanol  and iodoacetamide  6 followed by  c h r o m a t o g r a p h y  
on D E A E - S e p h a d e x .  Pep t i de  m a p s  were p repared  of 
t ryp t i c  digests  by  e lect rophoresis  (70 V/cm;  pyr id ine  
acetate ,  p H  5.5; 45 min) in one d imens ion  and chromato-  

g r ap h y  (butanol  : acetic acid :wate r  - 200 : 30 : 75 ; 16-18 h) 
a t  r ight-angles.  Mitochondr ia l  resp i ra t ion  in the  presence  
of ceru loplasmin  was measured  wi th  a Y S I  Oxygen  
Moni tor  (Yellow Springs I n s t r u m e n t  Co., Ohio) using a 
ra t - l iver  p repa ra t ion  as no ted  in the  foo tno te  to the  
Table.  

Results and discussion. Pre l imina ry  ch roma tog raph ic  
separa t ion  of t he  subun i t  reac t ion  mix tu re  of bovine  
ceru loplasmin  revealed a single major  peak  while t h a t  of 
the  h u m a n  pro te in  showed 2 pr incipal  peaks.  In  disc gel 
e lect rophoresis  as well as wi th  the  cellulose ace ta te  proce- 
dure, no rmal  ceruloplasmin migra tes  fu r the r  t owards  the  
anode  t h a n  does the  Wilson protein .  The basic na tu re  of 
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Effect of ceruloplasmin on nfitochondrial oxygen consumption 

Incubation 02 consumption, Inhibition "-') 
Inedimn �9 [xl/h/mg protein (%) 

No Cp 190 - 

2007 Bovine Cp 170 10.5 

200y Normal Cp 168 11.6 

200~ Wilson's Cp 27 85.8 

80~ Wilson's Cp 27 85.8 

60~ Wilson's Cp 67 64.7 

407 Wilson's Cp 80 57.9 

207 Wilson's Cp 150 21.1 

0.2 mM Cu +x 190 0 

0.2 mM Cu +2 57 70.0 

Mitoehondria were prepared from rat liver and suspended in buffer 
so that 0.2 ml of preparation had 0.672 mg protein. The incubation 
mediunl in addition contained a final concentration of 40 mM 
KiHPO4, 40 mM KC1, 24 mM ADP and 20 mM succinate. Incuba- 
tion was for 15 rain at 30 ~ and pH 7.4. 
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Peptide maps of a tryptic digest of normal human cerulopiasmin 
(left) and Wilson's ceruloplasmin (right). The conditions are given in 
the text. The arrows at positions A and 13 indicate the major peptide 
changes between the two. 


