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c o n t a i n i n g  en zy mes .  Our  f ind ings  l i s ted in Tab le  I I  
ind ica te  t h a t  t h i s  is t he  case, b u t  inh ib i t ion  is r a t h e r  
selective,  being l imi ted  to 2 of t he  5 copper  d e p e n d e n t  
e n z y m e  s y s t e m s  inves t iga ted .  I n  one case, c e rup lop l a smin  
oxidase ,  th i s  ac t ion  is re la t ive ly  w e a k  w i th  1.0 m M  
m e t h i m a z o l e  requ i red  to achieve  50% inhibi t ion .  On  t he  
o the r  h an d ,  t h e  inh ib i t ion  of t y ros inase  is ex t ens ive  (I50 
= 5 • 10-5). R e l e v a n t  to these  f ind ings  is t he  d i scovery  
b y  STOLK a n d  HANLON 6 t h a t  m e t h i m a z o l e  depresses  t he  
b i o s y n t h e s i s  of n o rep ineph r ine  in r a t  b ra in  due  to  the  
specific inh ib i t ion  of d o p a m i n e - ~ - h y d r o x y l a s e ,  a copper  
c o n t a i n i n g  en zy m e .  

T h e  p o t e n t  inh ib i t ion  of m u s h r o o m  ty ro s ina se  a c t i v i t y  
was  e x a m i n e d  in some  detail .  P r e i n c u b a t i o n  of the  e n z y m e  
wi th  1.0 m M  m e t h i m a z o l e  for 1 h pr ior  to  a s s a y  showed  
no m o re  inh ib i t ion  t h a n  w h a t  could be a c c o u n t e d  for on 
t he  bas is  of d i lu t ion  in to  t he  a s s a y  m e d i u m .  Doub le  
rec iprocal  p lo ts  of ve loc i ty  d a t a  for a series of non -  
s a t u r a t i n g  c o n c e n t r a t i o n s  of L -DOPA in t he  presence  of 

Table II. The effect of methimazole on copper containing metallo- 
enzymes 

Enzyme Source I50 

Ascorbic acid oxidase Summer squash No inhibition at 
5 InM methimazole 

1Vfonoamine oxidase Hunlan blood No inhibition at 
5 mM methimazole 

Uricase Porcine liver No inhibition at 
5 InM methimazole 

Ceruloplasmin (oxidase) Human blood 1.0 mM 
Tyrosinase Mushroom 5 • 10 -5 M 

Experimental conditions are given on Materials and methods. I~0 
: concentration of methimazole required to obtain 50% inhibition 
under assay conditions employed. 

Table III. Kinetic parameters for methinmzole inhibition of mush- 
room tyrosinase 

d i f fe rent  c o n c e n t r a t i o n s  of m e t h i m a z o l e  resu l t ed  in 
c ha nge s  in b o t h  Km a n d  V m ~  (see Tab le  III) .  Th i s  t y p e  
of inh ib i t ion  is qua l i t i t i ve ly  r e min i s c e n t  of t he  k ind  

�9 r epor t ed  for o the r  2- th io l imidazoles  a a n d  me e t s  t h e  re- 
q u i r e m e n t e s  for  a ' m i x e d  t ype '  i nh ib i t i on  descr ibed b y  
FREIDENWALD a nd  MAENGWYN-DAVIES 7. A p p r o p r i a t e  
g raph ica l  ana lys i s  ge ne ra t e s  an  inh ib i t ion  c o n s t a n t  (K d 
wh ich  is a we ighed  va lue  exp re s s ing  b o t h  c ompe t i t i ve  
a nd  n o n - c o m p e t i t i v e  a spec t s  of inhib i t ion .  A second  
cons t an t ,  e, w h i c h  m e a s u r e s  t he  inf luence  of the  inh ib i to r  
on t he  d i ssoc ia t ion  of t he  e n z y m e - s u b s t r a t e  c omp le x  a n d  
t h e r e b y  m e a s u r e s  the  e x t e n t  of c ompe t i t i ve  ve r su s  non -  
c ompe t i t i ve  inhibi t ion,  is also ob t a ine d  g raph ica l ly  (e = 
1.0 for n o n - c o m p e t i t i v e  inh ib i to r s  a nd  in f in i ty  for com-  
pe t i t ive  inhibi tors) .  A K l  in t he  r ange  of 10 -6 M ind ica tes  
t h a t  m e t h i m a z o l e  is a p o t e n t  inh ib i to r  of m u s h r o o m  
ty ros inase  a n d  a n  ~ of 9 to 10 shows  t h a t  inh ib i t ion  is 
chief ly compe t i t ive .  

D i scovery  of the  copper  ion b ind ing  c a pa c i t y  of 
m e t h i m a z o l e  raises  s o m e  po t e n t i a l l y  i m p o r t a n t - p o i n t s  
w i th  regard  to i ts  t h e r a p e u t i c  use. For  example ,  p a t i e n t s  
m a n i f e s t i n g  t hy ro tox i cos i s  h a v e  e l eva ted  levels of s e r u m  
Cu++S m o s t  of wh ich  is p r o b a b l y  s e c o n d a r y  to an  increase  
in s e r u m  ce ru lop l a smin  as is observed  in o ther  s t ress  
s t a t e s  9. One  m i g h t  a sk  w h a t  effect  chronic  m e t h i m a z o l e  
ha s  on Cu ++ d i s t r i b u t i o n  a n d  m e t a b o l i s m  in h y p e r -  
t h y r o i d  ind iv idua ls .  Me th imazo le  t h e r a p y  is o f ten  
a c c o m p a n i e d  b y  a v a r i e t y  of side effects  some  of w h ich  
could be due  to  a bno rma l i t i e s  in Cu ++ me tabo l i sm.  

Summary.  The  a n t i t h y r o i d  drug,  m e t h i m a z o l e  (1- 
methy l -2 - th io l imidazo le ) ,  is a power fu l  che la tor  of cupr ic  
ion. Th i s  is ref lected in its ab i l i ty  to select ively  inh ib i t  
ce r ta in  copper  oxidases .  Uricase,  ascorbic  ox idase  and  
m o n o a m i n e  ox idase  are n o t  affected.  Ceru lop tasmin  
oxidase  is s l i gh t ly  inh ib i t ed  a nd  ty ros inase  is m a r k e d l y  
inh ib i t ed  b y  m e t h i m a z o l e .  

D. P. HANLON a n d  S. SHUMAI~0 

Department o/ Pharmacology and Toxicology, 
Dartmouth Medical School, 
Hanover (New Hampshire 03755, USA) ,  
20 January 1975. 

Methimazole V,,,~z a K,,, • 104 M K, • 106 M r 
• 106 M 

0 0.463 2.27 - - 
1.0 0.387 5.14 1.00 8.8 
2.0 0.346 6.52 1.32 8.9 
5.0 0.236 11.0 2.20 10.1 

Values were obtained graphically as described in the text. ~Velocity 
expressed as A 475 nm/minl 

6 J .  STOLK and D. P. HANLON, Life Sci. 12, 417 (1973). 
J. S. FRIEDENWALD and G. D. MAENGWYN-DAVlES, in A Sympo- 
sium on the Mechanism o/Enzyme Action (Eds. W. MCELROY and 
B. GLASS; Johns Hopkins Press, Baltimore, Md. 1954), p. 154. 

8 A. L. NIELSEN, Acta med. seand. ? 18, 431 (1944). 
9 I. STERXLIEB and H. SC~EINBERG, N.Y. Acad. Set. 9d, 71 (1961). 

10 This work was supported in part by Dartnlouth Medical School 
grant No. RR-05392 and USPHS grant No. GlV[-15549. 

~O.~topamine in th~,,QentrakN * a~,~. t ervou~ System of nneli<Lumbricus terrestris 
I n f o r m a t i o n  a b o u t  t r a n s m i t t e r s  in t he  cen t ra l  n e r v o u s  

s y s t e m  of anne l ids  is r a t h e r  scarce and  y e t  anne l ids  as well 
as o th e r  i n v e r t e b r a t e s  (the n e m a t o d e s ,  mol luscs  a nd  t he  
a r th ropods )  are b e c o m i n g  inc reas ing ly  i m p o r t a n t  in 
r e sea rch  in to  t h e  bas ic  m e c h a n i s m s  of t he  n e r v o u s  sy s t e m.  
A m o n g  t h e  i m p o r t a n t  phy logene t i c  t r e n d s  seen in t r a n s -  
m i t t e r  d i s t r i b u t i ons  is t he  re la t ive  i m p o r t a n c e  of t he  
m o n o p h e n o l i c  a m i n e  o c t o p a m i n e  in i n v e r t e b r a t e  n e r v o u s  

sy s t e ms .  O c t o p a m i n e  h a s  been  recognized as a n o r m a l  
c o n s t i t u e n t  of ad rene rg ica l ly  i n n e r v a t e d  o rgans  in m a m -  
ma l s  since t h e  work  of ~V~OLINOFF a n d  AXELROD 1. I t  
occurs  e n d o g e n o u s l y  in a m o u n t s  some  5 - 1 0 %  of t h a t  of 
noradrena l ine .  MOLINOFF a nd  AXELROD 1 observed  t h a t  

1 p. B. ~/[OLINOFF and J. AXELROD, J. Neurochem. 79, 157 (1972). 
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oc topamine  was p resen t  in ve ry  high concen t ra t ion  in 
the  cent ra l  nervous  sys tem of the  lobster,  Homarus ,  and 
since t h e n  it has  been  shown t h a t  oc topamine  occurs 
normal ly  in large quant i t i es  in the  o ther  large group of 
a r thropods ,  the  insec t s ' ,  a. A m o n g  the  protostomia octop-  
amine has  now been ident i f ied in 2 of the  major  classes 
of the  A r t h r o p o d a  (Crustacea ~ and insecta  2,a bu t  no t  
Arachn ida  or the  minor  classes). In  the  Mollusca, it  is 
p resent  in Gas t ropoda  4,'5 and Cephalopoda  6. The only 
major  p h y l u m  of Protostomia t h a t  has no t  been invest i-  
gated is Annel ida .  The purpose of this  s t u d y  therefore  
was to a t t e m p t  to es tabl ish whe the r  or no t  the  nervous  
sys tem of an annel id migh t  be a sui table model  for an 
inves t iga t ion  of the  metabo l i sm of the  phenol ic  amines  
and the  possible invo lvement  of t h e s e  subs tances  in 
neuro t ransmiss ion  processes. 

Materials  and methods. Large ea r thworms  (3-4 g) were 
ob ta ined  f rom Carolina Biological Supplies. (Burl ington,  
N.C., USA) Por t ions  of the  cent ra l  nervous  sys tem were 
dissected out  and frozen immedia te ly  on d ry  ice. Por t ions  
of muscle and the  gizzard were t aken  as t issue controls.  
Oc topamine  was assayed using an enzymat ic- i so topic  
me thod  based on t h a t  of SAAVEDRA 7. Frozen t issues were 
homogenized  in volumes  of ice cold 0.02 2VI Tris-HC1 
buffer, p H  8.6 conta ining 1 m M  pargyl ine  (Abbot t  Labo-  
ratories),  hea t ed  to 95~ for 3 min to prec ip i ta te  pro te in  
and cent r i fuged at  10,000 x g  for 5 min in a Beckman  
microfuge.  50 ~,1 al iquots  of the  clear s u p e r n a t a n t  were 
incuba ted  for 30 min at  37 ~ after  the  addi t ion  of 20 b d of 
a mix tu re  conta in ing  200 txl of par t ia l ly  purif ied phenyl -  
e t hano l am ine -N-me thy l  t ransferase  (Miles Laboratories) ,  
30 ~xl of aH-s-adenosyl  meth ion ine  (S.A. 12.1 Ci /mmol;  
1 inCi/ml) and 420 {,I of 0.05 M Tris-HCl,  pH 8.6. In te rna l  
s t anda rds  were prepared  by  adding  1 ng of au then t ic  
DL-octopamine to 50 [,1 al iquots  of tissue ext rac t .  Blanks 
were prepared  from 50 ,~1 al iquots  of the buffer  used for 
homogenizat ion.  The react ion was s topped  by  the  addi t ion  
of 70 u lo f  0.5 M b o r a t e  buffer, p H  10 conta in ing  0.2 mg/ml  
au then t ic  synephr ine  as carrier. The mix tu re  was then  
ex t rac ted  wi th  1.2 ml of toluene : isoamyl alcohol (3 : 2 v/v). 
After cent r i fugat ion  (1000 • g) 1.(1 ml of the  organic phase  
was t ransfer red  to a second centr i fuge tube  conta in ing  
0.5 ml of the  bora te  buffer and ex t rac ted  a second t ime. 
After cent r i fngat ion  (1000• 800 [xl of the toluene-  
isoamyl alcohol ex t rac t  was t ransfer red  to count ing  vials 
conta in ing  800 ,al of to luene- isoamyl  alcohol and dried 
overn igh t  a t  80 ~ in a c h r o m a t o g r a p h y  oven. The radio- 
ac t iv i ty  con ten t  was de te rmined  by  liquid scint i l lat ion 
count ing  following the  addi t ion  of 1.0 ml of e thanol  and 
10 ml of Aquasol (New Eng land  Nuclear).  Samples  were 
also t aken  up in 10 tzl of e thanol  and appl ied to the  origin 
zones of t h in  layers of silica gel (Eas tman  K o d a k  -~6061) 
on which a u t h e n t i c  samples  of synephr ine ,  N-methy l -  
pheny le thano lamine  and N , N - d i m e t h y l o c t o p a m i n e  had  
also been applied. The ch roma tog rams  were d e v e l o p e d  
in 4 di f ferent  solvent  sys tems:  a) bu tano l  s a tu ra t ed  wi th  
1N HC1 (uppers phase);  b) bu tano l  formic acM 
(90:10 v/v) ;  c) butanol -ace t ic  ac id-water  (4-1-1 v/v) ;  
d) t - amyl  a lcoho l -methy lamine-wate r  (80: 10:10 v/v).  
The ch romatograms ,  af ter  removal  f rom the  tank,  were 
air dried and sprayed  wi th  Pau ly ' s  reagent  s in order  to 
visualize the  various amine zones. The ch roma t o g rams  
were then  cut  into 1 cm pieces. The a m o u n t  of radioact ive  
label was de te rmined  by  l iquid scint i l la t ion count ing 
following the  addi t ion  of 1 ml of e thanol  and 10 ml of 
Aquasol  as descr ibed above. 

Results.  A par t ia l  d is t r ibut ion of oc topamine  in the  
e a r t h w o r m  is shown in the  Table. The h ighes t  levels were 
found in the  cerebral  ganglia (or brain) and subpharyngea l  
ganglia wi th  lesser amoun t s  in the  ven t ra l  nerve  cord and 

gizzard. There  was no de tec tab le  a m o u n t  in the  soma t i c  
muscle. Considering to  sens i t iv i ty  of the  assay, th is  m e a n s  
there  was less t h a n  33 pg/mg.  

Octopamine in the Earthworm 

Tissue Octopamine (pg/ing) �9 

Cerebral ganglia 7390 -c 390 (7) 
Subpharyngeal ganglia 8110 • 640 (7) 
Ventral nerve cord (anterior portion) 5340 • 480 (7} 
Gut (gizzard) 1060 ~ 160 (3) 
Muscle < 33 (4) 

~ S.E.M., number of determinations in parentheses. 

The iden t i ty  of the  aH-synephr ine  formed in the  enzy-  
mat ic  assay was conf i rmed following separa t ion  on th in  
layers of silica gel in the  4 solvent  sys tems  m e n t i o n e d  
above, i n  each sys t em only a single rad ioac t ive  peak,  
isographic wi th  au then t i c  synephr ine ,  was located.  No 
signif icant  amo u n t s  of r ad ioac t iv i ty  were found to  be 
associated wi th  N , N - d i m e t h y l o c t o p a m i n e  or N-me thy l -  
pheny le thano lamine .  

Discussion. The levels of oc topamine  in the  cen t ra l  
nervous sys tem of the  ea r thworm are cons iderably  h igher  
t han  any  previous ly  repor ted  for nervous  tissue. This  
suggests  t h a t  th is  monophenol ic  amine  m a y  p lay  an 
i m p o r t a n t  role in the  nervous  sys t em of the  e a r t h w o r m  
and o ther  annelids.  Whi l s t  there  appeared  to be l i t t le 
if any  oc topamine  in the  somat ic  muscle, subs tan t i a l  
amoun t s  were found in the  gizzard. This suggests  t h a t  
oc topamine  m a y  funct ion  as a t r a n s m i t t e r  in the  per iphera l  
nervous sys tem of the  ear thworm.  Recen t  work suggests  
t h a t  oc topamine  m a y  also be a per iphera l  t r a n s m i t t e r  a t  
the  l ight organ in the  firefly 9, in the  lobster  ~~ and, con- 
ceiveably, in Aplys ia ,  where s t imula t ion  of an oc topamine-  
conta ining cell u (L7) in the abdomina l  ganglion leads to 
exci ta t ion of gill and s iphon muscle 12. In the  past ,  efforts  
to ident i fy  monoaminerg ic  t r ansmi t t e r s  in annel ids  have  
centered around the  ca techolamines  and 5 HT. The 
noradrenal ine  level in the  ea r thworm is repor ted  to be 
I ~zg/g for the  nerve cord and 2 ~,g/g for the brain  la. This 
la t ter  group ~a also claim t h a t  the  nervous  sys t em of the  
ea r thworm does no t  conta in  dopamine .  5 -Hydroxy-  
t r y p t a m i n e  (5 HT) is p resen t  in e a r t h w o r m  ganglia a t  a 
concen t ra t ion  of 10.4 ~xg/g 14 and it has been shown recent ly  

2 H. A. ROBERTSON and J. E. STEELE, J. Physiol., Lond. 2.37, 34 P 
(1974), 

a H. A. ROBERTSON, in preparation. 
4 R. J. WALKER, A. G. RAMAGE and G. N. WOOJ)RUEF, Experientia 

28, 1173 (1972). 
5 H. A. ROBERTSON, P. H. Wu, A. V. JuoRIO and L. E. I)YCK, in 

preparation. 
6 A. V. JuoRIO and P. B. MOLINOFF, J. Neurochem. 22, 271 (1974). 
7 j.  M. SAAVEI)RA, Analyt. Biochem. 59, 628 (19741. 
8 1. SMITH, Chromatographic and Electrophoretic Techniques, 3rd 

edn. (William Heinemarm Ltd., London 1969). 
9 A. D. CARLSON, J .  exp. Biol. 49, 195 (1968). 

10 B. G. WALLACE, B. ]~. TALAMO, P. D. EVANS a n d  E. A. KRAVITZ, 
Brain Res. 74, 349 (1974). 

11 J .  M, SAAVEI)RA, M. J .  BROX~VNSTEIN, D. O. CARPENTER al ld J .  
AXELROD, Science 185, 364 (1974). 

12 I. KUPFERMANN, T. J. CAREW and E. R. KANDEL, J. Neurophysiol. 
37, 996 (1974). 

la H .  E .  MYHRm,:R6, Z. Zellforsch. 81, 311 (19671. 
14 .]. H. WELCh and M. MOOIaHEAD, J. Neurochem. 6, 146 (1960). 
1.5 A. E. STUART, h. J. HUDSPETH and Z. W. HALL, Cell Tiss. Res. 

t53, 55 (1974). 
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t h a t  the  v e n t r a l  ne rve  cord  of a n o t h e r  annel id ,  t he  leech, 
con ta ins  b o t h  5 - H T  and  c a t e c h o l a m i n e - c o n t a i n i n g  ceils 
(as revea led  b y  f luorescence microscopy)  15. Moreover,  
b o t h  laC-octopamine a n d  14C-dopamine are fo rmed  d u r i n g  
i n c u b a t i o n  (of leech ne r vous  tissue) in  med ia  con ta in ing  
14C-tyrosine15. The re  was no  ev idence  of p r o d u c t i o n  of 
n o r a d r e n a l i n e  15, I f  i t  can  indeed  be  conf i rmed  t h a t  l i t t le  
if a n y  n o r a d r e n a l i n e  is p r e s e n t  in  anne l id  ne r vous  sys tems,  
such  a n  obse rva t i on  would  conform well  to  the  es tab l i shed  
p a t t e r n  t h a t  i n v e r t e b r a t e  cen t r a l  ne rvous  sys tems  con t a in  
more  d o p a m i n e  t h a n  n o r a d r e n a l i n e l t  A n o t h e r  mos t  
i m p o r t a n t  emerg ing  p a t t e r n  is t he  i m p o r t a n c e  in inve r t e -  
b r a t e  ne rvous  sys t ems  of oc topamine .  Whi le  o c t o p a m i n e  
is found  only  in smal l  a m o u n t s  in v e r t e b r a t e  cen t r a l  
ne rvous  sys tems  1, i t  occurs  in  r e l a t ive ly  large a m o u n t s  in 
all  t he  i n v e r t e b r a t e  g roups  so far  examined .  This  now 
appea r s  to  be  t r ue  for all  t h e  m a j o r  g roups  of t he  Proto- 
stomia, i.e. t h e  molluscs,  t he  a r t h r o p o d s  a n d  t he  annel ids .  
The  h igh  levels of o c t o p a m i n e  in the  Protostomia suggests  
t h a t  th i s  amine  p lays  a n  i m p o r t a n t  role in these  groups.  
F u r t h e r m o r e ,  t h e  differences  in  o c t o p a m i n e  con ten t ,  in  
connec t ion  w i t h  t he  a l r e a d y - n o t e d  p r e d o m i n a n c e  of 

d o p a m i n e  over  n o r a d r e n a l i n e  in i n v e r t e b r a t e  ne rvous  
sys tems  16, m a y  ref lect  a f u n d a m e n t a l  b iochemica l  d ichot -  
o m y  b e t w e e n  t he  ne rvous  sys t ems  of Protostomia a n d  
Deuterostomia. 

Summary. O c t o p a m i n e  ha s  been  found  in v e r y  h igh  
c o n c e n t r a t i o n s  in cerebra l  a n d  s u b p h a r y n g e a l  gangl ia  of 
t h e  e a r t h w o r m  Lumbricus terrestris and  m a y  func t ion  as a 
n e u r o t r a n s m i t t e r  in  t he  pe r iphe ra l  ne rvous  sys tem,  

H. A. ROBERTSON12 

Psychiatric Research Unit, University Hospital, 
Saskatoon (Saskatchevan, Canada S7N OW8), 
25 March 7975. 

is G. A. KERKUT, Br. med, Bull. 29, 100 (1973). 
17 I thank Drs. A. BOULTON, A. V. JUORIO and P. H. Wu for helpful 

discussion and Dr. B. DAvis for a sample of N,N-dimethyloetop- 
amine. Support in the form of a M.R.C. of Canada fellowship is 
acknowledged. 

~ Presence of a ~ecif ic Uridine 5'-Monophosphat~Yrophosphorylas ~ in B~ker's Yea~ 
Uraci l  is r ead i ly  i nco r po r a t ed  in to  p y r i m i d i n e  nucleo- 

t ides  a n d  nucleic  acids b y  m a n y  bac ter ia ,  a p p a r e n t l y  v ia  
i ts  r eac t ion  w i t h  5 -phosphorybosy l  1 -py rophospha t e  
( P R P P ) ,  ca ta lyzed  b y  U M P  p y r o p h o s p h o r y l a s e  1-a. 

GRENSON 4 showed t h a t  in yeas t  U M P  l ibera tes  uraci l  
in  two steps,  ca ta lyzed  b y  a p h o s p h a t a s e  and  b y  an  ur id ine  
r ibohydro la se  respect ively .  I n  add i t i on  t he  same a u t h o r  
obse rved  t h a t  uraci l  could  be c o n v e r t e d  to U M P  b y  a 
Saccharomyces cerevisiae m u t a n t  lack ing  ur id ine  k inase  
ac t iv i ty .  These  obse rva t ions  p r o m p t e d  us to  check  t he  
possible  presence  of U M P  p y r o p h o s p h o r y l a s e  in yeast .  
The  d a t a  r epo r t ed  in t h i s  c o m m u n i c a t i o n  show the  
presence  of such  a c t i v i t y  in  b a k e r ' s  yeas t  a n d  c o n t r i b u t e  
to  the  e luc ida t ion  of i t s  f u n d a m e n t a l  role in  t he  U M P  
recycling.  

I n  addi t ion ,  a im of t h i s  r e p o r t  is also to fu rn i sh  t he  
su i tab le  assay  condi t ions ,  found  for t he  f i rs t  t ime  on 
p a r t i a l l y  pur i f ied  p repa ra t i on ,  for a more  de ta i led  s t u d y  
of t he  enzyme.  

Materials and methods [8-14C] Aden ine  (50 mCi /mmol) ,  
[2-14C] Uraci l  (50 m e i / m m o l ) ,  E8-1~C] H y p o x a n t h i n e  
(50 mCi /mmol) ,  [2-14C] Cytos ine  (50 mCi /mmol )  and  
[2-14C] T h y m i n e  (50 mCi /mmol )  were p u r c h a s e d  f rom the  
Rad iochemica l  Center ,  A m e r s h a m ,  Eng land .  P R P P  as 
t e t r a s o d i u m  salt,  bases,  nucleot ides ,  orot ic  acid, MgCI~, 
o ro t id ine  5 ' - m o n o p h o s p h a t e  decarboxylase ,  o ro t id ine  5'- 
m o n o p h o s p h a t e  p y r o p h o s p h o r y l a s e  and  all o the r  chemica ls  

were p u r c h a s e d  f rom Sigma Chemica l  Co. The  ac tua l  
c o n c e n t r a t i o n  of P R P P  was d e t e r m i n e d  b y  i ts  capac i ty  to  
conve r t  o ro t a t e  to  o ro t id ine -5" -monophospha t e  ~. 

The  s t a n d a r d  as say  for t h e  e n z y m e  a c t i v i t y  was per-  
fo rmed  as follows: 10 nmoles  of P R P P ,  0.6 ~xmoles 
MgC1 v 8 nmoles  of 2-14C uraci l ,  10 txmoles of p h o s p h a t e  
buf fe r  (pH 7.8) were mixed  w i t h  a n  a p p r o p r i a t e  a m o u n t  of 
e n z y m e  so lu t ion  in a f inal  v o l u m e  of 0.2 ml. Af te r  incuba-  
t i on  a t  37 ~ for 30 rain  25 V1 of 50% t r i ch loroace t ic  acid 
were added.  

Af te r  cen t r i fuga t ion ,  10 ~xl of t he  s u p e r n a t a n t  were 
spo t t ed  on to  cellulose t h i n  l ayer  ( E a s t m a n  Kodak)  
t o g e t h e r  w i t h  an  a p p r o p r i a t e  a m o u n t  of U M P  a n d  uraci l  
c h r o m a t o g r a p h e d  for 30 m i n  in a so lven t  s y s t e m  composed  
b y  bu tano l ,  w a t e r  a n d  acet ic  acid in  t h e  ra t io  4 : 2 : 1 (v/v). 
Af te r  d e v e l o p m e n t  of t he  c h r o m a t o g r a m ,  i t  was dr ied  
a n d  t he  spots,  v isual ized  b y  f luorescence,  co r re spond ing  
to  uraci l  a n d  UMP,  were cu t  o u t  a n d  p laced  in s c i n t i l l a -  

i I. CRAWFORD, A. KORNBERG and E. S. SIMMS, J. biol. Chem. 226, 
1093 (1957). 
R. W! BROCKMAN, J. M. DAVIS and P. STUTTS, Biochim. biophys. 
Acta d0, 22 (1960). 

a B, IVfAGASANIK, The Bacteria (Eds. I. C. GUNSALUS and R. Y. 
STAINER; Academic Press, New York and London 1962), vol. 3, 
p.327. 

a M. GRENSON, Eur. J. Biochem. 71,249 (1969). 

Table I. Purification of uridine 5"-monophosphate pyrophosphorylase 

Step Volume (ml) Total Total Specific Purification (fold) Yield (%) 
proteins (rag) activity (units) activity (units(rag) 

1 Crude extract 150 1395.0 5370.7 3.85 -- 100 
2 Ammonium sulfatefractionation 6 242.8 5365.9 22.1 5.94 99.9 

(50-85%saturation) 
3 Agarose A 1.5 17 24.14 2710.9 112.3 29.17 50.5 

Results are the average of 4 preparations each starting with 150 g of baker's yeast. Assay mixtures and conditions were as described under 
'Materials and methods'. 


