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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'. 
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t ion vials wi th  12 ml  of sc int i l la t ion mix tu re  (4 g P P O  and  
0.05 g d ime thy l  P O P O P  per  li tre of toluene) for count ing  
in a l iquid scint i l la t ion spec t rometer .  

P ro te in  con ten t  was d e t e r m i n e d  by  the  modif ied  Fol in  
m e t h o d  of LOWRY 6. E n z y m e  ac t iv i ty  uni t  was defined as 
the  a m o u n t  of the  enzyme which  catalyzes  the  fo rmat ion  
of 1 nmole  of U M P  per  30 min.  

P repa ra t ion  of par t ia l ly  pur i f ied U M P  py rophos p h o ry -  
lase ac t iv i ty  f rom baker ' s  yeas t  was conduc ted  s ta r t ing  
f rom 150 g of baker ' s  yeas t  Vulcania  p lasmolyzed according 
to KUNITZ v. Af ter  18 h, the  aqueous phase  conta in ing  the  

g 6 

v 

4 
K 

h 

q i 5 
MgCI2(mM) 

Fig. 1. Effect of MgC12 concentration tl].)ol] baker's yeast uridine 5'- 
pyrophosphorylase activity. 
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Fig. 2. Effect of PRPP and uracil concentrations on baker's yeast 
uridine 5'-inonophosphate pyrophosphorylase activity. O-Q O, 
PRPP; O O-O, uracil. 

Table II. Substrate specificity of baker's yeast uridine 5'-mono- 
phosphate pyrophosphorylasc 

Substrate Concentration (IzM) Activity 
(mononucleotide 
formed/30 nfin, nmoles) 

[2-14C] Uracil 0.04 6.5 
[8-14C] Hypoxanthine 0.12 0.0 
[8-14C] Adenine 0.10 0.0 
[2-14C] Cytosine 0.10 0.0 

Orotate 0.20 0.0 
[2-t~C] Thymine 0.10 0.0 

For all substrates, except orotate, activity was determined as 
described under 'Materials and methods'. The enzyme (87 ~zg) used 
was from Agarose A 1.5 column (step 3 Table I). Orotate pyrophos- 
phorylase activity was assayed as described by KORNBERG ~ using 
commercial preparation of orotidine 5'-monophosphate de carbo- 
xylase. 

cellular homogena te  was collected and  cent r i fuged for 
20 rain a t  15,000 • g; the  prec ip i ta te  f rac t ion was discard-  
ed and  any  t u r b i d i t y  f rom the  s u p e r n a t a n t  e l imina ted  by  
f i l t ra t ion t h ro u g h  ~Vhatman No. 3 MM paper .  The 
f i l tered s u p e r n a t a n t  was considered as the  crude ex t r ac t  
(Table I). 

The  crude ex t r ac t  was p rec ip i ta ted  b y  adding  solid 
a m m o n i u m  sulfate up to 50% sa tura t ion .  Af ter  cent r i -  
fugation,  to the  s u p e r n a t a n t  fluid solid a m m o n i u m  
sulfate was slowly added  till 85% sa tura t ion .  The pellet  
was dissolved in 6 ml of 50 m M  p h o s p h a t e  buffer  p H  7.8 
and dyal ized 6 h agains t  the  same buffer.  The dyMisate was 
placed onto  a 2.7 • 85 cm Agarose A 1.5 (Bio-Rad) co lumn 
equi l ibra ted  wi th  the  above buffer  and the  elut ion was 
per formed by  collecting 5 ml f ract ions  a t  co n s t an t  flow 
ra te  of 5 ml per  h. 

The enzyme ac t iv i ty  was e luted be tween  200 and  250 ml 
vo lume elut ion and the  a m m o n i u m  sulfate f rac t iona t ion  
was per formed keeping the  p H  at  value of 7 b y  add i t ion  
of ammo n i a  hydroxyde .  All the  opera t ions  were carr ied 
out  a t  4~ 

Results and discussion. The p H  o p t i m u m  of the  enzyme 
ac t iv i ty  was found to be in the  range of 7.8-8.0 using 
Tris-phosphate buffer  50 m M  in the  assay med ium and 
87 Fg of the  enzyme prepara t ion  (step 3, Table I). The 
concen t ra t ions  of o ther  componen t s  of the  incuba t ion  
mix tures  were those  descr ibed above, At  the  p H  op t imum,  
the  enzyme is s table  for 15 days  a t  -- 20 ~ if phospha t e  ions 
are present .  Pro longed dialysis agains t  buffers  no t  con- 
ta in ing  phospha te ,  results  in a comple te  loss of ac t iv i ty .  
Loss of ac t iv i ty  was observed also if, dur ing  the  purif ica-  
t ion, gel f i l t ra t ion th rough  Agarose was per fo rmed  in 
absence of p h o s p h a t e  (see above).  

Figure  2 shows the  dependence  of the  ra te  of reac t ion  
upon increasing concen t ra t ions  of uracil  and P R P P .  
The kinetic  behaviour  seems to be of michael ian type  and 
the  Krn values for uracil and P R P P  are 8.5 • 10 -~ M and 
2 x 10 s M respect ively.  

UMP pyrophosphory lase  ac t iv i ty  is s t r ic te ly  depen-  
den t  upon the  presence of Mg~ ~. In  Figure 1 the  curve of 
the  ac t iv i ty  versus Mg ++ concen t ra t ion  is shown. In  
absence of Mg ++ uridine 5 ' -monophospha t e  pyrophos-  
phorylase  ac t iv i ty  is zero and the  m a x i m u m  of ac t iv i ty  
could be achieved a t  3 m M  Mg ++ concent ra t ion ,  whereas  
E. coli ~ and L. bi/idus ~ enzymes  are still act ive also in 
absence of Mg++ ion. As in the  case of the  enzyme f rom 
L. bi/idus baker ' s  yeas t  uridine 5 ' -monophospha te  pyro-  
phosphory lase  seems to be d i s t inc t  f rom orot idine 5'- 
m o n o p h o s p h a t e  pyrophosphory lase .  I n  addi t ion  the  
enzyme is comple te ly  inact ive t oward  h y p o x an t h ine ,  
adenine,  t h y m i n e  and cytosine.  These resu l t s  are i l lustred 
in Table II .  A m o n g  several  nucleot ides  tes ted ,  only  U M P  
affects  the  enzyme act ivi ty ,  exer t ing  62% inhib i t ion  a t  
0.42 m M  concent ra t ion .  

The presence of U M P  pyrophosphory la se  s t rongly  
suggests  t h a t  in baker ' s  yeas t  the  ut i l iza t ion of p re fo rmed  
bases and nucleosides works according to the  following 
scheme : 

e a 

Cytosine -> Uracil K_7~ ~ - ~  UMP- + Nucleic acids 

b / /  

d ~/ 
Cytidine - ~  Uridine 

s A. K O R N B E R G ,  1. LIEBERMAN and E. S. SIMMS, J. biol. Chem. 275, 
389 (1955). 

60. H. LOWRY, N. J. ROSEBROUGn, A. L. FARR and R. J. RANDALL, 
J. biol. Chem. 793, 265 (1951). 

v N[. S. KUNITZ, J. gen. Physiol. 29, 393 (1947). 
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a) U M P  p y r o p h o s p h o r y l a s e ;  b) U M P  phos pha t a s e ,  p rob-  
ab ly  a 5 ' -nuc leot idase  (unpub l i shed  observa t ions )  ; 
c) u r id ine  nucleosidase.  Thise  enzyme  has  been  pur i f ied  
to h o m o g e n e i t y  in  th i s  l a b o r a t o r y  and  s tud ied  in de ta i l  b y  
MAGNI e t  a12. I t  is i n h i b i t e d  b y  r ibose and  glucose-6- 
p h o s p h a t e ,  d) e) Cyt id ine  deaminase  and  cy tos ine  deamin -  
ase. T h e y  h a v e  been  s tud ied  a n d  cha rac t e r i zed  b y  IPATA 

s A. M~OLLOY and L. R. FINCH, FEBS Left. 5, 211 (1969). 
9 G. MAGNI, 2. FIORETTI, P. L. IPATA and P. NATALINI, J. biol. 

Chem. 250, 9 (1975). 
10 p. L. IPATA, G: CERCIGNANI, 2.  BALESTRIERI, Biochemistry 9, 

3390 (1970). 
11 p. L. IPATA, F. MARMOCCHI, G. 1V[AGNI, R. A. FELICIOLI and G. 

POLIDORO, Biochemistry 10, 4270 (1971). 
12 E. C. CARTER, J. Am. chem. Soc. 73, 1508 (1951). 

e t  al. ~~ n. These  enzymes  are i n h i b i t e d  b y  several  nucleo-  
t ides,  a n d  show regu la to ry  proper t ies .  This  scheme  is 
s u p p o r t e d  b y  t he  fac t  t h a t  in  bake r ' s  yeas t ,  u r id ine  phos-  
phory la se  is absent~2, 4 and  ur id ine  k inase  a c t i v i t y  is 
v e r y  low c o m p a r e d  to ur id ine  nucleosidase  a c t i v i t y  ~2. 

Summary.  Ur 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 -  
lase was found  to  be p r e sen t  in  b a k e r ' s  yeast .  The  enzyme  
p repa ra t i on ,  pur i f ied  a b o u t  30-fold, shows a s t r ic t  
specif ic i ty  t o w a r d  uraci l  and  requires  Mg ++ for i ts  ac t iv i ty .  

~D. NATALINI, ~,. t?IORETTI, S. RUGGIERI, 
A. VITA and  G. MAGNI 

Laboratory o /App l i ed  Biochemistry, 
University o/Camerino, 1-62032 Camerino (Italy), 
7 Apri l  J975. 

Glycogen Concentration in Isoproterenol-Stimulated Salivary Glands of Mice 

The  inf luence of i sopro te reno l  (IPR) on t he  m a j o r  
s a l i va ry  g lands  of r oden t s  ha s  been  ex tens ive ly  s tud ied  
a n d  was r ecen t ly  rev iewed 1. I P R  p r o m o t e s  glycogen 
b r e a k d o w n  t h r o u g h  a d e n y l a t e  cyclase act ivat ion2,3 .  
This  s y m p a t h i c o m i m e t i c  d rug  was po i n t ed  ou t  as the  
m o s t  eff icient  a d e n y l a t e  cyclase s t i m u l a t o r  in the  sa l iva ry  
g land  cells 4. Glycogenolys is  in  the  r a t  s u b m a n d i b u l a r  
g land  was also obse rved  a f t e r  p a r a s y m p a t h e t i c  s t imula -  
t ion  5. 

MALAMUD a n d  BASERGA 6 r epo r t ed  a r ap id  decrease  of 
g lycogen c o n c e n t r a t i o n  in t he  pooled p a r o t i d  (P), sub-  
m a n d i b u l a r  (SM) a n d  sub l ingua l  (SL) g lands  soon a f te r  
I P R  in j ec t ion  in mice. On t he  o the r  h a n d ,  18 h a f te r  
th i s  s t i m u l a t i o n  t he  glycogen c o n c e n t r a t i o n  r eached  a 
va lue  5 t imes  h ighe r  t h a n  t he  con t ro l  one. Af te r  th i s  
peak,  t he re  was a new e v i d e n t  glycogenolysis  process 
occur r ing  s imu l t aneous l y  w i t h  D N A  syn thes i s  up  to 30 h 
a f te r  t h e  in ject ion.  

The  3 m a j o r  s a l i va ry  g lands  of t he  mouse ,  however ,  
p r e sen t  d i f fe ren t  s t ruc tures ,  m e t a b o l i s m s  and  funct ions .  
Therefore ,  t he  purpose  of th i s  i nves t i ga t i on  was  to s t u d y  
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]~2ffects of isoproterenol on the glycogen concentration ill the parotid 
(m . . . .  l ) ,  submandibular (G . . . .  A) and sublingual(O . . . . .  O) 
glands of mice. Values are means -[: SEM. Each value is the mean 
of 6 to 10 different determinations. 

the  inf luence of a single I P R  in jec t ion  on  the  glycogen 
c o n c e n t r a t i o n  of each  g land  separa te ly .  

Material and methods. A t o t a l  of 140 whi t e  ma le  adu l t  
mice (28-35 g) d iv ided  in to  7 groups  of 20 an ima l s  each  
were used. All an ima l s  were al lowed regular  d ie t  and  
w a t e r  ad  l ib i tum.  

The  an imal s  were in jec ted  i.p. w i t h  a single dose of 
DL-isoproterenol-HC1 (Sigma) so lu t ion  (7 mg/30  g of 
b o d y  weight) .  The  mice were killed b y  cervical  d is loca t ion  
a t  0, 2, 6, 12, 18, 24 a n d  30 h a f te r  t he  in ject ion.  The  
sacrifice was a lways  pe r fo rmed  a t  08.00 h. 

E a c h  sa l iva ry  g land  was dissected out,  careful ly  
c leaned  and  weighed.  An  a m o u n t  of a p p r o x i m a t e l y  90, 
60 a n d  80 mg  of SM, SL and  P g land  respec t ive ly  was 
used for each  glycogen de t e rmina t i on ,  us ing  t he  m e t h o d  
descr ibed  b y  JoHAx a n d  LEN'rlNI 7. 

Results and discussion. The glycogen c o n c e n t r a t i o n  
showed  d i f fe rent  fea tures  in t he  3 m a j o r  I P R - s t i m u l a t e d  
sa l iva ry  glands.  A t  t ime  zero, t he  c o n c e n t r a t i o n  was 
h ighe r  in t he  SL and  s imi la r  in P a n d  SM glands.  No 
difference was obse rved  be tween  t he  u n i n j e c t e d  con t ro l  
mice a n d  t he  in jec ted  ones sacrif iced i m m e d i a t e l y  a f te r  
I P R  admin i s t r a t i on .  2 h a f te r  t he  I P R  s t imu la t ion ,  the  
glycogen c o n c e n t r a t i o n  decreased in t he  P gland,  b u t  
st i l l  decreas ing  up  to 6 h for t he  SM and  SL glands.  
Glycogen c o n c e n t r a t i o n  increases  f rom 6 h a f te r  s t imula -  
t ion,  r e t u r n i n g  to t he  con t ro l  va lues  in  t he  P a n d  SL 
glands.  However ,  in t he  SM gland  i ts  a c c u m u l a t i o n  is 
more  evident ,  r each ing  twice the  con t ro l  va lue  18 h 
a f te r  the  I P R  inject ion.  

Therefore,  t he  i n t e r p r e t a t i o n  of MALAMUD a n d  BASER- 
GA 6 for the  increased glycogen c o n c e n t r a t i o n  in t he  pooled 
m a j o r  sa l iva ry  g lands  m u s t  be changed.  Accord ing  to our  
results ,  on ly  t he  SM g land  p resen t s  a h igher  g lycogen 
c o n c e n t r a t i o n  re la t ive  to the  cont ro l  values.  
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