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t ion  assay 18 and  the  same volume of Ringer  con ta in ing  
theophy l l ine  was used for p repar ing  the  s t a n d a r d  curve 
in the  presence  of 0, 1, 2, 4 and  8 pmoles  of cyclic AMP. 
Results and discussion. Resul ts  are shown in the  figure, 
and  these  conf i rm the  presence of cyclic AMP in the  
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Effects of noradrenaline (NA, 10 ~ M) on cyclic AMP concentration 
in isolated regenerates of newt forelimb at early (bump) and late 
(palette) stages. Regenerates were pooled and four samples of each 
stage were treated with noradrenaline or served as controls. The 
filial incubation was performed for 10 rain at 35 ~ in the presence 
of 1.5 mM theophylline. The data give the mean values ~_ S. E. M. 

Newt  l imb regenerate .  Fu r the rmore ,  i t  can  be seen t h a t  
cyclic A M P  genera t ing  sys t em is ve ry  sensi t ive to nor- 
adrenaline,  b o t h  a t  ear ly  and late stages of regenerat ion.  
However ,  t he  increase in cyclic AMP concen t ra t ion  in 
response to  noradrenal ine  is 2 fold larger in t he  ear ly  
s tage regenera te  t h a n  in the  late regenera te ;  t he  contro l  
values being similar in b o t h  cases (8.1 4- 0.5; 7.6 4- 0.2 
p m o l e s . m g  pro te in- i ) .  These resul ts  suggest  t h a t  t he  
main  role of noradrena l ine  (and cyclic AMP) is in t h e  
phase  of prol i fera t ion (bumps),  r a the r  t h a n  in t he  phase  
of pro l i fe ra t ion/d i f ferent ia t ion  (palette). The role of cyclic 
AMP dur ing the  process  of g rowth  and di f ferent ia t ion  has 
been reviewed recent ly  14, and confl ict ing resul ts  have  
been repor ted .  F u r t h e r  inves t iga t ions  are clearly required,  
for t issue cul ture sys tems  and inves t igat ions  in vivo are 
no t  s t r ic t ly  comparab le  6. On the  o ther  hand,  the  var ia t ion  
in the  ca techolamine  sens i t iv i ty  of the  n e r v e - d e p e n d e n t  
regenerate ,  r epor ted  in th is  paper ,  m a y  provide  a useful 
sys t em in which  to separa te  the  d i f ferent  deve lopmenta l  
stages on a b iochemical  basis. 

13 /3. L. Brown, J. D. M. Albano, R. P. Ekins and A. M. Sgherzi, 
Biochem. J. 121,561 (1971). 

14 M. J. Berridge, in: Advances in Cyclic Nucleotide Research, 
vol. 6. Raven Press, New York 1975. 
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Summary. Arylsulfa tase  ac t iv i ty  has been d e m o n s t r a t e d  in ra t  and h u m a n  paro t id  and  submand ibu la r  saliva indica t ing  
t h a t  oral bac te r ia  are no t  the  only source of sa l ivary  sulfatase act ivi ty .  Ac t iv i ty  was also observed in h u m a n  sweat,  
tears  and in snake venom. 

The character is t ics  of arylsutfatase A (EC 3.1.6.1) f rom 
various t issues have  been extens ive ly  s tudied  2-6. While  
the  in vi tro ac t iv i ty  is usual ly measured  by  the  cleavage 
of sulfate f rom various organic sulfates 2, the  substrate(s)  
upon which arylsulfa tase  A acts in vivo are unk n o w n  
a l though recent  invest igat ions6,  7 s t rongly  suggest  t h a t  
cerebroside sulfate m a y  he the  physiological  subs t ra te .  

In  the  course of s tudies  conduc ted  in this  l abora to ry  
on sal ivary secret ion 8-'~ a high level of arylsulfa tase  A 
ac t iv i ty  was observed in sal ivary gland homogenates .  
F u r t h e r  inves t iga t ion  showed t h a t  the  ac t iv i ty  was also 
p resen t  in b o t h  h u m a n  and ra t  pa ro t id  and submand ib -  
ular saliva as well as secret ions such as tears,  sweat  and 
some snake venoms.  

Methods. Saliva collection. R a t  saliva f rom parot id ,  
submand ibu la r  and subl ingual  glands were ob ta ined  by  
cannula t ion  of the  gland duc ts  af ter  pi locarpine s t imula-  
t ion as descr ibed by  ABE and DAWES 11. The sal iva was 
s tored  at  - -10~  unti l  required.  Pa ro t id  saliva was col- 
lected f rom 6 adul t  h u m a n  males by  means  of a modif ied  
Lash ley  cannulae  and submand ibu la r  sal iva b y  means  
of indiv idual ly  f i t ted  molded plast ic  cover  ~2. Saliva was 
collected at  a ra te  of 1 ml /min  for 5 min by  means  of 
lemon drop  s t imulat ion.  Enzymic  ac t iv i ty  was deter-  
mined  according to  YAMATO et  al. xa. P ro te in  de te rmina -  
t ion was pe r fo rmed  by  the  me thod  of LOWRY et a l )  4. 
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Arylsulfatase A activity in various excretions 

Specialia EXPERtENTIA 33/1 

Tissues and secretions Substrate cleaved Protein in sample Specific activity 
(nmole/ml) (mg/ml) (nmole/mg) 

Rat submandibular gland homogenate 1981 3.68 538 
Parotid gland homogenate 1333 3.08 433 
Sublingual gland h0mogenate 1876 1.32 1421 

Rat submandibular saliva 62 2.92 21 
Parotid saliva 1708 23 74 
Sublingual saliva 1781 2.4 742 

Human stimulated submandibular saliva 21.3 3.60 5.9 
Stimulated parotid saliva 104 3.28 31.7 

Tears 859 14.6 59 
Sweat 806 1.7 474 

Crotalus horridus horridus 315 43 7.3 
C. viridis viridis 167 34 4.9 
C. atrox 296 43 6.9 

Agkistrodon piscivorus piscivorus 148 34 4.4 

Salivary glands homogenates (10% w/v), sweat and tears were assayed for i h. Incubations of the assay mixture with saliva and snake venoms 
were terminated after 8 h. Onion stimulated tears were obtained from subjects by means of Pasteur pipet. Sweat was collected from exer- 
cizing individuals in a similar manner. 

Resul t s .  A r y l s u l f a t a s e  A h a s  been  d e m o n s t r a t e d  to  be 
a g lycopro te in  15. T h e  c o n t e n t  of t he  e n z y m e  in secre t ions  
of t h e  3 m a j o r  s a l i va ry  g l ands  (Table) is in keep ing  w i t h  
t he  k n o w n  genera l  p a t t e r n  of g lycopro te ins  secre ted  b y  
these  g lands ,  t h e  s u b l i n g u a l  g l and  secre t ing  m a i n l y  glyco-  
prote ins ,  t~INDERKNECHT et  al. 16, who  r epor t ed  aryl -  
su l f a t a se  A a c t i v i t y  in  whole sal iva,  impl ied  t h a t  t h e  
e n z y m e  m a y  n o t  be secre ted  f rom the  g l ands  since t h e  
e n z y m i c  level was  ra i sed  in t he  case of pyo r rhea .  H o w -  
ever,  f ind ing  a ry l su l f a t a se  A a c t i v i t y  in c a n n u l a t e d  sa l iva  
(i.e. pu re  saliva),  s a t i s f ac to r i ly  d e m o n s t r a t e d  t h a t  an  
i m p o r t a n t  c o n t r i b u t i o n  of oral  a ry l su l f a t a se  A is p rov ided  
b y  g l a n d u l a r  secre t ions .  Th i s  ev idence  is s u b s t a n t i a t e d  
b y  t h e  fac t  t h a t  t he  e n z y m i c  a c t i v i t y  exh ib i t s  d iu rna l  
r h y t h m  (Figure).  

D i s c u s s i o n .  BENNICK a n d  CONNELL 17 cha rac t e r i zed  
h u m a n  p a ro t i d  sa l iva  and  ident i f ied  4 p ro te ins  r ich in  
pr01ine, g lycine  a n d  g l u t a m i c  acid. I t  is w o r t h  po in t i ng  
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Circadian rhythm of human salivary arylsulfatase A. Whole saliva 
was collected daily from a volunteer for 5 consecutive days at the 
time periods indicated above. Each line in the figure represents 1 
day's pattern of arylsulfatase A activity. A unit of activity is 
defined as the cleavage of i nmole p-nitrocatechol sulfate per mg 
per hour. 

ou t  t h a t  t he  a m i n o  acid c ompos i t i ons  of t he se  p ro te ins  are 
s imi lar  to  t h a t  of a ry l su l f a t a se  A f rom ox liver 3. Also 
MAYO a n d  CARLSON is sub j e c t e d  h u m a n  s u b m a n d i b u l a r  
sa l iva  to  disc gel e lec t rophores is  a nd  showed  2 b a n d s  of 
un iden t i f i ed  g lycopro te ins .  I t  is r easonab le  to  believe t h a t  
a t  leas t  one of t hese  b a n d s  could  be a ry l su l f a t a se  A. 

Since t he  n u m b e r  of p ro t e ins  in a n y  biological  excre-  
t ion  is l imi ted,  it  is conce ivable  t h a t  each  pro te in  h a s  
evo lved  to fulfill e ssen t ia l  a n d  specific phys io logica l  
funct ion(s) .  A ry l su l f a t a se  A, f ound  in all excre t ions  
e x a m i n e d ,  eg. sal iva,  sweat ,  t e a r s  a nd  sna ke  v e n o m s  m a y ,  
therefore ,  be a c o m m o n  p a r t i c i p a n t  in exocr ine  processes.  
Sul fa t ides  were r epor t ed  p r e s e n t  in epi thel ia l  g l a ndu l a r  
t i s sue  19 a nd  it  was  p o s t u l a t e d  t h a t  t h e y  pa r t i c ipa t e  in t h e  
sec re to ry  m e c h a n i s m s  of g lands ,  poss ib ly  as a p a r t  of t he  
sec re to ry  sac m e m b r a n e  ~0-22. I t  is conce ivable  t h a t  t he  
su l fa t ides  are t h e  s i tes  ac t ed  u p o n  by  th i s  e n z y m e  in i ts  
c a pa c i t y  as cerebroside  su l fa tase .  Th i s  is s u p p o r t e d  b y  t he  
repor t  of  SEIGUER a nd  CASTRO 20 who  sugge s t e d  an  ac t ive  
role for a ry l su l f a t a se  A w h e n  reac t ive  Golgi vesicles fuse 
w i th  m e m b r a n e s .  

Ary l su l f a t a se  A m a y  h a v e  evo lved  to a p p e a r  in sal iva,  
t ea r s  a n d  swea t  as  a p a r t  of a n  a n t i ba c t e r i a l  m e c h a n i s m  
suc h  as t he  role p roposed  for l y sosyme ,  a m a j o r  e n z y m i c  
c o n s t i t u e n t  in sa l iva  a nd  tears .  GOREN et  al. 23 d e m o n -  
s t r a t e d  a s ign i f i can t  cor re la t ion  be tween  bac ter ia l  v i ru -  

15 E. t~. B. GRAHAM and A. B. RoY, Biochim. biophys. Acta 329, 88 
(1973). 

16 H. RINDERKNECHT, M. C. GEOKAS, C. CARMACK and B. J. HAVER- 
BACK, Clin. biochim. Aeta 29, 481 (1970). 

1T A. BENNICK and G. E. CONNELL, Biochem. J. 723, 455 (1971). 
18 j .  W. MAYO and D. M. CARLSON, Archs oral Biol. 761, 134 (1974). 
19 B. L. SLOMIANY, A. SLOMIANY and M. I. HOROWITZ, Biochim. 

biophys. Aeta 348, 388 (1974). 
20 A. C. SEIGUER and A. E. CASTRO, Biol. Reprod. 7, 31 (1972). 
21 A. AMSTERDAM, J. OHAD and M. SCHRAMM, J, Cell Biol. 47, 753 

(1965), 
22 J. D. CASTLE, J. D. JAMIESON and G. E. PALADE, J. Cell Biol. 53, 

290 (1972). 
23 M. B. GOREN, O. BROKL and W. B. SCHAEFER, Infect. Immun. 9, 

142 (1974). 
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lence and  the  abi l i ty  of  cer ta in  bacter ia l  s t ra ins  to elabo- 
ra te  sulfatides.  Thus  while lysosyme may  digest  the  
ca rbohydra t e  p a r t  of the  bacter ia l  envelope,  arylsulfa tase  
A m a y  act  upon bacter ia l  m e m b r a n e  sulfolipids. 

Analysis  of saliva and  tears  for hexosamin idase  A was 
p roposed  for diagnost ic  purposes  in early de tec t ion  of 

Tay-Sachs  syndrome2s  Similarly,  analysis  of these  ex- 
cret ions  could be ad ap t ed  into a conven ien t  clinical ~ool 
for iden t i fy ing  m e t a c h r o m a t i c  l eukodys t rophy ,  a syn-  
drome associa ted wi th  arylsul fa tase  A deficiency. 

.04 j .  D. SINGER, Lancet 2, 1116 (1973). 

On partial and differential bleaching experiments  with the visual p igments  in a fresh writer 
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Summary .  Visual p i g m e n t  was ex t rac ted  f rom a fresh wa te r  toleost ,  Etroplus  suratensis and  the  opt ical  dens i ty  measured  
over  a range of 300-650 nm. The absorp t ion  spec t rum indicates  the  2maz a t  550 n m  and  a small  h u m p  at  530 rim. 
Through  par t ia l  b leaching a t  630 nm, it was conf i rmed t h a t  the  fish possesses a mix tu re  of 2 visual  p igments :  the  one 
wi th  the  ,~m~ at  550 n m  p redomina t i ng  over the  other.  

Fishes  of widely sepera ted  hab i t a t s  ranging f rom fresh 
wa te r  to sea water  have  received much  a t t en t i on  in the  
analysis  of visual p igmen t s  ~-s. As a result ,  the  influence 
of diverse factors,  such as the  hab i t a t  sa l ini ty  of the  
na tu ra l  environs and  the  artificial pho toper iod  in the  
labora tory ,  on the  na tu re  of the i r  visual p igmen t s  has 
come to be unders tood  only part ial ly.  Hence  the  discussion 
cont inues  on the  na tu r e  of the  visual p igmen t s  in fishes ~, s. 
The teleost,  Etroplus  suratensis  is known to inhab i t  fresh 
wa te r  as well as brackish  wate rs  along the  coasts  of 
Ceylon and India  9, and thus  offers a great  po ten t i a l  for 
inves t iga t ions  into the  na tu re  of the  visual  p igmen t s  as 
re la ted  to the hab i t a t  10. As a first  s tep in this  direct ion,  
the  p resen t  s t u d y  was unde r t aken  in E. suratensis,  
obta ined  f rom fresh water .  

Mater ia l  and methods. The  fish procured  f rom a local 
deMer were s tocked in glass aquar ia  and fed on cooked 
rice eve ryday  in the  labora tory .  Most ly  t hey  were used 
for the  expe r imen t s  wi th in  a week of their  p r o c u r e m e n t  
f rom thei r  na tura l  hab i ta t .  

E x t r a c t i o n  of the  p igments .  The me thod  of CRESCI- 
TELLIll, 12 ~ a s  followed for the  ex t rac t ion  and analysis  
of the  re t inal  p igment .  The fish were d a r k - a d a p t e d  
overnight ,  before ex t r ac t ing  the  p igment .  The eyes were 
dissected out  and kep t  in 4% po tas s ium a lum solut ion 
for 1-2 h af ter  corneal  puncture .  Af ter  r epea ted  washing  
wi th  disti l led wa te r  and borate-KC1 buffer  a t  p H  8.3, 

re t inal  p i g men t  was ex t r ac t ed  in to  2% digi tonin  in 
alkaline borate-KC1 buffer.  The homogena t e  was centr i -  
fuged a t  4000 r p m  for a b o u t  30 min.  The opt ical  dens i ty  
of the  unbleached  ex t r ac t  was measured  a t  300-650 n m  
in a H i lge r -Wat t  U V I S P E K  spec t ropho tome te r ,  u s i n g  
a microcuvet te .  In  all, the  opt ical  dens i ty  of 12 ex t rac t s  
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Raleigh, N. C. 27611 (USA). 
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Fig. 1. Absorption spectrum of retinal extract 
of 24 eyes obtained from 12 animals. 
0, Unbleached extract; A, partially bleached 
at 630 nnl for 15 see; it:l, - 30 sec; 0,60 sec; <), 
difference spectrum, obtained as a result of 
total bIeaehing with white light. 


