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On the lack of effect of acetyicholine on phosphoprotein metabolism 
in the salt gland of ~be sea gull 

HEALD and his col labora tors  (see rev iew by  HEALD 1) found t h a t  af ter  brief  per iods  
of stimulatio1~ of bra in-cor tex  slices wi th  electr ical  pulses the  incorpora t ion  of szp 
in to  phosphopro te in  (measured as 0 -phosphoser ine  a f te r  ac id  hydrolysis)  was in- 
creased abou t  30 %. AHMED AND JUDAH 2 repor ted  t h a t  omission of Na  + f rom the  
incuba t ion  m e d i u m  inhib i ted  the  incorpora t ion  of s2p in to  t he  phosphopro te in  of 
l iver  slices before i t  inh ib i t ed  the  incorpora t ion  of s2p in to  .a r. P. On the  basis of thc i r  
respect ive  findings bo th  groups  of workers  suggested tha t  phosphopro te ins  m a y  p l a y  
a role in sod ium t ranspor t .  The  sal t  g land  secretes  NaC1 in response to  ace ty lchol ine  s. 
HOKIN AND HOKIN 4 showed t h a t  if  slices of the  a lba t ross  sal t  g land  were  s t i m u l a t e d  

wi th  ace ty lchol ine  there  was no increase in the  incorpora t ion  of 32p in to  a phospho-  
prote in  f ract ion under  condi t ions  in which there  was a m a r k e d  increase in t he  

TABLE I 

F.FFECT.q OF ACETYLCHOLINE (WITH ESERINE) ON THE INCORPORATION OF 3a'P INTO 
VARIOUS PHOSPHATI~ COMPOUNDS IN TH: GOOSE SALT GLAND 

Sea-guU salt-gland slices were incubated for 6 5 rain in Lo ml of bicarbonate saline s containing 
o , o,~. glucose, o.z ml of a mixture of acetylcholine and eserine was then added to give the final 
indicated concentrations, and o.x ml of water was added to the eonta'ols. The slices were incubated 
for a further 2o rain, then removed from the medium, blotted, and frozen. The radioactivities 
in the various substances were determined as described elsewhere 4. All counts were corrected to 
a specific of zo e c o u n t s / m i n / t t g  of orthophosphate P in the medium. All values are averages of 

quadruplicate slice incubations. 

Radioactivity 

Compoutut With 3 I~' I I  Increase 
Control acetylcholine 

+ o.z mM eseriae (%) 

( c o u n t s l m i n [ p g  of phosphoserine P) 
Phosphoprotein 863 876 + z 

(counts/min/mg of fresh tissue) 
Phosphatidic acid 209 x z6o +457 
Phosphatidyl inositol r94 582 +200 
Phosphatidyl choline 344 354 + 3 
Phosphatidyl ethanolamine zo 5 13t + z5 
Total lipids x izo z 6zo q- I35 
Orthophosphate 28 ooo 25 oeo -- 7 
7-min acid-hydrolyzable 6 5_90 4 34 ° -- 33 

phosphate esters 
Stable organic phosphate esters 53 zoo 54 loo + z 

incorpora t ion  of 32p in to  pho~phat idic  acid and  a lesser increase  in the  incorpora t ion  
of 3zp and  [2-SH]inositol in to  phospha t idy l  inositol .  The  phosphopro te in  f rac t ion was  
measured  as the  inorganic  phosphorus  released on alkal ine  hydrolys is  of the  pro te in  
residue which r ema ined  af te r  ex t r ac t ion  of the  phosphol ipids  and  "phospha t ido -  
pept ides" .  Since p ro te in -bound  phosphoser ine  is a more  accura te  men.sure of phospho-  
protein ,  in the  present  inves t iga t ion  phosphoser ine  was isola ted  f rom the  protein .  

Sea-gull  sa l t -gland slices were  incuba ted  wi th  32P1 for 6 5 rain, ace ty lchol ine  
(3 t LM) and eserine (o.i  mM) were then  added,  and  the  incuba t ion  was con t inued  for 
a fu r the r  2o mi~.. The  pro te in  residue ob ta ined  af ter  ex t r ac t ion  of t he  phosphol ip ids  
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and the "phosphat ido-peptides TM was mixed with 0-phosphoserine (I v-g phospho- 
serine-P/mg of the original tissue) and hydrolyzed in 2.0 ml of 2 N HC1 in a seeded 
ampcule in the autoclave ior IO h. The hydrolysate  was centrifuged, tile residue was 
washed twice with water,  and the combined supernatant  fluids were dried in vac~o. 
The residues were redissolved in water  and submit ted to electrophoresis on paper in 
py r id ine -ace t i c  acid 5 on Whatman  No. 3 MM paper  for 2 h at IO00 V. Tile electro- 
pherograms were autoradiographed and then stained by  the method of WADE AND 
MORGAN 6. The most intensely labelled spot was one which ran with the mobil i ty of 
orthophosphate.  The second most intensely labelled spot was one which ran with the 
same mobi l i ty  as a sample of phosphoserine which was run alongside. The phospho- 
serine spot revealed by  autoradiography coincided with that  revealed by staining. 
Based on a mobi l i ty  of 1.0o for or thophosphate the phosphose~ine spot had a relative 
mobi l i ty  of 0.76. Five other more faintly labelled spots were also detected which had 
relat ive mobilities of o.63, o.44, o.35, o.I9 and o. io.  The phosphoserine spot was cv.t 
out, eluted in I N NH4OH overnight,  and radioact iv i ty  and total  phosphorus 7 were 
determined on appropr ia te  aliquots. Although the usual type of st imulation of in- 
corporat ion of 32p into phosphatidic acid and phosphat idyl  inositol occurred in- 
response to acetylcholine, there was no significant change in the specific ac t iv i ty  of 
the  phosphoprotein fraction, measured as phosphoserine (Table I). The amount  
of mP found in intracel lular  or thophosphate  and in the stable organic phosphate 
fraction in the salt  gland was not affected b y  acetylcholine, The amount of radio- 
ac t iv i ty  in the 7-min acid-hydrolyzable phosphate fraction was diminished. At the  
t ime intervals  used he re  the 7-min hydrolyzablc phosphate of ATP is in isotopic 
equil ibrium with the tissue or thophosphate;  this fall in to ta l  radioact iv i ty  is due 
therefore to  a fall in the level of ATP and not to  a change in specific ac t iv i ty  of the ATP. 
These results indicate tha t  in the salt  gland s t imulated to secrete NaC1, phospho- 
proteins do not  undergo a type  of reaction which leads to increased incorporation 
of s ,p  into the fraction, in contrast  to phosphatidic acid and phosphat idyt  inositol. 
This does not  rule out the possibi l i ty tha t  phosphoproteins may  par t ic ipate  in sodium 
t ranspor t  in the  salt  gland. But one might have expected some change on s t imulat ing 
the salt  gland tissue if the explanat ions advanced by  HEAI-D ~ and by  JUDAH AND 
AHMED ~ to explain the changes in phosphoprotein labelling which they observed 
are correct. 
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