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(Na + + K+)-ATPase stimulation (%) and % desmosterol of total sterols of erythroeyte ghosts (n = 8) 
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A B C D 

Stimulation of .~[g++-ATPase by 113.1 92.3 50.2 44.5 
Na + and K + (%) (87.7-149.5) (64.6-118.8) (44.9-54.1) (39.5-49.1) 
P ~ 0.005 < 0.001 

Desmosterol of 75.4 61.6 12.8 
total sterols (%} (57-90) (43-75) (11-15) 
P < 0.005 

m 

For the meaning of ABC and D see legend of Figure 1. P was determined by using the paired Student t-test. 

And  the  ma in t enance  of a fluid-like e n v i r o n m e n t  due 
to  i ts  lipid cons t i tuen t s  is the  prerequis i te  for an opt imaI  
func t ion  of t r a n s p o r t  enzymes,  as could be shown by  
spin label s tudies  13, x4 
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Summary. Cholesterol  of red blood cells (RBC) is 
readi ly exchanged  by  desmostero l  and vice versa. The 
resul t ing a l te ra t ion  in the  sterol  compos i t ion  influences 
the  specific (Na + + K+)-ATPase  act iv i ty .  I t  is suggested 
t h a t  th is  effect  is due to  an a l tered m e m b r a n e  f luidi ty.  
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M o n o a m i n e  Oxidase  Activity in Helix pomatia 

I t  has  been repor ted  t h a t  a l though  monoamine  oxidase 
(MAO) exists in mol luscan nervous  tissue, it  is not  able to 
metabol ize  a t r y p t a m i n e  or serotonin  subs t ra te  1. How-  
ever, a number  of o ther  expe r imen t s  2-7 have  shown bo th  
5 - h y d r o x y t r y p t a m i n e  (5-HT) and dopamine  (DA) to be 
s l ight ly metabol ized by  p r e sumab ly  MAO, t houg h  the  
ac t iv i ty  is very  low. I t  was therefore  decided to analyze the  
d i s t r ibu t ion  and na tu re  of MAO in the  snail Helix pomatia 
in order  to es tabl ish the  funct ional  significance of the  
enzyme in the  nervous  system.  

Methods and materials. Tissues were dissected f rom 
act ive snails into ice cold snail saline s, weighed and  then  
homogenized  in ice cold 0.15 WI t(C1, giving 10-100 nag 
t issue/nil .  Al iquots  were taken  for pro te in  assay 9. MAO 
ac t iv i ty  was analyzed according to W u r t m a n  and Axel- 
rod ~0 wi th  minor  var ia t ions .  The react ion mix tu re  had  a 
to ta l  volume of 60 ~xl consis t ing of 20 [zl homogena te ,  
20 ~zl phospha t e  buffer  (pH 7.4, 0.5 M), and 20 ~xl ~4C- 
t r y p t a m i n e  solut ion (47 mCi /nmmle;  0.05 ~xCi di luted 
wi th  unlabelled t r y p t a m i n e  to give 12 nmole/20 ~1 in 
0.01 N HC1). The mix tu re  was incuba ted  at  37~ for 60 
min,  s topped  by  the  addi t ion  of 70 ~xl 2 N tiC1 and 100 ~zl 
the re f rom twice ex t r ac t ed  wi th  2 ml  toluene.  The toluene 
was separa ted  f rom the  aqueous phase  by  centr i fugat ion,  
added  to 10 ml scint i l la t ion fluid and counted  in a Pack a rd  
Liquid  Scinti l lat ion Counter.  2 to 3 de te rmina t ions  were 
made  f rom each t issue homogena te .  Blank values  were 
ob ta ined  as zero- t ime reactions.  The ac t iv i ty  was correc ted  
for the  efficiency of the  ex t rac t ion  procedure  and ex- 
pressed as nmole  t r y p t a m i n e  metabol ized/g  t i s sue /min  
and  nmole t r y p t a m i n e  metabol ized/g  pro te in /min .  

In  several  cases, 3H- 5-HT (17.3 Ci/mmole,  0.2 [zCi d i lu ted  
wi th  unlabelled 5-HT to  give 6 nmole/20 ~zl):, 3H-DA 
(7.2 Ci/mmole,  0.1 ~Ci di luted to give 6 nmole/20 [zl) or 
~4C-tryptamine (47 mCi/mnmle,  0.1 ~xCi d i lu ted  to give 
6 nmole/20 ~xl) was used as subs t ra te  and the  resul t ing 

p roduc t s  ex t r ac t ed  into 2 ml  of e thy lace t a t e /benzene  
(1 : 1 by  volume).  

To t es t  drug  effects, d issected suboesophageal  ganglia 
were par t ia l ly  deshea ted  and incuba ted  for 60 rain a t  20 ~ 
in snail saline conta in ing  various concen t ra t ions  of drugs 
toge ther  wi th  0.1 mg/ml  ascorbic acid. The ganglia were 
t hen  b lo t t ed  dry  and the i r  MAO ac t iv i ty  was analyzed.  

Results and discussion. A great  var ia t ion  of MAO activ-  
i ty  occurred in the  d i f ferent  t issues (see Table), being 
h ighes t  in the  liver (62.11 nmole/g  protein/rain)  and absen t  
in the  a lbumen  gland, flagella and radula  re t rac to r  muscle.  
In  the  nervous  tissue, the  MAO ac t iv i ty  (nmole/g pro te in /  
min) in the  buccal  ganglion was 26.81, while in the  supra-  
oesophageal  and the  suboesophageal  ganglia i t  was 16.86 
and  13.34 respect ively.  This is less t h a n  1% of t h a t  repor t -  
ed for ve r t eb ra t e  nervous  t issue 11, bu t  is s imilar  to  t h a t  
found in o ther  molluscs 12. 
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MAO ac t iv i ty  p roved  to  be l inear for a m i n i m u m  of 
60 min  at  t e m p e r a t u r e s  be tween  20~176 The Q10 
(27~176 was found to  be 1.9. At  0~ no ac t iv i ty  was 
found,  which  is in te res t ing  in view of t he  fact  t h a t  snails 
can survive for m o n t h s  a t  th is  t empera tu re .  This,  t oge the r  
w i th  o ther  da t a  1~, showing an up take  mechan i sm for 
5-HT to  exis t  a t  0 ~ suppor t s  the  idea t h a t  MAO plays  
only  a minor  role in the  inac t iva t ion  of neu ro t r ansmi t t e r s  
in the  snail. 

MAO proper t ies  were s tudied  in more  deta i l  in t he  
suboesophageal  ganglia. The Km value for t r y p t a m i n e  
was 2.1 • 10 -~ M, similar  to  t h a t  found  in the  r abb i t  b ra in  
of 1 .6 •  -5 M n. Using 5-HT and  DA as subs t ra tes ,  
r a the r  t h a n  t r y p t a m i n e ,  i t  was found  t h a t  5-HT was  
d e a m i n a t e d  at  a ra te  of only 20% and  DA only 50% of 
t h a t  of t r y p t a m i n e .  This  con t ras t s  wi th  s tudies  in the  
ve r t eb ra t e s  where  higher  specific act ivi t ies  were found  
for 5-HT and  DA subs t ra tes  in con t ras t  to  t r y p t a m i n e  n.  

The effects  of var ious  drugs on MAO ac t iv i ty  were also 
s tudied.  NiMamide (10 -4 M), a MAO inhibi tor ,  p roduced  
a 50 % decrease of MAO act iv i ty .  Chlorpromazine  (10-4 M), 
a DA recep tor  blocker,  also inh ib i ted  MAO by  50%:  
Concent ra t ions  of less t h a n  5 • 10 -5 M of e i ther  drug  had  
no measurab le  effect.  Reserp ine  (5 • 10 -5 M or greater) 
enhanced  the  MAO act iv i ty ,  wi th  a 50% increase a t  
10 -4 M. Incuba t i on  of ganglia wi th  5-HT (10-~ M -  10 -3 M) 
resul ted in a non- l inear  decrease in measured  act iv i ty ,  
t hough  th is  migh t  be due to  compet i t ion  of t he  accumu-  
la ted  5-HT wi th  the  l~C-tryptamine.  

The effects  of pargyl ine  (MAO inhibi tor)  were also 
examined.  5-I-IT deamina t ion  was only  inhib i ted  wi th  
pargyl ine  concen t ra t ions  grea ter  t h a n  5 •  -4 M. DA 
and t r y p t a m i n e  deamina t i on  were b o t h  par t ia l ly  inhib i ted  

MAO activity in various tissues 

Tissue Tissue Protein 
(nmole/g/min) (nmole/g/min) 

Albumen Gland ND ND 
Flagella ND ND 
Radula retractor muscle ND ND 
Liver 8.053 :t: 0.390 62.11 4- 4.05 
Kidney 2.506 4- 0.282 25.15 4- 2.81 
Salivary gland 3.065 4- 0.268 39.09 • 3.23 
Spermatheea 0.465 -[- 0.099 33.41 4- 0.52 
Optic tentacle 0.105 4- 0.015 0.80 4- 0.15 
Ventricle 0.067 :L 0.001 0.99 :t: 0.08 

Ganglia 
Bueeal 3.253 J: 0.262 26.81 4- 4.30 
Supraesophageal 1.502 4- 0.103 16.86 -4- 1.07 
Suboesophageal 0.904 4- 0.069 13.34 ~_~ 0.81 

Suboesophagel �9 0.189 4- 0.069 b 2.63 4- 0.96 ~ 
Suboesophagelb 0.415 4- 0.018 b 5.77 :k 0.25 b 

Tissues analyzed as described ill text with tryptamine as substrate 
except s with 5-HT as substrate and b with DA as substrate. ND 
indicates not detected. Values are 4- SEM for n between 9-37. 

by  pargyl ine  be tween  5 • 10 -4 M and 5 • 10 -5 M.  Li t t le  
effect  was  seen at  concen t ra t ions  lower t h a n  10 -~ M.  
This  is in te res t ing  in v iew of the  fact  t h a t  mul t ip le  forms  
of MAO have  been  proposedl4-1* to occur in t he  ver te -  
brates ,  based  on the  di f ferent ia l  degrada t ion  of var ious  
monoamines  and  the  actual  separa t ion  of ' i soenzymes '  
f rom pur i f ied  prepara t ions .  The suggest ion has been  p u t  
forward  t h a t  pargyl ine  (MAO inhibitor)  selectively inhib i t s  
the  ]3 t y p e  enzyme 17 (subst ra te  ty ramine)  a t  low con- 
cent ra t ions ,  while t he  A t y p e  enzyme (where 5-HT is a 
subst ra te)  is only inh ib i ted  by  higher  concen t ra t ions  of 
pargyl ine.  DA und  t r y p t a m i n e  (being) subs t ra tes  for 
b o t h  types ,  are par t ia l ly  inhib i ted  a t  low concent ra t ions .  
Such is found  to  be the  case in the  snail. I t  is therefore  
possible t h a t  more  t h a n  one form of MAO occurs in t he  
snail, t h o u g h  the  significance of th is  is no t  clear, especial ly 
in view of the  a p p a r a n t  minor  role MAO m i g h t  have  in 
snails. 

The significance of t he  smal l  bu t  defini te  ac t iv i ty  of 
MAO in the  snail cen t ra l  nervous  sys t em is no t  clear, 
especial ly since o ther  s tudies  13 have  shown re -up take  of 
t he  released t r a n s m i t t e r  to  be the  probable  mechan i sm of 
inac t iva t ion  of DA and  5-HT in the  snail. I t  m a y  well be  
t h a t  MAO has  an inac t iva t ing  funct ion  in only a smal l  
p ropor t ion  of nerve cells, b u t  the  ' background  noise '  of 
the  o ther  cells, caused when  analyz ing  whole ganglia,  
blurs  t he  d iscovery  of th is  funct ional  significance. How-  
ever, i t  could be t h a t  MAO has  an even dis t r ibut ion ,  as 
has been shown for o the r  inac t iva t ing  enzymes  (acetyl- 
choline-esterase13 and  catechol-0-methyl- t ransferase13) .  
In  th is  case, t he  enzyme  could be funct ioning more  as an 
ex t r aneu rona l  regula t ing mechanism,  guarding agains t  
non-specif ic  s t imula t ion  by  ex t raneous  amines.  

Summary. The d i s t r ibu t ion  and  charac te r iza t ion  of 
MAO in var ious  t issues of the  snail  were analyzed.  Only 
low a m o u n t s  of the  en zy me  exist  in the  d i f ferent  t issues 
and  da t a  suggest  t h a t  there  is more  t h a n  one t y p e  of 
MAO. 
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Phospholipids of Mycobacterium phlei  ~ 

A m ongs t  t he  phosphol ip ids  of mycobac te r ia ,  cardio-  
l ipin has been  r epo r t ed  to be the  ma jo r  c o m p o n e n t  in 
M. phlei (penso)3, in an unclassif ied mycobac te r i a  P63 
and  also in I.i3:Rv, H3vRa and  M. avium (all NCTC) 
s t ra ins  4. Recen t ly  CHANDRAMOULI and  VENKITASUBRA- 
MANIAN 5 have  repor ted  f rom this  l abora to ry  t h a t  t he  
cardiol ipin is the  major  c o m p o n e n t  in M. smegmatis and  
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