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The single s tage coupling of t ryps in  to the  p re -ac t iva ted  
d e x t r a n  m a t r i x  is comple te  wi th in  24 h a t  5 ~ as shown 
by  the  absence of free enzyme on gel ch roma tography .  
The r e su l t an t  graf t  is s table  a t  room t e m p e r a t u r e  in 
aqueous  solut ions of neu t ra l  pH.  

The Figure shows p H - r a t e  profiles for the  hydrolys is  of 
B A P N A  cata lyzed  by  free and bound  t ryps in  a t  ionic 
s t r eng ths  of 0.17 and  1.17. The p H  o p t i m u m  is displaced 
by  app rox ima te ly  1 p H  uni t  t owards  more  alkaline values 
b y  conjugat ion.  A similar shif t  t owards  higher  pI-I values 
has  been observed previous ly  for t ryps in-po lye lec t ro ly te  
der iva t ives  and in t h a t  case was a t t r i b u t e d  to the  neigh- 
bour ing carrier  bound  charged groups  7. For  th is  sys tem 
such an exp lana t ion  is inadequate .  Oxida t ion  of poly-  
saccarides by  s o d i u m  metaper ioda te ,  under  the above 
condi t ions  t e rmina tes  a t  t he  a ldehyde  level of oxidat ion,  
and  the  p H  shif t  is not  reduced by  the  large change in 
ionic s t r eng th  s 

The resu l t an t  p H - a c t i v i t y  profile af ter  t r e a t m e n t  of 
t r yps in  wi th  excess ace ta ldehyde  was de te rmined  in 
order  to  separa te  the  effects due to  the  ma t r i x  f rom those  
due to chemicaI modif ica t ion  of the  p ro te in  molecule 

Table I. Apparent Michaelis constants for trypsin catalyzed hydrolysis 
of BAPNA in 0.1 M verona1 buffers, plus 0.02 M calcium chloride, 
30 ~ 

K(~,v~) ( • 104 M) 
pH 8.0 pH 8.85 

Trypsin 7.40 5.80 
PADT 5.60 5.95 

Table If. Percentage retention of tryptie activity towards BAPNA, 
at 30~ in 0.1 M citrate buffer pH 7.0 (protein concentration, 1 rag/ 
ml). 

3 days 34 days 

Trypsin 2 0 
Trypsin plus 0.02 M CaCle 14 0 
PADT 46 42 
PADT plus 0.02 M CaC12 53 55 

(Figure). I n  ag reemen t  wi th  LABOUESSE and  GERVAIS 9 
a small  alkaline shif t  was observed,  b u t  smaller  t h a n  t h a t  
caused by  the  po lya ldehyde  dext ran .  

The ma t r i x  had  no effect,  wi th in  expe r imen ta l  error, 
on the  subs t r a t e  d e p e n d a n t  kinet ics  of t ryps in .  B o t h  free 
and  a t t a c h e d  enzyule obeyed the  Michael is -Menten 
equa t ion  for the  hydrolys is  of B A P N A  over  t he  range 
0.1-1.27 • l0  -a M ;  the  pa rame te r s  de t e rmined  a t  each p H  
o p t i m u m  are shown in Table  I. 

Immobi l i za t ion  impar t s  increased res is tance to auto-  
lysis (Table II).  Tryps in  loses 98% of its ac t ivy  wi th in  
72 h at  30 ~ p H  7.0, bu t  s o mew h a t  less (86 %) in t he  pres- 
ence of 0.2 M calcium chloride. By  con t ras t  the  conju- 
gate  re ta ins  42% of its initial  ac t iv i ty  even a f te r  34 days  
under  the  same condi t ions  ; calcium ions also have  a small  
s tabi l izing effect  on the  conjugate ,  Table  I (care was  t aken  
to avoid bacter ia l  con tamina t ion) .  

This reduced  auto ly t ic  capabi l i ty  of the  carr ier  bound  
enzyme is the  resul t  of two main  factors.  By  analogy wi th  
t he  usual reac t ion  p roduc t s  of a ldehydes  wi th  prote ins ,  the  
expec ted  si tes  of react ion would be to the  E -ami n o  groups  
of Iysine so p r even t ing  the  la t t e r  f rom b ind ing  to  t he  
act ive sites of o the r  t ryps in  molecules. In  addi t ion,  the  
presence  of the  a t t a c h e d  d ex t r an  will s ter ical ly  h inder  
the  mu tua l  app roach  of t ryps in  molecules. This  effect  is 
p robab ly  also responsible  for the  decreased degrada t ion  
of casein by  the  conjugate  which  is only 4% of t h a t  of the  
na t ive  enzyme.  

As a requis i te  to  fu r the r  e lucidat ion of the  observed  
kinet ic  p roper t ies  of the  conjugate ,  i ts  s t ruc tu re  is under  
invest igat ion.  

Zusammen[assung. Durch  kovalente  B indung  an Poly-  
a l d e h y d - d e x t r a n  wird Tryps in  immobil is ier t .  Die poly-  
merische Matr ix  s tabi l is ier t  das  E n z y m  und  bewirk t  eine 
p H - E r h 6 h u n g  der  max ima len  Aktivit / i t ,  bee inf luss t  aber  
den Michael is-Menten P a r a m e t e r  fiir die I-tydrolyse des 
Subs t ra tes  B A P N A  nicht .  
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Alteration of Erythrocyte (Na + + K+)-ATPase by Replacement of Cholesterol by Desmosterol  
in the Membrane 

I t  was shown by  us t h a t  t r e a t m e n t  of ra t s  wi th  an 
inh ib i to r  of desmosterol  reductase ,  i.e. 20.25-diazacho- 
lesterol, results  in an increased specific (Na+ + K+)- 
ATPase  ac t iv i ty  in m e m b r a n e s  of d i f ferent  t issues. Such 
an effect  was shown for the  sa rco lemma of skeletal  and  
cardiac muscle 1, 2 and e ry th rocy t e  ghosts  3, ,. P re l iminary  
s tudies  s suggest  t h a t  the  a l te ra t ion  in (Na+ + K+)- 
ATPase  ac t iv i ty  is due to the  r ep l acemen t  of cholesterol  
b y  demosterol  in the  m e m b r a n e s  of animals  t r ea t ed  wi th  
th i s  substance.  

Male ~ ' i s t a r  ra t s  were dai ly t r ea t ed  wi th  10 mg 20.25- 
diazacholesterol  d ihydrochlor ide  in 0.2 ml  of water  given 
b y  an oesophageal  cannula  for a per iod  of 8 weeks. Control  

animals  were subjec ted  to the  same procedure  using 0.2 
ml  of wa te r  only. Blood was d rawn  from one t r e a t ed  and 
one contro l  an imal  into hepar in ized  syringes by  aort ic  
punc tu re  of the  anes the t ized  animal.  P l a s ma  and red 
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b lood  cells (RBC) were separa ted ,  R B C  were washed  3 
t imes  in icecold 0.9% NaC1. Al iquo t s  of t h e  R B C  of t he  
t r e a t e d  a n i m a l  were r e c o m b i n e d  w i t h  p l a s m a  of t he  same 
a n i m a l  as well as w i t h  p l a s m a  of t he  con t ro l  an imal ,  and  
vice versa .  Samples  were k e p t  a t  r oom t e m p e r a t u r e  for 
a b o u t  16 h, t h e n  p l a s m a  a n d  R B C  were s epa ra t ed  aga in  
a n d  e r y t h r o c y t e  g h o s t s  were p r e p a r e d  as descr ibed  
ear l ier  8. A t  eve ry  step, a n d  f rom eve ry  sample ,  an  a l iquo t  
was  r e m o v e d  for s terol  ana lys i s  1 a n d  d e t e r m i n a t i o n  of 

A T P a s e  ac t iv i ty .  A T P a s e  a c t i v i t y  was d e t e r m i n e d  b y  
m e a s u r i n g  Pi  l i be ra t ion  f rom A T P  (for de ta i l  see ref.3). 
P r o t e i n  d e t e r m i n a t i o n  was pe r fo rmed  accord ing  to 
LOWRY et  al. 6. 

As a l r eady  descr ibed  b y  us, e r y t h r o c y t e s  of r a t s  t r e a t e d  
w i t h  20.25-diazacholes terol  show a pa r t i a l  r e p l a c e m e n t  of 
choles tero l  b y  desmos te ro l  a n d  a n  increased specific 
a c t i v i t y  of (Na+ + K+)-ATPase ,  whereas  t he  basic  Mg++- 
d e p e n d e n t  A T P a s e  is u n c h a n g e d  3. Since i t  is k n o w n  ~ 
t h a t  choles terol  of e r y t h r o c y t e  m e m b r a n e s  exchanges  
read i ly  w i t h  t he  p l a s m a  choles terol  pool, we f i rs t  inves t i -  
ga ted  w h e t h e r  desmos te ro l  b e h a v e s  s imilar ly .  In  our  
expe r imen t s ,  a new equ i l ib r ium was o b t a i n e d  a f t e r  a b o u t  
16 h, w h e n  i n c u b a t i o n  was pe r fo rmed  a t  r oom t e m p e r a -  
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Fig. 1. Sterol composition (%) and (Na + + K+)-induced stimulation 
(%) of rat erythroeyte ghosts. 
A) Ghosts from RBC of a treated animal incubated with homologous 
plasma. B) RBC of a treated animal incubated with control plasma. 
C) Control RBC incubated with plasma of the treated animal. D) 
Control RBC incubated with control plasma. The graph represents 
a typical exchange - experiment. 
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Fig. 2. Scatter plot showiflg the relationsl~ip of (Na + + lK+)-stimula - 
tion of the Mg++-dependent ATPase of rat erythrocyte ghosts to % 
desmosterol of total sterols. 

ture ,  whe reas  a d e m o n s t r a b l e  exchange  d id  no t  occur  a t  a 
t e m p e r a t u r e  of 4 ~ P r e l i m i n a r y  s tud ies  h a d  also s h o w n  
t h a t  s imple  s to r ing  of hepar in ized  blood a t  room t e m -  
p e r a t u r e  does no t  s ign i f i can t ly  a l t e r  t he  t r a n s p o r t  A T P a s e  
of e ry th rocy te s .  

As can  be  seen f rom Figure  1, i n c u b a t i o n  of desmos te ro l  
c o n t a i n i n g  R B C  w i t h  con t ro l  se rum leads to  a decrease  of 
desmos te ro l  and  a n  increase  of choles tero l  pe rcen t age  in 
t he  m e m b r a n e .  The  t o t a l  a m o u n t  of s terols  r e m a i n e d  
u n c h a n g e d  as c o m p a r e d  to  t he  cont ro l s  i n c u b a t e d  in 
con t ro l  p l a sma .  I t  also can  be  seen t h a t  lower ing  t h e  
desmos te ro l  pe rcen t age  in t h e  R B C  of t he  t r e a t e d  a n i m a l  
lowers t h e  specific (Na+ + K+)-ATPase ,  whereas  des- 
mos te ro l  i n c o r p o r a t i o n  in to  con t ro l  R B C  increases  it. 

Resu l t s  o b t a i n e d  w i t h  20 .25-d iazacholes te ro l  fed r a t s  
are s u m m a r i z e d  in t h e  Table .  I n  all  expe r imen t s  pe r fo rmed ,  
t he  t e n d e n c y  was t h e  same.  I n c u b a t i o n  of R B C  f rom 
t r e a t e d  an ima l s  w i t h  con t ro l  p l a s m a  resu l ted  in  a de- 
creased specific (Na + + K+)-ATPase ,  while  i n c u b a t i o n  
of con t ro l  R B C  w i t h  desnlos tero l  c o n t a i n i n g  p l a s m a  f rom 
t r e a t e d  a n i m a l s  increased  t he  specific (Na+ -}- K+) -ATPase  
ac t iv i ty .  

The  d e p e n d e n c y  of A T P a s e  s t i m u l a t i o n  upon  desmos-  
t e ro l  p e r c e n t a g e  in t he  m e m b r a n a l  s terol  m o i e t y  can  
easi ly be  seen in  F igure  2. The  resul t s  o b t a i n e d  b y  these  
in v i t ro  e x p e r i m e n t s  f i t  well  w i t h  our  f ind ings  t h a t  t h e  
specific (Na + + I4+)-ATPase  in h e a r t  s a r c o l e m m a  increases  
w i t h  inc reas ing  desmos te ro l  c o n t e n t  in  t he  p l a sma-  
m e m b r a n e  8. I t  is sugges ted  t h a t  t h e  r e p l a c e m e n t  of 
choles tero l  b y  i ts  n a t u r a l  p recursor  inf luences  t he  (Na+ + 
K+) -ATPase  a c t i v i t y  b y  a l t e r ing  i t s  su r round ing  en- 
v i r o n m e n t ,  wh ich  m i g h t  inf luence  t he  pa r t i cu l a r  confo rma-  
t i on  of t he  t r a n s p o r t  enzyme.  B u t  i t  c a n n o t  be  decided 
w h e t h e r  t h e  obse rved  effect  is due to  the  decreased  
choles terol  c o n t e n t  or t he  presence  of t he  desmosterol .  
The  f i rs t  poss ib i l i ty  m i g h t  be s u p p o r t e d  b y  the  f ind ing  of 
BRUCKDORFER et  a12, who  showed t h a t  choles tero l  
dep le ted  e r y t h r o c y t e s  e x h i b i t  cons ide rab ly  a l t e red  m e m -  
b r a n e  charac te r i s t i cs ,  such  as a n  increased  glycerol  
p e r m e a b i l i t y  and  osmot ic  f ragi l i ty .  

LADBROOK et al. 1~ h a v e  sugges ted  t h a t  cholesterol ,  b y  
in f luenc ing  t he  m o b i l i t y  of t he  phospho l ip id  h y d r o c a r b o n  
chains ,  ac t s  as some k ind  of a r egu la to r  on m e m b r a n e  
f luidi ty ,  r educ ing  t h e  m o b i l i t y  of h y d r o c a r b o n  cha ins  in 
t he  f lu id  s t a t e  and  h a v i n g  a n  oppos i te  effect on  t he  gel 
s ta te .  On  t h e  o the r  h a n d ,  m e m b r a n e  f lu id i ty  also g rea t ly  
depends  on  the  grade  of u n s a t u r a t i o n  of the  f a t t y  acid 
m o i e t y  11, and  SMITH 1~ has  shown  t h a t  specific (Na+ + 
K+) -ATPase  is af fected b y  an  a l t e r a t i o n  of the  a m o u n t  of 
double  b o n d s  in m e m b r a n a l  phosphol ip ids .  As changes  in 
t he  f a t t y  acid compos i t i on  in our  e x p e r i m e n t s  do n o t  
occur, i t  is t e m p t i n g  to  suggest  t h a t  t he  double  b o n d  in t he  
side cha in  of demos te ro l  is respons ib le  for a n  a l t e red  
m e m b r a n e  f lu idi ty .  
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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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technical assistance. This work was supported by the Deutsche 
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forschungsbereich 90 of the University of Heidelberg. 

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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