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Die Prote ine  wurden in eine wasserI6sliche und eine 
wasserunl6sliche F rak t ion  zerlegt. Zu diesem Zweck wur- 
den ganze Er l enmeyer -Ku l tu ren  abgenutscht ,  gewaschen 
und mi t  dest i l l ier tem Wasser  in e inem Glashomogenisator  
zerrieben. Die unl6slichen Antei le  wurden  abzentr i fugier t  
und e inmal  mi t  Wasser  ausgewaschen. In  den vere inigten 
l~rberst/~nden wurden die 16slichen, im Sediment  die un- 
16slichen Prote ine  du tch  F~Lllung mi t  Trichloressigs~Lure, 
Verasctlen und Pho tomet r i e ren  mi t  Nessler-Reagens be- 
s t immt  ~. Alle Wer te  sind Mit te lwerte  aus 5-6 Best im-  
mungen  und wurden  auf ganze Er l enmeyer -Ku l tu ren  
bezogen. 

Resultate und Diskussion. Wie aus F igur  l a  hervor-  
geht, nehmen normale  Kul tu ren  zuerst bevorzugt  
A m m o n i u m  auf, was darin zum Ausdruck kommt ,  dass 
in den ersten 10 Tagen 80% des Ammoniums ,  aber  nur  
20% des Ni t ra t s  ve rb rauch t  werden. Ers t  nach fast voll- 
s t / indigem Verbrauch des A m m o n i u m s  wird ve rmehr t  
Ni t ra t  aufgenommen,  was zu einem sigmoiden Verlauf  
des Ni t ra tgeha l t s  in der NXhrl6sung fiihrt. E in  Res t  yon 
ungef~hr 5% A m m o n i u m  wird von  diesen Kul turen  an- 
scheinend nicht  mehr  reSorbiert. E ine  bevorzugte  Auf- 
nahme yon A m m o n i u m  neben Ni t r a t  ist  in vielen Pflan- 
zen festgestel l t  ~~ und auf eine H e m m u n g  der Ni t ra t re -  
duktase  durch A m m o n i u m  zuri ickgefi ihrt  worden ~. 

In  glucosest imulier ten Kul tu ren  werden, wie F igur  l b  
zeigt, sowohl Ammonium,  als auch Ni t r a t  schneller auf- 
genommen als in den Kontrol len.  In  bezug auf die Selek- 
t ionierung zwischen A m m o n i u m  und Ni t r a t  f~Lllt jedoch 
auf, dass nach 3 Tagen bereits 20% des Ni t ra ts  aufgenom- 
men  sind, w~hrend im gleichen Ze i tpunkt  v o m  Ammo-  
n ium erst  40% verbrauch t  sind. Dies bedeutet ,  dass in 
diesen Kul tu ren  die Aufnat lme yon Ni t r a t  gef6rdert  wird. 
Ob Glucose selber diese St imul ierung hervor ruf t  und ob 
sie, wie die meis ten Regula toren  der Ni t ra tass imi la t ion  5, 
auf der Stufe der Reduk t ion  des Ni t ra ts  zum Ni t r i t  
(Nitratreduktase)  angreift ,  wird anhand weiterer  Ver- 
suche abzukl~ren sein. 

Der  zeit l iche Verlauf  yon St icks tof faufnahme und 
Pro te ingeha l t  geht  aus F igur  2 hervor.  In  normalen  Kul-  
tu ren  (Figur 2a) erfolgt  die Aufnahme  des Stickstoffs aus 
der N/ihrl6sung nahezu l inear mi t  der Zeit. Vom aufge- 
nommenen  Stickstoff  werden zum gleichen Ze i tpunkt  
e twa 60% in den Prote inen  wiedergefunden,  wovon unge- 
f~hr ~/3 auf die wasserl6slichen und 1/a auf die wasserun- 
16slichen Pro te in f rak t ionen  entfallen. Der  Fehlbe t rag  in 
der t~ilanz, der hier e twa 40% betr~Lgt, diirfte zur Haup t -  
sache auf resorbierte  aber  nicht  metabol is ier te  N-Quellen, 
sowie auf n iedermolekulare  N-Verbindungen  zuriickzu- 
fi ihren sein. 

In  glucosest imulier ten Kul tu ren  (Figur 2b) folgt  der 
Gesamtpro te ingeha l t  ebenfalls s t reng der Menge des 
aufgenommenen  Stickstoffs. Allerdings erreichen hier 
beide Gr6ssen nach 10 Tagen ein Plateau.  Die unl6slichen 
Prote ine  nehmen fiber die ganze Versuchsdauer  linear, 
aber  rascher als in den Kontrol len,  zu. Die Menge der 16s- 
l ichen Frak t ion  dagegen durchl~uft  nach e inem anfAng- 
l ichen steilen Anst ieg ein M a x i m u m  und fgllt nach dem 

10. Tag wieder  ab. Nach  20 Tagen liegt die Menge 16s- 
l icher Prote ine  sogar unter  der jenigen der unl6slichen, 
ein Zustand, der in normalen  Kul tu ren  nicht  eintr i t t .  
Dies bedeutet ,  dass v o m  Moment  an, da die Stickstoff-  
quellen der N~Lhrl6sung ersch6pft  sind, das Verh/iltnis 
zwischen 16slichen und unl6slichen Prote inen  st/indig 
abn immt .  Der  Verlauf  der K u r v e n  l~Lsst sogar vermuten ,  
dass eine weitere Synthese von  unl6slichen Prote inen  
durch einen Abbau  16slicher Prote ine  we t tgemach t  wird. 
Berei ts  aus dieser groben Zerlegung der Zellproteine in 
zwei Frak t ionen  geht  hervor,  dass die einzelnen Prote ine  
v o m  St ickstoffmangel  sehr untersehiedl ich betroffen wer- 
den, was eine quan t i t a t i ve  Ver/ inderung des Protein-  und 
Enzymmus te r s  dieser Pf lanzen zur Folge haben muss. Da 
70% der Zellproteine in den Plas t iden lokalisiert  sind 12, 
werden diese durch den Vorgang besonders s tark betrof-  
fen. Der  Abbau des Lamel la rsys tems ist eine s ichtbare 
Folge davon und zeigt, dass auch Membranpro te ine  da- 
yon erfasst werden. Wir  schliessen aus diesen Ergebnis-  
sen, dass ein teilweiser oder vollst / indiger Verlust  wich- 
t iger  Enzympro te ine  die prim~tre Ursache der s t rukturel -  
len Ver/ inderungen und der Eins te l lung der Photosyn-  
theset/~tigkeit dieser Pf lanzen w/~hrend der Vergi lbung 
darstell t .  

Summary. The uptake  of a m m o n i u m  and n i t ra te  by 
normal  and glucose-st imulated Spirodela oligorrhiza 
plants  was invest igated.  Ni t ra te  is used more rapidly  by 
plants  grown on glucose than  by controls, suggesting a 
s t imulat ion of n i t ra te  assimilat ion by glucose. In  plants  
growing on a normal  nutr ient ,  the  contents  of both  water-  
soluble and water- insoluble  proteins  l inear ly  increase 
wi th  t ime  and ni t rogen uptake.  In  glucose-st imulated 
cultures soluble prote in  increases rapidly  dur ing the  
first 10 days of cul t ivat ion,  bu t  declines thereafter ,  while 
insoluble protein rises cont inuously  over  ti le whole 
period of t ime. The decreasing rat io of soluble and 
insoluble prote in  reflects an a l tera t ion  of the  protein and 
enzyme pat tern ,  which is suggested to be the  p r imary  
reason for the  change of plast id  u l t ras t ruc ture  and the  
loss of photosynthe t ic  act ivi ty .  
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Succinic Dehydrogenase Activity During: Starvation of a Terrestrial Pulmonate  Ariophanta sp. 

Metabol ism of mol luscan tissues dur ing s ta rva t ion  and 
aes t iva t ion  has been widely  studied. These studies have  
revealed tha t  m a n y  molluscs  have  l ipid or iented metabo-  
lism, while others  are carbohydrate-or iented .  Terrestr ia l  
pu lmona te  Helix pomatia, for example,  is carbohydra te-  
or iented 1. E v e n  though  carbohydra te  is the  major  energy 

source, considerable quant i t ies  of protein and l ipid are 
ut i l ized dur ing s ta rva t ion  and aest ivat ion.  Similar  obser- 
va t ions  have  been made  in f resh-water  pu lmona te  
Planorbis corneus 3, and in terrestr ia l  snai lA riophanta sp. 3. 
In  Thias lamellosa there is an increase in oxygen consump- 
t ion at  53 days of s ta rva t ion  4. Pu lmona te  snails, however,  
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show a decrease in oxygen consumpt ion  dur ing  s tarva-  
t ion 5, e. 

Decrease in t he  ac t iv i ty  of a n u m b e r  of enzymes  dur ing  
aes t iva t ion  has been  repor ted  by  m a n y  workers.  Decrease 
in succinic dehydrogenase ,  cy toch rome  oxidase,  and 
ATPase  in aes t iva t ing  amphib ious  snail  Pila globosa was 
observed  7, s. Studies  on Pila virem dur ing  aes t iva t ion  have  
revealed the  energy  me tabo l i sm to be h ighly  control led 
and regula ted  9,10. Since the  me tabo l i sm was found  to  
be h igh ly  regula ted  dur ing  s t a rva t ion  as well in m a n y  
cases 3, 3, adap t ive  changes  in the  ac t iv i ty  of a n u m b e r  of 
enzymes  m i g h t  be expec ted  in order  to regulate  and 
conserve the  e n e r g y  ut i l iza t ion dur ing s t a rva t ion  period.  
W i t h  th is  in view the  p resen t  inves t iga t ion  was unde r t aken  
and  the  ac t iv i ty  of succinic dehydrogenase  was s tudied  
dur ing  d i f ferent  per iods  of s t a rva t ion  in Ariopha~cta sp. a 
ter res t r ia l  gas t ropod.  

2VIaterials and methods. Arioj)hanta sp. of un i fo rm size 
were collected locally and s tocked in glass conta iners  in 
the  labora tory .  Af ter  one day  a set  of animals  was sacri- 
ficed and the  hepa topancreas ,  foot  and the  nerve  r ing were 
immed ia t e ly  isolated. Similar ly the  t issues were isolated 
f rom sets of snails  a f ter  10, 28, 52, 68, and 82 days  of 
s ta rva t ion .  

The t issues were weighed and  homogenized  in cold 
sucrose solut ion (0.25M) to 10% W / V  for hepa topanc reas  
and foot  and 5% W / V  for nerve  ring. The homogena tes  
were cent r i fuged for 15 rain a t  3,000 r p m  and succinic 
dehydrogenase  ac t iv i ty  was s tudied  in the  homogena te  
supe rna tan t s .  

E n z y m e  assay. The succinic dehydrogenase  ac t iv i ty  in 
the  s u p e r n a t a n t  was s tudied  by  p - Indopheny l -3 -p -  
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Succinic dehydrogenase activity in the tissues of Ariopha~cta sp. 
expressed in % prestarvation values. 0 - -0 ,  Hepatopanereas ; O---O, 
Foot; �9 . . . . .  O, Nerve-ring. 

n i t ropheny l  t e t razo t ium chloride (INT) reduct ion  meth-  
od 11,1~ wi th  modi f ica t ion  as follows. The incuba t ion  
mix tu re  con ta ined  0.5 ml  sod ium succinate  (0.06M), 
1.0 ml  of phospha t e  buffer  of p H  7.4 (Scrensen) (0 .06M 
succinate  and  7.4 p H  were found to give o p t i m u m  ac t iv i ty  
in the  t issues studied),  0.5 ml  of 0.2% INT and  1.0 ml  of 
homogena te  supe rna tan t .  Controls contained,  besides 
the  reagents ,  1.0 ml  of h ea t -d en a t u r ed  homogena te  sn- 
pe rna t an t .  The incuba t ion  was carried out  a t  37~ for 
20 rain for hepa topanc reas  and foot, for 8 min  for nerve  
ring. The react ion was ar res ted  by  the  add i t ion  of 6.0 ml  
of glacial acetic acid. Fo rmazo n  formed was ex t r ac t ed  in 
5.0 ml  of to luene  at  0 ~ overnight .  The opt ical  dens i ty  of 
the  to luene layer  was measured  in E E L  photoe lec t r ic  
color imeter  using blue filter. The enzyme ac t iv i ty  was  
expressed in Fmoles of formazon per  gram wet  weight  of 
t issue per  hour.  

Results. The Table shows succinic dehydrogenase  
ac t iv i ty  in the  t issues of Ariophanta sp. experssed in 
~tmotes/g wet  weigh t  of t i ssue/h  dur ing  d i f ferent  per iods  
of s ta rva t ion .  A remarkab le  decline in the  enzyme ac t iv i ty  
was not iced  up to 28 days  of s t a rva t ion  in all the  t issues 
s tudied.  H ep a t ap an c rea s  showed more  t h a n  8 5 % reduc t ion  
in the  act ivi ty ,  while in the  foot  and nerve  r ing it was 
near ly  ha lved  about  the  same period (Figure). Af ter  
28 days  the  nezyme ac t iv i ty  showed a gradual  rise th rough-  
out  the  s t a rva t ion  per iod suggest ing an incras ing respi-  
r a to ry  me tabo l i sm af ter  28 days.  The da t a  also indica te  
t h a t  dur ing  s t a rva t ion  the  enzyme ac t iv i ty  in the  foot  
and  nerve r ing was h igher  compared  to  the  ac t iv i ty  in 
the  hepa topancreas .  

Discussion. The resp i ra to ry  me tabo l i sm  as revealed 
by  succinic dehydrogenase  ac t iv i ty  shows a clear p a t t e r n  
of regula t ion in Ariophanta sp. There  is a r emarkab le  
decrease in the  enzyme ac t iv i ty  in the  f i rs t  28 days.  This 
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S. No. Days of Number of Hepatopancreas Foot Nerve-ring 

starvation animals Mean • S.D. p-values Mean -4- S.D. p-values Mean _[_ S.D. p-values 

1. Normal 10 201.6 -4- 23.5 -- 355.2 ~- 38.3 -- 730.0 -t= 48.1 -- 
2. 10 Days 8 99.2 • 23.4 S 388.9 -E 65.9 NS 586.0 ~ 82.6 S 
3. 28 Days 8 31.7 ~- 6.3 S 175.3 =L 39.1 S 330.0 i 75.0 S 
4. 52 Days 10 138.8 -4- 18.5 S 549.6 -L 24.9 S 705.0 ~ 15.0 NS 
5. 68 Days 8 218.0 ~ 40.0 NS 336.0 • 30.8 NS 476.2 -~ 37.5 S 
6. 82 Days 10 200.0 q- 53.5 NS 294.0 =~ 50,9 S 620.0 =t: 30.0 S 

Succinic dehydrogenase activity in the tissue supernatants of Ariophanta sp. during different periods of starvation 
Probability p values, S -- significant; NS = not significant. Enzyme activity is expressed in ~xmoles/g wet wt./h. 
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decrease meansa  decrease in the  aerobic me tabo l i sm wi th  
consequent  conserva t ion  of food stores. However ,  this  
conserva t ion  could no t  be cont inued  for longer per iods  of 
s tarvat ion .  A pro longa t ion  of s t a rva t ion  per iod resul ted in 
a rapid  decline in the  major  nu t r i en t  stores of the  body  ~. 
The gradual  e levat ion of succinic dehydrogenase  ac t iv i ty  
f rom its lowest  level a t  28 days  migh t  therefore  indica te  a 
rapid b reakdown  of the  metabo l i t es  and the i r  u t i l iza t ion 
for sus tenence dur ing s t a rva t ion  period.  The da ta  also 
suggest  t h a t  me tabo l i sm of hepa topanc reas  is compara -  
t ively  highly  regulated.  Thus  while there  is near ly  a 50% 
decline in the  enzyme ac t iv i ty  in the  hepa topanc reas  af ter  
10 days  of s ta rva t ion ,  it  is ma in t a ined  a t  more  or less 
normal  level in the  foot ;  af ter  28 days  there  is more  t h a n  
85% reduc t ion  in the  enzyme ac t iv i ty  while there  is only 
a 50% decline in t he  foot. This clearly suggests  t h a t  there  
is preferent ia l  b r eakdown  and  ut i l izat ion of food reserves 
f rom foot. The enzyme ac t iv i ty  in the  nerver ing  is re- 
duced to half  its original level af ter  28 days  of s t a rva t ion  
b u t  la ter  there  is gradual  increase which touches  a lmost  

normal  level of act ivi ty .  This suggests  t h a t  the  ac t iv i ty  
in the  nervous  sys t em does no t  show any  marked  decline 
dur ing s t a rva t ion  13. 

Zusammenfassung. Nachweis ,  dass  die Dehydrogenase-  
Aktivit~tt im Hepa topankreas ,  Fuss  und  Schlundr ing  bei 
der  Lugenschnecke  Ariophanta sp. eine ausgesprochene 
E n z y m a n p a s s u n g  an die ver~inderten Stoffwechsel-  
bed ingungen  w~thrend langfr is t iger  Hungerpe r ioden  zeigt 
und  d a m i t  auf einen Uber l ebensmechan i smus  hinweist .  
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Cholestanol and Chenodeoxycholic  Acid: Metabolites of Injected Cholesterol-4-~4C in Pigeon Bile 

Previous  s tudies  f rom this  l abora to ry  have  shown t h a t  
choles tanol  (5 ~-cholestan-3/5-ol) is p resen t  in h igh concen- 
t r a t ions  in t issues and feces of the  Whi t e  Carneau pigeon l, 2. 
This s t imula ted  us to  de te rmine  whe the r  th is  s tanol  is of 
endogenous  origin in th is  species. E x c e p t  for an in v i t ro  
s tudy  by  SHEF~R et al.3 using ra t  and guinea-pig livers, 
others*,  5 could no t  comple te ly  rule out  the  con t r ibu t ion  
of in tes t ina l  bacter ia l  flora in the  convers ion of meva lona te  
and cholesterol  into cholestanol .  We examined  the  possi- 
b i l i ty  of the  convers ion of in jec ted  cholesterol  in to  bi l iary 
choles tanol  in pigeons wi th  bile fistulas, which  would 
e l iminate  the  role of in tes t ina l  bac te r ia  in th is  conversion.  
A t t en t i on  was also given to  the  format ion  of bi l iary  
chenodeoxychol ic  and  cholic acids, which are the  major  
bile acids in pigeon bile~. Al though  this  convers ion of 
cholesterol  to bile acids has been  d e m o n s t r a t e d  in a 
n u m b e r  of animals  v, it  has  no t  been  shown in the  pigeon. 

Material and methods. An a lbumin  emuls ion conta in ing  
1-2 [xC cholesterol-4-14C was in jec ted  i,v. in to  adul t  W h i t e  
Carneau pigeons af ter  a cannula  was inser ted  in the  bile 
duct .  The bile was collected for 6 to 8 h. Bil iary s teroids 
were ex t rac ted  and the  neu t ra l  p roduc t s  were separa ted  

Radiochemical purity of biliary cholestanol-4-14C 

f r o m  bile acids af ter  saponif ica t ion and ex t rac t ion  s . 
Cholestanol  was separa ted  f rom cholesterol  by  chromato-  
g raphy  on AgNOa- impregnated  silica gel G ~. Bile acids 
were resolved by  th in- layer  c h r o m a t o g r a p h y  on silica 
gel G using the  solvent  sys tem consis t ing of iso-octane : iso- 
p ropy l  e ther :  acetic acid, 50 : 25 : 40 (v/v/v) and eluted f rom 
the  gel w i th  me thano l  and assayed for r ad ioac t iv i ty  8. 
Iden t i f i ca t ion  of the  bile acids as based on the  behavior  of 
bile acids on th in- layer  and gas-l iquid c h r o m a t o g r a p h y  s 
and  crys ta l l iza t ion wi th  au then t ic  s tandards .  

Results and discussion. The bile was collected for 6 to 
8 h af ter  t he  i.v. in ject ion of cholesterol-4-1aC. Ear ly  
samples  of bile were used to de te rmine  the  format ion  o f  
labeled cholestanol  to minimize  the  recirculat ion of 
cholestanol ,  if formed,  in the  in tes t ina l  t r ac t  by  the  
labeled sterol  excre ted  f rom the  in tes t ina l  cell. The neut ra l  
bi l iary f ract ion (5.2% of to ta l  radioact iv i ty)  ob ta ined  
af ter  saponif icat ion was subjec ted  to  c h r o m a t o g r a p h y  on 
AgNO3-impregnated  silica gel G to separa te  choles tanol  
f rom cholesterol.  The choles tanol  f rac t ion  was then  
assayed for radioact iv i ty .  An average of 2.13% of the  
label p resen t  in the  neut ra l  sterol  f rac t ion was con t r ibu ted  
by  cholestanol.  Cholestanol  f ract ions  f rom a n u mb er  of 
bile samples  were pooled and  the  iden t i t y  of th is  compound  
was es tabl ished by  c h r o m a t o g r a p h y  on 2 solvent  sys tems  

Thin-layer chromatography (TLC) Rf values 

Standard Sample 

Silica gel G ~ 0.23 0.23 
AgNO3-impregnated silica gel G o 0.53 0.53 

Specific activity determination b dpm/mg 

First AgNO 3 (TLC) 168.5 

Second AgNO 3 (TLC) 176.3 

Third AgNO~ (TLC) 170.8 

Solvent system, heptane:isopropyl ether:acetic acid, 65:40:4 
(v/v/v). o Solvent system, chloroform : methanol: acetic acid, 100 : 1 : 0.2 

, (v/v/v). ~ Carrier cholestanol added, 10 rag. 
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