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Die Zellkerne, die ffir Phosphoriboisomerasemessungen 
dienten, wurden  zur  Besei t igung des Rohrzuekers  zweimal 
in Ringerl/Ssung gewaschen und anschliessend in Ringer- 
16sung suspendier t  (0,8-1,1 mg N/ml ,  kjeldahlometr isch 
best immt) .  R I P  wurde  du tch  Phosphorolyse  yon Guano- 
sin gewonnen 4 und als Kal iumsalz  verwendet  (5 pM/ml) .  

Das Reak t ionsgemisch  fiir die Mutasetes te  (5 ml 0,2 M 
TRIS-HC1-Puf fe r  p H  7,4, 2 ml  R1P-L6sung  und 2 ml 
0,005 M MgC12-L6sung ) wurde  10 min  auf  37°C vorge- 
wiirmt. Nach  Zugabe  von  1 ml  P r o t  in lSsung wurd~ in 
b e s t i m m t e n  Zeitabst~indc n je 1 ml Probe  en tnommen,  mi t  
gleicher Menge eiskalter,  5 %iger  Perchlors~iure enteiweisst 
und der  Gehal t  an  anorganischem 'und leicht s/iurehydro- 
lys ierbarem P h o s p h a t  b e s t i m m t  v (Hydrolyse  10 min bei 
100°C in 1 n schwefelsaurer  L6sung). 

Die Phosphor iboisomerase tes te  wurden nach BRANS 8 
ausgeffihrt :  I m  Ansatz  waren  1 Vol. 2%iger  TRIS-HC1- 
Puffer  p H  7,5, 1 Vol. 0,03 M Na-R5P-L6sung  und I Vol. 
Zellkernsuspension. W/ihrend der  Inkuba t ion  (mit 90 
Schwingungen/min  schi i t te lnd bei 37°C) wurden alle 
5 min eine P robe  (1,5 ml) en tnommen ,  mi t  8,5 ml eiskal- 
ter, 3°/oiger Trichloressigs~iure enteiweisst  und in 1 ml 
fdberstand der  Gehal t  an Ke tozucker  mi t  Hilfe der 
Carbazolreakt ion ~ bes t immt .  

Ergebnisse. Phosphor ibomutase :  Wiihrend der Inkuba-  
tion n a h m  der  Gehal t  an  s/ iurelabilem Phospha t  linear 
zur Zeit  und zur  E n z y m k o n z e n t r a t i o n  ab. Die spezifischen 
Akt iv i t / i ten  der  aus Leber-  und Nierenzel lkernen darge- 
s tel l ten Pro te in f rak t ioneu  waren  einander  ~hnlich und 
lagen in derselben Gr6ssenordnung wie eine ebenso her- 
gestellte Pro te in f rak t ion  aus Gesamthomogena t  (Tab. I). 
Ira Gegensatz  zu den Befunden  yon  GUARINO und SABLE 4 
wurde bei Zugabe yon Mg-Ionen eine Steigerung der 
Enzymakt iv i t~ t t  erre icht  (Tab. I). Die Bildung von RSP  
konnte  pap ie rchromatograph i sch  bestAtigt werden. 

5-Phosphoriboisomerase:  Ketozuckerb i ldung war so- 
wohl mi t  Leberzel lkernen als auch mi t  Nierenzellkernen 
nachzuweisen.  Die spezifischen Aktivit~iten der  beiden 
Enzymque l l en  zeigten keine charakter is t ischen Unter-  
schiede (Tab. ti). Das Reak t ionsproduk t  des Carbazol- 
testes ergab das fiir Ribulose charakter is t ische Absorp- 
t i onsmax imum bei 540 m/~. Ribose als Subs t ra t  gab keine 
messbare Ribulosebi ldung;  R I P  wurde  in geringem Masse 
zum Ke tozucker  isomerisier t  infolge vorangehender  Phos- 
phor ibomutasereakt ion .  Auf  dem Pap ie rchromatogramm 
wurde Ribu lose-5-Phospha t  gefunden.  
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Summary 

The exis tence of phosphor ibomutase  and 5-phospho- 
r iboisomerase has  been demons t ra ted  in isolated cellular 
nuclei f rom ra t  l iver  and swine kidney.  Phosphoribo- 
mutase has been shown to require Mg-ions for opt imal  
act ivi ty .  
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On the Locat ion  of C h o l l n e s t e r a s e  in F i s h e s  

There seem to be few reports  in the  l i t e ra ture  abou t  the  
cholinesterase (ChE) ac t i v i t y  in fish musclesk  However ,  
AUGUSTINSSON 2 has repor ted  an unusual ly  high ac t i v i t y  
of acetylcholinesterase (ACHE) in the  guppy,  Lebistes 
reticulatus and NACHMANSOHN s has  found the  same in t he  
goldfish, Carassius auratus. The act ivi t ies  a m o u n t  to 20 
to 50 mg acetylcholine (ACh) hydrolyzed  per  100 mg  
tissue/h (PRossER*). Similar  results have  been ob ta ined  
by the present  author  (LuNvn~S). I t  is r emarkab le  t h a t  the  
ac t iv i ty  per  uni t  weight  is as high as abou t  x/t0th t h a t  of 
the electric organ in the electric eel (Gymnotus electricus), 
which is the richest source of ChE as ye t  known (e.g. 
PROSSER*). 

The present paper  comprises a p re l iminary  s tudy  on 
the basis for the high ChE ac t iv i ty  in the  rfiuscles of 
guppy and goldfish and on the locat ion of the  ac t iv i ty .  

The dependence of the ChE ac t iv i ty  on the  subs t ra te-  
concentra t ion and the inhibi t ing power  of Mipafox [bis- 
(monoisopropylamido)-phosphoryl fluoride] and B & W 
284C51 ~bis-(p-N-dimethyl-al lyl-ammoniumbenzyle)-aee-  
ton dibromide] have  been recorded by  means  of an  electro-  
metric method (TAMMELIN6), 

The tail muscles of a number  of fishes, of which only  
guppy, goldfish and bream (Abramis brama} will be men-  
t ioned here, have been examined his tochemical ly  for ChE 
ac t iv i ty  according to the method  of KOELLE' as modif ied 
by  HOLMSTEDT 8. 

The biochemical investigations show t h a t  an esterase in 
the  homogenized tail  muscles of guppy  and goldfish have  
the same properties as AChE (e.g. AOGOSTINSSONg). Thus  
the enzyme is completely inhibited by  10 -~ M eserine and 
the  substrate  curves for ACh, propionylchol ine and acetyl -  
fl-methylcholine are bell shaped. Butyry lchol ine  is hydro-  
lysed very slowly if at  all. Thus it seems probable  tha t  
no or only insignificantly small  amoun t s  of  bu tyry l -  
cholinesterase (BuChE) are present.  

Fur thermore,  using the  two specific inhibi tors  ment ion-  
ed above, and after  an incubat ion t ime of 30 rain, i t  is 
observed tha t  B & W 284C51, which inhibits  AChE when 
acting on the enzyme in the fish muscle and on A C h E  from 
electric organ, gives inhibit ion curves  tha t  coincide fair ly 
well be tween pI  0 ~ 7 and pI~00 ~- 5. The same is t rue  for 
Mipafox, the corresponding values  being about  5 and 3. 
BuChE from serum is otherwise inhibited by Mipafox in 
far smaller concentrat ions,  PIla0 being about  6.5. (The 
values on electric organ and serum were k indly  given by  
Dr. Bo HOLMSTEDT.) 

The results of the  his tochemical  invest igat ion are shown 
in Figures 1 to 4. Figure  1 shows the  location of the  AChE 
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Fig. 1.--Transverse section from tail muscle of guppy. × 450. En- 
zyme activity demonstrated with acetylthioeholine according to 

KOELLE and HOLMSTEDT. 1. Endomysium. 2. Septae. 

Fig. 3.--Longitudinal section from tail nmscle of goldfish. × 450. 
See Figure I. 

Fig. 2.--Transverse section from tail muscle of goldfish. × 450. Fig. 4.--Longitudinal section from tail muscle of bream. × 450. 
See Figure 1. See Figure t. 

ac t iv i ty  in g u p p y  as ob t a ined  on a t r ansve r se  sec t ion  f rom 
the  tai l  muscle  of guppy .  The  ac t i v i t y  is localized to  t he  
e n d o m y s i u m  a round  the  muscle  fibers. Some ac t iv i ty  is 
obvious ly  also found  in the  septae .  A similar  p ic ture  is 
ob t a ined  in a t r ansve r se  sec t ion  f rom goldfish muscle.  
(Fig. 2). A longi tudina l  sect ion f rom goldfish is shown in 
F igure  3. The ac t iv i ty  is c lear ly localized to  t he  endo-  
m y s i u m  along the  muscle  fibers. These f indings  are in ter -  
es t ing to  compa re  wi th  the  resul ts  ob ta ined  by  SIou 1°, 
who,  w i th  a b iochemica l  me thod ,  has  found  a cons iderable  
ChE activity in the aneural zone of the muscle of the 
c o m m o n  eel. 

I n  sha rp  c o n t r a s t  he re to  is t he  p ic tu re  of a longi tud ina l  
sect ion f rom b r e a m  as shown  in F igure  4. The  ac t iv i ty  is 
here  located  in a w a y  very  r emin i scen t  of t h a t  ob t a ined  a t  
endp la t e s  in m a m m a l i a n  muscles.  A p a r t  f rom these  
heav i ly  s ta ined  cen te rs  of C H E  ac t iv i ty ,  the  p ic tu re  is 
comple te ly  blank.  

F r o m  t h e  above  f indings  the  following conclus ions  can  
be drawn.  The muscles  of goldfish and  g u p p y  have  a h igh  
e n zyme  ac t iv i ty ,  which  can be charac te r ized  as AChE 
ac t iv i ty .  No or l i t t le  ac t iv i ty  f rom B u C h E  seems to  be 
present .  

I n  g u p p y  and  goldfish, a h igh  p ropor t ion  of t he  AChE 
ac t i v i t y  is localized to  the  e n d o m y s i u m  of the  muscle 
fibers. The sep tae  con ta in  diffusely d i s t r i bu ted  AChE 
ac t iv i ty .  

Studies  concern ing  the  possible  role of th is  AChE 
ac t iv i ty  for nerve  t ransmiss ion ,  and  some phylogene t ica l  
and  ecological problems,  are unde r  way,  t he  resul ts  of 
which  are to  be pub l i shed  elsewhere.  
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Zusammen]assung 

Es wird  eine sehr  hohe  Ace ty lcho l ines te raseak t iv i t~ t  
im Schwanzmuske l  yon  G u p p y  und  Goldf ish gefunden.  
Die Akt iv i t i t t  ist  in E n d o m y s i u m  und  Sep ta  lokalisiert .  
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