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as well as wi th  hematoxy l in  and eosin and Sudan  I I I .  
In tens i ty  of fluorescence was measured by  a photo-  
mult ipl ier .  

F luorochromed sections of l iver  tissue from rats  t h a t  
had been g iven  the  chemotherapeu t ic  agent  for 20-40 
days, showed apple-green fluorescence of cy top lasm and 
yellow-green fluorescence of nuclei  in p a r e n c h y m a l  ceils 
forming a narrow circle around the  cent ra l  veins  of l iver  
lobules (EMF of fluorescence f rom 0.84-0.96 V). I n  ani- 
mals  t h a t  were given the  compound  for 60 days,  b r igh t  
apple-green fluorescence of cy top l a sm was found in a con- 
siderable number  of cells forming a wide bel t  a round cen- 
t ra l  veins (EMF of f luorescence 1.60-1.84 V). I n  some 
lobules, apple-green fluorescence was present  in all  paren-  
ehymal  cells. Small  zonal necroses of l iver  t issue were 
found in animals  t ha t  had  been adminis te red  the com- 
pound for 80-100 days, the  necrot ic  tissue g iv ing  a bril- 
l iant  yel low-green fluorescence (EMF of f luorescence 
2.1 V). Liver  tissue of control  an imals  t h a t  were not  g iven  
the compound  showed uni form dark  green fluorescence of 
pa renchymal  cells, the i r  nuclei  remain ing  invisible (EMF 
of fluorescence 0.42-0.44 V). 

In  sections of l iver  t issue stained by  conven t iona l  
methods,  the first signs of c loudy swell ing were found in 
animals  t ha t  had  been fed the  chemothe rapeu t i c  agent  for 
not  less t han  60 days.  

The neoplast ic  tissue examined  consisted of 35 un-  
t rea ted  h u m a n  t umour s  of var ious  his tological  s t ruc ture  
tha t  were fixed and s ta ined by  the  techniques  described 
above.  

F luorochromed sections showed dark  green fluorescence 
(EMF from 0.38-0.85 V) in the bulk  of the  cancer  cells 
forming solid clusters  or  adenomatous  s t ructures ,  while 
apple-green f luorescence of cy top la sm ( E M F  from 1.97 to  
2.18 V) was noted  in t u m o u r  cells border ing on these 
clusters and structures .  Apple-green fluorescence was also 
found in cancer  cells s i tua ted  around necrot ic  areas of can-  
cer tissue, the  necrot ic  t issue showing a br i l l iant  apple-  
green fluorescence assuming in places a reddish t i n t  (EMF 
from 1.98 to 2.00 V). Ep i the l i a l  pearls of squamous  cell 

carc inomas fluoresced br igh t ly  (EMIr f rom 2.10 to 2.20 V). 
Sections s ta ined by  conven t iona l  methods  showed signs of 
f a t t y  degenera t ion  of cancer  cells a round necrot ic  loci, the 
res t  of the  ceils showing no signs of damage.  

These results  p rove  t h a t  histological  inves t iga t ions  by 
I luorochrome s ta ining techniques  may- pe rmi t  the  demon-  
s t ra t ion  of a l tera t ions  in cell metabo l i sm up to  40 days 
earlier t han  inves t iga t ions  by  conven t iona l  methods .  They 
show also t h a t  in cancer  tissue a l te ra t ions  of cell metab-  
ol ism m a y  occur  t h a t  canno t  be demons t r a t ed  b y  conven-  
t ional  techniques.  On the  o ther  hand,  our  f indings prove 
tha t ,  on the  grounds of results gained by  convent ional  
s ta in ing techniques ,  a l tered cells and tissues m a y  well  be 
mis taken  for normal  nndamaged  ones. 

Zusammen/assung. Lumineszenzmikroskopisch  wurde 
in his tologischen Schni t ten  nachgewicsen,  dass nacll 
Ni t ro fu ranverabre ichung  der Anst ieg der  Fluoreszenz- 
intensit~it der Leberzel len im Lebergewebe yon Ra t t en  
dem StOrungsgrad des Zel lmetabol ismus  entsprach.  Im 
Tumorgewebe  kranker  Tiere  lokal is ier ten sich intensiv 
f luoreszierende Zellen am Aussenrande von  Krebs- 
nestern.  
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B e s c h l e u n i ~ t e s  W a c h s t u m  y o n  Karpfen  in 
A q u a r i e n  m i t  Hilfe b i o l o g i s c h e r  W a s s e r k l i i r u n g  

Ftir  ziichterische Arbe i ten  an  Nutzf i schen  wird eine 
Hal tungsweise  ben6t igt ,  die die stitndige Kont ro l le  der 
Tiere  er laubt .  Dies ist  in de r  fibtichen Te ichha l tung  n ich t  
gegeben. 

Wir  en twickel ten  dahe r  eine Aqua r i enha l tung  fiir 
Karpfen,  die neben der  vol ls t / tndigen Kont ro l lm6gl ichke i t  
im Gegensatz zu alien bisher  bekann ten  Versuchen ein 
erheblich schnelleres SVachstum der  Fische als un te r  
nat i i r l ichen Bedingungen  ergibt ,  Der  bisher  als Grund  Itir 
nur  minimale  Gewich tszunahme in Aquar i en  n a m h a f t  ge- 
machte  sogenannte  ,Raumfak torenkomplex ,~  bes teh t  
nach unserer  Ansicht  in erster  Linie  in unzure ichender  
Wasserreinigung.  

Wir  haben  Karpfen  verschiedener  Al terss tufen  in 
Plastikbeh~iltern yon 40 1 Fassungsverm6gen  gehal ten,  
deren Wasser  durch st i indigen Ab- und Zufluss in den 
Cyclus einer biologischen Selbstreinigung eingeffigt wurde.  
Kernst i ick  dieses geschlossenen Kreislaufes stel l t  ein Be-  

l eb t sch lammbecken  dar, in dem neben der  O x y d a t i o n  und 
Mineral is ierung der  organischen Subs tanzen  durch  Bak- 
ter ien  eine Verarbe i tung,  Umlage rung  und Durehl i i f tung 
des Sch lammes  durch eingesetzte  Tubif ic iden erfolgt.  

Bei  "vVassertemperaturen yon 23-25°C erre ichten  die 
Karpfen  in diesem geschlossenen Wassercyclus  beachtl iche 
Gewichtszunahmen.  Zu Anfang  des Win te r s  eingesetzte 
eins/3mmerige Karpfen,  die mi t  St f iekgewichten yon  8 his 
10 g weft  un te r  dem Durchschn i t t  normale r  K I (25-30 g} 
lagen, er re ichten  in sechs Monarch  ein Durchschni t t s -  
gewicht  yon  135 g - E inze lexemplare  275 g. 

Drei  ebenfatls zu Win te r sanfang  mi t  e inem durch- 
schni t t l i chen  St t ickgewicht  yon 140 g in ein gemeinsames 
40 1-Becken eingesetzte  K 2 haben  j e t z t  nach 6 Monarch 
St i ickgewichte  von  915, 910 und 815 g. 

Diese Gewich t szunahmen  (Verdre izehnfachung bzw. 
Vers iebenundzwanzigfachung bei den kleinen und Ver- 
sechsfachung bei den gr6sseren Karpfen)  wurden  w/ihrend 
der  W i n t e r m o n a t e  erzielt.  Die F t i t t e rung  erfolgte mit 
Fe r t i g fu t t e r  fiir Karp fen  und Forel len un te r  Zugabe von 
Tubi fexen  und Daphnien .  Mittels  einer zentral  ange- 
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b r a c h t e n  M e m b r a n p u m p e  wurde  jedes  Becken  du rch  
einen Auss t rSmer  durchlf i f te t .  

G e w i c h t s z u n a h m e n  dieses Ausmasses  s ind b isher  in 
Aqua r i en  noch  nie er re icht  worden.  Besonders  du rch  den  
Ausfal l  de r  W i n t e r r u h e  erhoffen wir  eine erhebl ich  fri iher 
e in t r e t ende  Geschlechtsre i fe  der  Karpfen .  

In  V e r b i n d u n g  mi t  de r  vollst~indig kont ro l l i e rbaren  
Aufzuch t  der  Fische wird es das Bes t r eben  sein, mi t  Hilfe 
der  neuen  Methode  zi ichter ische Arbe i t en  an Nutzf i schen ,  
wie die Auswahl  grS.tenloser Mutan ten ,  die Ind iv idua l -  
auslese schnel lwiichsiger  E x e m p l a r e  sowie P rob leme  der  
I n z u c h t  und der  He te ros i sz i i ch tung  durchzuff ihren .  

Summary .  Keep ing  carps  (Cyprinus carpio) according 
to  a new m e t h o d  in plast ic  con ta ine r s  (40 1) in a closed 
w a t e r  cycle w i th  biological c leaning yie lded a quick  in- 
crease in we igh t  a t  a wa te r  t e m p e r a t u r e  of 25°C. 
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C O G I T A T I O N E  S 

A Spatial Depiction for the Systematically 
Degenerate Genetic Code 

On the  basis  of the i r  e x p e r i m e n t s  w i th  t r inuc leo t ides  of 
def ined  base  sequence,  BERNFIELD and  NIRENBERG 1, 
LEDER e t  al. 2, and  TRUPIN et  al. a p roposed  t h a t  the  
genet ic  code is degenera te  according to  a general  p a t t e r n .  
In  the i r  view, the  64 possible  code words  are a r ranged  in 
32 pairs  of t r ip le ts  w i t h  iden t ica l  bases  in the  first  and  
second  pos i t ion  of each pair. 16 of these  pairs  have  e i ther  
cy t id ine  (C} or ur idine (U) as 3' t e rmina l  nucleosides,  and  
the  16 o the r  pairs  have  e i ther  adenos ine  (A) or guanosine  
(G) as 3' t e rmina l  nucleosides.  B o t h  t r ip le ts  of a codon-pa i r  
are coding for the  same amino  acid (compare  the  scheme 
of ECKa). W e  w a n t  to  p u t  forward a spat ia l  depict ion,  in 
wh ich  the  re la t ions  b e t w e e n  these  32 t r ip le t  pairs  are 
clear ly visual ized.  The  amino  acids cor responding  to the  
codes  are included,  so t h a t  t he  consequence  of single base  
convers ions  in a codon,  w i th  respec t  to amino  acid coding, 
can  be read  off on the  th ree  lines crossing the  codon.  
S t a r t i ng  f rom the  k n o w n  da ta ,  which  are summar i zed  in 
t he  Table,  we deduced  the  mean ing  in t e r m s  of amino  acid 
of the  19 r emain ing  codon-pairs .  For  th is  purpose  we 
m a d e  use of the  in v i t ro  amino  acid incorpora t ion  d a t a  of 
~X~IRENBERG and  JONES a, and  of OCHOAg; amino  acid re- 
p l acemen t s  in the  A p ro te in  of t r y p t o p h a n  s y n t h e t a s e  of 
E.  coli m u t a n t s  l°,Xl; and  of amino  acid subs t i t u t ions  in 
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Spatial depiction of the degenerate genetic code. * Literature data. 

Amino acids RNA codons Literature 

Asparagine A~G~C; A~G~oU b 
Asparagine A~A~C; A~A~U ~, a 
Cysteine UvG~U 1 
Isoleucine A~U~oC; A~UvU ~, a 
Leucine C~U~C; C~U~U 1, 7 
Leucine U~UgG 1, 8 
Phenylalalfine U~U~oC; U~UaoU 1, 7 
Proline C~C~C; C~C~U 1, 7 
Serine U~C~C; UgC~U a, 7 
Tyrosine Ua~A~C ; UxoA~U 2, a 
Valine G~0UaoU 1 
Lysine A~A~A; A~A~G 2, a 
Lysine • U~A ~A 2 

uncertain 
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