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I t  is t h e  i n t e n t  of t h i s  r e p o r t  to  p r e s e n t  a n  o b s e r v a t i o n  
t h a t  m a y  shed  l i gh t  on  one  poss ib le  m e c h a n i s m  i n v o l v e d  
in  s p e r m  s torage .  

Methods. F e m a l e  n e w t s  were  ki l led b y  d e c a p i t a t i o n  
fol lowing a n e s t h e t i z a t i o n  w i t h  MS-222 (Sandoz)  a n d  t h e i r  
c loacal  reg ions  were  f ixed in e i t he r  10% n e u t r a l  bu f fe red  
fo rmal in  or B o u i n ' s  fluid.  These  t i ssues  were  processed  in 

t h e  usua l  m a n n e r  to  o b t a i n  pa ra f f i n  sec t ions  a n d  t h e  
sec t ions  were  s t a i n e d  w i t h  azu re  A (0 .1% in  30% e thano l )  
or  in  a F e u l g e n - N a p h t h o l  yel low sequence .  

Observations. I t  was  seen  t h a t  t h e  s p e r m  were  a c c u m u -  
l a t ed  in t h e  p r o x i m a l  ends  of t h e  s p e r m a t h e c a l  t u b u l e s  
a n d  were, for  t h e  m o s t  pa r t ,  h i g h l y  coiled. I n  o rder  to  
s t u d y  t h e  pos i t i on ing  of t h e  s p e r m  in  t h e  t u b u l e s  i t  was  
necessa ry  to  use a n i m a l s  wh ich  h a d  on ly  a smal l  a m o u n t  
of spe rm since i t  was  r a t h e r  d i f f icul t  to  t r ace  t h e  s p e r m  
f rom sec t ion  to  sec t ion  w h e n  t h e  c o n c e n t r a t i o n  was  h igh .  

W i t h i n  t h e  s p e r m a t h e c a l  t u b u l e s  t h e  s p e r m  h e a d s  
a p p e a r e d  to  be  in  c o n t a c t  w i t h  t h e  e p i t h e l i u m  (Figure)  
tubu les .  Th i s  c o n d i t i o n  was  seen  in  a n i m a l s  ki l led a t  all  
seasons  of t h e  year .  W i t h  t h e  l igh t  microscope,  t h e  c o n t a c t  
a p p e a r e d  to  be  in t h e  region of t h e  acrosome,  however ,  a 
de f in i t ive  s t a t e m e n t  on  t h e  s p e rm-ep i t h e l i a l  cell c o n t a c t  
m u s t  a w a i t  f u r t h e r  i n v e s t i g a t i o n  w i t h  t h e  e lec t ron  micro-  
scope. 

Discussion. A n  o b s e r v a t i o n  of t h e  t y p e  r e p o r t e d  is v e r y  
sugges t ive  of a n u t r i t i v e  or m a i n t a n a n c e  role on  t h e  p a r t  
of t h e  s p e r m a t h e c a l  ep i the l i um.  A l t h o u g h  t h e  s p e r m  
a p p e a r  i n h i b i t e d  in  t h e  s p e r m a t o p h o r e  i t  is d o u b t f u l  t h a t  
t h e  p o l y s acch a r i d e  m a t e r i a l  t h o u g h t  to  be  r e spons ib le  for  
t h i s  i n h i b i t i o n  could  keep  t h e m  in a n  i n a c t i v e  y e t  v i ab le  
c o n d i t i o n  for a pe r iod  of severa l  m o n t h s  ~. H i s t o c h e m i c a l  
s tud ies  o n  t h e  s p e r m a t h e c a  revea l  t h a t  none  of t h e  poly-  
sacchar ides  of t h e  s p e r m a t o p h o r e  persis t .  Therefore ,  i t  is 
n o t  u n r e a s o n a b l e  to  sugges t  t h a t  t h e  s p e r m  of t h e  u rode le  
are  m a i n t a i n e d  b y  t h e  t u b u l e  e p i t h e l i u m  in a r e l a t i o n s h i p  
s imi la r  to  t h a t  w h i c h  exis ts  b e t w e e n  t h e  Ser tol i  cells a n d  
s p e r m  of t h e  m a m m a l i a n  tes t is .  

Zusammen]assung. Die S p e r m a t h e c a  des  W e i b c h e n s  
zeigt  bei  d en  u n t e r s u c h t e n  Urode l en  eine inn ige  ]3eziehung 
zu d en  Spermien ,  so dass  e ine E r n / i h r u n g s f u n k t i o n  de r  
S p e r m a t h e c a  wahr sche in l i ch  g e m a c h t  w e r d e n  k a n n .  Es  
wi rd  auf  die Ser to l i -Zel len  der  M a m m a l i a  verwiesen.  
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Section through a spermathecal tubule containing several spermato- 
zoa. The arrow indicates the site of sperm-epithelial cell contact. 
× 500. D. G. BE~SON JR., Am. Zool. 4, 287 (1964). 

The Cytochemical Demonstration of Dehydrop, enases and Oxidases in the Cells of Fungi 

I n  h u m a n  p a t h o l o g y ,  m e t h o d s  for  t h e  i n t r ace l l u l a r  
d e t e c t i o n  of d e h y d r o g e n a s e s  a n d  ox idases  b y  m e a n s  of 
more  or  less specific s t a i n i n g  p rocedure s  h a v e  b e e n  
deve loped  a n d  successful ly  used in t he  s t u d y  of m a n y  
organs .  E x t e n d e d  i n v e s t i g a t i o n s  h a v e  s h o w n  t h a t  some  
of t h e s e  m e t h o d s  are  useful  for  t h e  d e m o n s t r a t i o n  of 
e n z y m e s  in t h e  fungi  Neurospora crassa, Oospora lactis 
a n d  Saccharomyees cerevisiae. 

(1) Dehydrogenases. D e h y d r o g e n a s e s  c a n  be  d e m o n -  
s t r a t e d  w i t h  t e t r a z o l i u m  sa l t s  as i n d i c a t o r s  t h a t  a re  
r educed  to  more  or  less insoluble ,  i n t e n s i v e l y  coloured  
f o r m a z a n  g r a n u l a  1. O u t  of a g r ea t  n u m b e r  of a v a i l a b l e  
t e t r a z o l i u m  salts,  whose  usefulness  for  fungi  h a s  b e e n  
s tud ied ,  N i t r o - B T  p r o v e d  to  b e  t h e  b e s t  i nd ica to r2 :  a f t e r  

a n  i n c u b a t i o n  per iod  of 30 min,  o p t i m a l  for n e a r l y  all  
i n v e s t i g a t e d  enzymes ,  t h e  cells c o n t a i n e d  b l u e - b l a c k  fo rm-  
a z a n  depos i t s  t h a t  were  equa l ly  d i s t r i b u t e d  in t h e  n e a r l y  
colourless  cy top l a sm.  MTT,  f r e q u e n t l y  used in med ica l  
h i s t o c h e m i s t r y ,  was  u n s u i t a b l e  for  t h e  d e t e c t i o n  of severa l  
d e h y d r o g e n a s e s  because  t h e  so lu t ion  of CoCI~, necessa ry  
for  t h e  s t a b i l i z a t i o n  of t h e  fo rmazan ,  p r o v e d  to  be  tox ic  
for  m a n y  funga l  enzymes .  

1 j .  REiss, Z. wiss. Mikrosk. 68, 169 (1967). 
J. REISS, Arch. Mikrobiol. 57~ 285 (1967). 
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Table I. Saccharomyces cerevisiae: Cytoehemicatly detectable dehydrogenases and their inhibitors 
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Dehydrogenase Substrate Pyridine Inhibitors (active Litera- 
nucleotide concentration in 31) ture 

Alcohol Ethanol 

Glycerol-phosphate Na-0t-glycerophosphate 

Glucose-6- Na-glucose- 
phosphate @phosphate 

6-phosphogluconate Ba-6-phosphoghmonate 

Isoeitrate Na-DL-isocitrate 

Glutamate Na-L-glutamate 

Suecinate Na-succinate 

NAD PCMB: 10-a; PM: 10 -1 a 

NAD PCMB: 10-4; PM: 10 ~ a 

NADP PCMB: 10 .4 a 

NADI' 

NAD 
NADP 

NAD 
NADP 

Malate Na-DL-malate NAD 

NAD-H2-Cytochrome c NAD-H, 
reductase 

Pyridoxol Pyridoxol-HCt NA1) P 

Glutathione Reduced NAD 
reductase glutathione NAI) P 

Proline L-proline NAD 

Aldehyde Acetaldehyde NAD, NADP 

Dihydrolipoic Dihydrolipoamide NAI) 

PCMB: 10-s; CuSO4:10 -3 s 

PCMB: 1 0 - 3 ;  P M :  10-1; CuS()4:10 a a 
PCMB: 10-s; PM: 10 -1 

PCMB: 10"4; PM: 10 ~ a 
PCMB: 10 a; PM: 10 -1 

I'CMB: 10-4; I}M: 10 3; malonie 3 
acid: t0-'2; oxaloacctic acid: 10 a 

PCMB: 10-2; PM: 10 1; s 
oxaloacetic acid: 10 -1 

(No inhibition with 10-ZM I}CMB) a 

PCMB: 10-4; CuSO4:10 -a 

l'reincubation (30 rain at 37 °C) 7 
in 10-SM PCMB and 10-4M PM 

PCMB: 10"-4; CuSO4: 10-a; PM: 10 2 s 

PCMB: 105; PM: 10 a s 

l 'reincubation {30 nfin at 37 °C) 8 
in 10-3M PCMB and 10-4M CuSO 4 

Abbreviations: PCMB, p-chloromercuribenzoate; PM, potassium monoiodate 

Table II. Saccharomyces cerevisiae: Cytochemically detectable oxi- 
dases and their inhibitors 

Oxidase Inhibitors (active Literature 
concentration in 3/) 

Cytochrome KCN: 10-z; NaNs: 10-2; 10 
oxidase Hydroxylamine: 1 0  - 3  

Peroxidase KCN: 10-3; NaNa: 10 -3 lo 

1 2 

Fig, 1. Sacckaromyces cerevisiae: Demonstration of succinate dehydro- 
genase with Nitro-BT. × 2000. 

Fig. 2. Neurospora crassa: Demonstration of cytochrome oxidase. 
× 1000. 

A f t e r  t h e  d e m o n s t r a t i o n  of  c y t o p l a s m i c  d e h y d r o g e n a s e s ,  
t h e  f o r m a z a n  d e p o s i t s  w e r e  r o u n d - s h a p e d  in N. crassa, 
0 .  taclis a n d  S. cerevisiae; b u t  w h e n  d e t e c t i n g  m i t o -  
c h o n d r i a l  d e h y d r o g e n a s e s ,  t h e  cel ls  o f  S.  cerevisiae a d -  
d i t i o n a l l y  c o n t a i n e d  long ,  f i l a m e n t o u s  s t r u c t u r e s  t h a t  a r e  
p r o b a b l y  i d e n t i c a l  w i t h  m i t o c h o n d r i a  (F i gu re  1). 

I n  t h e  cells  of  N.  crassa, O. lactis a n d  S. cerevisiae t h e  
fo l l owing  d e h y d r o g e n a s e s  c o u l d  be  d e t e c t e d  c y t o c h e m i -  
ca l ly  : 

(a) G lyco lys i s a :  L - g l y c e r o l - 3 - p h o s p h a t e :  N A D  o x i d o -  
r e d u c t a s e  (E.C.  1.1.1.8), a l coho l :  N A D  o x i d o r e d u c t a s e  
(E.C.  1.1.1.1), D - l a c t a t e :  c y t o c h r o m e  c o x i d o r e d u c t a s e  
(E.C.  1.1.2.4),  L - l a c t a t e :  c y t o c h r o m e  c o x i d o r e d u c t a s e  
(E.C.  1.1.2.3).  A d d i t i o n a l l y ,  in N. crassa o - l a c t a t e :  N A 1 )  
o x i d o r e d u c t a s e  (E.C.  1.1.1.28) c o u l d  b e  d e m o n s t r a t e d .  

(b) H e x o s e  m o n o p h o s p h a t e  p a t h w a y a :  D-glucose-6-  
p h o s p h a t e :  N A D P  o x i d o r e d u c t a s e  (E.C.  1.1.1.49) a n d  6- 
p h o s p h o g l u c o n a t e :  N A D P  o x i d o r e d u c t a s e  (E.C.  1.1.1.44).  

(c) Ci t r ic  ac id  cycle3:  I s o c i t r a t e :  N A D  o x i d o r e d u c t a s e  
(E.C.  1.1.1.41),  i s o c i t r a t e :  N A I ) P  o x i d o r e d u c t a s e  (E.C.  
1.1.1.42),  L - g l u t a m a t e :  N A D  o x i d o r e d u c t a s e  (E.C.  1.4.1.2),  
L - g l u t a m a t e :  N A D P  o x i d o r e d u c t a s e  (E.C.  1.4.1.4), succ i -  
n a t e :  ( accep to r )  o x i d o r e d u c t a s e  (E.C.  1.3.99.1) a n d  t w o  
N a - n L - m a l a t e  d e h y d r o g e n a t i n g  e n z y m e s ,  one  spec i f i c  for  
N A D ,  t h e  o t h e r  for  N A D P .  

(d) C y t o c h r o m e  c r e d u c t a s e s S :  N A I ) - t t , :  c y t o c h r o m e  c 
r e d u c t a s e  (E.C.  1.6.2.1) a n d  N A D P - H ~ :  c y t o c h r o m e  c 
r e d u c t a s e  (E.C.  1.6.2.3).  

s j .  REIss, Arch. Mikrobiol. 57, 307 i1967). 
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Some fur ther  dehydrogenases  could be  dem ons t r a t ed  
in t he  cells of d i f ferent  fungi :  (e) Pentose  metabo l i sm4:  
a ldopentose  reduc tase  in Penic i l t ium expansum and 0.  
tactis and  pen t i to l  dehydrogenase  in /L  expansum and 
O. lactis. (f) O the r  dehydrogenases :  L-amino acid:  O~ 
ox idoreduc tase  (E.C. 1.4.3.2) in N ,  crassa 3, D-glucose: 
O,  ox idoreduc tase  (E.C. 1.1.3.4) in AspergiUus niger s, 
pyr idoxo l :  N A D P  oxidoreductase  (E.C. 1.1.1.1) in S. 
cerevisiae ~, gtu ta th ione  reduc tase  (E.C. 1.6.4.2) in S. cere- 
visiae ~, as welt as N A D -  and N A D P - l i n k e d  prol ine dehydro-  
genases, a ldehyde  dehydrogenases  and  dihydrol ipoic  de- 
hydrogenase  (E.C. 1.6.4.3) in S. cerevisiae 8. 

The specif ici ty of the  different  s ta in ing react ions could 
be conf i rmed by  means  of control  react ions  1. Tab le  I 
shows the  inhibi tors  employed  and the i r  concent ra t ions  
which  inhibi ted  enzyme  ac t iv i ty  and thus  fo rmazan  
produc t ion  in the  cells of S. cerevisiae. 

(2) Oxidases. Cytochrome  oxidase  and peroxidase  can 
be demons t r a t ed  cy tochemica l ly  in t he  cells by  var ious  
indicators  t h a t  are changed by  ox ida t ion  to more or  less 
stable, coloured react ion p roduc t sL  

(a) Cytochrome oxidase :  Af te r  tes t ing the  wel l -known 
indicators ,  the  combina t ion  of the  2 anfines p-aminodi -  
pheny lamine  and p-me thoxy -p ' -aminod ipheny lamine  
proved  to  be  the  bes t  m e t h o d  for t he  in t racel lu lar  demon-  
s t ra t ion  of this  enzyme  in N.  crassa, O. lactis and S. cere- 
visiae 1°. Afte r  an  incuba t ion  period of 30 rain, t he  un- 
coloured cy top la sm conta ined  brown-red,  round-shaped  
deposi ts  (Figure 2). 

(b) Peroxidase :  Dif ferent  me thods  (amines, phenols,  
zinc-leueo) were  tes ted,  b u t  only  the  indica tor  3-amino- 
9-e thylcarbazole  p roduced  a useful reac t ion  p ic tu re  (in- 
cuba t ion  per iod for all fungi :  60 min) : small,  round,  red- 
brown,  d i s t inc t  granula,  equa l ly  d i s t r ibu ted  in a l ight ly  
t inged  cy top l a sm 10. 

The  resul ts  of control  react ions ( inhibi tors  wi th  thei r  
ac t ive  concen t ra t ion  in the  medium)  are summar ized  in 
Tab le  I I  : 

The  react ion pic tures  of all cy tochemica l  enzyme  
demons t ra t ions  showed an equal  d is t r ibu t ion  of t he  
di f ferent  deposi ts  in the  cy toplasm.  In  t he  hyphae-  
p roduc ing  fungus N.  crassa the  react ions  were  weaker  in 
older  par t s  of the  myce l i um than  ill the  younger ,  growing 
hypha l  tips.  I n  t he  s ta ined p repara t ions  of O. lactis and  
S. cerevisiae, m a n y  cells were only  weakly  s ta ined or  no t  
a t  all. Probably ,  this  is due to  a d i f ferent  enzyme  equip-  
m e n t  of the  single cel ls lL 

The  prac t ica l  va lue  of the  cy tochemica l  demons t r a t ion  
of dehydrogenases  and oxidases in fungi  could  be demon-  
s t ra ted  when  s tudy ing  the  influence of phenylbor ic  acid 
on the  cells of O. lactis ~. 

Zusammen[assung.  Die Ergebnisse  der bisherigen Unte r -  
suchungen zum zytochemischen  N a c h w e i s  verschiedener  
Dehydrogenasen  und Oxydasen  in den Zellen yon Pi lzen 
(Neurospora crassa, Oospora lactis, Saccharomyces cere- 
visiae u.a.) werden beschrieben.  
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D I S P U T A N D U M  

Relationship Between the Structure of Chloramphenicol and its Action upon Peptide Synthetase 

The  ant ib io t ic  ch loramphenicot  (CM) is a g rowth  
inh ib i to r  and  a wide ly  used b iochemical  research  tool  be- 
cause i t  inhibi ts  specifically prote in  biosynthesis .  H u n -  
dreds  of chemica l  de r iva t ives  of CM h a v e  been tes ted  for  
an t ibac te r ia l  a c t i v i t y  and a set  of empir ica l  s t ruc ture-  
a c t i v i t y  rules has  been der ived f rom this  b o d y  of chemical  
and  microbiological  in fo rmat ion  1,2. A few growth-  
inh ib i to ry  der iva t ives  of CM h a v e  more  recent ly  been 
tes ted  in v i t ro  in r ibosomal  amino  acid incorpora t ion  
sys tems  3, 4. 

Ev idence  accumula t ing  dur ing  the  pas t  years  ~-7 and 
especially recent  s tudies of GOTTESMANS suggest  t h a t  CM 
interferes  w i th  t he  act ion of r ibosomal  pept ide  synthe-  
tase(s), i.e. wi th  the  enzymat ic  t ransfer  of g rowing  pep-  
t ides to the  ~-amino groups of incoming  amino  acids. The  
presence of a t  least  1 pept ide  or amide  bond,  such as t h a t  
of ace ty l -pheny la l any l - tRNA,  is required for recogni t ion 
and t ransfer  of a pept ide  by  the  enzymeS;  pep t idy l  syn- 
the tase  appears  to  be  an  in tegra l  cons t i tuen t  of ribo- 
somes8, 9. 

This  repor t  suggests t h a t  CM, a subs t i tu ted  amide  
reminiscent  of a d ipept ide  1° (Figure 1), a t taches  vicar i -  

ous ly  to t he  pept idyI  recogni t ion si te of pep t ide  syn the-  
tase(s) and inhibi ts  pep t idy l  t ransfer ,  viz.  the  e longat ion  
reac t ion  in prote in  synthesis .  

This  hypothes is  first  predic ts  t h a t  chemica l  a l te ra t ions  
which  e l iminate  t he  amide  bond of CM or  affect  i ts  re-  
a c t i v i t y  or  steric e n v i r o n m e n t  will abolish ac t iv i ty .  In -  
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