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p f l anzen  au f  Ko ty ledonen ,  W u r z e l n  u n d  Achsen  ve r t e i l t  
u n d  diese Organe  (je 5 g) g e t r e n n t  zweimal  m i t  70% 
Pkthylalkohol  ex t r ah ie r t .  Die ve re in ig t en  E x t r a k t e  w u r d e n  
bei  40~ i m  V a k u u m  im W a s s e r b a d  e i n g e d a m p f t  und  
d a n n  anf  gleiches V o l n m e n  (3 ml) m i t  70% K t h y l a l k o h o l  
geb rach t .  Die k o n z e n t r i e r t e n  E x t r a k t e  w u r d e n  zur  
p a p i e r c h r o m a t o g r a p h i s c h e n  Analyse  der  Sacchar ide  u n d  
Aminos~turen b e n u t z t  ~3,x4. Die s e m i q u a n t i t a t i v e  Answer-  
t u n g  der  C h r o m a t o g r a m m e  geschah  mi t t e l s  v isuel ler  Ab-  
sch~ttzung de r  F1/~che u n d  tn tens i t~ t t  de r  Zucker -  sowie 
Aminosgu ren -F l ecke  n a c h  der  S i c h t b a r m a c h u n g  mi t t e l s  
e n t s p r e c h e n d e m  Reagenz.  

I n  den  m i t  SO 2 ve rg i f f e t en  E r b s e n k e i m l i n g e n  wurde  in 
al len F/i l len eine wesen t l i che  V e r m i n d e r u n g  de r  Sac- 
c h a r o s e k o n z e n t r a t i o n  und  mei s t ens  eine merkwi i rd ige  E r -  
h 6 h u n g  des Glukose-  u n d  besonders  J?ruktosegehal t s  in 
W u r z e l n  und  Achsen  gefunden,  i n sbesonde re  bei  et iol ier-  
t e n  Ke impf lanzen .  I n  den  K o t y l e d o n e n  dagegen  k o n n t e n  
in  den  me i s t en  F/~llen ke ine  b e m e r k e n s w e r t e n  Ver~nde-  
r u n g e n  des Sacchar idgeha l t e s  fes tges te l l t  werden.  Wei l  
die erw~thnten V e r ~ n d e r u n g e n  n i c h t  n u r  bei  grfinen, 
sonde rn  auch  bei  e t io l ie r ten  K e i m p f l a n z e n  b e o b a c h t e t  
wurden ,  k a n n  es sich n i ch t  ausschl iessl ich u m  eine 
S t 6 r u n g  der  P h o t o s y n t h e s e  hande ln .  E b e n s o  k a n n  es sich 
n i c h t  u m  eine blosse Hydro lyse  der  Saccharose  mi t t e l s  
SO~ im w~tssrigen Milieu der  P f l anzengewebe  hande ln ,  
weil  im Model lversuch  m i t  e iner  10%igen  Saccharose-  
16sung in der  Atmosph / i r e  des 1% SO 2 p a p i e r c h r o m a t o -  
g r aph i sch  n u r  eine schwache  hyd ro ly t i s che  S p a l t u n g  der  
Saccharose  fes tges te l l t  wurde.  Unsere  B e f u n d e  zeigen eine 
S t 6 r u n g  der  Saccha rose -Biosyn these  in den  ve r g i f t e t en  
Ke impf lanzen .  Der  Mechan i smus  dieser  S tS rung  is t  noch  
n i c h t  b e k a n n t  und  es muss  dar f iber  wei te r  geforsch t  
werden.  

I n  gr i inen Ke impf lanzen ,  die bei  L i ch t  oder  D u n k e l h e i t  
m i t  SO 2 verg i f t e t  wurden ,  wa ren  der  A lan in  und  Meth ion in -  
su l fox idgeha l t  e rh6h t ,  w~ihrend die K o n z e n t r a t i o n  
der  G lu tamins / iu re  in  al len 3 0 r g a n e n ,  besonders  in  
W u r z e l n  und  Achsen,  wesent l ich  ger inger  war.  Bei  
e t io l ie r ten  Ke impf lanzen ,  deren  I n t o x i k a t i o n  bei Duuke l -  

he i r  oder  bei  L i c h t  verlief,  wurde  in a l len 3 0 r g a n e n  bei  
E r h 6 h u n g  des A l a n i n g e h a l t s  ein ger ingerer  G l u t a m i n -  
s~uregeha l t  fes tgestel t t .  I n  W u r z e l n  u n d  Achsen  wa r  a u c h  
die K o n z e n t r a t i o n  der  7 -Aminobut te rs /~ure  v e r m e h r t .  
Dieser  B e f u n d  k a n n  auf  G r u n d  der  e r h 6 h t e n  G l u t a m i n -  
s / iu re -Dekarboxyl ie rung ,  die zur  7 -Aminobu t t e r s / i u r e  
f i ihr t ,  e rk l~r t  werden.  Die m i t  SO~ ve rg i f t e t en  gr i inen  
K e i m p f l a n z e n  h a t t e n  in "Wurzeln n n d  Achsen  e inen  
ger ingeren  G l u t a m i n g e h a l t ,  w~thrend in K o t y l e d o n e n  u n d  
W n r z e l n  de r  Ser in-  u n d  H o m o s e r i n g e h a l t  k a u m  ver -  
m i n d e r t  war .  Der  E ingr i f f  des SO~ in den  Sacchar ids to f f -  
wechsel  b e w i r k t  d e m n a c h  Ver / i nde rungen  des Geha l t s  be- 
sonders  de r jen igen  Aminosguren ,  de ren  Stoffwechsel  m i t  
demjen igen  de r  Sacchar ide  eng  v e r b u n d e n  ist. W e i t e r e  
Versuche  fiber den  M e c h a n i s m u s  der  E i n w i r k u n g  des SO 2 
auf  den  Aminos~turestoffwechsel  s ind im Gange.  

Summary. The  inf luence  of gaseous 1% su lphu r  d ioxide  
du r ing  24, 48, 72 and  96 h on  sacchar ide  and  a m i n o  acid  
con ten t ,  has  been  s tud ied  on 14 -15-day  old green  a n d  
e t io la ted  pea  seedlings.  I n  roots  a n d  shoots  of i n t o x i c a t e d  
seedlings of b o t h  sorts,  t he re  was found  a m a r k e d  decrease  
of sucrose a n d  a m a r k e d  increase  of glucose and  f ruc tose  
con ten t ,  mos t  p r o b a b l y  as a consequence  of d i s t u r b e d  
sucrose b iosynthes i s .  I n  cotyledons ,  roots  and  shoots  
t he re  was also found  an  increase  of a l an ine  and  a decrease  
of g lu t amic  acid con ten t .  

J. KogTff~, I. MACH2{CKOV2~, 
V. JIRA(~EK a n d  E. BUCHAR 

Biochemisches Institul der 
Naturwissenscha/tlichen Fakultdt der Karls-U~iversitdt, 
Praha 2 (Tschechoslowake{), 17 November 1969. 

xa V. JIRA4EK, J. SOss ttnd J. KOCOUREK, PIanta reed. 10, 298 (1962). 
14 V. JIRX4EK, J. Chromat. 33, 312 (1968). 

Wall Development and Tetrazol ium Chloride 
Anabaena ambigua 

Blue-green  algae like dnabaena reduce  2, 3, 5 - t r ipheny l  
t e t r a z o l i u m  chlor ide (TTC) even  w i t h o u t  the  add i t i on  
of ex t e rna l  h y d r o g e n  donors  l ike succ ina te  1-3. I t  is of 
special  i n t e r e s t  t h a t  the  a c t i v i t y  in  t he  he t e r ocys t s  is 
a lways  h igh  as shown b y  less t ime  t a k e n  for the  f o r m a t i o n  
of fo rmazon  c rys ta l s  in  t h e m  c o m p a r e d  w i t h  the  vege ta-  
t ive  ceils. I n  Anabaena ambigua we found  t h a t  unl ike  in 
o the r  b lue-green  algae, the  ac t i v i t y  of TTC- reduc ta se  
appea red  to  be  e x t r e m e l y  low or even  a b s e n t  in  t he  
v e g e t a t i v e  cells, whereas  in t he  he t e rocys t s  i t  was  v e r y  
high.  Big fo rmazon  c rys ta l s  i nd ica t ing  t he  TTC r educ t i on  
appea red  wi th in  a few minutes .  T he  a c t i v i t y  in t he  vege ta-  
t i ve  cells could, however ,  be  e n h a n c e d  several  t imes  if t he  
f i l amen t s  were i n c u b a t e d  wi th  succ ina te  for severa l  hours  
in  t he  presence  of l ight  ~. 

I n  t he  l ight  of the  r ecen t  work  b y  STEWART et  al. ~, t he  
TTC- reduc ta se  a c t i v i t y  of the  he t e rocys t s  appea r s  to  be  
due  to  the  n i t rogenase  p re sen t  in  t hem.  D u r i n g  our  
s tud ies  on t he  phys io logy  of the  d e v e l o p m e n t  of he te ro-  
cys ts  and  its control ,  we 6,7 showed t h a t  t he  presence  of 
wal l  is essent ia l  for such  reduct ion .  P rohe te rocys t sS  h a v e  

Reduction in Heterocysts of Blue-Green Algae, 

no cellulose wall  and  t h e y  b e h a v e  more  l ike t he  v e g e t a t i v e  
cells in the  m a t t e r  of TTC reduc t ion .  T h e y  a t t a i n  t he  
capac i t y  to  reduce  TTC only  a f te r  t h e y  deve lop  a t h i c k  
cellulose wal l  (Figure) .  W e  m a y  infer  t h a t  e n z y m e s  con-  
cerned  w i t h  n i t r ogen  f ixa t ion  are i nduced  in a p rohe t e ro -  
cys t  on ly  a f te r  t he  wal l  is la id  down.  The  wal l  is e v i d e n t l y  
needed  to p r o t e c t  t he  r educ tases  conce rned  w i t h  reduc-  
t ion  of n i t rogen .  M a t u r e  he t e rocys t s  do no t  p roduce  
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oxygen  in  l igh t  as t h e y  lack p h o t o s y s t e m  115, 9,~0, b u t  
need to  be  p r o t e c t e d  f rom the  oxygen  p re sen t  in  the  sur- 
r o u n d i n g  med ium.  

A m m o n i a ,  i n h i b i t o r  of he t e rocys t  d e v e l o p m e n t  speci- 
f ically p r e v e n t s  t he  f o r m a t i o n  of cellulose a r o u n d  a pro-  
he t e rocys t  6,8. I t  has  been  shown  b y  STEWART et  al. ~ t h a t  

a m m o n i a  also i nh ib i t s  t h e  syn thes i s  of the  n i t rogenase  
complex.  The  presence  of a wall  a r o u n d  he t e rocys t  seems 
to  be  v i t a l  for t h e  p rope r  func t ion ing  of t h e  en zy mes  in it. 
T h e  chemica l  compos i t i on  of t h e  wal l  needs  to be  inves t i -  
ga ted .  

Zusammen/assung.  2 ,3 ,5 -Tr ipheny l -Te t r azo l ium-Chlo -  
r id (TTC) wird  in den  I-Ieterocysten der  Blaua lge  Ana-  
baena ambigua n u r  be i  e iner  g u t  ausgeb i lde ten  Ze l lwand in 
gr6sseren Mengen  reduzier t .  I n  a l len i ibr igen Zellen, a u c h  
in den  P ro h e t e ro cy s t en ,  is t  h 6 c h s t e n s  eine schwache  TTC-  
R e d u k t i o n  zu b e o b a c h t e n .  
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Anabaena ambigua after treatment with TTC. Note the presence of 
formazon crystals in the heterocyst. The arrow indicates the pro- 
heterocyst devoid of wall and the absence of reduction. 
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Genetically Inactive DNA and Nuclear Lactate Dehydrogenase (1.1.1.27) Activity in the Erythrocyte 
of Amphiuma tridactylum 

A m p h i b i a n  red b lood  cells are pa r t i cu l a r ly  f avourab le  
ob jec t s  in  wh ich  to  search  for poss ible  non-gene t i c  func-  
t ions  of DNA.  The  d o m i n a n t  sequence  of D N A  t r ansc r ip -  
t ion  a n d  t r a n s l a t i o n  is well  known,  and  t he  cha rac te r i za -  
t ion  of t he  r e s u l t a n t  h a e m o g l o b i n  in i n t a c t  cells b y  
m i c r o s p e c t r o p h o t o m e t r y  a t  t he  region of t he  Sorer  b a n d  
is s imple  1-~. The  compl i ca t ions  of DNA-rep l i ca t ion  an d  
mi tos i s  do no t  ex is t  b e y o n d  t h e  e r y t h r o b l a s t  stage. Since 
e ry th ropo ies i s  in  A m p h i u m a  is comple t ed  on ly  in  t h e  cir- 
cula t ion,  b lood samples  c o n t a i n  cells a t  all s tages  of 
m a t u r a t i o n ,  f rom the  bas iph i l  e r y t h r o b l a s t  to  t he  m a t u r e  
e ry th rocy te .  I n  e r y t h r o b l a s t s  a n d  ear ly  e ry th rocy tes ,  
I ) N A  m i g h t  r e a s o n a b l y  be  a s sumed  to be  ac t ive ly  t r a n -  
scr ib ing  t he  code for t he  syn thes i s  of h a e m o g l o b i n ;  in  
m a t u r e  e r y t h r o c y t e s  h a e m o g l o b i n  syn thes i s  stops,  a n d  
D N A  no longer  ha s  a clear  gene t ic  func t ion .  A.  tridactylum 
a n d  o the r  species of a m p h i b i a n s  h a v e  been  s tud ied  in 
suff ic ient  de ta i l  6,7 for t he  iden t i f i ca t ion  of t he  p r inc ipa l  
m a t u r a t i o n  s tages  of e r y t h r o c y t e s  to  be unequivoca l .  

The  b lood  cells of a m p h i b i a n s  are be ing  e x a m i n e d  in th i s  
l a b o r a t o r y  b y  b iophys ica l ,  cy tochemica l  a n d  u l t r a -  
s t r u c t u r a l  me thods .  These  inc lude  t he  h i s tochemica l  
d e m o n s t r a t i o n  of some 30 e n z y m e  sys tems.  The  resul t s  
will be descr ibed  in de t a i l  e lsewhere 1 I n  th i s  note,  we 
wish  to r epo r t  t he  cy tochemica l  iden t i f i ca t ion  of a me ta -  
bolic func t ion ,  nuclear l a c t a t e  dehyd rogenase  ac t iv i ty ,  
t h a t  was  found  to be  cor re la ted  w i t h  t he  loss of genet ic  
a c t i v i t y  of D N A  in e r y t h r o c y t e s  of t he  g i an t  newt ,  
A rnphiuma tridactylum. 

Blood samples  were t a k e n  f rom the  auricles  of hepar iu -  
ized A.  tridactylum a f t e r  anae s the s i a  in 3% w/v  e thy l  
c a r b a m a t e  (ure thane) .  Blood smears  on coversl ips  were 
usua l ly  s tab i l ized  for  50 sec in ice-cold 0 .02% v / v  form-  

a ldehyde  vapour ,  w i t h i n  1 ra in  of p r epa ra t i on .  Air -dr ied  
un f ixed  smears  a n d  smear s  p r e p a r e d  a f te r  t h e  b lood h a d  
been  col lected in 100 vols. ice-cold ba l anced  sa l t  so lu t ion  
(BSS,  modi f ied  f rom WOLF a n d  QuIMBYS), c o n t a i n i n g  5 %  
v / v  po lyv iny lpyr ro l idone ,  tool. wt.  160,000 (PVP),  or 
0.5 % w / v  crys ta l l ized  b o v i n e  p l a s m a  a l b u m i n  (BPA),  buf-  
fered to  p H  7.1, were also used. Fo r  t h e  d e m o n s t r a t i o n  of 
l a c t a t e  d ehydrogenase  ac t i v i t y  (I .U.B.  No. 1.1.1.27), t he  
covers l ips  were i n c u b a t e d  a t  2 -4  ~ in a m e d i u m  con ta in -  
ing 0 . 0 3 M  sod ium lac ta te ,  0 . 0 3 M  S A D ,  0 . 0 3 M  e i t h e r  
t e t r a n i t r o b l u e  t e t r a z o l i u m  or n i t r ob lue  t e t r a z o l i u m  
chlorides,  in  B S S  buf fe red  to p H  7.1 a n d  some t imes  con- 
t a i n i n g  5% P V P  or 0.5% ]3PA as a d j u v a n t s  9-n.  T h e  
covers l ips  were r ap i d l y  w a r m e d  to 25~ a f t e r  v a r y i n g  
per iods  of i n c u b a t i o n  in t h e  cold, f u r t h e r  i n c u b a t e d  a t  
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