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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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Fig. 1. E a r l y  e r y t h r o c y t e  f rom a b lood  s m e a r  of Amphiuma tridaclylum, l a c t a t e  dehydr~)genase reac t ion ,  i n c u b a t e d  Oil 0 . 0 3 M  Na 
l ac t a t e ,  0.03 M NAD,  0.03 M 1.c. t e t r a n i t r o  blue t e t razo l ium,  in \VoI~F a n d  QuIMBV's 8 b a l a n c e d  sa l t  solut ion wi th  5 %  P V P ,  p h o t o g r a p h e d  
a t  550 n m  with  a Zeiss P l a n a p o e h r o m a t  100/1.3 object ive .  Note  the  in tense  m i t o c h o n d r i a l  a c t i v i t v  a n d  cc)mpare wi th  F igure  2. 

Fig.  2. Matu re  e r y t h r o e y t e  of Amphiz~ma tridactyh~m, f ront  the same  s m e a r  as the cell i l l u s t r a t ed  in F igure  1. Note  the  in tense  nuc lea r  
l a c t a t e  d e h y d r o g e n a s e  ac t iv i ty .  
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25 ~ as necessary,  and  e x a m i n e d  before  and  a f te r  pos t -  
f i xa t i on  in f o r m a l d e h y d e  vapour .  T he  p r e p a r a t i v e  and  
e x a m i n a t i o n  p rocedures  were essent ia l ly  the  same  as those  
descr ibed  in ear l ier  p a p e r s g - n ,  excep t  for t he  ionic com- 
pos i t ion  a n d  o s m o l a r i t y  of t he  BSS.  Since t h e  obse rved  
differences  be tween  ceils processed in d i f fe rent  ways  were 
t r i f l ing,  a single desc r ip t ion  will suffice. 

The  level  of l ac t a t e  d e h y d r o g e n a s e  a c t i v i t y  in  e ry th ro -  
cy tes  and  t h e i r  precursors  was  severa l  orders  of m a g n i t u d e  
lower  t h a n  t h a t  in  leucocytes  a n d  t h r o m b o c y t e s  in t he  
s ame  p repa ra t i ons ,  or in  o the r  t y p e s  of cells ~-n. I n  
e r y t h r o b l a s t s  a n d  ear ly  e ry th rocy te s ,  d e m o n s t r a b l e  lac- 
t a t e  d e h y d r o g e n a s e  a c t i v i t y  is l a rge ly  conf ined  to  mi to -  
chondr ia .  T h e  m i t o c h o n d r i a  are numerous ,  f i l amentous ,  
a n d  of ten  a l igned end - to -end ;  m o s t  are  found  w i t h i n  a 
pe r inuc lea r  region of t he  cy top lasm,  some t imes  fo rming  a 
skein  r o u n d  t h e  nucleus,  more  of ten  s t i ck ing  ou t  rad ia l ly  
t o w a r d  t he  p e r i p h e r y  of the  cell. T he  r e m a i n d e r  of the  cell, 
i nc lud ing  nucleus,  endop lasmic  re t i cu lum,  c o m p o u n d  a n d  
s imple  globules,  r e m a i ns  comple t e ly  uns t a ined .  As ery- 
t h r o c y t e s  beg in  to ma tu re ,  a n d  m i c r o s p e c t r o p h o t o m e t r i -  
ca l ly  de t ec t ab l e  h a e m o g l o b i n  a c c u m u l a t e s  in  t he  cyto-  
p lasm,  t he  s t a in ing  p a t t e r n  g radua l ly  changes  (Figure 1). 
The  n u m b e r  of m i t o c h o n d r i a  decreases,  a n d  t h e y  become  
sho r t e r ;  as h a e m o g l o b i n  accumula tes ,  t he  m i t o c h o n d r i a  
become  packed  in to  a n a r r o w  j u x t a - n u c l e a r  zone. Now, in 
a d d i t i o n  to  t he  mi tochondr i a ,  a few cy top la smic  globules 
also show l ac t a t e  dehyd rogenase  ac t iv i ty .  Nuc lea r  l a c t a t e  
d e h y d r o g e n a s e  ac t iv i ty ,  b o t h  diffuse a n d  associa ted  w i t h  
condensed  c h r o m a t i n ,  begins  to  appear .  As m a t u r a t i o n  
reaches  conlp le t ion ,  t he  nuc lea r  l a c t a t e  d e h y d r o g e n a s e  
a c t i v i t y  increases  (Figure 2). Often,  n o t  more  t h a n  2 or 3 
ac t ive  m i t o c h o n d r i a  r e m a i n  in t he  cy top lasm.  A few cyto-  
p la smic  globules  are sti l l  posi t ive,  b u t  t he  g rea te r  p a r t  of 
t h e  t o t a l  l a c t a t e  dehyd rogenase  a c t i v i t y  of t he  m a t u r e  
e r y t h r o c y t e s  become  nuclear .  There  are  large v a r i a t i o n s  
in  t he  a m o u n t  and  p a t t e r n  of l a c t a t e  dehyd rogenase  
a c t i v i t y  b e t w e e n  ind iv idua l  e ry th rocy te s .  

I n  v iew of t h e  genera l ly  low r a t e  of e n z y m a t i c  a c t i v i t y  
in  e ry th rocy te s ,  i t  was necessa ry  to use su i tab le  cont ro l s  
to  exclude  t he  poss ib i l i ty  t h a t  t he  obse rved  s t a in ing  pa t -  
t e r n  m i g h t  be  due  to unspecif ic  effects  r a t h e r  t h a n  to t he  
d i s t r i b u t i o n  p a t t e r n  of l ac t a t e  d e h y d r o g e n a s e  ac t iv i ty .  
The  s t a in ing  was a t t r i b u t a b l e  to  e n z y m a t i c  ac t iv i ty ,  since 
t i le  cells were comple te ly  u n s t a i n e d  w h e n  l a c t a t e  was  
o m i t t e d  f rom t h e  i n c u b a t i o n  med ium.  T he  t e t r a zo l i um 
sa l t  c a p t u r e d  e lec t rons  a t  t he  si te  of e n z y m a t i c  ac t iv i ty ,  
a n d  no t  b e y o n d  t h e  f lavopro te in ,  s ince t he  loca l iza t ion  
p a t t e r n  was qu i t e  d i f fe rent  w h e n  t he  i n c u b a t i o n  m e d i u m  
c o n t a i n e d  NADH~ and  c y t o c h r o m e  c or  menad ione ,  in- 

s tead  of l a c t a t e  and  N A D  1. Final ly ,  l ac ta t e  dehyd ro -  
genase  a n d  n o t  some o t h e r  N A D - l i n k e d  glycolyt ic  e n z y m e  
c o n t r i b u t e d  t h e  electrons,  since added  p y r u v a t e  s u b s t a n -  
t ia l ly  b locked  t he  s t a in ing  r eac t ion  1. 

W e  conc lude  f rom these  e x p e r i m e n t s  t h a t  t he re  is a n  
unequ ivoca l  nega t ive  cor re la t ion  be tween  t he  level  of 
nuc lea r  l a c t a t e  dehyd rogenase  a c t i v i t y  and  t he  degree of 
c lear  gene t ic  a c t i v i t y  of D N A  in  Amphiuma red  b lood  
cells. A n o t h e r  cell in  wh ich  th i s  cor re la t ion  seems to be  
va l id  is t he  mesocereba l  neu rone  of t he  snail,  Helix 
pomatia, in  wh ich  nuc lea r  l a c t a t e  dehydrogenase  a c t i v i t y  
h a d  also been  found1~ A c t i v a t i o n  of l ac t a t e  dehydro -  
genase  b y  D N A  h a d  been  n o t e d  br ie f ly  b y  1ViAZIA 1.. 
Severa l  h y p o t h e s e s  ar ise  ou t  of t he  p resen t  f ind ings :  
1. l a c t a t e  d e h y d r o g e n a s e  m a y  be  invo lved  in t he  regula-  
t i on  of D N A  t r a n s c r i p t i o n ;  2. in  a d d i t i o n  to a n y  possible  
r e l a t ionsh ip  be tween  D N A  a n d  l ac t a t e  dehydrogenase ,  t he  
nuc leus  of t h e  m a t u r e  a m p h i b i a n  e r y t h r o c y t e  m a y  show 
a fo rm of ' a d a p t i v e  m e t a b o l i s m ' ,  i.e., f unc t ion  in t e r m s  of 
i n t e r m e d i a r y  m e t a b o l i s m  as t h o u g h  i t  were a piece of 
cy top lasm.  These  h y p o t h e s e s  are  be ing  e x a m i n e d  syste-  
m a t i c a l l y  in  our  l abo ra to ry .  

Rdsumd. D a n s  les e r y t h r o b l a s t e s  et  jeunes  h6ma t i e s  de 
la s a l a m a n d r e  g6ante,  Amphiuma tridactylum, l ' a c t iv i t6  
de la deshydrog6nase  l ac t ique  n ' e s t  localis6e que  dans  le 
chondr iome.  P e n d a n t  l ' a c c u m u l a t i o n  de l ' h6moglob ine  e t  
au cours  de la croissance des h6mat ies ,  l ' ac t iv i t6  dev i en t  
de plus  en p lus  nucl6aire.  On cons t a t e  une  cor re la t ion  
n6ga t ive  en t r e  l ' ac t iv i t6  de la deshydrog6nase  l ac t ique  
nucl6aire  et  l ' a c t iv i t6  gen6 t ique  de I 'ADN.  
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Morphactins,  Growth and Auxin Transport 

Biological  a c t i v i t y  of m o r p h a c t i n s  - a new group  of 
p l a n t  r egu la to r s  1 - was  f i rs t  r epo r t ed  b y  SCHNEIDER ~ on  
a few of t h e m .  These  chemica ls  cause  s t r i k ing  biological  
changes  over  a n  e x t r a o r d i n a r i l y  b r o a d  range  3. Few 
works  h a v e  been  devo t ed  before  now  to  c o m p a r e  var ious  
syn thes i zed  m o r p h a c t i n s  s. I n  t he  p r e s e n t  inves t iga t ion ,  
pa ra l l e l  ac t ion  of 4 m o r p h a c t i n s  on  p l a n t  cell g r o w t h  a n d  
t h e  in v i t ro  a u x i n  t r a n s l o c a t i o n  4 will be  ana lyzed ,  us ing  
ep ico ty l  s egmen t s  of Lens  cul inaris .  

Seeds were f i rs t  soaked for 6 h in  deionized water ,  
w a s h e d  a n d  p laced  in t e r r a l i t e  (dark ;  22~ W h e n  used 

for e x p e r i m e n t a l  purposes ,  a f t e r  96 h, t he  l eng th  of t he  
epicotyls  was  a p p r o x i m a t e l y  14 mm.  Fo r  t he  growth ex- 
periments, 8.0 m m  segmen t s  were p laced  (20 pe r  4 ml) in a 
buffered  so lu t ion  (pH 6.1) w i t h  2% sucrose on  a shak ing  
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