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p r o d u c t i o n  est  moins  touch6e  d a n s  des cond i t ions  
d ' h y p o x i e  t r6s  pouss6e (2% d'O~) que dans  celles de t r6s  
for te  hype rox i  e (80% d'Oz). Ce n ' e s t  pas  le cas p o u r  
l ' h y d r o x y p r o l i n e :  nous  a v o n s  l ' o p t i m u m  de sa p r o d u c t i o n  
5. la c o n c e n t r a t i o n  de 20~ d'O 2, et  la  for te  hype rox i e  (80% 
d'O~) se r6v61e moins  nocive  que  l ' h y p o x i e  t r6s  pouss6e 
(2% d'Oa). 

Sur  la  base  de ces r4sul ta ts ,  on  p e u t  conclure  que  la 
p r o d u c t i o n  d ' h y d r o x y p r o l i n e  n6cessi te  une  q u a n t i t 6  d 'O  2 
sup4rieure  5  ̀celle des hexosamines .  Ces derni6res  p e u v e n t  
pa r t i c ipe r  5. la f o r m a t i o n  des d i f f6rentes  macromol6cu les  

de la s u b s t a n c e  f o n d a m e n t a l e  du  t i ssu  con jonc t i f  (MPS 
acides sulfat6s, M P S  aeides, glycoprot6ines ,  etc.). Dans  
no t r e  cas, si nous  m e t t o n s  ell r a p p o r t  la syn thgse  des M P S  
sulfat6s avec  la  p r o d u c t i o n  des  hexosamines ,  nous  pou-  
vons  observer  que les f ib rob las tes  s y n t h 6 t i s e n t  in  v i t ro  
des M P S  sulfat6s avec  le m~me r y t h m e  k 5% et  5. 20% 
d'02, t a n d i s  que  la p r o d u c t i o n  des hexosamines  baisse 
f o r t e m e n t  5. des c o n c e n t r a t i o n s  d 'Oz sup6rieures  5. 5%.  

Cet te  donn6e  nous  sugggre t ' h y p o t h 6 s e  s u i v a n t e :  les 
hexosamines  p rodu i t e s  en  g rande  q u a n t i t 6  /~ 5% d ' Q  
ne son t  pas  celles des M P S  sulfat6s,  ma i s  des hexosamines  
li6es 5. d ' a u t r e s  subs t ances  (MPS acides, g lycoprot6ines ,  
etc.). 
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Fig. 2. Pourcentage de cellules marqn6es (+) et non marqu6es (--) 
par le 95SO4 darts les cultures de fibroblastes eultivfs en diff6rentes 
concentrations d'oxyg6ne (5%, 20%, 80%) et en anoxie. 

Summary.  Studies  a n d  compar i son  of t h e  h e x o s a m i n e  
and  h y d r o x y p r o l i n  p r o d u c t i o n  b y  f ib rob la s t s  c u l t i v a t e d  
in v i t ro  a t  d i f fe ren t  oxygen  concen t r a t i ons .  The  resu l t s  
show t h a t  t h e  h ighes t  h e x o s a m i n e  p r o d u c t i o n  occurs  a t  a 
low oxygen  c o n c e n t r a t i o n  (5%).  The  h ighes t  h y d r o x y -  
p ro l in  p r o d u c t i o n  occurs  a t  20% O~; t h i s  oxygen  con- 
c e n t r a t i o n  is cons idered  as a n  hype rox i c  one for I ibro-  
b las t s  c u l t i v a t e d  in  v i t ro .  Besides  i t  has  been  asce r t a ined  
t h a t  t he  h ighes t  s u l p h a t e d  M P S  p r o d u c t i o n  occurs  
be tween  5 and  20% oxygen  w i t h o u t  a n y  s ign i f ican t  
va r i a t ion .  

V. GOTZOS, M. LASZLO B. et  B. CAPPELLI-GoTzos 

Institut d'Histologie et d'Embryologie gdndrale de 
l' Universitd de Fribourg, CH-7 700 Fribourg (Suisse), 
7 ]uillet 7974. 

M o r p h o l o g i c a l  A s p e c t s  of  the  Nuc l e i  in Mature  Ar t i cu la ted  Lat ic i fers  of  Calystegia soldanella 

A sa l ien t  cha rac te r i s t i c  of a r t i cu l a t ed  la t ic i fers  is t he  
d e v e l o p m e n t  of a m u l t i n u c l e a t e  p r o t o p l a s t  f rom a cha in  
of l ong i tud ina l  cells whose  t r a n s v e r s e  walls  are e i the r  
p a r t i a l l y  or comple te ly  resorbed.  The  func t iona l  signifi-  
cance  of these  coenocyt ic  s t ruc tu res ,  cha rac t e r i zed  b y  
i n t e rna l  secret ion,  is s t i l l  u n k n o w n ,  even  t h o u g h  n u m e r o u s  
s tud ies  dea l ing  w i t h  t h e  f ine s t r u c t u r e  and  t he  compos i t i on  
of t he  l a t ex  h a v e  been  conduc t ed  1-~. The  morpho log ica l  
aspec t  of t h e  nuclei  d u r i n g  t he  d i f f e ren t i a t ion  of t h e  
a r t i cu l a t ed  la t ic i fers  is poor ly  unders tood ,  on  t h e  one 
h a n d  because  of t h e  l imi t ed  re sea rch  on t h i s  sub jec t  a n d  
on  t he  o t h e r  h a n d  because  of t he  cons iderab le  t echn ica l  
diff icul t ies  i nvo lved  in f i xa t i on  a n d  s ta ining.  I t  h a s  been  
observed ,  however ,  t h a t  in  Taraxacum kok-saghyz, t h e  
n u m b e r  and  size of t he  nucle i  v a r y  accord ing  to  t h e  age 
of t he  t i ssue  ~, a n d  t h a t  in  t he  la t ic i fers  of t h e  seconda ry  
s t em of Hevea brasiliensis and  of Manihot glazovii, t h e  
nucte i  unde rgo  a degene ra t i ve  process  fol lowing nuc leo la r  
ex t ru s ion  7, 9. 

Based  u p o n  these  ind ica t ions ,  t he  purpose  of t h i s  
s t u d y  is to  con t r i bu t e ,  us ing  r ecen t ly  acqu i red  t echn iques  
of e m b e d d i n g  and  s ta in ing,  to  t he  knowledge  of t h e  
morpholog ica l  aspec ts  of t he  nucle i  c o n t a i n e d  in t he  
syncy t i a l  m a t u r e  la t ic i fers  of C. soldanella. 

Segmen t s  of t he  second i n t e r n o d e  of y o u n g  s t ems  of 
Calystegia soldanella R. Br.  (Convolvulaceae) ,  5 m m  
long, were  f ixed in 10% n e u t r a l  fo rma l in  for  24 h a n d  
t h e n  e m b e d d e d  in a m e t h y l - b u t y l m e t h a c r y l a t e  mix tu re .  
The  l ong i t ud ina l  sect ions  in  sets, 7 ~m th ick ,  w h i c h  were 
cu t  us ing  a L K B  P y r a m i t o m e  were  h y d r a t e d  b y  m e a n s  of 
a decreas ing  alcoholic  series a n d  t h e n  were p laced  in a 
ci t r ic  a c i d - N a H P O  4 buf fe r  so lu t ion  (pH 4.1; 0.06 M)  for 

5 min .  N e x t  t he  sec t ions  were s t a ined  for 15 m i n  w i t h  
acr id ine  o range  (AO), d issolved a t  a c o n c e n t r a t i o n  of 
10 .4 M in t he  buf fe red  solut ion.  Af te r  a r ap id  d e h y d r a t a -  
t i on  in t e r t i a r y  b u t y l  alcohol,  t he  sect ions  were e m b e d d e d  
in a non- f luorescen t  m e d i u m  (Ente l l an ,  Merck).  The  
use of acr id ine  o range  as a I luo rochrome  is jus t i f ied  
because  of i ts  d e m o n s t r a t e d  r a p i d i t y  in  abso rp t ion ,  i t s  
i n t ense  c h r o m a t i s m  even  a t  low concen t r a t i on ,  a n d  i ts  
specific cha rac t e r i s t i c  of l ink ing  w i t h  nucleic  acids 9-12. 
The  use of th i s  dye  is pa r t i cu l a r l y  i n t e r e s t i ng  in la t ic i fer  
s tud ies  because  i t  offers, a t  t h e  same t ime,  the  poss ib i l i ty  
to  s t a in  t h e  cell wal l  also, the re fore  p e r m i t t i n g  an  abso lu te  
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iden t i f i ca t ion  of t he  nuclei  of these  t issues.  Tile sect ions  
were v iewed w i t h  a Zeiss P h o t o m i c r o s c o p e  I I  equ ipped  
w i t h  an  H B O  200 W l a m p  as t he  source of UV-  l ight ,  
i n se r t ing  an  exc i t a t i on  f i l te r  w i t h  a m a x i m u m  a t  365 n m  
and  a ba r r i e r  f i l te r  a t  550 nm.  

I t  was  obse rved  t h a t  t h e  nucle i  of b o t h  t he  m e d u l l a r  
and  cor t ica l  la t ic i fers  a p p e a r  to  be  p re fe ren t i a l ly  a r r a n g e d  
in  g roups  of 3-4  in t he  same  segment ,  whereas  t he  a d j a c e n t  
s egmen t s  seem anuc lea t e  a n d  are a lways  s u r r o u n d e d  b y  a 
dense  m a t r i x  w i t h  a ves icu la r  s t ruc tu re ,  wh ich  represents ,  
fol lowing l ipidic ex t rac t ion ,  the  pro te ic  a n d  po lysaccha-  
r idic  s u b s t r a t u m  of t h e  la tex .  Single nucle i  were on ly  
r a re ly  obse rved  and  nuclei  in my tos i s  were n e v e r  seen;  
th i s  m a y  be  due  to t he  mode  of d e v e l o p m e n t  of t h e  
syncy t i a l  la t ic i fers  la. The  la t ic i fer  nuclei  of Calystegia 
soldanellc~ cons i s t en t ly  h a v e  a sphero ida l  form, b u t  differ  
in size, c h r o m a t i c  capac i t y  and  presence  or absence  of t h e  
nucleolus.  Based  upon  these  charac te r i s t ics ,  t h e y  h a v e  
been  d iv ided  in to  4 types  (Figure) : 

a) Nuclei with metachromatic nucleolus. These  nucle i  
h a v e  a f r equency  of 22.5% a n d  are of no t ab l e  d imens ions  
(11.7 • 1.05 ~m), usua l ly  larger  in  size t h a n  t he  nucle i  
of t h e  s u r r o u n d i n g  p a r e n c h y m a t i c  cells. I n  t i le nucleus,  
large c h r o m a t i n i c  masses  (0.5-0.6 ~m), 6 or 7 in  n u m b e r ,  
a s sume  a ye l low-green color. The  nucleolus  of cons iderab le  
size (2.5-3.0 ~m), a lways  la rger  t h a n  t h a t  in t he  nucle i  of 
t he  s u r r o u n d i n g  cells, r e sponds  to  f luo rochrome  w i t h  a 
m e t a c h r o m a t i c  colouring.  

b) Nuclei with orthochromatie nucleolus. The  f r equency  
of these  nuclei  is 21.3 % a n d  t h e i r  size is infer ior  (8.8 :k 0.74 
~m) to those  of t he  p reced ing  group,  whereas  t h e  ch ro ma-  
t in ic  masses  m a i n t a i n  t he  n u m b e r ,  size a n d  c h r o m a t i c  
c a p a c i t y  descr ibed for t y p e  a). The  nucleolus  shows 
reduced  d imens ions  (averag ing  1.5-2.0 ~m) a n d  is coloured 
green  b y  AO. 

c) Nuclei without nucleolus. The  d imens ions  of these  
nucle i  are qu i te  r educed  (6.06 z~ 0.28 ~m) a n d  the i r  
f r equency  cor responds  to 53.7%. A l t h o u g h  t he  n u m b e r  of 
t he  c h r o m a t i n i c  masses  r ema ins  a t  6-7, t h e i r  size is 

usua l ly  g rea t e r  t h a n  those  of t h e  2 types  of nuclei  p rev i -  
ously  descr ibed.  F u r t h e r m o r e ,  t h e y  show a d i f fe ren t  
c h r o m a t i c  capac i ty  since, w i t h  AO, t h e y  are  in t ense ly  
yel low in colour.  

d) Nuclei in degeneration. Nucle i  in  d e g e n e r a t i o n  were 
also obse rved  w i t h  a f r equency  of 4 .3%.  T h e i r  d i a m e t e r  
was  e x t r e m e l y  va r i ab l e  (6-10 ~m). Ins ide  these  nucle i  
large c h r o m a t i n i c  masses,  wh ich  are ba re ly  visible,  are 
weak ly  coloured d a r k  green.  

I n  the  4 groups  considered,  t h e  d i ame t r i ca l  va lues  of t he  
nucle i  obse rved  show a s t a t i s t i ca l  d ive r s i t y  of p < 0.01. 

T h e  c h r o m a t i c  v a r i a t i o n s  obse rved  in t i le nucleol i  
s t a ined  w i t h  AO, r e su l t ing  ill a n  o range  colour  in  some 
nucle i  an d  a green  colour  in  others ,  m a y  be cons idered  in 
r e l a t ionsh ip  to t h e  a l t e r a t i o n  of t h e  RNA.  I n  fact ,  t h e  
molecu la r  s ignif icance of t h e  o r t h o c h r o m a t i s m  of t he  
R N A - A O  complex  lies in  a modi f ied  s t r u c t u r e  of t he  
hel icoidal  cha in  14. The  change  of f luorescence obse rved  in 
t h e  e h r o m a t i n i c  masses  of the  nucleic  m a y  also be 
i n t e r p r e t e d  as a mani fe f i ta t ion  of a m u t a t e d  macromolec -  
u la r  s t r u c t u r e  of t h e  D N A  TM 16 

I n  conclusion,  t h e  f o r m a t i o n  of a m u l t i n u c l e a t e  p ro to-  
p la s t  in t h e  lat icifers  of C. soldanella m a y  be  t h e  d e t e r m i n -  
ing cause  of t h e  a p p e a r a n c e  of nucle i  w i t h  d i f fe ren t  
morpholog ica l  cha rac te r i s t i c s ;  t h i s  in t u r n  m a y  be 
r e l a t ed  to  t h e  process  of d i f f e ren t i a t ion  of t h e  t issue.  The  
obse rva t ions  m a d e  du r ing  th i s  s t u d y  seem to  ind ica te  t h a t ,  
while  a few nuclei  increase  in size an d  c h r o m a t i c  in t ens i ty ,  
o thers  face a slow process  of d e g e n e r a t i o n  wh ich  resu l t s  in 
t h e  r educ t i on  of t h e  d i a m e t r i c a l  value,  a l t e r a t i o n  a n d  
d i s a p p e a r a n c e  of t h e  nucleolus,  d e n a t u r a t i o n  of t h e  D N A  
an d  finally,  nuc lea r  f r a g m e n t a t i o n .  

18 t~. ESAU, Plant Anatomy, 2nd edn. (John Wiley and Sons, New 
York 1965). 

14 G. H. SEYDEL, Cancer 18, 937 (1965). 
18 N. SCHO~MELFEI)ER, Acta histochem, l, Suppl. 148 (1958). 
~6 F. H. KAST~N, Int. Rev. Cytol. 27, 141 (1967}. 

Nuclear polymorphism in differentiated laticifers of Calystegia soldanella, made evident by a fluorochromic staining (acridine orange): 
A) Nucleus with a metachromatic nucleolus. • 650. B) Nucleus with 2 nucleoli: 1 inetachromatic (right) and 1 orthochrolnatic (left). 
• 760. C) Nucleus with a scarcely visible orthoehromatic nucleolus. • 720. D) Nucleus with no nucleolus. • 760. E) Nucleus in 
degeneration, x 800. 
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Processes  of nuc lea r  degene r a t i on  in syncy t i a l  la t i f icers  
h a v e  also been  obse rved  b y  MILANEZ v,s, preceded,  
however ,  b y  nuc leo la r  ex t rus ion .  I n  t he  la t ic i fers  of 
C. sotdanella nuc lea r  degene r a t i on  t akes  place  w i t h o u t  
nuc leolar  ex t rus ion ,  b u t  w i t h  t he  d e s t r u c t i o n  of t he  or- 
ganeile  in  situ.  

A compar i son  be t w een  t he  f requencies  of t he  a l t e red  
nuclei  (very high)  a n d  t he  f r equency  of t he  degene ra t ed  
nuclei  (very low) leads us to  suppose  t h a t  t he  process  of 
degene ra t i on  is qu i te  slow. This  could be a t t r i b u t e d  to t he  
fac t  t h a t  these  nucle i  h a v e  a p a r t i c u l a r  m e t a b o l i s m  w i t h  a 
precise func t iona l  s ignif icance in t he  process  of d i f fe ren t ia -  
t ion  a n d  m a t u r a t i o n  of the  a r t i cu l a t ed  laticifers.  

Riassunto. Nei  t u b i  la t ic i fer i  di  Calystegia soldanella 
(Convolvulaceae)  sono s ta f f  i nd iv idua t i ,  m e d i a n t e  indag ine  
ci tologica con il f luorocromo a ranc io  di acr id ina ,  q u a t t r o  
t i p i  di  nucle i  d ivers i  pe r  d imens ioni ,  p r e senza  o assenza  
del nucleolo e capac i tg  c romat iche .  I1 po l imor f i smo 
nuc leare  osserva to  v iene  i n t e r p r e t a t o  come u n  a spe t to  del 
processo di  d i f fe renz iaz ione  dei la t ic i fer i  a r t icola t i .  

A.  BRUNI ,  G. DALL'OLIo a n d  M. P. FASULO 

Istituto di Botanica, Universith di Ferrara, 
Corso Ports Mare, 2, I-d4700 Ferrara 
(Italy), 2d June 197d. 

Stimulat ion of Plant Growth by Malformin A 

The  m a l f o r m i n s  c o n s t i t u t e  a smal l  f ami ly  of cyclic 
p e n t a p e p t i d e s  p roduced  b y  t h e  fungus  Aspergillus niger 
v a n  Tiegh.  ~, 2, wh ich  induce  severe  m a l f o r m a t i o n s  in  t he  
g r o w t h  of h ighe r  p l a n t s  a n d  p r o n o u n c e d  roo t  c u r v a t u r e s  a-5. 
Most  s tud ies  u t i l ized m a l f o r m i n  A, a m i x t u r e  of mal-  
fo rmin  A,  a n d  A22. A l t h o u g h  t he  s t r u c t u r e  cyclo-D- 
cyste inyl-L-valyl- I>cyste inyl-D-leucyl-L- isoleucyl  was  pro- 
posed  for mal fo r rn in  A16-s, cyclo-D-cyste inyl-D-cyste inyl-  
L-valyl-D-leucyI-L-isoleucyl was  r ecen t l y  p roposed  9 

Ma l fo rmin  has  severa l  effects on  p l a n t  growth .  I t  
i nh ib i t s  t he  e longa t ion  of seedlings of Phaseolus vulgaris 
L. 5 a n d  roots  of Zea mays L. 10, a d v e n t i t i o u s  roo t  forma-  
t i on  n ,  a n d  e longa t ion  a n d  geo t rop ica l ly  i nduced  cu rva -  
tu res  of Averts coleopt i les  ~2. T he  syn thes i s  of m a j o r  
cel lular  c o n s t i t u e n t s  of roo ts  of Z. mays a n d  s t ems  of 
P. vulgaris is also i n h i b i t e d  b y  ma l fo rmin l~  la. W e  
r e p o r t  here  the  f i rs t  example  of t he  s t i m u l a t i o n  of p l a n t  
e longa t ion  b y  ma l fo rmin .  

Table I. Stimulation of growth of etiolated cuttings of Phaseolus 
vulgaris in the light by malformin 

Treatment Growth increment (cm) 
after 4 days 

P. vulgaris cv. H a r v e s t e r  

In  l ight 

H20  (control) 4.63 
Malformin 10 -s M 5.80 ~ 
Malformin 10 -s M 6.73 ~ 
Malformin 10 -7 M 5.65 ~ 

In da rk  

H~O 12.45 
Malformin 10 -5 M 9.05 
Malformin 10 -s M 11.20 

P. vulgaris cv. Resis tant  Asgrow Valentine 

In  l ight 

HeO 6.23 
Malformin 10 -5 M 7.30 b 

In  da rk  

H=O 13.I0 
Malformin i0 -a M 9.30 

Significantly different from HzO controls at 0.01 confidence level, 
or b 0.05 level. 

Materials and methods. Malfo rmin  A was i so la ted  f rom 
A. niger s t r a i n  58-883 as descr ibed  ~, a. D imethy l su l fox ide ,  
used to  dissolve rnalforrnin,  was  d i lu ted  in t he  same 
m a n n e r  as t h e  mal fo r rn in  so lu t ions  a n d  h a d  no  effect  in t he  
expe r imen t s .  Seeds of P. vulgaris cv. R e s i s t a n t  Asgrow 
Va len t i ne  or cv. H a r v e s t e r  were g e r m i n a t e d  in ve rmicu l i t e  
for 6 a n d  7 days,  respect ive ly ,  in  t h e  d a r k  a t  27 to  28 ~ 
E t i o l a t e d  seedlings were selected a t  r a n d o m ,  excised 8.0 
cm be.low the  t op  of t he  h y p o c o t y l  hook,  t r a n s f e r r e d  to 
50 ml  beaker s  c o n t a i n i n g  25 ml  of t e s t  solut ion,  i n c u b a t e d  
in c o n t i n u o u s  l igh t  (1.35 • ergs/cm2/sec, C h a m p i o n  
F90T17/w,  W h i t e  F luorescent )  and  t he  l e n g t h  of t he  s t ems  
m e a s u r e d  a f t e r  4 days.  G r o w t h  i n c r e m e n t  was  d e t e r m i n e d  
b y  s u b t r a c t i n g  t he  or ig inal  h e i g h t  f rom the  f inal  h e i g h t  of 
t he  cu t t ings .  E x p e r i m e n t s  were pe r fo rmed  5 t imes  
e m p l o y i n g  30 cu t t i ngs  per  t r e a t m e n t .  

Results and discussion. At  t he  end  of 4 days  in l ight ,  
e t i o l a t ed  2 ~ vulgaris c u t t i n g s  t r e a t e d  w i t h  m M f o r m i n  
were v i s ib ly  ta l le r  t h a n  s imi la r  cu t t i ngs  t r e a t e d  w i t h  
w a t e r  (Table  I). A t  10 -6 M, t h e  o p t i m u m  concen t r a t i on ,  
t he  g r o w t h  i n c r e m e n t  of m a l f o r m i n  t r e a t e d  c u t t i n g s  was 
45% grea te r  t h a n  t h a t  of cu t t i ngs  in  water .  In  t he  dark ,  
rna l formin  i n h i b i t e d  e longat ion .  S t i m u l a t i o n  of e longa t ion  
of cu t t i ngs  by  rna l formin  was su rp r i z ing  because  s imi la r  
c o n c e n t r a t i o n s  of rna l fo rmin  m a r k e d l y  i n h i b i t  ex tens ion  
g r o w t h  of whole  b e a n  seedlings in t he  g reenhouse  s . Thus ,  
the  response  of e t io l a t ed  cu t t i ngs  and  green  seedl ings to  
rna l fo rmin  is di f ferent .  I n  p r e l i m i n a r y  e x p e r i m e n t s  
m a l f o r m i n  also s t i m u l a t e d  e longa t ion  of 4 o the r  cu l t iva r s  
of P. vulgaris in  t h e  l igh t  (Contender ,  Bount i fu l ,  D w a r f  
Hor t i cu l tu ra l ,  and  Blue  Lake) .  In  mos t  of these  experi-  
m e n t s  rnal forrnin  r e t a r d e d  leaf  e x p a n s i o n  a n d  t h e  syn-  
thes is  of b o t h  a n t h o c y a n i n s  and  chlorophyl l .  
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