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h e t e r o c y s t o u s  condi t ion ,  w h i c h  is o b t a i n e d  by  g rowing  
these  in co m p le t e  absence  of c o m b i n e d  n i t rogen ,  is due  t o  
t h e  excess ive  l each ing  of t he  a m i n o - a c i d s / p e p t i d e s  to  t he  
e x t e r n a l  m e d i u m  as r epo r t ed  b y  o the r s  6, ~0, or d u e  to  t h e  
l imi t ed  s y n t h e s i s  of amino -ac id  in p resence  of e l e m e n t a r y  
n i t rogen  which  is e n o u g h  to s u p p o r t  on ly  g r o w t h  a n d  
p ro t e in  syn thes i s ,  or  to  b o t h  i n t e r p l a y i n g  s i m u l t a n e o u s l y ,  
is no t  k n o w n .  

T h a t  h e t e r o c y s t o u s  s t ages  are a c c o m p a n i e d  b y  c h a n g e s  
in am in o -ac id  co m pos i t i on  ha s  been  conf i rmed .  B u t  in 
d i f fe ren t  fo rms  t h e  c h a n g e s  are d i f fe ren t  and  in some  
cases  oppos i t e  to  t he  o the r  species.  I t  is, t h e r e f o r e ,  no t  
possible  to  ass ign  m u c h  s igni f icance  to t he  q u a l i t a t i v e  
c h a n g e s  wh ich  t a k e  place  in t he  a m i n o - a c i d  compos i t i on  
w i t h  h e t e r o c y s t  fo rma t ion .  Th i s  m a y  be p r o b a b l y  re l a t ed  
to  t h e  d i t fe rences  in  t h e  i n t e r m e d i a r y  m e t a b o l i s m  cont r i -  
b u t i n g  to  n i t r o g en  f ixa t ion  in d i f fe ren t  forms.  

Zusammen/assung. N2-fixierende B!aua lgen  w n r d e n  
.unter  B e d i n g u n g e n  gezi ichtet ,  die e inerse i t s  zu He te ro -  
c y s t e n  f t ihr ten,  ande re r se i t s  j edoch  diese B i l d u n g  ver-  
h inde r t e n .  Die A n a l y s e  d e r  freien A m i n o s g u r e n  e rgab  so- 
w oh l  q u a l i t a t i v e  als a u c h  q u a n t i t a t i v e  Unte r sch iede ,  ohne  
dass  ein e indeu t ige r  Z u s a m m e n h a n g  zwischen  der  
S y n t h e s e  e inzelner  Aminos~turen u n d  d e m  V o r h a n d e n -  
sein bez i ehungswe i se  der A b w e s e n h e i t  yon  H e t e r o c y s t e n  
b e o b a c h t e t  w e rde n  konn te .  
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v ir ide  

Cer ta in  s t ages  of cell d iv i s ion  a p p a r e n t l y  depend  u p o n  
a d e q u a t e  in t race l lu la r  levels  of th io ls  1,2. These  th io ls  are 
of low molecu la r  we igh t  a n d  p r o b a b l y  cons i s t  la rgely  of 
g l u t a t h i o n e  (GSH).  For  p r e sen t  purposes ,  we shal l  d i scuss  
e x p e r i m e n t s  in t e r m s  of G S H  or th io l s  of e q u i v a l e n t  
r eac t iv i ty .  

A n ew  se t  of r e a g e n t s  h a s  been  i n t r o d u c e d  r ecen t l y  for 
the  in t r ace l lu l a r  o x i d a t i o n  of G S H  to  G S S G  a 5. One  of 
t hese  reagents ,  m e t h y l  p h e n y l d i a z e n e c a r b o x y ] a t e  (azo- 
esterl ,  r eac t s  w i t h  G S H  accord ing  to t h e  s t o i c h i o m e t r y  
s h o w n  in eq. (1). 

2 GSH + C6H~N=NCOOCH3-->GS SG + C6HsNHNHCOOCH a (1) 

The  co m p le t e  c h e m i s t r y  of azoes te r  is d i scussed  else- 
where  5; we m u s t  here  on ly  po in t  ou t  t h a t  a s ide reac t ion .  
hydro lys i s ,  leads  to  the  f o r m a t i o n  of free radica ls  w h i c h  
cause  in t race l lu la r  damage .  The  d a m a g e ,  however ,  en- 
sues  on ly  if t h e  in t race l lu ta r  G S H  has  been  d i m i n i s h e d  to 
a v e r y  low level. 

W e  h a v e  ut i l ized azoes te r  to i nves t i ga t e  w h e t h e r  or no t  
G S H  was  m o re  essen t i a l  a t  some  s t ages  of g e r m i n a t i o n  of 
t he  f u n g u s  Trichoderma vivide t h a n  a t  o thers .  RICHMOND 
a n d  SO~ERS6 h a v e  s h o w n  t h a t  soluble th io ls  ( p r e s u m a b l y  
GSH} increase  m o r e  r ap id ly  t h a n  d ry  we igh t  or e x t e n t  of 
g e r m i n a t i o n  in t h e  f u n g u s  Neurospora crassa. 

.Spores of T. viride were a d d e d  to  m i n i m a l  m e d i a  6,7 to 
s t a r t  t h e  g e r m i n a t i o n  process.  At  va r ious  t imes ,  a 
3 • 1 0 - a M  so lu t ion  of azoes te r  was  a d d e d  to the  spore  
s u s p e n s i o n  in suf f ic ien t  q u a n t i t y  to  m a k e  a f inal  azoes te r  
c o n c e n t r a t i o n  of 1 x 10-3M.  The  p H  of t he  m e d i u m  was 
be tween  5 and  6. and  t he  half-l ife of t h e  azoes te r  was  
a b o u t  30 m i n  u n d e r  these  condi t ions .  Thus ,  wi th in  1-2 h. 
t he  azoes te r  c o n c e n t r a t i o n  had  been r educed  to a po in t  
where  cont ro l  e x p e r i m e n t s  ind ica ted  t h a t  it h a d  no 
effect  of a n y  k ind .  T h e  e x t e n t  of g e r m i n a t i o n  was 
e v a l u a t e d  b y  c o u n t i n g  unde r  a low power  microscope :  
a n y  spore  wi th  an  e m e r g i n g  f i l a m e n t  was  c o u n t e d  as 
g e r m i n a t e d .  T h e  resu l t s  are  s h o w n  in t he  Table.  Cont ro ls  
are carr ied  o u t  b y  m i x i n g  wa t e r  w i th  spore s u s p e n s m n  a n d  
record ing  t h e  e x t e n t  of g e r m i n a t i o n  a t  22 h a f te r  in i t ia-  
t ion.  At  l eas t  95% of t he  cont ro l  spores  g e r m i n a t e d .  

Th e  resu l t s  ind ica te  t h a t  success fu l  g e r m i n a t i o n  is 
p r e v e n t e d  o r , s eve re ly  de l ayed  by  in t race l lu la r  o x i d a t i o n  
of GSH.  F u r t h e r  e x p e r i m e n t s  w i th  a th io l -ox id iz ing  

a g e n t  w h ic h  does  no t  gene ra t e  free radicals ,  6 -pur iny l -  
d i azeneca rboxy l i c  acid N, N - d i m e t h y l a m i d ,  d e m o n s t r a t e d  
t h a t  t he  d e s t r u c t i v e  ac t ion  of t he  free radica ls  was  t h e  
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Effect of azoester on germination of fungus Trichoderma viride 

Time of azoester treatment a 
(h after startl 

Extent of germination 
at _L 22 h b 
(% of control) 

0 100 
4 50 
8 3 

14 1-2 
18 33 

Azoester has a half-life of 20 min in neutral aqueous solution. 
b Time after exposure of spores ~o minimal media. 
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process which  p r e v e n t e d  germinat ion ,  since the  fin- 
nocuous '  agent  only delayed ge rmina t ion  sl ight ly when  
used at  the  same concen t ra t ion  level as azoester.  

We  have  also found t h a t  azoester  inhibi ts  g rowth  and 
sporulat ion.  Inocula  of T. viride on fi l ter  pape r  were 
allowed to grow on min imal  media  for 24 h. The papers  
were t rans fe r red  to an azoes ter  solut ion ( I0-aM),  al lowed 
to r emain  in the  solut ion for 1 h, t r ans fe r red  again to 
fresh min imal  media,  exposed  briefly to l ight  to s t imula te  
sporulat ion,  and allowed to  s t and  for 24 h in t he  dark.  
Growth  was marked ly  inh ib i ted  (10-20% of controls) and 
sporula t ion  was a lmost  comple te ly  abolished. 

We m a y  thus  conclude t h a t  g lu ta th ione  is somehow 
involved in those  processes  which resul t  in germina t ion ,  
growth,  and  sporulat ion.  The use of thiol-oxidizing 
agents  for the  inves t iga t ion  of t he  role of G S H  m a y  also 
aid in e lucidat ing some character is t ics  of the  processes 
of germinat ion ,  growth,  and  sporulat ion.  

I t  is in te res t ing  to compare  the  s t ruc tures  of the  intra-  
cellular th iol -oxidiz ing agents  we have  discovered (I and 
2) wi th  those  of the  recent ly  repor ted  fungicidal  agents  3 
and 4 s. 

Rdsumd. Le t r a i t e m e n t  des spores de Trichoderma 
viride avec le nouveau  o x y d a n t  intracel lulaire  des thiols, 
le compos6 azoester,  nous a condui t  5 eonclure qu ' i l  y a 

unh exigence absolue pour  le g lu ta th ion  p e n d a n t  Ie 
processus  de germinat ion .  Avec le m6me compos6, azo- 
ester,  on a demont r6  que G S H  est  n6cessaire pour  la 
croissance e t l a  sporula t ion  du champignon .  
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I n f l u e n c e  of  D o r m a n c y  on  t h e  C h e m i c a l  C o m p o s i t i o n  of  Strophocheilus ( S t r o p h o c h e i l i d a e ,  P u l m o n a t a ,  
M o l l u s c a )  

Physiological  and biochemical  changes dur ing h iberna-  
t ion and es t iva t ion  in p u h n o n a t e s  have  been  inves t iga ted  
by  several  authors ,  chiefly wi th  regard to Helix pomatia; 
in format ion  on the  subjec t  has recent ly  been sum- 
mar ized by  HYMAN 1. For  represen ta t ives  of the  sub- 
order  Mesurethra, no in format ion  is available.  This group 
is ex tens ive ly  represen ted  in the  neo- t ropical  region by  
the  genus Strophocheilus, family  Strophocheilidae, in 
relat ion to which  some work  has a l ready been done con- 
cerning its biology and  dis t r ibut ion2,a ;  da ta  on the  
physiology and  chemical  compos i t ion  of d i f ferent  organs 
and t issues have  recent ly  been  provided  ~, ~. Specimens  of 
Strophocheilus are known to go into a s ta te  of dormancy ,  
e i ther  dur ing h ibe rna t ion  or es t iva t ion ;  such behav iour  
allowed the  au thors  to car ry  out  the  p resen t  invest igat ion,  
wi th  the  aim of de te rmin ing  the  influence of bo th  h iberna-  
t ion and es t iva t ion  on the  chemical  compos i t ion  of the  
ent i re  body,  w i thou t  shell, of the  s n a i l  Strophocheilus 
oblongus musculus. 

Material and methods. Spec imens  of Strophocheilus were 
collected in the  ne ighbourhood  of Por to  Alegre, Rio 
Grande  do Sul (Brazil) and  sent  to SAo Paulo, where  t h e y  
were kept  in the  t e r r a r ium of the  Zoology D e p a r t m e n t ,  
Univers i ty  of S~o Paulo.  3 groups of 10 animals  each 
were s tud ied :  one consis ted  of ac t ive  animals,  kep t  at  23- 
24~ the  o ther  of h ibe rna t ing  animals  a t  16-17~ for 
45 days,  and finally a th i rd  group of es t iva t ing  animals  
kep t  a t  31-32 ~ for 45 days.  Dur ing  th is  period,  re la t ive  
h u m i d i t y  ranged f rom 60 800/o . All these  animals  had  
been, 10 days  previous  to the  exper imen ta l  procedure  de- 
scribed, subdiv ided  in 2 groups, 1 fed wi th  le t tuce and the  
o ther  w i th  cabbage,  these  p lan ts  being known  to  con ta in  
d i f ferent  amoun t s  of calc ium and pro te in  5 ; no differences,  

however,  were de tec ted  in the  chemical  cons t i tu t ion  of 
animals  kep t  under  d i f ferent  diets,  resul ts  being pooled 
for discussion. 

At  the  appropr i a t e  t ime, the  animals  were sacrif iced 
and the  shells carefully removed  to avoid any  poss ibi l i ty  
of con tamina t ion ,  especial ly in re la t ion to  calcium. E n t i r e  
animals,  w i t h o u t  the  shell, were weighed  and  t t /en dr ied 
in an oven regula ted at  100 ~ unt i l  co n s t an t  weight  was 
ob ta ined ;  these remains  were t h e n  carefully homogenized  
in a porcela in  mor ta r .  The con ten t s  of water ,  sodium,  
potass ium,  calcium, magnes ium,  phosphorus ,  sulphur,  
copper,  iron, ni t rogen,  glycogen and  to t a l  c a rb o h y d ra t e s  
were de t e rmined  in act ive  animals,  as well as in those  under  
es t iva t ion  or h iberna t ion .  De t e rmina t i ons  of glycogen and  
to ta l  ca rbohydra t e s  were necessar i ly  carr ied out  w i t h  
fresh mater ia l .  The analy t ica l  m e t h o d s  used have  a l ready  
been descr ibed in previous  papers4,6,7; the  resu l t s  were 
sub jec ted  to convent iona l  s ta t is t ica l  t r e a t m e n t .  

1 L. H. HYMAN, The Invertebrates, Molluscs I (McGraw-Hill Book 
Co., New York 1967), vol. 6, p. 644. 

2 C. P. JAEGER, Nat. Hist. 74, 26 (1965). 
3 p. SAVCAYA and J. A. PETERSEN, Boln. Fac. Fil. Ciene. Letr. Univ. 

S~.o Paulo 261; Zoologia 2d, 31 (1962). 
4 F. B. DE JORGE, A. B. ULHOA CINTRA, P,  E.  HAESER and P. 

SAWAVA, Comp. Biochem. Physiol. 7d, 35 (1965). 
F. B. DE JO•GE and P. E. HAESER, Conlp, Biocbem. Physiol. 26, 
627 (1968). 

6 F. I3. IDE JOI~GE, J .  A. PETERSEN and P. SAWAYA, CoIIlp. Bioehem. 
Physiol. 22, 467 (]967). 

7 F. B. DE JORGE and J. A. PETERSEN, Colnp. Biocbem. Physiol. 26, 
737 (1968). 


