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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). 
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Results. The Table  summar izes  t he  resul ts  obta ined,  
which  are expressed in re la t ion  to  t he  d ry  weigh t ;  a t  t he  
foot  of t he  Table  are found  the  factors  which  allow the  
calculat ions to  be made  in re la t ion to  the  fresh weight .  
This Table  presen ts  also the  s ta t i s t ica l  s ignificance of t he  
differences of the  means  in re la t ion to  act ive,  es t iva t ing  
and  h ibe rna t ing  animals .  

I t  is no t iced  t h a t  es t iva t ing  animals  lose wa te r  
( P <  0.001), sod ium ( P >  0.02), magnes ium ( P <  0.001), 
copper  ( P > 0 . 0 2 ) ,  iron ( P < 0 , 0 0 1 )  and  to ta l  carbo-  
h y d r a t e s  ( P  > 0.001), b u t  t h a t  t h e y  accumula te  calcium 
(P  > 0.001). No s ta t i s t ica l  differences have  been  found in 
re la t ion to  t he  con ten t s  of po tass ium,  phosphorus ,  
sulphur,  iodine, n i t rogen  and  glycogen be tween  act ive  
animals  and  those  in es t ivat ion.  

Strophocheilus in h ibe rna t ion  lose wa te r  ( P  > 0.001), 
sod ium ( P < 0 . 0 0 1 ) ,  calcium ( P < 0 . 0 0 1 ) ,  magnes ium 
( P < 0 . 0 0 1 ) ,  su lphur  ( P > 0 . 0 0 1 ) ,  copper  ( P < 0 . 0 0 1 ) ,  
i ron ( P <  0.001) and  to ta l  c a rbohyd ra t e s  ( P  > 0.001), 
increas ing however  t he  con ten t s  of po ta s s ium (P  > 0.05) 
and  iodine (P  2>0.001). In  re la t ion  to  t he  con ten t s  of 
phosphorus ,  n i t rogen  and  glycogen, no s ta t i s t ica l  dif- 
ferences were found be tween  act ive  and  h ibe rna t ing  
animals .  

A compar i son  be tween  h ibe rna t ing  and  es t iva t ing  
animals  shows no differences in re la t ion to  the  con ten t s  of 
water ,  po tass ium,  phosphorus ,  iodine, n i t rogen  and  
glycogen. H i b e r n a t i n g  animals,  however ,  con ta in  less 
sod ium ( P  > 0.02), calcium ( P <  0.001), magnes ium 
( P <  0.001), su lphur  ( P <  0.001), copper  ( P <  0.001) and  
iron ( P  < 0.001), b u t  more  to ta l  c a rbohydra t e s  ( P  > 0.01) 
t h a n  es t iva t ing  ones. In  re la t ion to  the  resul ts  ob ta ined  
for calcium, the  au thors  would like to express  some 
reservat ion,  due to  the  ever  p resen t  danger  of con tamina -  
t ion wi th  minu t e  shell f ragments .  

Discussion. Before any  a t t e m p t  is made  to  expla in  or 
correlate  some of t he  results  ob ta ined  wi th  those  pre-  
viously  observed in o ther  snails, a t t e n t i o n  should be 
called to  t he  fact  t h a t  Strophocheilus, as a l ready  men-  
t ioned,  belongs to  t he  sub-order  Mesurethra. The Helici- 

dae, of t he  sub-order  Sigmurethra, are the  m o s t  h igh ly  
evolved fami ly  of pu lmona te s  1 ; the  species Helix pomatia, 
which  has  been  the  subjec t  of several  physiological  and  
biochemical  s tudies  in re la t ion  to p rob lems  of es t iva t ion  
or h iberna t ion ,  is a r ep resen ta t ive  of th is  group.  One of 
t he  charac ter i s t ic  fea tures  of Helix on the  onset  of est iva-  
t ion  or h ibe rna t ion  is the  secret ion of a mucus  m e m b r a n e  
or an ep iphragm,  fo rmat ions  which  are ent i re ly  lacking in 
h ibe rna t i ng  or e s t iva t ing  Strophocheilus. 

W a t e r  loss dur ing  dess icat ion takes  place, according to  
PUSSWALD ~, t h ro u g h  the  b o d y  surface, bu t  no t  in sl ime 
secretion,  which  is inh ib i ted  dur ing  dessication.  In  
Strophocheilus i t  has  been  not iced  t h a t  while in h iberna-  
t ion  or es t ivat ion,  w i t h '  consequen t  dessication,  the  
p n e u m o s t o m e  is kep t  open for resp i ra to ry  purposes  and  
i t  is l ikely t h a t  a cons iderable  loss of wa te r  t akes  place 
t h ro u g h  the  lung;  also, no s ignif icant  mucus  secret ion has  
been  not iced in such  animals,  t he  exposed b o d y  pa r t s  
be ing bare ly  mois t  w i th  mucous  mater ia l .  

In  the  p resen t  s t u d y  whole animals  (less t he  shell) have  
been  ana lyzed ;  th is  makes  it r a the r  difficult  to  compare  
the  p resen t  f indings wi th  o ther  repor t s  in which  par t icu lar  
organs or s t ruc tures  have  been s tudied.  

In  Slrophocheilus, d o r m a n t  specimens  p resen t  glycogen 
levels ve ry  s imilar  to  those  found in act ive animals ;  how- 
ever, to ta l  c a r b o h y d r a t e  levels drop in a s ignif icant  way,  
b o t h  in h ibe rna t ion  and  es t iva t ion .  These  resul ts  seem to  
indica te  t h a t  t he  ca rbohydra t e s  consumed are o the r  t h a n  
glycogen, or t h a t  some glycogen is syn thes ized  dur ing 
d o r m a n c y  at  the  expense  of o the r  substances .  At  th is  
po in t  men t i o n  should be made  of t he  f a c t  t h a t  in snails, 
a p a r t  f rom glycogen, ano the r  po lysacchar ide  caUed 
galactogen,  is also found in the  an imal  body,  specifically 
In the a lbumen  g land;  in t he  p resen t  work,  results  
expressed  as glycogen represent ,  in fact,  glycogen plus 
galactogen.  In  Helix, however,  it  has  been found  t h a t  

8 A. W. PUSSWALD, Z. vergl. Physiol. 31, 227 (1948). 

Influence of dormancy (estivation or hibernationl during 45 days on the chemical composition of the snail Strvphocheilus oblongus musculus 
(results expressed in relation to 100 g of the dry weight) 

Condition Factor Water Sodium Potas- Calcium Magne- Phos- 
of the slum Mum phorus 
snail g mEq mEq mg mEq mg 

Sulphur Copper Iron Iodine Nitro- Glyco- Total 
gen gen carbo- 

mg mg mg [zg g mg hydrate 
mg 

Active 9.97 89.97 3 3 . 4 7  2 3 . 7 4  2354.5 i09.78 1913.5 
:E 1.01 4-1.64 4-3.49 4-9.4 4-2.31 -t-109.0 

Estivating 4.81 79.20 2 8 . 6 3  2 7 . 6 3  2505.9 105.51 1748.5 
:a- 1.82 +4.15 4-3.60 4-153.1 4-1.82 =c 177.8 

Hibernating 4.81 79.24 2 3 . 9 4  2 6 . 7 1  1797.6 77.15 1822.1 
4-0.87 4-0.75 4-0.64 4-148.4 .-0.68 4-36.5 

1319.6 18.74 23 .01  4 2 . 2 3  13 .27  2629.2 4550.6 
~-130.9 4-3.50 10.37 4-1.66 4-1.03 4-533.9 4-374.4 

1351.3 14 .69  2 0 . 5 5  4 4 . 4 3  14 .54  2548.4 3531.9 
4-35.7 :az0.45 • 2[28.68 4-1.21 =~174.0 "-270.4 

1096.2 7.64 1 5 . 5 6  4 8 . 4 0  12 .95  2720.7 3939.0 
"-44.1 ~0.46 4-0.75 • 4-0.27 ~= 129.8 4-74.0 

Significance of the differences of the means (t of Student; probability, P) 

Activity - 11.567 2 . 4 6 3  1 .731  3 . 6 4 5  3 . 2 4 5  1.765 
Estivation <0.001 >0.02 >0.10 >0.001 2>0.01 2>0.10 

Activity - 17.925 11.798 1 .871  8 .353  30.248 1.736 
Hibernation <0.001 <0.001 >0.05 <0.001 <0.001 >0.10 

Estivation - 0.044 2 . 4 8 6  0.562 23.374 32.614 0.905 
Hibernation- >0.90 >0.02 >0.50 <0.001 <0.001 2>0.30 

0.442 2 . 5 6 4  5 . 3 5 0  0 . 5 5 4  1 . 7 8 2  0 . 3 1 5  4.889 
2>0.60 >0.02 <0.001 2>0.50 >0.10 >0.70 2>0.001 

3.574 7 .026 20.115 4 . 9 3 6  0 . 6 6 7  0 . 3 6 6  3.608 
>0.001 <~0.001 <0.001 >0.001 2>0.50 2>0.70 2>0.001 

10.047 24.449 9 . 1 6 7  0 . 9 8 8  0 . 5 7 2  1 . 7 7 5  3.250 
<0.001 <0.001 <0.001 2>0.30 >0.50 >0.10 2>0.01 
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glycogen levels drop dur ing  win te r  and ear ly  spring,  the  
h ighes t  levels being a t t a ined  by  fall 9. 

Dur ing  dormancy ,  t he  loss of cer ta in  ions, as observed  
in Strophocheilus, m a y  be expla ined  a t  least  in par t ,  as 
due to  e l imina t ion  wi th  faeces and urine r igh t  a t  the  begin- 
ning of es t iva t ion  or h ibe rna t ion ;  it  is also possible  t h a t  
some ions m a y  be lost  w i th  the  mucus  p roduced  by  the  
animals ,  as no t iced  by  DEXHEIMER 10 in re la t ion to calcium 
incorpora ted  in the  mucus  p roduced  by  Helix. 

Rdsumd. P e n d a n t  l ' h iberna t ion ,  le Strophocheilus 
(Pulmon6, Mollusque) pe rd  de l 'eau, dn  sodium,  du 
calciun, du magn6sium,  du soufre, du cuivre, du fer et  des 
ca rbohydra t e s  to taux ,  mais  son t a u x  de po ta s s ium e t  
d ' iode  augmente .  E n  6tat  d ' e s t iva t ion ,  il y en a per te  

d 'eau,  de sodium, de magn6sium,  de cuivre, de fer e t  de 
ca rbohydra t e s  to taux ,  mais  accumula t ion  de calcium. 

F.  B. DE JORGE, J. A. PETERSEN 
and  A. S. F. DITADI 

Department o[ General and Animal  Physiology, 
Faculty o/Philosophy, Sciences and Letters 
and Department o/ Physiology, 
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9 0 .  W. THIELE, Z. vergl .  Physiol .  d2, 484 (1959). 
10 g.  DEXHEIMER, Zool. Jahrber .  Neapel  63, 129 (1951). 

Recept ive  Fie lds  of S ing le  Cells  of  a M a r s u p i a l  Visua l  Cortex  of Didelphis virginiana 
Inves t iga t ions  of m a m m a l i a n  visual  cort ices have  

revealed a wide va r i e ty  of response  proper t ies ,  ranging  
f rom the  r a the r  l imited reper to i re  of t he  r a b b i t  I, 2 to the  
re la t ively  sophis t i ca ted  or a t  least  selective discr imina-  
t ions  found  for cat  ~ and  m o n k e y  a. These species, however,  
are all p lacen ta l  mammals .  The marsupia l  or pouch-  
bear ing mammals ,  on the  o the r  hand,  offer a more  
p r imi t ive  neocortex,  even to the  absence of a corpus 
callosum. How, then,  have  the  sensory  d i sc r imina t ion  
proper t ies  of th is  parallel ,  b u t  more  s lowly evolving 
m a m m a l i a n  visual  cor tex developed ? 

Materials and methods. To explore  th is  quest ion,  the  
recept ive  field and  associa ted  response  proper t ies  of 100 
single cells f rom the  visual  cor tex  of Didelphis virginiana, 
the  Amer ican  opossum, were s tudied.  Dur ing  tes t ing,  the  
animals,  12 young  adults,  were ma in t a ined  under  l ight  
u re thane  anes thes ia  in a s te reo tax ic  frame. The pupi ls  were 
di la ted and  the  corneas were f i t t ed  wi th  correct ive  con tac t  
lenses. 

An ape r tu re  made  di rec t ly  over  the  left  pos ter ior  pole 
of the  cor tex  and  resealed wi th  4% agar  gel, gave passage 
to s ta inless  steel or t ungs t en  microelec t rodes  (1-40 m~2) 
used to record f rom and to m a r k  single cell response  sites. 
These si tes  (all in layer  IV or shallower) were la ter  
localized histologically.  

The recep t ive  field of each cell was m a p p e d  using a 1 ~ 
85 cand le /m 2 spot  agains t  a 3.5 cand le /m 2 background.  
Response  to addi t iona l  visual  st imuli ,  diffuse and dis- 
crete, l igh t  and  shadow and of various edge geometr ies  
and areas were also measured.  

Results and discussion. The recept ive  fields of 99 of the  
100 cell samples  s tudied  here  could be ca tegor ized in to  3 
geometr ic  classes: (1) 'on '  fields; those  respond ing  
t h r o u g h o u t  the i r  e x t e n t  only to  the  onse t  of l ight ;  
(2) 'off '  f ields; those  respond ing  t h r o u g h o u t  the i r  ex t en t  
only to  t h e  cessat ion of l ight ;  and  (3) 'on-off '  f ields; those  

responding  t h r o u g h o u t  the i r  ex t en t  to  b o t h  onset  and  
cessat ion of l ight.  The remain ing  cell r e sponded  only  to  
moving  dark  edges, un i formly  in all direct ions,  bu t  could 
no t  be p lo t t ed  by  the  f lashing s t imulus  m e t h o d  used for 
the  others.  Tile f r equency  d i s t r ibu t ion  of these  classes, 
toge the r  w i th  the i r  d i amete r s  and  eccentr ici t ies  f rom tile 
reference axis, appea r  in Table  I. The Figure  shows the  
d i s t r ibu t ion  of these  classes when  pro jec ted  in to  visual  
space re la t ive to  t he  optic  nerve  head  center .  No signifi- 
can t  re la t ionship  was  found  for any  of the  groups be tween  
recept ive  field d i ame te r  and eccent r ic i ty  fronl t he  re- 
ference axis in any  meridian,  nor  were s ignif icant  dif- 
ferences of field geomet ry  or general  response  proper t ies  
be tween  cells of the  upper  t ape t i zed  and lower non-  
t ape t i zed  re t ina  evident .  

Among  the  unique  character is t ics  of th is  cort ical  re- 
cept ive  field popu la t ion  was the  absence  of m u t u a t l y  
inh ib i t ing  response  zones wi th in  a given recept ive  field. 
Ne i ther  t he  concent r ic  organizat ion,  as occurs in t he  
r abb i t  visual  cor tex  1, nor  the  l inear  divis ion of zones, as 
in the  ' s imple '  fields repor ted  by  HUBEL and  WIESEL a, 4 
for the  ca t  and  m o n k e y  visual  cort ices were found.  The 
presence  of an tagonis t i c  zones w i th in  these  fields was  
tes ted  by  compar ing  local field responses  under  d i f fe rent  
re t ina l  a d a p t a t i o n  s ta tes  and  by  s t imula t ing  the  pe r iphe ry  
of the  field while s a tu ra t ing  the  field center .  I n  all cases 
the  homogene i ty  of response  t h r o u g h o u t  these  fields re- 
mained.  In  addi t ion,  area-response de te rmina t ions  showed 
only s imple summat ion ,  i.e. as s t imulus  area was  in- 

1 G. B. ARDEN, H. IKEDA and R. M. MILL, Na tu re  21d, 909 (1967). 
.2 A. HUGHES, J.  Physiol .  198, 120 (1968). 
3 D. •. HUBEL and T. N. WIESEL, J.  Physiol .  160, 106 (1962). 
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Table I. Distribution of photieally responding cells of a marsupial (D. virginiam~) visual cortex by receptive field geometry 

Receptive No. % Mean Standard Range Mean Standard Range 
field type diameter deviation eccentricities deviation 

On 31 31 20.16 ~ 8.74 ~ 5 ~ 44 ~ 29.24 ~ 12.81 ~ 5~ ~ 
Off 15 15 19.87 ~ 9.26 ~ 4~ ~ 32.93 ~ 23.83 ~ 20-94 ~ 
On-Off 53 53 17.75 ~ 8.73 ~ 5~ ~ 29.28 ~ 12.31 ~ 50-56 ~ 
Unelassed 1 1 
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