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Preparation o/yeast  cells and bud scars. S. cerevisiae was 
grown and  pref ixed wi th  g lu ta ra ldehyde  as descr ibed 
previously  1. The cells were suspended  in ei ther  Buffer  A 
or in 0.05 M p h o s p h a t e  buffer,  p H  6.8 (2 ml, A~50nm 5.0) 
t h a t  con ta ined  0.2 ~mole CaC12, 0.1 mg BSA and Arthro- 
bacter ~-mannanase  11 (0.0027 unitl~). The suspensions 
were incuba ted  for 20 h a t  25 ~ The a m o u n t  of mannose  
released in the  s u p e r n a t a n t  cor responded  to 12% of the  
cell 's to ta l  sugars~% 

Bud scars were p repa red  f rom S. cerevisiae celi wa[Is 
by  the  act ion of a /~-(1-+3)glucanase as descr ibed pre-  
viously 5 and suspended  in water .  

Results and discussion. I n t a c t  S. cerevisiae cells could 
no t  be marked  wi th  W G A  (Sol I) indica t ing  t h a t  W G A  
receptor  si tes were no t  exposed on the  cell surface. How-  
ever, when  the  cells were t r ea t ed  wi th  the  ~-mannanase ,  
~VGA receptor  sites were located on the  bud  and bud  
scars b u t  no t  on the  m o t h e r  cell (Figures 1 and 2). The 
receptor  sites could have  been  a t t r i bu t ed  ei ther  to chit in,  
chi t in  oligomers, the  N-acetyl-D-glucosamine l ink of the  
m a n n a n - p r o t e i n  or glycolipids conta in ing  d i -N-acetyl  
chi tobiose which  have  been found in m e m b r a n e  prepara-  
tionsl~. The var ious  possibili t ies were tes ted  agains t  the  
fcfllowing in format ions :  Chi t in  has  been shown to  be 
p resen t  only in the  bud scars ~. In  control  exper iments ,  
W G A  mark ing  was not  only to ta l ly  inhib i ted  by pen ta -  
acetyl  ch i topen taose  is (2 mg/ml) b u t  also by  the  mann an -  
p ro te in  (2 mg/ml) p repa red  enzymat ica l ly  by  act ion of a 
fi(1-+3) glucanase on the  cell walls 19 indicat ing t h a t  in 
solut ion the  W G A  marker  reac ted  wi th  the  m a n n a n -  
protein.  As W G A  is specific for d iacetyl  chi tobiose or 
h igher  chi t in  oligomers 2~ th is  conf i rmed t h a t  the  man-  
nan-p ro te in  Iink is a d iace ty l  chi tobiose (or a higher  
oligomer) ~0 and  t h a t  the  pro te in  moie ty  mus t  lie deep in 
the  cell wall  ~ since in tac t  ceils were no t  marked.  However ,  

it is doub t fu l  t h a t  the  WGA receptor  sites found on the  
bud  are located in the  mannan-p ro t e in ,  since bo th  bud  
and  mo t h e r  cells were homogeneous ly  marked  wi th  
ConA (Sol I) which  reacts  wi th  the  side chains  of m a n n a n  
(Figure 3). W h e n  the  side chains  were r emo v ed  wi th  the  
~-mannanase ,  mark ing  was d iminished  (Figure 4). Gly- 
colipids conta in ing  diacetyl  chi tobiose  47 could no t  be 
localized by  W G A  on S. cerevisiae protoplas ts ,  a l though  
m e m b r a n e  m a n n a n  was well marked  wi th  ConA ~, There-  
fore the  na tu re  of the  W G A  recep tor  si tes on the  bud  
(Figure 1) is still  unknown.  

Bud  scars p repared  enzymat ica l ly  conta in  chi t in  and 
m a n n a n  5. They  showed W G K  recep to r  sites main ly  on 
the  ring s t ruc tu re  when  examined  by  t ransmiss ion  elec- 
t ron  microscopy  (Figure 5). No label was observed when  
pen ta -ace ty l  ch i topen taose  (2 mg/ml) was p resen t  in the  
labelling mix tu re  (Figure 6). Unde r  t he  same condit ions,  
mark ing  of m a n n a n  wi th  ConA (Sol II) was weaker.  
Therefore  t he  W G A  receptor  sites on the  bud  scars m u s t  
be a t t r i b u t e d  to chit in.  This is fu r the r  suppor t ed  by  the  
fact  t h a t  chi t in  synthes is  begins a t  the  onset  of budding  ~,2 
which  is shown by  the  *vVGA mark ing  at  the  mo t h e r  cell- 
bud  junc t ion  (Figure 1, double  arrows)*.  
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Summary.  The chromosomes  of t he  Chilean frog Rhinoderma ru/um are descr ibed for the  first  t ime.  This chromosome 
set  is compared  wi th  the  ka ryo type  of R. darwinii. The impor tance  of the  karyological  da ta  appl ied to the  phy logeny  
and sys temat ics  of this  genus are discussed. A t en t a t i ve  hypo thes i s  of karyological  evolut ion of Rhinoderma is given. 

A m o n g s t  f logs of the  super fami ly  Bufonoidea  ~, 
famil iar  s t a tus  and phylogene t ic  re la t ionships  of Rhino- 
derma are controvers ia l  4-6. The frogs of th is  genus, 
endemic  of the  cool and humid  forest  of Southern  Chile, 
have  a unique  life h i s to ry  among  the  Anuran- t adpo les  
d e v e l o p m e n t  in the  male  vocal  sacs. In  recen t  years,  
karyological  d a t a  have  been an i m p o r t a n t  tool for phylo-  
genetic and  sys temat ics  studies.  F r o m  this  po in t  of v i e w ,  
some au thors  ~,s s tud ied  tile ch romosomes  of Rhino- 
derma darwinii and  concluded t h a t  the  genus belongs 
to the  fami ly  Lep todac ty l idae  and  shows karyological  
affinit ies wi th  the  Te lmatob inae  speciesT. 

Unt i l  recent ly ,  only  one species of 7~hinoderma was 
known  (R. darwinii); however ,  FORMAS e t  al. 9 added  
ano the r  species (R. ru/um) to t he  genus d e m o s t r a t i n g  
the  t rue  iden t i t y  of the  en igmat ic  Chilean frog Heminectes 
ru/us Phi l ippi  1902. The 2 species are d i f ferent  in morphol -  
ogy of the  feet  and  deve lopmen ta l  pa t t e rns .  

In  th is  paper ,  the  ch romosomes  of R. ru/um are 
descr ibed for the  first  t ime.  This ch romosomal  set  is 
compared  wi th  the  k a r y o t y p e  of R. darwinii, which  is 

here redescr ibed.  The impor tance  of the  karyological  d a t a  
appl ied to the  phy logeny  and sys t emat i c s  of 7~hinoderma 
are discussed. A t e n t a t i v e  hypo thes i s  of karyological  
evolut ion of Rhinoderma is given. 

The frogs used in this  s t u d y  inc luded:  8 males and 
12 females of R. darwinii f rom the  v ic in i ty  of Valdivia 
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c i ty  (Valdivia  Province)  a n d  3 males  a n d  14 females  of 
R. ru /um f rom C h i g u a y a n t e  (Concepcidn Province) .  
The  spec imens  karyo log ica l ly  e x a m i n e d  h a v e  been  
ca ta logued  in t he  col lect ion of A m p h i b i a n s  of the  I n s t i t u t o  
of Zoologia of t he  U n i v e r s i d a d  Aus t r a l  ( IZUA),  in  
Valdivia .  Adu l t s  of b o t h  species were in jec ted  w i t h  0 .1% 
colchicine so lu t ion  a n d  ch romosomes  f rom in tes t ine  were 
o b t a i n e d  (29 mi to t i c  p la tes  /?. darwinii and  42 mi to t i c  
p la tes  R. ru/um). F r a g m e n t s  of in tes t ine ,  h y p o t o n i c a l l y  
t r ea ted ,  were f ixed in ace t ic -a lcohol  (1:3) a n d  p laced  in 
45% acet ic  acid 1~ Smal l  f r a g m e n t s  were squashed  be-  
tween  2 slides and  s t a ined  w i t h  acet ic  orcein.  Fo r  a more  
d i rec t  compar i son  of species, t he  ch romosomes  were g iven  
percent i le  va lues  w i t h  t he  longes t  c h r o m o s o m e  be ing  100. 
Chromosomes  more  t h a n  50% of t he  l e n g t h  of t he  longes t  
(first) are cons idered  large, those  f rom 4 0 - 5 0 %  in te r -  
media te ,  and  those  be low 40% small .  The  cen t romer i c  
pos i t ion  was d e t e r m i n e d  accord ing  to LEVAN et  al. 11. 
Re la t ive  l e n g t h  (large, i n t e r m e d i a t e  a n d  smal l  ch romo-  
somes) a n d  a r m  rad io  ( length  of the  long a r m / l e n g t h  of 
the  sho r t  a rm)  of each  c h r o m o s o m e  were ca lcu la ted  f rom 
m e a s u r e m e n t s  m a d e  on  en la rged  m i c r o p h o t o g r a p h s  of 
5 c h r o m o s o m e  figures.  

]~hinoderma ru/um. The  ch romosomic  se t  of R. ru /um 
(Figure A,a)  consis ts  of 26 chromosomes .  The  f u n d a -  
m e n t a l  n u m b e r  (FN) is 48. A d i s t i nc t  gap  in re la t ive  l e n g t h  
is ev iden t  be tween  Nos. 5 and  6 ; ch romosomes  are d iv ided  
in to  2 g roups ;  large ch romosomes  (Nos 1 5) and  smal l  
ch romosomes  group  (Nos. 6-13).  Pa i r s  1, 6, 7, 9, 10, 11 

a n d  12 are m e t a c e n t r i c  (m); pai rs  2, 4 a n d  5 are sub-  
m e t a c e n t r i c  (sin); pa i r  3 is sub te locen t r i c  (st); and  pa i rs  
8 a n d  13 are ac rocen t r i c  (t). Pa i rs  7 a n d  10 h a v e  sub-  
t e r m i n a l  s econda ry  cons t r i c t ions  in t h e  smal ler  a rms.  
Morphologica l  d i f f e ren t i a t ion  of sex ch romosomes  was 
n o t  obse rved  in th i s  species. 

Rhinoderma darwinii. The  fo rmu l a  2n -- 26 is p r e s e n t  
in  all t h e  mi to t i c  plates .  Tile f u n d a m e n t a l  n u m b e r  (FN) 
is 48. The  k a r y o t y p e  (Figure B, b) is m a d e  up  of 5 pairs  of 
large ch romosomes  (Nos. 1-5) c lear ly  d i f f e ren t i a t ed  f rom 
8 smal l  pa i rs  (Nos. 6-13).  Pa i r s  1, 2, 7, 8, 9, 10 an d  11 are 
m e t a c e n t r i c  (m); pa i rs  3, 4, 5 a n d  6 are s u b m e t a c e n t r i c  
(sin) ; an d  pa i rs  12 an d  13 are ac rocen t r i c  (t). Pa i r s  7 an d  8 
h a v e  s u b t e r m i n a l  s econda ry  cons t r i c t ions  in the  smal le r  
a rms.  No sexua l  ch ro mo s o mes  were obse rved  a m o n g s t  
b o t h  Rhinoderma species. The  resu l t s  of ch romosome  
m e a s u r e m e n t s  an d  a k a r y o t y p i c  compar i son  b e t w een  
b o t h  species of Rhinoderma are inc luded  in the  Table .  
As shown  here,  f rom a karyo log iea l  po in t  of v iew b o t h  
species of Rhinoderma are c lear ly  d i f ferent iable .  

The  frogs of t h e  genus  Rhinoderma h a v e  the  same  
ch romosomic  fo rmula  (2n ~ 26) 1~ as m a n y  o the r  m e m b e r s  
of t h e  supe r fami ly  Bufonoidea .  A k a r y o t y p e  w i t h  26 
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Karyotype (A) and nfitotic plate (a) of R. ru/um; karyotype (B) and mitotic plate of R. darwinii. The lines equal 10 ~zln. 
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Summary of primary and secondary constrictions and the percentage of the largest chromosome 

EXPERIENTIA 32/8 

Species Rhinoderma ru]um 

R. darwinii 

r a 

type  

% 
c 

r 

type  
% 
c 

Chronlosomes 

1 2 3 4 5 6 7 8 9 10 11 12 13 

1.5 1.8 3.2 2.0 2.0 1.2 1.2 o~ 1.5 1.6 1.0 1.0 oo 
77~ S/4r S~ s/rb S/4't ~7~ 74r ~ ~ tn l~ ??t 

100 69.3 65.3 63.0 59.6 27.2 26.7 26.4 24.4 22.7 20.4 19.3 17.6 
S~ SSq~ 

1.5 1.6 2.7 2.6 2.2 2.3 1.3 1.4 1.6 1.7 1.7 oo oc 

100 79.8 65.6 61.2 60.9 36.6 28.4 27.5 26.3 23.6 21.5 39.2 18.0 
s~n sf/r 

~r is the rat io of the short  a rm  divided into the long arm.  For  a ratio of 1.0 to 1.7 the chromosome type  is me tacen t r i c  (m; 1.7 to 3.0 is sub- 
metaeen t r ic  (sin) ; 3.0 to 7.0 is subteloeentr ic  (st); 7.0 and above is telocentric (t). The  positions of the secondary  constrictions (C) are based 
on similar ratios. The  ch romosome lengths are expressed as a percentage  of the longest chromosome in the ka ryo type .  

chromosomes ,  all b i - a r m e d  (NF 52) 12, is p o s t u l a t e d  as 
bas ic  for t he  ' h ighe r '  A n u r a  (here, on ly  the  A c o s m a n u r a  ~3 
are cons idered  ' h ighe r '  Anura) .  This  fo rmula  appea red  for 
t he  f i rs t  t ime  a m o n g  the  species of P e l o b a t i d a e  (Lepto- 
brachium 1~, Megophrys 1~, Pelobates 1~,14, a n d  Scaphio- 
pus15,16) f ami ly  to  which  t he  bufono ids  (Bufonoidea)  
frogs are p r o b a b l y  re la ted  ~7 Morescalchi  is a t t e m p t e d  
th i s  h y p o t h e s i s  on  a karyologica l  basis.  The  l ep todac ty lo id  
frogs c o n s t i t u t e  one of the  m o s t  ex tens ive  (Neotropica l  
Region,  S o u t h e r n  S o u t h  Afr ica  and  A u s t r a l o - P a p u a n  
Region) a n d  in t e re s t ing  group  of families (Lep todac ty l idae  
and  Mioba t rach idae )  of the  ' h igher '  Anura ,  wh ich  the  
o t h e r  bufono id  famil ies  p r o b a b l y  lack. Accord ing  to  
REIG tg, t i le  p r i m i t i v e  ch romosomic  n u m b e r  for th i s  g roup  
is 26 and  I t h i n k  t h a t  the  N F  should  be 52, as Mores- 
calchi  ~" p o s t u l a t e d  as bas ic  for t he  ' h ighe r '  Anura .  This  
p r i m i t i v e  fo rmula  (2n = 26 a n d  N F  52) was m a i n t a i n e d  
in t he  ances t r a l  s tock  of l ep todac ty l ids ,  wh ich  are 
r ep re sen t ed  in S o u t h  A m er i ca  b y  t he  sub fami ly  Tel- 
matob inaeT.  Accord ing  to our  results ,  i t  could  be  alleged 
t h a t  since Rhinoderma and  m a n y  T e l m a t o b i n a e  species 
share  a v e r y  s imi la r  p r i m i t i v e  ch romosomic  fo rmula  
(2n --  26), t h e y  should  be  closely re la ted .  However ,  t h i s  
conclus ion  would  be  based  on a false i n t e r p r e t a t i o n  of the  
ch romosomic  evidence  for phy logene t i c  inference,  since 
t he  possess ion of 26 ch romosomes  is p r o b a b l y  a p r i m i t i v e  
c h a r a c t e r  for t he  Bufonoidea .  Accord ing  to H E N N I N G  2~ 

t i le  sha r ing  o f . a  p r i m i t i v e  c h a r a c t e r  s t a t e  (symplesio-  
m o r p h y )  does n o t  i nd i ca t e  close phy logene t i c  re la t ion-  
sh ips ;  i n s t ead  th i s  m u s t  be infer red  f rom t he  c o m m o n  
possessions of d e r i v a t e d  c h a r a c t e r  s t a t e s  ( synapomorphy) .  
There fore  t he  c h r o m o s o m a l  d a t a  do no t  afford new 
r e l e v a n t  ev idence  t h a t  p e r m i t  us  to  se t t le  t he  conf l ing t ing  
views of r e l a t ionsh ips  a n d  fami l ia r  s t a t u s  of Rhinoderma 

a m o n g  the  families of Bufonoidea .  The  resul t s  here  
o b t a i n e d  reinforce t he  p rev ious ly  k n o w n  p ic tu re  of t he  
wide-spread  occurrence  of the  fo rmula  2n -- 26 a m o n g  
the  m e m b e r s  of Bufonoidea .  R o b e r t s o n i a n  m e c h a n i s m s  
(centr ic  fisions a n d  fusions) h a v e  been  genera l ly  pos tu -  
l a ted  for ch romosomic  evo lu t i on  in A n u r a  ~1. R e d u c t i o n  
or i n c r e m e n t  of ch romosomic  n u m b e r  are cha rac t e r i s t i c  
of these  karyologica l  changes ,  while  t h e  f u n d a m e n t a l  
n u m b e r  r ema ins  cons t an t .  However ,  Rhinoderma species 
m a i n t a i n  t he  same p r i m i t i v e  fo rmula  (2n = 26), l ike 
t he i r  l ep todac ty lo id  ances ters ,  b u t  t he  N F  is changed  
f rom 52 to 48. The  c o n s t a n c y  of t he  ch romosomic  fo rmula  
and  t he  change  in the  N F  sugges t  t h a t  t he  R o b e r t s o n i a n  
m e c h a n i s m s  h a v e  no inf luence  on  t he  karyologica l  
evoIu t ion  of Rhinoderma species. The  presence  of 2 
ac rocen t r i c  c h r o m o s o m e  pairs  in Rhinoderma's k a r y o t y p e  
and  conse rva t i on  of the  ch romosomic  fo rmula  (2n 26) 
sugges t  t h a t  per icen t r ic  inve r s ions  or o the r  types  of 
t r ans loca t i ons  could be re la ted  to these  karyologica l  
evolu t ions .  
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Thermodynamic Aspects of Development for Tenebr io  mol i tor  L. 
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Summary.  Pred ic t i ons  of t he  t h e r m o d y n a m i c s  of i r revers ib le  processes are t e s t ed  for the  d e v e l o p m e n t  and  aging of all 
insect .  Specific h e a t  p r o d u c t i o n  a n d  specific r e sp i r a t ion  r a t e  decrease  t owards  a s t e a d y  s t a t e  w i t h  dev ia t ions  for t he  
t i m e  of h a t c h i n g  of t he  imago.  

I t  h a s  long been  k n o w n  t h a t  classical  t h e r m o d y n a m i c s  t he i r  su r roundings .  The  a t t e m p t  to  p rove  the  t h e o r y  of 
does no t  a p p l y  to  l iv ing m a t t e r .  T he  concep t  of t he  evolu-  l inear  i r revers ib le  processes in  th i s  field could only  be  a 
t ion  t o w a r d s  m i n i m u m  free ene rgy  a n d  m a x i m u m  ell- zero order  approach ,  since an ima l s  are n o r m a l l y  far  f rom 
t r o p y  is b o u n d  to  closed sys tems,  while  o rgan i sms  pe r  se equi l ib r ium,  a n d  t he  l inear  r e l a t ionsh ips  be tween  flows 
are  open  sys t ems  e x c h a n g i n g  ene rgy  a n d  e n t r o p y  w i t h  a n d  forces are on ly  va l id  nea r  equ i l i b r ium 1 3. Therefore,  


