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Fig. 4. Four layers of the wall in S. cerevisiae strain 9696 are sequen- 
tially numbered. For a description see text. 

Fig. 3. A 'bud scar' in a ceil of S. cerevisiae strain 4098. The electron- 
lucid annular region indicated with e is thought to consist essentially 
of chitin. The arrows point to the plasmalemma which circumscribes 
wall material 

VChen TAO m e t h o d  of f ixa t ion  is use d, the  inner  broad  
region of t he  wall  is seen r ich  in granular  and  f ibrous  
c o m p o n e n t s  a r ranged  in 2 d ixs t inc t  layers  (the 2nd  and  
the  3rd  descr ibed  here).  Fur the rmore ,  as t he  d a t a  repor-  
t ed  in th is  a n d  previous  papers  show S,*, some s ignif icant  
differences in t he  wall  a rch i tec tu re  are found  be tween  the  
2 yeasts ,  t he  ma in  being concerned  wi th  t he  absence in 
t he  wall  of S. cerevisiae o! t h e  f inely  f ibrous ou te rmos t  
layer  no ted  ins tead  in C. albicans wall 2. 

T h a t  cell surface  could be chemical ly  d i f fe rent  in these  
yeas t s  was a l ready  inferred f rom s tudies  on p ro top las t s  

fo rma t ion  9. The d i f ferent  degree of p re se rva t ion  of t he  
in t r acy top la smic  m e m b r a n e s  in t he  two  organisms is also 
indi rec t  evidence for some difference in wall  s t ruc tu re  in 
view of t he  well es tab l i shed  impor t ance  of the  'pene-  
t r a b i l i t y '  of t he  yeas t  wall  t oward  osmium f ixa t ives  in 
order  to  achieve a good p rese rva t ion  of in te rna l  organ-  
elles. 

Riassunto. U s an d o  f issa t iv i  con t enen t i  T A P O  6 s t a t s  
migl iora ta  la visual izzazione dei c o m p o n e n t i  s t ru t tu ra l i  
della pare te  cellulare di  Sacvharomyces cerevisiae; q u e s t s  

s t a t s  p a r a g o n a t o ' c o n  quella osserva ta  p r e c e d e n t e m e n t e  
in Candida albieans. 

A. CASS0NE lo 

Istituto di Microbiologia dell' Universita di Roma, 
I- 00700 Roma (Italy), 30 Apr i l  7973. 

9 j .  R. VILLANUEVA and M. V. ]~LORZA, results cited by MATILE et 
aL e . 

lo Acknowledgment. The author thanks Mr. B. PASQUETTI and Mr. M. 
MARI for their excellent technical assistenee. 

Detection of Encephalomyocardit is  Virus Infection in Animal  Cells by Gas Liquid Chromatography 

The ou t s t and ing  resolving power  and ex t r eme  sens i t iv i ty  
of gas c h r o m a t o g r a p h y  (GC) t echn iques  has  been  employed  
for t he  de tec t ion  of very�9 smal l  a m o u n t s  of microbia l  
products1-4.  I~EINERS, 6, SIMMONDS 7 and  o thers  used GC 
techn iques  for the  ident i f ica t ion  and  charac te r iza t ion  of 
several  microorgan isms  (Clostridia, Salmonellae,  etc). 
~/~ITRUKA, ALEXANDER a n d  CARMICHAEL 8'9 a n d  SINYAK 
e t  al. 10 could de t ec t  b y  th i s  t echn ique  vira l  infect ions  in 
cells and  animals .  

On the  a s sumpt ion  t h a t  viral  infect ion br ings  abou t  
some specific metabo l ic  changes  in the  infected cell, one 
would expec t  specific and  d i f ferent  ch roma tog rams  f rom 
infec ted  and  un in fec ted  cells. Such c h r o m a t o g r a m s  could 
serve as ' f ingerpr in t s '  for easy ident i f ica t ion  of a specific 
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v i ru s -hos t  sys tem.  I n  t h e  p r e s en t  work,  a n  a t t e m p t  has  
b e e n  m a d e  to  a p p l y  GC t e c h n i q u e  for t he  r ap id  a n d  ear ly  
diagnosis  of v i r a l  in fec t ion  of cells, a n d  to  a sce r t a in  
w h e t h e r  changes  in cel lular  m e t a b o l i s m  fol lowing such  a n  
in fec t ion  are specific to  t he  in fec t ing  v i rus  or to  t h e  hos t  
cell. 

Materials and methods. T he  cells used for t he  experi-  
m e n t s  descr ibed  in t h e  p r e s en t  work  were B H K - 2 1  
(hams te r  cell line), L-929 (mouse cell line) and  ch ick  
e m b r y o  f ib rob las t s  (CEF). These  were g rown in Eag le ' s  
m e d i u m  c o n t a i n i n g  10% calf s e rum as mono laye r s  in  
P e t r i  dishes�9 F o r  infect ion,  R N A  vi ruses  were used:  
Newcas t le  disease v i rus  (NDV)-enveloped ,  a n d  encepha lo-  
m y o c a r d i t i s  (EMC) - naked .  T he  i n f ec t i v i t y  of t h e  
v i ruses  was  d e t e r m i n e d  as p l aque  fo rming  un i t s  (PFU) .  
G r o w t h  curves  of t h e  v i rus  were c o n s t r u c t e d  in  o rder  to  
d e t e r m i n e  p r o p e r  s amp l ing  sequence  a n d  in t e rva l s  for 
GC. Resu l t s  were p l o t t e d  as P F U / c e l l  vs.  t i m e  in hours .  
T ime  of c y t o p a t h i c  effects (CPE) was n o t e d  in each  case. 
Af te r  r e m o v a l  of t he  med ium,  t h e  cells were in fec ted  wit t l  
e a c h v i r u s  a t  a mu l t i p l i c i t y  of in fec t ion  of a b o u t  10 PFU/ce l l .  
Fol lowing a n  i n c u b a t i o n  a t  37 ~ for 50 rain,  p r e w a r m e d  
m e d i u m  was added  to t h e  cul tures .  S u p e r n a t a n t  samples  
f rom infec ted  a n d  un in fec t ed  cu l tu res  were  t a k e n  a t  
h o u r l y  in t e rva l s  up  to 12 h a f t e r  infect ion,  t h e n  a t  2 h 
in t e rva l s  t i l l  24 h, a n d  t h e n  a t  28, 32 a n d  48 h. A t  t he  same  
in terva ls ,  cell h o m o g e n a t e s  were p r epa red  f rom para l le l  
cul tures .  Af te r  c en t r i f uga t i on  a t  2000 r p m  for 15 min,  t h e  
samples  were f rozen a t  - -70  ~ a n d  s tored  in deep freezer  
t i l l  analysis .  

For  c h r o m a t o g r a p h y  t h e  samples  were b r o u g h t  to  
room t e m p e r a t u r e ,  acidif ied to  p H  2 w i t h  1-2 drops  of 
HC1 (5 N) a n d  2 m l  of HCI. KC1 buffer  a t  p H  2, e x t r a c t e d  
w i t h  3 • 5 ml  of abso lu te  e the r  ( F r u t a r um ) ,  t h e  c o m b i n e d  
e x t r a c t s  dr ied  over  a n h y d r o u s  lqa~SO4, c o n c e n t r a t e d  w i t h  
r o t a r y , e v a p o r a t o r  a t  room t e m p e r a t u r e  to  a b o u t  2-3  ml,  
a n d  i~ v o l u m e  of 1-2  al  in jec ted  in to  t h e  gas c h r o m a t o g r a p h  
u n d e r  t he  cond i t ions  specif ied below. 

The  ~ c h r o m a t o g r a p h  was t t e w l e t t - P a c k a r d  Model  700, 
equ ipped  w i t h  f l ame  ion iza t ion  de tec tor ,  oven  t e m p e r a t u r e  
i 00  ~ in j ec t ion  t e m p e r a t u r e  160 ~ de t ec to r  t e m p e r a t u r e  
140~ carr ier  (He) 30 m l / m i n ;  c o l u m n  of s ta in less  s teel  
6 f t  • 1/8 inch,  fi l led w i t h  10 % c a r b o w a x  20 M on chro-  
mosorb  W A W  DMCS 60/80. T he  i n s t r u m e n t  was  opera-  
t ed  nea r  i ts  m a x i m u m  sens i t iv i ty .  

Resdits and discussion. Cons i s t en t  and  s ign i f ican t  
resu l t s  Were o b t a i n e d  on ly  w i t h  cells in fec ted  w i t h  EMC 
virus .  C h r o m a t o g r a m s  of s u p e r n a t a n t s  f rom t he  3 t ypes  
of cells in fec ted  w i t h  t h a t  v i rus ,  as well  as those  f rom 
h o m o g e n a t e s  of in fec ted  cells,' d i sp layed  3 peaks  w i t h  
r e t e n t i o n  t imes  of 2.2, 6.8 a n d  7.9 miI1 (Figure 1). The  
f i r s t  p e a k  (2.2 min)  also a p p e a r e d  in  c h r o m a t o g r a m s  of 
un in fec t ed  homogena te s .  Th i s  m a y  c o n s t i t u t e  an  indica-  
t ion  for some d a m a g e  to  t h e  cell m e m b r a n e  d u r i n g  
in fec t ion  associa ted  w i t h  release of a n o r m a l  m e t a b o l i t e  
in  to  t he  med ium.  The  t i m e  of a p p e a r a n c e  of th i s  peak  
coincides indeed  w i t h  t h e  b e g i n n i n g  of C P E  (Figure  2). 
The  o the r  two  peaks,  w i t h  r e t e n t i o n  t imes  of 6.8 a n d  7.9 
rain,  a p p e a r  in  all  t e s t ed  cells infec ted  w i t h  E MC virus ,  
b u t  no t  in  un in fec t ed  cul tures ,  W e  assume  the re fo re  t h a t  
t h e y  r ep re sen t  m e t a b o l i t e s  gene ra t ed  in t he  hos t  cells as a 
r e su l t  of t h e  v i ra l  infect ion,  a n d  m a y  serve as a ' f inger-  
p r i n t '  i den t i f i ca t ion  of th i s  infect ion.  I n  e x t r a c t s  of 
N D V - i n f e c t e d  cells ( s u p e r n a t a n t s  a n d  hom ogena t e s )  no  
peaks  could be  ascr ibed  def in i te ly  a n d  specif ical ly to  v i rus  
in  a n y  of t he  hos t -v i ru s  sys t ems  used. 

I t  is to  be  e m p h a s i z e d  t h a t  our  approach ,  as wel l  as 
t h a t  of p rev ious  a u t h o r s  s-l~ was  a n  empi r ica l  one. I t  
was  h o p e d  t h a t  a t  leas t  one specific p e a k  would  be  de tec ted  
in  t h e  c h r o m a t o g r a m s  of in fec ted  cells. T he  presence,  or 

absence  of a ce r t a in  m e t a b o l i t e  or i t s  d e r i v a t i v e  in t h e  
in jec ted  sample  depends  to  a large e x t e n t  on  t he  chemica l  
t r e a t m e n t  of t he  sample  p r io r  to  c h r o m a t o g r a p h y  (ext rac-  
t ion,  s i lyla t ion,  etc.). I t  is conce ivab le  t h a t  chemica l  

E 

Fig. 1. Gas liquid chromatograms of ether extracts of supernatants 
of BHK-21 cells infected with EMC virus. Conditions for extraction 
and chromatography, see text. Numbers indicate chromatographic 
peaks. A) Uninfected controls, 6 h after infection; B-F) Cultures 
infected with EMC virus at times 0, 2, 3, 5 and 6 h post-infection 
respectively�9 
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Fig. 2. Changes in concentration of metabolites detected by gas 
chromatography as peaks 2, 6 and 7 during the course of infection of 
cells by EMC virus. The peak area was calculated as length • breadth 
at half height. Arrow indicates the time of appearance of eytopathic 
effects in culture. 
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t r e a t m e n t  d i f fe ren t  f rom t he  one emp loyed  b y  us (e ther  
ex t r ac t i on )  would  revea l  specific peaks  in cells in fec ted  
b y  v i ruses  o the r  t h a n  EMC. So far  we h a v e  no  i n f o r m a t i o n  
as to  t he  iden t i ty ,  or chemica l  c h a r a c t e r  of t h e  m e t a b o l i t e  
r e p r e s e n t e d  b y  t h e  peaks  discussed above,  a p a r t  f rom 
t h e i r  e the r  solubi l i ty .  

Rdsumd. Des ex t ra i t s ,  p a r  l '6 ther ,  de cellules B H K  
21,L929 e t  de f ib rob las t e s  d ' e m b r y o n  de  poule t ,  infeet6s  

p a r  le v i rus  EMC c o n t i e n n e n t  des m~tabo l i t e s  sp6cif iques 
qui  p e u v e n t  ~tre d6cel~s p a r  c h r o m a t o g r a p h i e  en v a p e u r  
sous fo rme de p i t s  a y a n t  des t e m p s  de r e t e n t i o n  de 6,8 et  
7, 9 min.  
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C O G I T A T I O N E S  

I n f o r m a t i o n  and E v o l u t i o n  

I n  an  ar t ic le  on  t he  use of i n f o r m a t i o n  in t h e  desc r ip t ion  
of biological  sys t ems  a n d  of t h e i r  evolu t ion ,  MAYO 1 raises 
severa l  po in t s  conce rn ing  our  t r e a t m e n t  of t h i s  sub jec t  3, 3. 
W e  descr ibed  a t e r r e s t r i a l  s y s t e m  whose  i n p u t  consis ts  of a 
f low of solar  i n f o r m a t i o n  i , ;  a f r ac t ion  ib en te r s  t he  bio-  
sphere ,  whi le  t h e  r e m a i n d e r  i~b does not .  I f  t he  b iospher ic  
a n d  n o n b i o s p h e r i c  i n f o r m a t i o n  l i fe t imes  are  ~ a n d  rub, 
t he  co r r e spond ing  i n f o r m a t i o n  c o n t e n t s  will  be, u n d e r  
' q u a s i  s t e ady - s t a t e ' ,  Ib ~ ib r~ a n d  I ~  ~ inb v~b. The  
essence of t h i s  a p p r o a c h  is t h e  conclusiofl  t h a t  t h e  bio-  
sphere  will  evo lve  t o w a r d  a h ighe r  Ib, b o t h  t h r o u g h  
changes  t h a t  increase  z~, a n d  t h r o u g h  t h e  increase  of t he  
f r ac t ion  i~ of t h e  i n f o r m a t i o n  flow. Since r~b ~ ~b, t he  
t o t a l  i n f o r m a t i o n  c o n t e n t  a n d  t he  ave rage  i n f o r m a t i o n  
l i fe t ime  of t h e  overa l l  s y s t e m  will also be increas ing.  

The  conclus ion  t h a t  a s y s t e m  of i n f o r m a t i o n  c o n t e n t  I 
w h i c h  receives  a n  i n p u t  i f lowing w i t h  a dwell  t i m e  

~ I/i will  evo lve  t o w a r d  longer  z 's  a n d  la rger  I ' s  is 
ba sed  on  t h e  fo l lowing a r g u m e n t .  I r revers ib i l i t i e s  are  t h e  
on ly  way in w h i c h  i n f o r m a t i o n  is d i s s ipa t ed ;  iI i r revers-  
ibi l i t ies  are  reduced ,  i n f o r m a t i o n  l i fe t ime  is ex tended .  
Changes  in b iospher ic  c o m p o n e n t s  t h a t  are 'good '  a n d  
lead to  b e t t e r  eff ic iency a n d  i m p r o v e d  surv iva l ,  a lways  
r educe  i r revers ib i l i t i es ;  sp read  of such  ' i m p r o v e m e n t s '  
leads t o w a r d  longer  T's a n d  la rger  I 's .  The  s t a t e m e n t  t h a t  
' i m p r o v e d '  forms will  su rv ive  a n d  sp read  is indeed  a 
t au to logy ,  as p o i n t e d  ou t  b y  MAYO; t h e  essence of t h e  
a r g u m e n t ,  however ,  lies in  t he  fac t  t h a t  such  ' improve -  
m e n t s '  a lways  r educe  i r revers ibi l i t ies .  This  is t r ue  w h e t h e r  
t h e  ' i m p r o v e m e n t '  is t h e  r e d u c t i o n  of f r ic t ion  in an  engine,  
a change  in t h e  foot  ske le ton  of an  a n i m a l  t h a t  al lows 
m o v e m e n t  a t  less effort ,  or t he  d e v e l o p m e n t  of a s m o o t h e r  
socie ta l  o rgan iza t i on  t h a t  reduces  tens ions ,  confl ict ,  or 
loss of life a n d  p rope r ty .  

I n  t he  case, for ins tance ,  of a ske te lon  a l t e r a t i o n  t h a t  
reduces  t h e  effor t  necessa ry  for a p a r t i c u l a r  m o v e m e n t ,  
t h i s  a c t i v i t y  will r equ i re  t h e  t r a n s f o r m a t i o n  of a smal le r  
a m o u n t  of ene rgy  f rom a h igh -g rade  chemica l  f o rm  
(conta ined ,  e.g., in  energy- r i ch  A T P  molecules)  in to  a 
low-grade  fo rm (u l t ima te ly  hea t ,  a f t e r  t a k i n g  such  forms  
as t he  i n s t a n t a n e o u s  p o t e n t i a l  or k ine t ic  ene rgy  of t he  
l imb  of t he  an imal ) .  Thus ,  t he  ske le ton  a l t e r a t i o n  reduces  
t h e  r a t e  a t  w h i c h  t h e  i r revers ib le  t r a n s f o r m a t i o n  of h igh-  
g rade  ene rgy  in to  h e a t  occurs. 

The  m a n n e r  in  w h i c h  t h e  r e p l a c e m e n t  of a species Ia 
b y  a n  i m p r o v e d  species 12 Ieads to  a ne t  increase  in  v a n d  I 
ha s  been  discussed e lsewhere  4. A s s u m e  t h a t  t h e  2 
species compe t e  for  a f ixed i n f o r m a t i o n  i n p u t  i~, a n d  
t h a t  t he  i m p r o v e m e n t  is t he  c a p a b i l i t y  of species 2 to  
m a i n t a i n  i ts  b o d y  t e m p e r a t u r e  a t  a lower  cost  in  h igh-  
g rade  (i.e., i n fo rma t ion - r i ch )  energy ;  th i s  m a y  resu l t  f rom 
b e t t e r  fur  coverage  or, pe rhaps ,  f rom t h e  use of c lo th ing .  
Since t he  t r a n s f o r m a t i o n  of chemica l  ene rgy  in to  h e a t  is 

an  i r revers ib i l i ty ,  i ts  r educ t i on  resu l t s  in  a l i fe t ime  r 2 for 
t he  i n f o r m a t i o n  t h a t  en te r s  species 2 t h a t  is longer  t h a n  
r 1. Before  t he  a p p e a r a n c e  of species 2, t h e  i n f o r m a t i o n  
c o n t e n t  of t h i s  n iche  was 11 ~ i1~ T 1. Af te r  species 2 will 
replace  species 1, t h e  new i n f o r m a t i o n  c o n t e n t  will be 
12 ~ i1~ v2 > I1. The  i n e q u a l i t y  12 > 11 impl ies  t h a t  for  
t h e  same  i n p u t  i12 t h e  new species will be  able  to  m a i n t a i n  
a h ighe r  populat ior~ t h a n  t h e  old one. 

MAYO s t a t e s  t h a t  one can  h a r d l y  a rgue  t h a t  t h e  bio-  
spher ic  i n f o r m a t i o n  increases  w h e n  t he  las t  eggs of a 
species are e a t e n  b y  p reda to r s .  The  i n f o r m a t i o n  increase  
t h a t  we are d iscuss ing  occurs  in  essence whi le  t h e  species 
decl ines f rom i ts  p e a k  p o p u l a t i o n  (e.g., severa l  mil l ion)  
to  nea r  e x t i n c t i o n  (e.g., severa l  t housand) ,  a n d  no t  w h e n  
t he  las t  m e m b e r  dies ; a n d  i t  is r ep re sen t ed  b y  t h e  infor-  
m a t i o n  c o n t e n t  of t he  new species (one or several)  t h a t  
rep laced  t h e  old species in  i t s  niche.  W e  are n o t  consider ing,  
therefore ,  t h e  t y p e  of i n f o r m a t i o n a l  t r a n s a c t i o n  t h a t  
occured in  1861 w h e n  t h e  eggs of t h e  l a s t  dodos  were  
i n a d v e r t e n t l y  e a t e n  b y  pigs  or  dogs ;  t h e  c o r r e s p o n d i n g  
change  in b iospher ic  i n f o r m a t i o n  c o n t e n t  would  h a v e  been  
p rac t i ca l ly  iden t i ca l  if ch icken  eggs h a d  been  e a t e n  
ins tead .  The  b iospher ic  i n f o r m a t i o n  change  due  t o  t h e  
d i s a p p e a r a n c e  of t he  dodos is r a t h e r  t he  di f ference b e t w e e n  
t he  i n f o r m a t i o n  c o n t e n t  of t h e i r  p o p u l a t i o n  w h e n  t h e y  
were s t a b l y  e n t r e n c h e d  in t h e i r  ecological  n iche  (i.e., 
w h e n  t h e y  were equa l  or b e t t e r  t h a n  a n y  ex i s t ing  com- 
pe t i t ion) ,  a n d  t h e  i n f o r m a t i o n  c o n t e n t  of t he  species t h a t  
rep laced  t h e m  in t h a t  p a r t i c u l a r  niche,  feeding on a n d  
be ing  p reyed  u p o n  b y  a b o u t  t h e  same species. If, as 
usua l ly  happens ,  t h e  d i s a p p e a r a n c e  of t he  dodos  was p a r t  
of a r e a r r a n g e m e n t  of n iches  w i t h i n  a wider  ecological 
domain ,  t h e  en t i r e  d o m a i n  t h a t  was  af fec ted  m u s t  be 
cons idered  in assessing t h e  change  in  b iospher ic  con ten t .  

W i t h  respec t  to  t h e  de f in i t ion  of i n f o r m a t i o n  con ten t ,  
MAYO s t a t e s  t h a t  such  a q u a n t i t y  c a n n o t  be  measured ,  
a n d  is in  d o u b t  as to  how i t  is defined.  Here,  i n f o r m a t i o n  
is m e a n t  in  i t s  t h e r m o d y n a m i c  sense. I n  t h i s  con tex t ,  
t h e  i n f o r m a t i o n  in t h e  D N A  of a n  o rgan i sm is a smal l  
f r ac t ion  of t he  t o t a l  con ten t .  I n  t h e r m o d y n a m i c s ,  one 
def ines  t he  i n f o r m a t i o n  of a d i s t r i b u t i o n  of par t ic les  w i t h  
respec t  to  t h e i r  m o s t  p r o b a b l e  d i s t r i b u t i o n  5 ; t h e  in fo rma-  
t i on  c o n t e n t  of a s t r u c t u r e d  o rgan i sm is def ined b y  con- 
s ider ing  t he  d i s t r i b u t i o n  of i ts  c o m p o n e n t s  ve rsus  t h e i r  
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