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the  inhibi t ion  is concerned, our  da t a  are  consis tent  wi th  
the  hypothes is  t h a t  the0phyl l ine  inhibi ts  some enzymic  
step invo lved  in germina t ion  by  L-alanine. A number  of 
enzymes,  in par t icu la r  phosphorylases4,  5 and phospho-  
diesterases ", a re  known to be affected by  theophyl l ine ;  
however ,  there  is so far  no evidence tha t  the  ge rmina t ive  
ac t i v i t y  of L-alanine depends  specifically on one of these 
enzymes.  In  B. cereus ' R '  spores, theophyl l ine  inhibi ts  the  
r ibonucleosidase x b u t  this  enzyme,  whose i n v o l v e m e n t  in 
the  ge rmina t ion  by  nueleosides has been ques t ioned  ~, 7, s, 
has  p resumab ly  no role in ge rmina t ion  by  L-alanine. There-  

fore, fu r the r  studies mus t  be carried ou t  in order  to de- 
f ine the  specific t a rge t  of the inh ib i tory  ac t i v i t y  of theo-  
phyl l ine  on germinat ion .  

WARRm~ and GouI~D 3 suggested tha t ,  in B. cereus 
spores, t he  role p layed  by  L-alanine alone in ' t r igger ing '  
germina t ion  is d i f ferent  f rom tha t  played by  this  amino-  
acid in ' s t imu la t ing '  nucteoside-induced germinat ion .  The  
fact  t h a t  theophy l l ine  s t rongly  inhibi ts  the  ge rmina t ion  
by  L-alanine alone bu t  does no t  affect  the  s t imula t ion  b y  
L-alanine of inosine- induced germinat ion ,  gives addi t iona l  
evidence in f avour  of the  suggest ion made  by  ~VARREN 
and GOULD. 

Table II. Effect of theophylline on the stimulation by L-alanine of 
inosine-dependent germination 

Effectors of germination Extent of Rate of 
germination germination 
(E%) (V) 
- -  + - -  + 

Inosine 40.0 39.2 2.70 2.55 
Inosine + L-alanine 3 [zM 45.0 44.8 4.80 5.00 
Inosine + L-alanine 6~M 45.0 45.0 5.30 5.25 
L-alanine 6~zM 0.0 - 0.0 - 

Heat-activated spores (75°C, 15 rain) were incubated at 34°C in so- 
dium (Na/Na~) phosphate buffer 0.033M, pH 6.4 containing the 
effectors of germination cited in the Table, in the absence (-) and in 
the presence (+) of 10 mM theophyiIine. Inosine was used at a con- 
centration of 0.1 mM, The parameters E% and V are expressed as 
defined in methods. 

Riassunto. In  spore di  Bacillus cereus, la teofi l l ina ini- 
bisce revers ib i lmente  la germinaz ione  da  L-alanina m a  
non l ' a t t i vaz ione  che la L-alanina eserci ta  sulla germina-  
zione da  inosina. I1 possibile s ignif icato di quest i  da t i  
discusso. 
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T H E O R I A  

S o m e  G e n e r a l  C r i t e r i a  f o r  t h e  E n e r g e t i c a l  C h a r a c t e r i z a t i o n  o f  E x c i t a b l e  S y s t e m s  

All  l iv ing organisnls  exhibi t ,  a t  the i r  respect ive  levels  
of specialization,  exci tabi l i ty ,  a l lowing t h e m  to  funct ion  
su i tab ly  in the  m e d i u m  wi th  which  t h e y  interact .  F r o m  
the  phys ica l  v iew point ,  exc i tab i l i ty  represents  the  
ab i l i ty  of t he  sys tem to respond to a cer ta in  modi f ica t ion  
of the  intensive parameters of the  m e d i u m  by  a sudden 
release of energy,  which consequen t ly  reduces its free 
in te rna l  energy.  Man-made  models  of biological  exci table  
sys tems x and  some o ther  technical  devices  also h a v e  
this  proper ty .  

In  th is  p re l imina ry  note, I propose some general  
cr i ter ia  for a phenomenolog ica l  charac te r iza t ion  of the  
funct ioning of the  exc i tab le  systems,  i r respect ive  of thei r  
concre te  nature .  A more deta i led  analysis  in te rms  of 
theore t ica l  physics  wil l  follow. 

Firs t ly ,  we have  to  po in t  ou t  t h a t  all  exc i tab le  sys tems 
are dissipative structures ~ which are ma in t a ined  only  by  
a well-defined coopera t ion  be tween  the  in te rna l  processes 
and the  f luxes of  energy  and m a t t e r  f rom the  ex te rna l  
world.  In  i ts  res t ing s tate ,  t he  exc i tab le  sys tem as a 
whole  possesses a h igher  po ten t ia l  energy,  due  to  the  
fact  t h a t  some of i ts  microscopical  componen t s  (elemen- 
t a ry  par t ic les  and]or  a toms  and molecules) are on h igher  
energy levels  and p reven ted  by  the  s t ruc ture  of t he  
sys tem f rom leaving  these  levels, I f  a n u m b e r  of micro-  
scopical componen t s  pass, however ,  to lower energy 
states,  this  represents  ' leakages '  which, in t e rms  of non- 
equi l ibr ium t h e r m o d y n a m i c s  3, will  be denoted  by  the  
f luxes J~. The  fact  t ha t  some microscopical  components  
are  p r e v e n t e d  f rom reaching  the  lower energet ical  levels 

means  t h a t  there  are in t he  sys tem general ized (thermo- 
dynamica l )  forces X~ which are  ma in ta ined  constant ,  
despi te  the  leakage f luxes:  

Xk ---- as ----- X~,o ~ O. 

This implies  that ,  dur ing  the  rest ing s tate ,  an energy :  

dUR 
dt -- ~ J~ X°k 

is dissipated per  t ime  unit .  This  formula  represents  the  
most  general  expression for the  ' res t ing me tabo l i sm '  
in tens i ty  of the  exci tab le  systems.  

The  s t imulus  changes the  s t ruc tu re  of t he  exc i tab le  
system, so t h a t  the  forces X~ will  be reduced f rom the i r  
rest ing values  X~ to  some lower va lues  X~. I f  the  sys tem 
acts according to t he  'a l l  or  none '  law, t he  forces will 
vanish, so t h a t  an  overa l l  ene rgy :  

T 

uA = of { z  J,  (t). (t>} dt 

will  be released. The  t i m e  in te rva l  v represents  t he  
re f rac tory  period given by  the  condi t ion  : 

22 x ~  (3) = 0. 
k 

The  exci tab le  sys tem obeys the  'a l l  or  none '  law when 
the  s t imulus  produces  a high cooperative change of the  
s t ructure ,  which  means  t h a t  a local change is p ropaga ted  
by  a resonance mechanism,  so t h a t  there  is no equiva lence  
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be tween  the  energy of the  s t imulus  and  UA. In  the  case 
of the  axon membrane ,  the  s t ruc tu ra l  modif ica t ions  are  
v ib ro- ro ta t iona i  t rans i t ions  of the  prote in  macromole-  
cules *. I n  a sys tem which  reacts  according to  the  ' a l l  
or  none '  law, a subthreshold  s t imulus  will  possibly reduce  
the  forces X ,  f rom X~k to some lower values  X~. In  this  
case, in response to a consecut ive  s t imula t ion ,  the  sys tem 
wil l  release the  energy :  

= ,f ,z (t). x ,  dt 

[x~  (t,) = x~ ] .  

This  las t  re la t ion contains,  in a ' implici t"  manner ,  t he  
ad ap t a t i on  phenomena .  

The  par t i cu la r iza t ion  of these  general  ideas could lead 
to  a concre te  energet ica l  analysis  of a g iven  exc i tab le  
sys tem 5. I t  is also an  essent ial  s tep in t he  ca lcula t ion  of 
t h e  ra t io  be tween  the  in fo rmat ion  t r a n s m i t t e d  and  the  
energy  diss ipated by  an exc i tab le  system. This  wil l  be 
t he  subjec t  of a fu r the r  communica t ion .  

Rdsumd. On pr6sente  une br~ve caract~r isa t ion g~n~- 
rale  des syst~mes excitables,  consid6r6s du po in t  de vue  
6nerg6tique.  
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D I S P U T A N D U M  

N o n - P a r a m a g n e t i s m  of  H u m a n  S e r u m  P r o t e i n s  

Commenc ing  wi th  SMITHIE and  POULIK'S repor t  1 on 
paper  s tarch  gel two dimensional  e lectrophoresis  tech-  
nique,  bo th  t h e y  and a n u m b e r  of o thers  have  con t r ibu ted  
advances  to  the  fundamen ta l  m e t h o d  which t o d a y  has  
made  possible exceedingly  precise separa t ion  of h u m a n  
serum proteins.  A good example  of such work  is the  
recent  publ ica t ion  by  MARGOLIS and KENRICKI, in which 
t h e y  used a combina t ion  of po lyac ry lamide  disc and 
po lyac ry lamide  grad ien t  electrophoresis  for the i r  two  
dimensional  system. Separa t ion  of prote ins  by  means  
o ther  t h a n  electrophoresis  to be fol lowed by  electro-  
phoret ic  separa t ion  in the  second d imens ion  has  also 
been repor ted  3,4. The  repor t  t h a t  se rum prote ins  could 
be separa ted  by  a magne t ic  force of ' abou t  2 5 × 1 0  s 
Oers teds /cm v act ing over  a per iod of 1 h A seemed to 
offer an  in teres t ing  new approach.  

In  an a t t e m p t  to repea t  and improve  on this  work, 
we crea ted  an e lec t romagnet ic  field measured  a t  30 × 106 
Oers teds /cm 2. I n  a typ ica l  exper iment ,  a smal l  d rople t  
of h u m a n  serum was placed on a piece of cellulose ace ta te  
which  had been submerged  in a tris-barbital buffer,  
p H  8.8 (Gelman h igh  resolut ion buffer), and b lo t ted .  
The  cellulose ace ta te  s t r ip  was then  sandwiched  be tween  
2 layers of po lyac ry lamide  gel. This  ' sandwich '  was then  
inser ted in to  a glass v ia l  measur ing  I × 3 cm which  was 
capped  and placed in t i le e lec t romagnet ic  field for 1 h. 
Ev idence  for the  migra t ion  of prote ins  under  t he  influ- 
ence of th is  force was t es ted  in 2 ways.  I n  some experi-  
ments ,  the  cellulose ace ta te  s t r ip  was i tself  appl ied  onto  
the  surface of a grad ien t  po lyac ry lamide  gel measur ing  
3 m m ×  10 cm a t  t h e  po in t  of appl icat ion.  A p rev ious ly  
poured cap  gel was p laced agains t  the  s t r ip  and  electro-  
phore t ic  separa t ion  of t he  prote ins  was carr ied ou t  using 
a pulsed cons t an t  power  supply  and  a commerc i a l l y  
ava i lab le  f la t  bed  gel sys tem 5. The  sys tem was operated,  
excep t  for t h e  a fo rement ioned  me thod  of app ly ing  the  
sample,  as descr ibed by  S c m ~  et  al. 5. A second tes t  
was s imply  to  s ta in  t he  cellulose ace ta te  s t r ip  wi th  
Ponceau  S to  observe  the  pro te in  spot  which  ranged  in 
size f rom 1 to 3 m m  in d iamete r .  I f  magne t i c  force had  
m o v e d  all  or  an  apprec iab le  n u m b e r  of t he  se rum pro- 

teins, i t  is to be expec ted  t h a t  the  spot  would  change 
f rom its typ ica l  round fo rm to  an  ova l  or  e longa ted  
shape. W i t h  bo th  tes ts  we were no t  ab le  to discern any  
evidence  to  suggest  t h a t  any  pro te in  had  m o v e d  even  
1 m m  as a resul t  of the  magne t ic  force applied.  

Since proteins  would  be expec ted  to  m o v e  more  easi ly 
in cellulose ace ta te  t h a n  in po lyac ry lamide  gel, we 
conclude t h a t  the  migra t ion  of pro te in  t h rough  a d is tance  
of several  cen t imeters  as p ic tured  in the  previous  publ ica-  
t ion 4 was due to  a force o ther  t han  magnet ic .  U n d e r  the  
condi t ions  of our  exper iment ,  no effect  of the  m o v e m e n t  
of h u m a n  serum proteins  by  magne t i c  force is observed  7. 

ZusammenJassung. Normale  Serumpro te ine  wurden  
mi t t e l s  E l ek t romagne tophore se  in Zel lulose-Azetatgel  
ausgefi ihrt ,  wobei  keine T rennung  der  e inzelnen Pro te ine  
erfolgte.  Es  s te l l te  sich heraus,  dass Serumpro te ine  keine 
pa ramagne t i schen  Eigenschaf ten  aufweisen. 
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