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sulfate (NICHOLAS et al.2). This material, precipitated 
three times between 40 and 60% saturated ammonium 
sulfate, is used after dialysis against M/15 potassium 
phosphate buffer at pH 7 and sterilization by filtration 
through asbestos pads (Hercules ST grade). 

The effectiveness of this supplement has now been 
found to be increased about 50 fold upon freezing it at  2% 
by volume with the basal medium. Activation does not 
occur at 4°C, 20°C, or by preincubation at 37°C, but  only 
ttpon freezing. Freezing conditions o f - - 1 7 ° C  for periods 
of one day to two weeks have been used with no apparent 
differences in effectiveness. The activation is lost by 
holding a t  4°C overnight, but  is restored by refreezing; 
the process, then, "is a reversible one. Preliminary ex- 
periments indicate t ha t  a shift in a peak of the absorption 
spectrum accompanies activation, as well as a change in 
optical rotation. 

As shown in a previous paper (DouGHERTY and HAN- 
SEN3), the concentration of a growth requirement can be 
related by the usual log dose-response curve to the 
number of days a newly hatched larva takes to reach 
maturi ty,  Young larvae hatched into phosphate buffer 
were inoculated into medium immediately after it had 
thawed and warmed to 20°C, and the rate of growth to 
matur i ty  determined (DoUGHERT¥ et al. 4). The activated 
supplement permitted successful growth and reproduction 
when added to our chemically defined basal medium in 
an amount  corresponding to 5 t~g of nitrogen per culture. 

Six preparations of this protein fraction, two from 
horse liver and four from lamb liver, have shown this 
'freeze-activation',  These ranged in dry weight 34-73 mg/mt, 
nitrogen content  3.6-6.8 rag/rot, optical density ratio at  
280/260 m~t-- 1.31-1.57. 

Preliminary at tempts to act ivate  supplements from 
chick embryo extract,  serum, and autolyzed bacteria have 
been unsuccessful so far. 

The 'freeze-activation' of the liver protein fraction did 
not occur in water, but initially, only with the chemically 

Activation of liver protein fraction as a nutritional supplement by  
freezing and thawing 

Liver Days to mature 
protein • Activator Freeze- 

% activated Fresh Mix 

10 
5 
2 
1 
0.5 
0.25 
0.1 
1 

EM-62 b 
EM-62 
EM:62 
EM-62 
E,M-62 
EM-62 
EM-62 

4 nucleotides e 
+ thymine 
individual nucleo- 
tides e or thymine 
EM (less 
nucleotides and 
thymine) 

21 
7 
5 
5 

11 
non-maturing 
non-maturing 

7 

8-9 

non-maturing 

21 
non-maturing 
non-maturing 

Concentrations of supplement less than 2% were equally ef- 
fective whether obtained by diluting the 'freeze-activated' 
2% mixture or by freezing at lower dilutions. 

" Fraction-C; dry weight 88.3 mg/ml; N 4.6 mg/ml; O.D. 
2801260 m~ = 1.53, 

b Chemically defined medium containing anfino acids, vita- 
mins, salts, nucleotides, glucose, and glutathione (in publi- 
cation). 
Adenylic, guanylic, cytidylic, and uridylic acids. 

defined medium. This is a multi-component medium, 
designed for maximum growth response of the nematode 
(in publication). Since it seemed likely tha t  only a part  of 
the medium was involved in the activation, the compo- 
nents were investigated first in groups and then singly. 
Freezing with amino acids, salts, vitamins, or glutathione 
was ineffective. Only the nucleotide-group produced 
activation, and it was subsequently obtained with each of 
the nucleotides (adenylic, guanylic, cytidylic, and uridylic 
acids) and the base (thymine), tested individually at 
1 mM concentration, their  level in the basal medium 
(Table). The final tests were made by freezing these 
solutions with 2% liver protein fraction and then adding 
the act ivated mixture  to an equal volume of chemically 
defined medium at  2 fold concentration. 

The nature of this ' freeze-activation'  process remains 
obscure; there is clearly an interaction between some 
component of the supplement and one of the nucleotides 
or the nucleic acid base during freezing and thawing. This 
interaction could be: 1. an alteration of some spatial con- 
figuration by rearrangement of hydrogen bonding to 
make the  material more accessible to the enzyme systems 
of the nematode, 2. the displacement of some small mole- 
cule from a more complex material, or 3. an unfolding of 
the protein and subsequent interaction with the hereto- 
cyclic act ivator  to produce a new and transient material  
of high biological activity. 

An interesting speculation is that  this ' freeze-activation'  
could, perhaps, play a significant role in the survival of 
micrometazoa in the polar regions. 

Rdsumd. Une prot6ine du foie, en partie purifi~e, con- 
geMe en pr6sence de nucl6otides ou de thymine a montr6 
un accroissement d'activit6, Ceci r6sulte en une augmen- 
ta t ion de 50 fois la valeur nutritive, lorsque ajout~e au 
milieu chimique d6fini pour la culture du n6matode 
Caeno~habiditis briggsae. Un changement physique de la 
prot~ine est postuM, k cause du changement de la rotation 
optique de l 'absorption aux UV qui accompagne l 'ac- 
croissement d'activit6. 
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Changes in the Liver Protein Pattern due to 
Lysergic Acid Diethylamide (LSD) 

While studying the effects of Iysergic acid diethyl- 
amide (LSD), we carried out  some investigations on the 
electrophoretic pat tern  of organ-extracted proteins. 
Although such studies are still in course, we should like to 
anticipate a few data concerning the behaviour of proteins 
extractable from liver by low ionic strength buffers. In 
fact, 1 mg/kg of the drug injected intraperitoneally causes 
a sudden and remarkable change of the free electro- 
phoretic protein pat tern so tha t  any a t t empt  to calculate 
the mobili ty values is often unreliable (Fig.). 
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Free electrophoresis of rat liver proteins extracted after intraperito- 
neal injection of 1 mg/kg LSD. Extraction in phosphate Na buffer, 
pH 7.2, i.s. 0.1. Migration through 10 I00 sec in Na-veronal/Na acetate, 
pH 8.6, i.s. 0.1. The following protein patterns are from animals 
killed 0, 10, 30, 45, 90, 180, 1080, and 1440 rain respectively after the 

pharmacological treatment. 

The  p h e n o m e n o n ,  c o m p l e t e l y  revers ib le  w i t h i n  24 h, is 
m o s t  p r o b a b l y  c o n n e c t e d  w i t h  w h a t  KEuP 1 sa id  o n  t h e  
i n c o r p o r a t i o n  of labe l led  L S D  in to  l iver  p ro te ins .  A n o t h e r  
co r re l a t ion  m i g h t  also be  supposed :  t he  one  b e t w e e n  
h e p a t i c  lesion a n d  cen t r a l  p h e n o m e n a  i nduced  b y  LSD,  
acco rd ing  to  t h e  s c h e m a  p rev ious ly  desc r ibed  b y  BLOCS 
e t  al. ~ as  r ega rds  t h e  m e c h a n i s m  of ac t ion  of t r i m e t h y l -  
o x y p h e n y l e t h y l a m i n e .  

W h a t  we shou ld  like to  s t ress  p a r t i c u l a r l y  a re  t h e  
fol lowing po in t s  : 

1. The  effect  of L S D  on  t h e  l iver  would  n o t  a p p e a r  to  be  
s t r i c t ly  specific, as i t  is r e p r o d u c e d  also b y  2 - b r o m o d i e t h y l -  
a m i d e  LSD.  

2. The  c h a n g e  a p p e a r s  w h e n e v e r  t h e  d r u g  is a d m i n -  
i s te red  and ,  t h o u g h  t h e  r e p e t i t i o n  of doses  m a k e s  i t  
decrease,  such  decrease  n e v e r  reaches  t h e  degree  ob-  
se rvab le  for c e n t r a l  responses .  

3. The  chronolog ica l  d e v e l o p m e n t  of t h e  biological  phe -  
n o m e n o n  (Fig.) co r r e sponds  to  t h e  resu l t s  o b t a i n e d  con-  
ce rn ing  t he  d r u g  d i s t r i b u t i o n  in  t h e  m e t a b o l i s m  3-~ a n d  t o  
t h o s e  of KEuP on t he  i n c o r p o r a t i o n  of  labe l led  L S D  i n t o  
t h e  l iver  p ro t e in s ;  all  such  d a t a  show t h a t  t h e  l iver  con-  
c e n t r a t i o n  s t a r t s  a l m o s t  i m m e d i a t e l y  a f t e r  i n t r a p e r i t o n e a l  
or  i n t r a v e n o u s  in jec t ion  a n d  reaches  i t s  m a x i m u m  wi th -  
in  2 -4  h.  

Riassunto. M e d i a n t e  e le t t ro fores i  in  fase l i be ra  ~ s t a t o  
s t u d i a t o  il p r o t i d o g r a m m a  epa t i co  d u r a n t e  l ' i n toss icaz ione  
con  d i e t i l amide  de l l ' ac ido  lisergico (LSD) nel  r a t t o  a lb ino.  

Si sono o s se rva t e  p ro fonde  modi f icaz ion i  del q u a d r o  le 
qua l i  sono c o m p l e t a m e n t e  reversibi l i .  

G. MISSERE, G. TONINI a n d  M. BABBINI 
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Beitrag z u r  i n  v i t ro -Wirkung eines Thiapyron-  
derivates auf die Tributyrin und Acetylcholin 

spaltenden Fermente des Rattenserums 

I n  e iner  Re ihe  y o n  A r b e i t e n  f iber die Ak t iv i tA t  de r  
Cho l ines t e rasen  s ind  m e h r e r e  H e m m s t o f f e  iden t i f i z i e r t  
worden ,  die besonde res  p h a r m a k o l o g i s c h e s  In t e r e s se  b e a n -  
sp ruchen .  Zu i h n e n  z£h len  beispielsweise  Ese r in  u n d  
P h y s o s t i g m i n  l-s,  T r i - o - k r e s y l p h o s p h a t  u n d  M o r p h i n  4, ei- 
nige Cuca rep rApara t e  s, D i i s o p r o p y l f l u o r o p h o s p h a t  e, Pa -  
r a t h i o n  u. a. 

I n  S to f fwechse lve r suchen ,  die wi r  in  u n s e r e m  I n s t i t u t  
m i t  e in igen  T h i a p y r o n d e r i v a t e n  d u r c h f i i h r t e n  7, k o n n t e  
die F e s t s t e l l u n g  g e m a c h t  werden ,  dass  diese V e r b i n d u n -  
gen  i n t e r e s s a n t e  a k t i v i e r e n d e  E i g e n s c h a f t e n  bes i tzen .  
Diese T a t s a c h e  v e r a n l a s s t e  uns,  d en  Einf luss  eines in  die-  
ser  B e z i e h u n g  besonde r s  a k t i v e n  T h i a p y r o n d e r i v a t e s  au f  
die Spa l t f£h igke i t  y o n  R a t t e n s e r u m  ftir Ace ty l cho l in  u n d  
T r i b u t ) ~ n  zu u n t e r s u c h e n .  

Methodik. Die Ver suche  w u r d e n  a n  (~) W i s t a r - R a t t e n  
in  e iner  Gewich t sk lasse  v o n  150-200 g durchgef f ih r t .  Die 
Tiere  w u r d e n  m i t  e inem i m  V E B  <~Kfissnerwerk,) herge-  
s t e l l t en  N A h r k o n z e n t r a t  ernAhrt .  Als T e s t s u b s t a n z  be-  
n u t z t e n  wir  d a s  3 -Benzy l -4 -hyd roxy -5 -ca rbAthoxy-6 -  
m e t h y l t h i a p y r o n  1,s, die wi r  als  A~ beze i chne ten .  Die  Be-  
s t i m m u n g  d e r  F e r m e n t a k t i v i t A t  e r fo lg te  au f  m a n o m e t r i -  
s c h e m  W'ege. I n  a l len  FAllen d i e n t e n  LeeransAtze  zur  
E r m i t t l u n g  de r  S p o n t a n h y d r o l y s e  des S u b s t r a t e s  bzw.  
de r  ohne  G e g e n w a r t  v o n  S u b s t r a t  aus  d e m  Puf fe r  in  
F r e i h e i t  gese t z t en  CO2-Menge. Die R e a k t i o n  ver lAuft  be i  
gee igne te r  T e m p e r a t u r  v o n  38°C u n d  in  R inge r lSsung  R3o. 
Das  S u b s t r a t  w u r d e  als 2 % i g e  T r i b u t y r i n l S s u n g  bzw.  
1%ige  Ace ty lcho l in lSsung  (0, 2 ml  T r i b u t y r i n  ad  10 ml  Ra0, 
100 m g  Ace ty l cho l in  a d  10 ml  R30 ) in  e iner  Menge  v o n  
1,5 m l / A n s a t z  e ingese tz t .  Als E n z y m  v e r w e n d e t e n  wir  
0, 5 ml  e iner  15 % i g e n  S e r u m v e r d i i n n u n g ,  die in  d e n  Se i ten-  
a r m  des  Warburg -Gef i i s ses  e i n p i p e t t i e r t  wurde .  Die  Pr i i f -  
s u b s t a n z  w u r d e  in  Rs0 zugegeben.  

Dishussion. Aus d en  t ab e l l a r i s ch  da rges t e l l t en  B e f u n d e n  
is t  e rs ich t l ich ,  dass  das  u n t e r s u c h t e  T h i a p y r o n d e r i v a t  die 
f e r m e n t a t i v e  H y d r o l y s e  y o n  T r i b u t y r i n  zu h e m m e n  ve r -  
mag.  D a  eine r e l a t i v  grosse A n z a h l  y o n  A u t o r e n  b i s l ang  
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