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Table, is not due to gross impairment  of general RNA and 
protein synthesis effected by the hormone. How these 
relationships may be influenced by- the known permeabil- 
i ty changes following endotoxin administration 5, and 
possibly reflected here as altered pool sizes, can only be 
conjectured. I t  is clear, in any e v e n t , t h a t  lowering of TO 
(but not of TT) in intact  and adrenatectomized rats is not 
a reflection of general biosynthetic derangement as a con- 
sequence of endotoxin administration. In fact, as with 
cortisone, hepatomegaly follows endotoxin administra- 
tion% So it is likely that  an increase in biosynthetic 
act ivi ty would ensue later in endotoxicosis. To understand 
selected enzyme alterations in the early hours of endo- 
toxemia, therefore, one could imagine either formation or 
release of inhibitors for selected enzymes or gene modula- 
tion, among others, via specific events of transcription 
or translation which would probably escape detection in 
the background of general synthetic activity. 

As regards the mechanism of glucocorticoid enzyme 
induction, there has been much speculation on the role of 
RNA synthesis in this process (for brief review see r) and 
there is a tendency to treat  the subject in a collective 
manner. Since TT and TO behave in the opposite fashion 
at  a t ime when the hormone mediated stimulation of RNA 
synthesis remains apparently unaffected (see the Table), 
it seems logical to conclude that  relationship between 
modification of RNA synthesis, and induction of an en- 
zyme by the corticoid, cannot be applied to another en- 
zyme system per se. In other words, hormonally in- 
creased RNA synthesis, on the one hand, and induction of 
enzymes, on the other, are not an all-or-none phenomenon. 
In hepatoma cell system, synthetic corticoids can induce 
some enzymes in absence of gross stimulation of RNA 
synthesis s. The results presented here form the first clear 
indication that,  in rat  liver, general non-specific increase 
in RNA synthesis effected by the corticoids is probably 
not  causally related to the induction of specific enzymes 

but some selective synthesis of RNA may be required for 
the inductive process. 

The general ut i l i ty of employing a mixture of 3H-orotic 
acid and 14C-glycine within the same animal is emphasized. 
This allows: a) assessment of RNA biosynthesis in liver 
as a function of incorporation of both a purine and a py- 
rimidine precursor, b) in organs other than liver, such as 
thymus and spleen, glycine is a better precursor for RNA 
than orotate (this was actually observed in the present set 
of experiments, though not reported here) and c) an indi- 
cation of the rate of protein synthesis may also be gained 
at the same time. 

Rdsumd. t~tude du m6canisme d'action de la cortisone. 
L'induction de t ryptophane oxyg6nase h6patique peut 
~tre compl~tement abolie par l ' injection d 'endotoxine hun  
moment oh la synth~se hormonale de I 'ARN total  n'est ap- " 
paremment pas modifi6e. 
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S t a b i l i z a t i o n  and E n h a n c e m e n t  of G l u t a m a t e  D e c a r b o x y l a s e  Act iv i ty  in E x t r a c t s  of  the  S l i m e  Mold ,  
P h y s a r u m  p o l y c e p h a l u m  

Success in isolating enzymes from the slime mold 
Physarum polycephalum has been quite limited. The most 
notable purification achieved to date has been that  of a 
ribonuclease which was extracted from the culture me- 
dium of the organism and not directly from the plasmo- 
diuml.  A previous report of efforts to purify slime mold 
glutamate decarboxylase (E.C.4.1.1.15) suggested that  
the instabili ty of this enzyme may  be due to its inactiva- 
tion by endogenous phenols or their oxidation products ~. 
The purpose of the present s tudy has been to test certain 
H-bonding additives for their abil i ty to enhance and sta- 
bilize the glutamate decarboxylase act ivi ty  of plasmodial 
supernatants. Cysteine and ascorbic acid, which inhibit 
protein phenol interactions stabilize the enzyme while caf- 
feine and alumina (aluminium oxide-G, Merck) enhance its 
activity, probably by disrupting preformed H-bonded 
complexes. The enzyme is stable in the absence of addi- 
tives when separated from FeC13-positive components and 
its act ivi ty is not then enhanced by caffeine or alumina. 

Techniques for the preparation of lyophilized plasmo- 
dial powders, assay of glutamate decarboxylase activity 
and protein determination have been detailed elsewhere 3, 3. 
One unit of enzyme is tha t  amount  which mediates the 
decarboxylation of I ~mole of glutamate in 1 min at 36°C. 
Specific act ivi ty  denotes miUiunits (mU) of enzyme per 

mg of protein. The stabilizing effects of soluble additives 
(5 m M  in 0.1M phosphate buffer, pH 5,8) were tested by 
combining 10 ml of each with 10 ml of the supernatant  
obtained by homogenizing 3 g dry plasmodium in 50 ml 
buffer and centrifuging at  12,700×g (20min, 10°C). 
Temperature was adjusted to 25°C and samples were 
assayed at  1 h intervals for 3 h. Insoluble additives, 
3 g/100 ml, were hydrated in buffer overnight  and added 
during homogenization 4. First-order rate constants of 
inactivation (k) were obtained from: -dA/dt = kA, where 
A is specific act ivi ty  and t is t ime in rain. 

Supernatants from 240 mg samples of plasmodium in 
10 ml of each reagent or in 10 ml buffer plus 400 mg inso- 
luble additive (dry weight) were assayed for initial acti- 
vity. Concentrations of the test solutions were increased 
to as high as 0.1%. The possible stabilizing effects of those 
substances found to enhance enzyme act ivi ty  (caffeine, 
0.1% and alumina) were then tested as described above 
except that  the additives were included in the homogeni- 
zing medium. 

A pigment-free preparation was obtained from plasmo- 
dial supernatants and glutamate dccarboxylase stabil i ty 
in the absence of FeC13-positive components was investi- 
gated. 1 g of dry pIasmodimn was homogenized in 100 ml 
of a medium consisting of MnC1 v 0.1 M and caffeine I m M 
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in 0 . 1 M  NH4C1 buffer ,  p H  4.7, and  cent r i fuged for 30 rain. 
The  (NH~),SO 4 f rac t ion  s e d i m e n t e d  be tween  40-55% 
sa tu ra t ion  was dia lyzed ~ for  3 h agains t  500 ml  0.1M 
po tass ium p h o s p h a t e  buffer  p lus  caffeine 1 mM, and  the  
cen t r i fuga t ion  repea ted .  The  p r e p a r a t i o n  was  again Irac- 
t i ona t ed  wi th  (NH,)zSO 4 f rom 200 ml of the  p h o s p h a t e  
buffer  minus  caffeine, d ia lyzed 16 h aga ins t  1 1 of 0 .01M 
p h o s p h a t e  buffer ,  cent r i fuged for 1 h and  lyophil ized.  All 
opera t ions  were  a t  0-4°C.  The cent r i fugal  force was  
28,700 × g  in all  cases excep t  t h a t  ac t ive  (NH4)2SO 4 frac- 
t ions  were  s e d i m e n t e d  a t  3000 ×g.  P h o s p h a t e  buffer  p H  
was 5.8. The  lyophil ized powde r  was  r e suspended  in 
20 ml  0,1 M p h o s p h a t e  buffer  and  enzyme  s tab i l i ty  t e s t ed  
as descr ibed  above  for s u p e r n a t a n t s  over  a per iod  of 5 h. 

The  add i t ives  which  a l tered  e n z y m e  s t ab i l i t y  are  l i s ted  
in Table  I. W i t h  addi t ives  o the r  t h a n  cys te ine  and  ascor- 
bate ,  t he  g l u t a m a t e  deca rboxy lase  ac t iv i ty  of superna-  
r an t s  decreased sharp ly  dur ing  the  f i rs t  hour.  Thereaf te r ,  
inac t iva t ion  ra tes  were  re la t ive ly  low and  l inear  as indi-  
ca ted  b y  t h e  k-values.  This  suppor t s  a p rev ious  sugges t ion  
t h a t  some inac t iva t ion  is b y  a p re fo rmed  sl ime mold  com-  
p o n e n t  o.. No inac t iva t ion  occured in t he  presence  of cys- 
teine.  Comple te  s tab i l iza t ion  is conferred  by  th is  reagen t  
for  as long as 8 h. I t s  e f fec t iveness  over  longer per iods  was  
no t  measured .  Cyste ine  can p ro t ec t  t h e  enzyme  aga ins t  
inac t iva t ion  by  inh ib i t ing :  p ro te in -pheno l  in terac t ions ,  
qu inone  fo rma t ion  via  i ts  copper -che la t ing  and  reduc ing  
proper t ies ,  and  qu inone-ox ida t ion  of essent ia l  SH groups.  
Cyste ine  also forms  th ioe the r  l inkages  w i th  qu inonesL  

Table I. Additives affecting the stability of glutamate decarboxylase 
activity of slime mold supernatants 

Additive b O-h spe- 1-h in- 3-h in- k I 3 ~ 
cific activation activation 
activity (%) (%) 
(mU/mg 
protein) 

Buffer 34.6 49.1 85.3 5.9 x 1 0  -3 

(control) 
Cysteine 34.5 0 0 0 
Aseorbate 34.6 21.4 56.0 3.6 × 10 -a 
Phenyl- 
thiourea 30.2 56.2 96.5 7.6 x 10 -3 
KCN 1.1 100.0 - - 

Values are means of results from 3 repetitions, b 2.5 mM in 0.1 M 
phosphate buffer, pH 5.8. c Inactivation-rate constant for 1-3 h in- 
cubation in units of reciprocal rain. 

Table II. Effects of alumina and caffeine on initial activity and stabi- 
lity of glutamate decarboxylase in slime mold supernatants 

Additives 

Initial activity • Control Alumina Alumina Caffeine 
(40 rag/ +caffeine (0.1%) 
ml 

Ascorba te  did no t  p r e v e n t  bu t  reduced  the  r a t e  of en- 
zyme  inac t iva t ion .  This ra te  was f i r s t -order  over  t he  3 h 
obse rva t ion  period.  E D T A  has  previous ly  been ident i f ied 
as a weak s tabi l izer  of the  e n z y me  3. However ,  effects  of 
t he  phenolase  inh ib i t ing  add i t ives  t e s t ed  in t h i s s t u d y  were  
negat ive .  KCN to ta l ly  d i s rup ted  ini t ial  ac t iv i ty ,  as ex- 
pec t ed  ~. P h e n y l t h i o u r e a  increased the  inac t iva t ion  rate.  

H y d r a t e d  a lumina  and  caffeine s ignif icant ly  enhanced  
ini t ial  ac t iv i ty  of the  e n z y m e  (TaMe II).  These  add i t ives  
release p ro te ins  * and  viruses 7 f rom complexes  wi th  pheno l s  
sugges t ing  t h a t  H - b o n d e d  complexes  are fo rmed dur ing  
the  freezing and  lyophi l iz ing of p lasmodia .  Browning,  
charac ter i s t ic  of such in terac t ions ,  is observed  in frozen 
p l a smod ia  following pro longed  storage.  Ne i the r  a lumina  
nor  caffeine s tabi l ize  t h e  e n z y me  apprec iab ly .  The  pig- 
ment - f ree  e n z y me  p repa ra t i on  ob ta ined  had  a specific ac- 
t i v i t y  of 118 and  the  yield was  41.7%. This  ac t iv i ty  was 
c o n s t a n t  t h r o u g h o u t  each  of the  1-h assay per iods  w h e t h e r  
t he  gas phase  was  air  or n i t rogen.  A t  th is  s tage  of purif i -  
ca t ion  the  e n z y me  was comple te ly  s tab le  over  t he  5 h ob-  
se rva t ion  per iod in t he  absence of cys te ine  and  ascorbate .  
Ne i the r  caffeine nor  a lumina  enhanced  its ac t iv i ty  and  no 
b rowning  occurred.  This  suggests  t h a t  t he  observed  effect  
of s tabi l iz ing add i t ives  is a p ro t ec t i on  of t he  enzyme  aga ins t  
endogenous  s l ime mold  c o m p o n e n t s  or the i r  de r iva tes  and  
no t  a shielding of essent ia l  groups  on the  enzyme  aga ins t  
au tox ida t ion .  

The above  f indings  are the  resul t  of cu r ren t  effor ts  to  
deve lop  a m e d i u m  for s tabi l iz ing and  pur i fy ing  sl ime mold  
g l u t a m a t e  deea rboxy lase  in an unmodi f i ed  form.  Trea t -  
m e n t s  appl ied  by  o the r  workers  for revers ing  or inh ib i t ing  
e n z y me  inac t iva t ion  by  phenol ic  c o m p o u n d s  were also 
tes ted .  Ph a r ma c e u t i c a l  grade  and  cross- l inked po lyv iny l -  
pyr ro l idone ,  Tween-80,  bora te ,  urea,  a n d  u n t r e a t e d  
At203 used e leswhere  4 w i t h  occasional  or f r equen t  benef i t s  
were ineffect ive.  Trea t ing  p la smodia  w i th  ace tone  or de- 
f a t t ing  s w i th  b u t a n o l  and  ace tone  increased b r o w n i n g  and  
inac t iva t ion  rates.  G l u t a m a t e  deca rboxy lase  is also ac t ive  
in s l ime mold  spores  and  in microsc lero t ia  p r e p a r e d  in me-  
dia  descr ibed  b y  BREWER e t  al. 9. A l though  suff ic ient  ma-  
ter ia l  for val id  compar i sons  is n o t  ye t  avai lable,  ac t iv i ty  
of t he  spore e n z y me  has  been  observed  to  proceed  at  a 
c o n s t a n t  ra te  when  assayed for 1 h in an a t m o s p h e r e  of air  
whereas  t h a t  of i ts  c o u n t e r p a r t  in sc lerot ia  decl ines w i th  
t ime.  

Zusammen/assung. Akt iv i t~ t  und  Stabi l i t / i t  der  Gluta-  
m a t - D e c a r b o x y l a s e  von  Physarum polycephalum in Ge- 
genwar t  yon  Zus~ttzen, welche die Wechse lwi rkung  zwi- 
schen  P ro t e inen  und  Ph e n o l e n  h e m m e n  oder  aufheben ,  
wird  beschr ieben.  Cyste in  und  Ascorbins~,ure s tabi l is ieren 
das  E n z y m ,  w~ihrend hydra t i s i e r t e s  A l u m i n i u m o x y d - G  
und  Koffein  die spezif ische AktivitSot erh6hen.  
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Activity (ml) 16.0 
Protein (mg/ml) 2.0 
Specific activity 35.7 
Increase in specific 
activity (%) 
Stability b 
0-h specific activity 26.3 
1-h inactivation (%) 47.7 
3-h inactivation (%) 75.7 
kx 3 4.5 x 10 -s 

27.4 25.9 
2.1 2.1 

57.7 52.0 

61.6 45.7 

51.7 60.1 50.2 
43.2 44.2 41.2 
76.4 78.1 70.1 
4.7×10 -3 5.1X10 .8 4.2x10 -3 

Supernatants from 240 rng/10 ml homogenates. Values are means of 
repetitions, b Supernatants from 3 g/50"ml homogenates. 
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