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A n o t h e r  d i f f icul ty  is t h a t  t he  a f l a tox in  b iosyn thes i s  
obse rved  is t he  r e su l t  of a n u m b e r  of e n z y m e  act ivi t ies .  
These  ac t iv i t i e s  m a y  be d iv ided  in to  2 m a i n  phases ,  a) pre-  
s u m a b l y  t he  f o r m a t i o n  of a n  a n t h r a q u i n o n e  p recurso r  
v ia  a po lyke t ide  s y n t h e t a s e  a n d  b) a c leavage  phase  
invo lv ing  a t  leas t  4 r ing -c leav ing  s teps  i nvo lv ing  enzymes  
h a v i n g  d i f fe ren t  s u b s t r a t e  specif ici t ies  15. I t  seems l ikely 
t h a t  t h e  l a t t e r  enzym es  are i nduced  in response  to t he  
a p p e a r a n c e  of a n  a n t h r a q u i n o n e  p recurso r  wh ich  in t he  
l i gh t  of c u r r e n t  ev idence  is p r o b a b l y  ave ru f in  16, or a 
closely r e l a t ed  c o m p o u n d  17. 
I t  is, however ,  c lear  t h a t  p r o t op l a s t s  de r ived  f rom 
m y c e l i u m  of d i f fe ren t  ages are  capab le  of de novo  afla-  
t o x i n  b iosyn thes i s ,  t h i s  be ing  conf i rmed  b y  t h e  convers ion  
of labe l led  ~4C ace t a t e  to  a f l a tox in  ( table  2) a n d  i t  t he re fo re  
follows t h a t  t h e y  m u s t  c o n t a i n  t he  t o t a l  c o m p l e m e n t  of 
enzymes  requ i red  for a f l a tox in  b iosyn thes i s .  
I n  o rder  to  i nves t i ga t e  some of these  e n z y m e  act ivi t ies ,  
a n u m b e r  of p r o v e n  a n d  poss ible  i n t e r m e d i a t e s  in  ar ia-  
t ox in  b io syn th s i s  were added  to  t he  p r o t o p l a s t  p r epa ra -  
t ions .  Severa l  of t he  i n t e r m e d i a t e s  were c o n v e r t e d  to afla-  
t o x i n  whi le  cont ro l s  c o n t a i n i n g  no  added  c o m p o u n d  d id  
n o t  p roduce  a f l a tox in  d u r i n g  t h e  same per iod  ( table  3). 

It was observed that protoplasts rapidly take up anthra- 
quinone from the stabilizer-buffer solution as they became 
stained a yellow-orange colour in the presence of anthra- 
quinone precursors with a corresponding loss of colour 
from the solution. It was shown that penetration of the 
membrane had occurred by adding versicolorin A to a 
suspension of protoplasts which were then centrifuged. 
The resultant protoplast pellet was washed with buffer- 
stabilizer, lysed by freezing and thawing in buffer (pH 5.8), 
and the membrane fraction was centrifuged down; 35% 
of the versicolorin A that had been added was present 
in the supernatant fraction indicating that it may pass 
into the protoplasm. 
Work in this laboratory is currently being carried out 
with lysed protoplasts and preliminary experiments show 
t h a t  t h e y  are su i t ab l e  for p r e p a r i n g  cell-free e x t r a c t s  of 
A. flavus capab le  of ca r ry ing  ou t  severa l  of t h e  s teps  
i n v o l v e d  in a f l a tox in  b iosyn thes i s .  

15 R. Thomas, in: Biogenesis of Antibiotics Substances, p. 160. 
Academic Press, New York 1965. 

16 M. Lin and D. P. H. Hsieh, J. Am. chem. Soc. 95, 1668 (1973). 
17 Y. Berger and J. Jadot, Bull. Soe. chim. Belg. 85, 271 (1976). 
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Summary. A new q u a n t i t a t i v e  m e t h o d  for  a s se s smen t  of t he  biological  a c t i v i t y  of t he  cy top la smic  fac tors - regula tors ,  
con t ro l l ing  t he  r a t e  of ca ta l a se  syn thes i s  in  r a t  l iver  on  p o s t - t r a n s c r i p t i o n a l  s tage,  ha s  been  worked  out .  The  n a t u r e  
of these  fac tors  h a s  been  es tab l i shed .  

There  are d a t a  in  t he  l i t e r a t u r e  conce rn ing  t he  m e c h a -  
n i sms  of r egu la t ion  of p r o t e i n  syn thes i s  r a t e  a t  t he  pos t -  
t r a n s c r i p t i o n a l  levels  in  va r ious  euka ryo t i c  t i ssues  1-4. 
S t u d y i n g  t he  m e c h a n i s m  of syn thes i s  of ca ta lase  ( K F  
1.11.16), Uer~oyama a n d  Ono 3,~ h a v e  s h o w n  t h a t  in  r a t  
l iver  cells t he  syn thes i s  of t h i s  p r o t e i n  is con t ro l l ed  a t  t he  
t r a n s l a t i o n a l  level  b y  2 fac to rs  found  in t h e  c y t o p l a s m  in 
a soluble  s ta te .  These  a u t h o r s  h a v e  found  t h a t  in  a cell- 
free s y s t e m  one of t he  fac tors  (Finh) m a y  b i n d  to  t he  
ca t a l a se - syn thes i z ing  r ibosomes ,  t h u s  suppress ing  t he  
syn thes i s  of th i s  enzyme,  whereas  t he  o t h e r  f ac to r  (Fa~t) 
p r e v e n t  assoc ia t ion  of t he  Finh w i t h  polysomes~,  *. The  
p r e sen t s  i nves t i ga t i on  ha s  b e e n  a imed  ~t  t h e  d e v e l o p m e n t  
of a q u a n t i t a t i v e  m e t h o d  for a s ses smen t  of t he  a c t i v i t y  
a n d  e luc ida t ion  of t he  n a t u r e  of t he  fac to rs  con t ro l l ing  t he  
syn thes i s  of ca ta lase  in  r a t  l iver.  
Materials and methods. I n v e s t i g a t i o n s  h a v e  been  carr ied  
o u t  in  ma le  r a t s  we igh ing  160-180 g. T he  fac tors  were 
i so la ted  accord ing  to  U e n o y a m a  a n d  Ono 8,* us ing  ion- 
exchange  c h r o m a t o g r a p h y  a n d  r e - c h r o m a t o g r a p h y  on 

D E A E  cellulose. The  Fact a n d  Fln~ were i so la ted  f rom the  
s u p e r n a t a n t  and  p H  5 f r ac t ion  of r a t  l ive r  respect ively ,  so 
t h a t  c h r o m a t o g r a p h y  of t he  Fact was  pe r fo rmed  on  t he  
p o s t - m i t o c h o n d r i a l  s u p e r n a t a n t ,  whereas  p r io r  to  isola- 
t i o n  of t he  Finh t h e  p H  5 f r ac t ion  h a d  b e e n  dia lysed.  Since 
the  fac tors  are e x t r e m e l y  labile, all  of t he  p rocedure s  on 
i so la t ion  a n d  pu r i f i ca t i on  h a v e  been  pe r fo rmed  a t  4~ 
E l u t i o n  of t he  fac to rs  f rom DEAE-ce l lu lose  co lumns  was 
ach ieved  w i t h  buf fers  c o n t a i n i n g  increas ing  concen t r a -  
t ions  of KC1 a t  a f low r a t e  of 10 ml /h .  I n  t he  p r e p a r a t i o n s  
of t he  factors,  t h e  c o n c e n t r a t i o n  of t he  p ro t e in  was 
e s t i m a t e d  accord ing  to  L o w r y  e t  a l ) ,  t h e  SH-g roup  con-  
t e n t  b y  t he  m e t h o d  of a m p e r o m e t r i c  t i t r a t i o n  6, t h e  ca t a -  
lase a c t i v i t y  b y  t h e  m a n g a n o m e t r i c  m e t h o d  7 and  electro-  
pho re t i c  m o b i l i t y  was  assessed in po lyac ry l amide  gels 
(PAAG).  D e p e n d i n g  on  cond i t ion  of t he  expe r imen t ,  disk-  
e lec t rophores i s  was  pe r fo rmed  in  a 7% P A A G  or in  l inea r  
g r a d i e n t  of P A A G  (from 2.5 to  8% acry lamide) .  The  
a m i n o  acid compos i t i on  was e v a l u a t e d  b y  descend ing  
p a p e r  c h r o m a t o g r a p h y .  

Certain parameters of the factors controlling the rate of synthesis of 
catalase in rat liver 

Parameters Faot FJnh 

SH-groups (viM/rag) 0.174 ! 0.0095 0.106 -4- 0.0106 
Protein concentration (mg/ml) 0.123 =E 0.015 0.073 • 0.007 
Activity (~M/min/g of liver) 625 200 
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Results  and  discussion. E m p l o y i n g  ion-exchange  chro-  
m a t o g r a p h y  and  r e c h r o m a t o g r a p h y  on DEAE-cel lu lose ,  
we have  isolated 2 f rac t ions  f rom ra t  l iver cy top lasm,  
which,  according to  U e n o y a m a  and  Ono s, 4, con ta in  the  
factors  F~et and  Fl~h. In  the  f i rs t  series of exper iments ,  
the  biological ac t iv i ty  of t he  p repa ra t ions  was e s t ima ted  
on the  basis of the i r  abi l i ty  to s t imula te  or suppress  the  
ra te  of cata lase  syn thes i s  in r a t  liver. W h e n  measur ing  the  
ac t iv i ty  of the  fac tors  in vi tro,  as r epo r t ed  b y  U e n o y a m a  
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Fig. 1. Assay of the F~ct and F,~u activities. Curve 1: Control (an 
increase in the catalase level 48 h after administration of AT). 
Curve 2 : An increase in catalase with administration of F,=h according 
the following scheme: 24 h after injection of AT in rat tail vein, a 
certain amount of the F,~h was injected and after another 24 h, the 
increment of catalase was estimated; each point represents an average 
of 3 experiments, measuring the level of catalase after administration 
of the same amounts of the Finh. tg0r The measure of the activity 
of the F~.~. tgcq represents the formation of a certain nunlber of 
catalase activity units per unit time under the action of 1 mg of the 
F~,h. Curve 3: An increase in catalase upon administration of the 
F~ot. The factor was given according the scheme depicted above. 
tgc~ z is the measure of the activity of the F~ot. Curve 4: Catalase 
activity upon administration of Fish after incubation at 10~ for 
1 h with crystalline trypsin (Ferak). 
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Fig. 2. Densitographs of the factors. A The densitograph of the acti- 
vating factor (after rechromatography on DEAE-cellulose). Electro- 
phoresis (7% polyacrylamide gel) was performed at the current in- 
tensity of 2.5 mA-5 mA/gel at 140 V for 2.5 h, using trisglycine 
electrode buffer, pH 8.3. B Densitograph of the inhibiting factor 
(after reehromatography on DEAE-cellulose). Eleetropboresis in 
linear gradient PAAG (from 2.5 to 8% acrylamide) was carried out 
at the current intensity of 2.5 mA~5 mA/gel at  300 V for 4 b, using 
tris-glyeine electrode buffer, pH 8.3. C Densitograph of the inhibiting 
factor after treatment with trypsin (Ferak) at 10~ for 1 h. Electro- 
phoresis in lineal gradient PAAG (from 2.5 to 8% acrylamide) was 
performed at 2.5 mA-5 mA/gel at 300 V for 4 h, using tris-glycine 
electrode buffer, pH 8.3. 

and  Ono 8, 4, ma jor  difficult ies are to be overcome,  such as 
isolat ion of indiv idual  m R N A  for t he  ca ta lase  and per-  
forming  synthes is  in a cell-free sys tem.  We have  devel-  
oped a r a the r  s imple and  reliable me thod ,  which  allows 
for car ry ing  out  analyses  in vivo in con t r a s t  w i th  t he  
model  expe r imen t s  involving cell-free sys t em assays.  The 
pr inciple  of the  me thod  proposed  is in admin i s t r a t i on  of 
3 amino- l ,2 ,4  tr iazole (AT) i.p., th is  resul ts  in a blockage 
of all t issue catalases,  and  fu r the r  increase in the  ac t iv i ty  
of the  enzyme wi th  t ime  is a t t r i bu t ab l e  only  to  its syn-  
thes is  de novoS-12. This  thes is  is based  on the  resul ts  of 
Pr ice  e t  al. 8 and Margol iash et  al. 12. 
Pr ice  e t  al. 8 by  using separa te ly  and  in c o m m o n  of 3- 
aminol ,2 ,4- t r iazo le  (AT) and a l ly l i sopropylace tamide  
(AIA), showed t h a t  AT inac t iva tes  ca ta lase  irreversibly,  
w i t h o u t  in ter fer ing  wi th  i ts  resynthes is ,  while AIA blocks 
synthes is  of a new catalse  w i t h o u t  inf luencing the  ac t iv i ty  
of the  catalase  a l ready  fo rmed  s, 9. I t  was found too t h a t  
a f te r  the  admin i s t r a t i on  of AT, the  r e tu rn  of ca ta lase  ac- 
t i v i t y  is paral le led by  a cor responding  up take  of Fe 59 into 
the  catalase  1~ Margol iash et  al. 12 showed t h a t  amino-  
t r iazole b inds  to the  p ro te in  mo ie ty  of ca ta lase  to form an 
i rreversible  complex.  
The p resen t  da t a  indica te  t h a t  the  r e tu rn  of ca ta lase  re- 
sui ts  f rom the  fo rmat ion  of new enzyme,  b u t  no t  in con- 
sequence of a s imple progress ive  reversa l  of the  inh ib i to ry  
process  t h a t  caused the  ini t ial  d i sappearance  of ca ta lase  
ac t iv i ty .  By  es t ima t ing  the  a m o u n t  of the  appear ing  
uni ts  of the  catalase  ac t iv i ty  wi th  t ime,  one can assess the  
effect  of the  factors  upon  catalase  syn thes i s  when  these  
are admin i s t e red  i.v. a f te r  AT. In  p re l imina ry  experi-  
ments ,  we have  calcula ted  the  q u a n t i t y  of the  enzyme  
syn thes ized  over  a specified t ime in terval .  In  the  p re sen t  
inves t iga t ion ,  a cont ro l  value was considered to be the  
n u m b e r  of ca ta lase  uni ts  syn thes ized  dur ing  48 h since 
admin i s t r a t i on  of AT. This  value was 1020 units.  In  24 h 
following admin i s t r a t ion  of AT t h r o u g h  tail  veins,  the  
ra t s  received 0.2, 0.6 and  1.2 ml of the  Fact and •inh pre-  
c h r o m a t o g r a p h e d  on DEAE-cel lu lose .  24 h following ad-  
min i s t ra t ion  of the  factors,  the  ac t iv i ty  of cata lase  was 
e s t ima ted  in liver cytosol  fract ion.  The ac t iv i ty  of the  
factors  was eva lua ted  by  graphical  m e t h o d s  based on the  
concen t ra t ions  of the  p repa ra t ions  given to the  animals  
and respect ive  ca ta lase  act ivi t ies  assayed.  A t a n g e n t  of 
the  slope of the  curves  ob ta ined  m a y  serve as a measure  
of the  act ivi t ies  of the  factors  concerned  (figure 1). I t  
follows f rom the  da t a  ob ta ined  t h a t  admin i s t r a t i on  of 
F~ot s t imu la t ed  the  ra te  of ca ta lase  syn thes i s  wi th  t ime,  
whereas  Finh-suppresses it. A rat io of Faet-Finh was 3.14 
since the  ac t iv i ty  of Fact per  g of l iver is cons iderab ly  
h igher  t h a t  of the  F~nh. H o m o g e n e i t y  of t he  Fnlh f rac t ion  
has  been  d e m o n s t r a t e d  by  disc e lect rophores is  in poly-  
ac ry lamide  gels (figure 2B). As for t he  Fact, th is  p roved  to 
be a he te rogeneous  f rac t ion and  was sepa ra ted  into 4 frac- 
t ions  (figure 2A). We failed to e lucidate  w h e t h e r  the  he t -  
e rogenei ty  of the  p repa ra t ion  is the  resul t  of nonex-  
haus t ive  pur i f ica t ion  of the  p repara t ion ,  or whe the r  the re  
is a s p ec t ru m of i soprote ins  p resen t  compris ing  the  biolo- 
gically act ive  substance .  Act ive  p repara t ions ,  however ,  
have  been  conclusively shown to be prote ins .  Thus,  in the  
Finh hydro lysa t e  we could f ind serine, asparaginic  acid 

8 V. Price and M. Rechceigl, Fedn Proc. 79, 49 (1960). 
9 V. Price and M. Reehceigl, Nature 189, 62 (1961). 
10 V. Price, W. R. Sterling, V. A. Tarantola, IR. H. Hartly and 

M. Rechceigl, J. biol. Chem. 237, 3468 (1962). 
11 M. Recheeigl and V. Price, Prog. exp. Tumor Res. 70, 112 

(1968). 
12 E. Margoliash, A. Novogrodsky and A. Sehejter, Biochem. J. 

74, 339 (1960). 
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and  lysille, whereas  in t he  Fact hyd ro ly sa t e  we found  
lysine, asparaginic  acid, glycine, serine, g lu tamic  acid, 
th reonine ,  alanine,  pheny la lamine ,  leucine and  isoleucine, 
t r y p t o p h a n ,  me th ion ine  and  valine.  The p ro t e in  na tu re  
of the  fac tors  is also conf i rmed by  the i r  ex t r eme ly  h igh  
labi l i ty :  even  a t  4 ~ t h e y  lose mos t  of the i r  ac t iv i ty  ill 
several  h ;  these  fac tors  were t h e n  incuba ted  a t  60 ~ for 
1 h, consequen t ly  the i r  biological ac t iv i ty  d i sappeared  
comple te ly  in each case (figure 1 shows t h a t  ca ta lase  ac- 
t i v i t y  a f t e r  admin i s t r a t i on  of Finh sub jec ted  to  h e a t  in- 
ac t iva t ion  prac t ica l ly  coincides wi th  cont ro l  curve  1). 
I t  can  been  seen t h a t  the  catalase  ac t iv i ty  was fal l ing 

af ter  t r e a t m e n t  of Finh wi th  t ryps in ,  too (figure 1, curve 
4). Moreover,  the  dens i t og raph  of the  inhib i t ing  fac tor  
changed,  too (figure 2C). In  all p robabi l i ty ,  it  is caused by  
the  des t ruc t ion  of the  fac tor  by  t ryps in .  These da t a  seem 
to es tabl ish  the  des t ruc t ive  effect  of t ryps in  on F i ~ ,  which  
shows, in tu rn ,  t he  p ro te in  n a t u r e  of the  la t ter .  The h igh  
concen t r a t ion  of the  SH-groups  per  g p ro te in  is also 
w o r t h y  of no te  (table). 
Thus,  the  subs tances  isolated f rom r a t  l iver cell cy top la sm 
are p ro te ins  and  are biologically act ive  prepara t ions ,  
which  e i ther  s t imula te  or suppress  the  ra te  of cata lase  
syn thes i s  in liver. 

The !pH-dependence of I glucos~ransport~inhibition by !loca/anesthetics in !human !erythrocytes ~ 

L. Lacko,  ]3. W i t t k e  and  1. Lacko 

Gustav-Emden-Zentrum der biologischen Chemie, Abteilung [~r physikalische Biochemie, Theodor-Stern-Kai 7, 
D-6000 Frank[urt am Main  (Federal Republic o/Germany), 27 June 7977 

Summary. Local  anes the t ics  v a r y  in inh ib i t ion  of glucose t r a n s p o r t  in h u m a n  e ry th rocy t e s  a t  d i f ferent  pH-va lues  in 
t he  incuba t ion  media .  

Diverse  biological  reac t ions  are inf luenced by  local 
anesthet ics3-4;  a m o n g  such processes,  the  glucose 
t r a n s p o r t  in h u m a n  e ry th rocy t e s  is inh ib i ted  by  d i f ferent  
kinetics,  depend ing  on the  local anes the t ics  appl ied  5. The 
molecular  m e c h a n i s m  of the i r  ac t ion is n o t  ye t  clarif ied;  
ne i the r  it  is known  w h e t h e r  local anes the t ics  are effect ive  
ill t he  charged  or uncha rged  form 3, 6. Ill th i s  s tudy,  t he  
inf luence of p H  (i.e. of the  re la t ion be tween  the  charged  
and  the  uncha rged  form) on the  inh ib i t ion  of the  glucose 
t r a n s p o r t  by  local anes the t ics  is inves t iga ted .  
Material and methods. H u m a n  blood was col lected ill ACD 
solut ion (11 g sod ium-c i t ra te ,  35 g glucose, 4 g citric acid 
w i th  aqua  bidest ,  ad 1000 ml). The e ry th rocy t e s  were 
p re loaded  b y  4 washings  wi th  isotonic NaC1 solution,  
con ta in ing  200 mM glucose. The fu r the r  p re incuba t ion  
of t he  cells is descr ibed  ill the  var ious  expe r imen t s :  
150 al of these  p re loaded  cells were incuba ted  for 5 sec a t  
20~ in 10 ml  p h o s p h a t - b u f f e r  of the  desi red p H  wi th  
0.038 mM C14-glucose and  local anes the t ics  of the  con- 
cen t ra t ions  as ind ica ted  in figure 1. The fu r the r  p rocedure  
used for t he  incuba t ion  and  the  analy t ica l  m e t h o d s  were 
descr ibed in previous  papers  ~, 3. The inh ib i t ion  cons t an t s  
were ca lcula ted  f rom the  equa t ion :  

Kf [I] (under the condition [S] ~ K,~) ~, 
v~ 1 
VI 

where v 0 = velocity of the non-inhibited glucose uptake 
v~ = velocity of the inhibited glucose uptake 
IS] = glucose concentration in the medium 
[I] = concentration of the localanesthetic 
Km ~ Michaelis constartt of the carrier-glucose complex 

The re la t ive  inhib i t ion  'i '  in pe rcen t  was ca lcula ted  f rom 

(v,) i= (1-~0 100. 

The de r iva t ion  of the  parab les  was carr ied ou t  b y  a 
graphic  m e t h o d  using a mi r ror  ruler 10. 
Results and discussion. As descr ibed previously,  re la t ive  
inhiMtion  of glucose t r a n s p o r t  by  local anes the t ics  a t  
p H  4 was smal ler  compared  wi th  t h a t  found  at  h igher  
pH-va lues  5. Ineff ic iency of the  charged  forms,  increasing 
wi th  the  decrease of pH-va lue ,  migh t  be due to  the i r  
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Fig. 1. The logarithmic dependence of the dissociation coustants(Kl) 
of the local anesthetics on the pH. Erythrocytes were preloaded with 
200 mM glucose and incubated for 5 see at 20 ~ in phosphat-buffer 
at pH 7.9, containing Cl*-glucose and the local anesthetics in the in- 
dicated concentrations. 7 0.5 mM brufacaine, 2 15 mM mepivaeaine, 
3 12 mM procaine, 4 8 mM lidocaine, 5 6 mM hostaeaine, 6 4.5 mM 
ultracaine, 7 1.5 mM tetracaine, 8 3 mM baycaine, 9 1.6 mM buta- 
caine, 70 1.2 mM oxybuprocaine, 77 0.35 mM dibucaine. (The con- 
centrations used are the same as in our previous paperS.) 


