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appear s  t h a t ,  in  l y m p h o i d  cells f rom mice or guinea-pigs ,  
increase  in t he  r ig id i ty  of surface m e m b r a n e  b y  free 
choles terol  is a ccompan i ed  b y  increase  of free f a t t y  acids. 
Free  f a t t y  acids f rom var ious  sources, inc lud ing  l y m p h o -  
cytes,  h a v e  long been  k n o w n  to be  h igh ly  cy to tox ic  to  
m a n y  m a m m a l i a n  cells ~0,15-19. TURNELL et  al. ~~ h a v e  also 
ind ica ted  t h a t ,  in cor t icos te ro id-sens i t ive  lymphocy tes ,  
a c c u m u l a t i o n  of free f a t t y  acids is i nvo lved  in cort ieo-  
s t e ro id - induced  lymphocy to lys i s .  There fore  i t  is conceiv-  
able  t h a t  free cholesterol ,  wh ich  is bel ieved to be  p r e sen t  
a l m o s t  exclus ive ly  in t he  cell surface m e m b r a n e  a, regu-  
la tes  t he  levets of cy to tox ic  free f a t t y  acids in  l ympho id  
cells b y  c h a n g i n g  t h e  r ig id i ty  of cell m e m b r a n e .  Con- 
cern ing  this ,  i t  is of special  in t e res t ing  t h a t  t he  facile ex- 
change  of free choles terol  occurs  in v i t ro  be t w een  t he  
surface m e m b r a n e  of l y m p h o c y t e s  and  t he  s u r r o u n d i n g  
m e d i u m  (liposomes) c o n t a i n i n g  free choles terol  and  leci- 
t h i n  ~, a n d  u n s a t u r a t e d  free f a t t y  acids p r o m o t e  t he  m e m -  
b r a n e  f lu id i ty  of l y m p h o c y t e s ;  namely ,  t h e y  decrease  t h e  
v iscos i ty  of l y m p h o c y t e  m e m b r a n e  2t. Free  f a t t y  acids in  
l y m p h o c y t e s  h a v e  been  shown to consis t  of 6 5 - 7 0 %  un-  
s a t u r a t e d  f a t t y  acids 22. 

I n  splenic l y m p h o i d  cells, no  s igni f icant  difference was 
found  in t he  regress ion coeff icient  of f a t t y  acid to choles- 
te ro l  be tween  mice and  guinea-pigs,  as descr ibed above.  
The  regress ion coeff icient  of phospho l ip id  to choles terol  
for mouse  splenic l y m p h o i d  cells was  also s imi la r  to  t h a t  
for t he  co r respond ing  cells f rom guinea-pigs  (1.35 for 

mice  and  1.20 for guinea-pigs,  p < 0.01). I n  con t ras t ,  t h e  
regress ion coeff ic ient  of f a t t y  acid to  choles te ro l  as wel l  
as t h a t  of phospho l ip id  to  choles terol  in  l y m p h o i d  cells 
f r om an ima l s  m a r k e d l y  dif fered f rom the  or ig inal  tissues. 
These  differences in  t he  regress ion coeff icient  a m o n g  
va r ious  t i ssues  sugges t  t h a t  each  of l y m p h o i d  ceils f rom 
t h y m u s ,  spleen, mesen te r i c  l y m p h  node  or o the r  l y m p h  
nodes  shows a cha rac t e r i s t i c  change  in t he  compos i t i on  
of m e m b r a n e  l ipid wh ich  is closely connec t ed  w i t h  t he  
p roper t i e s  a n d  func t ions  of cell m e m b r a n e .  
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G. IV[. HANOZET, M. SIMONETTA, D. BARISlO and  A. GUERRITORE 

Department o/ General Physiology and Biochemistry, University o/ Milan,  50, Via Saldini, 1-20133 Milano (Italy), 
29 December 7975. 

Summary .  The  th ree  enzym es  of e t h a n o l  m e t a b o l i s m  alcohol  dehydrogenase ,  a l dehyde  d e h y d r o g e n a s e  a n d  acetyl -CoA 
s y n t h e t a s e  in  t he  ob l iga te  aerobic  yeas t  Rhodotorula geacilis are repressed b y  glucose and  induced  b y  C~ me tabo l i c  fuels 
w i t h  a r e g u l a t o r y  p a t t e r n  i nd i ca t i ng  a cor re la t ion  in t he  con t ro l  mechan i sms .  To t r y  an  iden t i f i ca t ion  of the  molecu la r  
s ignals  i nvo lved  in t h e  t r a n s m i s s i o n  of t he  i nduc ing  s t imulus ,  e x p e r i m e n t s  were car r ied  ou t  b y  b lock ing  w i t h  2 m M  
pyrazole  the  e t h a n o l  ~ - ~  a c e t a l d e h y d e  me tabo l i c  step. Resu l t s  ind ica te  t h a t  e t h a n o l  is no t  specif ical ly requ i red  as 
a molecu la r  s ignal  for induc t ion .  

An  in t e r e s t i ng  aspec t  of con t ro l  of cel lular  level  of en- 
zymes  is t he  mul t ip le  response  of a l inked  group  of en- 
zyme  p ro te ins  to  t he  same  e n v i r o n m e n t a l  change .  I n  the  
p r e sen t  paper ,  resul t s  are r epo r t ed  concern ing  the  response  
to t he  same  induc t i ve  or repress ive  s t imulus  of t h r ee  en- 
zymes  of e t h a n o l  m e t a b o l i s m  in t he  yeas t  Rhodotorula 
gracilis. The  th ree  enzym es  are alcohol  d e h y d r o g e n a s e  
(EC 1.1.1.1), a ldehyde  d e h y d r o g e n a s e  (EC 1.2.1.5) a n d  
acety i -CoA s y n t h e t a s e  (EC 6.2.1.1). Alcohol  dehydroge -  
nose in Rhodolorula gracilis - an  obl iga te  aerobic  orga- 
n i sm  - is p r e s u m a b l y  n o t  concerned  w i t h  alcoholic fer- 
m e n t a t i o n ,  b u t  w i t h  ox ida t ive  u t i l i za t ion  of e x t e r n a l  al- 
cohols or w i t h  i n t e r n a l  m e t a b o l i s m  of alcoholic compounds .  
I t s  level  is u n d e r  epigenet ic  control ,  be ing  d e p e n d e n t  on  
t he  fol lowing k inds  of e n v i r o n m e n t a l  effects:  i n d u c t i o n  
b y  e t h a n o l , - r e p r e s s i o n - i n a c t i v a t i o n  b y  glucose, in  v ivo  
s t ab i l i za t ion  b y  Zn 2, 3. I n  a d d i t i o n  to e thanol ,  a h igh  in-  
duc ing  c a p a c i t y  is shown  specif ical ly b y  o t h e r  C 2 com- 
pounds ,  especial ly  b y  ace ta ldehydeS.  I n  cond i t ions  of Zn 
deficiencly,  t he  ac t ion  of glucose is no t  on ly  t h a t  of a re- 
pressor :  glucose also p r o m o t e s  a n  ev i den t  i n a c t i v a t i o n  of 
e n z y m e  p ro t e in  in  v ivo  4, a n d  add i t i on  of Zn p r e v e n t s  th i s  
i nac t iva t ion .  The  n a t u r e  of t he  agen t s  t h a t  d i r ec t ly  con-  

t r i b u t e  to  t he  t r a n s f e r  of t he  i n d u c t i v e  or repress ive  sti- 
mu lus  is no t  ye t  unde r s tood .  A large n u m b e r  of me tabo l i c  
i n t e r m e d i a t e s  are a m o n g  t he  suspec ted  subs t ances  t h a t  
can  change  t h e i r  level  a n d  ac t  as a r e g u l a t o r y  signal.  The  
resu l t s  p re sen ted  here  show t h a t  no t  on ly  alcohol  dehydro -  
genase,  b u t  two o t h e r  enzymes  of the  p a t h w a y  e t h a n o l  -+ 
ace ty l -CoA are u n d e r  epigenet ic  con t ro l  in t h e  cell of 
t~hodotorula gracilis. The  d a t a  i nd i ca t e  a cor re la ted  re- 
sponse  a n d  p o i n t  to  t i le  ex is tence  of a c o m m o n  r egu la to ry  
me tabo l i c  signal.  

Materials and methods. The  s t r a i n  of Rhodotorula gra- 
cilis 4 was m a i n t a i n e d  on  n u t r i e n t  m a l t - a g a r  slopes. Cells 
were grown on s y n t h e t i c  m e d i u m  w i t h  t h e  fol lowing com- 
pos i t ion :  15 m M  (NH4) 2SO4; 8.6 m M  NaC1; 5.7 m M  
K2HPO4;  4 m M  MgSO4; 2.3 m M  CaC12; 0.018 m M  
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Effect of glucose on the formation of alcohol dehydrogenase (ADH), 
aldehyde dehydrogeiiase (ALDH) and acetyl-CoA synthetase (ACS) 
st imulated by C2 compounds ill the yeast Rhodotorula gracilis 

Condition Enzyme specific activity 
(nmoles/min/mg protein) 
ADH ALDH ACS 

Start  0 11 12 

Mineral mediunl 7 57 21 

2 m M  ethanol 123 123 51 
,, ,, + 20 m M  glucose 5 11 17 

2 h i m  acetaldehyde 137 141 71 
,, ,, + 20 m M  glucose 2 13 12 

2 m M  acetyl-phosphate 87 151 48 
. . . .  + 20 m M  glucose 0 9 10 

t h a t  a c t s  s p e c i f i c a l l y  o n  m i t o c h o n d r i a l  p r o t e i n  s y n t h e s i s ,  
t h a t  is c h l o r a m p h e n i c o l .  

G l u c o s e  d e t e r m i n e s  a lso  a p a t t e r n  of  r e g u l a t o r y  r e s p o n s e  
s i m i l a r  for  t h e  t h r e e  e n z y m e s :  i t  c o n s i s t e n t l y  b l o c k s  t h e  
i n d u c t i v e  f o r m a t i o n  of  a l c o h o l  d e h y d r o g e n a s e ,  a l d e h y d e  
d e h y d r o g e n a s e  a n d  a c e t y l - C o A  s y n t h e t a s e  e v e n  in  p r e -  
s e n c e  o f  i n d u c e r s  (Table) .  

A p a r a l l e l  in  t i le  r e g u l a t e d  c h a n g e s  of  t h e  t h r e e  e n z y m e s  
r e s u l t s  a lso  f r o m  e x p e r i m e n t s  w i t h  p y r a z o l e .  P y r a z o l e  is a 
w e l l - k n o w n  spec i f i c  i n h i b i t o r  of  t h e  f i r s t  e n z y m e  of  e t h a -  
no l  o x i d a t i o n ,  a l c o h o l  d e h y d r o g e n a s e .  I t s  i n h i b i t o r y  e f f ec t  
o n  a l c o h o l  d e h y d r o g e n a s e  of  Rhodotorula gracilis h a s  b e e n  
e s t a b l i s h e d  b o t h  on  e n z y m e  p r e p a r a t i o n s  a n d  in  v i v o  a. 
T h e  i n h i b i t i o n  k i n e t i c s  is c o m p e t i t i v e  v e r s u s  t i le  s u b s t r a t e  
e t h a n o l  a n d  t h e  v a l u e  of  t h e  i n h i b i t i o n  c o n s t a n t  is 0.3 txM. 
A t  1 m M  or  h i g h e r  c o n c e n t r a t i o n s ,  t h e  i n h i b i t i o n  is p r a c -  
t i c a l l y  c o m p l e t e ,  e v e n  on  t h e  e t h a n o l  m e t a b o l i s m  of  l i v i n g  

Cells grown 24 h at 30~ on 200 m M  glucose, without Zn addition, 
washed and transferred for 4 h into the media indicated 

FeCla ;  5 mg/1  C a - p a n t o t h e n a t e ;  5 mg/1  t h i a m i n e - H C 1 .  
I n i t i a l  p H  w a s  b r o u g h t  t o  4.5. Z n  w a s  a d d e d  a s  0.007 m M  
ZnSOa ,  a n d  c a r b o n  s o u r c e s  we re  a d d e d  a s  i n d i c a t e d  in  t h e  
T a b l e  a n d  F i g u r e s .  G r o w t h  w a s  c a r r i e d  o u r  a e r o b i c a l l y  a t  
30~  in  f l a s k s  w i t h  r o t a t i v e  e c c e n t r i c a l  a g i t a t i o n .  I t  w a s  
f o l l o w e d  b y  m e a s u r e m e n t s  of  o p t i c a l  d e n s i t y  a t  623 n m  
or  b y  cell  c o u n t s .  

F o r  p r e p a r a t i o n  of  cel l  e x t r a c t s ,  cel ls  w e r e  s u s p e n d e d  
(0.2 g /ml )  in  100 m M  p o t a s s i u m  p h o s p h a t e  bu f f e r ,  p H  
7.5, a n d  d i s r u p t e d  in  a B r a u n  a p p a r a t u s  a w i t h  g l a s s  b e a d s  
0 . 2 3 - 0 . 2 5  m m  d i a m e t e r .  F o r  t h e  a s s a y  of  e n z y m e  a c t i v i -  
t i es ,  t h e  cell  h o m o g e n a t e  w a s  c e n t r i f u g e d  for  30 m i n  a t  
100 ,000  g a n d  t h e  pe l l e t  a n d  t h e  u p p e r  l ip id  l a y e r  w e r e  
d i s c a r d e d .  T o t a l  p r o t e i n s  we re  d e t e r m i n e d  b y  a b i u r e t  
m e t h o d  s o n  w h o l e  h o m o g e n a t e s .  E n z y m e  a c t i v i t i e s  w e r e  
a s s a y e d  a t  30 ~ b y  o p t i c a l  t e s t s ,  in  a 2400 Gi l fo rd  s p e c t r o -  
p h o t o m e t e r .  A l c o h o l  d e h y d r o g e n a s e  w a s  d e t e r m i n e d  ac -  
c o r d i n g  t o  MAEHLY a n d  BONNICHSEN 7. A l d e h y d e  de -  
h y d r o g e n a s e  w a s  d e t e r m i n e d  in  a m i x t u r e  h a v i n g  t h e  fol- 
l o w i n g  c o m p o s i t i o n ~ :  100 m M  Tris - I iC1 bu f f e r ,  p H  8.5; 
5 m M  N a 2 E D T A ;  2 m M  p y r a z o l e ;  1.5 m M  N A D + ;  
0.06 m M  a c e t a l d e h y d e ;  50 o r  100 ~ l / m l  e n z y m e  p r e -  
p a r a t i o n .  A c e t y l - C o A  s y n t h e t a s e  w a s  d e t e r m i n e d  ac -  
c o r d i n g  t o  JONES a n d  LIPMANN s. 

Resul ts .  I n  t h e  cel ls  of  Rhodotorula gracilis, e t h a n o l  a n d  
o t h e r  C~ m e t a b o l i t e s  a r e  v e r y  e f f e c t i v e  i n d u c e r s  of  t h e  
t h r e e  e n z y m e s  o f  t h e  e t h a n o l  -+  a c e t y l - C o A  p a t h w a y ,  
n a m e l y  a l c o h o l  d e h y d r o g e n a s e ,  a l d e h y d e  d e h y d r o g e n a s e  
a n d  a c e t y l - C o A  s y n t h e t a s e .  R e s u l t s  s h o w i n g  t h e  s t i -  
m u l a t i o n  of  t h e  f o r m a t i o n  of  t h e  t h r e e  e n z y m e s  b y  C~ 
c o m p o u n d s  e t h a n o l ,  a c e t a l d e h y d e  a n d  a c e t y t p h o s p h a t e  
a r e  g i v e n  in  F i g u r e  1. A c e t y l p h o s p h a t e  w a s  p r e f e r e n t i a l l y  
u s e d  in  p l a c e  of  a c e t a t e :  a c e t a t e  is  a lso  a n  i n d u c e r  of  
a l c o h o l  d e h y d r o g e n a s e ,  b u t  a c e t y t p h o s p h a t e  is a b e t t e r  
i n d u c e r  a n d  a b e t t e r  c a r b o n  s o u r c e  for  t h e  y e a s t .  I n  o r d e r  
to  d e t e r m i n e  q u a n t i t a t i v e l y  t h e  i n d u c i n g  c a p a c i t y ,  t h e  
f i na l  spec i f i c  a c t i v i t y  of  e a c h  e n z y m e  a f t e r  a 4 - h o u r s  e x -  
p o s i t i o n  of  g l u c o s e - g r o w n  cel ls  t o  e a c h  a g e n t  w a s  m e a -  
s u r e d .  T h e  r e s u l t i n g  v a l u e s  of  t h e  i n d u c t i o n  r a t i o ,  t h a t  is 
t h e  r a t i o  b e t w e e n  t h e  i n d u c e d  e n z y m e  leve l  a n d  t h e  en -  
z y m e  leve l  in  m i n e r a l  b a s a l  m e d i u m  (RICHMOND g), a r e  
i n d i c a t e d  in  t h e  s a m e  F i g u r e .  T h e s e  d a t a  s h o w  a c o n c u r -  
r e n t  r e s p o n s e  of  a l l  t h r e e  e n z y m e s  to  t h e  Ce i n d u c e r s .  

T h e  i n d u c t i v e  r e s p o n s e  is  l o s t  in  p r e s e n c e  of  t h e  in-  
h i b i t o r  of  p r o t e i n  s y n t h e s i s  c y c l o h e x i m i d e  a n d  of  t h e  
a m i n o  ac id  a n a l o g u e  p - f l u o r o p h e n y l a l a n i n e .  I t  is, h o w -  
eve r ,  o n l y  p a r t i a l l y  i n h i b i t e d  in  p r e s e n c e  of  a n  i n h i b i t o r  
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Fig. 1. IIIduction profile for alcohol dehydrogenase (ADH), aldehyde 
dehydrogenase (ALDH) and acetyl-CoA synthetase (ACS) in the 
yeast Rhodotorula gracilis. Cells grown 24 h on 200 m M  glucose, with- 
out Zn addition, washed and transferred for 4 h into the media indi- 
cated: mineral=basal medimn with no added carbon source; ethanol= 
basal medium + 2 m M  ethanol; acetaldehyde=basal medium + 
2 m M  acetaldehyde; acetyl-P=basal medium + 2 m M  acetyl-phos- 
phate. Temperature 30~ Results are expressed as increase of 
specific activity (nmoles/min/mg protein) in 4 h. The values indicated 
are means of 5 experiments and the bars show ~: SEM. Induction 
ratio (I.R.)=enzyme level in (basal medium + tested compound)/ 
enzyme level in mineral. 
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Fig. 2. Effect of pyrazole on the formation of alcohol dehydrogenase 
(ADH), aldehyde dehydrogenase (ALDH) and acetyl-CoA synthetase 
(ACS) stimulated by ethanol in the yeast Rhodoterttla gracilis. Cells 
grown 24 h on 200 mM glucose, without Zn addition, washed and 
transferred for the time indicated into the following media: 1: basal 
medium with no added carbon source; 2:basal medium + 2 mM 
ethanol; 3:basal medium + 2 mM ethanol + 2 mM pyrazole. Tem- 
perature 30~ Results are expressed as enzyme specific activity 
(nmoles/min/mg protein). Each point represents the mean of 5 ex- 
periments and the vertical bar shows ~ SEM. 
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Fig. 3. Effect of pyrazole on the formation of alcohoI dehydrogenase 
(ADH); aldehyde dehydrogenase (ALDH) and acetyI-CoA synthe- 
tase (ACS) stimulated by acetaldehyde in the yeast Rhodotorula 
gracil{s. Cells grown 24 h on 200 mM glucose, without Zn addition, 
washed and transferred for the time indicated into the following 
media: l :basal medium with no added carbon source; 2:basal me- 
dium + 2 mM acetaldehyde; 3:basaI medium + 2 mM acetaldehyde 
+ 2 mM pyrazole. Temperature 30~ Results are expressed as en- 
zyme specific activity (nmoles/min/mg protein). Each point repre- 
sents the mean of 5 experiments and the vertical bar shows ~z SEM. 

y e a s t  cells. The  use  of pyrazo le  the re fo re  se lec t ive ly  
blocks  t he  e t h a n o l  ~ a c e t a l d e h y d e  s t ep  in v ivo.  T h e  
effects  of th i s  me tabo l i c  i n t e r r u p t i o n  in e x p e r i m e n t s  of in- 
duc t ion  b y  e t h a n o l  or b y  a c e t a l d e h y d e  of alcohol d e h y d r o -  
genase,  a l d e h y d e  d e h y d r o g e n a s e  a n d  ace ty l -CoA s y n -  
t h e t a s e  are s h o w n  in F igu res  2 a nd  3. I t  is e v ide n t  t h a t  
b locking  t he  e tha no l  ~ - - ~  a c e t a l d e h y d e  s t ep  abol ishes  - for  
all t h r e e  e n z y m e s  - t h e  i n d u c t i v e  r e sponse  to  e thano l ,  b u t  
leaves  u n d i s t u r b e d  t he  i n d u c t i v e  r e sponse  to ace ta lde-  
hyde .  

Discuss{on. I n  t h e  obl iga te  aerobic o r g a n i s m  Rhodoto- 
rula gracilis, t h e  m o s t  e v ide n t  func t ion  of alcohol  de- 
hyd roge na se ,  a l de hyde  d e h y d r o g e n a s e  a nd  ace ty l -CoA 
s y n t h e t a s e  is to  ca t a lyze  in a coord ina te  me tabo l i ca l  se- 
quence  t he  ox ida t i on  of e x t e r n a l  alcohols.  

I n  o the r  yeas t s ,  in add i t ion  to an  alcohol  d e h y d r o -  
genase  t y p e  w i th  ox ida t i ve  func t ion ,  o the r  i soe nz yme s  are 
p resen t ,  n a m e l y  a f e r m e n t a t i v e  a n d  a m i t o c h o n d r i a l  
t y p e  1~ The  r egu la t i on  p a t t e r n s  of t he  f e r m e n t a t i v e  
a nd  m i t o c h o n d r i a l  i s o e n z y m e s  appear ,  however ,  to  be  
d i f fe rent  f r om the  ox ida t ive  i soenzyme,  as on ly  t h e  l a t t e r  
is c o m p l e t e l y  repressed  by  glucose la,1,. I t  is i n t e r e s t i n g  
to no te  t h a t  in Rhodotorula gracilis on ly  one i soe nz yme  of 
alcohol  d e h y d r o g e n a s e  is la rgely  p r e d o m i n a n t  a n d  shows  
a r e g u l a t o r y  p a t t e r n  s imi la r  to  t h a t  descr ibed for t he  oxi-  
da t i ve  t y p e  in o the r  y e a s t s  3. 

R e s u l t s  p r e s e n t e d  in t he  p r e s e n t  pa pe r  ind ica te  t h a t  t he  
p a t t e r n  of r e g u l a t o r y  response  is c o m m o n  to alcohol  de- 
h y d r o g e n a s e ,  a l de hyde  d e h y d r o g e n a s e  a n d  ace ty l -CoA 
s y n t h e t a s e .  All th ree  e n z y m e s  a p p e a r  to be repressed  by  
glucose a nd  induced  b y  C 2 me tabo l i c  fuels.  

Some more  di rect  ind ica t ion  on t he  molecu la r  s igna ls  
invo lved  in t he  t r a n s m i s s i o n  of t he  i nduc ing  s t i m u l u s  
comes  f rom the  e x p e r i m e n t s  w i th  pyrazole .  Th i s  inh ib i to r  
causes  a specific i n t e r r u p t i o n  of t h e  m e t a b o l i s m  at  t h e  
e tha no l  ~ - ~  a c e t a l d e h y d e  s tep.  

W h e n  cells are exposed  to e thano l ,  t he  i nduc ing  effect  
could  arise f r om an  ac t ion  of e t h a n o l  molecule  or f r om a 
der ived  me tabo l i c  effect.  A m o n g  the  more  e v ide n t  effects,  
e t ha no l  is k n o w n  to c h a n g e  t h e  r edox  s t a t e  of t he  N A D + /  
N A D H  couple  t o w a r d  reduc t ion ,  a nd  to affect  also t h e  
s t a t e  of free aden ine  nuc leo t ide  s y s t e m  (MAITRA a n d  ESTA- 
BROOKla, 16, see also VEECH et  al.l~). W h e n  t he  ceils are  ex- 
posed  to e t h a n o l + p y r a z o l e ,  it  is r easonab le  to  a s s u m e  
t h a t  t he  c y t o p l a s m i c  level  of e t h a n o l  is u n c h a n g e d  or in- 
creased,  t h a t  of ace t a ldehyde ,  a c e t a t e  a n d  der iv ing  pools  
is lowered, a n d  t he  r edox  s t a t e  of t he  N A D + / N A D H  
couple  m o v e s  in t he  d i rec t ion  of ox ida t ion .  In  t h i s  m e t a -  
bolic condi t ion ,  t he r e  is m i n i m a l  or no  i n d u c t i o n  for all 
t h ree  e n z y m e s  inves t iga t ed .  The  i nduc ing  s t i m u l u s  is, on  
t he  c on t r a ry ,  fu l ly  ac t ive  w h e n  the  cells are exposed  to  
a c e t a l d e h y d e  + p y r a z o l e .  I n  t h i s  condi t ion ,  one m u s t  as-  
s u m e  t h a t  t he  cellular  level of e t h a n o l  is nea r  zero, t h a t  
of a c e t a l d e h y d e  a nd  de r iv ing  i n t e r m e d i a t e s  is increased  
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(1968). 
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biophys. Acta 191,493 (1969). 
13 M. WIESENFELD, L.  SCHIMPFESSI~L and R. CROKAERT, Biochim. 

biophys. Acta 405, 500 (1975). 
14 L. SCmMPFESSEL, J. SUGAR and R. CROKAERT, Arch. Int. Physiol. 

Biochim. 77, 556 (1969). 
15 p. K. MAITRA and R. W. ESTABROOK, Arch. Biochem. Biopbys. 

121, 117 (1967). 
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and the  redox  s t a te  of N A D + / N A D H  sys tem is again in 
the  di rect ion of reduc t ion  28. I t  m u s t  be po in ted  out  t h a t  
in th is  case the  induc t ive  response excludes the  possibi l i ty  
t h a t  pyrazote  by  itself has  some irreversible effect  on the  
alcohol dehydrogenase  molecule or some other  inh ib i to ry  
effect  on the  cell sys tems.  The observed p a t t e r n  of re- 
sponse wi th  pyrazole  is r easonab ly  in t e rp re t ed  by  as- 
suming  t h a t  the  molecule of e thanol  is no t  specifically re- 
quired as a signal to  induce th is  enzyme sequence.  The 
change of s ignif icant  i n t e rmed ia t e  is therefore  t o  be 
searched for among  the  metabol ic  effects specifically de- 

r iving f rom the  ut i l iza t ion of the  C 2 fuels. Poss ib ly  the  
s ta te  of redox  couples and adenine  nucleot ide  sys tems  are 
p r imar i ly  involved.  

In  any  case the  response  is concur ren t  for all th ree  en- 
zymes.  This suggests  a corre la ted regulat ion of level of 
enzymes  ca ta lyz ing  the  e thanol  ~+ acetyl-CoA pa thway ,  
under  the  control  of a co mmo n  metabol ic  signal. 

18 p. ~[{. MAITRA and R. W. ]~STABROOK, Arch. Biochem. Biophys. 
727, 140 (1967). 

Antigenicity of Thermal Denatured Yoshida Glycoprotein 

A. FLORIDI and  A. CAPU'rO 

Regina Elena Ins t i tu te /or  Cancer Research, 291 Viale Regina Elena, 1-00151 Roma (ltaly), 16 January  1976. 

Summary.  The corre la t ion be tween  ant igenic  func t iona l i ty  and conformat ion  of Yoshida  g lycoprote in  upon hea t ing  
has  been inves t iga ted .  Hea t ing  modifies the  conformat ion  of the  ant igen,  b u t  does no t  abolish the  react ion wi th  its 
specific an t ibody .  

There  has been a grea t  deal  of work  in the  pas t  decade 
on the  p rob lem of de te rmin ing  the  func t iona l i ty  of small  
syn the t i c  an t igen  molecule 1, whereas  for na tu ra l  an t igens  
deta i led  s tudies  on the  re la t ion be tween  s t ruc tu re  and 
func t ion  are l imi ted  to  few examples .  Among  these,  con- 
vincing evidence has  been repor ted  for se rum a lbumin  
and Yosh ida  glycoprotein'2-6. In  the  course of ex tens ive  
inves t iga t ions  on the  possibi l i ty  of subs t i tu t ing  hap ten ic  
groups in t he  po lypep t ide  chain  of Yoshida  glycoprotein ,  
i t  has  been  observed  t h a t  th is  pro te in  behaves  on hea t ing  
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Fig. 1. Temperature difference spectra. A) Native Yoshida glyco- 
protein against native; B) Yoshida glycoprotein heated at 70~ 
against native; C) Yoshida glycoprotein heated at 90~ against 
native; D) Yoshida glyeoprotein heated at 90~ and cooled at room 
temperature against native. The protein concentration both in 
sample and reference celt was 1 mg/ml. The spectra were recorded 
30 rain after that temperature was reached. The pH of solutions 
was 7.0. 

in a ve ry  peculiar  way  and could represen t  an useful 
expe r imen ta l  model  to  s tudy  t h e rma l  dena tu ra t i on  of 
proteins .  Because l i te ra ture  d a t a  concerning reversible 
t h e rma l  dena tu ra t i on  of pro te ins  are s can ty  7-11, in this  
r epor t  we give a p re l iminary  accoun t  of the  expe r imen t s  
unde r t aken  in order  to  correlate  ant igenic  func t iona l i ty  
of Yoshida glycoprote in  to  conformat iona l  changes  of the  
molecule upon heat ing.  

Materials and methods. Glycoprote in  was isolated f rom 
Yoshida  ascites t u m o r  fluid as previous ly  reportedlY, ~3. 
The pu r i ty  was  ascer ta ined  by  u l t racen t r i fuga t ion  and  
electrophoresis ,  dur ing which it behaves  as homogeneous  
monodisperse  sys t em as conf i rmed b y  the  occurrence of 
one single precipi t ine  arc in immunoelec t rophores i s .  

The rma l  d e n a t u r a t i o n  was carr ied out  in a Colora 
t h e r m o s t a t  and the  t e m p e r a t u r e  was measured  by  ther-  
mis tored  appa ra tus  to  an accuracy of • 0.1~ Spect ro-  
scopic measu remen t s  were pe r fo rmed  wi th  a Beck man  
D K 1  recording s p e c t r o p h o t o m e t e r  equ ipped  wi th  a 
t he rmospace r  appa ra tus .  

P ro te in  solut ions were  p repa red  by  di lut ing 1 ml  s tock 
solut ion (5 mg/ml) to  5 ml  in a volumetr ic  flask. The 
concen t ra t ion  of p ro te in  was de t e rmined  spec t rophoto-  

metr ica l ly  using an E ~ em of 0.700. The ant igenic mg/ml 
ac t iv i ty  of the  g lycoprote in  was measured  in its capac i ty  

1 M. SELA, Science "t66, 1365 (1969). 
2 p. H. MAURER, Ann. N.Y. Acad. Sci. 703, 549 (1963). 
a C. T. Liu, B. R. DAS and P. H. MAURER, Immunoehernistry 41, 

1 (1967). 
4 A. CAPUTO, A. FLORmI and M. L. M~ARCANTE, Biochim. biophys. 

Acta 181,446 (1969). 
5 R. ZITO, M. g. MARCANTE, A. FLORIDI and A. CAP~JTO, Biochtm. 

biophys. Aeta 794, 74 (1969). 
6 A. CAPIJTO; 10th Int. Cancer Congr. Houstons Commun. 372, 

231 (1970). 
M. L. ANSON and A. C. MIRSKY, J. phys. Chem. 35, 185 (1939). 

s A. C, POLAND and H. A. SHERAGA, Biopolymers 3, 401 (1965). 
9 j .  F. BRANDS, J. Am. chem. Soe. 86, 401 (1965). 

10 C. TANFORD, J. Am. chem. Soc. 85, 2050 (1964). 
11 ~V[. BRUNORI, E. ANTONINI, P. WYMAN and A. ROSSI-FANELLI, 

J. molec. Biol. 34, 497 (1968). 
12 1'r L. MARCANTE, Clin. ehim. Aeta 8, 799 (1963). 
la A. CAPUTO and M. L. MARCANTs Arch. Bioehem. Biophys. lOS, 

193 (1964). 


