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Stimulat ion of Induction of Glucose Dehydrogenase by Homologous  Series of Aliphatic Alcohols in 
D o r m a n t  S p o r e s  of Aspergillus oryzae 

W h e n  suspended  in water ,  conid ia  of t he  rice mold,  
A spergi l lus  oryzae,  n e i t h e r  g e r m i n a t e  nor  swell for m o n t h s  1. 
D u r i n g  th i s  period,  however ,  some enzymes  are induc ib le  2, 
a n d  t he  r a t e  of i n d u c t i o n  is e n h a n c e d  b y  some alcohols  
m a i n l y  a t  t he  s tage  of t r ans l a t i on ,  poss ib ly  b y  fac i l i t a t ing  
t he  f o r m a t i o n  of i n i t i a t i o n  complex  a, The  p r e s en t  p a p e r  
ex t ends  th i s  s t u d y  to inc lude  homologous  series of 
a l ipha t i c  alcohols.  

The  eonidia  were produced ,  ha rves t ed ,  and  freed f rom 
mycel ia l  f r a g m e n t s  as descr ibed p rav ious ly  2. Glucose 
d e h y d r o g e n a s e  was induced  a n d  assayed  as descr ibed  
p rev ious ly  ~, a. 

F igure  1 shows t h a t  lower c o n c e n t r a t i o n s  of va r ious  
alcohols  s t i m u l a t e d  t h e  r a t e  of induc t ion ,  whereas  h ighe r  
c o n c e n t r a t i o n s  were inh ib i to ry .  M e t h a n o l  and  e t h a n o l  h a d  
no s t i m u l a t o r y  effect  a t  a n y  c o n c e n t r a t i o n s  t e s t ed  (not  
shown in F igure  1). For  conven ience  of ana lyz ing  t he  da ta ,  
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Fig. 1. Effect of alcohols on the rates of induction of glucose dehydro- 
genase. The rate in the absence of alcohol is represented by the value 
of 1.0 on the ordinate. A) refers to 1-octanol; B) 1-heptanol; C) 1-he- 
xanol; D) 1-pentanol; E) isopentanol; F) sec-amyl alcohol; G) tert- 
amyl alcohol; H) !-butanol; I) 1-Pr0Panol; and J) isopropanol. 
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Fig. 2. a) Relationship between log Cm and boiling point of alcohols. 
The Roman letter besides each dot stands for the same alcohols as in 
the legend to Figure 1. C~ is defined as described in the text, and is 
expressed as mM. b) Relationship between log C~ and the number of 
carbon atoms in a homologous series of n-alcohols. 

t he  m a x i m a l  a lcohol  c o n c e n t r a t i o n  t h a t  caused  ne i t he r  
s t i m u l a t i o n  no r  i n h i b i t i o n  was refer red  to  as Ca, a n d  was 
o b t a i n e d  f rom F igure  i where  concen t r a t i on - r e sponse  
curves  in te r sec t  t he  r e l a t ive  r a t e  of 1.0. Cm decreased  w i t h  
increas ing  t he  h y d r o c a r b o n  cha in  l e n g t h  of t he  alcohols,  
whi le  C,n increased w i t h  b r a n c h i n g  in t he  chain.  I n  
F igure  2, log C,n is p lo t t ed  aga ins t  t h e  boi l ing p o i n t  a n d  
aga ins t  t h e  cha in  l e n g t h  of a series of n-alcohols .  In  b o t h  
cases, a l inear  co r re l a t ion  b e t w e e n  2 p a r a m e t e r s  was  
observed .  These  resu l t s  would  sugges t  t h a t  h y d r o p h o b i c  
i n t e r ac t i ons  were respons ib le  for t h e  s t i m u l a t o r y  effect  of 
the  alcohols,  s ince i t  is k n o w n  5 t h a t  t he  h y d r o p h o b i c i t y  of 
a l ipha t i c  alcohols  is ref lec ted  b y  some phys icM-chemica l  
cons tan t s ,  such  as boi l ing  p o i n t  a n d  so lubi l i ty  in water ,  
a n d  t h a t  t he  c o n t r i b u t i o n  of each  CH~ group to  h y d r o -  
phob ic  b o n d i n g  is add i t ive .  The  s t a n d a r d  free ene rgy  
change  of i n t e r a c t i o n  for each  CH~ group  of t h e  alcohols,  
A G  ~ , was ca lcu la ted  f rom t h e  l eas t - square  slope of t he  l ine 
in  F igure  2 b b y  t he  use of e q u a t i o n  6 

dG~ = ]R T i n  CI+IIC i 

where  C, and  C,, + 1 refer  to  t h e  C,, va lues  of i t h  and  i t h  + 1 
homologues ,  r e spec t ive ly ;  R a n d  T are t he  gas c o n s t a n t  
and  t he  abso lu te  t e m p e r a t u r e ,  respect ive ly .  The  va lue  
o b t a i n e d  was - -650 cal /mole.  I t  was r epo r t ed  ~ t h a t  in  
severa l  mode l  sys tems,  free ene rgy  t r a n s f e r  f rom a n  
aqueous  phase  to comple t e ly  n o n p o l a r  phase,  such  as 
t r io le in  or l igh t  pe t ro leum,  is be tween  - -750  and  - -883  
ca l /CH 2 group.  The  lower va lue  o b t a i n e d  in t he  p r e sen t  
sys t em m a y  ind ica t e  t he  i ncomple t e  d e h y d r a t i o n  of CHe 
groups  w h e n  t he  alcohols  were adso rbed  to  t he  r ecep to r  
site. Th i s  suggests  t h a t  t h e  r ecep to r  s i te  is less h y d r o -  
phob ic  t h a n  t h e  n o n p o l a r  phases  in  t he  model  sys tems.  
ROmH and  SEEMAN7 showed t h a t  b iological  m e m b r a n e s  
were m u c h  less h y d r o p h o b i c  t h a n  1-octanol,  s ince m e m -  
b r a n e / b u f f e r  p a r t i t i o n  coeff icients  for severa l  a l ipha t i c  
alcohols were i n v a r i a b l y  1/5 of 1 -0c tano l /wate r  p a r t i t i o n  
coefficients.  

A l ipha t i c  alcohols  were shown  to cause a v a r i e t y  of 
effects on  m a n y  types  of ceils; e.g., p r o t e c t i o n  of e ry thro~  
cyte  f rom h y p o t o n i c  hemolys i s  ~, p a r a m e c i u m  immobi l i za -  
t ion  s, i n h i b i t i o n  of muscle  c o n t r a c t i o n  9, and  narcosis  of 
va r ious  an ima l s  a,% A l t h o u g h  t he  precise m e c h a n i s m  
u n d e r l y i n g  these  p h e n o m e n a  is no t  clear a t  p resen t ,  
cel lular  m e m b r a n e s  were sugges ted  to  be  t he  p r i m a r y  si te  
of ac t ion  in all cases so far  examined .  S~EMAN et  al. ~~ 
showed t h a t  homologous  alcohols  a t  c o n c e n t r a t i o n s  
s imi lar  to  those  of Cm e x p a n d e d  t h e  m e m b r a n e  area  of 
i n t a c t  e r y t h r o c y t e  b y  a p p r o x i m a t e l y  3%. I f  one assumes  
t h a t  t he  alcohols caused  a s imi la r  m e m b r a n e  expans ion  
in t he  d o r m a n t  conidia,  i t  is c o m p a t i b l e  w i t h  ' m e m b r a n e  
b r a k e '  hypo thes i s  3 t h a t  t h e  low ac t i v i t y  of p ro t e in  
syn thes i s  in  d o r m a n t  conidia  is due  to t he  s t r u c t u r e  of 
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endop lasmic  r e t i cu lum m e m b r a n e ,  wh ich  ac t s  as a pa r t i a l  
b r a k e  b y  l im i t i ng  t he  f o r m a t i o n  of i n i t i a t i o n  complex.  
Poss ib ly  t he  m e m b r a n e  is k e p t  in  a condensed  s t a t e  and  
t he  s i te  where  t he  r ibosome  is a t t a c h e d  is p a r t i a l l y  
bur ied.  On b i n d i n g  t h e  alcohols,  t he  m e m b r a n e  m a y  
unde rgo  a c o n f o r m a t i o n a l  change,  e.g. a n  expans ion ,  a n d  
t he  r i b o s o m e - a t t a c h i n g  s i te  m a y  be more  exposed.  Th i s  
m a y  resu l t  in  t he  s t i m u l a t i o n  of f o r m a t i o n  of i n i t i a t i on  
complexes  for p ro t e in s  t h a t  are  syn thes i zed  b y  m e m b r a n e -  
b o u n d  r ibosomes .  A l t h o u g h  f u r t h e r  work  is needed  to 
s u b s t a n t i a t e  th i s  hypo thes i s ,  i t  is t e m p t i n g  to  specula te  
t h a t  t he  d o r m a n c y  of funga l  spore  m a y  be m a i n t a i n e d ,  a t  
leas t  in  pa r t ,  b y  th i s  ' m e m b r a n e  b r a k e '  m e c h a n i s m .  

Rdsumd. La  mise  en  ac t ion  de la glucose d6shydrog6nase  
dans  la spore  d o r m a n t e  d'Aspergillus oryzae est  s t imul6e  
p a r  l ' a d d i t i o n  de s6ries homologues  des alcools a l ipha-  
t iques .  La  c o n c e n t r a t i o n  de l 'a lcool  n6cessaire  ~ cet  effet  
d iminue  avec  l ' a cc ro i s semen t  de longeur  de la cha ine  
hydroca rbon6e ,  mais  a u g m e n t e  avec  la r ami f i c a t i on  de la 
chaine.  
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Dissociation Constants of the Complexes between 

A m a n i t i n s ,  t he  m a i n  tox ins  of Amanita phalIoides 1,2, 
i n h i b i t  eukar io t i c  R N A - p o l y m e r a s e  I I  b y  b i n d i n g  to t he  
e n z y m e  3 s. In  t he  p r e s en t  e x p e r i m e n t s  t he  Ka of t h e  
complexes  of t he  e n z y m e  w i t h  m e t h y l - ~ - a m a n i t i n ,  w i t h  
e - a m a n i t i n  a n d  w i t h  t he  non- tox ic  d e r i v a t i v e  m e t h y l -  
a l d o a m a n i t i n  were i n v e s t i g a t e d  b y  equ i l ib r ium dialysis.  

R N A - p o l y m e r a s e  I I  was  o b t a i n e d  f rom r a t  l iver  
acco rd ing  to IROEDER and  RUTT~R 9 a n d  was s tored  a t  
- -195  ~ in T G M E D  (0.0521/I tris-HC1, p H  7.9, 25% (v/v) 
glycerol,  5 m M  MgC12, 0.1 m M  E D T A ,  0.5 m M  di th io-  
t re i to l )  c o n t a i n i n g  0 . 1 M  (NH4)2SO 4. A c t i v i t y  was 
m e a s u r e d  5 on  0.2 ml  of t he  enzyme  p r e p a r a t i o n  us ing  calf 
t h y m u s  h e a t - d e n a t u r a t e d  D N A  as t e m p l a t e  a n d  ~4C-ATP 
(The 1Radiochemical Centre,  A m e r s h a m ,  G r e a t  B r i t a i n ;  
2 mCi /mmol )  as label led  nucleot ide .  610 pmoles  o f A M P  
were i nco rpo ra t ed  in t he  perchlor ic  acid inso luble  ma te r i a l  
a f t e r  a 10-rain per iod  a t  37 ~ 
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Binding of methyl-~-amanitin to rat liver RNA-polymerase II in the 
absence (0) and in the presence of ~-amanitin (Ill) or of methyl-aldo- 
amanitin (O). Plot of 1/b against 1/c from equilibrium dialysis of in- 
creasing concentrations of 14C-methyl-)~-amanitin (6-60 nM) in the 
presence of a constant amount of RNA-polymerase II. The equation 
for the straight line, calculated by the least-squares method, was 1/b 
0.023 • 109-k0.083]c. The equation was not significantly modified in 
the presence of a constant concentration (100 nM) of methyl-aldo- 
amanitin (1/b = 0.023 • 10~+0.072/c), while in the presence of 0~- 
amanitin (100 riM) it was 1/b = 0.023 x 10~+2.69/c. 

RNA-Polymerase  II and Amanit ins  

E q u i l i b r i u m  dialysis  e x p e r i m e n t s  were pe r fo rmed  in 
Plexiglas  c h a m b e r s  s epa ra t ed  b y  ce l lophane  disks cu t  
f rom a Visk ing  20/32 t u b e  (Visking Co., Chicago, Ii1., 
USA),  p rev ious ly  s t r e t c h e d  accord ing  to  CRAIG a n d  
t(ING 1~ in order  to  increase  the  po ros i ty  of t h e  membrane 
and  t he  dia lysis  r a t e  of aman i t i n s .  A 35% increase  of b o t h  
.d iamete r  and  l eng th  of t he  t u b e  d u r i n g  t h e  s t r e t c h i n g  
al lowed equ i l ib r ium of 14C-methyl -~-amani t in  (68 mCi/  
retool) t h r o u g h  t he  m e m b r a n e  to  be  r eached  in 20 h a t  
4~ in T G M E D .  0.2 ml  of t h e  e n z y m e  so lu t ion  were 
p laced  in one c o m p a r t m e n t  of t he  dia lysis  c h a m b e r s  and  
0.2 ml  of T G M E D  c o n t a i n i n g  0 . 1 M  (NH4)2SO ~ in t he  
o ther .  The  f inal  v o l u m e  in b o t h  c o m p a r t m e n t s  was  
b r o u g h t  to  0.25 ml  b y  a d d i t i o n  of t he  l igands,  l*C-methyl-  
y - a m a n i t i n  was in i t i a l ly  p re sen t  in t he  same a m o u n t  in 
b o t h  c o m p a r t m e n t s ,  in  t he  r ange  f rom 1.5 to  15 pmoles .  
Dup l i ca tes  were also se t  up  c o n t a i n i n g  on  b o t h  sides of 
t he  dia lysis  m e m b r a n e  a c o n s t a n t  a m o u n t  (25 pmoles)  of 
non - r ad ioac t i ve  a - a m a n i t i n  or of non - r ad ioac t i ve  m e t h y l -  
a l d o a m a n i t i n .  Af te r  c o n t i n u o u s  s h a k i n g  for 24 h a t  4~ 
two 0.1 m l  a l iquo ts  were w i t h d r a w n  f rom each  c o m p a r t -  
m e n t  a n d  r a d i o a c t i v i t y  was m e a s u r e d  in a Nuclear- 
Chicago m a r k  I sc in t i l l a t ion  counter .  The  coun t s  were 
cor rec ted  to 100% efficiency. Free  ~ C - m e t h y l - y - a m a n i t i n  
c o n c e n t r a t i o n  was ca lcu la ted  f rom the  r a d i o a c t i v i t y  of 
t he  c o m p a r t m e n t  w i t h o u t  t h e  enzyme.  B o u n d  ~4C- 
m e t h y l - y - a m a n i t i n  was ca lcu la ted  b y  dif ference b e t w e e n  
t he  r ad ioae t iv i t i e s  of t h e  two  c o m p a r t m e n t s ,  

Resu l t s  are  p lo t t ed  in t he  F igure  accord ing  to t he  
e q u a t i o n  n 1/b = l/a + Ka/ac, where  b a n d  c are  t he  
c o n c e n t r a t i o n s . o f  b o u n d  a n d  free ~ C - m e t h y l - ~ - a m a n i t i n ,  
a is t he  m o l a r i t y  of t h e  e n z y m e  b i n d i n g  sites, a n d  Ka t he  
d issoc ia t ion  cons t an t .  The  p lo t  gives a s t r a igh t  l ine in 
wh ich  t he  i n t e r c e p t  of t h e  o r d i n a t e  ( l /a)  al lows t he  
ca lcu la t ion  of t he  m o l a r i t y  of b i n d i n g  s i tes  a n d  t h e  
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