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d e t e r m i n e d  us ing  a K n a u e r  o s m o m e t e r  (Table  I I I ) .  The  
resul t s  show t h a t  i m i p r a m i n e  has  s u r f a c t a n t  proper t ies .  
E q u i p m e n t  for precise d e t e r m i n a t i o n s  of cr i t ical  micelle 
c o n c e n t r a t i o n  was no t  ava i l ab le  b u t  i t  would a p p e a r  to  
lie be tween  50 and  80 m M .  

The  t u r b i d i t y  of va r ious  solut ions  con ta in ing  b i l i rub in  
and  des ip ramine  was measu red  a t  650 n m  (a m i n i m u m  in 
the  b i l i rub in  a b s o r p t i o n  spec t rum) .  B e t w e e n  10 and  50 
m M  des ip ramine  t he  so lu t ion  was grossly t u r b i d  b u t  
above  80 m M  the  so lu t ion  was clear, p r o b a b l y  because  
b i l i rub in  was t a k e n  up  in to  de s i p r am i ne  micelles (Table  
IV). 

Discussion. The  resul t s  show t h a t  b o t h  i m i p r a m i n e  and  
des ip ramine  exh ib i t  a s t rong  a c t i v a t i n g  effect  on  U D P  
g lucurony l  t ransferase .  The  effect  occurs  over  a n a r r o w  
range  of d rug  c o n c e n t r a t i o n s  and  was no t  due  to a d i rec t  
chemica l  effect  of the  drugs  on b i l i rub in  since i t  was no t  
obse rved  in con t ro l  e x p e r i m e n t s  car r ied  ou t  in  the  
absence  of mic rosomal  suspension.  

I m i p r a m i n e  a n d  des ip ramine  are s u r f a c t a n t s  and  t he  
effects m a y  be  exp la ined  on  t he  basis  of su r f ac t an t -  
induced  absorp t ion .  I n  v i t ro ,  i m i p r a m i n e  molecules  will 
c o n c e n t r a t e  a t  in te r faces  be t w een  t he  mic rosomes  a n d  t he  
s u r r o u n d i n g  l iquid  m ed i um .  Pola r  groups  will be  o r i e n t a t e d  
t owards  t he  aqueous  m e d i u m  a n d  t he  non -po l a r  p a r t s  of 
t he  molecules  d i rec ted  t ow ar ds  t he  l ip id  p r o t e i n  m a t r i x  of 
the  microsomes.  Th i s  m a y  accelera te  t he  abso rp t ion  of 

Table  I I I .  Osmola l i ty  of i m i p r a m i n e  solu t ions  

Imipramine concentration (mM) Osmolality (m.osmol./kg) 

1 2 
2 4 
5 10 

10 20 
25 50 
50 78 

100 85 
150 95 
200 100 
250 100 
300 100 

Table IV. Effect of desipramine on the turbidity of a bilirubin solution 

Desipramine concentration (mM) E~60 

b i l i rub in  b y  the  microsomes.  W h e n  t he  surfaces become  
s a t u r a t e d  w i t h  i m i p r a m i n e  molecules  t he  molecules  m u s t  
en te r  t he  m a i n  b u l k  of t he  so lu t ion  and  a t  th i s  s tage 
b i l i rub in  is p rec ip i t a ted .  

A t  d rug  concen t r a t i ons  exceeding  the  cr i t ical  micelle 
c o n c e n t r a t i o n  b i l i r ub in  is t a k e n  up  in to  t h e  imiprami l l e  
micelles. U n f o r t u n a t e l y ,  i t  was  no t  poss ible  to  i nves t i ga t e  
th i s  l a t t e r  cond i t i on  in t i le full r eac t ion  m e d i u m  so t he  
effect  on  the  p r o d u c t i o n  of b i l i rub in  con juga te s  is no t  
known.  

Marked  a c t i v a t i o n  of g lucurony l  t r ans fe ra se  and  o the r  
mic rosoma l  enzymes  b y  s u r f a c t a n t s  has  been  r epo r t ed  s - l~  
Since t he  comple t i on  of th i s  work  MULDER 13 ha s  also 
r epo r t ed  a c t i v a t i o n  of U D P  g lucurony l  t r ans fe rase  b y  
des ipramine .  Our  work  has  shown  t h a t  i m i p r a m i n e  a n d  
des ip ramine  ac t  as ca t ionic  s u r f a c t a n t s  in  aqueous  media .  
I t  is possible  t h a t  t h e  drugs  p roduce  changes  in t he  micro-  
somal  e n v i r o n m e n t  of t he  enzyme  a n d  hence  m a k e  i t  more  
accessible for t he  subs t r a t e .  

The  a c t i v a t i o n  effect  was more  p r o n o u n c e d  w h e n  
b i l i rub in  was solubi l ized in a s e r u m - E D T A  medium.  This  
m a y  ind ica te  t h a t  o the r  fac tors  are concerned  in t he  
react ion.  I t  is possible  t h a t  the  drugs  are b o u n d  to se rum 
prote ins ,  n o t a b l y  a lbumin ,  in  preference  to b i l i rub in  and  
th i s  m a y  cause  more  r ap id  t r a n s f e r  of t he  b i l i rub in  to 
mic rosoma l  pro te in .  

The  effects measures  in  th i s  in  v i t ro  s y s t e m  m a y  no t  be 
of s ignif icances in  vivo,  p a r t i c u l a r l y  since h igh  d rug  con- 
c en t r a t i ons  were used. However ,  i m i p r a m i n e  and  desi- 
p r a m i n e  can  p roduce  a c o n j u g a t e d  h y p e r b i l i r u b i n a e m i a  
of ten  accompan ied  b y  cell damage ,  and  j aund ice  m a y  
d i s appea r  w i t h o u t  cessa t ion of t he r apy .  I t  is possible  t h a t  
i m i p r a m i n e  and  de s ip r amine  m a y  cause a t r a n s i e n t  over  
p r o d u c t i o n  of c o n j u g a t e d  b i l i rub in  b y  t he  fac tors  descr ibed 
above.  

Rdsumd. Nous  avons  recherch6  Fac t ion  de l ' i m i p r a m i n e  
et de la d6s ip ramine  sur  I ' U D P  g lucurony le  t r ans f6rase  
darts les microsomes  h6pa t iques .  Les concen t r a t i ons  de ces 
drogues  en t r e  1 et  5 m M  on t  ac t iv6  l ' enzyme.  Ce sont  des 
s u r f a c t a n t s  ca Cioniques. 
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Glucose Uptake by Aspergillus nidulans, Purification and Properties of Glucose Binding Protein 

Insp i re  of s igni f icant  a d v a n c e  in e luc ida t ion  of u p t a k e  p h o s p h o r y l a t i o n ;  however ,  t h i s  is no t  t r ue  in case of 
sys tems  in b a c t e r i a  1-3 a n d  yeas t  4,5, r e l a t ive ly  l i t t l e  is f i l amen tous  fungi  A. ngdulam9 and  Neurospora crassa ~~ 
k n o w n  concern ing  sugar  t r a n s p o r t  in  fungi.  An  impress ive  Studies  c o n d u c t e d  in our  l a b o r a t o r y  i nd i ca t ed  t he  
body  of ev idence  has  a c c u m u l a t e d  which  ind ica tes  t h a t  r e l a t ionsh ip  be tween  b io t in  s t a t u s  of A. nidulans a n d  t he  
sugar  t r a n s p o r t  in  bac te r ia6  a n d  yeas t  7, s is coupled w i t h  cel lular  p e r m e a b i l i t y  to  a m m o n i u m  ions ~1, 1~. I n  an  earl ier  
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Table I. Purification of glucose binding protein from A. nidulans 

161 

Fraction Total units ~ Protein Sp. activity Purification 
(rag) (units ~/mg protein) (folds) 

Purification from normal ceils 
Crude 44.4 39.0 1.139 - 
0.5-0.7 (NH4)2SO 4 saturation 39.7 4.8 8.271 7.266 
Sephadex G (75-40) 9th fraction 38.2 0.6 63.660 55.930 

Purification from biotin deficient cells 
Crude 40.4 42.00 0.962 
0.5 0.7 (NH~)~SO4 saturation 35.6 4.90 7.263 7.550 
Sephadex G (75-40) 9th fraction 34.0 0.58 58.620 60.940 

Unit can be defined as the amount  of protein required to bind 1 ~mole of D-glucose/24 h at 4 ~ 

p u b l i c a t i o n  ~8 we  s h o w e d  t h a t  b i o t i n  d e f i c i e n c y  in  A .  
nidulans r e s u l t e d  in t o  d e c r e a s e  u p t a k e  of  g lucose .  F u r t h e r ,  
t h e  u p t a k e  s y s t e m  for  g l u c o s e  t r a n s p o r t  w a s  c h a r a c t e r i z e d  
as  a c o n s t i t u t i v e ,  a g a i n s t  c o n c e n t r a t i o n  g r a d i e n t  a n d  
e n e r g y  d e p e n d e n t  

A s  a r e s u l t  of  m o r e  r e c e n t  s t u d i e s ,  i t  is n o w  g e n e r a l l y  
a c c e p t e d  t h a t  u p t a k e  of  m a n y  s u b s t a n c e s  b y  b a c t e r i a  
r e q u i r e s  spec i f i c  c a r r i e r  o r  b i n d i n g  p r o t e i n  ~,~5, t h e y  a r e  
l o c a t e d  in  t h e  ' p e r i p l a s m i c  r e g i o n '  of  t h e  cell~6, ~7 a n d  c a n  
be  s e l e c t i v e l y  r e l e a s e d  b y  co ld  o s m o t i c  s h o c k  t r e a t m e n t  15. 
O n l y  f ew  r e p o r t s  h a v e  a p p e a r e d  w h i c h  i n d i c a t e d  t h e  
i n v o l v e m e n t  of  b i n d i n g  p r o t e i n  in  f u n g a l  t r a n s p o r t  
s y s t e m s  ZS, ~9. Ea r l i e r ,  we  p r e s e n t e d  e v i d e n c e  for  in-  
v o l v e m e n t  of  b i n d i n g  p r o t e i n  in  g l u c o s e  u p t a k e  b y  
A.  nidula~zs ~3. T h e  p r e s e n t  c o m m u n i c a t i o n  d e a l s  w i t h  t h e  
p u r i f i c a t i o n  a n d  p r o p e r t i e s  of  t h e  b i n d i n g  p r o t e i n  a n d  i t s  

role  in  g l u c o s e  t r a n s p o r t  d u r i n g  b i o t i n  d e f i c i e n c y  in  
A. ~idulam.  

T h e  s t r a i n ,  c o m p o s i t i o n  of b a s a l  m e d i a  a n d  c u l t u r a l  
c o n d i t i o n s  u s e d  in  t h e  p r e s e n t  i n v e s t i g a t i o n  we re  s a m e  a s  
d e s c r i b e d  ea r l i e r  13. D - i s o m e r s  of  s u g a r s  we re  u s e d  in  t h i s  
s t u d y .  

I s o l a t i o n  a n d  a s s a y  of g l u c o s e - b i n d i n g  p r o t e i n  we re  
p e r f o r m e d  b y  t w o - s t a g e  co ld  o s m o t i c  s h o c k  t r e a t m e n t ,  
a c c o r d i n g  t o  t h e  p r o c e d u r e  of  W I L E y l S ,  a n d  e q u i l i b r i u m  
d i a l y s i s  t e c h n i q u e  of  BARASI-I a n d  HALPER~ 20 r e s p e c t i v e l y ,  
w i t h  s l i g h t  m o d i f i c a t i o n  as  d e s c r i b e d  i n  o u r  e a r l i e r  
p u b l i c a t i o n  ~3. B i n d i n g  p r o t e i n  w a s  p u r i f i e d  b y  a m m o n i u m  
s u l f a t e  p r e c i p i t a t i o n  a n d  gel  f i l t r a t i o n  t e c h n i q u e s .  
P r e c i p i t a t e s  o b t a i n e d  a f t e r  0 . 5 -0 .7  (NH4)2SO ~ s a t u r a t i o n ,  
we re  d i s s o l v e d  in  tris-HC1 b u f f e r  pt-I 7.0 a n d  l o a d e d  o n  
s e p h a d e x  G 7 5 - 4 0  c o l u m n  (1 • 40 cm) .  Gel  f i l t r a t i o n  w a s  
f a c i l i t a t e d  w i t h  t h e  h e l p  of 0.01 ~ I  p o t a s s i u m  p h o s p h a t e  
b u f f e r  ( p H  7.0) c o n t a i n i n g  ! m M  2 - m e r c a p t o e t h a n o l .  
F r a c t i o n s  of 5 m l  e a c h  w e r e  co l l e c t ed  a t  a f low r a t e  of  
1 m l  p e r  10 m i n .  

I n  gene ra l ,  t h e  m e t h o d  of DAVIS 21 w a s  f o l l o w e d  for  
p o l y a c r y l a m i d e  gel  e l e c t r o p h o r e s i s  of  b i n d i n g  p r o t e i n .  Gels  
c o n t a i n i n g  7 . 5 %  (w/v)  a c r y l a m i d e  a n d  1 0 %  (w/v)  
b i s a c r y l a m i d e  we re  p o l y m e r i z e d  c h e m i c a l l y  w i t h  p o t a s -  
s i u m  p e r s u l f a t e  in  a n  a n a e r o b i c  c o n d i t i o n .  S p a c e r  a n d  
s a m p l e  ge ls  w e r e  o m i t t e d .  P r o t e i n  (100 txg) w a s  l o a d e d  
o n  t h e  t o p  of  t h e  gel  a n d  e l e c t r o p h o r e s i s  w a s  c a r r i e d  o u t  in  

Fig. 1. Gel eleetrophoretic pattern of glucose-binding protein isolated 
from normal (N) and biotin deficient (D) A. nidulans. 
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0.05 M tris-glycine buffer  (pH 8.4) a t  4~ To ta l  cu r r en t  
of 1.5 mA/ge l  for in i t ia l  15 m i n  was appl ied  a n d  f ina l ly  
increased  to 4 mA/gel .  B r o m o p h e n o l  b lue  was used as a 
t r a c e r  dye. Gels were s t a ined  w i t h  coomassie  b lue  and  
des ta ined  by  r epea t ed  wash ings  in 7.5% (v/v) acet ic  acid. 

Ear l i e r  we h a v e  p r e sen t ed  ev idence  for i n v o l v e m e n t  of 
b ind ing  p ro t e in  in  t he  t r a n s p o r t  of D-glucose ill A. 
nidulans. Using  a m m o n i u m  sul fa te  p r ec ip i t a t i on  and  gel 
f i l t r a t ion  techniques ,  g lucose-b inding  p r o t e i n  has  been  

Table II. Effect of PCMB, 2, 4 DNP, KCN and NaNa on glucose 
binding activity of binding protein 

Additions (1 mM) Inhibition (%) 

Normal Deficient 

PCMB 95.0 92.0 
2,4 DNP 5.2 5.0 
KCN 5.6 6.1 
NaNs 6.1 6.0 

Table III. Effect of various sugars on the activity of glucose binding 
protein 

Additions Sp. activity (U mg protein) 

N o r m a l  Deficient 

Control 63.6 58.6 
Fructose 63.0 58.4 
Galactose 53.0 50.0 
Mannose 55.6 51.3 
Arabinose 62.8 58.2 
Sucrose 63.0 58.1 
Lactose 63.5 58.0 

Sugars added as 40 ~zmoles/assay system. 
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Fig. 2. Lineweaver Burk plot of glucose-binding protein of norlilal (Q) 
and biotin deficient (e) A. nidulans. Inset figure is the Hill plot. 

pur i f ied  to a b o u t  60-fold (Table  I). W h e n  pur i f ied  p ro t e in  
was sub jec ted  to gel e lectrophoresis ,  i t  showed  a single 
b a n d  (Figure 1). The  molecula r  we igh t  of b i n d i n g  p ro t e in  
isola ted f rom n o r m a l  a n d  b io t in  def ic ient  cu l tu res  was 
ident ical ,  a b o u t  29,200. Most  of t he  pur i f ied  b i n d i n g  
p ro te ins  h a v e  a molecu la r  we igh t  be tween  28,000 a n d  
42,000; one excep t ion  m a y  be  t he  t r y p t o p h a n - b i n d i n g  
p ro t e in  isola ted b y  WILEY 18 f rom N. crassa which  has  
the  molecu la r  we igh t  of 200,000. 

The  resu l t  in  Tab le  I I  shows t h a t  t he  b i n d i n g  of 
glucose to  b i n d i n g  p ro t e in  r e q u i r e d - S H  group,  a n d  is a n  
e n e r g y - i n d e p e n d e n t  process.  SH g roup -con t a in ing  car r ie r  
p ro te ins  needed  for t r a n s p o r t  of aminoac ids  a n d  sugars  
h a v e  been  r epo r t ed  22. R e q u i r e m e n t  of energy  source for 
t r a n s p o r t  a n d  no t  for b i n d i n g  is a wel l -es tab l i shed  fact .  All 
sugars  tes ted ,  excep t  galac tose  and  mannose ,  d id  no t  
i nh ib i t  t he  a c t i v i t y  of g lucose-b inding  p ro t e in  (Table  I I I ) .  
The  resul t s  are in l ine w i t h  those  r epo r t ed  13, 2a-2s. B i n d i n g  
p ro t e in  lost  a b o u t  77% a c t i v i t y  w h e n  assayed  a t  35~ 
The  p H  o p t i m a  for g lucose-b inding  p ro t e in  was found  
to  be 6.75. 

L i n e w e a v e r  B u r k e  p lo t  of g lucose-b ind ing  p ro t e in  
showed a n  iden t ia l  a f f in i ty  c o n s t a n t  of 5.26 X 10 -4 M for 
b ind ing  p ro te ins  i sola ted f rom n o r m a l  a n d  def ic ient  
A. nidulans (Figure  2). This  sugges ted  t h a t  t he  decrease  
in t he  ab i l i ty  to  t a k e u p  glucose b y  b i o t i n  def ic ien t  cells 
appea red  n o t  to  be  cor re la ted  w i t h  t he  a f f in i ty  of glucose- 
b ind ing  p ro t e in  to  glucose. The  resul t s  are in  a g r e e m e n t  
w i t h  those  obse rved  in in v ivo  la, excep t  t h a t  t he  Km 
va lue  obse rved  here  is s l ight ly  lower. The  possibi l i t ies  
for t he  obse rved  difference in t he  Km va lues  b e t w e e n  
t r a n s p o r t  a n d  b ind ing  p ro t e in  h a v e  been  v e r y  well 
d iscussed b y  BARASH a n d  HALPERN ~~ "When these  d a t a  
were r ep lo t t ed  as a Hil l  p lo t  ( inset  F igure  2), t h e y  
showed slope va lue  of one in e i the r  case, i nd i ca t i ng  a 
single si te  for glucose on  b i n d i n g  pro te in .  

The  b i n d i n g  p ro te ins  i so la ted  f rom n o r m a l  a n d  b io t in  
def ic ient  A. nidulans h a v e  been  found  to possess s imi lar  
proper t ies ,  excep t  t h a t  t he  a c t i v i t y  of b i n d i n g  p ro t e in  
isola ted f rom b io t in  def ic ient  cells is s l ight ly  lower t h a n  
t he  b ind ing  p ro t e in  p r e p a r a t i o n  f rom the  n o r m a l  
cul ture .  A d d i t i o n  of b i o t i n  in t h e  m e d i u m  resu l ted  in 
increased  u p t a k e  of glucose b y  def ic ient  cells. Howeve r  
in v i t ro  e x p e r i m e n t  d id  no t  show a n y  change  in t he  
a c t i v i t y  of t he  b ind ing  p ro t e in  b y  av id in  or b io t in  (un- 
pub l i shed  data) .  T h u s  t he  effect  of b i o t i n  on  glucose 
u p t a k e  m a y  be  of ind i rec t  na tu re .  

Zusammen[assung. Nachweis ,  dass  gereinigtes,  D- 
Glukose b i n d e n d e s  P ro t e in  aus  der  B i o t i n - M a n g e l m u t a n t e  
voi1 Aspergillus nidulans a n  der  Ge l -E lek t rophorese  e inen  
eillzigen R ing  zeigte. Das  P r o t e i n  is t  h i t z e u n b e s t ~ n d i g  
u n d  h a t  e inen  K m - W e r t  von  5,26 •  -a M u n d  seine 
Aktivi t~t t  wurde,  m i t  A u s n a h m e  yon  D-Galaktose  u n d  
D-Mannose,  d u r c h  ve r sch iedene  Zucker  n i c h t  bee in t r~ch -  
t igt .  
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