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ABSTRACT

EFFECT OF INSULIN, INSULIN ANALOGS AND ANTIMITOTIC DRUGS 

ON GLUCOSE METABOLISM IN ISOLATED FAT CELLS

by

Kang Cheng

A dviser* D r. P an ay o tis  G, K atsoyannis

The e f f e c t s  o f  a n t im i to t ic  d rugs on g lu c o se  

t r a n s p o r t  in  i s o la te d  f a t  c e l l s  were s tu d ie d .  C o lc h ic in e , 

a p o te n t  a n t im i to t i c  d ru g , in h ib i te d  g lu c o se  o x id a tio n  in  

i s o la te d  f a t  c e l l s  and f a t  c e l l  g h o s ts  b u t had no e f f e c t  on 

g lu c o se  o x id a tio n  by f a t  c e l l  hom ogenates. The c o n c e n tra t io n  

o f  c o lc h ic in e  which h a lf-m ax im ally  in h ib i te d  th e  co n v e rs io n  

o f  ( l - ^ C ) g lu c o s e  to  l i*'C02 by i s o la te d  f a t  c e l l s  and f a t  c e l l  

g h o s ts  was abou t 2 mM. Prolonged p re - in c u b a t io n  o f  f a t  c e l l s  

w ith  c o lc h ic in e  caused no f u r th e r  i n h i b i t i o n .  The e f f e c t  o f  

c o lc h ic in e  on g lu co se  o x id a tio n  was r e a d i ly  r e v e r s ib l e  upon 

th e  rem oval o f  c o lc h ic in e  from th e  medium. F u rth e rm o re , th e  

re sp o n se  o f  p r e t r e a te d  c e l l s  to  in s u l in  was a s  good as  

u n tr e a te d  c e l l s .  I n s u l in  and co n can av a lin  A -s tim u la te d  

g lu c o se  o x id a tio n  in  i s o la te d  f a t  c e l l s  were a l s o  in h ib i te d  

by c o lc h ic in e .  The in h ib i to r y  e f f e c t  o f  c o lc h ic in e  on g lu c o se  

o x id a tio n  was n o t re v e rse d  by in c re a s in g  c o n c e n tra t io n  o f  

g lu c o s e , in s u l in  o r  concan av alin  A, These f in d in g s  su g g ested
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t h a t  c o lc h ic in e  d id  n o t  compete f o r  t h e i r  b in d in g  s i t e s  on 

th e  plasm a membrane o f  a d ip o c y te s .

Both in s u l in  and co n can av a lin  A s i g n i f i c a n t l y  

s t im u la te d  th e  i n i t i a l  r a t e  o f  2 -deoxy-D -g lucose  in f lu x  in  

i s o l a t e d  f a t  c e l l s .  The enhancement o f  u p tak e  v a r ie d  from 

50# to  100# in c re a s e  o v e r  c o n t ro l  l e v e l s .  The u p ta k es  o f  

2 -deoxy-D -g lucose by i s o l a t e d  f a t  c e l l s  in  th e  p resen ce  and 

absence o f  c o lc h ic in e  were s tu d ie d  in  an a t te m p t to  de term ine 

th e  e f f e c t  o f  c o lc h ic in e  on su g a r t r a n s p o r t .  C o lc h ic in e  a t  

c o n c e n tra t io n  o f  10 mM in h ib i te d  b a s a l  a s  w e ll  as  in s u l in  and 

co n can av a lin  A -s tim u la te d  2 -deoxy-D -g lucose u p ta k e s  by abou t 

85#  com parable to  i t s  e f f e c t s  on g lu c o se  o x id a t io n . The e f f e c t  

o f  c o lc h ic in e  on su g a r t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s  was 

s p e c i f i c  f o r  D -g lu co se , s in c e  th e  u p tak e  o f  L -g lu co se  was 

n o t  a f f e c te d  by c o lc h ic in e .  In  a d d i t io n  to  i t s  e f f e c t  on th e  

u p tak e  o f  2 -deo x y -D -g lu co se , c o lc h ic in e  a ls o  in h ib i t e d  th e  

e f f lu x  o f  3 -0 -m e th y lg lu co se  from i s o l a t e d  f a t  c e l l s .

L u m ic o lch ic in e , which does n o t  b in d  to  m ic ro tu b u le s , 

was more e f f e c t iv e  th an  c o lc h ic in e  in  i n h i b i t i n g  g lu c o se  

o x id a tio n  in  i s o la te d  f a t  c e l l s .  F i f t y  p e r  c e n t  in h ib i t io n  

o f  g lu co se  o x id a tio n  o ccu rred  w ith  ap p ro x im a te ly  5 x 10”^ M. 

S ig n i f ic a n t  in h ib i t io n  by lu m ic o lc h ic in e  was observed  a t  

c o n c e n tra t io n s  a s  low a s  1 to  5 pK. L u m ico lch ic in e  a l s o  

in h ib i te d  th e  in s u l in  and co n can av a lin  A -s tim u la te d  g lu c o se  

o x id a tio n s  b u t to  a  g r e a t e r  e x te n t  th a n  i t s  e f f e c t  on th e  

b a s a l  r a t e .  G r is e o fu lv in ,  a t  c o n c e n tra t io n  o f  0 .1  mM, a c te d  

in  a  manner s im i la r  to  lu m ic o lc h ic in e , by i n h ib i t i n g  in s u l in

iv
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eind co n can av a lin  A -s tim u la te d  g lu c o se  o x id a tio n  more th an  

th e  b a s a l  r a t e  {75% v s .  50% i n h i b i t i o n ) .  Both d ru g s in h ib i te d  

th e  u p tak e  o f  2 -deoxy-D -g lucose by i s o l a t e d  f a t  c e l l s  b u t 

n o t th e  u p tak e  o f  L -g lu c o se . From t h i s  s tu d y , i t  i s  concluded 

th a t  th e  e f f e c t  o f  a n t im i to t i c  d ru g s on g lu co se  t r a n s p o r t  in

i s o l a t e d  f a t  c e l l s  i s  n o t  due to  th e  d is r u p t io n  o f  m ic ro tu b u le s .

The s i t e  o f  a c t io n  o f th e s e  d rugs i s  p ro b ab ly  s i t u a t e d  on th e

plasm a membrane o f  a d ip o c y te s .

The b io lo g ic a l  a c t i v i t i e s  o f  in s u l in  a n a lo g s  were 

de te rm ined  on horm onally  re sp o n s iv e  i s o l a t e d  f a t  c e l l s .  The 

r e l a t i v e  b in d in g  a f f i n i t i e s  o f  (A l-L -A la ) in s u lin , (A l-D -A la) 

in s u l i n ,  (A 2 1 -A rg )in su lin , (B 9 -L e u )in su lin  and (B26-TyrNH2 ) 

in s u l in  a re  12%t 100%, 33%, 27% and 28# o f  t h a t  o f  n a t iv e  

i n s u l i n ,  r e s p e c t iv e ly .  The r e l a t i v e  b io lo g ic a l  a c t i v i t i e s  o f  

th e s e  a n a lo g s  in  g lu c o se  o x id a tio n  a r e  in  agreem ent w ith  

t h e i r  r e l a t i v e  b in d in g  a f f i n i t i e s .  These r e s u l t s  su g g e s t 

t h a t  th e  low er b io lo g ic a l  a c t i v i t i e s  o f  th e s e  a n a lo g s  cou ld  

be e x p la in e d  by th e  d e c re a se  in  t h e i r  b in d in g  a f f i n i t i e s .
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LITERATURE

The fu n c tio n s  o f  ad ip o se  t i s s u e  a r e  in te g r a te d  w ith  

th e  a c t i v i t y  o f  o th e r  t i s s u e s  o f  th e  body und er two d i f f e r e n t  

s ta te s *  th e  f a s t i n g  and fed  s t a t e s .  These two s t a t e s  a re  a s  

fundam ental to  ad ip o se  t i s s u e  a s  e x e rc is e  and r e s t  a r e  to  th e  

c a rd io v a s c u la r  system . D uring food d e p r iv a t io n  th e  ad ip o se  

c e l l s  r e le a s e  f a t t y  a c id s  and g ly c e r o l  in to  th e  b lood  s tream  

by a  m e tab o lic  p ro c e s s  c a l le d  l i p o l y s i s  to  p ro v id e  o th e r  

t i s s u e s  w ith  a  r e s p i r a t o r y  f u e l  ( 1 ,2 ) .  The f a t t y  a c id s  a f t e r  

e x i t  from th e  c e l l s  a r e  combined w ith  serum album in and 

c i r c u la te d  to  o th e r  t i s s u e s .  Almost a l l  t i s s u e s  ex c e p tin g  

b ra in  and red  b lood  c e l l s ,  can ta k e  up lo n g -c h a in  f a t t y  a c id s  

from th e  b lood  s tream  and c o n v e rt them to  CO2 and H20 by th e  

p ro c e ss  o f  ^ -o x id a tio n  in  m ito c h o n d ria . T h is i s  accom panied 

by a  r e le a s e  o f chem ical energy which i s  tra p p e d  by th e  

m e tab o lic  m achinery o f th e  c e l l  a s  "h ig h  en e rg y ” phosphate  

bonds in  ATP.

The g ly c e ro l  r e le a s e d  from  a d ip o se  t i s s u e  i s  tak en  

up by th e  l i v e r  where i t  i s  co n v e rted  in to  g lu co se  by 

g lu co n eo g en esis  (3 i^ )»  The g lu c o se  i s  th en  r e le a s e d  in to  th e  

blood s tre a m . T issu e s  which depend a b s o lu te ly  on g lu c o se  a s  

a  f u e l ,  such a s  b r a in  and red  b lood  c e l l s ,  a re  th u s  k ep t 

su p p lie d  d u rin g  a  f a s t .

Under th e  fed  s t a t e ,  th e  p rim ary  fu n c tio n s  o f  ad ip o se  

t i s s u e  a re  to  remove g lu c o se  from th e  b lood  s tream , 

s tim u la te d  by th e  p re se n ce  o f  i n s u l i n ,  and to  a s s im u la te
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l ip o p r o te in  f a t t y  a c id s  produced by th e  l i v e r  and i n t e s t i n e  

and s e c re te d  in to  th e  b lood  s tream  a s  and p r e - ^ - l ip o p r o te in s  

( 5 ) .  F a t ty  a c id s  and g lu c o s e , a f t e r  e n te r in g  th e  ad ip o se  c e l l s  

a re  combined to  form t r i g ly c e r id e  by l ip o g e n e s i s .  A t th e  same 

tim e a s  l ip o g e n e s is  i s  i n i t i a t e d ,  l i p o l y s i s  i s  in h ib i t e d  so 

t h a t  th e r e  i s  a  d im in ish ed  r e le a s e  o f  f r e e  f a t t y  a c id s  and 

g ly c e r o l  from  th e  c e l l s .  R e g u la tio n  o f th e  ad ip o se  c e l l s  in  

th e  fed  s t a t e  i s  p r im a r i ly  m ediated  by in s u l in  a s s o c ia te d  

w ith  reduced  in f lu e n c e  o f  l i p o l y t i c  horm ones. Due to  th e  s iz e  

o f  a d ip o se  t i s s u e  in  th e  body and i t s  s e n s i t i v i t y  to  i n s u l in ,  

i t  i s  obv ious t h a t  ad ip o se  t i s s u e  p la y s  a  v e ry  im p o rta n t r o le  

in  b lood  g lu c o se  h e m e o s ta s is .

A lthough th e  s t r u c tu r e  o f  p lasm a membrane i s  n o t  

co m p le te ly  u n d ers to o d  a s  y e t ,  i t  i s  g e n e ra l ly  ag reed  t h a t  th e  

membrane i s  composed o f  p r o te in s  and l i p i d  b i l a y e r  which i s  

th e  b a r r i e r  to  w a te r - s o lu b le  compounds, such a s  g lu c o s e . The 

p re sen ce  o f  a  g lu c o se  b a r r i e r  in  th e  p e r ip h e r a l  t i s s u e s  i s  

v e ry  m ean ing fu l from  th e  p o in t  o f  view  o f  g lu c o se  h em eo sta s is  

o f  th e  o rg an ism . I f  a  b a r r i e r  to  g lu c o se  e n try  d id  n o t  e x i s t  

in  th e s e  t i s s u e s ,  th e re  would be a  co n tin u o u s rem oval o f  

b lood  g lu c o se  a t  th e  expense o f  th e  o b l ig a to ry  g lu c o s e -  

b u rn in g  t i s s u e s ,  such a s  th e  b r a in ,  which would soon be 

p e r is h  from  la c k  o f  f u e l .  On th e  o th e r  hand , i t  would n o t  be 

s u r p r i s in g  to  f in d  a  " s p e c ia l  mechanism" f o r  g lu c o se  

t r a n s p o r t  in  th e  plasm a membrane o f  p e r ip h e r a l  t i s s u e s .

A. G lucose T ra n sp o rt in  Adipose T issu e

M easurement o f  th e  p e n e tr a t io n  o f  g lu c o se
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in d ep en d en t o f  su b seq u en t enzym atic s te p s  has n o t  been 

f e a s i b l e .  For t h i s  re a s o n , a  v a r ie ty  o f  p o o rly  m e tab o liza b le  

su g a rs  have been used a s  g lu co se  models to  s tu d y  th e  

t r a n s f e r  o f  su g a rs  a c ro s s  th e  c e l l  membrane. The most 

commonly employed an a lo g s  a r e  3 -0 -m e th y lg lu co se  and

2 -d eo x y g lu co se , b o th  compete w ith  g lu co se  f o r  th e  same 

membrane t r a n s p o r t  system  (6 -9 ) .  3 -0 -M ethy lg lucose  has a  h igh  

a f f i n i t y  f o r  th e  g lu co se  c a r r i e r  in  th e  membrane b u t has th e  

d isa d v a n ta g e  t h a t  a  s i g n i f i c a n t  f r a c t i o n  o f  i t s  membrane 

p e n e t r a t io n  o ccu rs  by sim ple  d i f f u s io n .  T his i s  due to  th e  

f a c t  t h a t  3 -0 -n ie th y lg lu co se  i s  more l i p o p h i l i c  than  g lu co se  

(1 0 ) . In  r a b b i t  e r y th r o c y te s ,  th e  d i f f u s io n  c o n s ta n t f o r

3 -0 -m e th y lg lu co se  i s  e ig h t  tim es  t h a t  f o r  L -g lucose  (1 1 ). 

However, once in s id e  th e  c e l l ,  3 -0 -m eth y lg lu co se  i s  n e i th e r  

p h o sp h o ry la ted  n o r  m e tab o liz e d . Because o f  t h i s  p ro p e r ty ,  

i t  i s  a v e ry  u s e fu l  g lu c o se  an a lo g  in  s tu d y in g  th e  e f f lu x  

o f  su g a r from  p re lo a d ed  c e l l s .  On th e  o th e r  hand,

2 -deoxyg lucose  i s  p h o sp h o ry la ted  by hexok inase  o f ad ip o se  

t i s s u e  w ith  a  th e  same as  g lu c o se  3 x 10“^ M (1 2 ) , to  form 

th e  phosphate  e s t e r  2 -d eo x y g lu co se -6 -p h o sp h a te , which 

accu m u la tes w ith in  th e  c e l l ,  s in c e  i t  i s  n o t  a c te d  upon a t  an 

a p p re c ia b le  r a t e  by o th e r  enzymes. By u s in g  th e se  g lu co se  

a n a lo g s , a  g r e a t  d e a l o f  in fo rm a tio n  ab o u t th e  k in e t ic s  o f 

g lu c o se  t r a n s p o r t  in  mammalian c e l l s  has been accum ulated .

G lucose t r a n s p o r t  in  ad ip o se  t i s s u e ,  a s  in  muscle 

and e r y th r o c y te s ,  o cc u rs  by a  c a r r ie r -m e d ia te d  f a c i l i t a t e d  

d i f f u s io n  mechanism ( 13 ) which has th e  fo llo w in g
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characteristicsi

1. S a tu r a b i l i t y i

At low s u b s t r a te  c o n c e n tra t io n , th e  r a t e  o f  a 

c a r r ie r -m e d ia te d  t r a n s p o r t  i s  u s u a l ly  p ro p o r t io n a l  to  

s u b s t r a te  c o n c e n tra t io n  and th u s  i s  f i r s t - o r d e r .  However, 

a s  th e  s u b s t r a te  c o n c e n tra t io n  i s  in c re a s e d , th e  r a te  

becomes z e ro -o rd e r  w ith  r e s p e c t  to  s u b s t r a te .  P lo ts  o f  th e  

i n i t i a l  r a t e  o f  th e  t r a n s p o r t  p ro c e s s  v s .  s u b s t r a te  

c o n c e n tra t io n  u s u a l ly  show a  h y p e rb o lic  curve app roach ing  a 

maximum, s im i la r  to  th e  M ichaelis-M enten  curve o f  an enzyme.

In  c o n t r a s t ,  in  nonm ediated t r a n s p o r t  th e  r a t e  o f  t r a n s p o r t  

i s  dependent p r im a r i ly  on th e  c o n c e n tra t io n  g r a d ie n t  o f  th e  

s o lu t e ,  w ith  no ten d en cy  to  show s a tu r a t io n .  In  ad ip o se  

t i s s u e  (1*0, i s o l a t e d  f a t  c e l l s  (15) and f a t  c e l l  g h o s ts  (1 6 ), 

D -g lucose t r a n s p o r t  has been shown to  e x h ib i t  s a tu r a t io n  

k in e t i c s  o f  th e  M ichaelis-M en ten  ty p e . The n e t  t r a n s p o r t  o f  

g lu c o se  depends on r e l a t i v e  r a t e s  o f  in f lu x  and e f f lu x  and 

i s  d e s c r ib e d  by th e  fo llo w in g  fo rm u la i

S0 S i
v = vmax ^----------------------------------- ^s o + IV S i + K,,

In  t h i s  fo rm u la , Vmax e x p re sse s  th e  maximal f lu x  o f  g lu c o se j 

Kjjj i s  th e  s u b s t r a te  c o n c e n tra t io n  a t  which th e  f lu x  i s  h a l f  

t h a t  o f  maximal f lu x j  SQ and S i a re  e x t r a c e l l u l a r  and 

i n t r a c e l l u l a r  g lu c o se  c o n c e n tr a t io n s ,  r e s p e c t iv e ly .  When 

i n t r a c e l l u l a r  g lu co se  c o n c e n tra t io n  i s  z e ro , n e t  t r a n s p o r t



i s  eq u a l to  th e  r a t e  o f  in f lu x .  When i n t r a c e l l u l a r  and 

e x t r a c e l l u l a r  g lu co se  c o n c e n tra t io n s  a re  e q u a l, n e t  t r a n s p o r t  

i s  z e ro .

2 . S te r e o s p e c i f i c i ty i

The g lu co se  t r a n s p o r t  system  in  ad ip o se  t i s s u e  n o t  

o n ly  shows s p e c i f i c i t y  among m onosaccharides, i t  d ls o  shows 

s t e r e o s p e c i f i c i t y  by i t s  im p e rm eab ility  to  L -g lu co se  a s  

compared w ith  t r a n s p o r t  o f  D -g lucose (1 4 ,1 6 ,1 7 ) .

2-D eoxy-D -glucose (1 7 ), 3 -0 -m ethy l-D -g lucose  (1 4 ,1 6 ,1 7 )  and 

D-mannose (14) a re  p o te n t i n h ib i to r s  o f  D -glucose u p ta k e , 

w h ile  L -g lu co se  (16 ,17) and D -fru c to se  (17) have v i r t u a l l y  

no e f f e c t .

3 . C o u n te r-T ra n sp o rt»

A d e f in i t i v e  c r i t e r i o n  o f  a  m o b i le - c a r r ie r  

h y p o th e s is  i s  t h a t  i t  shou ld  be p o s s ib le ,  under c e r t a in  

c o n d i t io n s ,  to  fo rc e  one s u b s t r a te  to  t r a v e l  up a  g r a d ie n t  

o f  c o n c e n tra t io n  by add ing  a n o th e r  s u b s t r a te  to  th e  system . 

The c o u n te r - t r a n s p o r ts  o f  3 -0 -m ethy l-D -g lucose  in  a d ip o se  

t i s s u e  induced  by th e  a d d i t io n  o f g lu co se  in  th e  p re se n ce  

and absence o f  in s u l in  have been d em onstra ted  by C ro ffo rd  

and Renold (1 4 ) . However, no c o u n te r - t r a n s p o r t  o f

3 -0 -m eth y l-D -g lu co se  has been induced  by su c ro se  u n d er any 

c o n d i t io n .

4 . S u s c e p t ib i l i t y  to  P ro te in  Reagents*

There i s  a c o n s id e ra b le  amount o f  ev id en ce
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in d ic a t in g  t h a t  a t  l e a s t  some o f  th e  com ponents o f  c a r r i e r -  

m ediated  t r a n s p o r t  system  a r e  p r o te in  in  n a tu r e .  T h e re fo re , 

i t  would n o t be s u s p r is in g  th a t  a  c a r r ie r -m e d ia te d  t r a n s p o r t  

system  shows h ig h  s e n s i t i v i t y  to  a t  l e a s t  some o f  th e  p r o te in  

r e a g e n ts i  and th e  ap p earan ce  o f such s p e c i f i c  s e n s i t i v i t i e s  

in  b io lo g ic a l  t r a n s p o r t  p ro c e s s e s  i s  o f te n  tak en  a s  ev idence 

o f  involvem ent o f c a r r ie r -m e d ia te d  t r a n s p o r t  mechanism. 

S u lfh y d ry l re a g e n ts  such a s  N -e th y lm ale im id e , a r s e n i t e ,  

io d o a c e ta te  and p a rac h lo ro m ercu rib e n z o a te  a t  low c o n c e n tra t io n s  

have been shown to  s t im u la te  th e  g lu c o se  u l i t i z a t i o n  in  

ad ip o se  t i s s u e  (18) and in  i s o l a t e d  f a t  c e l l s  (1 9 ,2 0 ) . At 

h ig h e r  c o n c e n tr a t io n s ,  N -e thy lm aleim ide (19) and a r s e n i t e  (20) 

in h ib i te d  b o th  b a s a l  and in s u l in - s t im u la te d  g lu co se  

m etabolism . The s i t e  o f  a c t io n  o f  th e s e  s u lfh y d ry l  re a g e n ts  

has been su g g ested  a t  th e  l e v e l  o f  c e l l  membrane ( 19 , 20 ) .

More d i r e c t  ev idence  ab o u t th e  e f f e c t s  o f  s u lfh y d ry l  

re a g e n ts  on f a t  c e l l  g lu co se  t r a n s p o r t  system  has been 

dem onstra ted  by Czech, e t  a l  (2 1 ,2 2 ) . T reatm ent o f  f a t  c e l l s  

w ith  e i t h e r  0 .5  mM N -ethy lm ale im ide  o r  3 mM d i t h i o ( b i s ) -  

n i t ro b e n z o ic  a c id  a b o lis h e d  th e  a b i l i t y  o f  in s u l in  to  

a c t i v a t e  3 -0 -m ethy l-D -g lucose  t r a n s p o r t .  However, b a s a l  

t r a n s p o r t  a c t i v i t y  was n o t  s ig n i f i c a n t l y  in f lu e n c e d  by th e se  

a g e n ts

In  a d d i t io n  to  th e  c h a r a c t e r i s t i c s  m entioned 

above, th e  g lu co se  t r a n s p o r t  i s  a l s o  a  tem p era tu re -d ep en d en t 

p ro c e s s  which has been d em onstra ted  in  b o th  f a t  c e l l s  (23 ) 

and f a t  c e l l  g h o s ts  (1 6 ,2 4 ) . The r a t e  o f  u p tak e  a t  4°C was
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ab o u t 20# a s  g r e a t  a s  th e  r a t e  observed  a t  25°C (1 6 ) . 

P h lo r iz in ,  p h lo r e t in  and c y to c h a la s in  B, a g e n ts  known to  

b lo c k  D -glucose t r a n s p o r t  in  o th e r  c e l l s  (2 5 -2 9 ) , in h ib i t e d  

g lu co se  t r a n s p o r t  in  f a t  c e l l s  (2 3 ,2 4 ,3 0 ) . In  a d d i t io n  to  

i t s  ex trem ely  s e n s i t iv e  to  p h y s io lo g ic a l  c o n c e n tr a t io n s  o f  

i n s u l in ,  th e  g lu co se  t r a n s p o r t  system  in  f a t  c e l l s  has a ls o  

been observed in  resp o n se  to  o x id a n ts  ( 31 )» l e c t i n s  ( 32 , 33 )» 

and low c o n c e n tra t io n s  o f  s u lfh y d ry l  r e a g e n ts  (1 8 -2 0 ) , 

p ro te a s e s  (3 4 -3 8 ) , p h o sp h o lip ase s  (39)» and n eu ram in id ase  

(4 0 ,4 1 ) . The p h y s io lo g ic a l  s ig n i f ic a n c e  o f  th e s e  e f f e c t s  i s  

n o t  known.

B. Evidence t h a t  I n s u l in  A ction  R e s u lts  from  I t s  I n te r a c t io n  

w ith  th e  Plasm a Membrane

The b in d in g  o f  in s u l in  to  h o rm o n e -se n s itiv e  

t i s s u e  was f i r s t  r e p o r te d  by S ta d ie  e t  a l  (42) who observed  

t h a t  r a t  hem idiaphragm s in c u b a te d  w ith  in s u l in  f o r  10 sec 

and washed showed a  s ig n i f i c a n t  s t im u la t io n  o f  g lycogen  

s y n th e s is .  The r e s u l t s  were d i f f i c u l t  to  i n t e r p r e t ,  how ever, 

because  o f  th e  u n c e r ta in ty  a s  to  w hether th e  hormone was 

a c tu a l ly  bound o r  sim ply trap p ed  in  th e  e x t r a c e l l u l a r  sp aces 

o f  th e  m uscle. C ro ffo rd  has shown t h a t  a  r a p id  phase  o f 

in s u l in  u p tak e  by i s o l a t e d  f a t  c e l l s  o c c u rred  w ith in  th e  

f i r s t  m inute (4 3 ). The r a p id i ty  o f  t h i s  u p tak e  su g g es ted  t h a t  

th e  s i t e  o f  hormone b in d in g  was on th e  plasm a membrane.

I n s u l in  e f f e c t s  have been mimicked by t r y p s in  o r  

c e r t a in  o th e r  p r o te o ly t i c  enzymes a t  v e ry  low c o n c e n tr a t io n s  

b u t  n o t a t  h igh  c o n c e n tra t io n s  (3 4 -3 8 ). However, Kono f i r s t
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r e p o r te d  t h a t  in c u b a tio n  o f  i s o l a t e d  f a t  c e l l s  w ith  1 mg/ml 

o f  t r y p s in  f o r  15 min co m p le te ly  a b o l is h s  th e  in s u l in  

s t im u la to ry  e f f e c t  on g lu co se  o x id a tio n  a f t e r  in a c t iv a t io n  

o f  th e  enzyme w ith  soybean t r y p s in  i n h i b i t o r  (^ ,4 -5 )  •

C o n tro l s tu d ie s  re v e a le d  t h a t  th e  d im in ish ed  e f f e c t  o f  

in s u l in  was n o t  caused  by d e s t r u c t io n  o f  th e  in s u l in  o r  

n o n s p e c if ic  damage to  th e  c e l l  by t r y p s in .  I t  was r a th e r  

s p e c i f i c  m o d if ic a tio n  o f  i n s u l i n - e f f e c t o r  system  by t r y p s in  

s in c e  t r y p s in - t r e a t e d  c e l l s  s t i l l  m a in ta in ed  norm al l e v e l s  

o f  ATP, m ala te  dehydrogenase , and l a c t a t e  dehydrogenase. 

F u rth e rm o re , g lu co se  o x id a tio n  in  t r y p s in - t r e a t e d  c e l l s  was 

in h ib i te d  by 3 -0 -m e th y l-D -g lu co se , p h lo r e t in ,  o r  D -x y lo se , 

b u t n o t by L -x y lo se . The r a t e  o f  g lu co se  o x id a tio n  cou ld  

s t i l l  be augm ented in  norm al fa s h io n  by r a i s i n g  th e  

c o n c e n tra t io n  o f  g lu co se  in  th e  medium. The l i p o l y t i c  

system  o f  th e  c e l l  rem ained h ig h ly  re sp o n s iv e  to  e p in e p h rin e  

and ACTH, b u t  th e  re sp o n s iv e n e s s  o f  th e  system  to  g lucagon  

was a b o lish e d  e n t i r e l y .  A f te r  th e  in a c t i v a t io n  o f  th e  enzyme, 

th e  in s u l in  re sp o n s iv e n e s s  o f  t r y p s in - t r e a t e d  c e l l s  was 

r e s to r e d  by in c u b a tin g  th e  c e l l s  a t  37°C f o r  more th a n  

60 min (^5)» I t  was n o t  n e c e s s a ry  to  add e i t h e r  g lu c o se  o r  

in s u l in  in  th e  in c u b a tio n  medium d u rin g  th e  reco v e ry  p e r io d . 

However, t h i s  re c o v e ry  was in h ib i te d  by 0 .1  mM purom ycin 

o r  0 .01  mM cy c lo h ex im id e . These f in d in g s  in d ic a te d  t h a t  

p r o te in  s y n th e s is  was re q u ir e d  in  th e  r e s to r a t i o n  o f  th e  

i n s u l i n - e f f e c t o r  system .

I t  has been shown t h a t  t r y p s in  can h y d ro ly ze
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s p e c i f i c  p r o te in s  on th e  s u r fa c e  o f  th e  c e l l s  (4 6 ,4 7 ) , b u t 

th e  enzyme does n o t  p e n e t r a te  in to  th e  l i v i n g  c e l l s  and 

a t t a c k  i n t r a c e l l u l a r  p r o te in s  (4 8 ) . T h e re fo re , i t  has been 

concluded from  th e  s tu d ie s  m entioned above th a t  t r y p s in  , 

m o d ifie s  r e c e p to r  f o r  in s u l in  t h a t  a re  s i t u a te d  on th e  o u te r  

s u r fa c e  o f  th e  c e l l  membrane.

The co u p lin g  o f  in s u l in  to  po lym er, such a s  

S ep h aro se , has been used  a s  a  to o l  f o r  d e te rm in in g  t h a t  

in s u l in  need  n o t  e n te r  a  c e l l  to  e x e r t  i t s  b io lo g ic a l  e f f e c t s .  

C u a trec a sa s  (49) has r e p o r te d  t h a t  in s u lin -S e p h a ro s e  complex 

was a lm o st a s  e f f e c t iv e  a s  n a t iv e  in s u l in  in  in c re a s in g  

g lu co se  o x id a tio n  and i n h ib i t i n g  l i p o l y s i s  in  i s o l a t e d  f a t  

c e l l s .  He claim ed  t h a t  th e  complex was s ta b le  d u rin g  

in c u b a tio n  w ith  f a t  c e l l s  and t h a t  th e  Sepharose bead was 

n o t  ta k en  up by c e l l s .  T h e re fo re , he concluded t h a t  a l l  o f  

th e  m e tab o lic  e f f e c t s  o f  in s u l in  r e s u l t e d  e x c lu s iv e ly  from  

s p e c i f i c  in t e r a c t i o n s  w ith  th e  c e l l  membrane. The i n s u l in -  

S epharose complex a l s o  has been shown to  s t im u la te  RNA 

s y n th e s is  (50 ) & th e  u p tak e  o f  otc-arainoisobutyric a c id  (51) 

in  i s o l a t e d  mammary c e l l s  and to  a c t iv a te  g lycogen s y n th e ta s e  

in  ta d p o le  l i v e r  (52 ) .

These d a ta  sh o u ld  be a cce p ted  w ith  r e s e r v a t io n s .  

D avidson (53) and Kolb e t  a l  (54) have p re se n te d  ev idence  

t h a t  b o th  b io lo g ic a l  a s  w e ll a s  im m unological a c t i v i t y  o f  

in s u l in  h as  been re co v e re d  in  th e  s u p e rn a ta n t a f t e r  th e  

in c u b a tio n  o f  in s u lin -S e p h a ro s e  w ith  o r  w ith o u t b io lo g ic a l  

m a te r ia l .  K atzen and V lahakes (55) have r e c a lc u la te d  th e
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d a ta  from  o r i g i n a l  C u a treca sas* s  r e p o r t  (^9) on i n s u l i n -  

S epharose and concluded  t h a t  in  s e v e ra l  key ex p erim en ts  

th e r e  was l e s s  th a n  one in su lin -S e p h a ro s e  bead p e r  in c u b a tio n  

f l a s k .

R e c e n tly , i n s u l in  has been c o v a le n tly  coupled  to

f e r r i t i n  w ith  th e  complex r e ta in in g  eq u a l b io lo g ic a l  and

im m unological a c t i v i t i e s  (56 ,57)*  The fo rm er was determ ined

by m easuring  th e  s t im u la t io n  o f  g lu c o se  o x id a tio n  and th e

in h ib i t i o n  o f  e p in e p h rin e - in d u c e d  l i p o l y s i s  o f  a d ip o c y te s
2+o r  th e  s t im u la t io n  o f  th e  Mg -ATPase. The f e r r i t i n - i n s u l i n  

complex i s  s t a b le  w ith  n e g l ig ib le  in s u l in  d i s s o c ia t io n  

d u r in g  s to ra g e  o r  in c u b a tio n  in  th e  p re se n ce  o r  absence o f 

t i s s u e .  E le c tro n  m ic ro sco p ic  s tu d ie s  in d ic a te d  t h a t  th e  

complex was n o t  o b serv ed  f r e e  in s id e  th e  plasm a membrane 

v e s i c l e s ,  s u g g e s tin g  t h a t  th e  complex was n o t  cap ab le  o f  

c ro s s in g  th e  membrane. These d a ta  su p p o rted  th e  th e o ry  t h a t  

in s u l in  does n o t  e n te r  a  c e l l  to  e x e r t  i t s  b io lo g ic a l  

e f f e c t s .

C. T ran sm iss io n  o f  th e  I n s u l in  S ig n a l

S p e c i f ic  h igh  a f f i n i t y  r e c e p to r s  f o r  in s u l in  have

been shown on th e  plasm a membrane o f  a d ip o c y te s  (5 8 -6 0 ).

The i n t e r a c t i o n  o f  in s u l in  w ith  i t s  r e c e p to r  p o s s ib ly

i n i t i a t e s  a  c o n fo rm a tio n a l change in  th e  plasm a membrane.

T h is p e r tu r b a t io n  may be r e s p o n s ib le  f o r  a l t e r i n g  th e

a c t i v i t i e s  o f  membrane-bound enzymes, such a s  a d e n y la te

c y c la se  (6 1 , 62 ) ,  ad en o sin e  3 , i5 * -c y c l ic  monophosphate
2+p h o sp h o d ie s te ra se  (63- 6 6 ) ,  Mg -ATPase (6 7 ) ,  and g u a n y la te
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c y c la s e  (68 ) ,  whose p ro d u c ts  o r  s u b s t r a t e s  may se rv e  a s  a 

i n t r a c e l l u l a r  "second m essenger” f o r  i n s u l i n .  There a re  two 

g roups o f  compound ( e .g .  c y c l ic  n u c le o t id e s  and io n s )  which 

have been p roposed  a s  th e  p o s s ib le  "second m essenger" f o r  

in s u l in  in  f a t  c e l l s .

1 . C y c lic  N u c leo tid es*

I n s u l in  can d e c re a se  th e  i n t r a c e l l u l a r  c o n c e n tra tio n s  

o f  c y c l ic  AMP in  f a t  c e l l s  i f  th e  n u c le o t id e  l e v e l  has been 

e le v a te d  by e p in e p h r in e , ACTH, o r  g lucagon  in  th e  p re se n ce  

o f  c a f f e in e  (6 9 ) .  S in ce  th e  i n t r a c e l l u l a r  c o n c e n tra t io n s  o f 

c y c l ic  AMP a re  d e term in ed  by th e  r a t e  o f  i t s  fo rm a tio n  and 

th e  r a t e  o f  i t s  d e g ra d a tio n , th e  e f f e c t  o f  in s u l in  on 

c y c l ic  AMP le v e l  can be ach iev ed  e i t h e r  by in h ib i t i n g  

a d e n y la te  c y c la s e  o r  by s t im u la t in g  ad en o sin e  3 '* 5 *- c y c l ic  

monophosphate p h o s p h o d ie s te ra s e , o r  b o th . Hepp & Renner (61) 

and I l l i a n o  & C u a tre c a sa s  (6 2 ) have re p o r te d  t h a t  in s u l in  

in  v i t r o  i n h i b i t s  l i p o l y t i c  h o rm o n e-s tim u la ted  a d e n y la te  

c y c la s e  in  a d ip o c y te  g h o s ts  and in  p a r t i c u l a t e  p re p a ra t io n s  

o f  i s o l a t e d  f a t  c e l l s .  However, K ip n is  e t  a l  (70) and Vaughan 

& Murad (71) cou ld  n o t  d e te c t  any e f f e c t  o f  in s u l in  on b a s a l  

o r  e p in e p h r in e - s t im u la te d  a d e n y la te  c y c la s e .  There have been 

r e p o r t s  t h a t  in s u l in  s t im u la te s  c y c l ic  AMP p h o sp h o d ie s te ra se  

a c t i v i t y  in  hom ogenates o f  i s o l a t e d  f a t  c e l l s  p r e t r e a te d  

b r i e f l y  w ith  in s u l in  (63- 66 ) .  The a n t i l i p o l y t i c  e f f e c t  o f  

in s u l in  can be acco u n ted  f o r  u n d er c e r t a in  c o n d it io n s  by a 

lo w erin g  o f  i n t r a c e l l u l a r  c y c l ic  AMP (7 2 ,7 3 )•  However, Sneyd 

e t  a l  (7*0 have shown t h a t  in s u l in  s t im u la te s  su g a r  t r a n s p o r t
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a p p a re n tly  in d e p en d e n tly  o f  th e  l e v e l  o f  c y c l ic  AMP, and 

R o d b e ll e t  a l  (75) has shown t h a t  v a r io u s  l i p o l y t i c  

horm ones, which e le v a te  c y c l ic  AMP le v e l s  in  f a t  c e l l  g h o s ts ,  

do n o t  b lo c k  in s u l in - s t im u la te d  g lu co se  u t i l i z a t i o n .  The 

p o s s i b i l i t y  can n o t be excluded  th a t ,  i n s u l in  a f f e c t s  

t r a n s p o r t  th ro u g h  changes in  c y c l ic  AMP le v e l s  in  a sm a ll 

com partm ent o f  th e  c e l l .

There have been r e p o r t s  t h a t  in s u l in  in c re a s e  

c y c l ic  GMP c o n te n t in  i s o l a t e d  f a t  c e l l s  (76- 78 ) .  R ecen tly , 

i t  has been d em o n stra ted  th a t  membrane p re p a ra t io n s  from 

a d ip o c y te s  c o n ta in  a s u b s t a n t i a l  q u a n t i ty  o f  g u an y la te  

c y c la s e  a c t i v i t y  (68 , 79 ) which can be d i r e c t l y  s tim u la te d  by 

in s u l in  (6 8 ) .  However, th e  p h y s io lo g ic a l  s ig n i f ic a n c e  o f  th e  

in c re a s e d  c y c l ic  GMP le v e l s  by in s u l in  in  i s o la te d  f a t  c e l l s  

has n o t  been examined c a r e f u l ly .

2 . Io n s  t

Io n s have been proposed a s  p o s s ib le  second 

m essengers f o r  in s u l in  (8 0 -8 2 ), w ith  a  la rg e  body o f  in d i r e c t  

ev id en ce  to  su p p o rt t h i s  th e o ry .

K rishna  e t  a l  (83 ) have shown th a t  n o rep in e p h rin e  

ca u ses  a  d e p o la r iz a t io n  o f  th e  brown f a t  c e l l  membrane 

p o t e n t i a l .  I n s u l in  d id  n o t  s ig n i f i c a n t ly  change th e  membrane 

p o t e n t i a l  when added by i t s e l f ,  b u t c o u n te ra c te d  th e  

d e p o la r iz a t io n  produced  by n o re p in e p h r in e . These a u th o rs  

su g g e s te d  t h a t  n o re p in e p h rin e  and in s u l in  m odify membrane 

p o t e n t i a l  by m odify ing  th e  e n try  o f  K+ in to  th e  c e l l .
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Touabi and Jean renaud  (8*0 re p o r te d  t h a t  e p in ep h rin e  

m arkedly red u ces  th e  n e t  u p tak e  o f  K+ in to  f a t  c e l l s  and 

in s u l in  c o u n te ra c ts  t h i s  e f f e c t  o f  e p in e p h r in e . R odbell (85 ) 

r e p o r te d  a  K+ req u irem e n t f o r  th e  in s u l in  s t im u la t io n  o f 

g lu c o se  t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s  o f  th e  r a t .  However, 

L e ta r te  & Renold (86) and L e ta r te  e t  a l  (87 ) found no 

c o n s is te n t  e f f e c t  o f  K+ d e f ic ie n c y  on th e  hormone e f f e c t  in  

mouse a d ip o c y te s .

R e ce n tly , in s u l in  was found to  s t im u la te  th e
pX

Mg -ATPase o f  th e  a d ip o c y te  plasm a membrane (67 ) .  The
2+s t im u la t io n  o f  Mg -ATPase by in s u l in  cou ld  e x p la in  th e  

o b s e rv a tio n s  made by K rah l t h a t  in s u l in  caused  an in c re a s e d  

i n t r a c e l l u l a r  magnesium c o n c e n tra t io n  in  r a t  h e m iu te r i  (88) 

and ad ip o se  t i s s u e  (89 ) .  The n e t  in c re a s e  o f  i n t r a c e l l u l a r  

magnesium c o n c e n tra t io n  th en  se rv e s  a s  "second m essenger" 

to  in f lu e n c e  i n t r a c e l l u l a r  enzyme a c t i v i t i e s  (8 0 ).

I n s u l in  has been shown to  a f f e c t  c e l l u l a r  ca lc ium  

d i s t r i b u t i o n  and t h a t  t h i s  may p la y  an im p o rta n t r o le  in  

th e  mechanism o f  in s u l in  a c t io n  (8 1 ,8 2 ,9 0 ) . A gents which 

prom ote an in c re a s e d  c o n c e n tra t io n  o f  i n t r a c e l l u l a r  ca lc iu m , 

such as  o u ab a in , p ro c a in e , and ca lc ium  io n o p h o res , have been 

re p o r te d  to  s t im u la te  g lu c o se  t r a n s p o r t  (91 ) and to  i n h i b i t  

l i p o l y s i s  in  f a t  c e l l s  (8 2 ,9 2 ,9 3 )*  Numerous i n t r a c e l l u l a r  

enzymes i s o l a t e d  from  a d ip o c y te s  have been re p o r te d  to  be 

b o th  in s u l in  and ca lc ium  s e n s i t i v e ,  such a s  p y ru v a te  

dehydrogenase (9*0, t r i g ly c e r id e  l ip a s e  (95)» ad e n y la te  

c y c la se  (96 ) ,  3 '* 5 * - c y c l i c  AMP p h o sp h o d ie s te ra se  (9 7 ) , and 

g lycogen  s y n th e ta s e  (9 8 ) .
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D. E f f e c t  o f  I n s u l in  on G lucose T ra n sp o rt

The i n t r a c e l l u l a r  g lu co se  c o n c e n tra t io n  i s  an 

in d ex  o f  th e  r e l a t i v e  r a t e s  o f g lu co se  p e n e tr a t io n  and 

p h o sp h o ry la tio n  by h ex o k in ase . An in c re a s e  in  th e  

i n t r a c e l l u l a r  g lu co se  c o n c e n tra t io n  can r e s u l t  e i t h e r  from 

a r e l a t i v e  in c re a s e  in  th e  r a t e  o f  p e n e tr a t io n  o r  from a 

r e l a t i v e  d ec re a se  in  th e  r a t e  o f  p h o sp h o ry la tio n . In  e i t h e r  

c irc u m sta n c e , th e  p resen ce  o f  g lu c o se  w ith in  th e  c e l l  would 

in d ic a te  t h a t  p h o sp h o ry la tio n  was r a t e  l im i t in g .  On th e  

o th e r  hand , th e  absence  o f  f r e e  g lu c o se  from th e  i n t r a c e l l u l a r  

com partm ent would mean th a t  th e  t r a n s p o r t  o f  g lu co se  a c ro s s  

th e  c e l l  membrane was th e  r a t e - l i m i t i n g  s te p  in  g lu co se  

u t i l i z a t i o n .  By t h i s  a n a ly s i s ,  g lu c o se  t r a n s p o r t  has been 

shown th e  r a t e - l i m i t i n g  s te p  in  g lu c o se  u p tak e  by ad ip o se  

t i s s u e  and th e  p r in c ip a l  s i t e  o f  in s u l in  a c t io n  (99)• In  

a d ip o se  t i s s u e ,  in s u l in  in c re a s e s  th e  a f f i n i t y  o f  th e  c a r r i e r  

w ith o u t a  change in  Vmax (1 ^ ,1 0 0 ). However, an in c re a s e  in  

Vmax observed  *n i s o l a t e d  f a t  c e l l s  (1 0 1 ), The s ig n i f ic a n c e  

o f  th e s e  a p p a re n t d i f f e re n c e s  in  th e  e f f e c t  o f  in s u l in  i s  

u n c e r ta in .

The q u a n t i ty  o f  in s u l in  r e q u ire d  to  a c c e le r a te  

g lu c o se  o x id a tio n  i s  ex trem ely  sm a ll. A d e te c ta b le  

s t im u la t io n  o f  g lu co se  u t i l i z a t i o n  has been observed  w ith  

in s u l in  c o n c e n tra t io n s  a s  low a s  1 jiU/ml (7 x 10”1,2 M) (^3 , 

1 0 2 ). C ro ffo rd  e t  a l  (103) have c a lc u la te d  t h a t  b in d in g  o f  

3,000  m o lecu les o f  in s u l in  p e r  c e l l  would s t im u la te  g lu co se  

u t i l i z a t i o n  m axim ally , w hereas a s  few a s  100 in s u l in
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m o lecu les p e r  c e l l  can g e n e ra te  a  d e te c ta b le  e f f e c t .  Kono 

and Barham (59) have e s tim a te d  t h a t  th e re  a re  160,000 in s u l in  

r e c e p to r s  in  a  s in g le  f a t  c e l l  when th e  mean c e l l  d iam e te r  

i s  50 pm and t h a t  g lu co se  o x id a tio n  in  i n t a c t  f a t  c e l l s  i s  

s t im u la te d  m axim ally when on ly  ap p ro x im ate ly  o f  th e

t o t a l  i n s u l in  r e c e p to r s  a re  occup ied  by in s u l i n .  The 

s t im u la to ry  e f f e c t  o f  in s u l in  on g lu co se  t r a n s p o r t  in  f a t  

c e l l s  can be re v e rs e d  e i t h e r  by th e  a d d i t io n  o f  a n t i - i n s u l i n  

serum  o r  by w ashing th e  c e l l  in  an i n s u l in - f r e e  b u f fe r  (^ 3 )» 

S in ce  no im m unolog ically  o r  b io lo g ic a l ly  a c t iv e  in s u l in  was 

r e le a s e d  by w ashing , th e  in s u l in  bound to  th e  r e c e p to r  was 

p ro b ab ly  in a c t iv a te d  by th e  c e l l  (*+3 )» I t  i s  s t i l l  n o t  c l e a r  

t h a t  w hether t h i s  in a c t iv a t io n  o f  in s u l in  by th e  c e l l s  

r e p r e s e n ts  a  n o n - s p e c if ic  p r o te o ly s i s  o r  i s  a  p a r t  o f  th e  

p h y s io lo g ic a l  mechanism f o r  th e  te rm in a tio n  o f  th e  c e l l  

re sp o n se  to  i n s u l i n .

Avruch e t  a l  (10*0 have re p o r te d  t h a t  p re - in c u b a t io n  

o f  i s o l a t e d  f a t  c e l l s  w ith  in s u l in  le d  to  an a c c e le r a te d  

r a t e  o f  b o th  D -g lucose u p tak e  and r e le a s e  by th e  i s o l a t e d  

plasm a membrane v e s i c l e s .  A d d itio n  o f  in s u l in  d i r e c t l y  to  

plasm a membrane was w ith o u t e f f e c t .  At e q u i l ib r iu m , D -g lucose 

space  was i d e n t i c a l  in  b o th  i n s u l in - t r e a t e d  and c o n tro l  

plasm a membrane p r e p a r a t io n s .  S p e c tro sc o p ic  s tu d ie s  on b o th  

membrane p r e p a ra t io n s  d id  n o t  r e v e a l  any d i f f e r e n c e s .

E. Enzym atic M o d if ic a tio n  o f  I n s u l in  E f f e c ts

Exposure o f  f a t  c e l l s  to  low c o n c e n tra t io n s  o f
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t r y p s in  cau ses a s e le c t iv e  f a l l  in  th e  a f f i n i t y  o f  th e  

in s u l in - r e c e p to r  i n t e r a c t i o n ;  whereas th e  t o t a l  amount o f  

r e c e p to r  and th e  maximal in s u l in  re sp o n se  a r e  u n a f fe c te d

(1 0 5 ). T reatm ent o f  f a t  c e l l s  w ith  t r y p s in  o r  o th e r  p ro te a s e s  

in  v ery  h ig h  c o n c e n tra t io n s  r e s u l t s  in  a lo s s  o f  in s u l in  

b in d in g  and o f  b io lo g ic a l  e f f e c t s  (^ 4 ,^ 5 * 1 0 5 ). Such d ig e s t io n  

d e c re a se s  th e  t o t a l  amount o f  r e c e p to r  a v a i la b le  f o r  

b in d in g  (59 ) .

L ike t r y p s in ,  low c o n c e n tra t io n s  o f  n eu ram in id ase  

has i n s u l i n - l i k e  e f f e c t  on g lu co se  t r a n s p o r t  in  i s o l a t e d  

f a t  c e l l s  ( ^ 0 ,M ) .  However, d r a s t i c  d ig e s t io n  o f  th e  c e l l  

w ith  h ig h e r  c o n c e n tra t io n s  o f  n eu ram in idase  cau ses  a  f a l l  in  

th e  enhanced b a s a l  r a t e  o f  g lu co se  t r a n s p o r t  and a b o l is h e s  

th e  e f f e c t s  o f  in s u l in  on g lu co se  t r a n s p o r t  and l i p o l y s i s .  

T h is enzym atic d ig e s t io n  has no e f f e c t  e i t h e r  on th e  t o t a l  

number o f  in s u l in  r e c e p to r  on th e  membrane o r  on th e  a f f i n i t y  

o f  th e  in s u l in - r e c e p to r  in te r a c t io n  ( M ) .  These r e s u l t s  

su g g e s t t h a t  membrane s i a l i c  a c id  i s  n o t  in v o lv ed  in  th e  

r e c o g n i t io n  o f  in s u l in  by th e  r e c e p to r ,  b u t may be in v o lv e d  

in  t r a n s m it t in g  th e  in s u l in  e f f e c t s .

At low c o n c e n tra t io n s ,  p h o sp h o lip ase  C h as been 

found to  s t im u la te  th e  co n v ers io n  o f  g lu c o se  to  carbon  

d io x id e  (39»^0). In c re a s in g  c o n c e n tra t io n s  o f  p h o sp h o lip a se  C 

b locked  th e  re sp o n se  o f  f a t  c e l l s  to  in s u l in  (3 9 i^ 0 ) w h ile  

even h ig h e r  c o n c e n tra t io n s  o f  th e  enzyme caused  l y s i s  o f  

th e  c e l l s  a s  in d ic a te d  by th e  r e le a s e  c e l l u l a r  f a t  ( 39 ) .  

C u a treo asas  (106) re p o r te d  t h a t  d ig e s t io n  o f  i s o l a t e d  f a t
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c e l l s  and f a t  c e l l  membranes w ith  h ig h  c o n c e n tra t io n s  o f  

p h o sp h o lip ase  C o r  A caused a d ram a tic  in c re a s e  in  in s u l in  

b in d in g . The in c re a s e  in  th e  s p e c i f i c  b in d in g  o f  in s u l in  to  

f a t  c e l l s  or.m em branes a f t e r  enzym atic  d ig e s t io n  r e f l e c t e d  

an in c re a s e  in  th e  t o t a l  b in d in g  c a p a c ity  o f  th e  membranes. 

The new exposed in s u l in  r e c e p to r s  were p ro b ab ly  i d e n t i c a l  

w ith  th o se  n o rm ally  p re s e n t  in  th e  s u r fa c e  o f  th e  membranes

(106) .

F . S tim u la tio n  o f  G lucose T ra n sp o rt by C oncanavalin  A

C oncanavalin  A has been shown to  mimic t h e .a c t io n  

o f  in s u l in  on g lu co se  t r a n s p o r t  system  in  w h ite  ( 33*107) 

and brown f a t  c e l l s  ( 32) .  w hereas th e  l e c t i n  d id  n o t  m odify 

th e  e q u il ib r iu m  d i s t r i b u t i o n  o f  g lu co se  (3 2 ) . E vidence 

in d ic a te d  t h a t  th e  e f f e c t s  o f  in s u l in  and co n can av a lin  A on 

g lu co se  t r a n s p o r t  in  f a t  c e l l s  were m ediated  by d i f f e r e n t  

mechanism. For exam ple, a d d i t io n  o f  o^-methylmannoside to  th e  

in c u b a tio n  medium co m p le te ly  p rev e n te d  th e  a b i l i t y  o f  

co n can av a lin  A to  a c t iv a te  f a t  c e l l  g lu c o se  m etabolism  w h ile  

in s u l in  a c t io n  was o n ly  s l i g h t l y  a f f e c te d  (33*107 ) .  

F u rth e rm o re , t r y p s in z a t io n  o f f a t  c e l l s ,  which i s  known to  

a b o l is h  th e  b in d in g  o f in s u l in  to  r e c e p to r s  (^5 ) and th u s  

co m p le te ly  i n h i b i t  i n s u l in  a c t io n ,  had l i t t l e  e f f e c t  on th e  

a c t io n  o f  co n can av a lin  A on i s o l a t e d  f a t  c e l l s  (3 2 ,3 3 * 1 0 7 ). 

The b in d in g  o f  *2-* I-concanavalin  A to  brown f a t  c e l l  s u r fa c e  

r e c e p to r s  and th e  le c t in -m e d ia te d  a g g lu t in a t io n  o f  th e s e  

c e l l s  were a ls o  n o t  a f f e c te d  by t r y p s in z a t io n  ( 32) .
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G. E f f e c t  o f  A n tim ito t ic  Drugs on C e l lu la r  F u n c tio n s

C o lch ic in e  and o th e r  a n t im i to t i c  d ru g s have been

shown to  i n h i b i t  th e  s e c r e t io n  o f  in s u l in  from  th e  p a n c re a s

(1 0 8 ), ca tech o lam in es from  a d re n a l  m edulla  ( 109)» h is ta m in e

from human leukocytes (110) and from rat peritoneal mast
c e l l s  (111) ,  th y ro id  hormone from  th y ro id  g lan d  ( 112) ,

n o re p in e p h rin e  and dopam ine-£ -hydroxy lase  from  sy m p a th e tic

n e rv e s  ( 113)» th e  r e le a s e  o f  f r e e  f a t t y  a c id s  from  a d ip o c y te s

(1 1 4 ), and th e  s e c r e t io n  o f album in and o th e r  plasm a p r o te in s

from rat hepatocytes (115)• These effects in connection with
th e  well-known p ro p e r ty  o f  c o lc h ic in e  and o th e r  a n t im i to t i c

d rugs to  d is r u p t  th e  m ic ro tu b u le s  prom pted th e  s p e c u la t io n

t h a t  th e  m ic ro tu b u la r  system  m ight be in v o lv e d  in  th e

s e c re to ry  p ro c e s se s  (1 1 6 ). More r e c e n t  work has shown t h a t

c o lc h ic in e  i s  in v o lv e d  in  a v a r ie ty  o f  o th e r  m e tab o lic

p ro c e s s e s . For exam ple, i t  a f f e c t s  th e  t r a n s p o r t  o f  n u c le o s id e s

in  s e v e ra l  mammalian c e l l  l i n e s  ( 117)» i n h i b i t s  th e  m etabolism

o f  g lu co se  by i s o l a t e d  f a t  c e l l s  ( 30 ) and th e  i n s u l i n -

s tim u la te d  m etabolism  o f  g lu co se  to  f a t t y  a c id s  (1 1 8 ), and
2+i n h i b i t s  th e  Mg -ATPase o f  s y n a t ic  membranes (119)•
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PART I . EFFECT OF ANTIMITOTIC DRUGS ON GLUCOSE TRANSPORT 

AND OXIDATION IN ISOLATED FAT CELLS AND FAT CELL 

GHOSTS.
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INTRODUCTION

C oncanavalin  A, a  p la n t  l e c t i n ,  mimics th e  e f f e c t s  

o f  in s u l in  on g lu co se  m etabo lism , l i p o l y s i s ,  and p r o te in  

s y n th e s is  in  i s o l a t e d  a d ip o c y te s  (32 ,3 3 * 1 0 7 ). I t  has been 

e s ta b l i s h e d  t h a t  co n can av a lin  A b in d in g  s i t e s  a r e  in  th e  

g ly c o ca ly x  (120 , 121) ,  b u t appeared  to  be ch e m ic a lly  d i s t i n c t  

from  th e  in s u l in  r e c e p to r .  T ry p sin  tre a tm e n t o f  f a t  c e l l s  

p re v e n ts  in s u l in  b in d in g  (^5) "but n o t  th e  c o n c an a v a lin  A 

b in d in g  (122) o r  i t s  a b i l i t y  to  s t im u la te  g lu c o se  t r a n s p o r t  

(3 2 ) . C oncanavalin  A b in d in g  and s t im u la t io n  o f  g lu c o se  

t r a n s p o r t  i s  p rev en ted  by oC -m ethylglucoside w hich o n ly  

s l i g h t l y  i n h i b i t s  in s u l in - s t im u la te d  g lu co se  o x id a tio n  (33* 

1 07 ). The a b i l i t y  o f  co n can av a lin  A to  b lo c k  in s u l in  b in d in g  

( 122) may on ly  be due to  th e  c lo se  a s s o c ia t io n  o f  th e  two 

r e c e p to r s  and th e  la rg e  s iz e  o f  co n can av a lin  A o r  induced  

c o n fo rm a tio n a l changes in  th e  g ly c o c a ly x .

R ecen tly , i t  has been dem o n stra ted  t h a t  

co n can av a lin  A i n h i b i t s  th e  m o b il i ty  o f  c e l l  s u r fa c e  

r e c e p to r s  (1 2 3 ). T his e f f e c t  can be re v e rs e d  by a d d i t io n  o f 

ot-m ethyl-D -m annoside, a  co m p e titiv e  i n h i b i t o r  o f  

co n can av a lin  A b in d in g , o r  c o lc h ic in e  and o th e r  a n t im i t o t i c  

a g e n ts .  F u rtherm ore , a n t im i to t i c  d rugs have been  shown to  

i n h i b i t  th e  ra ito g en ic  s t im u la t io n  o f  lym phocytes by 

co n can av a lin  A as  m easured by th e  in c o rp o ra t io n  o f  thym id ine  

(12*0. S ince a n t im i to t i c  d rugs a re  known to  b in d  to  

m ic ro tu b u la r  p r o te in ,  i t  i s  proposed  t h a t  th e  m ic ro tu b u le s  

m ight be in v o lv ed  in  r e g u la t in g  th e  m o b il i ty  and d i s t r i b u t i o n
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o f  membrane s u r fa c e  r e c e p to r s  and t h e i r  i n t e r a c t i o n s  w ith  

cy top lasm a (123 ,12*0 . These r e s u l t s  prom pted us to  s tu d y  th e  

e f f e c t s  o f  a n t im i to t i c  d ru g s on in s u l in - s t im u la te d  g lu co se  

t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s .
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MATERIALS AND METHODS

A. Animal

Anim als u sed  in  a l l  ex p erim en ts  were male Sprague-  

Dawley (150-200 gram s) which had f r e e  a c c e ss  to  food and 

w a te r .

B. I s o l a t i o n  o f  F a t C e lls

P l a s t i c  o r  s i l i c o n iz e d  g la s s  tu b e s  and f la s k s  were 

used  in  th e  i s o l a t i o n  and in c u b a tio n  o f  f a t  c e l l s .

R a ts  were k i l l e d  by d e c a p i ta t io n ,  th e  ep id idym al 

f a t  pads were removed and r in s e d  in  0 .8 5 #  NaCl s o lu t io n .  

I s o la t e d  f a t  c e l l s  were p re p a re d  e s s e n t i a l l y  ac co rd in g  to  th e  

method o f  R odbell (15) u s in g , how ever, a  low er c o n c e n tra t io n  

o f  c o l la g e n a s e . S p e c i f i c a l l y ,  ep id idym al f a t  pads were 

d ig e s te d  w ith  c o lla g e n a se  a t  a  c o n c e n tra t io n  o f  1 .5  mg p e r  ml 

o f  K rebs-R inger b ic a rb o n a te  (KRB) b u f f e r ,  pH 7 .4 ,  which 

c o n ta in e d  120 mM NaCl; 4 .8  raM KClj 1 .3  mM C aC ^ i 1 .2  mM KH2PO4 ; 

1 .2  mM MgSOjj,; 2 4 ,6  mM NaHCO^j 3# bovine album in ( f r a c t io n  V) 

and 0 .5  mM g lu c o s e , u n le s s  o th e rw ise  in d ic a te d .  In c u b a tio n s  

were c a r r ie d  o u t f o r  30 to  45 min a t  3?°C in  a  m e tab o lic  

sh a k e r  w ith  a  speed o f  80 c y c le s  p e r  m in. At th e  end o f  th e  

in c u b a tio n , th e  c o n te n ts  o f  in c u b a tio n  f la s k s  were f i l t e r e d  

though two la y e r s  o f  c h e e se c lo th  and th e n  th ro u g h  one la y e r  

o f  Japanese  s i l k  w ith o u t p r e s s u r e .  C e lls  were washed fo u r  

tim es w ith  warm KRB b u f f e r  and th en  suspended in  th e  same 

b u f f e r  s o lu t io n .  F a t c e l l s  used  in  th e  t r a n s p o r t  s tu d ie s  

were washed and suspended in  th e  g lu c o s e - f r e e  KRB b u f f e r .
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C, P re p a ra t io n  o f  F a t  C e ll  G hosts

The g h o s ts  were p rep a red  by t r e a t i n g  th e  i s o l a t e d  

f a t  c e l l s  w ith  h y p o to n ic  medium a s  d e s c r ib e d  by R odbell (85» 

125)» e x c e p t t h a t  th e  medium co n ta in e d  no ATP, NAD+ and NADP+ . 

The f i n a l  g h o s ts  were resu sp en d ed  in  KRB b u f f e r .

D, P re p a ra t io n  and In c u b a tio n  o f  P a t C e ll Homogenates

F a t c e l l  hom ogenates were p re p a red  in  0 .2 5  M 

s u c ro s e , a s  d e s c r ib e d  by Zinman and H o llen b erg  (65 ) .  G lucose 

o x id a tio n  by f a t  c e l l  hom ogenates was c a r r ie d  o u t a s  d e s c r ib e d  

by P o t te r  (126)* b r i e f l y ,  th e  in c u b a tio n  medium co n ta in e d  

1 mM ATP* 0 .2  mM NAD+ * 40 mM n ico tin am id e*  2 mM f r u c to s e - 1 ,6-  

d iph o sp h a te*  25 mM KHCO ĵ 2 mM KH2P0j|* ^ mM MgCl2 * 1 pCi 

( l - ^ C ) g lu c o s e  and 0 .1  ml f a t  c e l l  homogenate (10# in  0 .25  M 

su c ro se )*  f i n a l  volume 1 m l, pH 7 .^ ;  g as  phase  95# 02-5#C02 . 

The r e a c t io n  m ix tu re s  were in c u b a te d  a t  37°C f o r  one h o u r.

The r e a c t io n  was s to p p ed  as  d e s c r ib e d  in  E.

E, G lucose O x id a tio n  by I s o la te d  F a t C e lls  o r  F a t C e ll  G hosts

G lucose o x id a tio n  by i s o l a t e d  f a t  c e l l s  (o r  f a t
1^c e l l  g h o s ts )  was m easured by co n v ers io n  o f  (1 -  C )g lucose to  

1^C02 . U n less  in d ic a te d  o th e rw ise  in  leg en d s to  f ig u re s  and 

t a b l e s ,  f a t  c e l l s  (o r  f a t  c e l l  g h o s ts )  were in c u b a te d  in  

1 ml KRB b u f f e r  w ith  0 .5  mM ( l - ^ C jg lu c o s e  (200 pCi/mmole) 

a t  37°C f o r  two h o u rs . A ll  in c u b a tio n s  were c a r r ie d  o u t in  

p l a s t i c  v i a l s  capped by ru b b e r  s to p p e rs  w ith  c e n te r  w e lls  

c o n ta in in g  a  r o l l  o f  f i l t e r  p a p e r . The gas phase was 95# 0 2-  

5# C02 . At th e  end o f  th e  in c u b a tio n , 0 .2  ml o f  Hyamine was
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injected onto the filter paper and 0.2 ml of 5 N H2 SO2J, into 
the incubation medium. After the vials were shaken for 15 min 
at room temperature, the paper strips were transferred to 
10 ml of scintillation fluid containing hZ ml of Liquifluor 
(New England Nuclear) per liter of toluene.

F . Assay o f  Hexose T ra n sp o r t in  I s o la t e d  F a t C e lls

The u p ta k e  o f  2 -d eo x y -D -(% )g lu co se  by i s o la te d  

f a t  c e l l s  was m easured by th e  o i l  f i l t r a t i o n  s e p a ra tio n  

te c h n iq u e  d e s c r ib e d  by G liem ann, e t  a l  (1 2 ? ) . The r e a c t io n  was 

s t a r t e d  by add ing  2 -d eo x y -D -(% )g lu co se  (20 jiC i/m m ole), f i n a l  

c o n c e n tra t io n  1 mM, to  i n t a c t  c e l l s  suspended in  KRB b u f f e r  

w ith o u t g lu c o s e . A l l  a s sa y s  were c a r r ie d  o u t in  th e  p l a s t i c  

tu b e s  and in c u b a te d  a t  25°C f o r  tim e p e r io d s  in d ic a te d .  The 

r e a c t io n  was sto p p ed  by t r a n s f e r r in g  0 .2  ml a l iq u o t  o f  c e l l  

su sp e n s io n  to  a  c e l lu lo s e  a c e ta te  b u ty r a te  tu b e  c o n ta in in g

0 .2  ml o f  d in o n y l p h th a la te  fo llo w ed  by c e n t r i f u g a t io n  fo r  

15 s e c . The c e l l s  were r a p id ly  washed by add ing  0 .2  ml o f  th e  

same ic e - c o ld  b u f f e r  fo llo w ed  by im m ediate c e n t r i f u g a t io n .

A f te r  c e n t r i f u g a t io n ,  th e  c e l l s  were t r a n s f e r r e d  to  a  c o u n tin g  

v i a l  c o n ta in in g  1 ml o f  10$ sodium d odecy l s u l f a t e .  A f te r  th e  

v i a l s  were shaken f o r  20 min a t  room te m p e ra tu re , r a d io a c t iv i t y  

was d e te rm in ed  in  th e  p re se n c e  o f  10 ml S c in tiV e rse  (F is h e r  

S c i e n t i f i c  Co. ) .

G. Assay o f  Hexose T ra n sp o r t in  F a t C e ll  G hosts

The r e a c t io n  m ix tu re  u s u a l ly  c o n s is te d  o f abou t 

150-200 pg o f  membrane p r o te in  in  0 .1  ml g lu c o s e - f re e  KRB
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b u f f e r .  The r e a c t io n  was i n i t i a t e d  by th e  a d d i t io n  o f  th e  

r a d io a c t iv e  2-d eo x y -D -g lu co se , f i n a l  c o n c e n tra t io n  1 mM. A ll  

a s sa y s  were in c u b a te d  a t  e i t h e r  25°C o r  4°C f o r  tim es p e r io d s  

in d ic a te d .  The r e a c t io n  was stopped  by ad d in g  3 nil i c e - c o ld  

KRB b u f f e r ,  fo llo w ed  r a p id ly  by f i l t r a t i o n  on E-A M il l ip o re  

f i l t e r s .  The f i l t e r s  were im m ediately  washed w ith  th r e e  5 ml 

ic e - c o ld  KRB b u f f e r .  The f i l t e r s  were th e n  t r a n s f e r r e d  to  

s c i n t i l l a t i o n  co u n tin g  v i a l s  which c o n ta in e d  1 ml 10#  sodium 

dodecy l s u l f a t e .  The v i a l s  were shaken in  room te m p e ra tu re  

f o r  20 m in. R a d io a c t iv i ty  was determ ined  in  th e  p re sen ce  o f  

10 ml S c in t iV e rs e .

H. E ff lu x  o f  3 -0 -M ethy lg lucose

Two m i l l i l i t e r s  o f  20# f a t  c e l l  su sp en s io n  was 

in c u b a te d  w ith  1 ml 3 -0 -(^H )m ethy l-D -g lucose  (2 pC i/pm ole) 

f o r  30 min a t  37° c « The c e l l  su sp en sio n  was th e n  coo led  to  

15°C f o r  10 min and c e n tr ifu g e d  a t  400 x g f o r  30 s e c .  A f te r  

th e  c e n t r i f u g a t io n ,  th e  in f r a n a ta n t  below th e  c e l l  was 

c a r e f u l ly  rem oved. The e f f lu x  o f 3 -0 -m e th y lg lu co se  was s t a r t e d  

by add ing  2 ml o f  KRB b u f f e r  w ith o u t 3 -0 -m e th y lg lu c o se , 

te m p e ra tu re  15°C» "to th e  c e l l .  At v a r io u s  p e r io d s  o f  tim e ,

0 .2  ml a l iq u o ts  o f  c e l l  su sp en sio n  were removed and th e  c e l l s  

were r a p id ly  s e p a ra te d  from in c u b a tio n  b u f f e r  by th e  o i l  

c e n t r i f u g a t io n  m ethod. The r a d io a c t iv i t y  rem a in in g  in  th e  c e l l  

p e l l e t  was de te rm ined  a s  p re v io u s ly  d e s c r ib e d .

I .  E s tim a tio n  o f  F a t C e lls

Dry w eig h ts  o f  i s o l a t e d  f a t  c e l l s  were d e te rm in ed
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by f i l t e r i n g  an a l iq u o t  o f f a t  c e l l  su sp e n s io n  th ro u g h  a 

p re-w eighed  M ill ip o re  f i l t e r  p aper (EAWP 02500, M ill ip o re  

F i l t e r  C o rp .) . The f i l t e r s  were washed w ith  10 ml o f  KRB 

b u f f e r  w ith o u t bov ine album in and d r ie d  o v e r s i l i c a  g e l  under 

reduced  p re s s u re  f o r  o v e rn ig h t, and w eighed . The av e rag es  

o f  th r e e  d e te rm in a tio n s  were used in  c a lc u l a t i n g  th e  w eigh ts  

o f  f a t  c e l l s  used in  each ex p erim en t.

J .  P ro te in  D ete rm in a tio n

The p r o te in  c o n te n t o f  f a t  c e l l  g h o s ts  was determ ined  

by th e  method o f  Lowry, e t  a l  (128), u s in g  b o v in e  serum album in 

a s  s ta n d a rd .

K. Chem icals

( l- l^ C )G lu c o se , 2-d eo x y -D -(^H )g lu co se , 3 -0 -(% )m e th y l-  

D -g lucose and Hyamine hydroxide were p u rch ased  from  New 

England N u c le a r. Bovine i n s u l i n ,  bov ine serum  a lb u m in , bov ine 

serum album in ( f r a c t io n  V), L -g lu c o se , 2-d eo x y -D -g lu co se , 

3 -0 -m e th y l-D -g lu co se , f ru c to s e -1 ,6 -d ip h o s p h a te ,  n ic o tin a m id e , 

ATP, NAD+ and NADP+ were o b ta in e d  from Sigma Chem ical Co.

Crude b a c t e r i a l  c o llag e n a se  was from W orth ing ton  B iochem ical 

Corp. C o lch ic in e  was purchased  from C albiochem . D inonyl 

p h th a la te  was o b ta in ed  from Eastman Kodak Co. C oncanavalin  A 

was from M iles . G r ise o fu lv in  was p u rch ased  from  A ld r ic h  

Chem ical C o ., In c . L um ico lch icine was p re p a re d  by a  method 

d e s c r ib e d  by W ilson and F rie d k in  (1 2 9 ).
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RESULTS

( I ) .  In  I s o la t e d  F a t C e lls

A. S e le c t io n  o f  E x p erim e n ta l C o n d itio n s

I t  has been n o te d  in  t h i s  la b o ra to ry  t h a t  d i f f e r e n t  

l o t s  o f  c o lla g e n a se  and b ov ine  serum album in ( f r a c t io n  V) have 

d i f f e r e n t  e f f e c t s  on th e  re sp o n s iv e n e s s  o f  i s o la te d  f a t  c e l l s  

to  in s u l in .  T h e re fo re , a l l  th e  p r e p a ra t io n s  o f  c o lla g e n a se  

and album in were sc reen ed  b efo reh an d  and on ly  th o se  which gave 

more th a n  5 - f o ld  o f  maximal s t im u la t io n  by in s u l in  in  th e  

g lu co se  o x id a tio n  a s sa y  were u se d .

The conversion of (1- CJglucose to CO2 by isolated 
fat cells prepared in this laboratory proceeded at a constant 
rate for at least 3 hours as shown in Figure 1. In the presence 
of 5 0  pU/ml of insulin, there was a lag phase before 1/2 hour 
of incubation. However, maximal stimulation was reached 
around 2 hours. Consequently, all the later experiments on 
glucose oxidation were incubated for 2 hours, unless otherwise 
indicated.

E xperim en ts were perform ed in  o rd e r  to  de term ine  

what g lu c o se  c o n c e n tra t io n  a llo w ed  th e  maximum in s u l in  e f f e c t .  

As shown in  T able I ,  a  g lu c o se  c o n c e n tra t io n  o f  0 .5  mM 

maximized th e  e f f e c t  o f  in s u l in  on g lu co se  o x id a tio n . Lower 

o r  h ig h e r  c o n c e n tra t io n s  o f  g lu co se  d ec reased  th e  in s u l in  

e f f e c t .  These o b s e rv a tio n s  were in  agreem ent w ith  th e  r e p o r ts  

o f  Gliemann (130) and C ro ffo rd  (^3)»

B. E f f e c ts  o f  C o lch ic in e  on B asal and In s u lin -S t im u la te d
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F ig u re  1 . Time co u rse  o f  g lu co se  o x id a tio n  by i s o l a t e d  f a t  
c e l l s .  F a t c e l l s  (5 .0 5  mg) were in c u b a ted  w ith  
0 .5  mM ( l - ^ C jg lu c o s e  (200 pCi/mmole) in  th e  
p re se n ce  (o) and absence ( • )  o f  50 pU/ml in s u l in  
a t  37°C f o r  tim e p e r io d s  in d ic a te d .
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T able I

E f f e c t  o f  G lucose C o n c en tra tio n  on In s u lin -S t im u la te d  Glucose 

O x id a tio n  by I s o la t e d  F a t C e lls

G lucose 
C o n c en tra tio n  (mM) I n s u l in

Glucose
O x id a tio n

P e rc e n t
S tim u la tio n

0 .1 - 8

+ 16 200

0.25 - 16

+ 49 305

0 .5 - 32

+ 212 665

1 .0 - 69

+ 335 485

5 .0 - 212

+ 774 365

10,0 - 309

+ 837 270

F a t c e l l s  (4 .8  mg) were in c u b a te d  w ith  v a r io u s  c o n c e n tra t io n s  
o f  g lu co se  a t  37°C f o r  2 h o u rs . I n s u l in ,  when p r e s e n t ,  was a t  
50 pU/m l. G lucose o x id a tio n  i s  ex p ressed  in  nmoles o f  C02/1 0 0  
mg f a t  c e l l s / 2  h r .
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R ates o f  G lucose O x id a tio n

The c o n c e n tra t io n  dependence f o r  i n h ib i t i o n  o f  

g lu co se  o x id a tio n  by c o lc h ic in e  in  i s o l a t e d  f a t  c e l l s  i s
1 lishown in  F ig u re  2 . In  t h i s  ex p e rim en t, (1 -  C )g lucose  and 

c o lc h ic in e  were added s im u lta n e o u s ly  to  th e  c e l l  and th e  

r e a c t io n  m ix tu re s  were in cu b a ted  a t  37°C f o r  2 h o u rs . The 

c o n c e n tra t io n  o f  c o lc h ic in e  which h a lf-m ax im a lly  in h ib i t e d  

g lu c o se  o x id a .tio n  by f a t  c e l l s  was ab o u t 2 mM.

I t  has been re p o r te d  t h a t  in  some system  c o lc h ic in e  

r e q u ir e s  to  be in  c o n ta c t  w ith  th e  t i s s u e  f o r  a  lo n g  tim e to  

d is p la y  i t s  e f f e c t  (131)• T h e re fo re , in  o rd e r  to  see  th e  

e f f e c t  o f  p ro longed  p re in c u b a tio n  o f  f a t  c e l l s  w ith  c o lc h ic in e ,  

experim en ts were perform ed in  which f a t  c e l l s  were in c u b a te d  

w ith  th e  drug f o r  v a r io u s  tim es p r i o r  to  a d d i t io n  o f  la b e le d  

g lu c o se . As shown in  F ig u re  3f i s o l a t e d  f a t  c e l l s  which were 

p re in c u b a te d  w ith  1 mM c o lc h ic in e  f o r  one hour had th e  same 

a c t i v i t y  as  c e l l s  w ith o u t p re in c u b a tio n .

The tim e course  o f  th e  co n v e rs io n  o f  ( l - ^ C ) g lu c o s e  

to  C02 by i s o l a t e d  f a t  c e l l s  i s  shown in  F ig u re  4-. The 

p ro d u c tio n  o f  C02 in c re a se d  p r o p o r t io n a te ly  w ith  in c u b a tio n  

tim e , b o th  in  th e  p resen ce  and absence o f  i n s u l i n .  C o lc h ic in e , 

a t  c o n c e n tra t io n  o f  2 mM, in h ib i te d  th e  b a s a l  r a t e  ab o u t 55# 

a t  v a r io u s  in c u b a tio n  p e r io d s . However, th e  same c o n c e n tra t io n  

o f  c o lc h ic in e  in h ib i te d  in s u l in - s t im u la te d  g lu c o se  o x id a tio n  

ab o u t ?0# .

C. E f fe o t  o f  C o lch ic in e  on G lucose O x id a tio n  by F a t C e ll  

Homogenates
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F ig u re  2 , E f f e c t  o f  c o lc h ic in e  on g lu c o se  o x id a tio n  by
i s o l a t e d  f a t  c e l l s .  A liq u o ts  o f  a  s in g le  p o o l o f  
i s o l a t e d  f a t  c e l l s  were in c u b a te d  f o r  2 hou rs a t  
37°C. Each in c u b a t io n , f l a s k  c o n ta in e d  ^ .8  mg o f  
f a t  c e l l s ,  0 .5  mM ( l - ^ C ) g lu c o s e  (200 pC i/m m ole), 
v a r io u s  c o n c e n tra t io n s  o f  c o lc h ic in e ,  and a  t o t a l  
volume o f  1 m l. I s o la te d  f a t  c e l l s  d id  n o t  p r e ­
in c u b a te  w ith  c o lc h ic in e .  C o n tro l value*  35*7 n m o le s / 
100 mg f a t  c e l l s / 2  h r .
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F ig u re  3• E f f e c t  o f  p r e - in c u b a t io n  w ith  c o lc h ic in e  on th e

?lu c o se  o x id a tio n  by i s o l a t e d  f a t  c e l l s .  F a t c e l l s  
3*5 mg) were p re - in c u b a te d  w ith  (E2) o r  w ith o u t (□) 

1 mM c o lc h ic in e  a t  37°C in  1 ml KRB b u f f e r  f o r  tim e 
p e r io d s  in d ic a te d .  L ab e lled  g lu c o se  (0 .1  p C i) ,  
f i n a l  c o n c e n tra t io n  0 .5  mM, was added to  each f l a s k  
and in c u b a tio n  was co n tin u ed  f o r  a d d i t io n a l  2 h r .
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F ig u re  4 . Time co u rse  o f  b a s a l  and in s u l in - s t im u la te d  g lu co se  
o x id a tio n  by i s o la te d  f a t  c e l l s  in  th e  p resen ce  and 
ab sen ce  o f  c o lc h ic in e .  F a t c e l l s  (**.5 mg) were 
in c u b a te d  a t  37°C in  1 ml KRB b u f f e r  c o n ta in in g  0 .5  mM 

g lu c o se  (200 pCi/mmole) f o r  tim e p e r io d s  
in d ic a te d .  C o n tro l (A) | 2 mM c o lc h ic in e  ( a ) j  100 yU/ml 
in s u l in  (O )» 100 pU/ml in s u l in  and 2 mM c o lc h ic in e  ( • )  •
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F a t c e l l  hom ogenates were p rep a re d  a s  d e sc r ib e d  

by Zinman and H o llen b erg  (6 5 ) . Glucose o x id a tio n  by f a t  c e l l  

hom ogenates was s tu d ie d  in  th e  p resen ce  o f  a wide range 

c o n c e n tr a t io n s  o f  c o lc h ic in e .  As shown in  T able I I ,  c o lc h ic in e  

a t  c o n c e n tra t io n  o f 1 mM had no e f f e c t  on g lu co se  o x id a tio n  

by f a t  c e l l  hom ogenates b u t s ig n i f i c a n t ly  in h ib i te d  g lu co se  

o x id a t io n  by i s o l a t e d  f a t  c e l l s  (F ig u re  2 ) .  Even 10 mM 

c o lc h ic in e  caused  o n ly  15# in h ib i t io n  o f  g lu co se  o x id a tio n  

by f a t  c e l l  hom ogenates. T his c l e a r ly  in d ic a te d  t h a t  th e  

e f f e c t  o f  c o lc h ic in e  on g lu co se  o x id a tio n  by i s o la te d  f a t  

c e l l s  was n o t a t  enzym atic  l e v e l s  b u t r a th e r  a t  th e  t r a n s p o r t  

p ro c e s s .

D. R e v e r s ib i l i ty  o f  C o lch ic in e  E f f e c t

The e f f e c t  o f  c o lc h ic in e  on g lu co se  o x id a tio n  by 

i s o l a t e d  f a t  c e l l s  i s  r e v e r s ib l e .  I s o la te d  f a t  c e l l s  were 

in c u b a te d  f o r  30 min in  th e  p re sen ce  o f 10 mM c o lc h ic in e  and 

washed th o ro u g h ly  to  remove th e  drug in  th e  medium b e fo re  

m easu ring  g lu co se  o x id a tio n  f o r  15 min. The t o t a l  w ashing 

p ro ced u re  to o k  no lo n g e r  th an  10 m in. As shown in  F ig u re  5» 

c o l c h ic in e - t r e a te d  f a t  c e l l s  showed 100# reco v e ry  a f t e r  

rem oving th e  drug  and th e  re sp o n se  to  in s u l in  was a s  good a s  

t h a t  o f  th e  u n tr e a te d  c e l l s .

E. E f f e c t s  o f  G lucose, I n s u l in  and C oncanavalin  A on G lucose 

O x id a tio n  I n h ib i te d  by C o lch ic in e

The g lu co se  o x id a tio n  by r a t  a d ip o c y te s  in  th e  

p re se n c e  and absence o f  io  mM c o lc h ic in e  was m onitored  a t



T able I I

G lucose O x id a tio n  by F a t C e ll Homogenates

C o lc h ic in e  (M)
C onversion 

in to  C02
o f  ( 1 -^ C )  G lucose 
($ o f  c o n tro l )

100

io “5 102

5 x 10"5 102
-4

10 100

5 x 10“^ 100

10-3 97

5 x lo ’ 3 94

O 1 to

86

+
The in c u b a tio n  medium co n ta in e d  1 mM ATP) 0 .2  mM NAD ? 
40 mM n ic o tin a m id e  * 2 mM f r u c to s e - 1 ,6 -d ip h o sp h a te i 
25 mM KHCO31 2 mM KH2P0 4 ? 4 mM MgCl2 ? 1 p C i ( l - l4 c ) _  
g lu co se  ana 0 .1  ml f a t  c e l l  homogenate (10$ in  O.25  M 
su c ro se )?  f i n a l  volume 1 m l, pH 7 .4?  gas phase 95$ O21 
5$ C02 . The sam ples were in cu b a ted  a t  37° f o r  one h o u r.

35



GL
UC

OS
E 

OX
ID

AT
IO

N 

(n
m

ol
es

 
of 

C
02

/1
00

 
mg

 
fat

 c
el

ls
/1

5 
m

in
)

BASAL

INSULIN (25j.nU/ml)

1 0

CONTROL CELL TREATED CELL

F ig u re  5» R e v e r s ib i l i ty  o f  th e  e f f e c t  o f  c o lc h ic in e  on g lu c o se  
o x id a tio n  by i s o l a t e d  f a t  c e l l s .  F a t c e l l s  (6 ,8  mg) 
were in c u b a te d  w ith  o r  w ith o u t 10 mM c o lc h ic in e  f o r  
30 min a t  37 C. Then th e  c e l l s  were washed th re e  
tim es w ith  KRB b u f f e r  and resuspended  in  1 ml o f  th e  
f r e s h  b u f f e r .  L ab e lled  g lu co se  (1 j*C i), f i n a l  
c o n c e n tra t io n  0 .5  mM, was added to  each f l a s k  q u ic k ly . 
A ll  th e  sam ples were in c u b a te d  a t  37°C f o r  15 min in  
th e  p re se n c e  (E3) o r  absence ( □ )  o f  25 pU/ml i n s u l i n .
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g lu co se  c o n c e n tra t io n s  betw een 0 .1  mM and 100 mM. The r a t e  o f 

C02 fo rm a tio n  in c re a s e d  w ith  in c re a s in g  g lu c o se  c o n c e n tra t io n s  

and reach ed  th e  maximum a t  50 mM g lu co se  (F ig u re  6 ) .  In  th e  

p re se n c e  o f  c o lc h ic in e ,  th e  r a t e  o f  COg fo rm a tio n  a ls o  

in c re a s e d  p ro p o r t io n a te ly  w ith  g lu co se  c o n c e n tr a t io n s  up to  

100 mM. However, th e  r a t i o  o f  th e  s lo p e s  o f  th e s e  two cu rv es 

d ec re a se d  g ra d u a lly  from 9 .1 ^  (between 0 .1  mM and 0 ,5  mM 

g lu c o se )  to  0 .72  (betw een 50 mM and 100 mM g lu c o s e ) .  T his 

f in d in g  in d ic a te d  t h a t  th e  e n try  o f  g lu c o se  in to  i s o l a t e d  

f a t  c e l l s  by sim ple  d i f f u s io n  was n o t  a f f e c te d  by c o lc h ic in e .  

The d a ta  p re se n te d  in  F ig u re  6 a ls o  su g g ested  t h a t  th e  

in h ib i t io n  o f  g lu co se  o x id a tio n  by c o lc h ic in e  i s  o f  th e  

n o n -co m p e titiv e  ty p e .

In  F ig u re  b,  th e  same c o n c e n tra t io n  o f  c o lc h ic in e

in h ib i te d  in s u l in - s t im u la te d  g lu co se  o x id a tio n  more th a n  th e

b a s a l  r a t e .  I t  w i l l  be i n t e r e s t i n g  to  see  w hether c o lc h ic in e

n o t  o n ly  i n h i b i t s  g lu c o se  t r a n s p o r t  b u t a l s o  com petes w ith

in s u l in  f o r  in s u l in  r e c e p to r .  The e f f e c t s  o f  c o lc h ic in e  on

g lu c o se  o x id a tio n  by i s o l a t e d  f a t  c e l l s  were s tu d ie d  in  th e

p re se n ce  o f  v a r io u s  c o n c e n tra t io n s  o f  i n s u l i n .  As shown in

F ig u re  7 , th e  r a t e  o f  g lu c o se  o x id a tio n  was l i n e a r  in  th e

p re se n ce  o f  in s u l in  up to  100 jiU/ml a t  a  g lu c o se  c o n c e n tra t io n

o f  0 .5  mM. The maximum re sp o n se  was o bserved  w ith  an  in s u l in
—10c o n c e n tra t io n  o f  125 jiU/ml (ap p ro x im ate ly  8 .3  x 10 M).

In  th e  p re se n ce  o f  c o lc h ic in e ,  even c o n c e n tra t io n s  o f  in s u l in  

a s  h igh  a s  1 mU/ml (n o t shown in  th e  F ig u re )  were i n e f f e c t iv e  

in  overcom ing th e  i n h ib i t i o n .  The c o n c e n tra t io n  o f i n s u l in
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F ig u re  6 . E f f e c t  o f  g lu co se  c o n c e n tra t io n  on g lu co se  o x id a tio n
by i s o l a t e d  f a t  c e l l s  in  th e  p re se n ce  ( •  ) and absence 
( o ) o f  c o lc h ic in e .  A liq u o ts  o f  a  s in g le  p o o l o f  f a t  
c e l l s  were in c u b a te d  f o r  2 h o u rs  a t  37 C. Each in c u b a tio n  
f l a s k  c o n ta in e d  4 .3  mg o f  f a t  c e l l s  and v a r io u s  concen­
t r a t i o n  o f  g lu co se  a s  in d ic a te d ,  w ith  a  t o t a l  volume o f 
1 m l. C o lc h ic in e , when p r e s e n t ,  was 10 mM.
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F ig u re  7» E f f e c t  o f  i n s u l in  c o n c e n tr a t io n  on g lu co se  o x id a tio n  
by i s o l a t e d  f a t  c e l l s  in  th e  p resen ce  ( •  ) and 
absence ( o ) o f  c o lc h ic in e .  F a t c e l l s  (3*9 mg) were 
in c u b a te d  f o r  2 h o u rs  a t  37 C in  1 ml o f  KRB b u f f e r  
c o n ta in in g  0 .5  mM ( l - 1^’C )g lucose (200 pCi/mmole) and 
v a r io u s  c o n c e n tr a t io n s  o f  in s u l in  a s  in d ic a te d .  
C o lc h ic in e • when p r e s e n t t was 10 mM,
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r e q u ire d  to  ach iev e  a  h a lf-m ax im al re sp o n se  was n o t  a l te r e d  

by c o lc h ic in e ,  su g g e s tin g  t h a t  c o lc h ic in e  does n o t  a f f e c t  th e  

a f f i n i t y  o f  th e  in s u l in  r e c e p to r  f o r  th e  hormone.

A lthough i t  has been shown t h a t  co n can av a lin  A a s  

w e ll  a s  o th e r  p la n t  l e c t i n s  mimic th e  e f f e c t s  o f  in s u l in  on 

g lu c o se  o x id a tio n  and a n t i l i p o l y s i s  (33*107) and h igh  

c o n c e n tra t io n s  o f  th e se  p la n t  l e c t i n s  c o m p e ti tiv e ly  d is p la c e  

th e  b in d in g  o f  in s u l in  to  r e c e p to r  in  f a t  c e l l  membranes (33, 

1 22 ), i t  i s  s t i l l  u n c e r ta in  t h a t  th e  i n s u l i n - l i k e  e f f e c t s  o f  

th e s e  p la n t  l e c t i n s  r e s u l t  from d i r e c t  p e r tu r b a t io n s  of 

in s u l in  r e c e p to r s .  F ig u re  8 shows t h a t  co n can a v a lin  A- 

s t im u la te d  g lu co se  o x id a tio n  in  f a t  c e l l s  was a ls o  in h ib i te d  

by c o lc h ic in e . H igher c o n c e n tra t io n s  o f  co n can av a lin  A f a i l e d  

to  overcome th e  i n h ib i t i o n .

F . E f f e c ts  o f  C o lch ic in e  on 2-D eoxy-D -glucose T ran sp o rt

The r e s u l t s  th a t  c o lc h ic in e  has no e f f e c t  on 

g lu co se  o x id a tio n  by f a t  c e l l  homogenates b u t s ig n i f i c a n t ly  

i n h i b i t s  th e  g lu co se  o x id a tio n  by i n t a c t  f a t  c e l l s  su g g est 

t h a t  c o lc h ic in e  i s  a l t e r i n g  g lu co se  o x id a tio n  by a f f e c t in g  

g lu co se  t r a n s p o r t .  However, more c o n c lu s iv e  ev id en ce  was 

o b ta in e d  by d i r e c t  m easurem ents o f  th e  up take  o f  th e  

n o n -m etab o lized  g lu co se  a n a lo g , 2 -deoxy-D -g lucose , by 

i s o l a t e d  f a t  c e l l s  in  th e  p resen ce  and absence o f  c o lc h ic in e .

I n s u l in  c o n s is te n t ly  s t im u la te d  th e  i n i t i a l  

2 -deoxy-D -glucose in f lu x  r a t e  in  i s o l a te d  f a t  c e l l s ,  as 

shown in  F ig u re  9 . T his enhancement o f  u p tak e  by th e  hormone 

v a r ie d  from 70# to  100# in c re a s e  o ver b a s a l  l e v e l s .  No
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F ig u re  8 , E f f e c t  o f  co n can av a lin  A c o n c e n tra t io n  on g lu co se
o x id a tio n  by i s o l a t e d  f a t  c e l l s  in  th e  p re se n ce  ( •  ) 
and absence ( o ) o f  c o lc h ic in e .  The a s sa y  c o n d itio n s  
were a s  d e s c r ib e d  in  F ig u re  7 ex c e p t t h a t  in s u l in  was 
re p la c e d  by c o n can av a lin  A. C o lc h ic in e , when p r e s e n t ,  
was 2 mM.
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9 . E f f e c t  o f  c o lc h ic in e  on b a s a l  and in s u l in - s t im u la te d  
2 -deoxy-D -g lucose t r a n s p o r t  in  i s o la te d  f a t  c e l l s .  
I s o la t e d  f a t  c e l l s  were p re - in c u b a te d  a t  25°C f o r  
25 min in  th e  p re sen ce  ( o , •  ) and absence ( A , A ) o f  
1 mU/ml o f  i n s u l i n .  C o lc h ic in e , 10 mM ( • , ▲ ) ,  was 
added and th e  u p tak e  was i n i t i a t e d  by th e  a d d i t io n  o f  
1 mM 2-deoxy-D -(3H )glucose (20 p C i/u m o le ). The r e a c t io n  
was s to p p ed  a s  d e s c r ib e d  in  M a te r ia ls  and M ethods.
Each p o in t  r e p r e s e n ts  th e  av erag e  o f  t r i p l i c a t e s .
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s i g n i f i c a n t  e f f e c t  o f  th e  hormone was a p p a re n t a f t e r  th e  r a t e  

o f  2 -deoxy-D -g lucose t r a n s p o r t  had reach ed  e q u i l ib r iu m . 

C o lc h ic in e , a t  c o n c e n tra t io n  o f  10 mM, i n h i b i t s  b o th  b a s a l  

and in s u l in - s t im u la te d  2 -deoxy-D -g lucose u p tak e  by ab o u t 85$. 

I n s u l in  e f f e c t s  can be d e te c te d  even in  th e  p re sen ce  o f  10 mM 

c o lc h ic in e  and become ap p a re n t a f t e r  lo n g  in c u b a tio n . The 

e f f e c t s  o f  c o lc h ic in e  on th e  b a s a l  and in s u l in - s t im u la te d  

2-deoxy-D -g lucose u p tak e  confirm  th e  d a ta  o b ta in e d  from  th e  

g lu c o se  o x id a tio n  s tu d i e s .  The in h ib i t i o n  o f  g lu co se  t r a n s p o r t  

by c o lc h ic in e  i s  s p e c i f i c  f o r  D -g lu co se , s in c e  th e  u p tak e  o f  

L -g lu co se  by i s o l a t e d  f a t  c e l l s  was u n a f fe c te d  by c o lc h ic in e  

a s  shown in  T able I I I ,  These f in d in g s  su g g e s t t h a t  th e  e f f e c t  

o f  c o lc h ic in e  on g lu co se  t r a n s p o r t  i s  n o t  due to  i t s  

n o n s p e c if ic  in t e r a c t io n s  w ith  plasm a membrane o f  f a t  c e l l s .

I t  has been dem o n stra ted  t h a t  th e  e f f e c t s  o f  

co n can av a lin  A on g lu co se  o x id a tio n  by f a t  c e l l s  i s  th e  

r e s u l t  o f  a  d i r e c t  s t im u la to ry  a c t io n  o f  th e  l e c t i n  on th e  

g lu co se  t r a n s p o r t  system  (3 2 ) . E a r l i e r  ex p erim en ts  perform ed 

in  t h i s  la b o ra to ry  f a i l e d  to  show any s i g n i f i c a n t  s t im u la t io n  

o f  2 -deoxy-D -g lucose up take  by f a t  c e l l s  in  th e  p resen ce  o f  

5 Jig/ml o f  co n can av a lin  A. S im ila r  o b s e rv a tio n  has been 

re p o r te d  by Czech, e t  a l  ( 32 ) .  However, even low er 

c o n c e n tra t io n s  o f  co n can av a lin  A s i g n i f i c a n t l y  s t im u la te  

g lu co se  o x id a tio n  by i s o l a t e d  f a t  c e l l s  (F ig u re  8 ) .  The 

rea so n  f o r  t h i s  d isc re p an c y  i s  n o t  known. T h e re fo re , h igh  

c o n c e n tra t io n  o f  co n can av a lin  A (100 jag/ml) was used  in  a l l  

th e  ex p erim en ts  on t r a n s p o r t  s tu d y .
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Table. Ill

B ffe a ts  o f  C o lc h ic in e » L um ico lch ic in e  and G r is e o fu lv in  

on th e  Uptake o f  L-G lucose by 

I s o la t e d  F a t C e lls

A d d itio n s
L-G lucose Uptake 

o f  c o n tro l)

C o lch ic in e  (10 mM) 96

L um ico lch ic in e  (0 .1  mM) 97

G ris e o fu lv in  (0 .1  mM) 92

I s o la te d  f a t  c e l l s  (3«^ mg) were in c u b a te d  w ith  1 mM 
p H )-L -g lu c o se  (25 jiC i/jim ole) a t  25°C f o r  one h o u r. 
The r e a c t io n  was sto p p ed  by o i l  c e n t r i f u g a t io n  a s  
d e s c r ib e d  in  M a te r ia ls  and M ethods. C o n tro l value* 
30.4- nm oles o f  L -g lu co se /1 0 0  mg f a t  c e l l s / h r .



C oncanavalin  A a t  c o n c e n tra t io n  o f  100 jag/ml 

s i g n i f i c a n t l y  s t im u la te d  th e  up take o f 2 -deoxy-D -g lucose by 

f a t  c e l l s  a s  shown in  F ig u re  10. L ike i n s u l i n ,  co n c an a v a lin  A 

d id  n o t m odify th e  e q u il ib r iu m  d i s t r i b u t i o n  o f  th e  s u g a r .

In  th e  p re se n ce  o f  10 mM c o lc h ic in e ,  th e  i n i t i a l  r a t e  o f  

su g a r u p tak e  was in h ib i te d  by abou t 80# and th e  e q u il ib r iu m  

was reach ed  a t  10 m in. However, th e  in s u l in - s t im u la te d  

2 -deoxy-D -g lucose u p tak e  in  th e  p re sen ce  o f 10 mM c o lc h ic in e  

was r e l a t i v e l y  l i n e a r  f o r  a t  l e a s t  45 min (F ig u re  9 )•

G. E f f e c t  o f  C o lch ic in e  on th e  E ff lu x  o f  3 -0 -M ethy lg lucose  

from I s o la t e d  F a t C e lls

The g lu co se  t r a n s p o r t  system  in  i s o l a t e d  f a t  c e l l s  

i s  b id i r e c t io n a l?  t h a t  means g lu co se  can be t r a n s f e r r e d  n o t  

on ly  from o u ts id e  to  in s id e  o f  th e  c e l l  b u t a l s o  in  th e  

re v e rs e  d i r e c t i o n .  In  o rd e r  to  s tu d y  th e  e f f lu x  o f  su g a r 

from i s o l a t e d  f a t  c e l l s ,  th e  su g a r must be rem ained unmodify 

in s id e  th e  c e l l .  S ince  3 -0 -m eth y lg lu co se  i s  n o t  a s u b s t r a te  

f o r  h ex o k in ase , i t  can be used  in  t h i s  s tu d y . T able IV shows 

th e  r e s u l t s  o b ta in e d  when th e  e f f lu x  o f  3- 0 -m eth y lg lu co se  

from f a t  c e l l s  i s  m easured in  th e  p resen ce  o f  10 mM c o lc h ic in e .  

C o lch ic in e  d ec re a se d  th e  r a t e  o f e f f lu x  a s  in d ic a te d  by th e  

l a r g e r  amount o f  3- 0 -m e th y lg lu co se  p r e s e n t  in  th e  t r e a te d  

c e l l s  d u r in g  th e  f i r s t  5 rain o f  th e  a s s a y . These r e s u l t s ,  in  

to g e th e r  w ith  2 -deoxy-D -g lucose u p tak e  s tu d i e s ,  su g g e s t t h a t  

c o lc h ic in e  r a p id ly  and d i r e c t l y  a l t e r  th e  su g a r  t r a n s p o r t  

system  in  i s o l a t e d  f a t  c e l l s .
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F ig u re  10• E f f e c t  o f  c o lc h ic in e  on co n can av a lin  A -s tim u la te d  
2 -deoxy-D -g lucose t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s .  
The a s sa y  c o n d it io n s  were a s  d e s c r ib e d  in  F ig u re  9 . 
C o n tro l ( A )? 10 mM c o lc h ic in e  ( A ) i 100 pg/m l o f  
co n can av a lin  A ( o ) i 10 mM c o lc h ic in e  and 100 pg/m l 
o f  co n c an a v a lin  A ( •  ) .
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Table IV

R e la t iv e  E f f e c t  o f  C o lch ic in e  on 3 -0 -M eth y lg lu co se

E ff lu x  from A dipocy tes

T reatm ent P erio d  o f  E ff lu x  
(se c )

C e ll C on ten t o f  
3 -0 -M ethy lg lucose  

(# o f  e q u i l ib r iu m  v a lu e )

C o n tro l 45 155

120 140

300 133

C o lch ic in e (10 mM) 45 204

120 165

300 154

E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  M a te r ia ls  and 
M ethods•
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H. E f f e c ts  o f  L u m ico lch ic in e  and G r is e o fu lv in  on G lucose 

O x id a tio n  and 2-D eoxy-D -glucose T ra n sp o rt

L u m ic o lch ic in e , a  pho to isom er o f  c o lc h ic in e  which 

does n o t  have a n t im i t o t i c  a c t i v i t y  o r  b in d  to  th e  m ic ro tu b u le  

s u b u n its  ( 132) ,  was more e f f e c t iv e  th an  c o lc h ic in e  in  

i n h ib i t i n g  g lu co se  o x id a tio n  as  shown in  F ig u re  11. F i f t y  

p e r  c e n t in h ib i t i o n  o f  g lu co se  o x id a tio n  o cc u rred  w ith  

ap p ro x im a te ly  5 x 10~5 M lu m ic o lc h ic in e . S ig n i f ic a n t  

i n h ib i t i o n  by lu m ic o lc h ic in e  was observed  a t  c o n c e n tra t io n  a s  

low a s  1 to  5 About 85% g lu co se  o x id a tio n  a c t i v i t y  was 

i n h ib i t e d  by 1 mM o f  lu m ic o lc h ic in e . T h is f in d in g  su g g e s ts  

t h a t  th e  e f f e c t s  o f  c o lc h ic in e  and lu m ic o lc h ic in e  on g lu co se  

o x id a tio n  ap p ea r u n re la te d  to  th e  m ic ro tu b u le  d i s r u p t io n .

The e f f e c t s  o f  lu m ic o lc h ic in e  on in s u l in  and 

co n can av a lin  A -s tim u la te d  g lu co se  o x id a tio n  by f a t  c e l l s  a re  

shown in  Table V. L u m ico lch ic in e , a t  th e  c o n c e n tra t io n  o f  

50 pM, in h ib i te d  th e  b a s a l  r a t e  by 50%. I d e n t i c a l  c o n c e n tra t io n s  

o f  lu m ic o lc h ic in e ,  b u t in  th e  p re se n ce  o f  in s u l in  ra n g in g  

from 25 pU/ml to  1 mU/ml, in h ib i te d  th e  in s u l in - s t im u la te d  

g lu c o se  o x id a tio n  by ab o u t 65%. Under th e  same c o n d i t io n s ,

0 .1  mM o f  lu m ic o lc h ic in e  in h ib i t e d  b o th  b a s a l  and i n s u l i n -  

s t im u la te d  g lu c o se  o x id a tio n  by 65% and 85%% r e s p e c t iv e ly .

In  a n o th e r  s e t  o f  ex p e rim en ts , 50 pM o f  lu m ic o lc h ic in e  

in h ib i te d  b a s a l  r a t e  by k0%>. However, i t s  e f f e c t s  on 

co n can av a lin  A -s tim u la te d  g lu c o se  o x id a tio n  p ro g re s s iv e ly  

in c re a s e d  w ith  in c re a s in g  co n can av a lin  A c o n c e n tra t io n s  

from  1 pg /m l to  100 jig /m l.
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F ig u re  11 . E f f e c t  o f  lu m ic o lc h ic in e  on g lu co se  o x id a tio n  by 
i s o l a t e d  f a t  c e l l s .  The a s sa y  c o n d itio n s  were a s  
d e s c r ib e d  in  F ig u re  2 ex c ep t t h a t  c o lc h ic in e  was 
re p la c e d  by lu m ic o lc h ic in e .  Each in c u b a tio n  f l a s k  
c o n ta in e d  3 .8  mg o f  f a t  c e l l s .
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Table V

E f f e c ts  o f  L u m ico lch ic in e  on In s u l in  and C oncanavalin  A- 

S tim u la te d  G lucose O x id a tio n  by 

I s o la te d  F a t C e lls

G lucose O x id a tio n

L um ico lch ic in e  (M)

A d d itio n s None 5xlO "5 -410

I n s u l in  (pU/ml)
None 4 2 .8 2 1 .4 14 .7
25 236 .4 70 .9 39.1
100 286.6 100.9 4 5 .5
1000 369.7 132.9 5 0 .4

C oncanavalin  A (pg/m l)
None 34 .3 20 .8 17 .8
1 4 0 .8 2 1 .3 1 8 .4
10 160.0 66 .1 51 .1
100 422 .0 130.2 90 .6

E x p erim en ta l c o n d i tio n s  were a s  d e s c r ib e d  in  F ig u re  2 . G lucose 
o x id a tio n  i s  ex p ressed  in  nm oles o f  C02/1 0 0  mg f a t  c e l l s / 2  h r .

50



T able VI shows th e  e f f e c t s  o f  lu m ic o lc h ic in e  on 

b a s a l  as  w e ll a s  in s u l in  and co n can av a lin  A -s tim u la te d  up take  

o f  2 -deoxy-D -g lucose by f a t  c e l l s .  L um ico lch ic in e  a t  

c o n c e n tra t io n  o f  0 .1  mM in h ib i te d  th e  u p tak e  o f  2-deoxy-D - 

g lu c o se  by 68% which i s  com parable to  i t s  e f f e c t  on g lu co se  

o x id a t io n .  The same c o n c e n tra t io n s  o f  lu m ic o lc h ic in e  

in h ib i te d  th e  in s u l in  and co n can av a lin  A -s tim u la te d  2 -deoxy- 

D -g lucose u p tak e  by ab o u t 55% and 60%, r e s p e c t iv e ly .

The e f f e c t s  o f  g r i s e o f u lv in ,  an a n t im i to t i c  d rug  

which a c t s  d i f f e r e n t l y  from  c o lc h ic in e  (133)» on g lu co se  

o x id a tio n  a re  shown in  T able V II. S in ce  g r i s e o f u lv in  was 

d is s o lv e d  in  d im e th y ls u lfo x id e  (DMSO), th e r e f o r e ,  we s tu d ie d  

th e  e f f e c t s  o f  t h i s  s o lv e n t  on g lu co se  o x id a tio n  by f a t  c e l l s  

in  th e  p re se n ce  and absence  o f  i n s u l i n .  The f i n a l  c o n c e n tra t io n  

o f  DMSO in  th e  sam ples t r e a t e d  w ith  g r is e o f u lv in  was 1%. At 

t h i s  c o n c e n tr a t io n ,  DMSO low ered th e  b a s a l  r a t e  by ab o u t 

15% b u t had no e f f e c t  on in s u l in - s t im u la te d  g lu co se  o x id a tio n  

(1220% in  th e  p re se n ce  o f  1% DMSO v s . 1135% in  th e  absence 

o f  DMSO when in s u l in  c o n c e n tra t io n  was 100 jiU /m l). G r is e o fu lv in  

a c te d  in  a  manner s im i la r  to  lu m ic o lc h ic in e , by in h ib i t i n g  

in s u l in  and co n can av a lin  A -s tim u la te d  g lu co se  o x id a tio n  more 

th a n  th e  b a s a l  r a t e  (75% v s .  50% in h i b i t i o n ) .  However, i t s  

e f f e c t s  on b a s a l  a s  w e ll a s  in s u l in  and co n can av a lin  A- 

s t im u la te d  u p ta k e  o f  2 -deoxy-D -g lucose were ab o u t th e  same 

(T able V I I I ) .
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Table VI

E f f e c ts  o f  L u m ico lch ic in e  on th e  Uptake o f  

2-Deoxy-D-Glucose by I s o la t e d  F a t  C e lls

2-Deoxy-D-Glucose Uptake 
(nmoles/1 0 0  mg f a t  c e l l s / 5  m in)

A d d itio n s None L u m ico lch ic in e  (0 .1  mM)

None 2^.6 7 .9

I n s u l in  ( i  mU/ml) 5 0 .6 2 3 .0

C oncanavalin  A 
(100 Mg/ral) 39 .1 1 6 .3

The a s sa y  c o n d itio n s  were a s  d e s c r ib e d  in  F ig u re  9 . The up take  
was m easured f o r  5 m in.
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Table VII

E f f e c ts  o f  G ris e o fu lv in  on B asal as  w e ll  a s  I n s u l in  and 

C oncanavalin  A -S tim u la ted  G lucose O xidation  by

I s o la te d  F a t C e lls

G lucose O xidation

A d d itio n s None DMSO (1#) G r is e o fu lv in  (0 .1  mM)

In s u l in  (pU/m l) 
None 4 7 .6 4 0 .3 2 4 .4
25 229.9 78 .0
100 545.0 489 .3 114.7
1000 565 .4 127.9

C oncanavalin  A 
(pg/m l)

None 118.1 5 0 .3
10 294 .4  79 .5
100 593 .0  126.3

E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  F igu re  2 . G lucose 
o x id a tio n  i s  ex p re ssed  in  nm oles o f  COo/100 mg f a t  c e l l s / 2  h r .  
The f i n a l  c o n c e n tra t io n  o f  d im e th y ls u lfo x id e  (DMSO) in  th e  
sam ples t r e a t e d  w ith  g r i s e o f u lv in  was 1$ .
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Table VIII

E f f e c ts  o f  G r is e o fu lv in  on th e  Uptake o f  

2-Deoxy-D-Glucose by I s o la t e d  F a t C e lls

2-Deoxy-D-Glucose Uptake 
(nmoles/1 0 0  mg f a t  c e l l s / 5  min)

A d d itio n s DMSO (1%) G ris e o fu lv in  (0 .1  mM)

None 3 6 .4 14 .8

In s u l in  (1 mU/ml) 71.1 30.8

C oncanavalin  A 
(100 pg /m l) 5 1 .6 23 .8

E x p erim en ta l c o n d i tio n s  were as  d e s c r ib e d  in  F ig u re  9 and 
T able V I. The f i n a l  c o n c e n tra t io n  o f  d im e th y ls u lfo x id e  (DMSO) 
in  th e  sam ples t r e a t e d  w ith  g r i s e o f u lv in  was !%•
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( I I )  In  F a t  C e l l  G hosts

A. E f f e c ts  o f  C o lch ic in e  on G lucose O x idation  by F a t C e ll G hosts

C o lc h ic in e , a t  c o n c e n tra t io n  o f  1 mM, had no e f f e c t  

on g lu c o se  o x id a tio n  by f a t  c e l l  hom ogenates (Table I I ) ,  b u t 

s i g n i f i c a n t l y  in h ib i te d  th e  g lu co se  o x id a tio n  by f a t  c e l l  

g h o s ts  a s  shown in  T able IX. F i f t y  p e r  c e n t i n h ib i t io n  o f 

g lu co se  o x id a tio n  was observed  ap p ro x im a te ly  a t  2 mM c o lc h ic in e  

which i s  s im i la r  to  th e  v a lu e  o b ta in e d  from  f a t  c e l l  s tu d ie s .

The in h ib i t io n  o f g lu co se  o x id a tio n  in  f a t  c e l l  g h o s ts  by 

c o lc h ic in e  was a ls o  r e v e r s ib l e .  As shown in  T able X, th e  

t r e a te d  g h o s ts  were f u l l y  a c t iv e  a f t e r  thorough w ashing to  

remove c o lc h ic in e  from th e  medium. The poor re sp o n s iv e n e s s  o f  

th e  g h o s ts  to  i n s u l i n ,  which i s  a p p a ra n t in  T able X, has a ls o  

been observed  by o th e r  in v e s t ig a to r s  (1 6 ,8 5 ) . I n s u l in -  

s t im u la te d  g lu co se  o x id a tio n  by f a t  c e l l  g h o s ts  was in h ib i te d  

by c o lc h ic in e  to  a  s im i la r  e x te n t (? 2%) to  th e  b a s a l  

in h ib i t i o n  (75?°) a s  shown in  F ig u re  12.

B. E f f e c ts  o f  C o lch ic in e  on 2-D eoxy-D -glucose Uptake by 

F a t C e ll  G hosts

The u p ta k e  o f  2 -deoxy-D -g lucose was s tu d ie d  in  an 

a tte m p t to  d e te rm in e  th e  e f f e c t  o f  c o lc h ic in e  on su g ar 

t r a n s p o r t  in  f a t  c e l l  g h o s ts .  T h is  g lu co se  i s  t r a n s p o r te d  by 

th e  same c a r r i e r  system  as  th e  p a re n t  m olecu le and i s  

p h o sp h o ry la ted  b u t i s  n o t  f u r th e r  m e tab o lized  (2 9 , 13^ , 135) .

As shown in  F ig u re  13$ b o th  th e  b a s a l  and in s u l in - s t im u la te d  

2 -deoxy-D -g lucose i n i t i a l  u p tak e  were in h ib i te d  by c o lc h ic in e
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Table IX

E f f e c t  o f  C o lch ic in e  on G lucose O x id a tio n  by

F a t C e ll  Ghosts

C o lch ic in e  (M)
C onversion  

in to  CO2
o f  ( 1-*^C )G lucose 
{% o f  c o n tro l)

mm 100

10-5 - 96

10 91
-310 66

10“2 28

F a t c e l l  g h o s ts  (101 pg o f  p r o te in )  were in c u b a te d  f o r  
2 hou rs a t  3?°C in  1 ml KRB b u f f e r  c o n ta in in g  0 .5  mM 
( l - ^ C ) g lu c o s e  (0 ,1  pC i) and v a r io u s  c o n c e n tra t io n s  o f  
c o lc h ic in e  a s  in d ic a te d .
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Table X

R e v e r s ib i l i ty  o f  th e  E f f e c t  o f  C o lch ic in e  on G lucose 

O x id a tio n  by F a t C e ll G hosts

C o n d itio n s
G lucose O x id a tio n  

(nmoles o f  C02/mg p r o te in /1 5  min

C o n tro l g h o s ts 10 .1

C o n tro l g h o s ts  + I n s u l in
(1 mU/ml) 12 .0

T re a te d  g h o s ts 10 .5

T re a te d  g h o s ts  + I n s u l in
(1 mU/ml) 12 , ^

F a t c e l l  g h o s ts  (212 jig o f  p r o te in )  were p r e - t r e a te d  w ith  10 mM 
c o lc h ic in e  ( f i n a l  volume 0 .1  ml) a t  37°C f o r  0 .5  b r .  C e lls  were 
i s o l a t e d  by c e n t r i f u g a t io n  (900 x g f o r  15 min) and washed th re e  
tim es  w ith  KRB b u f f e r  . A ll  sam ples were in c u b a te d  a t  3?°C fo r  
15 m in.
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F ig u e r  12• Time co u rse  o f  b a s a l  and in s u l in - s t im u la te d  g lu co se  
o x id a tio n  by f a t  c e l l  g h o s ts  in  th e  p re se n ce  and 
absence  o f  c o lc h ic in e *  The in c u b a tio n  m ix tu re  
co n ta in e d  0*5 mM ( l - 1^ ) g lu c o s e  (0 .1  pC i) and 105 pg 
o f p r o te in  o f  f a t  c e l l  g h o s ts ,  w ith  a  t o t a l  volume 
o f  1 m l. B asa l ( A )% 1 mU/ml in s u l in  ( o ) | 10 mM 
c o lc h ic in e  ( # ) i  1 mU/ml in s u l in  and 10 mM c o lc h ic in e . 
( ° ) .
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F ig u re  13. E f f e c t  o f  c o lc h ic in e  on b a s a l  and in s u l in - s t im u la te d  
2 -deoxy-D -g lucose t r a n s p o r t  in  f a t  c e l l  g h o s ts .  F a t 
c e l l  g h o s ts » a b o u t 150-200  pg o f  p ro te in *  were 
in c u b a te d  f o r  v a r io u s  tim es a t  25°Q in  0 .1  ml KRB 
b u f f e r  c o n ta in in g  1 mM 2-deoxy-D -(3H )glucose (2 pC i/m l) 
and o th e r  su b s ta n c e s  a s  in d ic a te d .  B asa l ( A ) j  1 mU/ml 
in s u l in  ( o ) | 10 mM c o lc h ic in e  ( •  ) i 1 mU/ml in s u l in  
and 10 mM c o lc h ic in e  ( □ ) •
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to  th e  same e x te n t .  The in h ib i to r y  e f f e c t  on t r a n s p o r t

o c c u rre d  a t  th e  e a r l i e s t  tim e p o in t  m easured (2 m in ). I t  has

been shown t h a t  m ic ro tu b u le  a re  d is ru p te d  by co ld  (136*137)•

T h e re fo re , th e  up take  o f  2 -deoxy-D -glucose by f a t  c e l l  g h o sts

was s tu d ie d  a t  ^°C in  th e  p re sen ce  and absence o f  c o lc h ic in e

in  o rd e r  to  see  w hether m ic ro tu b u le s  a re  in v o lv ed  in  su g a r

t r a n s p o r t .  S ince  th e  r a t e  o f  th e  up take  o f  2-deoxy-D -g lucose

by f a t  c e l l  g h o s ts  a t  ^°C i s  much slow er th an  t h a t  a t  25°C,

the uptake was measured at 30 min and 60 min. As shown in
T able X I, th e  in h ib i t i o n  (kbfi and by c o lc h ic in e  o f

o2-deoxy-D -g lucose t r a n s p o r t  a t  4 C i s  com parable to  t h a t  

o bserved  a t  25°C. These r e s u l t s  su g g e s t t h a t  th e  e f f e c t  o f  

c o lc h ic in e  on su g a r t r a n s p o r t  i s  n o t  due to  th e  d is r u p t io n  

o f  m ic ro tu b u le s .
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Table XI
E f f e c t  o f  C o lch ic in e  on th e  Uptake o f  2-Deoxy-D -Glucose by

F a t C e ll  G hosts a t  4°C

Uptake o f  2-Deoxy-D -(^H )Glucose 
by F a t C e ll  G hosts (cpm)

In c u b a tio n  Time C o lch ic in e  P e rc e n t
(min) C o n tro l (10 mM) I n h ib i t io n

30 760 420 44

60 1200 640 47

The a s sa y  c o n d it io n s  were a s  d e s c r ib e d  in  F ig u re  13 ex cep t 
t h a t  th e  in c u b a tio n s  were perform ed a t  4°C. The amount o f  f a t  
c e l l  g h o s ts  u sed  was 192 pg o f  p r o te in  p e r  a s s a y .
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DISCUSSION

Low c o n c e n tra t io n s  o f  c o lc h ic in e ,  which a re  

s u f f i c i e n t  to  d i s r u p t  m ic ro tu b u le s  (138 )» had no e f f e c t  on 

g lu co se  o x id a tio n  by b o th  i s o l a t e d  f a t  c e l l s  and f a t  c e l l  

g h o s ts .  Sm all b u t s i g n i f i c a n t  i n h ib i t io n  o f  g lu co se  o x id a tio n  

by c o lc h ic in e  was observed  a t  c o n c e n tra t io n  o f  0 .1  mM. These 

r e s u l t s  a r e  s im i la r  to  th o se  re p o r te d  by S o i f e r ,  e t  a l  (1 1 8 ), 

who re p o r te d  t h a t  c o lc h ic in e  a t  c o n c e n tra t io n  o f  5 x 10*“^ M 

d id  n o t i n h i b i t  g lu c o se  o x id a tio n  in  i s o l a t e d  f a t  c e l l s ,  and 

by Loten & Jean renaud  (3 0 ) , who observed  s ig n i f i c a n t  

i n h ib i t io n  o f  th e  co n v e rs io n  o f  g lu co se  in to  C02 , t o t a l  l i p i d s  

and g ly c e r id e  f a t t y  a c id s  by 0 .1  mM c o lc h ic in e .  F i f t y  p e r  c e n t 

i n h ib i t io n  o f  g lu c o se  o x id a tio n  o cc u rred  w ith  ap p ro x im ate ly  

2 mM c o lc h ic in e .  E xperim en ts in  which i s o l a t e d  f a t  c e l l s  were 

p re in c u b a te d  w ith  10 mM c o lc h ic in e  up to  one hou r showed t h a t  

c o lc h ic in e  d id  n o t  r e s u l t  i n  any g r e a te r  i n h ib i to r y  e f f e c t  on 

g lu co se  o x id a t io n .  The p e n e tr a t io n  o f  c o lc h ic in e  in to  i s o l a t e d  

f a t  c e l l s  was n o t a  p roblem , s in e  c o lc h ic in e  has been found 

to  be ta k e n  up by f a t  c e l l s  and to  b in d  to  tu b u l in  ( 139)» a  

p r o te in  d im er o f  which th e  m ic ro tu b u le  i s  composed.

S ince  c o lc h ic in e  i n h i b i t s  g lu co se  o x id a tio n  by 

i s o l a t e d  f a t  c e l l s  and f a t  c e l l  g h o s ts  b u t has no e f f e c t  on 

g lu co se  o x id a tio n  by f a t  c e l l  hom ogenates, i t  seems lo g i c a l  

to  assume t h a t  i t  i s  th e  g lu co se  t r a n s p o r t  p ro c e ss  b e in g  

in h ib i te d  by c o lc h ic in e .  D ire c t  m easurem ents o f  th e  up take  

o f  2 -deoxy-D -g lucose by i s o l a t e d  f a t  c e l l s  and f a t  c e l l  

g h o s ts  i n  th e  p re se n ce  o f  c o lc h ic in e  confirm ed t h i s  a ssu m p tio n .
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The o n se t o f  th e  in h ib i to r y  e f f e c t  o f  c o lc h ic in e  on t r a n s p o r t  

i s  im m ediate (w ith in  2 min) n o t  r e q u i r in g  p re - in c u b a t io n  o f  

i s o l a t e d  f a t  c e l l s  o r  f a t  c e l l  g h o s ts  w ith  th e  d ru g . The 

p e rc e n t  in h ib i t i o n  in  su g a r  t r a n s p o r t  by c o lc h ic in e  in  

i s o l a t e d  f a t  c e l l s  and f a t  c e l l  g h o s ts  a r e  com parable to  i t s  

e f f e c t  on g lu c o se  o x id a tio n  in  r e s p e c t iv e  c e l l s .  These r e s u l t s  

in d ic a te  t h a t  th e  a c t io n  o f  th e  drug  i s  p ro b ab ly  co n fin ed  to  

th e  plasm a membrane. In  agreem ent w ith  such a  p o s tu la te  was 

th e  f in d in g  t h a t  th e  e f f e c t  o f  c o lc h ic in e  on g lu c o se  o x id a tio n  

was r a p id ly  re v e rs e d  a f t e r  w ashing o f f  th e  d ru g . F u rth e rm o re , 

th e  in s u l in - s t im u la te d  g lu co se  o x id a tio n  in  c o lc h ic in e  

p r e t r e a te d  c e l l s  was a s  good a s  t h a t  in  u n tr e a te d  c e l l s .

These r e s u l t s  su g g e s t t h a t  c o lc h ic in e  i s  n o t c o v a le n t ly  bound 

to  th e  membrane and th e  p re tre a tm e n t does n o t  a f f e c t  e i t h e r  

th e  g lu co se  t r a n s p o r t  system  o r  in s u l in  r e c e p to r .  The e f f e c t  

o f  c o lc h ic in e  on g lu c o se  t r a n s p o r t  system  i s  s p e c i f i c ,  s in c e  

th e  u p tak e  o f  L -g lu c o se , which g e ts  in to  th e  c e l l  by sim ple  

d i f f u s io n ,  i s  n o t  a f f e c te d  by c o lc h ic in e .  In  a d d i t io n  to  i t s  

e f f e c t  on th e  u p tak e  o f  2-deoxy-D -glucose by i s o l a t e d  f a t  

c e l l s ,  c o lc h ic in e  a ls o  i n h i b i t s  th e  e f f lu x  o f  3- 0 -ra e th y lg lu co se  

from  f a t  c e l l s .  T h is  i s  n o t  u n u su a l, s in c e  i t  h as  been  shown 

t h a t  g lu co se  t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s  i s  b id i r e c t i o n a l  

( 1*0 and p h lo r iz in  & p h lo r e t i n ,  known in h i b i t o r s  o f  g lu co se  

t r a n s p o r t  (23 , 2*0 , a l s o  i n h i b i t  th e  r a t e  o f  3- 0 -® » th y lg lu co se  

e f f lu x  from  a d ip o c y te s  (140) and f a t  c e l l  membranes (16 ) .

The f in d in g  t h a t  c o lc h ic in e  i n h i b i t s  n o t  o n ly  b a s a l  

b u t a l s o  in s u l in  and co n can av a lin  A -s tim u la te d  g lu co se
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o x id a tio n  s u g g e s ts  t h a t  th e  e f f e c t  o f  t h i s  d rug  i s  on g lu c o se  

t r a n s p o r t  r a t h e r  th a n  on th e  e f f e c t o r  system s f o r  in s u l in  and 

c o n c an a v a lin  A. The p o s s i b i l i t y  o f  c o lc h ic in e  d i r e c t l y  

com peting w ith  g lu c o se  f o r  i t s  c a r r i e r  i s  ru le d  o u t by th e  

f in d in g  t h a t  h ig h e r  c o n c e n tra t io n s  o f  g lu c o se  in  th e  medium 

f a i l  to  overcome th e  i n h i b i t i o n .  T h is  r e s u l t , to g e th e r  w ith  

th e  o b s e rv a tio n  t h a t  g lu co se  o x id a tio n  by f a t  c e l l  hom ogenates 

i s  n o t  a f f e c te d  by c o lc h ic in e , in d ic a te s  t h a t  th e  s i t e  o f  

c o lc h ic in e  a c t io n  i s  a  s te p  a f t e r  th e  b in d in g  o f  g lu co se  to  

i t s  c a r r i e r  b u t  b e fo re  th e  p h o sp h o ry la tio n  o f  g lu co se  by 

h ex o k in ase  •

L u m ic o lch ic in e t which does n o t  d i s r u p t  m ic ro tu b u le s  

( 132) ,  i s  ab o u t 4*0 tim e s  more p o te n t  th a n  c o lc h ic in e  in  

i n h ib i t i n g  g lu c o se  o x id a tio n  by i s o l a t e d  f a t  c e l l s .  The 

in h ib i t i o n  c o n s ta n t f o r  lu m ic o lc h ic in e  i s  ap p ro x im a te ly  

5 x 1(T5 M. I d e n t i c a l  c o n c e n tra t io n  o f  lu m ic o lc h ic in e  i n h i b i t  

in s u l in - s t im u la te d  g lu c o se  o x id a tio n  more th a n  th e  b a s a l  r a t e .  

However, h ig h  c o n c e n tra t io n  o f  in s u l in  were a ls o  in e f f e c t iv e  

in  overcom ing th e  i n h ib i t i o n .  The e f f e c t  o f  lu m ic o lc h ic in e  on 

co n c an a v a lin  A -s tim u la te d  g lu c o se  o x id a tio n  was d i f f e r e n t  from 

th e  one s t im u la te d  by i n s u l i n .  A lthough g r e a t e r  in h ib i t i o n  : 

was a ls o  observed  in  th e  p re sen ce  o f  th e  l e c t i n ,  b u t th e  

p e rc e n t  i n h ib i t i o n  was g ra d u a l in c re a s e  w ith  in c re a s in g  

c o n c e n tra t io n  o f  th e  l e c t i n .  In  th e  case  o f  i n s u l i n ,  th e  

p e rc e n t  i n h i b i t i o n  rem ained th e  same r e g a r d le s s  o f  th e  in s u l in  

c o n c e n tr a t io n .  G r is e o fu lv in ,  an a n t im i to t i c  d rug  which, a c t s  

d i f f e r e n t l y  from  c o lc h ic in e  in  a n t im i to s i s  and does n o t  b lo ck
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th e  £n v i t r o  p o ly m e riz a tio n  o f  tu b u l in  (133)• was a l s o  more 

e f f e c t iv e  th an  c o lc h ic in e  in  in h ib i t i n g  g lu co se  o x id a tio n  

by i s o l a t e d  f a t  c e l l s .  F i f t y  p e r  c e n t in h ib i t i o n  o cc u rred  

w ith  ap p ro x im a te ly  0 .1  mM g r is e o f u lv in .  S im ila r  to  

lu m ic o lc h ic in e , g r i s e o f u lv in  a ls o  had g r e a te r  e f f e c t  on 

in s u l in  and co n c an a v a lin  A -s tim u la te d  g lu co se  o x id a tio n  th a n  

th e  b a s a l  r a t e .  Both lu m ic o lc h ic in e  and g r i s e o f u lv in  in h ib i t e d  

th e  u p tak e  o f  2 -deoxy-D -g lucose  by i s o l a t e d  f a t  c e l l s  in  th e  

p re se n c e  o r  absence  o f  in s u l in  o r  co n can av a lin  A. However, 

th e  u p tak e  o f  L -g lu co se  by i s o l a t e d  f a t  c e l l s  was n o t  a f f e c te d  

by e i t h e r  o n e . These r e s u l t s  su g g e s t t h a t  th e  e f f e c t s  o f  th e s e  

two d ru g s on g lu c o se  t r a n s p o r t  system  a r e  n o t r e s u l t  o f  a  

n o n - s p e c i f ic  a c t io n  e i t h e r .

From t h i s  s tu d y , i t  i s  concluded  t h a t  th e  e f f e c t s  

o f  a n t im i to t i c  d ru g s on g lu c o se  t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s  

i s  n o t  due to  th e  d is r u p t io n  o f  m ic ro tu b u le s . The c o n c lu s io n  

i s  based  on th e  fo llo w in g  e v id e n c e s i

1 . I t  has been in d ic a te d  t h a t  th e  b in d in g  o f  c o lc h ic in e  to  

tu b u l in ,  a  s u b u n it  o f  m ic ro tu b u le , a t  37°C i s  a lm o st 

i r r e v e r s i b l e  (133)* In  t h i s  s tu d y , how ever, i s o l a t e d  f a t  c e l l s  

which had been p re in c u b a te d  w ith  10 mM c o lc h ic in e  a t  37°C f o r  

30 min were s t i l l  a c t iv e  in  g lu co se  o x id a tio n  upon rem oval

o f  c o lc h ic in e  from  th e  medium.

2 . C ytoplasm ic m ic ro tu b u le s , which have been i d e n t i f i e d  in  

e le c tro m ic ro g ra p h s  o f  i s o l a t e d  f a t  c e l l s  (118,14-1), a r e  known 

to  be d is ru p te d  by low c o n c e n tra t io n s  o f  c o lc h ic in e  (below
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1(T5 M) (1 3 8 ), In  th e  p r e s e n t  in v e s t ig a t io n ,  low c o n c e n tra t io n s  

o f  c o lc h ic in e  have no e f f e c t  on g lu c o se  o x id a tio n  by i s o l a t e d  

f a t  c e l l s  o r  f a t  c e l l  ghosts*  There h as  been re p o r te d  th a t  

th e  in h ib i t io n  o f  n u c le o t id e  t r a n s p o r t  in  mammalian c e l l s  

by c o lc h ic in e  ap p ea rs  u n re la te d  to  a n .a c t io n  on m ic ro tu b u le s  

(1 1 7 ). F u rth e rm o re , th e  c o n c e n tra t io n  range o f  c o lc h ic in e  

f o r  n u c le o t id e  t r a n s p o r t  in h ib i t io n  i s  a t  l e a s t  one to  two 

o rd e rs  o f  m agnitude h ig h e r  th an  t h a t  n e c e s s a ry  f o r  d is r u p t io n  

o f  m ic ro tu b u le s  ( 117 , 138) .

3* I t  h as  been d em o n stra ted  t h a t  m ic ro tu b u le s  a re  a ls o  

d is ru p te d  by exposure to  low te m p e ra tu re s  ( 136 , 137)•

T h e re fo re , c o lc h ic in e  sh o u ld  n o t i n h i b i t  g lu c o se  t r a n s p o r t  

a t  H-°C, p ro v id ed  t h a t  th e  in h ib i t io n  observed  a t  25°C was due 

to  th e  d is r u p t io n  o f  m ic ro tu b u le s . On th e  c o n t r a ry ,  th e  u p tak e  

o f  2 -deoxy-D -g lucose by f a t  c e l l  g h o s ts  a t  **-°C i s  in h ib i te d  

by c o lc h ic in e  and th e  p e rc e n t in h ib i t i o n  a t  k°C i s  com parable 

to  t h a t  observed  a t  25°C. T h is  f in d in g  s u g g e s ts  t h a t  th e  

i n h ib i t i o n  o f  g lu c o se  t r a n s p o r t  by c o lc h ic in e  a t  25°C i s  n o t  

due to  th e  d is r u p t io n  o f  m ic ro tu b u le s .

4 .  Both lu m ic o lc h ic in e , which does n o t  b ind  to  th e  tu b u l in  

( 132) ,  and g r i s e o f u lv in ,  a re  more e f f e c t iv e  th a n  c o lc h ic in e  

in  i n h ib i t i n g  g lu co se  t r a n s p o r t  in  i s o l a t e d  f a t  c e l l s .

I t  has been shown th a t  th e  u p tak e  and r e le a s e  o f  

p u ta t iv e  t r a n s m i t t e r s  by synaptosom es a re  in h ib i t e d  by, 

c o lc h ic in e  a t  c o n c e n tra t io n s  s im i la r  to  t h a t  used  in  t h i s  

s tu d y  (119) • F u rth e rm o re , th e  Mg2+-ATiPase a c t i v i t y  o f
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synap tosom al a c to m y o s in -lik e  p r o te in  i s  a ls o  in h ib i te d  by 

c o lc h ic in e  a t  mM c o n c e n tra t io n s  (1 1 9 ). S ince  magnesium io n  

h as  been  p roposed  a s  a  p o s s ib le  second m essenger f o r  in s u l in  

a c t io n  (80) and th e  Mg2+-ATPase a c t i v i t y  o f  a d ip o c y te  plasm a 

membrane h a s  been shown to  s t im u la te  by b o th  in s u l in  and 

co n c an a v a lin  A (67 ) ,  i t  i s  p o s s ib le  t h a t  th e  e f f e c t s  o f  

c o lc h ic in e  on g lu co se  t r a n s p o r t  i s  th e  r e s u l t  o f  in t e r a c t i o n s  

between c o lc h ic in e  and th e  Mg2+-ATPase o f  a d ip o c y te  plasm a 

membrane•
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PART I I .  THE BIOLOGICAL ACTIVITIES OF INSULIN ANALOGS 

DETERMINED ON ISOLATED FAT CELLS
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INTRODUCTION

The s tu d ie s  o f  s t r u c t u r e - a c t i v i t y  r e la t io n s h ip s  

o f  in s u l in  have been e x te n s iv e ly  c a r r ie d  o u t in  m e n to r 's  

la b o ra to ry  and o th e r s ' .  The a c t i v i t y  o f  in s u l in  o r  in s u l in  

an a lo g  was determ ined  by th e  co n v e n tio n a l m ethod, mouse 

co n v u ls io n  a s sa y  (1 ^ 2 ). T h is  method r e q u ir e s  la rg e  q u a n t i ty  

o f  in s u l in  o r  in s u l in  an a lo g  and a  g r e a t  number o f  mice in  

o rd e r  to  o b ta in  a c c u ra te  r e s u l t s .  R e ce n tly , w ith  th e  developm ent 

o f  methods f o r  p r e p a ra t io n  o f  b io lo g ic a l  a c t iv e  la b e le d  

in s u l in  (1^3 ,14^) and horm onally  re sp o n s iv e  i s o l a t e d  f a t  

c e l l s  (15)» d i r e c t  s tu d y  o f  in s u l in  a c t i v i t i e s  a t  c e l l - l e v e l  

has become p o s s ib le .  T h is  in  v i t r o  a ssay  has th e  fo llo w in g  

ad v en tag es  t

1 . The p re p a ra t io n  o f  i s o l a t e d  f a t  c e l l s  i s  r e l a t i v e  sim ple  

and th e  r e s u l t s  a r e  r e l i a b l e .

2 . The i s o l a t e d  f a t  c e l l s  a r e  h ig h ly  re sp o n s iv e  to  i n s u l i n ,  

t h e r e f o r e ,  o n ly  m inute q u a n t i ty  o f  th e  hormone o r  i t s  an a lo g  

i s  needed to  perfo rm  t h i s  a s s a y .

3 . In  a d d i t io n  to  s t im u la t in g  th e  up take  o f  g lu co se  by i s o l a t e d  

f a t  c e l l s ,  o th e r  in s u l in  e f f e c t s  can a ls o  be examined a t  th e  

c e l l - l e v e l ,  such a s  r e c e p to r  b in d in g  and a n t i l i p o l y s i s ,  which 

a r e  d i f f i c u l t  to  s tu d y  in  v iv o . .

I t  i s  n o t n e c e s s a ry  t h a t  in s u l in  o r  in s u l in  an a lo g  

behaves th e  same b o th  in  v i t r o  and in  v iv o . T h e re fo re , i t  i s  

by no means t h a t  th e  in  v i t r o  a s sa y  can co m p le te ly  re p la c e



th e  in  v ivo  a s s a y . However, th e  fo rm er w i l l  p ro v id e  v e ry  

im p o rta n t in fo rm a tio n  ab o u t th e  mechanism o f  in s u l in  a c t io n .  

In  t h i s  s tu d y , th e  b io lo g ic a l  a c t i v i t i e s  o f  f iv e  i n s u l in  

a n a lo g s , which were s y n th e s iz e d  in  m e n to r 's  la b o ra to ry ,  were 

de te rm in ed  on i s o l a t e d  f a t  c e l l s .
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MATERIALS AND METHODS

A. B io lo g ic a l  A c t iv i ty  o f  I n s u l in  Analogs D eterm ined by th e  

S tim u la tio n  o f  G lucose O x id a tio n  in  I s o la te d  F a t C e l ls

The f a t  c e l l s  p re p a ra t io n  and in c u b a tio n  w ere th e  

same a s  d e s c r ib e d  p r e v io u s ly .  F or every  a n a lo g , a com plete 

d o se -re sp o n se  c u rv e , w ith  a t  l e a s t  6 c o n c e n tr a t io n s ,  was 

c a r r ie d  o u t in  a d d i t io n  to  th e  d o se -re sp o n se  curve o f  n a t iv e  

i n s u l i n .  The 0# and 100# s t im u la t io n  r e p r e s e n t  th e  1^C02 

p ro d u c tio n  in  th e  absence and in  th e  p re sen ce  o f  ^0 ng /m l 

o f  n a t iv e  i n s u l i n .  With 40 ng /m l o f  n a t iv e  i n s u l i n ,  th e  1^C02 

p ro d u c tio n  was 3- to  1 2 - fo ld  g r e a t e r  th a n  t h a t  observed  in  

th e  absence o f  i n s u l i n .  The r e l a t i v e  po tency  o f  an a lo g  was 

c a lc u la te d  a s  fo llo w in g i

conc . o f  an a lo g  (ng/m l)
R e la t iv e  po tency  o f  a n a lo g  =       to

conc. o f  in s u l in  (ng/m l)

ac h iev e  50# s t im u la t io n  x 100#

B. R e la t iv e  B inding  A f f in i ty  o f  I n s u l in  A nalogs D eterm ined 

by th e  I n h ib i t io n  o f  th e  B inding  o f  ( 12^ I ) I n s u l in  to  

I s o la te d  F a t C e lls

The b in d in g  o f  (*2^ I ) in s u l in  to  i s o l a t e d  f a t  c e l l s  

was assay ed  a s  d e s c r ib e d  by Gliemann and Gamm eltoft (1^5)• 

B r ie f ly ,  0 .2  ml o f  i s o l a t e d  f a t  c e l l s  (30 p l /m l ) ,  which were 

suspended in  KRB b u f f e r ,  were in c u b a te d  k-5 min a t  37°C w ith  

( 125 i ) i n s u l i n  (5 x 10” 10 M) in  th e  p re sen ce  and absence o f  

n a t iv e  in s u l in  and in s u l in  an a lo g s  in  v a r io u s  c o n c e n tr a t io n s .
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The c e l l s  were se p a ra te d  from th e  b u f f e r  s o lu t io n  by o i l  

c e n t r i f u g a t io n  te ch n iq u e  as  d e s c r ib e d  p re v io u s ly . The c e l l s  

were s o lu b i l iz e d  w ith  1 ml o f  10# sodium dodecy l s u l f a t e  and 

th e  r a d i o a c t i v i t i e s  were counted  in  th e  p re se n ce  o f  10 ml 

S c in t iV e rs e . The r e s u l t s  were ex p ressed  in  #  o f  i n h ib i t i o n .

The 0# and 100# in h ib i t io n  r e p re s e n t  th e  r a d i o a c t i v i t i e s  o f  

(*2**I) in s u l in  a s s o c ia te d  w ith  i s o l a te d  f a t  c e l l s  in  th e  

absence  and in  th e  p re se n ce  o f  4000 ng/m l o f  u n la b e le d  

n a t iv e  i n s u l in .  The r e l a t i v e  b in d in g  a f f i n i t y  o f  an a lo g  was 

c a lc u la te d  a s  fo llo w in g s

conc. o f  an a lo g  (ng/m l)
R e la t iv e  b in d in g  a f f i n i t y  = -  — ......................   1 to

cortc. o f  in s u l in  (ng/m l)

ach iev e  50# in h ib i t i o n  x 100#

C. M a te r ia ls

(*2^ I ) I n s u l in  was p u rchased  from  New England 

N u c le a r. I n s u l in  an a lo g s  used  in  t h i s  s tu d y  were k in d ly  p ro v id ed  

by D rs . A. Cosmatos and G. P . S chw artz . T able X II g iv e s  th e  

p a r t i a l  s t r u c tu r e  o f  th e s e  in s u l in  a n a lo g s .
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Table XII 

P a r tia l Structure o f  In su lin  Analogs 

(Primary Structure o f B ovine, Sheep and Human In su lin s  are Shown on Top.)

A Chain

Bovine In su lin  
(
(Sheep In su lin )  

cHuman In su lin ]

n5 1 10 I 15 20
H-Gly-Ile-Val-Glu-Gln-Cy-Cy-Ala-Ser-Val-Cy-Ser-Leu-Tyr-Gln-Leu-Glu-Asn-Tyr-Cy-Asn-OH

S (Gly) S
I I
S c'Tto’} t i l e ]  S
\  /

H-Phe -V al-A sn-G ln-H is -Leu-Cy-Gly-Ser-His -Leu-V al-Glu-Ala-Leu-Tyr-Leu-V al-Cy-G ly-G lu
5 10 15 20 Arg

B Chain Gly
[Thr] Phe

HO-Ala-Lys-Pro-Thr-Tyr-Phe 
30 25

Analog P a r t ia l  Structure

(A1 -L-Ala) Sheep In su lin  H -A la -Ile ---------------------------------------------------------------------Cy-Asn-OH
1 2 20 21

(A1-D-Ala) Sheep In s u lin  H -(D -A la )-I le   -----------      —Cy-Asn-OH
1 2 20  21

(A21 -Arg) Sheep In su lin  H -G ly-Ile-------- '----------------------------------------------------------- Cy-Arg-OH
1 2 20  21

(B9-Leu) Human In su lin  H-Phe-Val----------------------------Leu--------------------------   Lys-Ala-OH
1 2 9 29 30

(B26-TyrUH_) Bovine In su lin  H-Fhe-Val------ —--------    —---------   Phe-TyrHH
1 2 25 26 2



RESULTS AND DISCUSSION

In  more th a n  10 ex p e rim en ts , th e  c o n c e n tra t io n s  o f  

n a t iv e  in s u l in  r e q u ire d  to  ac h iev e  50# o f  maximal s t im u la t io n  

o f  g lu c o se  o x id a tio n  in  i s o l a t e d  f a t  c e l l s  a re  in  th e  range o f

0 .2 3  ng /m l to  0 .8  n g /m l. The av e rag e  c o n c e n tra t io n  f o r  

h a lf-m ax im al s t im u la t io n  i s  0 .42  ng /m l (o r  70 pM) w hich i s  i n  

agreem ent w ith  th e  v a lu e  r e p o r te d  by v a r io u s  in v e s t ig a to r s  

(4 -3 ,102 ,146). T h is in d ic a te s  t h a t  th e  f a t  c e l l s  p re p a re d  f o r  

t h i s  s tu d y  a r e  h ig h ly  s e n s i t iv e  to  th e  hormone and th e r e f o r e ,  

s e rv e  th e  pu rpose  to  be u sed  in  th e  e s t im a tio n  o f  b io lo g ic a l  

a c t i v i t i e s  o f  in s u l in  a n a lo g s .

A ll  th e  in s u l in  an a lo g s  have th e  same maximal 

a c t i v i t y  a s  n a t iv e  in s u l in  in  g lu c o se  o x id a tio n  and t h e i r  

d o se -re sp o n se  cu rv es ap p e a r p a r a l l e l  to  t h a t  o f  in s u l in  as 

shown in  F ig u re s  14A, 15A, 16A, 1?A and 18A. The r e l a t i v e  

p o te n c ie s  o f  (A l-L -A la ) in s u lin , (A l-D -A la ) in su lin , (A21-Arg) 

i n s u l i n ,  (B 9 -L e u )in su lin  and (B26-TyrNH2 ) in s u l in  in  g lu co se  

o x id a tio n  a r e  9# , 95## 34#, 20# and 31# o f  t h a t  o f  n a t iv e  

in s u l in  (T able X I I I ) .  The v a lu e s  shown in  T able X III  a r e  th e  

av e rag e  o f  a t  l e a s t  two d e te rm in a tio n s  w hich a r e  in  th e  

re a s o n a b le  ra n g e .

The a b i l i t y  o f  th e s e  in s u l in  a n a lo g s  to  i n h i b i t  
125th e  b in d in g  o f  ( I ) i n s u l i n  to  i s o l a t e d  f a t  c e l l s  was s tu d ie d

in  o rd e r  to  e s tim a te  t h e i r  r e l a t i v e  b in d in g  a f f i n i t i e s .  The 

b in d in g  cu rv es  f o r  (*2“* I ) in s u l in  in  th e  p re se n ce  o f (A l-L -A la) 

i n s u l i n ,  (A l-D -A la ) in su lin , (A 2 1 -A rg )in su lin , (B 9 -L e u )in su lin  

and (B26-TyrNH2 ) in s u l in  a r e  shown in  F ig u re s  14b , 15B, 16b ,
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F ig u re  1^ . A. S tim u la tio n  o f  g lu co se  o x id a tio n  in  i s o l a t e d  f a t
c e l l s  by n a t iv e  in s u l in  ( o )  and (A l-L -A la ) in s u lin  
( •  ) .  E x p erim en ta l c o n d itio n s  were as  d e s c r ib e d  in  
M a te r ia ls  and M ethods. Each p o in t  r e p r e s e n ts  th e  
mean o f  d u p l ic a te s .

B. I n h ib i t io n  o f  (*2^ I ) in s u l in  b in d in g  to  i s o l a t e d  
f a t  c e l l s  by n a t iv e  in s u l in  ( o ) and (A l-L -A la) 
in s u l in  ( •  ) .  Experimental;,? c o n d it io n s  were a s  
d e s c r ib e d  in  M a te r ia ls  and M ethods. Each p o in t  
r e p r e s e n ts  th e  mean o f  t r i p l i c a t e s .
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A. S tim u la tio n  o f  g lu co se  o x id a tio n  in  i s o l a t e d  f a t  
c e l l s  by n a t iv e  in s u l in  ( o )  and (A l-D -A la )in su lin  
( •  ) .  E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  
M a te r ia ls  and M ethods• Each p o in t  r e p r e s e n ts  th e  
mean o f  d u p lic a te s *

B, I n h ib i t io n  o f  (*2“* I ) in s u l in  b in d in g  to  i s o l a t e d
f a t  c e l l s  by n a t iv e  in s u l in  ( o ) and (A l-D -A la)in su ­
l i n  ( ' • ) .  E x p erim en ta l c o n d i tio n s  were a s  d e s c r ib e d  
in  M a te r ia ls  and Methods* Each p o in t  r e p r e s e n ts  th e  
mean o f  t r i p l i c a t e s .
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A. S tim u la tio n  o f  g lu co se  o x id a tio n  in  i s o l a t e d  f a t  
c e l l s  by n a t iv e  in s u l in  ( o ) and (A 2 1 -A rg )in su lin
( •  ) .  E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  
M a te r ia ls  and Methods* Each p o in t  r e p r e s e n ts  th e  
mean o f  d u p l ic a te s .

B. I n h ib i t i o n  o f  ( 12^ I ) i n s u l i n  b in d in g  to  i s o l a t e d  
f a t  c e l l s  by n a t iv e  in s u l in  ( o )  and (A21-Arg) in s u ­
l i n ^ ) .  E x p erim en ta l c o n d it io n s  were a s  d e s c r ib e d  
in  M a te r ia ls  and M ethods. Each p o in t  r e p r e s e n ts  
th e  mean o f  t r i p l i c a t e s .
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L ? .  A. S tim u la tio n  o f  g lu co se  o x id a tio n  in  i s o l a t e d  f a t  
c e l l s  by n a t iv e  in s u l in  ( o ) and (B 9 -L e u )in su lin  
( • ) .  E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  
M a te r ia ls  and M ethods. Each p o in t  r e p r e s e n ts  th e  
mean o f  d u p l ic a te s .

B, I n h ib i t io n  o f  (*2^ I ) in s u l in  b in d in g  to  i s o l a t e d
f a t  c e l l s  by n a t iv e  in s u l in  ( o )  and (B 9 -L e u )in su lin  
( •  )•  E x p erim en ta l c o n d itio n s  were a s  d e s c r ib e d  in  
M a te r ia ls  and M ethods. Each p o in t  r e p r e s e n ts  th e  
mean o f  t r i p l i c a t e s .
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F ig u re  18, A. S tim u la tio n  o f  g lu c o se  o x id a tio n  in  i s o l a t e d  f a t  
c e l l s  by n a t iv e  in s u l in  ( o )  and (B26-TyrNH2 ) 
in s u l in  ( •  ) •  E x p erim en ta l c o n d it io n s  were as  
d e s c r ib e d  in  M a te r ia ls  and Methods* Each p o in t  
r e p r e s e n ts  th e  mean o f  d u p lic a te s*

125B. I n h ib i t io n  o f  ( I ) i n s u l i n  b in d in g  to  i s o l a t e d  
f a t  c e l l s  by n a t iv e  in s u l in  ( o  ) and (B26-TyrNH2 ) 
in s u l in  ( •  ) •  E x p erim en ta l c o n d it io n s  were a s  
d e s c r ib e d  in  M a te r ia ls  and M ethods. Each p o in t  
r e p re s e n ts  th e  mean o f  t r i p l i c a t e s .
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Table XIII

R e la t iv e  B io lo g ic a l  A c t i v i t i e s  o f  I n s u l in  A nalogs in  G lucose 

O x id a tio n  and In s u lin -R e c e p to r  B inding  in  

I s o la te d  F a t C e lls

R e la t iv e  B io lo g ic a l  A c t iv i ty  
(#  o f  n a t iv e  in s u l in )

Analog G lucose O x id a tio n R ecep to r B inding

(A l-L -A la ) in s u lin 9 12

(A 1-D-Ala) in s u l in 95 100

(A 2 1 -A rg )in su lin 34 33

(B 9 -L e u )in su lin 20 27

(B26-TyrNH2 ) in s u l in 31 28

V alues were o b ta in e d  from F ig u re  14 to  F ig u re  18 and 
c a lc u la te d  a s  d e s c r ib e d  in  M a te r ia ls  and M ethods. Each 
an a lo g  was a ssay ed  a t  l e a s t  tw ic e .
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17B and 18B, r e s p e c t iv e ly .  The f in d in g  o f  p a r a l l e l  i n h ib i t i o n  

cu rves su g g e s t a  sim ple  c o m p e titiv e  i n h i b i t i o n .  The r e l a t i v e  

b in d in g  a f f i n i t i e s  o f  (A l-L -A la )in su lin *  (A l-D -A la )in su lin *  

(A 21-A rg)insu lin*  (B 9 -L e u )in su lin  and (B26-TyrNH2 ) in s u l in  

a r e  12#, 100#, 33#» 27#  and 28# o f  t h a t  o f  n a t iv e  in s u l in *  

r e s p e c t iv e ly  (T able X I I I ) .  I t  i s  a p p a re n t t h a t  th e  r e l a t i v e  

b in d in g  a f f i n i t i e s  o f  th e s e  f iv e  an a lo g s  a re  i n  agreem ent 

w ith  t h e i r  r e l a t i v e  b io lo g ic a l  p o te n c ie s  in  g lu c o se  o x id a t io n . 

S im ila r  d a ta  on in s u l in s  from d i f f e r e n t  s p e c ie s  and o th e r  

in s u l in  a n a lo g s  have been  r e p o r te d  from  o th e r  l a b o r a to r i e s  

(1^7-1^9)« These r e s u l t s  su g g e s t t h a t  th e  low er b io lo g ic a l  

a c t i v i t i e s  in  g lu co se  o x id a tio n  o f  th e s e  ana logs*  compared to  

t h a t  o f  n a t iv e  in s u l in *  cou ld  be e x p la in e d  by th e  d e c re a se  

in  t h e i r  b in d in g  a f f i n i t i e s .

R e c e n tly , two an a lo g s  w ith  A 1 -g ly c in e  b e in g  

s u b s t i tu te d  by D -a lan in e  and by L -a la n in e  were made by 

G eiger e t  a l  from  p o rc in e  in s u l in  (1 5 0 ). (A l-D -A la n in e )in su lin  

h as  th e  same a c t i v i t y  a s  n a t iv e  in s u l in  in  lo w erin g  r a b b i t  

b lood  g lu c o se  l e v e l  and i s  more a c t iv e  th an  i t s  p a re n t 

m olecule in  s t im u la t in g  th e  g lu co se  u p tak e  by r a t  d iaphragm . 

However, th e  r e l a t i v e  b in d in g  a f f i n i t y  o f  t h i s  an a lo g  to  

in s u l in  r e c e p to r  o f  r a t  l i v e r  membranes i s  o n ly  38# o f  n a t iv e  

in s u l in  which i s  d i f f e r e n t  from  th e  v a lu e  re p o r te d  in  t h i s  

s tu d y . I t  i s  p o s s ib le  t h a t  th e re  may be s ig n i f i c a n t  s t r u c t u r a l  

d i f f e r e n c e s  in  in s u l in  r e c e p to r s  from  d i f f e r e n t  o rgans o f  th e  

same s p e c ie s .  The r e l a t i v e  b in d in g  a f f i n i t y  o f  (A l-L -A la) 

in s u l in  to  in s u l in  r e c e p to r  o f  r a t  l i v e r  membranes i s  5 -7#  

o f  n a t iv e  in s u l in  a s  r e p o r te d  by G eiger e t  a l .
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ABBREVIATIONS

ACTH A d re n o c o r tic o tro p h ic  hormone

A la A lan ine

Arg A rg in in e

Asn A sparag ine

ATP A denosine 5 '- t r ip h o s p h a te

ATPase A denosine tr ip h o s p h a ta s e

Cy C y ste in e

C y c lic  AMP A d en o sin e-3 '» 5 ' -p h o sp h a te

C y c lic  GMP G u anosine-3 ‘ * 5 '-p h o sp h a te

DMSO D im eth y lsu lfo x id e

g G rav ity

Gin G lutam ine

Glu G lutam ic a c id

Gly G lycine

H is H is t id in e

h r Hour

H e Is o le u c in e

K
ra

M ichaelis-M enten  c o n s ta n t

KRB b u f f e r K reb s-R in g er b ic a rb o n a te  buf

Leu L eucine

Lys L ysine

M M olar

mg M illig ram

min M inute

ml M i l l i l i t e r

mM M illim o la r
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mU

N

NAD+

NADP+

ng

nmole

Phe

pM

Pro

RNA

sec

S er

S i

So
Thr

Tyr

pCi

Mg

Ml
pm

pM

pmole

pU

Val

Vmax

M i l l iu n i t

Normal

N ico tinam ide ad en in e  d in u c le o t id e

N ico tinam ide ad en in e  d in u c le o t id e  phosphate

Nanogram

Nanomole

P h en y la la n in e

P icom olar

P ro lin e

R ib o n u c le ic  a c id

Second

S e rin e

I n t r a c e l l u l a r  s u b s t r a te  c o n c e n tra t io n

E x t r a c e l lu l a r  s u b s t r a te  c o n c e n tra t io n

T hreonine

T yronine

M icro cu rie

M icrogram

M ic r o l i te r

M icrom eter

M icrom olar

Micromole

M ic ro u n it

V alin e

Maximum v e lo c i ty
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