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I n  a p p r o x i m a t e  values,  t he  fol lowing K /Ca  ra t ios  can  
be g iven  as an  i l l u s t r a t i on :  

Nitella 15 Ricinus sprout 3 

Yucca phloem exudate 120 Ricinus phloem exudate 400 

Haves latex 200 

This  low ca lc ium con ten t ,  especial ly  in t he  s ieve tubes ,  
has  been  i n v e s t i g a t e d  more  closely. A h igh  p h o s p h a t e  
c o n c e n t r a t i o n  a n d  h i g h  p H  h a v e  a l r eady  been  sugges ted  
as r e s t r i c t ing  ca lc ium solubi l i ty .  R e c e n t l y  VAN GOOR ~a, 
a t  our  I n s t i t u t e ,  has  o b t a i n e d  ev idence  t h a t  t he  p h l o e m  
e x u d a t e  will  h a r d l y  accep t  even  v e r y  smal l  add i t i ons  of 
ca lc ium.  Very  soon a f te r  t he  f i rs t  m i n u t e  add i t ions ,  
t u r b i d i t y  occurs,  i n d i c a t i n g  p rec ip i t a t ion .  T h u s  t he  low 
soluble  ca lc ium c o n t e n t  is nea r  i ts  u l t i m a t e  l imits .  The  
gove rn ing  f~ctors,  besides  t he  p H  of ca. 7.5, are t h o u g h t  
to  be  h igh  c o n t e n t  in  (organic) p h o s p h a t e s  a n d  t h e  
n u m e r o u s  organic  acids.  

T h u s  we come to cons ider  t he  l iv ing  t r a n s p o r t  sys t em 
of t h e  p l a n t  as able  to  c o n t a i n  on ly  smal l  c o n c e n t r a t i o n s  
of soluble  ca lc ium.  Th i s  is t h e  r e su l t  of t h e  necess i ty  to  
t r a n s p o r t  i m p o r t a n t  c o m p o n e n t s  to  supp ly  t he  g r o w t h  
centres .  R e l e v a n t  fac tors  in  th i s  respec t  are t he  m e t a -  

bol ica l ly  i m p o r t a n t  p h o s p h a t e s  a n d  t h e  large a m o u n t  of 
organic  anions .  These  organic  an ions  - o r ig ina t i ng  f rom 
n i t r a t e  r e d u c t i o n  - a n d  m a i n l y  coupled  to t h e  i m p o r t a n t  
p o t a s s i u m  ion 1r could exp la in  t h e  h igh  pH.  

Rdsumd. La basse  t e n e u r  en  ca lc ium et  la h a u t e  t e n e u r  
en  po tasse  du  l a t ex  e t  du  suc de ph lobme  sont  en r e l a t i on  
avec  une  faible  viscosit6,  cond i t ion  n6cessaire  ~ une  
cer ta i l l e f lu id i t6 .  I1 semble  que  la c o n c e n t r a t i o n  du 
ca lc ium dans  le cytosol  des cellules no rma les  es t  6gale- 
mel l t  t r~s basse,  c o m m e  on p e u t  s ' y  a t t e n d r e  q u a n d  il 
s ' ag i t  d ' un  ~,symplasma~>. La  t e n e u r  t rbs  basse  en  ca lc ium 
dalls  le ph logme  p e u t  &tre raise en r e l a t ion  a v e c l a  t e n e u r  
tr6s 61ev6e en phospha te s ,  le p H  61ev6 et  la pr6sence de 
b e a u c o u p  d ' ac ides  organiques .  
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Carbohydrate Components of Plasma Membrane of Transitional Epithelium of Urinary Tract 

Elec t ron  microscopic  a n d  e lec t rophore t i c  obse rva t i o n s  
h a v e  a l r eady  been  p re sen t ed  sugges t ing  the  cel lular  
or igin of t h e  T a m m - H o r s l a l l  g lycopro te in  in t h e  cell 
surfaces  of t h e  t r a n s i t i o n a l  e p i t h e l i u m  of t he  u r i n a r y  
s y s t e m L  Also, i t  has  been  shown  t h a t  t he  p l a s m a  mem-  
b r a n e  of t r a n s i t i o n a l  e p i t h e l i u m  of e x t r a r e n a l  u r i n a r y  
passages  ( renal  pelvis,  u r e t e r  a n d  u r i n a r y  b ladder )  has  a 
no t ab l e  deve loped  f i l amen tous  g lycoca lyx  2. Th i s  was  in 
accord  w i t h  t he  o b s e r v a t i o n  of r e la t ive ly  h igh  c o n t e n t  of 
c a r b o h y d r a t e s  ill t h e  mic rosoma l  f r ac t ion  of t r a n s i t i o n a l  
e p i t h e l i u m  z. 

I n  t he  p r e sen t  s tudy ,  a p l a s m a  m e m b r a n e  f r ac t ion  of 
sheep t r a n s i t i o n a l  ep i the l i um of u r i n a r y  b l adde r  was  
isola ted and  va r ious  c a r b o h y d r a t e s  were assayed  on p a p e r  
c h r o m a t o g r a p h y  and  on  p o l y c r y l a m i d e  gel eIectrophoresis .  

Materials  and methods. T r a n s i t i o n a l  e p i t h e l i u m  cells 
were o b t a i n e d  f rom sheep u r i n a r y  b l adde r  r The  cell 

pel le t  was  processed for t h e  i so la t ion  of p l a s m a  m e m -  
b r a n e s  5. Cells were r e suspended  in 0.02 M tris-HCl, p H  8 
a n d  d i s rup t ed  in a Dounce  homogene ize r  w i t h  5 s t rokes,  
a t  4~ The  h o m o g e n a t e  was mixed  w i t h  an  equa l  vo lume  
of 60% sucrose, l ayered  on  45% sucrose a n d  cen t r i fuged  
in a S W 2 5  ro to r  of a Spinco u l t r acen t r i fuge  a t  4000 g for 
45 min.  The  u p p e r m o s t  layer  was r emoved ,  d i lu ted  10 
t imes  w i t h  dis t i l led w a t e r  an d  cen t r i fuged  a t  100,000 g ill 
a No. 40 ro to r  for 90 rain.  The  res idue  was suspended  in a 
17% sucrose so lu t ion  a n d  layered  on a d i scon t inuous  
g r ad i en t  of sucrose (20, 25, 30, 35, 40 a n d  45%)  wh ich  
was cen t r i fuged  for 4 h a t  70,000 g in a S W 2 5  rotor .  
F r a c t i o n s  col lected f rom t h e  var ious  in te rphases ,  were 
r e suspended  in dis t i l led water .  A sample  of each f r ac t ion  
was processed for  e tec t ron  mic roscopy  obse rva t ion .  The  
f r ac t ion  col lected b e t w e e n  3 5 - 4 0 %  sucrose layers  was 
shown  to co n t a i n  t h e  g rea t e s t  n u m b e r  of p l a s m a  m e m b r a n e  
profi les  (Figure 1). 

The  d e t e r m i n a t i o n  of t h e  fol lowing e n z y m e  ac t iv i t i es  
were pe r fo rmed  on samples  co r re spond ing  to t h e  35 -40% 
i n t e r p h a s e :  5-I lucleotidase (E.C.3.1.3.5)5, glucose-6-phos-  
p h a t a s e  (E.C.3.1.3.9) 7, Mg-depende l l t  adenos ine t r iphos -  
p h a t a s e  (E.C.3.6.1.4) s, e-D-glucosidase (E.C.3.2.1.20), 
fl-D-glucosidase (E.D.3.2.1.23)o, succinic  d e h y d r o g e n a s e  

Fig. 1. Plasma membrane fraction. Profiles of membranous struc- 
tures are seen. • 48,000. 
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(E.C.1 .3 .99 .1)  ~~ a n d  / 5 - g l u c u r o n i d a s e  (E.C.3 .2 .1 .31)  n 
(Tab le  I). I n  a d d i t i o n ,  t h e  p l a s m a  m e m b r a n e  f r a c t i o n  w a s  
t h o r o u g h l y  d i a l y z e d  a g a i n s t  d i s t i l l ed  w a t e r  a n d  f reeze-  
d r ied .  S u s p e n s i o n s  of 1 m g  of t h e  d r i e d  t i s s u e  in  0 . 1 %  
T r i t o n  X - 1 0 0  we re  d i a l y z e d  a n d  a s s a y e d  for  p r o t e i n s  12, 
h e x o s e s  lz, h e x o s a m i n e s  1~ a n d  s ia l ic  a c i d s  15 (T ab l e  I I ) .  
C h r o m a t o g r a p h y  of  c a r b o h y d r a t e s  w a s  c a r r i e d  o u t  o n  
W h a t m a n  p a p e r  No.  1 u s i n g  a m i x t u r e  of  n - b u t a n o i -  
p y r i d i n e - 0 . 1  N HC1 (5/3/2 v .v . )  16. S a m p l e s  of  1 m g  of  
f reeze  d r i ed  p l a s m a  m e m b r a n e  f r a c t i o n  we re  h y d r o l i z e d  
for  150 m i n  in  1 m l  of  2 N HC1 a t  100~  a n d  d r i ed  u n d e r  
v a c u u m  a t  4 ~ S a m p l e s  d i s s o l v e d  in  10 ~1 d i s t i l l ed  w a t e r  
we re  c h r o m a t o g r a p h e d  ~.  

T h e  p l a s m a  m e m b r a n e  f r a c t i o n  o b t a i n e d  w a s  a lso  
s u b j e c t e d  to  d i s k  e l e c t r o p h o r e s i s  a n a l y s i s  on  p o l y c r y l -  
a m i d e  ge l  ls,19 u s i n g  5 %  s o d i u m  d o d e c y l s u l p h a t e .  Gels  
w e r e  s t a i n e d  w i t h  a m i d o b l a c k  B a n d  m u c i c a r m i n e .  T o t a l  
l i p id s  w e r e  e x t r a c t e d  a c c o r d i n g  to  FOLCH e t  al.~~ f r o m  
b o t h  t o t a l  h o m o g e n a t e s  a n d  t h e  p l a s m a  m e m b r a n e  f rac -  
t i on .  F o r  t h e  d e t e r m i n a t i o n  of  l i p i d - b o u n d  s ia l ic  ac id ,  t h e  
t o t a l  l ip id  e x t r a c t  w a s  p a r t i t i o n e d  a n d  w a s h e d 2 L  T h e  
u p p e r  a q u e o u s  p h a s e  w a s  d i a l y z e d  72 h a g a i n s t  d i s t i l l ed  
w a t e r .  T h e  d i a l y s a t e  w a s  c o n c e n t r a t e d  to  c o m p l e t e  
d r y n e s s .  T h e  r e s i d u e  w a s  t a k e n  w i t h  t h e  c o n v e n t i o n a l  
u p p e r  p h a s e  ( c h l o r o f o r m - m e t h a n o l - w a t e r  3 : 4 8 : 4 7 )  a n d  
a l i q u o t s  we re  a s s a y e d  for  s ia l ic  ac ids ,  or  c h r o m a t o g r a p h e d  
o n  t h i n  l a y e r  c h r o m a t o g r a p h y  ~ (T ab l e  I I I ) .  F o r  e l e c t r o n  
m i c r o s c o p y ,  pe l l e t s  of  m e m b r a n e s  we re  d o u b l e  f i x e d  in  
g l u t a r a l d e h y d e  a n d  o s m i u m  t e t r o x i d e  w i t h  a n d  w i t h o u t  
r u t h e n i u m  r ed  23 d e h y d r a t e d  a n d  e m b e d d e d  in  e p o x y  
r e s in s .  G r i d s  w e r e  s t a i n e d  w i t h  u r a n y l  a c e t a t e  a n d  l e ad  
c i t r a t e .  

Resu l t s  a n d  d i scuss ion .  D a t a  o n  t o t a l  h o m o g e n a t e s  
o f  t r a n s i t i o n a l  e p i t h e l i u m  h a v e  a l r e a d y  b e e n  r e p o r t e d  a. 
T h e  t r a n s i t i o n a l  e p i t h e l i u m  p l a s m a  m e m b r a n e  f r a c t i o n  
h e r e i n  r e p o r t e d ,  s e e m e d  r e l a t i v e l y  p u r e  as  i n d i c a t e d  b y  
e l e c t r o n  m i c r o s c o p y  a n d  b y  a b s e n c e  of  e n z y m e s  w h i c h  a re  
m a r k e r s  of  o t h e r  cel l  f r a c t i o n s .  As  for  t h e  e n z y m e s  w h i c h  
a r e  c u r r e n t l y  c o n s i d e r e d  to  be  m a r k e r s  of  p l a s m a  
m e m b r a n e s  ~4, o n l y  a d e n o s i n e t r i p h o s p h a t a s e  (Mg-de-  
p e n d e n t )  a n d  ~ - D - g l u c o s i d a s e  we re  f o u n d  in  s i g n i f i c a n t  

Table I. Enzymes of a plasma membrane fraction 

a m o u n t s  (Tab l e  I).  T h e  low leve l s  of  5 - n u c l e o t i d a s e  m i g h t  
be  a c h a r a c t e r i s t i c  of  t r a n s i t i o n a l  e p i t h e l i u m .  

T h e  p r e s e n t  s t u d y  i n d i c a t e d  t h a t  t h e  p l a s m a  m e m b r a n e  
f r a c t i o n  of  t r a n s i t i o n a l  e p i t h e l i u m  c o n t a i n e d  3 t i m e s  m o r e  
s ia l ic  ac id  a n d  5 t i m e s  m o r e  h e x o s a m i n e s  t h a n  t h e  
h o m o g e n a t e s  of  w h o l e  t r a n s i t i o n a l  e p i t h e l i u m  ~. T h e  
p l a s m a l e m m a  f r a c t i o n  c o n t a i n e d  t w i c e  as  m u c h  s ia l ic  ac id  
t h a n  t h e  o t h e r  cel l  f r a c t i o n s .  N o  s i g n i f i c a n t  e n r i c h m e n t  in  
n e u t r a l  c a r b o h y d r a t e s  w a s  o b s e r v e d  in  t h e  p l a s m a  m e m -  
b r a n e  f r a c t i o n  w i t h  r e s p e c t  to  t h e  t o t a l  h o m o g e n a t e s .  Y e t ,  
t o t a l  h o m o g e n a t e s  of  t h i s  e p i t h e l i u m  r e v e a l e d  h i g h  l eve les  
of  n e u t r a l  c a r b o h y d r a t e s  ~. T h i s  is in  a g r e e m e n t  w i t h  

Fig. 2. Disk electrophoresis. Gels were run for 60 min at room temper- 
ature. 5% SDS was added to homogenates of plasma membrane 
fractions. 40 [xl of sample were placed in 0.25 mI of thick pore gel or 
spacing gel. P, gel stained with amidoblack B; M, gel stained with 
mncicarmine. Several distinct bands stained both for proteins and 
sugars. The fastest moving band ill M has no corresponding band in P. 

5 Nucleotidase ([zmoles of P per h/nag protein) ~5.3 :j: 0.24 ~ 

Adenosine-triphosphatase (mg- dependent) 10.02 -4- 0.72 
(~moles of P per h/mg protein) 

Glueose-6-phosphatase ([xmoles of P per h/mg protein 1.06 4- 0.03 

fl-n-glucosidase (v.moles of substrate/mg protein/min) 13.86 :~ 2.01 

cr n.a. 

fl-glucuronidase n.a. 

Succinie dehydrogenase n.a. 

~Values are average of 3 assays of membrane fraction preparation. 
b Standard error, n.a., not assayable. 

Table II. Carbohydrates composition of a plasma membrane fraction 
(nmoles/mg protein) 

Neutral carbohydrates Hexosamines Sialie acid 

1,065.33 ~- 45.5 299.00 =L 11.8 73.5 ~ 1.8 

Data are the mean of 3 determinations from the exfoliated transi- 
tional epithelium of 5 bladders 4- Standard error. 
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h i s tochemica l  d a t a  i n d i c a t i n g  large  a m o u n t s  of g lycogen 
in t r a n s i t i o n a l  e p i t h e l i u m  (A. EYNARD, R. ROVASlO a n d  
B. Moxls ,  u n p u b l i s h e d  observa t ions ) .  

P o l y a c r y l a m i d  gels revea led  severa l  p ro t e in  bands ,  some 
of wh ich  s t a ined  w i t h  muc ica rmine ,  a n  empir ica l  p rocedure  
for c a r b o h y d r a t e s  (Figure 2). C h r o m a t o g r a m s  of th i s  
p l a s m a  m e m b r a n e  f r ac t ion  i nd i ca t ed  t he  presence  of 
glucose, g lucosamine  a n d  t races  of galac tose  a n d  m a n n o s e  
(Figure 3). 

Table III. Total and lipid-bound sialic acid in transitional epithelium 

Fraction Sialie acid (nmoles/mg protein) 

A) Total B) Lipid-bound~ B/A (%) 

Total homogenates 24 3.3 13.7 
Plasma membrane 70 16.1 23.0 

*Total homogenate of 20 bladders. The plasma membrane fraetion 
was obtained from 50 bladders. 

Fig. 3. Hydrolyzed plasma membrane fractions was chromatog- 
rapbed for 16 h in n-butanol-pyridine- 0.1 N HCI (5/3/2 v.v). Neutral 
sugars T, D-galaetose (3), D-glucose (4), D-mannose (5), 1-fueose 
(6). Aminosugars T1, galactosamine (1) and D-glucosamine (2). 

T h e  p r e s e n t  d a t a  conf i rmed  a n d  e x p a n d e d  p rev ious  
o b s e rv a t i o n s  i n d i c a t i n g  t h a t  t r a n s i t i o n a l  ep i the l ium of 
u r i n a r y  t r a c t  of sheep is n o t a b l y  r ich  in c a rb o h y d ra t e s ,  
some of which  are Iargely c o n t a i n e d  in t h e  p l a s m a  
m e m b r a n e .  Th i s  seemed in cor respondence  w i th  l igh t  and  
e lec t ron  microscopic  o b s e rv a t i o n s  i nd i ca t i ng  t h e  presence  
in t h i s  ep i the l i um of a c a r b o h y d r a t e - c o n t a i n i n g  f luffy 
coat ,  a d i f f e r en t i a t i on  of t h e  p l a s m a  m e m b r a n e %  

Values  for n o r m a l  an d  a b n o r m a l  ceils such  as r a t  l iver  24, 
E h r l i ch  asci t is  cells 25, r a t  asci tes  h e p a t o m a  ~5 a n d  mouse  
f ib rob las t  (L cells) ~7 h a v e  been  repor ted .  S igni f ican t  
v a r i a t i o n s  of va r ious  c a r b o h y d r a t e s  in cell surfaces  were 
noted.  These  r epor t s  i nd i ca t ed  t h a t  t h e  h ighes t  concen t r a -  
t i on  of sialic acid an d  h e x o s a m i n e s  were found  in t he  
p l a s m a  m e m b r a n e  f r ac t ion  of t h e  cell t ypes  s tud ied .  In  
add i t ion ,  ou r  d a t a  i nd i ca t ed  t h a t  rough ly  23% of t he  
sialic acid of p l a s m a  m e m b r a n e  of t r a n s i t i o n a l  ep i the l i um 
is l ip id  bound .  I n  fact ,  p r e l i m i n a r y  d a t a  of t h i n  layer  
c h r o m a t o g r a p h y  of sheep t r a n s i t i o n a l  ep i the l i um ind ica t ed  
a p r e p o n d e r a n c e  of more  po la r  gangl iosides  (polisialo- 
gangliosides) ,  in a g r e e m e n t  w i t h  o b s e rv a t i o n s  t h a t  
e x t r a n e u r a I  t i ssues  c o n t a i n e d  pol is ia logangl ios ides  wi th  a 
p a t t e r n  as complex  as t h a t  of b r a i n  of m a m m a l s  28. 
Values  of l i p i d -b o u n d  sialic acid, such  as 75 mg/100 d ry  
we igh t  i n  t r a n s i t i o n a l  ep i the l ium,  wh ich  is a b o u t  30% of 
va lues  r epo r t ed  for bra in ,  i nd i ca t ed  t h a t  t r a n s i t i o n a l  
ep i the l i um c o n t e n t  of l i p id -bound  sialic acid is even  
h ighe r  t h a n  t h a t  of t h e  med u l l a  of b o v i n e  adrenal2L 
PURO et  aI. 2s found  t h a t  r e l a t ive ly  low va lues  of gangl io-  
sides in  e x t r a n e u r a l  t issues,  wh ich  va r i ed  f rom 2 to 10% 
of t h e  c o n t e n t  r epo r t ed  for b ra in .  

BENEDETTI an d  EMMELOT a~ h a v e  r epo r t ed  t h a t  no 
less t h a n  95% of sialic acid of p l a s m a l e m m a  of l iver  is 
b o u n d  to p ro t e i n  an d  t h a t  on ly  t races  a p p e a r  to  be  
gangliosides.  P l a s m a  m e m b r a n e  of sheep t r a n s i t i o n a l  
e p i t h e l i u m  would seem to  c o n t a i n  s ign i f ican t  levels of 
gangliosides,  as was  sugges ted  b y  our  f ind ings  t h a t  
rough ly  one - fou r th  of t h e  t o t a l  sialic acid was l ip id -bound .  

The  biological  s ignif icance of c a r b o h y d r a t e  c o m p o n e n t s  
of cell surfaces is l i t t le  knowna=-a4. Fo r  cell surface com- 
p o n e n t s  of t r a n s i t i o n a l  ep i the l ium,  i t  has  been  sugges ted  
t h a t  th i s  ep i the l i um is t h e  source of t h e  u r i n a r y  T a m m -  
Horsfa l l  (T-H) mucopro t e in .  This  is s u p p o r t e d  b y  t h e  
obse rva t ions  t h a t  l ip ids  wh ich  are cha rac te r i s t i c  of 
biological  m e m b r a n e s  are p r e s en t  in  p r e p a r a t i o n s  of T -H  
mucoprote in~,as ,  a t  The  f inding,  u n d e r  t h e  e lec t ron  
microscope,  of p l a s m a  m e m b r a n e  f r a g m e n t s  in T -H  
mucopro te in ,  a n d  t h e  s imi la r  e lec t rophore t i c  mob i l i t y  of 
the  u r i n a r y  m u c o p r o t e i n  a n d  t r a n s i t i o n a l  ep i the l i um ~, 
would sugges t  t h a t  cell sur face  of t r a n s i t i o n a l  ep i the l ium 
m i g h t  be  t h e  origin of T -H  mucopro te ins .  H o w eve r  
more  i n f o r m a t i o n  is requ i red  in s u p p o r t  of t h e  v iew t h a t  

2.5 J, IVfOLNAR, Biochemistry 6, 3064 (1967). 
26 S. SHIMIZU and I. FUNAKOSHI, Bioehim. biophys. Aeta 203, 167 

(1970). 
27 M. GLICK, C. COMSTOCK and L. WARREN, Bioebim. biopbys Aeta 

2/9, 290 (1970). 
2s K. PURO, P. MAURu and J. K. HUTTUNEN, Bioehim. biophys. Aeta 

187, 230 (1969). 
~ R. LED~EN, I(. SAISMAN and M. CABRERA, Biochemistry 7, 2287 

(1968). 
a0 E. L. BE~EDETTI and P. EMMELOT, J. Cell Sci, 2, 499 (1967). 
al E. L. B~NEDETTI and P. ElViMELOT, in The Membranes (Eds. A. J. 

DALTON and F. HAGUENAU; (Academic Press, New York 1968), p. 
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34 D. F. PARSONS and J. R. SUBJECK, Biochiln. biophys. Acta 265, 
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35 j .  STANTON KING JR. and W. H. BOu High Molecular Weight 

Substance in Human Urine (Ch. C. Tbomas Publisher, Springfield, 
IlL 1963), p. 93. 

36 A. P. FLETCHER, A. NEUBERGER and W. A. RADCLIFFE, Bioehem. 
J. 120, 417 (1970). 
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complex  ca rbohydra t e s  of cer ta in  biological fluids migh t  
be released f rom the  cor responding  cell surfaces ~, aT, as. 

Resumen. Se estudi6 el contenido  de hexosas,  hexo-  
saminas,  met i lpen tosas  y ~cido si~lico de una  fraccidn de 
m e m b r a n a  p lasm~t ica  del epitelio de t rans ic i6n de la 
vej iga de cordero. La concent rac idn  de ~cido sis y 

aT B. MONIS, A. CANDIOTTI a n d  J .  E.  FABRO, Z. Zellforseh. 99, 64 
(1969). 
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hexosaminas  era  3 y 5 veces r e spec t ivamen te  mhs a l ta  
en m e m b r a n a  p lasmht ica  q u e e n  homogena to  total .  E n  
cambio,  los ca rboh idra tos  neut ros  no se enr iquecieron 
s igni f ica t ivamente .  E1 23% de dcido sidlico se ex t ra jo  con 
los lipidos de esa fraccidn. Se p re sen tan  da tos  de c romato-  
graffa y electroforesis.  

N. IBAN:EZ, A. CANDIOTTI, R. O. CALDERON and 
B. MoNIs 

Instituto de Biologla Celular, Facultad de Ciencias 
Mddicas, Universidad Nacional de Cdrdoba, 
Casilla Postal 362, Cdrdoba (Argentina), 
28 November 7973. 

M o d e  of  Act ion  of D D T  A n a l o g u e s :  M o l e c u l a r  Orbita l  S tud ie s  

In  earlier work  a steric t heo ry  of DDT act ion has been 
used to design a large n u m b e r  of h ighly  act ive  D D T  
analogues 1, 3. The basis  of th is  t heo ry  is t h a t  a molecule 
of an act ive compound  has to form a 'molecular  wedge '  
w i th  two  d i s t inc t  features.  Firs t ly ,  t he  apex  of the  'wedge '  
(e.g. CC13 group of DDT) mus t  have  a par t i cu la r  size and 
shape,  and  secondly,  the  base comprises  a mul t ip le  r ing 
s t ruc ture  which  mus t  have  electron dona t ing  subs t i tuents .  
The size l imi ta t ion  on the  base pa r t  of the  molecule is 
less res t r ic t ive  t h a n  t h a t  on the  apex. 

I t  has  been  found  t h a t  compounds  syn thes ized  to fi t  
th is  model,  while all possessing insecticidal  act ivi ty ,  
never the less  exh ib i t  considerable  var ia t ions  of th is  act iv-  
i ty  even in s t r ic t ly  s t andard ized  insect  strains.  

Recent ly ,  FUKVTO et al. 3 examined  the  s t ruc ture /ac t iv -  
i ty  correla t ion for a series of DDT t r i ch loroe thane  ana-  
logues by  means  of a mult iple  regression analysis  using 
empir ical  subs t i t nen t  cons tan t s  and mor ta l i ty  values in 
the  housef ly  and Culex mosqui to  larvae. They ob ta ined  
good correlat ions be tween  log LDh0 and  a func t ion  of 
the  steric subs t i t uen t  cons t an t  E , .  

In  th is  p re l iminary  note  we repor t  the  f i rs t  results  of an 
a l t e rna t ive  m e t h o d  of correla t ing the  ac t iv i ty  of DDT 
analogues of a s imilar  chemical  s t ruc tu re  wi th  o ther  molec- 
ular propert ies .  We assume t h a t  any  differences in th is  
ac t iv i ty  can be a t t r i bu t ed  to  differences in electronic 
s t ruc tu re  as the  molecules have  all been selected according 
to rigorous steric criteria.  

All our insect  mor ta l i ty  da t a  were ob ta ined  1 on the  
suscept ible  s t ra in  ( W H O / I N / I )  of housefl ies which  were 
selected by  sex, age and weight  of pupae.  The flies were 
kept  a t  s t anda rd  h u m i d i t y  and  t e m p e r a t u r e  and fed on 
cellulose free of t races  of insecticides.  Other  control led 
var iables  were the  t ime  of day  of appl ica t ion  of the  
insect icides and the  t ime  of mor t a l i t y  count ing.  The 
mor t a l i t y  calculat ions were carr ied out  only  for t e s t s  

where  control  mor t a l i t y  was Zero for the  48 h tes t  period.  
The compounds  were p o t e n t i a t e d  wi th  a mixed  funct ion  
oxidase inh ib i to r  (Sesoxane) to ob ta in  the  basic ac t iv i ty  
compar ison  w i t h o u t  super imposed  biochemical  degrada-  
t ion of t he  insecticides.  

To es t imate  the  charge d i s t r ibu t ion  on the  molecules 
we have  per fo rmed  molecular  orbi ta l  calculat ions a t  the  
CNDO/2 level. This  m e t h o d  is sui table  for t he  calculat ion 
of charge d i s t r ibu t ions  of molecules *. The compu te r  
p rog ram we used was t h a t  publ i shed  by  POPLE and 
BEVERII)~E 5 ex t ended  to t ake  molecules w i th  55 a toms  
and 125 valence electrons and modif ied  s l ight ly to  run 
under  the  h ighes t  op t imiza t ion  avai lable on the  CD 6600 
computer .  

The equa t ion  re la t ing ac t iv i ty  to charge d i s t r ibu t ion  
is based on the  m e t h o d  of CAMMARATA 6, and  a similar  
equa t ion  has been  successfully used by  NEW and RI- 
CHARDS 7 in a s tudy  re la ted  to  ours, the  molecular  orbi ta l  
calculat ion of h a p t e n - a n t i b o d y  interact ions .  Since we are 
assuming t h a t  all steric factors  are cons tant ,  we have  6 

qs i qr 
l~  LD~0 = k , ~ _ . / ~ - r s  / + C '  

i 
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Relationship between calculated charges on chemically unrelated DDT-type insecticides and mortality in a standardized strain of the housefly 

Compound LDa0 (~g/f~ insect) Charge on apex of molecules 
(10 .4 • charge on an electron) 

1,1-Bis-(p-ethoxyphenyl)-2, 2-dimethyl propane 
1,1- Bis- (p-chlorophenyl)-2, 2-dichloro cyelopropane 
1,1-Bis-(p-ethoxyphenyl)-2-nitropropane 
1,1-Bis-(p-ethoxyphenyl)-2-nitrobutane 
2, 2-Bis-(p-ethoxyphenyl)-3, 3-dimethyl oxetane 

0.32 + 210 
0.12 - -  325 
0.065 - -  757 
0.061 - -  679 
0.01 - - 1 7 7 6  


