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overcoming  bacter ia l  pe rmeab i l i t y  barr iers  in clinical 
pract ice.  

10 I am indebted to Dr. R. J. OLDS for his kind advice and to Dr 
H. B. F. DIXON for his generous gift of samples of pure TRIEN. 
This work was supported by the H. E. Durham Fund, King's 
College, Cambridge. 

11 Present address: The Middlesex Hospital Medical School, London 
WIP 7PN, England. 

Rdsumd. In  vivo aussi bien qu ' in  vitro,  la t r i6thyl6ne 
t6 t ramiue  (TRIEN) ,  agent  qui forme des ch61ats avec les 
cat ions  b iva lents ,  renforce s ign i f iea t ivement  l 'ac t iv i t6  
an t ibac t6r ienne  de l ' an t ib io t ique  carb6nicill ine envers  la 
r~sis tante  Pseudomonas aeruginosa. 

C-. SMITH 10, iX 

St Catharine's College, University o/ Cambridge, 
Cambridge (Great Britain), 7 August 7974. 

Phlor iz in  Binding  to Bi layer  Vesic les  of Phospho l ip ids  and Phospho l ip id -Cho les tero l  

Phlor iz in  inhib i t s  sugar  t r a n s p o r t  in kidney,  intest ine,  
and e ry th rocy te s  ~,2. In  e ry throey tes ,  it  also inhib i t s  
anion exchange  and  increases anion conduc tance  3,4. 
However, .  the  mechan i sm of i ts  in te rac t ion  wi th  cell 
m e m b r a n e s  is unclear.  In  renal  cell membranes ,  phlor izin 
was found  to  b ind  no t  only  to a specific, h igh-af f in i ty  
pro te in  receptor  ~, b u t  also to  low-aff ini ty  sites of un- 
known na tu re  ~, ~, possibly including lipid. In  th is  contex t ,  
it  seemed useful t o  s t u d y  the  b ind ing  of phlor iz in  to 
sonica ted  bi layer  vesicles of phosphol ip ids  and phospho-  
l ipid-cholesterol .  
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Fig. 1. Phlorizin absorbance spectra at pH 4.5 and 9.5 and the effect 
of PC vesicles. Pi~lorizin, 25 ~M; phospholipid, 2 mM. At pH 4.5: 
a) keto-phlorizin; aM, 1.62 • 104 M -1 cm -1 (285 nm); b) phlorizin 
and PC. At pH 9.5: e) enol-phlorizin; aM, 2.73• M 1 em -I (325 
rim); d) pblorizin and PC. To amplify changes in spectra, lipid con- 
centrations were increased to 4 times that used in the binding studies. 

Methods. Chromatographica l ly  pure  egg yolk phospha-  
t idylchol ine  (PC) and ox-bra in  phospha t idy l se r ine  (PS) 
were ob ta ined  f rom Lipid P roduc t s  (Sou th  Nutf ield,  U.K.) .  
Cholesterol  (99%) (Merck) was recrysta l l ized f rom me tha -  
nol. Phlor iz in  (Roth) was puri f ied to r emove  all t races  of 
ph lo re t in  4. 

PC and  PS  dispers ions in 50 m M  KC1 and  30 m M  
Glycylglycine buffer  a t  p H  7.2 were sonica ted  at  5~ 
under  N 2 to m i n i m u m  optical  dens i ty  T, s. Ph!orizin 
b inding  to lipid vesicles was measured  spec t ropho to -  
metr ica l ly  in doub le -chamber  mix ing  cuve t tes  (Hellma) 
a t  25~ The 2 c o m p a r t m e n t s  of the  reference cuve t t e  
were filled wi th  equal  volumes  (1 ml) of l ipid vesicles and 
buffer.  The sample  cuve t t e  con ta ined  vesicles in one 
ch amb e r  and phlor izin (20-75 /~M) in the  other.  The 
absorbances  of keto-phlor iz in  a t  285 n m  and of enol- 
phlor izin a t  325 n m  were measured  before mix ing  and 
wi th in  2 mid af terwards .  On the  a s sumpt ion  t h a t  the  
enolic form of phlor izin is no t  bound  to the  lipid vesicles, 
the  concen t ra t ions  of free and  bound  keto-phlor iz in  were 
calcula ted f rom these  absorbances  9. 

Results and discussion. The absorp t ion  spec t ra  of t he  
keto and enol t au tomer s  1~ of phlor iz in  are shown in Figure  
1 (Curves a and c). Also shown is the  effect  of PC vesicles 
on the  spectra .  The s p ec t ru m of phlor iz in  plus lipid a t  
p H  9.5 is ident ical  to  t h a t  of the  enolic species alone. The 
spec t rum of phlor izin plus lipid a t  p H  4.5 differs s l ight ly 
f rom t h a t  of the  ketonic species alone. These observa t ions  
suggest  t h a t  an associat ion of the  ketonic  species w i th  the  
phosphol ip id  occurs, accompanied  by  a change in the  
molar  abso rbancy  index  (aM). The effect  of PS  on aM was 
qua l i t a t ive ly  similar,  bu t  smaller.  In  the  calculat ion of 
free and bound  phlor izin concent ra t ions ,  correct ions  
were made  for this  small  change in a~. 

The  addi t ion  of l iposomes to  phlor izin a t  p H  7.2, close 
to the  pK~ of phlorizin,  lowers the  absorbance  at  325 nm 
and increases t h a t  a t  285 n m  (Figure 2). Together  wi th  
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Fig. 2. Effect of PC and PS vesicles on the phlorizin absorbance 
spectrum at pH 7.2. Phlorizin, 25 FM; phospholipid, 2 mM. a) phlo- 
rizin; b) phlorizin and PS; e) phlorizin and PC. 
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Number and affinity of phlorizin binding sites of lipid bilayer vesicles 

EXPERIENTIA 31/1 

Preparations K (I/mole) • 104 n (~zmoles/mmole PL) 

PC PS PC PS 

Pure Phospholipids (5) 

Phospholipids pIus Cholesterol (1:1) (5) 

2.1 • 0.2 1.0 -[- 0.2 98 • 8 112 ~ 14 

1.5 ~_ 0.2 1.6 • 0.3 86 ~ 11 67 =t- 13 

The association constant (K) and the number of binding sites (n) were calculated from the least squares regression lines of the Seatchard 
plot. Values are means ~ S.E. In parentheses number of measurements. PL represents total phospholipid. Lipid phosphorus was determined 
according to BARTLETT 15. 

t h e  d a t a  in  F igure  1, t h e  inverse  v a r i a t i o n  of enolic a n d  
ke ton ic  peaks  s t rong ly  suggests  t h a t  t he  uncha rged ,  
ke ton ic  fo rm of ph lo r i z in  b inds  r ap id ly  to t h e  phospho-  
l ip id  bi layers .  

F igure  3 shows t h e  r e l a t ionsh ip  b e t w e e n  b o u n d  ph lo r i z in  
a n d  t h e  c o n c e n t r a t i o n  of t he  free ke ton ic  species. A 
S c a t c h a r d  p lo t  of t he  d a t a  is shown  in t h e  inset .  As 
shown  in t h e  Table ,  t he  assoc ia t ion  c o n s t a n t s  of pu re  PC 
a n d  P S  b i layers  differ  s ign i f i can t ly  (p < 0.005), whi le  t he  
co r re spond ing  n u m b e r  of b i n d i n g  si tes do n o t  (p > 0.4). 
Since a t  p H  7.2 t he  vesicles of PC are isoelectr ic  a n d  those  
of P S  n e g a t i v e l y  cha rged  n,  t h e  smal l  d i f ference in 
aff ini t ies  suggests  t h a t  t h e  charge  of t he  phos pho l i p id  
head  groups  p lays  a m i n o r  role in  t he  b i n d i n g  process.  

Cont ro l  e x p e r i m e n t s  i nd i ca t ed  t h a t  ph lo r i z in  p e n e t r a -  
t i o n  of t h e  vesicles d u r i n g  t h e  b i n d i n g  m e a s u r e m e n t s  is 
negligible.  Thus ,  if i t  is a s s u m e d  t h a t  all t h e  p h o s p h o l i p i d  
is p r e sen t  in  t h e  fo rm of single b i l aye r  vesicles of 250 A 
d i a m e t e r  s,~2, a b o u t  70% of t be  t o t a l  phos pho l i p i d  would  
be  on  t h e  ou t e r  vesicle surface  ~, ~a, and  hence  be  ava i l ab le  
for b ind ing .  Accordingly ,  PC and  P S  b i l aye r  vesicles 
b i n d  m a x i m a l l y  a b o u t  150 #m o l e s / m m ol e  phos pho l i p id  
or 1 ph lo r i z in  pe r  7 phos pho l i p i d  molecules.  

Choles terol  (1:1 m o l a r  ra t io)  lowers t h e  ph lo r i z in  
a f f in i ty  of PC b i layers  a n d  raises  t h a t  of P S  to  r e s u l t a n t  
va lues  w h i c h  are no t  s ign i f i can t ly  d i f fe ren t  f rom each  
o the r  (p > 0.7). For  t he  r ange  of ph lo r i z in  c o n c e n t r a t i o n s  
s tudied ,  S c a t c h a r d  ana lys i s  aga in  i nd i ca t ed  a h o m o g e n e o u s  
p o p u l a t i o n  of b i n d i n g  sites. The  presence  of cholesterol ,  
does no t  a l t e r  t he  b i n d i n g  c a p a c i t y  pe r  p h o s p h o l i p i d  
molecule  of PC b i layers  s ign i f i can t ly  (p > 0.4) ; however ,  
i t  t e n d s  to  r educe  t h a t  of P S  b i layers  b y  a b o u t  40% 
(p < 0.05). I f  one assumes  a size of a b o u t  250-300 ~_ for 
t h e  choles tero l  c o n t a i n i n g  vesicles~% one can  ca lcu la te  
t h a t  cho les te ro l -PS  vesicles b i n d  m a x i m a l l y  on ly  96 
/~moles k e t o p h l o r i z i n / m m o l e  P S  or 1 ph lo r iz in  pe r  10 P S  
molecules.  

Zusammen/assung. S p e k t r o p h o t o m e t r i s c h e  Messungen  
a n  P h o s p h o l i p i d - D o p p e l s c h i c h t e n  zeigten,  dass  die 
K e t o - F o r m  yon  Ph lo r i z in  b e v o r z u g t  g e b u n d e n  wird.  
P h o s p h a t i d y l c h o l i n  u n d  P h o s p h a t i d y l s e r i n  bes i t zen  be ide  
eine B i n d u n g s k a p a z i t g t  y o n  e twa  1 Molekfil  Ph lo r i z in  pro  
7 Molekii le Phosphol ip id .  I h r e  Af f in i t g t en  ftir Ph lo r i z in  
s ind 2.1 • 10 4 bzw. 1.0 • 10 ~ 1/mole. Die A n w e s e n h e i t  yon  
Choles te r in  ve r / inde r t  die B i n d u n g s p a r a m e t e r .  
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Fig. 3. Concentration dependence of phlorizin binding. Graph depicts 
data of a representative experiment. A Seatchard plot of the data is 
shown in the inset with ordinate: bound phlorizin ([zmole/mmole)/free 
keto-phlorizin ([LM); abscissa: [zmoles phloriziI1 bound/mmole total 
phospholipid. Phlorizin, 20-75 ~zM; phospholipid, 0.5 raM. 
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