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t he  i nhe r i t ed  suscep t ib i l i ty  of t he  H r a t s  to  h y p e r t e n s i o n  
m a y  be associa ted w i t h  a n  i nhe r i t ed  a n o m a l y  in sod ium 
t r anspo r t .  

Rdsumd. Nous  avons  6 tudi6  le f lux  du  sod ium (Na 22) 
dans  des h6mat ie s  p r o v e n a n t  de 2 souches  de r a t s  o b t e n u e s  
pa r  c ro i sement  consangu in  et  pos s6dan t  une  suscept ib i l i t6  
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d i f f6rente  ~ l ' h y p e r t e n s i o n  art6rielle.  L a  t ens ion  art6riel le 
chez les r a t s  h y p e r t e n d u s  6 taf t  158 ~: 11 m m  Hg vs 
123 :t: 7 m m  H g  chez  les r a t s  n o r m o t e n s i f s  (p < 0.01). 
L ' e f f lux  du  sodium,  p a r  heure,  6 taf t  p lus  rap ide  chez les 
a n i m a u x  h y p e r t e n d u s  (1.38 4- 0.26) que  chez les normo-  
tensi fs  (1.03 ~: 0.08, p < 0.01). 
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Inhibitors of the Adhesiveness of Enteropathogenic E. coil 

M a n y  species of en t e robac t e r i acae  h a v e  nonf lage l la r  
appendages  cal led f imbriae .  The  roles of f imbr iae  are a t  
t he  p r e sen t  no t  wel l -def ined.  S t rong  ev idence  has  been  
p rov ided  b y  DUGUID 1 t h a t  t h e y  confer  adhes ive  p roper t i e s  
on baci l l i  and  t h a t  on ly  t he  f i m b r i a t e  bac t e r i a  are able  to  
adhere  to  d i f fe rent  t ypes  of ceils, inc lud ing  t he  ep i the l ia l  
cells of i n t e s t i n a l  mucosa .  M u t a t i o n s  can  affect  t h e  

syn thes i s  of f imbr iae  1. DAREKAR et  al. 2,8 h a v e  shown  
in mice cha l lenged  w i t h  t h e  f i m b r i a t e  s t r a in  of S. typhimu- 
rium or t h e  n o n - f i m b r i a t e  m u t a n t  de r ived  f rom it, t h a t  
t h e  f i m b r i a t e  s t r a i n  p roduced  g rea te r  n u m b e r  of infec t ions  
a n d  h a d  grea te r  oppo r tun i t i e s  for d i s s emina t i on  a n d  sp read  
to suscep t ib le  hosts .  FUBARA a n d  FRETER* h a v e  g iven  
ind i r ec t  ev idence  t h a t  t h e  adhes ive  p rope r t i e s  p l ay  a 

Fig. 1. t~lectron-microphotograph 
of fimbriate-Escherichia coli 
0125 : K 70. Shadow-cast, • 27,000. 
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role in  t he  pa thogenes i s  of cholera,  a l lowing t he  v ibr ios  
to  adhe re  to  i n t e s t i n a l  mucosa ,  grow a n d  p roduce  
en te ro tox in .  B y  way  of analogy,  i t  can  be supposed  t h a t  
the  same adhes ive  p roper t i e s  e n h a n c e  t he  p a t h o g e n i c i t y  
of s o m e  e n t e r o p a t h o g e n i c  E. coli s t r a in s  or  exp la in  t h e  
c h r o n i c i t y  of u r i n a r y  infec t ions  caused  b y  E. coll. 

The  a im of th i s  work  was  to  s t u d y  inh ib i t o r s  of t h e  
adhes iveness  of e n t e r o p a t h o g e n i c  E.  coli, 

Material and methods. E.  coli strain. The  s t r a i n  E. coli 
0125: K 70 i so la ted  f rom the  stools of a d ia r rhoe ic  chi ld  
has  been  selected because  of i ts  s t rong  h e m a g g l u t i n a t i n g  
a c t i v i t y  and  i ts  r i ch ly  f i m b r i a t e  a p p e a r a n c e  u n d e r  
e lec t ron  microscope (Figure 1). This  s t r a in  was g iven  to  us  
b y  Dr  H.  HILPERT f rom Nest l6  SA (Vevey, Swi tzer land) .  
The  bac t e r i a  are g rown for 48 h a t  37~ in N u t r i e n t  
B r o t h  (Oxoid, London ,  Eng land) .  F o r m a l d e h y d e  was 
added  to t he  cu l tu re  a t  a f ina l  c o n c e n t r a t i o n  of 0.25%. 
The  b a c t e r i a  were washed  3 t imes  and  r e suspended  in 
p h o s p h a t e  buffer  sal ine (PBS).  

Preparation o/isolated/imbriae. The  bac t e r i a  were g rown 
for 48 h a t  37~ in N u t r i e n t  Bro th .  Af te r  m e c h a n i c a l  
t r e a t m e n t  of t he  bac te r i a l  cul ture ,  t he  f imbr iae  were 

isolated,  accord ing  to ]3RINTON 5, b y  p rec ip i t a t i on  a t  t h e  
p H  (3.9) fol lowed b y  pa rac r i s t a l l i za t ion  w i t h  Mg CI~  
0.1 M.  1 1 of cu l tu re  p roduced  a b o u t  2 m g  of p ro t e i n  as 
d e t e r m i n e d  b y  KJXLDAHL or b y  m i c r o b i n r e t  me t h o d .  The  
e lec t ronmicroscopic  e x a m i n a t i o n  d i sp layed  t h e  typ ica l  
m o r p h o l o g y  of f imbr i ae  (Figure  2). 

Hemagglulination test. Guinea-p ig  e r y t h r o c y t e s  were 
washed  3 t i m e s  in P B S  a n d  used as a 3% suspens ion  ill 
PBS .  The  t e s t  was pe r fo rmed  on p las t i c  t r a y s  b y  m i x i n g  
50 ~.1 of t h e  fo rmal ized  bac te r i a l  suspens ion  or of t he  
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5 C. C. BRINTON, Trans. N. Y. Aead. Sei. 27, 1003 (1965). 

Fig. 2. Electron micro-photograph 
of isolated fimbriae from E. coli 
0125 : K 70 Shadow-cast, • 78,000. 
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f imbr ia l  suspens ion  w i t h  50 ~1 of t he  e r y t h r o c y t e  suspen-  
sion. I n  t i le expe r i m en t s  of inh ib i t ion ,  a m i n i m a l  con- 
c e n t r a t i o n  of bac t e r i a  or of f imbr iae  was p rev ious ly  mixed  
w i t h  t he  inh ib i tors ,  and  t h e n  added  to  the  e ry th rocy tes .  

Carbohydrates. D-mannose,  D-glucose and  D-lactose 
h a v e  been  p u r c h a s e d  f rom Merck,  D a r m s t a d t ,  Ge rmany .  
M a n n a n e  f rom Sigma,  St-Louis,  Missouri.  e -me thy l -  
mannos ide ,  L-mannose,  N-ace ty lg lucosamine ,  N-ace ty l -  
ga lac tosamine ,  D-fUcose a n d  N - a c e t y l n e u r a m i n i c  acid, 
f rom F l u k a  AG, Buchs ,  Swi tzer land .  

Electron microscope preparations 6. The  cu l tu re  of 
bac t e r i a  (48 h a t  37~ in N u t r i e n t  Bro th )  was  f ixed b y  
add i t i on  of f o r m a l d e h y d e  to  a f ina l  c o n c e n t r a t i o n  of 
0.25~o. The  b a c t e r i a  were washed  in dis t i l led w a t e r  a n d  
p repa red  in f i lms shadow-cas t  w i t h  P l a t i n i u m  (Figure 1). 
The  suspens ion  of i sola ted f imbr iae  was d i lu ted  to  approxi -  
m a t e l y  0.2 txg p ro t e i n  pe r  ml  and  p r e p a r e d  in t he  same 
way  as t he  whole  b a c t e r i a  (Figure 2). 

Results. U n d e r  t h e  cond i t ions  used t he  m i n i m a l  con- 
c e n t r a t i o n  of E. coli 0125: K 70 to give vis ible  hemag-  
g l u t i n a t i o n  was of t he  order  of 10 s per  ml  (ca. I bac t e r i a  pe r  
e ry th rocy te ) .  W h e n  us ing  f imbr i ae  i n s t ead  of whole 
bac ter ia ,  h e m a g g l u t i n a t i o n  va r i ed  f rom one p r e p a r a t i o n  
to  a n o t h e r  a n d  could be  obse rved  genera l ly  a t  p ro t e in  
c o n c e n t r a t i o n s  of 10 to  100 vtg and  as low as 1 txg f imbr ia l  
p ro t e in  pe r  ml. 

The  resul t s  r epo r t ed  in t he  Tab le  showed  t h a t ,  a m o n g  the  
c a r b o h y d r a t e s  tes ted ,  on ly  D-mannose  and  i ts  de r iva t ives  
( e -me thy l -mannos ide ,  m a n n a n e )  were able  to  i nh ib i t  t he  
h e m a g g l u t i n a t i o n  caused  e i the r  b y  ti le whole  bac t e r i a  or 
t h e i r  i sola ted f imbr iae .  L-mannose,  D-glucose, D-lactose, 
N-ace ty lg lucosamine ,  N-ace ty lga lac tosamine ,  D-fucose 
and  N - a c e t y l n e u r a m i n i c  acid d id  no t  exer t  a n y  i n h i b i t o r y  
effect. 

Discussion. DUGUID and  GILLIES s found  t h a t  D- 
m a n n o s e  i n h i b i t e d  t he  a g g l u t i n a t i o n  of h u m a n  and  guinea-  
p ig  e r y t h r o c y t e s  and  of t he  cells of Candida Mbicans by  
f i m b r i a t e  Shigella [lexneri or E. coli s t ra ins .  O the r  
c a r b o h y d r a t e s  such  as D-glucose, D-galactose,  D-xylose, 
D-raffinose, L-arabinose,  mal tose ,  lactose,  sucrose, m a n n i -  
tol,  sorb i to l  and  inosi to l  d id  no t  i nh i b i t  t he  adhes ive  
p roper t i e s  of these  f i m b r i a t e  bac te r ia .  I n  our  work,  we 

Effect of various carbohydrates on the hemagglutination caused by 
E. coli 0125 : K 70 or its isolated fimbriae 

h a v e  conf i rmed  the  effect of D-mannose,  us ing  a pa thogen ic  
s t r a in  of E. coli. W e  h a v e  shown  t h e  a c t i v i t y  of D- 
mannose ,  to  be  stereospecif ie ,  s ince L-mannose  is non  
inh ib i to ry .  

D-mannose  is an  essent ia l  c o n s t i t u e n t  of t he  red  b lood  
cell m e m b r a n e .  O t h e r  c a r b o h y d r a t e s  found  ill such  
m e m b r a n e s ,  such  as N-ace ty lg lucosamine ,  N-ace ty l -  
ga lac tosamine ,  D-fucose and  N - a c e t y l n e u r a m i n i c  acid are 
u n a b l e  to  suppress  t he  adhes ive  p roper t i e s  of E. coli. 

The  e x p e r i m e n t s  done  w i t h  t i le i so la ted  f imbr iae  
h a v e  g iven  ana logous  results .  I t  m u s t  be  po in t ed  ou t  
t h a t  bac t e r i a l  c o n t a m i n a t i o n  was di f f icul t  to  avo id  in 
BRINTOX'S p rocedure  w h i c h  was used t h r o u g h o u t  th i s  
work  to  p r e p a r e  isola ted f imbr iae .  However ,  i t  was  
possible  to  rule  ou t  t he  poss ib i l i ty  of h e m a g g l u t i n a t i o n  
caused  b y  b a c t e r i a  c o n t a m i n a t i n g  t he  f imbr ia l  p repa ra -  
t i on :  1. The  c o n c e n t r a t i o n  of b a c t e r i a  in  t i le p r e p a r a t i o n  
of i sola ted f imbr iae  was of t he  order  of 104 b a c t e r i a  pe r  lnl  
wh ich  was 10'  t imes  lower t h a n  t he  m i n i m a l  c o n c e n t r a t i o n  
of b a c t e r i a  caus ing  h e m a g g l u t i n a t i o n .  2. Af te r  r e m o v i n g  
the  b a c t e r i a  b y  f u r t h e r  c en t r i f uga t i on  on a g rad ien t  of 
sucrose (10-50%)  for 1 h a t  100,000 g, t h e  i so la ted  
f imbr i ae  h a v e  been  shown  to  cause  h e m a g g l u t i n a t i o n .  

The  D-mannose  exer t s  i ts  specific effect  also on  t he  
h e m a g g l u t i n a t i o n  caused b y  i so la ted  f imbr iae  sugges t ing  
t h a t  these  p ro t e in s  b i n d  to  cell m e m b r a n e s  a t  specific 
si tes con ta in ing  a D-mannose  residue.  

Tile poss ib i l i ty  of us ing  some of t h e  c a r b o h y d r a t e  com- 
p o u n d s  ou t l i ned  above  as t h e r a p e u t i c  or p r o p h y l a c t i c  
agen ts  in  h u m a n  E. coli in fec t ions  will d e p e n d  u p o n  t h e i r  
e x p e r i m e n t a l  e v a l u a t i o n  in a su i t ab le  l a b o r a t o r y  an imal .  

Summary. The  en te ro-pa t t logen ic  s t r a in  of E. coli 
0125: K 70 was able  to  adhere  to  w a s h e d  guinea-p ig  
e r y t h r o e y t e s  a n d  to  cause t h e i r  agg lu t ina t ion .  E l ec t ron  
mic roscopy  revea led  th i s  s t r a in  to  be  r ich in f imbriae .  
T h e y  were able  to  cause  h e m a g g l u t i n a t i o n  b y  themse lves ,  
genera l ly  a t  p r o t e i n  c o n c e n t r a t i o n  of 10 to 100 ~g pe r  m h  
D-mannose  and  e - m e t h y l m a n n o s i d e  were able  to  i n h i b i t  
h e m a g g l u t i n a t i o n  b y  t he  whole  bac t e r i a  or t he i r  i so la ted  
f imbr iae  a t  c o n c e n t r a t i o n s  of 0.003 to 0.012 mg/ml .  
L-mannose,  D-lactose, D-glucose, N-ace ty lg lucosamine ,  
D-galactose, N-ace ty l -D-ga lac tosamine ,  D-IUCOSe, d id  no t  
exer t  a n y  i n h i b i t i n g  effect  a t  c o n c e n t r a t i o n s  as h igh  as 
50 mg/ml .  N-ace ty l -neu ramin i c  acid was also nnef fec t ive  
a t  c o n c e n t r a t i o n  as h igh  as 9 mg/ml .  
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D-mannose 0.012 0.003 
e-m6thylmannoside 0.006 0.003 
mannane 0.100 0.025 
L-mannose > 100 100 
D-lactose > 100 > 100 
D-glucose > 100 100 
N-acetyl-D-glueosamine > 100 > 100 
D-galaetose > 100 > 100 
N-acetyl-D-galactosamine > 100 > 100 
D-fucose > 100 > 100 
N-aeetylneuraminie acid > 9 > 9 

Each experiment has beell repeated 2 to 5 times and the difference 
between inhibitory and non inhibitory carbohydrates has been found 
highly significant. 
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