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pigs, hamsters ,  gerbils and mice, did not  cause in these 
animals  any  pathologic  mani fes ta t ion  and was not  isolated 
f rom the i r  blood or f rom their  organs. W h e n  inocula ted 
into frogs, the  leptospira  only caused a sl ight  and in- 
cons tan t  an t ibody  response. I t  could not  be recovered 
f rom the  organs of these amphibians .  

Serological tests  were executed,  by  the  agglu t ina t ion  
test, compar ing  the  s t ra in  isolated to leptospiras  belonging 
to 13 pathogenic  serotypes and to a strain of the  'b i f lexa '  
complex.  I t  was not  possible to ascertain any  consis tent  
ant igenic af f in i ty  be tween  the  s train of the  frog and the  
leptospira  strains compared  to it. 

I t  is in teres t ing to po in t  out  t ha t  the  serum of the  
frogs cons t i tu t ing  the  pool  f r o m  which the  leptospira  has 
been isolated did not  conta in  any agglut inins for this 
strain.  

We  have  received the  s t ra in  in question,  marked  I.C.F. 
f rom Dr. DIESCH, w h o m  we w a r m l y  t hank  for his kindness. 
The  s train has been main ta ined  here in Kor thof -Babudie -  
r i 's  medium.  

First ly,  we have  submi t t ed  the  s train to the  b iochemical  
tests which pe rmi t  us to di f ferent ia te  pa thogenic  lepto- 
spiras f rom'  saprophyt ic  ones. More precisely, the  s train 
has been inseminated  in m e d i u m  conta in ing 8-azoguanine 
(420~x/ml) copper  sulphate  (1:100,000) and p e p t o n e p l u s  
bicarbonate ,  according to MAZZONELLI 4. The  leptospira  
has not  developed in any  of these media,  this behav ing  
like a typ ica l  pa thogenic  leptospira.  

The  leptospira  has been inocula ted  i.p. into young  
guinea-pigs. They  did not  show any sign of disease. I t  
was recovered f rom the  blood 1 h after  inocula t ion;  not  
later. I t  could no t  be recovered f rom the  l iver  or k idney  
of t i le animals  sacrificed af ter  7 days. 

La te r  on, af ter  prepar ing  wi th  i t  an immune  serum at  a 
high t i te r  (1:1,000,000), the  leptospira  under  s tudy  was 
compared,  by  cross-agglut inat ion test,  to the  reference 
strains of all the  serotypes of pathogenic  leptospiras 
known so far 5, as well  as to a leptospira  s t rain recent ly  

isolated in the  Phil ippines Islands, f rom the  kidneys of a 
toad  (strain 3-C) and still  under  s tudy.  The  strains 
employed  in this  tes t  were, a l together ,  141. None of these 
strains was found to have  a s ignif icant  ant igenic af f in i ty  
wi th  the  s train I.C.F. I t  only showed a ve ry  sl ight  af f in i ty  
wi th  the  ]avanica serotype.  Consequently,  we can af f i rm 
t h a t  the  s train I.C.F. belongs to the  group of pa thogenic  
leptospiras  and t h a t  i t  represents  in this group a new 
serogroup and a new serotype,  for which we suggest  the  
name  'ranarum'. 

I t  is in teres t ing to realize t h a t  amphib ians  m a y  be 
carriers of pa thogenic  leptospiras.  However ,  in the  case 
we are examining,  the  scarce vi rulence shown by  the  
s train I .C.F.  for common  labora to ry  animals  and even for 
frogs, and the  fact  t h a t  i t  belongs to a new serotype,  which 
so far has never  been acknowledged to be responsible for 
cases of leptospirosis in human  beings or in domest ic  
animals,  makes  us presume t h a t  the  epidemiological  
impor tance  of this  leptospira  is ve ry  l imited.  

Zusammen/assung. Nachweis,  dass Nieren von  Rana 
pipiens Tr~ger pa thogener  Leptospi ren  sein k6nnen und 
dass in deren Sys tem mi t  dem neuen Lep tosp i r ens t amm 
eine bisher unbekann te  Serogruppe aufgefunden wurde, 
ffir welche der Name  'ranarum' vorgeschlagen wird. 
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T H E O R I A  

On the  M o l e c u l a r  M e c h a n i s m  of Ac t ion  of the  T e t r a c y c l i n e s  

The te t racycl ines  are known to exert  the i r  ant ib io t ic  
ac t iv i ty  by  b inding to the  30 S r ibosome and blocking the  
b inding of aminoacyl  t - R N A  1. Since the  r ibosomes are 
const ructed of 1RNA and prote in  i t  m a y  be possible to 
suggest the  na ture  of the  b inding  site of te t racycl ines  by  
a comparison of molecular  models  of the  drug wi th  pos- 
sible var ia t ions  of ~RNA, prote in  or RNA-pro t e in  struc- 
tures avai lable  to bind the  small,  complex  and f ixed 
molecule of a typ ica l  te t racycl ine.  

Material and methods. As described in a previous  com- 
munica t ion  ~ Corey-Pau l ing-Kal tun  models  of a va r i e ty  of 
te t racycl ines  were prepared  as well  as segments  of var ious  
R N A  and prote in  s t ructures  and thei r  relat ionships 
examined.  

Results. The - O H ,  = O ,  - O H  grouping common  to all  
te t racycl ines  is comp l imen ta ry  to the  NH,  NH,  O group- 
ing of an Arg-Glu ionical ly bonded pair  or to the  N :, NH,  
O grouping of G-C (minor side) and A-U (major  side) base 
pairs. Therefore,  as working hypotheses  we set up 1. two 
prote in  segments  (fl-pleated sheet  conformation) ,  joined 
by  2 Arg-Glu ionic (double resonating) cross links, and 
2. a segment  of R N A  wi th  var ious  base pairs. We  could 
observe no par t icu lar  re la t ionship be tween  the  te t ra -  
cycline molecule and s t ructure  1, bu t  a close relat ionship 

became apparen t  to a ful ly ex tended  segment  of R N A  
(double strand) of sequences GC:GC or G C : A U  as shown 
in Figures  I and 2. The te t racycl ine  molecule s i ts  on the  
minor  groove side and forms a roof over  the  gap be tween  
the  separa ted  base pairs.  I t  b inds  as follows (hydrogen 
bonds except  where s ta ted :  the  numbers  refer to the  
bonds marked  in Figure  1) : 1, 10 OH group to cytosine 0; 
2, 11 = 0 f rom guanine N H ;  3, 10 O H  to guanine 3N; 
4, the  OH between C1~ and C 1 to ribose ring 0 ; 8, the  basic 
NH+ to phospha te  O -  (ionic) ; 7, the  3 OH to the  G (or A) 
3 N :  of the  second pair ;  5, the  2 C = O  from the  ribose 
2 O H  of the  second pair  pur ine  base (weak interact ion) ;  
9, the  6 O H  to C = O  (or U =O)  of the  second pair  and (10, 
11, 12) the  C7, 8, 9 hydrogen  (and 7 C1 of chlor te t racycl ine  
and demeclocyline) make  l ipophil ic  contacts  wi th  ribose 1 
and 4 CHs of the  second pair  and the  ribose 4 C H  of the  
first  pair, respect ively.  The  N H  2 group 6, (or NH.CH2.N 
(C4I-Is) group of rol i tetracycline)  in tercala tes  be tween the  
pur ine  ~ clouds. There  is no th ing  to indicate  whether  t h e  
pur ine  of pair  2 is guanine or adenine since the  5 posi t ion 
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of t he  t e t r acyc l ine  is some 1/2 A ou t  of c o n t a c t  w i t h  t h e  
2 pos i t ion  of t h e  pur ine .  The  O H  in th i s  pos i t ion  in oxy-  
t e t racyc l ine ,  m e t h a c y c l i n e  and  deoxycyc l ine  is no t  w i t h i n  
H - b o n d i n g  d i s t ance  f rom the  guan ine  2 H N - g r o u p  a n d  
t h e  CH in th i s  pos i t ion  in te t racyc l ine ,  ro l i t e t racy l ine ,  
ch lo r t e t r acyc l ine  a n d  demeclocycl ine  is l ikewise no t  in  
l ipophi l ic  c o n t a c t  w i t h  t he  2 CH group  of adenine .  
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Fig. 1. A composite tetracycline (including all the active groups of the 
tetracyclines listed in GOOD~AN and GILLMAX a. The suggested mode 
of binding is indicated as numbered in the text. The molecule is 
turned over relative to its normal presentation in line formulae. 

The  general  ' f i t '  is e x t r e m e l y  precise w i t h  cor rec t  b o n d  
angles  m a i n t a i n e d  in all  cases. E v e r y  O H  group  is used 
as a n  H - b o n d  donor .  The  on ly  groups  n o t  ac t ive ly  i nvo lved  
in h y d r o g e n  b o n d  or ionic i n t e r ac t i o n s  are t h e  C 1 = 0 a n d  
t h e  amide  group on 2 ( these groups  m a k e  a v a n  der  W a a l s '  
c o n t a c t  w i t h  the  pu r ine  ~ clouds).  Thus  t h e  t e t r acyc l ine  
b inds  b y  6 h y d r o g e n  bonds ,  1 ionic b o n d  a n d  va r ious  
l ipophi l ic  bonds  an d  weak  in te rac t ions .  

A n  a l t e r n a t i v e  s i te  is p r o v i d e d  b y  a s t r a n d  of R N A  in 
the  ful ly e x t e n d e d  c o n f o r m a t i o n  (2Gs) b o u n d  to p r o t e i n  
(-Glu-x-Glu-) b y  2 G-Glu  ion-dipole  bonds .  I n  th i s  case 
the  10 O H  an d  6 O H  b i n d  to Glu Os an d  C7 a n d  9 l ipo- 
phi l ic  b o n d s  are to  Glu m e t h y l e n e s  a n d  t h e  C 8 l ipophi l ic  
b o n d  to t h e  ~ CH of x. 

A complex  p ro t e i n  s t r u c t u r e  could be  der ived  based  on  
2 para l l e l  f i-pleated cha ins  cross l inked  b y  on e Arg-Glu  
l ink  plus  one or more  a d d i t i o n a l  cha ins  to  p rov ide  b i n d i n g  
si tes for t h e  12-1 OH, t h e  basic  N H +  a n d  t h e  6 O H  groups  
wh ich  c a n n o t  be  a c c o m m o d a t e d  on  ti le f i rs t  s t ruc tu re .  

Discussion. This  precise f i t  descr ibed  is n o t  a t t a i n a b l e  
on  al ly o the r  s t r u c t u r e  i nvo lv ing  RNA.  A m a n a t i n  h a s  a 
s imi la r  precise s t e reochemica l  r e l a t ionsh ip  to a s eg men t  
of R N A  (or complexed  i n d i v i d u a l  nucleot ides)  b o u n d  to  
p ro t e in  3. T h e  R N A  sequence  requ i red  is 3 aden ines  an d  
t h e  p ro t e i n  sequence  is -Gin-x-Gin-x-Gin- .  I n  t h i s  case 
d o u b l e - s t r a n d e d  R N A  will  n o t  do. R ibosomes  could also 
h a v e  a s eg men t  of R N A  b o u n d  to  p ro t e i n  in  a c o m p a r a b l e  
m a n n e r  (G-Glu in place  of A-GIn).  A l t e r n a t i v e l y  t h e  
' r ecep to r '  for t e t r acyc l ines  could be  co n s t ru c t ed  en t i r e ly  
f rom R N A  (double  s t r a n d e d  G C : G C  or G C : A U ) .  This  
s t r u c t u r e  could be  loca ted  in or  a d j a c e n t  to  t h e  b i n d i n g  
si te  for a m i n o a c y l  t - R N A  so t h a t  o c c u p a n c y  b y  t h e  
t e t r acyc l ine  b locks  t h e  b i n d i n g  of t i le l a t t e r .  I t  would  be  
of in t e res t  to  explore  t h e  r e l a t ionsh ip  b e t w e e n  t h e  
s t ruc tu res  we h a v e  descr ibed  an d  t - R N A .  

Rdsumd. L 'usage  de modules  mol6cula i res  C P K  p e r m e t  
de c o m p a r e r  la s t r u c t u r e  des mol6cules de Ia t6 t r acyc l ine  

celle des mol6cules du  RNA.  I1 est  sugg6r6 que le s i te  
r6cepteur  de la t6 t r acyc l ine  sur  le r i bosome  c o m p r e n d  soft  
du  R N A  ~ double  tresse,  d o n t  les r a d i c a u x  form6s p a r  
GC/GC ou GC/AU,  soft  u n  complexe  R N A / p r o t 6 i n e  
s t 6 r 6 o c h i m i q u e m e n t  ana logue  au  p r6ceden t  ou ~ la por-  
t ion  CC (ou CU) du  RNA.  I1 p e n t  enf in  6tre  r empiac6  p a r  
une  p o r t i o n  i somorph ique  de p ro t6 ine  a y a n t  une  s6quence 
aminoac id ique  tel le  que Glu-x-Glu  (ou Glu-x-Gln) .  
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Fig. 2. A CPK model of the proposed mechanism of binding of tetra- 
cyelines to the ribosome. 
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A Model  For  I n v e s t i g a t i n g  E r y t h r o p o i e s i s  1 

Basic  models  showing  t he  f eedback  c i rcui t  respons ib le  
for  t he  r egu la t ion  of red cell p roduc t ion ,  h a v e  been  
cons t ruc t ed  f rom the  resul t s  of i nves t i ga t i ons  conce rn ing  
erythropoies is .  The  mode ls  are  con t i nua l l y  be ing  modi-  
fied 3-4, since ce r t a i n  factors,  once t h o u g h t  to  be  t he  source 
of e r y t h r o p o i e t i n  h a v e  no  e ry th ropo ie t i c  a c t i v i t y  5. 

A l t h o u g h  t h e  role of e r y t h r o p o i e t i n  in  t h e  r egu la t ion  of 
red  cell d e v e l o p m e n t  is well  es tab l i shed ,  t h e  processes  of 
p r o d u c t i o n  an d  release r e m a i n  unclear .  T h e  resu l t s  of 
ear ly  i nves t i ga t i ons  suggested  t h a t  e r y t h r o p o i e t i n  is 
p roduced  b y  t h e  k i d n e y  6, v, a n d  t h a t  i t s  s i te  of ac t ion  is t h e  
bone  m a r r o w  s t e m  cellS, 9. I t  is n o w  t h o u g h t  t h a t  e ry th ro -  


