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E s t a b l i s h m e n t  of  the I n d i g e n o u s  M i c r o b i a l  F lora  
of the  In te s t ines  in the Course  of the  E v o l u t i o n  of 

V e r t e b r a t e s  

I t  is h ighly probable  tha t  m a n y  parasi tes  h a v e  evo lved  
con temporaneous ly  to thei r  hosts, paras i t i sm being a ve ry  
long-s tanding phenomenon  and an ear ly  biological  t r a i t  
of ver tebra tes  (CAMERON ~). While  inves t iga t ions  of com- 
pa ra t ive  paras i to logy have  been carr ied out ,  e.g. on 
selerostomata ,  no serious a t t e m p t  has  been m a d e  to 
eva lua te  the associat ion of the  in tes t ina l  microbial  f lora 
wi th  the  evo lu t ionary  deve lopmen t  of ve r t eb ra t e s :  i t  is 
well known t h a t  the  indigenous flora inhabi t s  the  gu t  of 
m am mal s  and also of bi rds ;  b u t  in format ion  appears  
scan ty  or  mis leading in t he  case of cold-blooded animals .  

F r o m  the  a l imen ta ry  t r ac t  of the  c o m m o n  gar te rsnake  
(Tamnophis sirtalis sirtalis), MERGENHAGEN 2 isolated 
bacter ia  belonging to e ight  genera  and s ta ted  t h a t  ' there  
seems to be l i t t le  if any  difference in the  bac ter ia l  f lora of 
the  a l imen t a ry  canal  of po ik i lo thermic  and warm-blooded  
animals ' .  His  conclusion, being gra tu i tous ly  ex tended  to 
poik i lo thermic  animals  in general,  seems wrong, since a 
t rue  microbia l  f lora appears  to be absent  in the  in tes t ine  
of fish, which, af ter  brief  periods of fast ing,  tends  to  be- 
come sterile. 'The re  are  no c o m m o n  bacter ia l  commensa ls  
in the  intest ine of fish, bu t  the  presence of a bacter ia l  
flora depends  solely upon the  recent  i n t ake  of food and 
wate r '  (MARGOLIS a). 

Similar  conclusions are  shared by  POTTER and BAKER 4, 
GUI~LIN s and HUGGINS and RAST 6, only  LIs'roN 7 sug- 
gesting a hypo the t i ca l  analogy be tween  the  col i form 
popula t ion  of m a m m a l i a n  gu t  and some intes t inal  groups 
of genus Vibrio, isolated f rom specimens of Pleuronectes 
microcephatus and Raja sp. B u t  this  suggest ion awai ts  
conf i rmat ion.  

Our inves t iga t ions  were directed towards  the  s tudy  of 
the  missing ring of the  chain, i.e. amphibia ,  in par t icu lar  
those  l iving chiefly in an  aqua t i c  env i ronment .  Compara-  
t ive  exper iments  were per fo rmed  on newts  (Triturus 
cristatus carni[ex), frogs (Rana esculenta) and, for refer- 
ence, a teleost,  the  goldfish (Carassius auratus). Twelve  
adul t  specimens of each species were acc l imat ized  in 
runn ing  f lesh-water  a t  18°C. One- th i rd  of the  animals  
were killed 2 -4  h a f te r  the i r  last  feed; one- thi rd  af ter  
being kep t  fast ing for 7 days ;  the  remain ing  th i rd  af ter  2 
weeks of s ta rva t ion .  The  a l imen ta ry  canal  was isolated 
asept ica l ly  and slit in the  anterior ,  middle  and poster ior  
one- th i rd  regions. F r o m  the  in tes t inal  con ten t s  several  
slides were prepared  and eva lua ted .  

In  the  ac t ive ly  feeding fish several  bac ter ia  were ob- 
served, d i s t r ibu ted  t h roughou t  the  in tes t ines;  while in 
the  fast ing fish the  gu t  appeared  comple te ly  germ-free 
or  showed rare, isolated forms, chiefly in t h e  anter ior  one- 
th i rd  region. 

In  newts  a rich and mu l t i fo rm microbia l  f lora was ob- 
served,  much  more a b u n d a n t  in t he  h ind-gu t ;  there 
seemed to be l i t t le  if any difference in the  q u a n t i t y  and 
qua l i ty  of bac te r ia  be tween  ac t ive ly  feeding animals  and 
fast ing ones. 

In  the  frog, e i ther  recent ly  fed or s tarved,  the  intest inal  
f lora was cons tan t ly  present  and  v e r y  copious.  In  the 
poster ior  t r ac t  of the  gu t  i t  closely resembled  the  colonic 
flora of mammals .  

Two o the r  groups of goldfish and frog (5 specimens for 
each group) were fasted for 2 weeks. Then  the  stools of the 
last  24 h were collected and homogenized  and the  bac- 
ter ia  counted  by  number ing  the  colonies grown in agar 
pla tes  inocula ted  wi th  serial di lut ions.  The  average  num-  
ber  of bac te r ia  found in the  24h faeces of each goldfish 
was 2.10a; the  corresponding n u m b e r  for each frog was 
3-10-°°: t h a t  is, the  microbia l  popula t ion  present  in the  
24h faeces of a fas t ing frog is of the  order  of 1.5.101~ 
t imes  more  t h a n  in the  goldfish. 

I t  seems, therefore,  t h a t  ter res t r ia l  ver tebra tes ,  f rom 
amph ib i a  to man,  have  evolved  in in t ima te  association 
with  a complex  indigenous flora of the  intest ine.  On the 
contrary,  in the  in tes t ine  of fish, a t rue  microbia l  flora 
appears  to be absent  or  res t r ic ted  to a scan ty  and  labile 
form. 

The exp lana t ion  of such differences will be examined  
in a la ter  paper .  

Riassunto. ~ s t a t e  osservato  c h e l a  flora microbica  indi- 
gene  intest inale ,  p r a t i camen te  assente  nei Pesci, si t rova  
associata  s t ab i lmente  nei Te t rapodi ,  a par t i re  dagli  
Anfibi  Urodel i  e Anuri .  
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T h r e e  A n t i f u n g a l  P o l y p e p t i d e s  f r o m  
B a c i l l u s  sub t i l i s  

Among  the  ant i fungal  polypept ides  synthes ized by  dif- 
ferent  strains of Bacillus subtilis, the  baci l lomycins  have  
been  grouped toge ther  due to the i r  great  s imi la r i ty  in 
m a n y  respects :  molecu la r  weight ,  amino  acid composi-  
t ion,  pK,  solubil i ty,  biological  action,  etc. L 

In  this  communica t ion  we describe three an t i fungal  
polypept ides  ob ta ined  wi th  a s t ra in  of B. subtilis der ived  
f rom the  original  p roducer  of baci l lomycin  A S. These  
compounds  have  several  proper t ies  in c o m m o n  wi th  the  
members  of the  baci l tomycin  family.  

B. subtilis D I N R  49-4 was grown in Pov i t sky  flasks on 
po t a to  b ro th  admixed  wi th  2% of glucose and 0.4% of 
asparagine.  Af te r  15 days '  incuba t ion  a t  25°C the  cul ture  
was steril ized, b rough t  to p H  3 wi th  concen t ra ted  hydro-  
chloric acid and left  overn igh t  at  4°C. The turb id  l iquid 
was s t i r red wi th  Hyf lo-Superce l  (Johns Manville)  and 
centr ifuged.  The  solids ob ta ined  were ex t r ac t ed  wi th  hot  
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ethanol ,  t he  e x t r a c t  was  dr ied  a t  40 - 50°C  a n d  th i s  
residue was s u s p e n d e d  in h o t  m e t h a n o l .  T he  m e t h a n o l i c  
so lu t ion  was  dr ied  a n d  t h e  res idue  was r e e x t r a c t e d  in t he  
Same w a y  twice  more .  T h e  f inal  so lu t ion  was p r e c i p i t a t e d  
by  a d d i t i o n  of e t h e r  and  th i s  p r ec i p i t a t e  was  d issolved in 
m e t h a n o l  a n d  r e p r e c i p i t a t e d  w i t h  e t h e r  a t  leas t  4 more  
t imes.  T h e  yie ld  was  usua l ly  300 to  500 m g  of a b r o w n  
powder  pe r  l i t re  of f e r m e n t e d  b r o t h .  Th i s  m a t e r i a l  was  
fu r the r  pur i f ied  b y  c o u n t e r  c u r r e n t  d i s t r i b u t i o n  in t h e  
sys tem : s o d i u m  c i t r a t e  bu f f e r  0.15 M, p H  6.2 : m e t h a n o l  : 
b e n z e n e : n - b u t a n o l  ( 6 : 8 : 8 : 3 ;  v /v) .  A t  1392 t r ans f e r s  i t  
was poss ible  to  o b t a i n  f r ac t i on  I (K = 0.12), w h i c h  showed  
a m i n i m u m  i n h i b i t o r y  c o n c e n t r a t i o n  (mic) of 4 / ~ g / m l  on  
Neurospora crassa D I N R  136. W i t h  t h e  m a t e r i a l  r e m a i n i n g  
in the  c o u n t e r  c u r r e n t  d i s t r i b u t i o n  a p p a r a t u s ,  two f u r t h e r  
Cuts could be  o b t a i n e d  a t  2871 t r a n s f e r s :  f r ac t ion  I I  
( K = 0 . 0 7 ;  mic :  5 l ,g/ml)  a n d  f r ac t ion  I I I  ( K = 0 . 0 6 ;  
mic:  12.5/~g/ml).  

The  a m i n o  acid compos i t i on  of t h e  t h r ee  f r ac t ions  was 
r e m a r k a b l y  s imi la r :  (Asp3, Glu: ,  P r o  1, Ser  1, Tyr : ) .  Th i s  
analys is  was  p e r f o r m e d  on  t o t a l  ac id  h y d r o l y s a t e s  b y  t h e  
MOORE, SPACKMAN, a n d  STVnN m e t h o d S ;  t h e  w e i g h t  
recovery  was 80 to  92%.  T h e  m i n i m u m  molecu la r  w e i g h t  
of the  t h r e e  f r ac t ions  was ca lcu la ted ,  on  t he  basis  of one  
ty ros ine  res idue  pe r  mole,  b y  l igh t  a b s o r b a n c y  measu re -  

Comparative antimicrobiat spectra of the three polypeptides 
isolated 

Organism Minimum inhibitory concen- 
tration (/zg/ml) 

Polypeptides 

I II l II  

Corynebacterium diphtheriae G - 12-6 3~ 2> 32 ~> 32 
Neurospora crassa DINR 136 4 5 12.5 
Neurospora crassa 73a 6 6 ~5 
Penicillium chrysogenum ~ 32 4 2>32 
Trichophyton tonsurans 16 32 8 
Trichophyton rubrum 2> 32 32 2> 32 
Alternaria solani 4{) > 40 40 
Rhizoctonia solani 2> 40 d 0 > 40 
Mucor racemosus ~> 40 40 :> 40 
l~otrytis cinema 2> d0 40 2> 32 

m e n t s  a t  275 m/z a n d  also b y  d e t e r m i n a t i o n s  of amide  
n i t r ogen  (as suming  one  amide  g roup  pe r  mole).  The  va lues  
o b t a i n e d  were  c o i n c i d e n t  w i t h  t h e  one  de r i ved  f rom 
a m i n o  acid analys is .  I n  no  case  cou ld  a free a m i n o  g roup  
be  de t ec t ed  b y  r eac t i on  w i t h  1-fluoro-2, 4 - d i n i t r o b e n z e n e ;  
the  on ly  d e r i v a t i v e  o b t a i n e d  a f t e r  acid hydro lys i s  was  
O - D N P - t y r o s i n e .  

I n  sp i te  of t h e  chemica l  s imi la r i t i es  i n d i c a t e d  above ,  
t he  t h r e e  f rac t ions  showed  s ign i f i can t  d i f fe rences  in  t h e i r  
b iological  ac t iv i t i e s  (Table).  These  can  on ly  be  a sc r ibed  
to  s t r u c t u r a l  reasons  no t  c lear  a t  p resen t .  A l t h o u g h  t he  
a m i n o  acid analysis ,  t h e  N - t e r m i n a l  s tud ies  a n d  t h e  con-  
s i s t en t  resu l t s  o b t a i n e d  for t h e  mo lecu l a r  w e i g h t  i n d i c a t e  
a r easonab le  p u r i t y  of these  p r e p a r a t i o n s ,  i t  m u s t  be  
s t ressed  t h a t  t h e i r  d i s t r i b u t i o n s  were  n o t  s t r i c t l y  coinci-  
d e n t  w i t h  t he  t heo re t i ca l  ones  for p u r e  subs t ances .  E x -  
p e r i m e n t s  a re  now in progress  to  i n v e s t i g a t e  f u r t h e r  t h e  
chemica l  s t r u c t u r e  of these  c o m p o u n d s .  

Accord ing  to t h e  ' p r e s e n t  r e su l t s  t he se  a n t i b i o t i c s  are  
v e r y  s imi la r  to  t hose  of t h e  bac i l l omyc in  group.  One  sig- 
n i f i can t  difference,  t h o u g h ,  is t h e  p resence  of p ro l ine  in 
t h e i r  molecules  a 

Zusammen/assung. Drei  a n t i m y c o t i s c h e  P o l y p e p t i d e  
yon  g le ichem M i n d e s t m o l e k u t a r g e w i c h t  m i t  i d e n t i s c h e r  
A m i n o s g u r e z u s a m m e n s e t z u n g  (Asps, Glu~, Pro~, Ser~, 
Tyr : )  aus  B. subti l is-Kulturen w u r d e n  isoliert .  I n  k e i n e m  
yon  i h n e n  w u r d e n  A m i n o g r u p p e n  ge funden ,  die sich m i t  
dem Reagenz  v o n  Sange r  v e r b i n d e n .  T r o t z d e m  w u r d e n  
U n t e r s c h i e d e  i m  b io log ischen  V e r h a l t e n  ge funden .  Alle 
R e s u l t a t e  (Prol in  a u s g e n o m m e n )  d e u t e n  au f  e ine  Ver-  
w a n d t s c h a f t  m i t  de r  G r u p p e  de r  Bac i l lomycine .  
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S p e r m  N u c l e u s  of  Clibanarius longitarsis 

The  s p e r m  nuc leus  of Clibanarius longitarsis, a h e r m i t  
Crab, r eac t s  n e g a t i v e l y  to  al l  t h e  h i s t ochemica l  t e s t s  ap-  
plied for t h e  d e m o n s t r a t i o n  of D N A  - a n  essen t i a l  cons t i -  
t u e n t  of e v e r y  nucleus .  Howeve r ,  t h e  nucle i  of s p e r m a t o -  
gonia, s p e r m a t o c y t e s  (Figure  1), n u t r i t i v e  cells a n d  in te r -  
s t i t ia l  cells show t h e  p resence  of D N A  in t h e m .  

The  nuclei  of ea r ly  s p e r m a t i d s  show on ly  a feeble 
Feu lgen  r eac t i on  ~ for  DNA,  b u t  as t h e  process  of s pe rma-  
teleosis proceeds ,  e v e n  t h i s  sma t l  a m o u n t  of d e t e c t a b l e  
DNA g r a d u a l l y  becomes  u n d e m o n s t r a b l e ,  so t h a t  the  
m a t u r e  s p e r m a t i d  nucle i  are v i r t u a l l y  Feu l gen  nega t i ve  
(Figure 2) a n d  t h e  s p e r m  nuclei  t o t a l l y  lack d e m o n s t r a b l e  
t )  9 N A. I n d e e d  t h e r e  a re  no  t r aces  w h a t s o e v e r  of d e m o n s t r a -  
ble D N A  in a n y  region of t h e  r ipe  sperm.  

The  s p e r m a t i d  nuc l eus  a p p e a r s  s t ruc tu re l e s s  w i t h  on ly  
2 -3  l i gh t l y  s t a i n e d  g ranu le s  in  i ron  h a e m a t o x y l i n  2. T h e  
s p e r m  nuc l eus  a p p e a r s  pa le  a n d  s t ruc tu re l e s s  in Lewi t sky-  
sal ine fixed, h a e m a t o x y l i n  s t a i n e d  t issue,  b u t  Zenke r  
f ixed m a t e r i a l  revea ls  a large n u m b e r  of l igh t ly  s t a i ned  
granules .  These  g ranu les  s t a in  w i t h  c ry s t a l  v io le t  {Figure 
3) a n d  t h e y  are  p a r t i c u l a r l y  well  r evea l ed  in acid h a e m a -  
t e in  t e s t  a f t e r  py r id ine  e x t r a c t i o n  3 (Figure  4), due  to t he  
p resence  of p ro t e in s  in  t h e m .  

T h e r e  is no  v is ib le  c h a n g e  in the  s p e r m a t i d  nuc leus  for 
a long  t ime .  Af te r  t he  d i f f e r en t i a t i on  of o t h e r  s p e r m  s t ruc -  
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