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Bacterial RNA Synthesis in Frog Auricles After Intraperitoneal Injection of Bacteria 

P l a n t  or an imal  organs which  were d ipped  in a suspen-  
sion of bacter ia ,  synthes ize  bac ter ia l  D N A  and  bacter ia l  
R N A  1-s. This  phenomenon ,  which  we called ' t ranscession'9,  
is due  to  t he  spon taneous  release of D N A  f rom bac te r ia  10 
in to  cells of h igher  organisms.  

In  t he  p re sen t  work  we t r ied  to  see if t he  same pheno-  
m e n o n  could t ake  place in more  na tu ra l  condi t ions  such as 
occur, for ins tance,  in l iving animals  af ter  a bacter ia l  in- 
fection.  

Mater ia ls  and methods. Frogs were used for the i r  h igh  
res is tance  to  sept icemia.  To de tec t  t he  t r ansc r ip t ion  of 
bacter ia l  DNA,  we chose the i r  auricles for the  following 
reasons  : a) This  organ, in a sui table medium,  can easily live 
on i ts  own for more  t h a n  two days :  it  is t hus  possible  to  
see if i t  has  survived the  bacter ia l  t r e a t m e n t ,  b) This  neu-  
romuscu la r  t issue is ve ry  c o m p a c t  w i t h o u t  veins,  ar ter ies  
or extracel lu lar  spaces where  bac te r ia  could get  t r apped .  
c) Iqo p inocytos is  has  been  repor ted  in such mater ia l .  

Adul t  frogs (Rana  esculenta) of abou t  2 years  were in- 
j ec ted  i.p. w i t h  1 ml  of E.  col/ (strain K 12) or A.  tumefa- 
ciens (strain Be) conta in ing  108 bacter ia .  20 h la ter  the  ani- 
mals  were  sepa ra ted  in to  2 groups.  In  one series, 3H uri- 
dine (1 mCi) was in jec ted  i.p. in to  each animal.  3 h la ter  
the  animals  were killed and the i r  auricles were t aken  Out. 
In  the  o the r  group the  auricles were t aken  out  and  d ipped  
for 2 h in Ringer ' s  solut ion 11 conta in ing  800 ~g/ml of coli- 
myc in  and  800 ~g/ml of penicill in.  These concen t ra t ions  
would eradica te  any  hypo the t i ca l  bacter ia .  The auricles 
were t h e n  labelled in v i t ro  for 3 h (2 mCi of 8H ur idine in 
10 ml  of R inger ' s  solution) in t he  presence  of t he  ant ibio-  
tics (200 ~g/ml of col imycin  and  200 vtg/ml of penicillin). 
The controls  were  t r e a t e d  in t he  same way,  excep t  t h a t  
t h e y  were in jec ted  i.p. w i th  1 ml  of sterile Ringer ' s  so- 
lution.  At  the  end of t he  labelling, the  auricles of all series 
were t ho rough ly  washed.  A sample  of each auricle was 
p repa red  for au to r ad iog raphy  TM, is. The auricles were  fro- 
zen and  the  R N A  ex t r ac t ed  14. The newly  synthes ized  R N A  
was charac te r ized  by  in vi t ro  R N A - D N A  hybr id iza t ion  1~. 
The bacter ia l  D N A  necessary  for t he  hybr id iza t ion  was 
p r epa red  by  the  MARMUR m e t h o d  is. The specifici ty of t he  
R N A - D N A  hybr id iza t ion  was checked by  compet i t ion  ex- 
pe r imen t s  using R N A  of d i f ferent  bacter ia .  

All r ad ioac t iv i ty  m e a s u r e m e n t s  were carried our  in a 
B e c k m a n  t r icarb  scinti l lator.  

Results  and discussion. W e  found  the  infected frogs to be 
in poor  condi t ion  by the  t ime  we ex t r ac t ed  the i r  hear ts .  

EXPERI~NTIA 28/4 

The leukocytes  were numerous  in t he  blood and m a n y  con- 
t a ined  phagocy t i zed  bacter ia .  The  frogs which were no t  
killed died 2 to  4 days  later.  

Typica l  da t a  on R N A - D N A  hybr id iza t ion  p resen ted  in 
the  Figure  show the  presence  of bac ter ia l  R N A  in the  
auricles of bac ter ia - infec ted  frogs which  have  been labelled 
in vivo as well as in vi tro.  

I t  should  be s t ressed tha t ,  in compe t i t ion  exper iments ,  
non-label led R N A  ex t r ac t ed  f rom the  same s train of bac-  
ter ia  displaces abou t  70% of t he  3H R N A  hybridized.  On 
the  o the r  hand ,  Agrobacterium tumefaciens R N A  does no t  
compe te  w i th  8H R N A  ex t r ac t ed  f rom auricles of frogs in- 

�9 jec ted wi th  E. co l /and  E.  c o l / R N A  does no t  compe te  wi th  
3H R N A  ex t r ac t ed  f rom auricles of frogs in jec ted  wi th  A. 
tume]aciens. Moreover,  when  sa lmon spe rm DNA is t r ap -  
ped on the  fi l ter  ins tead  of bac ter ia l  DNA,  no hybr id iza-  
t ion is observed.  Therefore  the re  can be no doub t  abou t  
the  specif ic i ty  of the  hybr id iza t ion .  

In  these  exper imen t s  t he  au torad iographic  studies failed 
to  de tec t  any  labelled bacter ia .  The bacter ia l  R N A  ex- 
t r ac t ed  f rom the  auricles c an n o t  be due to  some rare la- 
belled bac te r ia  which  we would  have  missed wi th  the  auto-  
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Increasing quantities of 3H RNA extract- 
ed from frog auricles are hybridized with 
bacterial DNA. Saturation curves with 
aH RNA extracted from auricles labelled 
in vivo (Q-- t )  or in vitro (�9169 of frogs 
infected with bacteria and from auricles 
labelled in vivo � 9 1 4 9  and in vitro 
(A - -  A) of control frogs. The bacteria in- 
jected i.p. were in A) E. col/(strain K 12) 
and in B) A. tumeJaciens (strain B6). In A) 
21 ~g of E. col/DNA and in B) 17 b~g of 
A. tume]aciens DNA were trapped on the 
filter. The results express the relation, in 
percent, between the number of b~g of 
denatured DNA trapped on the filter and 
the amount of SH RNA hybridized). 
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r ad iog raph ic  t echn ique .  I n d e e d  t he  a m o u n t  of rad ioac t i -  
v i t y  we should  f ind  in t he  c o n t a m i n a t i n g  bac t e r i a  shou ld  
r e p r e s e n t  a t  leas t  one to  severa l  pe r cen t  of t he  t o t a l  radio-  
a c t i v i t y  p r e s e n t  in  t he  t issues.  I n  fac t  i t  shou ld  a m o u n t  
to  even  more  since over  90% of aH R N A  e x t r a c t e d  f rom 
b a c t e r i a  cu l tu red  in R inge r ' s  so lu t ion  a n d  label led  for 3 h 
is r ibosomia l  3H RNA.  Now t he  r a t e  of h y b r i d i z a t i o n  of ri- 
bosomia l  bac t e r i a l  R N A  w i t h  bac te r i a l  D N A  is a lways  
v e r y  low. Th i s  means ,  to  a ccoun t  for our  resul ts ,  t h e  
a m o u n t  of label led  c o n t a m i n a t i n g  b a c t e r i a  shou ld  be  in 
such  q u a n t i t y  t h a t  t h e y  could no t  be  missed.  I t  shou ld  be  
s t ressed  t h a t  w h e n  frog auricles  are  b a t h e d  in a suspens ion  
of labe l led  b a c t e r i a  7 a n d  no t  t r e a t e d  w i t h  an t ib io t i c s  these  
b a c t e r i a  Call be  easi ly de t ec t ed  b y  a u t o r a d i o g r a p h y  even  
if t h e y  are in  such  smal l  q u a n t i t i e s  as, for ins tance ,  5 bac-  
t e r i a  p e r  aur ic le  sect ion.  Moreover  s imi la r  resu l t s  are ob- 
t a i n e d  w h e n  t h e  labe l l ing  t akes  place  in v ivo  or in  v i t ro  
a f t e r  a n  an t ib io t i c  t r e a t m e n t .  There fore  t he  3H R N A  ex- 
t r a c t e d  f rom the  aur ic les  of t he  in fec ted  an i m a l s  has  ne- 
cessar i ly  been  syn thes i zed  b y  a n i m a l  cells. 

Our  resu l t s  show t h a t  t he  p h e n o m e n o n  we h a d  pre-  
v ious ly  obse rved  w h e n  sepa ra t e  o rgans  were d ipped  in a 
suspens ion  of bac te r ia ,  c an  also occur  w h e n  a n  a n i m a l  suf- 
fers a genera l  bac t e r i a l  infect ion.  

The  impl i ca t ions  are diff icul t  to  eva lua te .  I t  is, how- 
ever,  t e m p t i n g  to  pos tu l a t e  t h a t  th i s  p e n o m e n o n  m i g h t  be  
l inked  to  some immuno log i ca l  r eac t ions  as we k n o w  m a n y  

d i f fe rent  k inds  of c o m p o u n d s  can  be  ant igenic .  I t  would  
also be  w o r t h  i n v e s t i g a t i n g  w h e t h e r  th i s  m e c h a n i s m  m i g h t  
no t  p l ay  some p a r t  in caus ing  t he  pa tho log ica l  effects on  
t he  h e a r t  seen a f t e r  such  infec t ions  as scar le t  fever  a n d  
r h e u m a t i c  fever.  

Rdsumd. Des organes  de p l an t e s  ou d ' a n i m a u x  mis  dans  
une  suspens ion  bac t6 r i enne  s y n t h 6 t i s e n t  du  R N A  bac t6-  
rien. Ce p h 6 n o m + n e  que  nous  a v o n s  appel6 <~transcession>~ 
est dfi au  t r a n s f e r t  de D N A  s p o n t a l i 6 m e n t  c6d6 pa r  les 
bact6r ies  v i v a n t e s  a u x  cellules des o rgan i smes  sup6rieurs .  
Darts le p r6sen t  t rava i l ,  il est  d6mon t r6  que  le m~me ph6-  
nom~ne  p e u t  avo i r  lieu n a t u r e l l e m e n t  l o r s q u ' u n e  grenoui l le  
est  su j e t t e  A une  in fec t ion  bac t6r ienne .  
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Z o n e  E l e c t r o p h o r e t i c  S t u d i e s  on  Lacta te  D e h y d r o g e n a s e  I s o e n z y m e s  in S o u t h  A m e r i c a n  Cich l ids  
( T e l e o s t e i ,  P e r c o m o r p h i )  

C o m p a r a t i v e  b iochemica l  d a t a  h a v e  of ten  been  sug- 
ges ted  as sources  of t a x o n o m i c  i n fo rma t ion .  E lec t rophore -  
t ic  s tud ies  on  a n i m a l  p ro t e in s  are inc reas ing ly  used in con- 
f i rming  a n d  s u p p l e m e n t i n g  t a x o n o m i c  r e l a t i onsh ips  der iv-  
ed f rom classical  c r i te r ia  1-4. P ro t e in s  w h i c h  show l i t t l e  
in t raspec i f ic  va r i a t ion ,  m i g h t  be  well  su i t ed  for u n c o v e r i n g  
t he  p h y l o g e n y  of closely r e l a t ed  species. W e  h a v e  compar -  
ed t issue-specif ic  p a t t e r n s  of p ro t e in s  in  S o u t h  A m e r i c a n  
Cichl ids  (Teleostei,  Pe rcomorph i )  b y  s t a r c h  gel e lectro-  
phoresis .  A m o n g  va r ious  p ro t e in s  inves t iga ted ,  t h e  iso- 
enzymes  of l a c t a t e  d e h y d r o g e n a s e  ( L D H ;  E.C.1.1.1.27) 
e x h i b i t e d  l i t t l e  in t r agenerg ic  v a r i a t i o n ;  however ,  s t r i k ing  
di f ferences  b e c a m e  a p p a r e n t  b y  c o m p a r i s o n  of L D H  iso- 
e n z y m e  p a t t e r n s  of species f rom d i f fe ren t  genera.  

Mi tochondr i a - f r ee  s u p e r n a t a n t  f r ac t ions  of t i ssue  ho- 
m o g e n a t e s  were  sub jec t ed  to  s t a r c h  gel e lec t rophores is ,  
u s ing  t h e  ve r t i ca l  e lec t rophores is  a p p a r a t u s  f rom Buch le r  
I n s t r u m e n t s  (For t  Lee, N.J . ,  USA) .  12% s t a r c h  gels 
(Connaugh t ,  s t a r ch -hydro lysed )  were p r e p a r e d  in a con- 
t i n u o u s  t r ip le  buf fe r  s y s t e m  ( e t h y l e n e d i a m i n e  t e t r a ace t i c  
acid,  bor ic  acid, trisS), p H  8.6. E lec t rophores i s  was  con-  
d u c t e d  a t  8 V / c m  for 16 h. All  p r e p a r a t i o n s  were  done  a t  
4 ~ L D H  isoenzymes  were v isua l ized  b y  i n c u b a t i o n  of gel 
slices a t  30~ for 30 ra in  in  45 m l  0 . 2 M  tris, p H  8.0, con-  
t a i n i n g  120 m g  NAD,  0.4 m l  L- lacta te  (1M),  1.2 m g  PMS 
a n d  8 m g  Ni t ro -BT,  B l a n k s  c o n t a i n e d  no  l a c t a t e  solut ion.  
Most  an ima l s  which  were used in t h i s  s tudy ,  were b r ed  a t  
t h e  Gese l l schaf t  fiir S t r a h l e n f o r s c h u n g  m b H ,  Munich,  a n d  
o r ig ina t ed  f rom commerc i a l  breeders .  

L D H  exis ts  in  mu l t ip l e  molecu la r  fo rms  in v e r t e b r a t e s  6. 
T h e  L D H  po lypep t i de s  in  t e l eos t ean  f ish are encoded  in a t  
l eas t  3 c o d o m i n a n t  lociT-9, a n d  are  d e s i g n a t e d  A, B a n d  
E v. These  po lypep t i de s  are usua l ly  expressed  t i ssue-spe-  
cif ical ly because  of d i f fe ren t ia l  ac t iv i t i e s  of L D H  genes, 

wh ich  code for  po lypep t ides  A, B and  E. F o u r  po lypep-  
t ides associa te  to  form e n z y m a t i c a l l y  ac t ive  t e t r a m e r i c  
l a c t a t e  dehydrogenases  10. I f  more  t h a n  one p o l y p e p t i d e  
t y p e  is s y n t h e t i z e d  in one  cell, a series of h e t e r o t e t r a m e r i c  
L D H  i soenzymes  m a y  be  fo rmed  b y  r a n d o m  assoc ia t ion  
of d i f fe ren t  po lypep t i de s  10. However ,  t h e  i soenzyme pa t -  
t e rn s  ill t hose  f ish- t i ssues  where  more  t h a n  one L D H  poly-  
pep t ide  is expressed,  o f t en  dev ia t e  f rom t h e  expec t ed  hi- 
n o m i n a l  d i s t r i b u t i o n  of h o m o -  and  h e t e r o t e t r a m e r i c  
LDHs .  Main ly  t he  h o m o p o l y m e r s  are found  8. 

F igure  1 shows a L D H - z y m o g r a m  of 2 species of Cich- 
lasoma : C. citrinellum a n d  C. spilurum. The  t issue-specif ic  
p a t t e r n s  of L D H  isoenzymes  are v i r t u a l l y  iden t i ca l  in  
b o t h  cichlids.  Ske le ta l  musc le  con ta ins  on ly  L D H  A 4, ex- 
t r a c t s  f rom h e a r t -  a n d  l iver  h o m o g e n a t e s  on ly  L D H  B~. 
B r a i n  t i ssues  c o n t a i n  b o t h  A 4 and  B 4 L D H .  Traces  of he-  
t e r o p o l y m e r s  f rom A a n d  B s u b u n i t s  are  obse rved  on  t he  
z y m o g r a m s  of t h i s  t i s sue  a t  pos i t ions  i n t e r m e d i a t e  be- 
tween  t he  i soenzymes  A 4 a n d  B 4. L a c t a t e  d e h y d r o g e n a s e  
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