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There is no evidence to suggest t h a t  E2~01 was present  
in the  EO2 as a t empera te  phage ;  had i t  been t empera te  
and become induced in v ivo  due to a componen t  in the  
sheep's diet, then, assuming a uniform dis t r ibut ion  of the  
inducer  in the  rumen,  all the  cells in the  popula t ion  
would lyse wi th in  a short  t ime.  If, due to uneven mixing 
within  the  rumen, only a propor t ion  of t h e - E O 2  were 
exposed to the  inducer, there  would only be a par t ia l  
drop in the popula t ion  density.  Complete  and gradual  
lysis could only be explained by  pos tu la t ing  a regular 
in take  of inducer  which did no t  mix  uni formly  in the  
rumen;  this  is unlikely, however,  since the  same diet  had  
been fed for more than  1 year  dur ing periods of high EO2 
popula t ion  densities and had been fed to o ther  sheep 
containing EO2 in which bacter iophages did not  sub- 
sequent ly  appear.  Bac te r iophage  E2~01 is therefore  
probably  a v i ru lent  and no t  an induced t empera te  
bacter iophage.  

Recogni t ion  of the  presence of bo th  t empera te  and 
v i ru lent  bacter iophages  in the  rumen  therefore brings 
another  factor  for considerat ion into the  a l ready complex 
field of ruminan t  nu t r i t ion  and rumen  ecology. Al though  
it  is as yet  no t  known if o ther  rumen  bacter ia  have  
bac ter iophage  pathogens  the  number  and va r i e ty  of 
bacter iophage part icles present  in the  rumen  suggest t h a t  
this is so. Tempera t e  bacter iophages would not  be expected 
to have  a dramat ic  effect on the  popula t ion  densit ies of 
individual  bacter ia l  species unless t ha t  popula t ion  was 
subjected to induction,  perhaps by  a p lan t  cons t i tu ten t  in 

the diet. Virulent  bacteriophages,  on the  o ther  hand, as 
shown by the  effect of E 2 ~ l  on EO2 would have  a 
radical  effect on specific populat ions.  In  te rms  of the  
well-being of the  host  animal,  lysis of bacter ia  in the  
rumen  wi th  secondary fe rmenta t ion  of the  products  
would involve  losses of carbon compounds  in the  form of 
gases, bu t  this  would be par t ia l ly  offset by increased 
volat i le  f a t ty  acid product ion.  The effect of the  loss of a 
single species, even of the  impor t an t  cellulolytic bacter ia  
would p robab ly  be t e m p o r a r y  because other  species 
capable of occupying the  same ecological niche would 
proliferate.  Since, however,  inducers of t empera te  phages 
are non-specific in thei r  action, should such an inducer  
occur in the  diet  i t  is possible t ha t  several  species could 
be lost s imultaneously.  

Resumen. Se han demostrado que dos cul t ivos de 
bacter ias  de rumen  (un bast6n gram negat ivo,  designado 
W461, y una cepa de 6valos de EADIE) ests infectados 
con bacteridfagos. E1 bacteridfago de W461 es t emplado ;  
aquel  de los 6valos es vi rulento  y deple ta  r s  la 
poblaci6n bacter iana  en vivo.  

C. G. ORPIN and E. A. 1V[uNN 

Biochemistry Department, Agricultural Research Council, 
Institute o /Animal  -Physiology, Babraham, 
Cambridge CB2 dA T (England), 70 September 7973. 

Pattern of Electrolyte Leakage in Downy Mildew 

Altera t ion of permeabi l i ty  and ionic imbalance associ- 
a ted wi th  p lan t  disease deve lopment  has been reported 
by  m a n y  workers1. The present  invest igat ion reveals the  
pa t t e rn  of e lectrolyte  leakage in sorghum plants  system- 
ically affected by downy mildew, incited by Sclerospora 
sorghi. 

Materials and methods. A highly susceptible va r ie ty  
(DMS 652) was used for the  present  invest igat ion.  
Systemic infect ion was obta ined following a previous 
method  2. 

The loss of electrolyte  was es t imated  by measur ing the  
conduc t iv i ty  of the  leachates. The electrolyte  leakage was 
assessed from the  roots, s tem and leaves after  15, 30 and 
45 days of sowing. The p lan t  par ts  were ini t ia l ly  washed 
thoroughly  wi th  t ap  water ,  subsequent ly  wi th  several  
changes of disti l led water  and f inal ly rinsed wi th  double 
distil led water.  They  were blot ted  dry  and were suspended 
in sterile double distil led water  in the  rat io  of 1 g of 
p lant  par t  to 10 ml  of double distil led water .  The  con- 

Affected Sorghum 

duc t iv i ty  of the ba th ing  solution was measured after  
incubat ion a t  25~ for 24 h. AI1 conduc t iv i ty  measure-  
ments  were made  wi th  all E L I C O  model  CM-82 conduct i -  
v i ty  bridge wi th  p la t inum blackened electrodes. The 
t empera tu re  of the  ba th ing  solution was main ta ined  at  
25 ~ dur ing conduc t iv i ty  measurements .  The  results are 
expressed as specific conduc t iv i ty  (vmh/cm) of the  
leachates.  

Results and discussion. The var ious par ts  of sorghum 
plant  exhibi ted  a pa t t e rn  of loss of electrolytes and perme- 
ab i l i ty  change as a result  of downy mildew a t t ack  
(Table). 

The greater  leakage of electrolytes from diseased roots  
and leaves m a y  be due to the  higher  absorpt ion of electro- 
lytes by diseased plants  f rom the  soil. Being an obligate 

l H. WHEELER and P. HANCHEY, A. Rev. Phytopath. 6, 331 (1968). 
2 K. A. BALASlJBRAMANIAN, Plant Soil 38, 477 (1973). 

Specific conductivity of bathing solutions of different parts of sorghum attacked by Sclerospora sorghi 

Days after planting Specific conductivity ([xm h/cm) of bathing solutions of 

Roots Stems Leaves 

Healthy Diseased Healthy Diseased Healthy Diseased 

15 252.4 430.4 259.4 184.2 433.2 480.0 

30 256.2 427.2 270.9 186.9 453.5 691.9 
45 263.6 447.3 296.0 197.3 890.0 1530.8 
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pa ra s i t e  and  a sys temic  one, such  p e r m e a b i l y t y  change  
b r o u g h t  a b o u t  b y  Sclerospora sorghi is qu i te  in te res t ing .  
T h o u g h  the re  is cons iderab le  leakage  of e lec t ro ly tes  on 
t he  45 th  day  f rom diseased leaves,  th i s  m a y  no t  be  
adve r se ly  a f fec t ing  the  fungus,  wh ich  b y  th i s  t i m e  enters  
t he  oospore  s tage  in  t h e  leaves.  

E v e n  t h o u g h  the re  was increased  leakage  of electro-  
ly tes  f rom diseased roots  and  leaves,  t he re  was a suppres-  
s ion of escape of e lec t ro ly tes  f rom t he  s tem.  This  could 
v e r y  well  be  due  to  a c c u m u l a t i o n  of e lectrolytes ,  wh ich  
m a y  p rov ide  n u t r i t i o n  to  the  fungus  wh ich  is sti l l  in the  
myce l ia l  s tage  in t h e  s tem.  This  m a y  also c o m p e n s a t e  for 
t he  loss t h r o u g h  t he  roots .  

Loss in  p e r m e a b i l i t y  is encoun t e r ed  in hos t s  a t t a c k e d  
b y  f acu l t a t ive  pa ras i t e s  where  a t ox in  or e n z y m e  is 
i nvo lved  in  t he  pa thogenes i sL  T he  ionic i m b a l a n c e  a n d  
p e r m e a b i l i t y  change  seen in d o w n y  mi ldew affected 

s o r g h u m  suggests  t h a t  the  e Iabora t ion  of a pr inciple  for 
t he  pa thogenes i s  b y  an  obl iga te  pa r a s i t e  l ike Sclerospora 
sorghi c a n n o t  be  ru led  out.  

Rdsumd. On 6tudie  la pe r t e  d '61ectrolytes dans  les 
p l an t e s  de s o r g h u m  infect6es p a r  le mi ld iou  l anug ineux .  
C 'es t  dans  ]es rac ines  et  Ies feuilles ma lades  qu 'e l le  fu t  le 
plus  marqu6e  ma t s  elle ne se p rodu i s i t  pas  dans  la t ige  
malade .  Elle cut  son m a x i m u m  darts les feuilles ma lades  
et  a u g m e n t a  au fur  et  k mesure  des progr~s de la malad ie .  
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In trarena l ly  Induced  Infect ion  in Rats:  Kidney  Infect ing  D o s e  and S e x  D e p e n d e n c e  

E x p e r i m e n t a l  research  on pye loneph r i t i s  requires  a 
su i t ab le  animal .  However ,  h a n d y  an ima l s  are  no t  k n o w n  
to suffer n a t u r a l l y  f rom th i s  disease.  I t  is necessary,  there-  
fore, to  ove rwhe lm t h e  h i g h  local or general  r es i s t ance  of 
h e a l t h y  an ima l s  aga ins t  rena l  infect ion.  Var ious  m e t h o d s  
h a v e  been  deve loped  w h i c h  in t h e  pa s t  10 to  15 years  
p roved  t h e  2 m a i n  p a t h o g e n e t i c a l  m e c h a n i s m s  of th i s  
disease in h u m a n s .  These  2 in fec t ion  rou tes  are 1. t he  
a scend ing  or re t rograde ,  2. t h e  h a e m a t o g e n o u s  way.  
E x p e r i m e n t a l l y  t he re  are a few d i s a d v a n t a g e s  in  these  
m e t h o d s :  1. necessary  pre- les ion w i t h i n  t h e  k i d n e y  in 
o rder  to  m a k e  i t  sens i t ive  to  t he  infect ion,  2. t he  u n k n o w n  
q u a n t i t y  of b a c t e r i a  r each ing  t he  k i d n e y  a n d  be ing  respon-  

Table I. Incidence of infection dependent on the amount of injected 
bacteria (strain E. coli 06 2791/71) 

No. of injected bact. per kidney 
(in 0.02 ml) 

No. bacteriol, pos. 

No. infected kidneys 

1 x 10 ~ 0/30 
2 • 104 4/8 
4 • 104 8/15 
8 • 104 5/10 

1.6 • 105 13/15 
~ 3 . 2  • 10 a 16/16 

Table II. Bacteriological findings from the infected (2 • l0 T E. co,i) 
lett kidneys 

Autopsy at days No. positive Sex of Statistical 
after infection animals significance 

No. infected 

sible for success in infect ion,  3. a n  unf ixed  r a t e  of le thal i -  
t y  in t he  an imal s  caused  b y  t he  h i g h  in fec t ion  dose 
necessary.  

Fo r  special  pu rposes  we h a v e  found  t h e  i n t r a r e n a l  
infec t ion  mode l  su i t ab le  because  of i t s  fastness,  s impl ic i ty ,  
and  t h e  poss ib i l i ty  of i nocu la t ing  exac t ly  measu red  doses 
of bac ter ia .  This  m e t h o d  is a n  unphys io log ica l  one, b u t  
the  resu l t  is a p p a r e n t l y  t he  same as in  b o t h  t h e  o the r  
modes  of infect ion,  a l t h o u g h  t he  special  p a t h o m e c h a n i s m s  
m i g h t  be  qu i te  di f ferent .  The  m e t h o d  was i n t r o d u c e d  in 
r a b b i t s  1, modi f ied  for  r a t s  2, and  pe r fo rmed  b y  on ly  a 
few research  groups  recen t lya -K PRAT has  t a k e n  i t  for 
c h e m o t h e r a p e u t i c a l  i nves t iga t ions  (personal  c o m m u n i c a -  
t ion) .  

W e  h a v e  used r a t s  a t  t he  age of 5 to  7 m o n t h s  f rom a 
W i s t a r  i nb red  s t r a i n  he ld  in our  i n s t i t u t e  for  a b o u t  15 
years .  For  i n j ec t ion  p rocedure  t he  r a t s  were e ther ized  and  
in fec ted  t h r o u g h  t he  e thano l -d i s in fec ted  skin  in to  t he  
left  k i d n e y  f ixed b y  2 of t he  ope ra to r ' s  fingers.  Inocula -  
t ion  was done w i t h  suspens ions  of a h a e m o l y z i n g  Escheri- 
chin colt 06 s t r a in  der ived  f rom ur ine  of a female  p a t i e n t  
w i t h  u r i n a r y  t r a c t  infect ion.  Over l l igh t  a t  37 ~ bac t e r i a  
g rown on n u t r i e n t  aga r  s l an t s  in  t ubes  of 16 • 160 m m  
size were washed  off w i t h  10 ml  sal ine wh ich  resul ted  
c o n s t a n t l y  in  a c o n t e n t  of 1.5 • 109 b a c t e r i a  pe r  ml  of 
suspension.  This  or ig inal  suspens ion  was d i lu ted  s tepwise  
to su i t ab le  c o n c e n t r a t i o n s  wh ich  were in jec ted  b y  a fine 
needle  on mic ro l i t r e  syringes.  A t  t he  same t i m e  bac te r i a l  
coun t s  were pe r fo rmed  b y  p l a t i ng  serial  d i lu t ions  on 
b lood-  and  E N D O - a g a r ,  r e su l t ing  n e x t  day  in t he  exac t  
a m o u n t  of b a c t e r i a  in jected.  Las t ly  we h a v e  i n j e c t e d p l a n n -  
ed bac te r i a l  concen t r a t i ons  because  dev ia t ions  f rom the  
desi red a m o u n t s  con t ro l led  b y  read ing  t h e  p la tes  on  t he  
n e x t  d a y  were v e r y  small ,  if any.  

I n  order  to  f ind  t he  ' c r i t ica l '  in fec t ion  dose to give 
reproduc ib le  resul t s  for poss ible  biological  s t a n d a r d i z a -  
t i on  of t h i s  model ,  an  equa l  vo lume  (0.02 ml) of a r i th -  
me t i ca l ly  d i lu ted  suspens ions  was in jec ted  in t r a rena l ly .  

31-32 24/24 ~ -- 
16[20 g 

83 3/5 ? -- 
0/5 g 

157-165 8/18 ~ + (p<o.05) 
~/13 3 
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