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Fig. 2. Agglomeration of sporozoites of Nuttallia meri at the peri- 
phery of a salivary gland of O. erraticus. Domed, vaeuolated tissue is 
zymogen-secreting cells. Sporozoites are mainly found adjacent to 
these. Flattened whole gland preparation, Giemsa-stained, • 750. 

on infected P s a m m o m y s  and  those  fed on infected h a m -  
sters. Of 309 clean t icks fed on P s a m m o m y s ,  34% were 
found posit ive,  as agains t  18% of 72 clean t icks fed on 
hamste r s .  
I n t e r e s t  in O. errat icus,  small  race, as a vec tor  of Nut ta l l ia  
meri  s t ems  f rom its  being the  first  Argas id  (=s o f t )  t ick  
to  have  been p roved  to t r a n s m i t  a p i rop lasm by  b i te  a, 4. 
The vec tors  of all known  p i roplasms of domes t ic  animals  
(both Theilerias and  Babesias) belong to the  Ixodidae  or 
ha rd  t icks  ~-1~ Al though  several  p i rop lasms  of small  
m a m m a l s  have  been  descr ibed,  the i r  use as l abora to ry  
models  for the  diseases caused by  p i roplasms of economic 
impor t ance  is l imited by  the  fact  t h a t  the  na tu ra l  vectors  
of mos t  are as ye t  unknown.  Only in 2 ins tances  : N. dani i  
Tsur, H a d a n i  and  Pipano,  1960, (Babesia merionis  
(Rousselot ,  1953) Levine,  1971 ) and N. microt i  Coles, 
1914, are these known n,12. They  are 3 species of H y a -  
l omma and 2 species of Rhip icepha lus  for N. danii  and 
Ixodes  t r iangul iceps  for N. microti ,  all Ixod id  ticks. 
The d emo n s t r a t i o n  of sporozoi tes  as the  infect ive form 
of N. meri  in O. er ra t icus  clearly amplif ies the  con ten t ion  4 
t h a t  the  unident i f ied  na tu ra l  vec tors  of some of the  small  
m a m m a l  p i roplasms ough t  to be sought  for among  the  
Argasidae.  

solid round  specimens,  and o thers  conta in ing  a vacuole, 
like young malar ia l  t rophozoi tes ,  were also encounte red  
in some prepara t ions  (figure 1). Masses of sporozoites  
were seen main ly  on the  pe r iphe ry  of sal ivary glands 
(figure 2) ad j acen t  to the  clear zymogen-secre t ing  cells. 
They  were also found wi th in  the  gland t issue proper  and 
wi th in  the  saliva collecting tubules .  Saliva collected f rom 
infected t icks  con ta ined  sporozoi tes .  In fec ted  t icks t rans -  
m i t t e d  N. meri  to clean, l abo ra to ry -b red  P s a m m o m y s  and 
ham s t e r s  by  bite,  and  t r i t u r a t e d  pooled infected glands, 
i n j ec t ed  i .p.  into sp lenec tomized  clean recipients,  also 
effected t ransmiss ion.  There  is a clear difference in the  
ra tes  of infection,  as mani fes t  by  the  presence  of sporo- 
zoites in the  sal ivary glands,  be tween  t icks t h a t  had  fed 
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ITranscription spectra in E. coli growing rapidly or slowly 
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Summary. The percen tages  of D N A  t ranscr ibed  by  Escher ich ia  coli W W U  growing wi th  doubl ing t imes  of 26 or 56 min 
were examina t ed  by  R N A :  D N A  hybr id iza t ion .  The da t a  indica te  t h a t  more  D N A  was t r ansc r ibed  by  the  faster-  
growing ceils (9.6 4- 0.3~ t h a n  by  the  s lower-growing cells (2.4 • 0.3%). 

E. coli grow more rap id ly  in enr iched  med ium t h a n  in un-  
s u p p l e m e n t e d  min imal  medium.  The fas ter  g rowth  ra te  
has  been  re la ted  to  increases in D N A  per  cell2 or to  in- 
creases in r ibosomes per  cell 8 by  mechan i sms  supposing 
t h a t  a smaller  f rac t ion of D N A  is t ranscr ibed  in the  r icher  
medium.  This  na r rower  t r ansc r ip t ion  spec t rum m i g h t  be 
expec ted  since some genes would  be repressed by  exo- 
genous metabol i tes .  However ,  in th is  communica t ion ,  we 
repor t  the  resul ts  of R N A - D N A  hybr id iza t ion  experi-  
m e n t s  wh ich  indicate  a b roader  t r ansc r ip t ion  spec t rum in 
cells growing more  rapidly.  
Methods. D N A  labelled wi th  aH- thymid ine  was ex t r ac t ed  
f rom E. coli W W U  4 af ter  t he  cul ture  was s ta rved  of a re- 

quired amino acid (arginine) for 60 min  to allow com- 
ple t ion  of cycles of DNA repl icat ion in progress.  The cells 
were lysed in an EDTA-sa l ine  solut ion by  a f reeze- thaw,  
lysozyme procedure  and the  DNA ex t r ac t ed  by  the  m e t h o d  
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of M a r m u r  5. The  D N A  was d e n a t u r a t e d  b y  a lka l ine  t r e a t -  
m e n t  (0.9 M N a O H  for 60 rain  a t  room t e m p e r a t u r e ) ,  
neu t r a l i zed  wi t t l  HC1 a n d  s to red  frozen.  The  s ing le - s t r and  
s t a t e  of these  p r e p a r a t i o n s  were ver i f ied  d u r i n g  t he  course 
of t he  s tud ies  b y  hydro lys i s  w i t h  t he  s ing le - s t rand  spe- 
cific endonuc lease  f rom N e u r o s p o r a  crassa6. D e g r a d a t i o n  
of t he  p r e p a r a t i o n  was iden t ica l  to  t h a t  of D N A  f resh ly  
d e n a t u r e d  b y  a t e m p e r a t u r e  shift .  R N A  u n i f o r m l y  la- 
bel led w i t h  32P-or thophospha te  was e x t r a c t e d  f rom cells 
g rowing  e i the r  in  a l ow-phospha t e  (1 mM) t r i s -buf fe r  
(pH 7.5) s u p p l e m e n t e d  w i th  glucose and  t h e  requ i red  
m e t a b o l i t e s  (thymidine, ur id ine ,  arginine ,  methionine, 
prol ine  and  t r y p t o p h a n ;  doub l ing  t ime  = 56 min)  or in 
t he  same m e d i u m  c o n t a i n i n g  8 g Difco N u t r i e n t  B r o t h  
pe r  l i ter  in  place of the  l o w - p h o s p h a t e  (doubl ing  t ime  
26 min) .  An  e x p o n e n t i a l  phase  cu l tu re  was poured  in to  2 
vo lumes  of ice-cold e thanol ,  c o n c e n t r a t e d  b y  cen t r i -  
fuga t ion  a n d  b a c t e r i a  were suspended  in buf fe r  to  a b o u t  
1010 cells/ml.  Af te r  i n c u b a t i o n  w i t h  lysozyme (5 m g / m l  for 
1 ra in  a t  37 ~ sod ium dodecyl  su l fa te  (1.5% w/v) and  
d i e t h y l p y r o c a r b o n a t e  (0.03 ml /ml)  were a d d e d  and  t he  
lysa te  was i n c u b a t e d  for 15 rain  a t  37~ to i n a c t i v a t e  
nuc leasesL  The  R N A  was pur i f ied  b y  t he  m e t h o d  of 
S u m m e r s  s. A t  l eas t  97% of t he  ac id- inso luble  rad io-  
a c t i v i t y  was sens i t ive  to R N A a s e  or a lka l ine  hydro lys i s .  
I n d i v i d u a l  R N A  p r e p a r a t i o n s  h a d  specific ac t iv i t i es  in t he  
r ange  of 19-102 mil l ion cpm/mg ,  d e p e n d i n g  on  t he  a m o u n t  
of 32P-or thophospha te  added  to  t he  g r o w t h  med ium.  
R N A : D N A  h y b r i d s  were al lowed to  fo rm in so lu t ion  in 
6 • SSC a t  66~ Assays  for loss of ac id- insoluble  radio-  
a c t i v i t y  d u r i n g  i n c u b a t i o n s  as long as 60 h showed  no de-  
g r a d a t i o n  of R N A  no r  DNA.  Samples  were col lected on 
ni t rocel lu lose  fi l ters (Schleicher  and  Schuell ,  t y p e  B-6), 
washed  ex t ens ive ly  w i t h  2 X SSC, cha l lenged  w i t h  R N A -  
ase to  r educe  c o n t r i b u t i o n s  f rom non-specif ic  a b s o r p t i o n  
of R N A  (20 ~zg/ml in 2 x SSC for 60 ra in  a t  r oom t e m -  
pe ra tu re )  a n d  aga in  washed.  R e t e n t i o n  of the  D N A  var i ed  
a r o u n d  90% of inpu t ,  w i t h  the  lowes t  va lue  g rea t e r  t h a n  
75%. R e t e n t i o n  of R N A  b y  con t ro l  f i l ters  ( resul t ing f rom 
i n c u b a t i o n  of R N A  w i t h o u t  DNA) va r i ed  a r o u n d  0.028% 
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Determination of the fraction of DNA transcribed. DNA (2-10 ~g/ml) 
was hybridized with several concentrations of RNA as indicated in 
text. DNA/RNA input values were plotted against corresponding 
DNA : RNA hybrid values obtained with RNA from bacteria growing 
rapidly (O--O) or slowly (0--<3). Straight lines were fitted to each 
set of data by the method of least squares with correlation coeffi- 
cients of 0.994 and 0.965 respectively. The reciprocals of the average 
intercept values obtained from 3 such experiments corresponded to 
9.6% (O---I) or 2.4% (O--O) of the DNA transcribed. 

of the  i n p u t  w i t h  e x t r e m e  va lues  of 0 .003% a n d  0 .063%.  
A m e l t i n g  profi le  of h y b r i d s  in 0.5 • SSC showed a b r u p t  
release of R N A  f rom D N A  a t  72~ w i t h  a t  leas t  70% of 
t he  t r a n s i t i o n  occur r ing  b e t w e e n  70 and  74 ~ 
Results and discussion. Typical ly ,  h y b r i d i z a t i o n  reac t ions  
r eached  p l a t e a u s  a f t e r  i n c u b a t i o n s  of a b o u t  30 h. How-  
ever,  p l a t e a u  R N A : D N A  h y b r i d  va lues  va r i ed  w i t h  t h e  
R N A / D N A  i n p u t  ra t io .  W h e r e  b o t h  R N A  and  D N A  are  
free to  m i g r a t e  in aolut ion,  a g iven  s ing le - s t rand  sequence  
of c o m p l e m e n t a r y  D N A  m a y  associa te  e i the r  w i t h  R N A  
or w i t h  DNA.  Thus  t h e  h y b r i d i z a t i o n  rat io ,  R N A : D N A ,  
would d e p e n d  on t he  f r ac t ion  of t he  D N A  which  is com-  
p l e m e n t a r y  to  R N A  (F) and  t he  p r o b a b i l i t y  of an  asso- 
c ia t ion  w i t h  R N A  r a t h e r  t h a n  w i t h  DNA.  The  l a t t e r  m a y  
be a p p r o x i m a t e d  b y  t h e  r a t io  : R N A / ( R N A  + P • DNA) ,  
where  P is a n  a d j u s t m e n t  f ac to r  to inc lude  b o t h  t he  f ac t  
t h a t  on ly  one  hal f  of t he  D N A  is c o m p l e m e n t a r y  to t h e  
o ther ,  a n d  t h a t  the re  are  differences  be tween  R N A : D N A  
a n d  D N A : D N A  nuc lea t i on  processes.  The  rec iprocals  of 
these  t e r m s  yield an  e q u a t i o n  s imi la r  to  t h a t  i n t r o d u c e d  
b y  Bi shop  e t  al. 10 for h y b r i d i z a t i o n  w i t h  D N A  immobi l i zed  
on  a f i l ter :  

1 P 
DNA:RNA = ~ + ~ (DNA/RNA) 

To e s t i m a t e  t he  p e r c e n t  of D N A  homologous  to  R N A  
(i.e., w h e n  the re  is s a t u r a t i o n  of all c o m p l e m e n t a r y  D N A  
sites w i t h  RNA) ,  doub le  rec iproca l  p lo t s  of p l a t e a u s  ob-  
t a i n e d  for R N A : D N A  h y b r i d s  aga ins t  R N A / D N A  i n p u t  
ra t ios  were e x a m i n e d  (figure). S t r a i g h t  l ines f i t t ed  t he  
d a t a  r e a s o n a b l y  well a n d  s a t u r a t i o n  ( in tercept)  va lues  
were de t e rmined .  The  resu l t s  of 3 i n d e p e n d e n t  exper i -  
m e n t s  u n i f o r m l y  suggested  t h a t  a la rger  f rac t ion  of D N A  
was t r a n s c r i b e d  b y  b y  E. eoli g rowing  more  rapidly .  R N A  
f rom rap id ly -g rowing  cells gave  a n  ave rage  s a t u r a t i o n  
va lue  of 9 .6%,  whereas  R N A  f rom slowly growing  cells 
gave  an  ave rage  va lue  of 2.4%. This  di f ference is signi-  
f icant,  a l t h o u g h  t he  Values are  p r o b a b l y  u n d e r e s t i m a t e s  
of t he  a c t u a l  t r a n s c r i p t i o n  spect ra .  B i shop  et  al. 1~ h a v e  
shown  t h a t  t he  e x t e n t  of h y b r i d i z a t i o n  depends  in large 
p a r t  on  the  f r equency  d i s t r i b u t i o n  of an  R N A  p o p u l a t i o n  ; 
some re l a t ive ly  i n f r e q u e n t  R N A  species m i g h t  n e v e r  be  
de tec ted .  
Our  d a t a  sugges t  t h a t  in  fas te r -g rowing  cells a d d i t i o n a l  
func t ions  are expressed.  Therefore ,  one m u s t  apprec i a t e  a 
ba l ance  in b a c t e r i a  be tween  t he  repress ion  of c e r t a i n  
p a t h w a y s  to  e l imina te  u n n e c e s s a r y  func t ions  a n d  t h e  ex-  
press ion of o t h e r  func t ions  to  exp lo i t  a more  n u t r i e n t  
s i tua t ion .  The  ne t  effect  is a p p a r e n t l y  more  ex tens ive  use 
of genet ic  i n f o r m a t i o n  b y  bac t e r i a  growing  more  r ap id ly  
which  m a y  be  a p p r o p r i a t e  for t he  a d d i t i o n a l  me tabo l i t e s ,  
or wh ich  m a y  b e  necessa ry  to increase  me tabo l i c  c a p a c i t y  
a t  r a t e - l i m i t i n g  steps.  
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