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Transcription of bacterial DNA by isolated plant nuclei 

W'. B l a s c h e k  a n d  D.  H e s s  

Lehrstuhl  /i~r Botanische Entwicklungsphysiologie  der Universi tdt  Hohenheim,  Emi l -Wol / / -S t rasse  25, 
D - 7 0 0 0  Stuttgart  70 (Federal Republic  o /Germany) ,  23 M a y  1977 

S u m m a r y .  P l a n t  n u c l e i  p r e p a r e d  f r o m  p r o t o p l a s t s  c a n  be  u s e d  as  a ce l l - f ree  s y s t e m  for  t e s t i n g  t h e  t e m p l a t e  a c t i v i t y  
o f  p r o c a r y o t i c  D N A  for  p l a n t  p o l y m e r a s e s .  W e  we re  ab l e  to  d e m o n s t r a t e  t h a t  p l a n t  p o l y m e r a s e s  of  Pe tun ia  hybrida 
a r e  c a p a b l e  of  t r a n s c r i b i n g  l i n e a r  b a c t e r i a l  D N A ,  w h e r e a s  s u p e r c o i l e d  D N A  c o u l d  n o t  b e  u s e d  a s  a t e m p l a t e .  

R e c e n t l y ,  a t t e m p t s  t o  i n t r o d u c e  e x o g e n o u s  g e n e t i c  m a -  
t e r i a l  i n t o  h i g h e r  p l a n t s  a r e  i n t e n s i f i e d  1. A n  u p t a k e  o f  Id-  
D N A  ~ a n d  d o u b l e - s t r a n d e d  E. co l i -DNA a i n t o  t h e  c y t o -  
p l a s m  of  i s o l a t e d  m e s o p h y l l  p r o t o p l a s t s  c o u l d  be  p r o v e d .  
T h e  s a m e  h o l d s  t r u e  fol  p h a g e s  4. W h e t h e r  a l so  t h e  n u c l e i  
c o u l d  t a k e  u p  t h e  e x o g e n o u s  g e n e  m a t e r i a l ,  r e m a i n s  a n  
o p e n  q u e s t i o n  a. i n  a n y  case ,  t h e  m e r e  u p t a k e  w o u l d  be  
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Fig. 1. DNA-RNA hybridization experiments with RNA extracted 
from nuclei incubated with E. coli-DNA before transcription. Iso- 
lated nuclei of Petunia hybrida were incubated for 2 b at 5 ~ with 
100 ~g E. coli-DNA per 106-10 ~ nuclei (b, d) or DNA incubation was 
omitted (a, c). Nuclei were sedimented by centrifugation and re- 
suspended in a reaction mixture (a, b) or transcription was performed 
directly (c, d). Transcription was carried out at 37 ~ for 30 rain in the 
following reaction mixture:  0.01 M Tris/HC1, pH 7.8; 0.25 M sucrose; 
0.025 M KC1; 5 mM MgCI~; 1 mm MnClz; 0.01 M mercaptoethanol; 
1 mM each of ATP, CTP, GTP; 0.02 mM of UTP; 5 t~Ci of [SH]-UTP 
(49 Ci/mM). RNA was extracted by hot phenol method, and aliquots 
were taken for measurement  of transcription rate by counting TCA 
insoluble radioactivity. Transcription is expressed as pM UTP in- 
corporated by 107 nuclei (T). In control experiments, transcription 
was stopped at t ime 0 to detect background radioactivity. Hybridiz- 
ation mixture (nitrocellulose filter hybridizatioi~ technique) con- 
tained one blank filter, one filter with 40 txg filter-bound Petunia- 
DNA and 1 filter with 40 [xg filter-bound E. coli-DNA. Hybridization 
rate is expressed as RNA hybridized in percent of input RNA (HP = 
hybridization to Petunia-DNA; HE = hybridization to E. coli-DNA.) 
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Fig. 2. Influence of Rifamycin to the transcription of E. coli-DNA 
by isolated plant nuclei. Nuclei were incubated with E. coli-DNA as 
described in figure 1.30 min before starting transcription, Rifamycin 
SV was added to one sample (b) to a final concentration of 50 [xg/ml. 
Transcription and hybridization were performed according to ex- 
periment d in figure 1. T = Transcription rate; HP = hybridization 
to Petunia-DNA; HE = hybridization to E. coli-DNA. 

u s e l e s s  w i t h o u t  a n  e x p r e s s i o n  of  t h e  t r a n s f e r r e d  g e n e  
m a t e r i a l .  T h e  f i r s t  s t e p  of  a s u c c e s s f u l  e x p r e s s i o n  h a s  t o  be  
t r a n s c r i p t i o n .  T h e l e f o r e ,  t h e  t r a n s c r i p t i o n  of  f o r e i g n  D N A  
b y  p l a n t  e n z y m e s  s h o u l d  be  s t u d i e d .  T h e r e  are ,  h o w e v e r ,  
j u s t  a f ew p u b l i c a t i o n s  d e a l i n g  w i t h  t h e  u s e  of b a c t e r i a l  
D N A  b y  h i g h e r  p l a n t  p o l y m e r a s e s  ~. 
T r a n s c r i p t i o n  of  b a c t e r i a l  D N A  b y  i s o l a t e d  p l a n t  n u c l e i  
w a s  s t u d i e d .  N u c l e i  we re  p r e p a r e d  b y  a g e n t l e  t r e a t m e n t  
w i t h  t r i t o n  X - 1 0 0  f r o m  i s o l a t e d  m e s o p h y l l  p r o t o p l a s t s  o f  
Pe tun ia  hybr idaL T h e  m e t h o d  g i v e s  a h i g h e r  y i e l d  of  
n u c l e i  t h a n  o t h e r  t e c h n i q u e s  5, a n d  t h e  n u c l e i  s h o w  a 
h i g h e r  t r a n s c r i p t i o n  of  t h e i r  o w n  D N A  t h a n  n u c l e i  p r e -  
p a r e d  b y  t h e  m e c h a n i c a l  p r o c e d u r e s  u s e d  h i t h e r t o  7. T h e  
n u c l e i  w e r e  i n c u b a t e d  w i t h  E. coli c h r o m o s o m a l  r e sp .  
p l a s m i d  D N A  (Col E 1 - D N A  ) a n d  t h e n  a s s a y e d  for  t r a n s -  
c r i p t i o n  w i t h  [ 3 H ] - U T P .  T h e  l abe l l ed  R N A  w a s  e x -  
t r a c t e d  s, a n d  h y b r i d i z e d  w i t h  c h r o m o s o m a l  r e sp .  Col 
E 1 - D N A  of E. coli, a n d  in  c o n t r o l  e x p e r i m e n t s  w i t h  
P e t u n i a - D N A ,  u s i n g  t h e  f i l t e r  t e c h n i q u e  ~. C h r o m o s o m a l  
D N A  of E. coli w a s  p r e p a r e d  a c c o r d i n g  to  M a r m u r  1~ 
Col E 1 - D N A  a c c o r d i n g  t o  n ,  a n d  P e t u n i a - D N A  a c c o r d i n g  
to  L i e b k e  e t  al. 3. 
F i r s t ,  t h e  n a t u r e  of  t h e  r a d i o - l a b e l l e d  p r o d u c t  w a s  a n a -  
l yzed .  A R N A s e - t r e a t m e n t  (125 R N A s e  A Fg /ml )  a f t e r  
t r a n s c r i p t i o n  r e d u c e d  t h e  i n c o r p o r a t i o n  of is H ] - U T P  i n t o  
a n  a c i d - i n s o l u b l e  f r a c t i o n  t o  1 1 . 4 %  of  u n t r e a t e d  c o n t r o l .  
I f  A c t i n o m y c i n  D (40 ~g /ml )  w a s  a d d e d  d u r i n g  t r a n s -  
c r i p t i o n ,  r a d i o a c t i v i t y  in  t h e  a c i d - i n s o l u b l e  f r a c t i o n  w a s  
r e d u c e d  t o  1 1 . 3 %  of  u n t r e a t e d  con t ro l :  T h e s e  r e s u l t s  
p r o v e  t h e  R N A - c h a r a c t e r  of  t h e  t r a n s c r i p t i o n a l  p r o d u c t .  
T h e r e a f t e r ,  n u c l e i  we re  i n c u b a t e d  w i t h  E. coli c h r o m o -  
s o m a l  D N A .  I n  t h e  c o n t r o l  e x p e r i m e n t ,  t h e  n u c l e i  re -  
m a i n e d  u n t r e a t e d .  T h e  s a m p l e s  w e r e  f u r t h e r  s u b d i v i d e d .  
I n  o n e  p a r t ,  t h e  n u c l e i  we re  w a s h e d  be fo r e  s t a r t i n g  t h e  
t r a n s c r i p t i o n  a s s a y ,  t h u s  r e m o v i n g  t h e  e x c e s s  D N A .  I n  
a l l  4 e x p e r i m e n t s  a p p r o x i m a t e l y  t h e  s a m e  t r a n s c r i p t i o n  
r a t e ,  m e a s u r e d  b y  t h e  i n c o r p o r a t i o n  of  [ a H ] - U T P  i n t o  
R N A ,  w a s  f o u n d  ( f igure  1). A s  d e m o n s t r a t e d  b y  h y b r i d i z a -  
t i o n ,  t h e r e  w a s  P e t u n i a - R N A  in  al l  t h e  e x p e r i m e n t s .  
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E. coli-RNA could be  de t ec t ed  on ly  if t he  nuclei  were n o t  
w a s h e d  before  t h e  t r a n s c r i p t i o n  assay.  Otherwise  hy-  
b r i d i z a t i o n  w i t h  E. coli-DNA was negligible,  as in  the  
con t ro l s  no t  t r e a t e d  w i t h  E. coli-DNA. This  resu l t  is 
c o n s i s t e n t  w i t h  a t r a n s c r i p t i o n  on t he  surface  of t he  
nucle i  or in t he  s u r r o u n d i n g  m ed i um .  Severa l  r epe t i t i ons  
gave  t he  same resul ts .  
The  con t ro l  e x p e r i m e n t s  p e r m i t  us  to  exc lude  t he  par -  
t i c i p a t i o n  of bac te r ia .  The  bac t e r i a l  D N A  was pur i f ied  in 
a CsC1 dens i t y  g rad ien t .  There fore  i t s  c o n t a m i n a t i o n  w i t h  
bac te r i a l  R N A - p o l y m e r a s e s  seems h igh ly  improbab le .  
A d d i t i o n a l l y  t he  t r a n s c r i p t i o n  e x p e r i m e n t s  were per-  
fo rmed  in the  presence  of r i f amycin ,  a p o t e n t  i n h i b i t o r  of 
b a c t e r i a l  1RNA-polymerases.  R i f a m y c i n  was w i t h o u t  a n y  
ef fec t  on t he  syn thes i s  of bac t e r i a l  R N A  (figure 2), t h u s  
i n d i c a t i n g  t h a t  on ly  t he  Petunia-RNA-polymerases were 
a t  work.  S imi lar  e x p e r i m e n t s  were pe r fo rmed  w i t h  Col 
E1-DNA. The  R N A  fo rmed  was hyb r id i zed  w i t h  single 

s t r a n d e d  Petunia-DNA and  Col E1-DNA TM. The  Petunia- 
D N A  was t r a n s c r i b e d  as before.  A t r a n s c r i p t i o n  of t he  
p lasmid  DNA,  however ,  could  no t  be  de tec ted .  
The  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  p l a n t  po lymerases  are 
capab le  of t r a n s c r i b i n g  bac te r i a l  l inear  DNA. In  t he  case 
of supercoi led DNA,  however ,  diff icul t ies  arise. There  are  
severa l  poss ibi l i t ies  to  a c c o u n t  for t he  above  resul t s :  
e i t he r  t he  p l a n t  1RNA-polymerases are  u n a b l e  to  re- 
cognize  the  i n i t i a t i on  si tes in t he  Col E1-DNA, or t he  dif-  
ferences are p a r t  of t he  c o n f o r m a t i o n  of D N A  (super- 
coiled, comple te  n a t i v e  Col E1-DNA - l inear,  cond i t iona l  
n a t i v e  E. coli-DNA). F u r t h e r  e x p e r i m e n t s  to  c lar i fy  these  
ques t ions  are in progress.  Anyway ,  p l a n t  nuclei  p r epa red  
f rom p ro top l a s t s  offer a s imple  s y s t e m  for t e s t i ng  t he  
eff icacy of p l a n t  1RNA-polymerases.  

12 W. Goebel and W. Schiess, Molec. gen. Genet. 138, 213 (1975). 

.Uptake of ferritin from the medium by Tokophrya in fus ionum 1 
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Summary. Tokophrya in/usionum, a suc to r ian ,  is dep r ived  of a m o u t h  opening.  The  u p t a k e  of fe r r i t in  f rom the  m e d i u m  
is accompl i shed  t h r o u g h  pits,  i n v a g i n a t i o n s  of the  p l a s m a  m e m b r a n e  which  are p e r m a n e n t  s t ruc tu res .  F r o m  the  p i t s  
c o n t a i n i n g  ferr i t in ,  f l a t  vesicles are  p i nched  off t r a n s p o r t i n g  t he  fe r r i t in  to  t he  cy top lasm.  

Tokophrya, as all  Suctor ia ,  does  n o t  h a v e  a c y t o s t o m e  and  
i ts  feeding a p p a r a t u s  consis ts  of n u m e r o u s  tentac les ,  long 
s l ender  t u b e s  e x t e n d i n g  to t he  ou t s ide  of t he  b o d y  and  
also deep  in to  the  c y t o p l a s m  s-5. A t  the  d i s ta l  end, t he  
t e n t a c l e  t e r m i n a t e s  in to  a r o u n d e d  k n o b  covered  b y  t he  
p l a s m a  m e m b r a n e a ;  inside t he  c y t o p l a s m  t he  p r o x i m a l  
end  of t h e  t en t ac l e  r e m a i n s  open  5. Each  of t he  t en tac les  
is c apab l e  of c h a n g i n g  in to  a m o u t h  when  a l iv ing  ci l iate  
gets  a t t a c h e d  to t h e  k n o b  of one  or more  t en tac l e s  4. The  
a t t a c h m e n t  is fol lowed b y  t he  r u p t u r e  of t he  p l a s m a  
m e m b r a n e  of the  p r e y  wh ich  merges  w i t h  the  m e m b r a n e  
cove r ing  t h e  t e n t a c l e  and  t he  2 o rgan i sms  become  un i t ed  
b y  a c o n t i n u o u s  c o m m o n  m e m b r a n e  enve lop ing  p rey  a n d  
p r e d a t o r  6. I m m e d i a t e l y  t h e r e a f t e r  t he  c y t o p l a s m  of t he  
st i l l  l iv ing  p r e y  beg ins  to  s t r e a m  d o w n  t h r o u g h  the  a t -  
t a c h e d  t en t ac l e  in to  t he  p r e d a t o r  where  i t  become  enclosed 
i n to  food vacuoles  ~. I t  was a s s u m e d  t h a t  t h i s  way  of 
feeding suppl ies  t he  p r e d a t o r  w i t h  all  t h e  necessa ry  food 
a n d  t h a t  t he  m e d i u m  plays  a negl igible  role as a source of 
n u t r i e n t s .  However ,  obs e r va t i ons  ind ica t ed  t h a t  also t he  
m e d i u m  inf luences  t he  life span,  t he  r e p r o d u c t i o n  ra t e  and  
t h e  su rv iva l  of clones. A l t h o u g h  cu l tu res  of Tokophrya 
could  grow for some t ime  in a well  b a l a n c e d  inorganic  
m e d i u m ,  or even  in dis t i l led water ,  t he  cond i t ions  for 
longev i ty ,  mu l t i p l i c a t i on  and  d u r a t i o n  of clones i m p r o v e d  
g r ea t l y  in  a m e d i u m  c o n t a i n i n g  yeas t  ex t rac t .  A p p a r e n t l y  
for  n o r m a l  g r o w t h  Tokophrya needs  some s u p p l e m e n t s  
de r iv ing  f rom the  m e d i u m  in add i t i on  to  the  c y t o p l a s m  
of t he  prey.  A d i lu ted  yeas t  m e d i u m  has  been  rou t i ne ly  
used for t he  m a i n t e n a n c e  of cu l tu res  ~. The  m e c h a n i s m  b y  
w h i c h  n u t r i e n t s  a n d  p a r t i c u l a r l y  large molecules  en te r  
f rom the  m e d i u m  to  t he  b o d y  of Tokophrya was so far  
u n k n o w n  a n d  to  solve th i s  p r o b l e m  a t h o r o u g h  s t u d y  of 
s t r u c t u r e s  cover ing  t he  o r g a n i s m  a n d  e x p e r i m e n t s  w i t h  
t r ace r s  were necessary .  The  fol lowing is an  a c c o u n t  of 
s u c h  a s tudy .  

Tokophrya is covered  b y  3 u n i t  m e m b r a n e s  (figure 2, 
insert)  and  b e n e a t h  t h e m  lies t he  ep ip lasm,  a dense  
h o m o g e n e o u s  layer  a b o u t  70 n m  t h i c k  (figure 2). To t he  
outs ide  of t he  e x t e r n a l  m e m b r a n e  Tokophrya is s u r r o u n d e d  
b y  an  a m o r p h o u s  coa t  of low dens i t y  a b o u t  300 n m  th i ck  
(figures 1 and  2). I t  seemed the re fo re  t h a t  tile o rgan i sm 
is well  shie lded and  as if i so la ted  f rom the  s u r r o u n d i n g  
med ium.  A more  de ta i l ed  ana lys i s  disclosed howeve r  t he  
ex i s tance  of gaps  in some of t he  m e m b r a n e s  a n d  layers.  
On ly  the  e x t e r n a l  m e m b r a n e  is c o n t i n u o u s  a n d  a t  u n e v e n  
in t e rva l s  dips down  in to  the  c y t o p l a s m  (figures 1 and  2) 
fo rming  smal l  saccules,  so-called 'p i t s '  6, 8. The  p i t s  d i s rup t  
the  2 o the r  u n i t  m e m b r a n e s  a n d  t he  dense  ep ip lasm.  The  
p i t s  are a b o u t  390 n m  deep a n d  the i r  open ing  is ove r  
100 n m  in d i a m e t e r ;  t he  p a r t  of the  p i t  loca ted  in t h e  
c y t o p l a s m  is covered  b y  a single m e m b r a n e  (figure 2) and  
i t  is a b o u t  250 n m  wide, b u l b o u s  in shape  b u t  of ten  
i r regula r  fo rming  ou tpocke t ings .  
The  role and  func t ion  of the  p i t s  has  been  and  sti l l  is of 
g rea t  in te res t .  T h e y  are found  t h r o u g h o u t  the  S u b p h y l u m  
Ci l iophora  to wh ich  Suc tor ia  be long 9. E x p e r i m e n t s  w i t h  
t r ace r s  pe r fo rmed  on ciliates10 could n o t  give conclus ive  
resul t s  because  these  o rgan i sms  possess an  oral  c a v i t y  

1 Supported by grant AI-08989 US Public Health Service. 
2 The author acknowledges gratefully the excellent technical 

assistance of Mrs Sondra Lewengrub. 
3 N.A. Rudzinska, .1. Cell. Biol. 25, 459 (1965). 
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6 M.A. Rudzinska, Trans. N.Y. Acad. Sei., series II, 29, 512 (1967). 
7 M.A. Rudzinska, J. biophys, biochem. Cytol. d, 195 (1958). 
8 L .L .  Millecchia and M. A. Rudzinska, J. Protozool. 19, 473 

(1972). 
9 Committee on Taxonomy and Taxonomic Problems, Society of 

Protozoologists, J. Protozool. 11, 7 (1964). 
10 C. Noirot-Timothee, C. r. Acad. Sci. Paris 267, 2334 (1968). 


