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Table II. Pereentual distribution of 6-14C orotie acid radioactivity in 
the bases of RNA after 1 h poulse 

UMP CMP AMP G~P 

Exponentially growing cells 52,2 40.0 4.8 5.0 

Ceils under limited growth 
conditions by depletion of 
nitrogen source 76.2 10.0 10.3 4.0 

Cells under limited growth 
conditions by depletion of 
carbon source 71.8 12.2 12.0 7.0 

The data are the average of 2 experiments. 
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Radioactivity distribution as a function of time in the main cellular 
fractions of ceils fed with pyrimidine precursors of RNA. A) Expo- 
nentially growing cells. B) Cells under limited growth egnditions by 
depletion of nitrogen source. C) Cells under limited growth conditions 
by depletion of carbon source. O--O, acid soluble fraction; � 9  
RNA; O--O, other macromoleeular fractions. 

r a d i o a c t i v i t y  assumed,  showing  t h a t  t he  p recursors  are 
ut i ] ized a t  a slower ra te .  I n  t he  e x p e r i m e n t s  w i t h  5-3H 
orot ic  acid a n d  5-8H ur idine ,  40% a n d  55% respec t ive ly  
of the  t o t a l  acid inso luble  labe l  is found  in t he  f rac t ion  
d i f fe ren t  f rom IRNA; w h e n  6-t~C orot ic  acid is used, on ly  
28 %. The  d i s t r i b u t i o n  of t he  r a d i o a c t i v i t y  i nco rpo ra t ed  in  
t h e  mac romolecu l a r  f r ac t ions  d i f fe ren t  f rom R N A  u n d e r  
t he  va r ious  e x p e r i m e n t a l  cond i t ions  is shown  in Tab le  I. 
I n  t h e  e x p e r i m e n t s  w i t h  5-SH ur id ine  and  5-~H orot ic  acid, 
mos t  of t h e  r a d i o a c t i v i t y  (about  80%) of t he  n o n - R N A -  
insoluble  f r ac t ion  is equa l ly  d i s t r i b u t e d  be tween  l ipids  
a n d  polysacchar ides ,  excep t  for n i t rogen  source dep r ived  
ceils in  wh ich  more  t h a n  80% of the  r a d i o a c t i v i t y  of t he  
n o n - R N A - i n s o l u b l e  f r ac t ion  is f ound  in to  t he  l ipidic  
f rac t ion.  W h e n  6-t~C orot ic  acid is used, t he  more  heav i ly  
labe l led  f r ac t ion  u n d e r  all  e x p e r i m e n t a l  cond i t ions  is t h a t  
co r re spond ing  to po lysacchar ides  ( abou t  50% of t he  t o t a l  
r a d i o a c t i v i t y  i nco rpo ra t ed  in to  t he  n o n - R N A - i n s o l u b l e  
f ract ion) .  

The  presence  of ~H label  in  t he  l ip id  a n d / o r  in  t he  
po lysacchar ides  f r ac t ions  is in a g r e e m e n t  w i t h  t h e  p a t t e r n  
of d e g r a d a t i o n  of orot ic  acid a n d  ur id ine  t h r o u g h  t he  
f l -alanine ace ty l -CoA p a t h w a y  12. I n  a d d i t i o n  some of 
aI-I labe l  can  be  lost  to  t r i t i a t e d  w a t e r  in  t he  convers ion  
of p y r i m i d i n e  precursors  to  T M P  ~3. The  d i s t r i b u t i o n  of t he  
r a d i o a c t i v i t y  of 6-14C orot ic  acid can  be exp la ined  b y  
a s s u m i n g  t h a t  1~CO 2 de r iv ing  f rom i ts  b r e a k d o w n  is 
i nco rpo ra t ed  t h r o u g h  r educ t ive  ca rboxy la t ion .  

The  d a t a  of Tab le  I I  show the  d i s t r i b u t i o n  of radio-  
a c t i v i t y  of 6-~4C orot ic  acid in  t h e  R N A  bases  u n d e r  all  
e x p e r i m e n t a l  condi t ions .  The  r a d i o a c t i v i t y  is d i s t r i b u t e d  
to t he  same  e x t e n t  in  ur idyl ic  acid and  cy t idy l ic  acid in 
t he  IRNA f rom e x p o n e n t i a l l y  growing ceils, whi le  t he  
ur idy l ic  acid appea r s  more  heav i l y  label led in t he  1RNA 
f rom ceils u n d e r  l imi ted  g r o w t h  condi t ions .  These  f ind-  
ings sugges t  t h a t  t h e  a m o u n t  of label led  p recursor  incorpo-  
r a t e d  in ur idyl ic  acid or cy t idy l i c  acid of t he  R N A  
depends  on  t he  n u t r i t i o n a l  condi t ion .  The  d a t a  emphas i ze  
t he  s t rong  l i m i t a t i o n s  wh ich  are m e t  for b iochemica l  or 
a u t o r a d i o g r a p h i c  s tudies  in us ing  p y r i m i d i n e  precursors  to  
1RNA syn thes i s  in  a n  o rgan i sm such  as Rhodotorula 
gracilis, especial ly  u n d e r  n u t r i t i o n a l  cond i t ions  of l imi ta -  
t i o n  due to  t h e  def ic iency of n i t r ogen  or c a r b o n  source in 
t he  med ium.  

Riassunto. L'uso  di  p recursor i  p i r imid in ic i  m a r c a t i  in 
s t ud i  b ioch imic i  o au to rad iogra f i c i  del ia  s in tes i  di  1RNA 
r i su l t a  nel  l iev i to  Rhodotorula gracilis f o r t e m e n t e  l i m i t a t o  
specie in  condiz ioni  di  c resc i ta  r a l l e n t a t a  pe r  d i fe t to  di 
fon te  di ca rbon io  o di azoto.  
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Transcription Products Synthesized by Purified Calf Thymus DNA-Dependent RNA 
Polymerase on Shope Papilloma Virus DNA 

The  recen t  pur i f i ca t ion  of m a m m a l i a n  D N A  d e p e n d e n t  t he  e luc ida t ion  of t he  p ro t e in s  coded b y  these  viruses.  
R N A  po lymerase  has  p rov ided  a tool  for t he  s t u d y  of W e  r epor t  here  on t he  R N A  p r o d u c t s  fo rmed  b y  t h e  
m a m m a l i a n  D N A  viruses  1. T he  in v i t ro  t r a n s c r i p t i o n  of t r a n s c r i p t i o n  of Shope  p a p i l l o m a  v i rus  (SPV) D N A  us ing  
t he  smal l  oncogenic  D N A  viruses  can  be t he  f i rs t  s tep  in pur i f i ed  calf t h y m u s  R N A  po lymerases  A and  B. 
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Fig. 1. Products of incubation of the two RNA polymerases and SPV- 
DNA II. RNA polymerase A (71 [zg) was incubated for 60 rain with 
7.5 ~xg SPV-DNA II in a s tandard reaction mixture containing, in 
125 [xl: 1 ~xmole MgC12, 6 [xmoles NaF, 600 nmoles each of ATP, GTP 
and CTP, 5-10 ~Ci of aH-UTP (22.5 Ci/nmole), 4 [zmoles of phospho- 
enolpyruvic acid, 200 nmoles of (NH4)~SO4, 2 [xmoles of 2-mereapto- 
ethanol, 20 Fg of pyruvate  kinase, 11 ~moles of tris-C1 (pH 7.9}, 
enzyme and DNA primer. When the B polymerase was used, 250 
nmoles of MnCle replaced the MgCI~ and the (NH4)2SO ~ was increased 
to 12.4 [zmoles. In  both assays, water was used to adjust the reaction 
mixture to the indicated volume. The ammonium sulfate was added 
after all the other components had been mixed and incubated for 2 
min. This was done to facilitate binding of the enzyme to the DNA. 
SDS was added and the mixture layered on a 4.7 ml linear gradient 
of 15-30% (w/w) sucrose gradient and centrifuged for 4.5 h at 
45,000 rpm in a Spinco SW 65Ti rotor. Acid precipitable RNA was 
collected on paper discs. @--O--O, tritiated product of the enzyme A 
reaction; � 9 1 6 9 1 6 9  tritiated product of the enzyme B reaction. 
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Fig. 2. The effect of DNase or RNase treatment  on the products of 
incubation of RNA polymerase B and SPV-DNA II. RNA polymerase 
(42 [~g) and SPV-DNA II (11.25 [xg) were incubated in a s tandard 
reaction mixture as described in Figure 1 for 60 min. The mixture 
was divided in thirds. One part was treated with DNase I (1.35 [xg), 
one part  with RNase I (25 Fg) and RNase T 1 (580 Fg) and the third 
part  with buffer. After 1.5 rain at 37 ~ the mixtures were treated with 
SDS and centrifuged as deseribed in the legend for Figure 1. 

Materials and methods. Cal f  t h y m u s  R N A  p o l y m e r a s e s  
w e r e  p u r i f i e d  b y  a m o d i f i c a t i o n  of  t h e  m e t h o d  of  CItAMBON 
e t  al. 1. B r i e f l y ,  t h i s  i n c l u d e s  : h o m o g e n i z a t i o n  a n d  s o n i c a -  
t i o n  of  t h e  g l a n d s  ill 0.48 M a m m o n i u m  s u l f a t e  f r o m  
h i g h  s p e e d  s u p e r n a t a n t  s o l u t i o n s ,  s e p a r a t i o n  o f  R N A  
p o l y m e r a s e s  A a n d  B on  D E A E - c e l l u l o s e  a n d  v e l o c i t y  
s e d i m e n t a t i o n  t h r o u g h  1 0 - 3 0  % (v/v)  g l y c e r o l  g r a d i e n t s .  
B o t h  A a n d  B e n z y m e s  w e r e  f r ee  of  d e t e c t a b l e  D N a s e  a n d  
e a c h  m i g r a t e d  a s  a m a j o r  b a n d  o n  ge l  e l e c t r o p h o r e s i s .  
T h e r e  w a s  l i t t l e  c r o s s  c o n t a m i n a t i o n  of  A a n d  B p o l y m e r -  
a s e  p r e p a r a t i o n s .  

S P V - D N A  w a s  i s o l a t e d  f r o m  i s o p y c n i c a l l y  p u r i f i e d  
virus by the method of WATSON and LITTLEFIELD 2. The 
superhelical DNA (Form I) was separated from the 
'nicked' form (II) by velocity sedimentation on sucrose 
gradients 3 
All polymerase reactions were terminated by the addi- 

tion of  s o d i u m  d e o d e c y l s u l f a t e  (SD  S) t o  a f i n a l  c o n c e n t r a -  
t i o n  of  0 . 3 %  a n d  i n c u b a t i o n  a t  37 ~ for  2 m i n  fo l l owed  b y  
coo l ing .  T h e  s a m p l e s  w e r e  t h e n  a n a l y z e d  o n  l i nea r ,  
1 5 - 3 0 %  (w/w) s u c r o s e  g r a d i e n t s  o r  b y  Cs~SOt  i s o p y c n i c  
c e n t r i f u g a t i o n .  T r i c h l o r a c e t i c  a c i d - i n s o l u b l e  R N A  w a s  
c o l l e c t e d  a n d  c o u n t e d  o n  f i l t e r  d i scs .  

Results and discussion. A s  s e e n  in  F i g u r e  1, b o t h  R N A  
p o l y m e r a s e s  A a n d  B a r e  a b l e  to  t r a n s c r i b e  t h e  F o r m  I 
D N A .  T h e  p r o d u c t  f o r m e d  b y  t r a n s c r i p t i o n  w i t h  t h e  A 
e n z y m e  s e d i m e n t e d  a s  a s ing le ,  h e t e r o g e n o u s  p e a k  
(4 -11  s), w h i l e  t h e  B p o l y m e r a s e  p r o d u c e d  2 p e a k s  a f t e r  
s e d i m e n t a t i o n .  B o t h  p e a k s  s e d i m e n t e d  f a s t e r  t h a n  t h e  A 
p r o d u c t  (4 -11  s a n d  2 1 - 3 0  s). S i m i l a r  r e s u l t s  w e r e  
o b t a i n e d  w h e n  S P V  D N A  I I  w a s  t h e  t e m p l a t e .  

T o  d e t e r m i n e  t h e  n a t u r e  o f  t i l e  p r o d u c t s  f o r m e d  b y  t h e  
B p o l y m e r a s e ,  a r e a c t i o n  m i x t u r e  c o n t a i n i n g  S P V - D N A  I I  
a n d  R N A  p o l y m e r a s e  B w a s  d i v i d e d  i n t o  3 p a r t s  a f t e r  a 
60 r a i n  i n c u b a t i o n  a n d  e a c h  p a r t  t r e a t e d  b y  a d d i t i o n  of  
o n e  of  t h e  f o l l o w i n g :  a) b u f f e r  + E D T A - b u f f e r ,  b) D N a s e  I 
( R N a s e  free)  a n d  c) p a n c r e a t i c  R N a s e  i n  E D T A  b u f f e r .  
A f t e r  15 m i n  i n c u b a t i o n  a t  37~ al l  3 m i x t u r e s  w e r e  
t r e a t e d  w i t h  S D S  a n d  c e n t r i f u g e d  Oil s u c r o s e  g r a d i e n t s .  
T h e  r e s u l t s  ( F i g u r e  2) s h o w  t h a t  t i le  1 8 - 2 8  s p e a k  is 
s e n s i t i v e  t o  b o t h  R N a s e  a n d  D N a s e ,  w h e r e a s  t h e  s l o w  

450 

150 (D 

~ 1,700 

i i I 1 i I I I i i 1 I i 1 r I ~ I 

1.840 

o o 

1.690 ~ 

ilS,0 

1390 o 
2 4 6 8 10 12 14 16 18 20 

Fraction number 

Fig. 3. Centrifugation to equilibrium of the products of incubation of 
RNA polymerase B and SPV-DNA II. RNA polymerase B (63.8 ~zg) 
was incubated with 22.5 [xg SPV-DNA II ill a staildard reaction 
mixture as described in Figure 1 for 60 rain. SDS was added to the 
reaction mixture which was mixed with 5 ml Cs2SO a in 0.04 M 
phosphate: 0.008 M citrate. 

1 p. CHAMBON, F. GISSINGER, J. L. ~V[ANDEL, C. KEDINGER JR., 
M. GNIAZDOWKI and M. MEIIILAC, Cold Spring Harb. Syrup. 
quant.  Biol. 35, 693 (1970). 

2 j .  D. WATSON and J. W. LITTLEFIELD, J. molec. Biol. 2, 161 (1960). 
L. V. CRAWFORD and E. M. CRAWFORD, Virology 2I, 258 (1953). 
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peak  (9 s) is labi le  on ly  in t he  presence  of RNase ,  T h e  
res idual ,  R N a s e  r e s i s t a n t  m a t e r i a l  m a y  resu l t  f rom 
s y m m e t r i c a l  t r ansc r ip t i on ,  wh ich  has  been  shown  to  
occur  in  v ivo  4. 

F igure  3 shows t he  resul t s  of e x p e r i m e n t s  in  which  t h e  
p r o d u c t s  of t he  r eac t ion  were cen t r i fuged  to  equ i l i b r ium 
in Cs~SO 4 a f te r  SDS t r e a t m e n t .  Two m a i n  peaks  of radio-  
ac t ive  c o m p l e m e n t a r y  1RNA are  found  in t h e  g r ad i en t  a t  
dens i t ies  of 1.43 a n d  1.70 g /cm a. The  dens i t ies  ind ica te  
t h a t  t h e  1.70 g /cm 3 peak,  co r r e spond ing  to t he  slow 
sucrose g r a d i e n t  peak ,  is free RNA.  The  labeled  com- 
p l e m e n t a r y  R N A  in t he  1.43 g /cm 3 peak  is in  t he  D N A  
region of t h e  g r a d i e n t  a n d  the re fo re  is complexed  to t h e  
D N A  t emp la t e .  

The  a p p e a r a n c e  of a doub le  s t r a n d e d  D N A : R N A  
complex,  r e s i s t a n t  to  0.3% SDS t r e a t m e n t ,  appea r s  to  be  
u n i q u e  to t he  S P V  sys tem.  I n  2 p rev ious  s tud ies  on  t h e  
p r o d u c t s  of t r a n s c r i p t i o n  of SV40 D N A  b y  m a m m a l i a n  
RNA-po lymerases ,  no  such  species was  r epo r t ed  5,6. T h e  
free R N A  syn thes i zed  f rom S P V - D N A  was  also smal le r  
t h a n  t h a t  syn thes i zed  us ing  SV40 D N A  as a t emp la t e .  

Differences  be tween  t h i s  s t u d y  a n d  t h e  ear l ier  r epor t s  
on  SV40 could be  due  to t he  un iquenes s  of t h e  D N A ' s  or 
to  di f ferences  in  t he  e n z y m e  p repa ra t ions .  F u r t h e r  s tud ies  
will  be  requ i red  to  d e t e r m i n e  w h e t h e r  t he  h y b r i d  fo rmed  
here  is a t r ue  D N A : R N A  base -pa i red  complex  or if t h e  

D N A  a n d  R N A  are complexed  t o g e t h e r  b y  a prote in(s)  
wh ich  is r e s i s t a n t  to  0.3% SDS a n d  h i g h  salt .  

Since Shope p a p i l l o m a  v i rus  has  res is ted  all  efforts  to  
p r o p a g a t e  i t  i n  v i t ro ,  a t t e m p t s  to  ana lyze  S P V  p r o d u c t s  
h a v e  been  f r u s t r a t i n g  6, 7. T h e  fac t  t h a t  one can  t r a n s c r i b e  
S P V - D N A  in to  R N A  b y  m a m m a l i a n  po lymerase  m a y  be  
all i m p o r t a n t  s tep  t o w a r d s  u l t i m a t e  ana lys i s  of SPV  and  
i ts  oi icogenici ty.  

Zusammen/assung. A u s g e h e n d  v o n  der  D N S  eines 
o n k o g e n e n  Vi rus  wi rd  der  Ver such  gemach t ,  in  e inem in 
v i t ro  S y s t e m  m i t  W a r m b l t i t e r - R N S - P o l y m e r a s e  ver-  
seh iedene  RNS-Moleki i le  zu syn the t i s i e ren .  
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Vibrationssignale bei der Paarung yon Panorpa (Mecoptera/Insecta) 

Von d e m  8 0 r d n u n g e n  u m f a s s e n d e n  K o m p l e x  der  
Neu rop t e ro idea  ( im Sinne  WEBERS 1) s ind V ib ra t i ons -  
s ignale  b i sher  n u r  yon  den  D i p t e r e n  e b e k a n n t .  Zur  Ver-  
b re i tu i ig  / ihnl icher  K o m m u n i k a t i o n s s y s t e m e  siehe3, ~. 
Neue  U n t e r s u c h u n g e n  zeigen, dass  diese A r t  der  Mi t te i -  
lung  hS~ufiger ist. 

Der  K o p u l a t i o n  yon  Panorpa geht  ein kompl i z i e r t e r  
Ein le i tu i igs te i l  voraus .  P a a r u n g s b e r e i t e  d~3 u n d  ~? suchen  
sich gegenseit ig,  i n d e m  sic h in-  u n d  he r l au fen  u n d  

dazwischen  auff/illig m i t  den  Flf igeln w i n k e n  (Figur  1). 
Dieses r h y t h m i s c h e  Fl i igelspreizen wi rd  y o n  l e b h a f t e n  
A b d o m e n b e w e g u n g e n  beglei te t ,  de ren  B e d e u t u n g  b i sbe r  
u n e r k a i i n t  war .  Die r a s ch en  Auf-  u n d  A b b e w e g u n g e n  des 
A b d o m e n e n d e s  werden  d u r c h  die Be ine  auf  den  Ui i te r -  
g r u n d  i iber t ragen .  Die IntensitS~t der  Signale  is t  ~Lusserst 
gering, u n d  die V i b r a t i o n e n  s ind n u r  d u r c h  den  E i n s a t z  
eines Vorverst /~rkers  n a c h  e inem M a g n e t m i k r o p h o n  auf  
e inem Tonba i id  r eg i s t r i e rba r  (Auswer tung  oszil logra- 
phisch) .  

B e o b a c h t e t  w u r d e n  die A r t e n  Panorpa alpina RAMBUR, 
P. communis L. u n d  P. germanica L. Die G r u n d f r e q u e n z  
der  Verse  l iegt  bei  100 Hz  (in wenigen  F~l len  wurde  be i  
c~3 y o n  20. communis a u c h  200 E250~ Hz  ana lys ie r t ) .  
Die Verse  d a u e r n  e twa  0,1 sec u n d  w e r d e n  im A b s t a n d  
y o n  0,1-2 sec 3 bis  40 real  wiederhol t ,  wobe i  es auch  zu 
m e h r  oder  weniger  k o n t i n u i e r l i c h e n  V i b r a t i o n e n  k o m m e n  
k a n n  (Figur  2). Die r eg i s t r i e r t en  E r s c h i i t t e r u n g e n  werden  
n u r  d u t c h  die A b d o m e n b e w e g u n g e n  v e r u r s a c h t  (ira 
Gegensa tz  zu DrosophilaS), da  diese V i b r a t i o n e n  auch  
ohne  F l i ige lbewegungen  h e r v o r g e b r a c h t  werden.  F e r n e r  
w u r d e n  ke ine  E r s c h i i t t e r u n g e n  d u r c h  F l i ige lbewegungen  
regis t r ier t ,  w e n n  ohne  A b d o m e n b e w e g u n g e n  gewink t  
wurde.  St~Lrker e r reg te  c?c~ be r t ih ren  wAhrend des Vibr ie-  
t ens  m i t  i h r e m  A b d o m e n  a u e h  den  U n t e r g r u n d  u n d  er- 
zeugei1 d a d u r c h  Klopffo lgen  y o n  2-8 Hz  ffir 1-2  sec 
D a u e r  (Figur  3). 

Die B e d e u t u n g  der  V ib ra t ionss igna le  l iegt  in  der  
Mi t t e i lung  der  For tp f l anzungswi l l igke i t .  Wie  y o n  zahl- 

Fig. 1. Ruhig sitzendes ~ yon Panorpa communis, das mit den t:ltigeln 
winkt. Beleuchtung init einem Stroboskop, Belichtung 0,5 see. 
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