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( R e c e i v e d 24 J u n e 1 9 8 8 ) 

It is well known that the transcription of struc-
tural genes in eukaryotic cells is a highly regu-
lated process. For this regulation, the D N A 
template contains numerous specific sequences 
which control the frequency and the precise 
start of initiation of transcription. There is 
ample evidence that these regulatory nucleotide 
sequences are recognized by a multitude of 
protein factors. In the presence of these factors, 
specific transcripts can be synthesized in vitro 
from suitable templates with highly purified 
R N A Polymerase B (II)11'. In the absence of 
these factors very few free R N A chains of de-
fined length are made. One possible explana-
tion for this Observation is that purified eu
karyotic R N A Polymerase B (II) - as opposed 
to the eubacterial enzyme — does not bind to 
specific DNA sequences directly. Instead, it is 
believed that the enzyme recognizes a specific 

complex of factors with their cognate pro-
motor elements for initiation of transcrip
t ion^. 

Start of RNA synthesis in vitro 

We were quite surprised when we found excep-
tions to the aforementioned rule. In the follow-
ing experiment, we used as template a blunt-
ended DNA fragment of 1303 bp length (Fig. 1) 
which contains the promoter region and R N A 
initiation site followed by 128 bp of the coding 
region of one of the zein genes in maize 1 3 1. Upon 
incubation with highly purified R N A Polymerase 
B (II) from wheat germ l 4 ] together with radio-
actively labeled Substrate, R N A is formed which 
migrates during electrophoresis in the form of 
two closely spaced, discrete bands with apparent 
lengths of 750 and 650 nucleotides (Fig. la). 

Enzymes: 
D N A - d i r e c t e d R N A P o l y m e r a s e , n u c l e o s i d e - t r i p h o s p h a t e : R N A n u c l e o t i d y l t r a n s f e r a s e ( D N A - d i r e c t e d ) 
( E C 2 . 7 . 7 . 6 ) ; 
D N A - d i r e c t e d D N A P o l y m e r a s e , d e o x y n u c l e o s i d e - t r i p h o s p h a t e : D N A d e o x y n u c l e o t i d y l t r a n s f e r a s e ( D N A - d i r e c t e d ) 
( E C 2 . 7 . 7 . 7 ) ; 
a l k a l i n e Phospha ta se , o r t h o p h o s p h o r i c - m o n o e s t e r p h o s p h o h y d r o l a s e ( a l k a l i n e o p t i m u m ) ( E C 3 . 1 . 3 . 1 ) ; 
n u c l e o t i d e p y r o p h o s p h a t a s e , d i n u c l e o t i d e n u c l e o t i d o h y d r o l a s e ( E C 3 . 6 . 1 . 9 ) ; 
d e o x y r i b o n u c l e a s e I, ( E C 3 . 1 . 2 1 . 1 ) ; 
r i bonuc l ea se T 2 ( E C 3 . 1 . 2 7 . 1 ) ; 
r i b o n u c l e a s e (panc rea t i c ) ( E C 3 . 1 . 2 7 . 5 ) ; 
T r i t i r a c h i u m a lka l i ne Pro te inase ( E C 3 . 4 . 2 1 . 1 4 ) , also n a m e d Pro te inase K . 

Abbreviation: 
b p , base pairs . 



a b c d e f g h i k l m n 

F i g . 1. In f luence o f spec i f i c cleavage o f a p r o m o t e r - c o n t a i n i n g t empla t e o n t r a n s c r i p t i o n by h i g h l y p u r i f i e d R N A 
P o l y m e r a s e B (II) f r o m whea t g e r m . 

Lane a: 0 .25 p m o l o f a 1 3 0 3 bp D N A fragment ( s h o w n s c h e m a t i c a l l y ) w h i c h was o b t a i n e d by d iges t ion o f a p U C 1 2 
v e c t o r c o n t a i n i n g a z e i n gene^ 3 ! w i t h PvuW, was i n c u b a t e d w i t h a l l f o u r r i b o n u c l e o s i d e t r i phospha t e s and 0 .18 jug en-
z y m e l 4 ! for 3 0 m i n at 3 0 ° C u n d e r c o n d i t i o n s s i m i l a r as d e s c r i b e d ^ J , b : as i n a, bu t t e m p l a t e c leaved w i t h Hinfl; 
c: as in a, bu t w i t h the 341 bp Hinfl f ragment as t e m p l a t e ; d : as i n a, bu t w i t h the 9 6 2 bp Hinfl f r agment ; e: as in b ; 
f: as i n e, bu t f o l l o w e d by i n c u b a t i o n w i t h 2 jug d e o x y r i b o n u c l e a s e I; g: as i n e, bu t f o l l o w e d b y i n c u b a t i o n w i t h 2 jug 
r i bonuc l ea se A ; h : as i n e; i : as i n h , bu t w i t h o u t t e m p l a t e ; k : as i n h , bu t w i t h o u t e n z y m e ; 1: as i n h , but w i t h o u t 
M n C l 2 ; m : as in h , bu t in presence o f 1 fJig/ml a -amani t in ; n : as in h , bu t i n presence o f 2 Hg/ml h e p a r i n . A u t o r a d i o 
g raph ic ana lys i s was p e r f o r m e d after e l e c t ropho re s i s i n a 4 % P o l y a c r y l a m i d e gel c o n t a i n i n g 6 M urea . 

However, when the template is first cleaved at 
its Single Hinfl site two addi t ional very intense 
radioactive bands wi th length o f approximately 
330 and 340 nucleotides appear (F ig . l b , e, h). 
A l l four labeled bands consist o f R N A since they 
can be hydrolysed wi th ribonuclease (F ig . lg ) . 
However, the radioactivity o f the upper two 
bands, consists o f labeled ribonucleotides co-
valently bound to D N A since the radioactivi ty 
migrates out o f the gel upon incubat ion w i th 
deoxyribonuclease (F ig . l f ) . Obvious ly , wi th 
out the specific cleavage o f this template, R N A 
Polymerase B (II) does not initiate de novo but 
only elongates at nicks or ends o f the template. 
This is in agreement w i th earlier observat ions ' 5 1 . 
A l l four radioactive bands are not formed in the 
absence o f enzyme (Fig . l k ) nor in the absence 
o f D N A (F ig . 1 i) or M n 2 e (F ig . 11) or in the 
presence o f either 1 jug/m/ a-amanitin (F ig . Im) 
or 2 /xg/m/ heparin (F ig . In) . The bands are 
synthesized when 0 . 8 m M M n 2 @ is replaced by 
8 m M M g 2 (data not shown). The two R N A 

bands init iated de novo are transcribed from 
the same Hinfl cleavage fragment o f approxi
mately 340 bp in length as evident f rom experi-
ments where the separated Hinfl fragments were 
used as template (F ig . l c , d). The st icky ends o f 
the Hinfl cleavage site, present on both frag
ments, are alone not sufficient to induce the de 
novo in i t ia t ion o f R N A synthesis. This con-
clusion is supported by experiments w i th an 
isolated D N A fragment 316 bp long obtained by 
cleavage o f p U C 1 2 wi th Pvull and wi th another 
fragment o f 521 bp obtained by cleavage o f 
p U C 1 2 w i t h i 4 / w l . On ly w i th the 316 bp frag
ment are large amounts o f free R N A synthesized 
after cleavage o f the template w i th Hinfl (data 
not shown) ( H . Mosig, P h . D . thesis, F a k u l t ä t für 
Chemie und Pharmazie der Ludwig-Maximil ians-
Univers i tä t München , in preparation). Probably 
some addit ional sequence requirements, missing 
in the latter fragment, must be met. However, 
the protruding 5 ;-end o f the template is essential 
for the de novo synthesis. Af ter extension o f the 


