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Summary: Fab fragments from antibodies directed against the subunits of E. 
~ A  polymerase were prepared. They were used to study the inhibit ion 
of RNA synthesis and of DNA-binding. I t  was found that Fab fragments from 
antibodies against the B, B', and d subunit, and against holo enzyme, in- 
h ib i t  RNA synthesis, but to different extents, while anti ~ Fab fragments 
do not inhib i t  enzyme act ic i ty .  DNA-binding is reduced only in the presen- 
ce of anti d and anti holo Fab fragments. The inhibit ion of RNA synthesis 
by anti d Fab fragments can be neutralized i f  the enzyme is  incubated with 
DNA before adding the Fab fragment. The anti B and anti B' Fab fragments 
s t i l l  inh ib i t  the enzyme under these conditions. I t  is concluded that these 
Fab fragments direct ly inhib i t  the catalyt ic steps in RNA synthesis, where- 
as the inhibit ion by anti d and anti holo Fab fragments originates from a 
reduced accessibi l i ty to the enzyme of the template in the presence of 
these Fab fragments. 

INTRODUCTION 

RNA polymerase from E. co l i  cons is ts  of four  d i f f e r e n t  sub- 

un i t s  (~2BB'd).  The s p e c i f i c  c o n t r i b u t i o n  of each subuni t  to 

the i n t r i c a t e  process of DNA-dependent RNA synthes is  s t i l l  can- 

not be descr ibed unambigously in a l l  cases ( I - 4 ) .  Genetics has 

been a powerful t o o l ,  i n t roduc ing  mutat ions s p e c i f i c a l l y  in to  

subuni ts  and i n v e s t i g a t i n g  the p rope r t i es  of the mutant enzyme. 

The p rope r t i es  of a subuni t  may also be changed s p e c i f i c a l l y  by 

an t ibod ies  d i rec ted  againS% i t .  I t  has been found tha t  an t i se ra  

aga ins t  the subuni ts  ~, B, and B' i n h i b i t  RNA synthes is  to d i f -  

f e ren t  degrees (5) .  More r e c e n t l y ,  monovalent Fab fragments 

have been employed in i n h i b i t i o n  (6) .  However, the previous 

study focused mainly on immunological comparisons between the 

enzymes from two d i f f e r e n t  b a c t e r i a ,  one of which was E. c o l i .  

In my study,  I used Fab fragments from an t ibod ies  d i rec ted  

aga ins t  the i s o l a t e d  E. co l i  RNA polymerase subuni ts  ~, B, B ' ,  
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d, and a g a i n s t  the comp le te  enzyme to i n v e s t i g a t e  the i n h i b i t i o n  

of  RNA s y n t h e s i s  and the i n f l u e n c e  on the b i n d i n g  of  DNA to the 

enzyme. F u r t h e r m o r e ,  i t  i s  expec ted  t h a t  the sequence of  a d d i -  

t i o n  of  Fab f ragmen ts  or  DNA m igh t  a l l o w  d i s t i n c t i o n  between 

the c o n t r i b u t i o n s  of  the s u b u n i t s  to  DNA-b ind ing  and i n v o l v e -  

ment in  c a t a l y s i s .  

MATERIALS AND METHODS 

Chemicals. Poly [d(A-T) ] ,  ATP, and UTP were purchased from Boehringer(Mann- 
heim). [3H]ATP (22 Ci/mmol) was obtained from Amersham-Buchler(Braunschweig) 
and [ "  C]poly{d(A-T)] from P-L Biochemicals(St. Goar). 
Enzymes. E. co l i  RNA polymerase holo enzyme was prepared according to Bur- 
gess & Jendrisak (7) with a heparin-sepharose chromatography a f te r  the DEAE- 
step according to Sternbach et a l . ( 8 ) .  The spec i f ic  a c t i v i t y  on ca l f  thymus 
DNA was 7500 units/mg. One un i t  gives the rate of GMP incorporat ion of I 
nmol/h at 37 o. Papain was purchased from Boehringer (Mannheim) and desoxy- 
ribonuclease I (RNase free) from Worthington. 
Antibodies and Fab fragments. The antibodies against the subunits ~, B, B', 
and ~ were produced in rabbi ts and pur i f i ed  by protein A-sepharose chroma- 
tography as described previously (9,10). The papain cleavage was performed 

i n  0.01M sodium acetate buf fer  (pH 5.5) in the presence of 0.01M cysteine 
and 0.002 M EDTA using I pg papain per 100 Ng IgG-fract ion (11). Af ter  ex- 
haustive d ia l ys i s  against 0.01M phosphate buffered sal ine (pH 7.2) contai -  
ning 0.15 M NaCl, under vigorous s t i r r i n g ,  the Fab fragments were pur i f i ed  
on protein A-sepharose. To th is  material only Fc fragments are bound. Fab 
fragments from the f low through during e lu t ion  with 0.1M glycine-HCl (pH 
3.0) were dialyzed against phosphate buf fer ,  prec ip i ta ted by ammonium sul -  
fate and dissolved and dialyzed again with phosphate buf fer .  The f ina l  pre- 
paration no longer prec ip i ta tes  RNA polymerase. The protein concentration 
was determined by u l t r a v i o l e t  absorption measurements using an F0.1% 

-280 of 1.4. 

RNA synthesis.  50 ~I of the assay mixture ( in  40 mM Tris-HCl(pH 7.9),  4 mM 
MgCI 2, ImM MncI 2, 12 mM B-mercaptoethanol and 0.4 mM K-phosphate) contained 

~ .75 Hg RNA polymerase holo enzyme. The concentrat ion of poly[d(A-T)] was 
.38 mM (nucleot ides) and of the substrates ATP and UTP I mM each. The as- 

say contained about 500,000 cpm per 50 ~I .  
In the f i r s t  protocol ,  RNA polymerase was incubated for  10 minutes at 37 o 
with the respective Fab fragment. Af ter  addi t ion of template and substrates 
incubation was continued for  60 minutes. 5 HI of DNase I (100 ~g/ml in 100 
mM MgCI2) was added and the so lu t ion incubated fo r  5 minutes at 37 o . F ina l -  
l y ,  5 p l  of 0 .1M EDTA (pH 7.9) was added and 10 pl  samples were spotted 
on 20 cm x £0 cm polyethyleneimine th in  layer sheets (Schleicher & SchUll, 
Dassel) which had been prespotted on the o r ig in  with EDTA and sodium pyro- 
phosphate (0.05 M each) and dr ied.  Ascending chromatography was performed 
with 2 M L iCl ,  0.01M EDTA (pH 6.5)(12) un t i l  the f ron t  reached the end of 
the sheet. Af ter  dry ing,  the or ig ins  were cut out, and rad ioac t i v i t y  was 
measured in toluene-based s c i n t i l l a t i o n  f l u i d .  
The second protocol d i f fe red from the f i r s t  only in that  the enzyme was 
f i r s t  incubated with po ly [d(A-T) ] .  There were no ind icat ions of abort ive 
formation of short  o l igonucleot ides which should have been detected by 
scanning the d i s t r i b u t i o n  of r ad ioac t i v i t y  on the chromatogram (12). 
N i t roce l lu lose  f i l t e r  binding assay. The assay was performed according to 
Strauss at a i . (13 ) .  1.5 pg RNA polymerase holo enzyme were incubated with 
and without 35 ~g Fab fragment for  10 minutes at 370 , and 0.053 pmol [14C] 
poly[d(A-T)] were added. Af ter  an addi t ional  incubation for  20 minutes at 
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Figure 1: Inhibition of RNA synthesis by Fab fragments from A: 
anti c~, B: anti ~, C: anti 5', D: anti d, E: anti holo. The order 
of incu~tion was: enzyme - Fab-fragment --DNA and substrates (o); 
enzyme - DNA - Fab fragment - substrates (x). 

37 o , the solut ion was di luted and f i l t e r e d  on Mi l l i po re  f i l t e r  type HA. The 
f i l t e r  was dried and rad ioac t i v i t y  was counted in a toluene-based s c i n t i l l a -  
t ion f l u i d .  Under these conditions about 50 % of the rad ioac t i v i t y  applied 
was retained on the f i l t e r  in the absence of Fab fragment. 

RESULTS 

Since I expected the i n h i b i t i o n  of  RNA po lymerase by the Fab 

f ragments  to be dependent on the o rde r  of  a d d i t i o n  o f  DNA and 

Fab f r a g m e n t s ,  I used two d i f f e r e n t  p r o t o c o l s  f o r  the i n h i b i -  

t i o n  of  p o l y [ d ( A - T ) ] - d i r e c t e d  RNA s y n t h e s i s .  In the f i r s t  run 

of  expe r imen ts  RNA po lymerase holo enzyme was i ncuba ted  w i t h  i n -  

c r e a s i n g  amounts of  Fab f r a g m e n t s .  Then t e m p l a t e  and s u b s t r a t e s  

were added s i m u l t a n e o u s l y  and RNA s y n t h e s i s  measured. F ig .  I 

shows the e x t e n t  of  i n h i b i t i o n  by each Fab f r agmen t .  In the se- 

cond run ,  holo enzyme was 

then w i t h  an Fab f r a g m e n t ,  

ted by adding s u b s t r a t e s .  

change ve ry  much f o r  ~,  ~, 

however,  the i n h i b i t i o n  i s  

i ncuba ted  w i t h  the t e m p l a t e  f i r s t ,  

and f i n a l l y  RNA s y n t h e s i s  was s t a r -  

The p a t t e r n  of  i n h i b i t i o n  does not  

and B ' .  In the case of  d and h o l o ,  

r emarkab l y  reduced.  

In o rde r  to see whether  the i n h i b i t i o n  measured in  the f i r s t  

p r o t o c o l  i s  due to a decrease in the DNA-binding c a p a c i t y  of  
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Table I: Inh ib i t ion  of DNA-binding ac t i v i t y  of RNA polymerase holo 
enzyme in percent of the control without Fab fragment. 

Fab fragment from 

anti a 98.4 
anti ~ 103.0 
ant~ B' 114.0 
anti o 71.4 
anti holo 81.3 
control serum 96.0 

the  enzyme a f t e r  i t  has bound w i t h  t he  r e s p e c t i v e  Fab f r a g m e n t ,  

h o l o  enzyme-Fab f r a g m e n t  c o m p l e x e s  were i n c u b a t e d  w i t h  r a d i o -  

a c t i v e  p o l y [ d ( A - T ) ] .  The r e s u l t s  i n  t a b l e  I f u l l y  c o r r e s p o n d  to  

t he  da ta  f rom t he  i n h i b i t i o n  e x p e r i m e n t s .  D N A - b i n d i n g  i s  r e -  

duced i n  t he  p r e s e n c e  o f  a n t i  C and a n t i  h o l o  Fab f r a g m e n t s .  

Fab f r a g m e n t s  f r om a c o n t r o l  IgG p r e p a r a t i o n  do no t  i n h i b i t  

RNA s y n t h e s i s  no r  D N A - b i n d i n g .  T a b l e  2 shows a c o m p i l a t i o n  o f  

a l l  e x p e r i m e n t s  where  the  c o m p l e m e n t a r i t y  o f  t he  da ta  f rom i n -  

h i b i t i o n  and f rom D N A - b i n d i n g  can be r e c o g n i z e d .  

DISCUSSION 

The i n t e r a c t i o n  be tween  enzymes and t h e i r  r e s p e c t i v e  a n t i b o -  

d i e s  i n  g e n e r a l  l e a d s  t o  a r e d u c t i o n  i n  enzyme a c t i v i t y .  The ex -  

t e n t  o f  i n h i b i t i o n  may v a r y  c o n s i d e r a b l y  f rom p a r t i a l  t o  com- 

p l e t e ,  and i n  some cases t h e r e  i s  no i n h i b i t i o n  a t  a l l  or  even 

s t i m u l a t i o n .  The i n h i b i t i o n  i s  v e r y  o f t e n  t he  r e s u l t  o f  s t e r i c  

h i n d r a n c e  o f  s u b s t r a t e  a c c e s s .  In  such c a s e s ,  t he  e x t e n t  o f  i n -  

h i b i t i o n  i s  r e l a t e d  to  t he  s i z e  o f  t he  s u b s t r a t e .  A n o t h e r  f a c -  

t o r  i n v o l v e s  c o n f o r m a t i o n a l  changes  imposed on the  enzyme by i t s  

i n t e r a c t i o n  w i t h  t he  a n t i b o d y .  T h u s ,  a n t i b o d i e s  c o m b i n i n g  o u t -  

s i d e  t he  c a t a l y t i c  s i t e  can a f f e c t  t he  i n t e g r i t y  o f  t he  c a t a l y -  

Table 2: Summary of the inh ib i t i on  data from f igure I and table I .  

Fab fragment Inh ib i t ion  of RNA synthesis Inh ib i t ion  of 
from protocol I protocol 2 DNA-binding 

anti a 
anti B + + 
anti ~' + + 
anti d + 
anti holo ++ + 
control serum 
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t i c  center .  On the other  hand, there is no convinc ing data of 

ant ibody being e l i c i t e d  by the c a t a l y t i c  s i t e  of any enzyme 

( f o r  a d iscuss ion of a l l  aspects of enzyme i n h i b i t i o n  by a n t i -  
bodies see (14) and ( 1 5 ) ) .  

Both types of i n h i b i t i o n  seem to be demonstrated in t h i s  s tu-  

dy. F i r s t ,  the ant i  ~ Fab fragments seem to be an example of 

b ind ing but not i n h i b i t i n g  an t ibod ies  (F ig .  I A)o Binding of 

ant i  ~ has been demonstrated unequ ivoca l l y  by complement f i x a -  

t ion  (9) and by e lec t ron  microscopy (unpubl ished r e s u l t s ) .  On 

the other hand, from the i n h i b i t i o n  data alone one cannot de- 

duce tha t  ~ is  w i thou t  any importance fo r  enzymatic a c t i v i t y .  

A poss ib le  exp lana t ion  is tha t  the func t i ona l  s i t e  of the a 

subuni t  is not access ib le  to the corresponding an t i bod ies .  

There are now three s tud ies  ( i n c l u d i n g  the one presented here) 

where i t  has been found tha t  ant i  ~ e i t h e r  does not i n h i b i t  

( the present one and ( 6 ) ) o r  i n h i b i t s  only very s l i g h t l y  (5 ) .  

The weak i n h i b i t i o n  found in the l a s t  i n v e s t i g a t i o n  may be the 

consequence of p r e c i p i t a t i o n  since complete an t i se ra  were used. 

I t  may be tha t  ~ does not func t ion  d i r e c t l y  in the c a t a l y s i s  

of RNA synthes is  or in DNA-binding (which is also not i n h i b i t e d  

by the ant i  ~ Fab fragment,  tab le  I)  but serves to maintain an 

ac t i ve  conformat ion of the enzyme. This i n t e r p r e t a t i o n  is sup- 

ported by the ex is tence of two ~ subuni t  mutants one of which 

is assembly d e f e c t i v e ,  and in the other an a l t e red  s t r u c t u r e  

of the assembled enzyme is suggested (16) .  

The Fab fragments of both ant i  B and ant i  B' i n h i b i t  RNA syn- 

thes is  cons iderab ly  and to a s i m i l a r  ex ten t .  This is found whe- 

ther  the enzyme combines wi th the Fab fragment before adding 

DNA or the reverse sequence of add i t i on  is performed, al though 

in the l a t t e r  case a small r e l i e f  from i n h i b i t i o n  is observed 

(F ig .  I B,C). Furthermore, the b inding of DNA to the enzyme is 

not i n h i b i t e d  ( t ab le  I ) .  The Fab fragments may i n h i b i t  RNA syn- 

thes is  d i r e c t l y  by a f f e c t i n g  the c a t a l y s i s  of RNA syn thes i s ;  B 

and B' have been i d e n t i f i e d  as c o n s t i t u t i n g  the c a t a l y t i c  s i t e  

of RNA polymerase. 

Ant ibod ies  aga ins t  the d subuni t  have not been used prev ious-  

ly  in i n h i b i t i o n  s tud ies .  RNA synthes is  is i n h i b i t e d  i f  the en- 

zyme combines wi th the Fab fragment before adding DNA, but t h i s  

i n h i b i t i o n  is l a r g e l y  re l i eved  i f  the enzyme is bound to DNA 
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f i r s t .  Furthermore,  the ant i  d Fab fragment is the only one 

(apar t  from the ant i  holo Fab fragments) tha t  reduces the ab i -  

l i t y  of the enzyme to bind DNA. Since t h i s  reduct ion  amounts to 

only 30 % whereas the reduct ion  in enzymatic a c t i v i t y  is 50 %, 

one must assume tha t  a f t e r  adding Fab fragment some DNA can 

s t i l l  bind but is probably not c o r r e c t l y  a l igned .  

I n h i b i t i o n  of RNA synthes is  and DNA-binding by ant i  holo Fab 

fragments appears to be a combinat ion of the e f f e c t s  seen wi th 

the i n d i v i d u a l  Fab fragments.  I n h i b i t i o n  of holo enzyme incuba- 

ted s imu l taneous ly  wi th ant i  B and ant i  9' Fab fragments i n d i -  

cates a cumulat ive e f f e c t  (data not shown). The r e l i e f  of i n h i -  

b i t i o n  when incubat ion  wi th DNA precedes the b ind ing of Fab 

fragments is e s s e n t i a l l y  a p roper ty  of the ant i  d Fab fragment.  

One of the fea tu res  c h a r a c t e r i z i n g  the i n h i b i t i o n  of most en- 

zymes by t h e i r  respec t i ve  an t ibod ies  is  the res idua l  a c t i v i t y  

p e r s i s t i n g  in ant ibody excess (14) .  In t h i s  respec t ,  the re-  

su l t s  of t h i s  study show tha t  there are t y p i c a l  d i f f e rences  

among the subun i t s .  100 % i n h i b i t i o n  ( i . e .  zero res idua l  a c t i -  

v i t y )  is obtained at very low concen t ra t ions  of an t i  holo Fab 

fragments.  For the ant i  ~ and ant i  B' Fab fragments there is a 

steady decrease in a c t i v i t y  at inc reas ing  concen t ra t ions  of Fab 

fragments and a low or even zero leve l  of a c t i v i t y  is reached, 

but at much h igher  concen t ra t ions  of Fab fragments.  The ant i  

Fab fragments leave subs tan t i a l  res idua l  a c t i v i t y  (about 40 %), 

and the ant i  ~ Fab fragments do not i n h i b i t  at a l l .  

The r e s u l t s  presented here conf i rm the importance of the in -  

t e g r i t y  of B and 9' and t h e i r  d i r e c t  involvement in c a t a l y s i s .  

I f  one accepts the i n h i b i t i o n  by ant i  d Fab fragments to be the 

r e s u l t  of reduced DNA-binding, the res idua l  a c t i v i t y  may be the 

consequence of a un i fo rm ly  reduced DNA-binding capac i ty  of the 

d subun i t ,  e i t h e r  by conformat ional  change or s t e r i c  h indrance.  

This i n t e r p r e t a t i o n  does not cons ider  the ro le  of d in promoter 

s i t e  se l ec t i on  al though DNA-binding is an impor tant  aspect of 

t h i s  process. For such i n v e s t i g a t i o n s  the system descr ibed here 

could be appl ied to i s o l a t e d  promoters.  
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