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1. Introduction 

To obtain structural information about DNA-depen- 
dent RNA polymerase from Escherichiu coli (subunit 
composition: @‘pot,o) by small angle X-ray scattering, 
we are investigating the structures of these subunits of 
RNA polymerase which can be obtained homodis- 
persed in solution. We proposed a structure for the u 
subunit in [I]. Here, we report studies of the structure 
of the ar subunit, which is present in solution as a dimer 
0~~ [2,3]. The amino acid sequencing studies [4] indi- 
cate that both (Y subunits are chemically identical and 
each has MI 36 500. 

Few facts are available concerning the function of 
subunit (Y in the transcription process 123: One or 
both CY subunits are attached to the 0 subunit. ADP 
ribosyla~on of one (Y subunit after infection with E. 
coli phage T4 leads to a change in the specificity of 
the gene expression. Our aim is to use the structural 
information about the isolated a2 subunit in order to 
evaluate a model of RNA polymerase. The aim is to 
obtain information about the function of the subunits 
and their interactions. 

2. Materials and methods 

2.1. Preparation of tx subunit 
The OL subunit was prepared from RNA polymerase 

as in [6]. RNA polymerase was isolated from E. coli 
as in [7] with the slight modifications in [I]. For elim- 
ination of unspecific aggregates the (Y subunit was sedi- 
mented in a sucrose-glycerol gradient. The main 
fractions were pooled, concentrated by ammonium 
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sulfate precipitation and dialysed overnight against a 
buffer cont~n~g 0.05 M Tris-HCl (PH 7.5),0.55 M 
NH&l and IO” M mercaptoethanol. This (Y fraction 
reconstituted with p’, p, u results in a fully active holo- 
enzyme. 

The purity of the cy subunit was >95% as checked 
by SDS gel electrophoresis. The homodispersity of (Y 
was checked by sedimentation in an ultracentrifuge 
(Spinco model E). The Q! subunit ran as a single sedi- 
menting material with an S-value corresponding to the 
dimeric form. The concentration of LY factor was deter- 
mined by the staining procedure developed [8], which 
was calibrated as in [9]. 

2.2. Small-angle X-ray scattering 
The measurements were carried out with a Kratky 

camera with a slit collimation system [lo] using a 
copper tube (50 kV, 30 mA). Protein solutions were 
investigated at 4°C. Scattered intensities were recorded 
at 93 different angles from 0.00216-0.123 radians, 
using an entrance slit of 120 grn. Each scattering curve 
was recorded several times with a fixed no. pulses 
(1 O’)/angle in order to minimize statistical errors. The 
ex~r~ent~ a~angement and the procedures used 
for data evaluation were as in [ 11. 

3. Results and discussion 

3 .l . Radius of gyration and maximum dimension 
Two series of measurements were performed with 

freshly prepared a2 samples. For each sample a con- 
centration series was measured over 6-16 mg/ml. The 
inner parts of the scattering curves were plotted accord- 
ing to Guinier (log 1/c vs (2Q2) and extrapolated to 
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zero eon~en~ation. This pIot should yield a straight 
line whose slope is proportional to the square of the 
radius of gyration. After desmearing [ 1 l] the radius 
of gyration was calculated to be R = 4.4 + 0.1 run, 
This value agrees with that computed from the p(r) 
function 111. 

The intraparticufar distance d~st~bution function 
p(rJ was calculated with the evaluation program [ 11 f. 
The function p(r) becomes zero at values of r exceed” 
ing the maximum particle dimension D,,. From p(r) 
D max results to 15 + 0.5 nm. The desmeared scattering 
curve of ~a is shown in fig.1 ) and the p() function in 
fig.2. 

From a plot fiz vs h2 (fig.3) the radius of gyration 
of the thickness was determined to be R, = 0.64 nm 
which corresponds to an averaged thickness of the par- 
ticle of 2.2 -t- 0.1 nm [12,13]. Fig.3 shows a value of 
R, which is consistent with model 1 for 02_ 
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Fig.1. Comparison of the experimental scattering curve of 
a2 (o o a) with the theoretical one of model 1 (-) and 
model 2 (---) (see fig.2): I = scattered intensity; c = con- 
centration; h = (rln/X)sinB (A = wavelength of the CuK, line, 
28 = scattering angle). Top-view and side-view of model 1. 
The right hand part of the picture shows the sphericat sub- 
units M into model 1. Model calculations yielded an angle 
between the two a! components of 180” t 15”. The intensities 
at Large angles of the mode1 scattering curve are usually lower 

than the experimental one, because of a lower resolution in 
the model. 
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Fig.2. Comparison of the experimental distance distribution 
function p(r) of u2 (o o o) with the theoretical one of 
model 1 (--- ), model 2 (---), model 3 (, . .) and model 4 
(-.--). y = distance; 9 = experimental data inchuling propa- 
gated SD. The deviation of the theoretical curve of model 1 
from the experimental one does not exceed the error band of 
the latter. 
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Fig.3. Plot for the determiuatron of RD. Comparison of the 
experimental curve with the theoretical one of model 1. 
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3.2. Volume 
The volume of a hydrated macromolecule is pro- 

portional to its scattered intensity at zero angle and 
inversely proportional to its invariant Q [ 141. The 
procedure used to determine Q is described in [ 11. 

The volume of (IL? was found to be 146 nm3 f 5% by 
this method. Experience shows that the volume calcu- 

lated from the invariant is usually affected by errors 
>5%, presumably due to particle inhomogenities which 

come into effect at large angles. 

3.3. Shape 
Small-angle X-ray scattering allows only an indirect 

determination of particle shape. The most common 

technique is to compare the experimental scattering 

curve or the p(r) function with the theoretical curves 
of plausible models. 

AU model calculations were performed with a com- 
puter program which uses Debye’s formula [ 151 to 
calculate the theoretical scattering curves of models 

composed of arbitrary spherical elements [ 11. 
A large number of test-calculations were performed 

in order to find an (Y~ model which agreed well with 
the experimental scattering data. Strictly speaking, 

model calculations can only exclude models which do 
not fit the experimental curve and thus produce a 
large number of possible solutions. To reduce this 

number, we had to consider the following limitations: 
the data of the models, such as R, Dmax, V and R, 
have to be the same as those determined experiment- 
ally. Since 0~~ is a leaf-shaped particle the shape simu- 
lation can be reduced to a two-dimensional problem. 
Besides there are indications that there are no struc- 
tural differences between the two subunits of a2 [4]. 
Therefore an 01~ model may have an approximately 
symmetrical shape. 

The simplest model which takes into account all 
these facts is an elongated disc with the dimensions 
a:b:c = 15 nm:8.5 nm:2.2 nm (model 3, fig.2). Its 
p(r) function clearly shows that its structure is too 
compact. Therefore the shape of OL had to be approxi- 
mated by models of increasing complexit’y. Just as 
in the case of subunit u (1) a lot of plausible struc- 
tures were tested. For example two crevices at the 
CY-LY binding site were calculated in a series of models 
(model 4, fig.2). The experimental p(r) function 
shows discrepancies with p(r) of all models with this 
structural feature. 

A disc-like model with one deep crevice in the 
middle (probably the (Y--(Y binding site) was found to 

fit best the experimental scattering curve (model 1, 
fig.1) and the p(r) function (fig.2). It consists of 
116 spheres each with a radius of 0.67 nm. The 

average thickness of 2.2 nm corresponds to two layers 
of model spheres. R, determined from model 1 

agrees exactly with the experimental value, as is 
shown in fig.3. In this plot the slope of the straight 
line is proportional to Rf,. It must be mentioned that 
models with a hole in the centre were also in good 

agreement with experimental data. The best fit of 

models with a hole yields model 2 (fig.2) with the 
dimensions a:b:c = 15 nm:9 nm:2.2 nm and a hole 
diameter of 2.4 nm. However, model 1 is in better 
agreement with the experimental curves. By neutron 
small angle scattering the radius of gyration of a2 in 
situ in complex with the other polymerase subunits 

fl’, 0, u was determined to be R = 4.7 * 0.2 nm [16]. 
This R-value of (Y2 agrees within experimental error 

with the R-value of isolated 0~~. This indicates that 

there are only slight structural differences between 
a2 in the isolated state and (~2 incorporated in the 
holoenzyme. 
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