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1. Introduction

Recent progress in the understanding of the func-
tion of the DNA-dependent RNA polymerase subunits
in transcription makes the elucidation of the struc-
tural analysis of the subunits a necessity. We here
report the quantitative determinations of the amino
acid compositions and the amino acid sequences of
the N-terminal region of all four subunits of the poly-
merase as a basis for the primary structure. So far, the
amino acid composition of & factor and of the
separated § and 8 subunit have not been determined.

2. Materials and methods

2.1. RNA polymerase purification and subunit separa-

tion

The purification of £. coli RNA polymerase from
E. coli K 12 and from AJ7, rif-r]7 was done as previ-
ously described [1]. The holoenzyme was further
chromatographed on phosphocellulose to isolate pure
core enzyme and o factor [2]. The &, § and 8’ subunits
of wild type E. coli were further separated from pure
core enzyme by electrophoresis of preparative cel-
lulose acetate blocks in 6 M urea, 0.6 M boric acid
buffer containing 0.01 M EDTA, 0.02 M mercapto-
ethanol, pH 8.9. The o factor of the AI7-enzyme was
separated by electrophoresis on cellulose acetate
blocks in 6 M urea, 0.2 M ammonium bicarbonate
buffer, containing 0.01 M magnesium acetate, 0.001
M EDTA, 0.02 M mercaptoethanol, pH 9.0 [3].

The purity of the individual subunits was checked
by sodium dodecylsulfate (SDS) polyacrylamide gel
electrophoresis [4] .
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2.2. Amino acid analysis

A 50% yield of the o, § and §' subunits was ob-
tained. The amino acid compositions of these three
subunits were determined with a conventional
“Unichrom’ (Beckman, Munich) amino acid analyzer.

The yield of ¢ factor obtained by the electropho-
retic procedure is low in comparison with that of the
other subunits. For the amino acid analysis of ¢ fac-
tor the ‘Unichrom’ was modified by the installation
of a micro volume dual channel colorimeter from
LKB-Biocal. This allowed an amino acid analysis in
the 1—10 nmol range. The modification of the amino
acid analyzer will be reported in another paper. [5].

2.3. Conditions for HCl-hydrolysis

The sample of protein was hydrolysed in constant
boiling 5.7 N hydrochioric acid at 110°C for 20 hr.
The acid was then removed under vacuum at 50°C.

For the determinations of cysteine, half cystine
and methionine, samples were first oxidized with
performic acid [6]. For the determination of trypto-
phan , the protein was hydrolysed with 5.7 N HC1
containing 6% thioglycolic acid, or with 3 N p-toluene-
sulfonic acid containing 0.2% 3-(2-amino ethyl) indole
[7.8].

2.4 Micro Edman degradation procedure for proteins

A 10 nmol protein sample was heated in a solution
of SDS at 80°C for § min. After evaporating to dry-
ness the manual Edman degradation was performed
according to a modified micro procedure [9].

Phenylthiohydantoin (PTH) amino acids were
identified on polyamide layers {5 X 5 ¢cm) by two-
dimensional chromatography using butyl-PBD fluor-
escence indicator which was a gift of Pierce Chemicals
[10].
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3. Results and discussion

3.1. Amino acid composition of the subunits

The amino acid composition of the menomeric core
enzyme has been determined by two groups [11,12].
Their reported molar contents of the amino acids
with the exception of the methionine residue are very
similar.

R. Burgess has reported the amine acid composi-
tion of the « subunit and of a mixture of the § and §'
subunits [13]. By preparative electrophoresis on a
cellulose acetate block in 6 M urea, holoenzyme has
now been fractionated into the @, 8 and 8 subunits
and o factor. This technique was the first important
step for the study of the proteinchemistry of the
subunits of RNA polymerase.

The electrophoretic migration of all subunits on
cellulose acetate at pH 8.9 is from cathode to anode
in the order 8, 8, &« and o. Therefore, o factor is the
most acidic and ' subunits the most basic protein.
Table 1 shows the amino acid residues in molar per-
centage. The 8’ subunits contain the highest molar
percentage of lysine, histidine and arginine taken
altogether. The ¢ factor possesses a very high per-
centage of aspartic and glutamic acid residues. How-

Table 1
Amino acid composition of each subunit (mole %)
Amino acid @ g B’ o
Lysine 4.79 5.60 6.12 5.58
Histidine 2.10 1.57 1.51 1.99
Arginine 6.54 6.83 7.34 6.51
Cysteic acid 1.11 0.70 1.00 0.93

Aspartic acid _9.18 10.25 9.43 13.15
Methionine sulfone 1.34 2.27 2.30 4.90

Threonine 5.61 4.90 5.69 6.27
Serine 5.90 5.95 5.40 4.28
Glutamic acid 13.91 13.75 11.67 18.36
Proline 4.67 4.38 4.25 3.54
Glycine 7.30 7.88 8.35 4.47
Alanine 7.07 6.48 8.71 5.27
Valine 9.29 7.88 698 5.21
Isolencine 6.25 5.69 5.61 6.27
Leucine 10.81 9.72 92.94 8.00
Tyrosine 1.78 2.80 2.52 2.11
Phenylalanine 1.57 2.89 2.59 2.48
Tryptophan 0.70 0.35 0.50 0.68
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Table 2.

Nearest integral number of amino acid residues of each subunit
Amino acid ] B g o
Lysine 17 79 92 47
Histidine 8 22 23 17
Arginine 24 96 110 54
Cysteic acid 4 10 15 8
Aspartic acid 33 144 141 110
Methionine sulfone 5 32 35 41
Threonine 20 69 85 52
Serine 21 84 81 36
Glutamic acid 51 194 175 153
Proline 17 62 64 30
Glycine 27 111 125 37
Alanine 26 91 131 44
Vatine 34 111 105 44
Isoleucine 23 80 84 52
Leucine 39 137 149 67
Tyrosine 6 39 38 18
Phenylalanine 6 41 39 21
Tryptophan 3 5 8 6
Total 364 1407 1500 837

ever, the o factor can be suspected to contain many
aspartic acid and glutamic acid residues rather than
asparagine and glutamine because it is the most acidic
protein. The molecular weight of the «, § and i
subunits and o factor determined by SDS-polyacryla-
mide gel electrophoresis are 40 000, 155 000, 160 000
and 92 000 respectively [14]. On the basis of these
molecular weights the nearest integral number of
amino acid residues were calculated as shown in table 2.

3.2. The N-terminal sequences of the subunits

The N-terminal residues of a, $ and ' subunits and
o factor are all methionine as shown by the method of
dansylation [15] and by Edman degradation [16].

Table 3 shows the N-terminal sequences of all four
subunits. Through the microscale procedure, PTH
amino acid could be identified from a 10 nmol sample
of protein. This method was especially suitable for
the sequence of o factor. The fourth step of the §'
subunit was identified as leucine by back hydrolysis
of the PTH amine acid with hydriodic acid. The hydro-
lysate was also dansylated because PTH leucine and
PTH isoleucine could not be separated on polyamide
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Table 3
N-terminal sequences of each subunit

1 2 3 4

o

Met — GIN — Gly -- AsN —
Met — Val Tyr - Arg -
Met — Lys — Asp — Leu —
Met — Glu ~ GIN - AsN -

b

o,

=]

layers by two-dimensional chromatography. It has
been suggested that the § and ' subunits were gene-
multiplicated products of the a subunit. Although the
molecular weights of the subunits are very different,
the values of the molar percentages of the amino
acids seem to be relatively similar. This assumption
will rernain until an amino acid analysis of all the
subunits has been performed. At first, we have com-
pared the N-terminal sequences of each subunit over
several steps. The N-terminal sequence of the « sub-
unit is being continued further and will be reported on
in another paper.
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