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1. Introduction

Multiple forms of RNA polymerase activity have
recently been reported from eukaryotes [1]. The mo-
lecular basis of this hetercgeneity is at present un-
known but, whatever irs basis, the crucial question
seems 10 be whether different enzymes copy different
genes. A common feature of all these enzymes is that
they differ fzom each other in response to ionic and
template requirements, sensitivity towards c-amanitin,
subunits and in nuclear and nucleclar localization. We
have recently described the isolation and purification
of enzymes and factors from chromatin of plant cell -
ancled 2,3, This paper describes the first attempt to
purify the initiation factor for RNA polymerases
from the chromatin of piant cell nuclei and determina-
tion of the molecular weight and subunit nat e of
both the enzyme and factor as revealed by SDS poly-
acrylamide gel electrophoresis.

2. Materizals and methods

2.1. Materials -

. ‘Green goconuts { Cocos nucifera) 4—5 months old
were obtained from loeal market. ATP, GTP, UTP,
CTP and ion-exchange resins were purchased from
Sigma Chemical Company (St. Louis, Mo., USA).
Adquacide was purchased from CalBiochem
(Ldwengraben, Switzerland). Acrylamide, ¥V, NV'-meth-

* Part IV of the series “RNA polymerase from eukaryouc
cell
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yviene bisasrylamide, &V, , N, N tetramethylethylene-
diamine { TEMED) were all purchased from Eastman
Kodak Company, Rochester, N.Y., USA. Coomassie
Brilliant Blue R 250 {(ColLab), Amido black {G.T. Guzr)

" and Fast green (E. Merck) were commercial products.

2.2. Prepoyation of chromati

Nuclei were isolated from coconut endospsrm by
the method of Mondal et al, [4] in the presence of
0.25 M sucrose in 0.01 M Tris—HCI, pH 8.0. The
crude chromatin was isolated from the nuclei by the
method of Bonner and Huang {5] . Details of the pro-
cedure are described elsewhere [2].

2.3. Preparation of enzymes and factor

RMA polymerase was isolated from the nonhisions
protein acrording o the method of Mondal et al. [7%.
RNA polymerase 1 and [T were obtained after chroms-
tography on DEAE celluloge. The peak eluted at 0.5
M KCl on DEAE column had a stimulatory sole on
both the enzymes. Both perified enzymes and factor:
were stored at —12°C in a buffered medinm coutsin-
ing 50% glycerol.

2.4. Assay of RN.A polymerase activity

The reaztion mixiure containing 40 mM Tris—HCE,
pH 8.0, 0.2 mM EDTA, 3 mM 2-mercaptoethansl, 106
mM MgCl, or 2 mM MrCl,, 0.4 M K,HPO, ,0.16
mM Natl, 0.1 M of each of the four triphosphates

of which one was labelled, [PHJUTP, specific activity
4 cpmipmgl 40 pglml coconrt endosperm DNA and

RNA polymerase (RCT){100ug) and factor B(10ug)

. inatotal velume of 25041. After 15 minincubation at
-37°C, RNA synthesis was: mea’ureﬁ as mcorpnm ted o
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Fig. 1. QAE—Sephadex {A-50) chromatography of factor B from chrematin. The protein preparation in 0.03 M Tris—HCI bufler,
PH 8.0 coniainirg 1 mM M.E., 0.1 mM EDTA and 5% v/v glycerol was passed through a DAX—Sephatdex column, precycied and
equilibrated with the same buifer. The column was washed and then cluied with a 0—0.8 M KC1 lingar gradient in the above men-
tioned buffer. Fractions of 2 ml were collected. Aliguots containing 5 pg of protein were assayved with 50 pg of QAE enzy-me
{RC 1) as described earlier 12]. {#—o——3) Factor B activity; {o—o—c) protein, mgfml; (——), M KCI.

TCA precipitable material and counted on filter paper
dises as previousty described [2].
Protein was determined according to Lowry et al.

6} .

2.5. Electrophoresis of the noiive enzyine at high pH

The purified enzyme RC 1 and factor B (S g each)
was layered on polyacrylamide gels and subjected to
electrophoresis (3 mA/gel at 4°C) for 90 min [2].
These conditions presumably maintain the protein
molecule in its native state.

The subrnit structure of the enzyme and factor
were analyzed by the SDS polyacrylamide gel electro-
vhoresis. The purified enzyme and factor B (20 pg
each) vare separately incubated at 37°C for 3 hr in
0.1 M sodivm phosphate (pH 7.1), 0.1% SDS and
0,19 2-3 mercaptoethanol. The incubated proteins
were layered on polyacrylamide gels {5%) and sub-
jected to electrophoresis {10 mA/tube at 37°C) for 3
hr [7]. :
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3. Results

3.1. Further purification of factor B

The protein pegk eluted from DEAE cellulose col-
uma at 0.5 M KC1 {fraction B) had a stimulatory ac-
1ivity on both the RNA polymsrases. This fraction
was further subjected to QAE—Sephadex (A-50) col-
umn chromatography and was eluted with a linear
gradient of 0—0.8 M KC! (fig. 1). The fractions were
assayed for stimulating RNA polymerase 1 and the ac-
tive fractions ‘were pooled and concentrated by agua-
cide.

3.2. Homogeneity of RNA polymerase I and factor B
Dialvzed samples of RC [ and factor B were ana-
ilvzed in native polyaciylamide gels at different pH
and with different gel concentrations wsing different
dyes to test the homogeneity. Aciylamide at the con-
centrations of 3%, 3.5% and 5% was used in case of
RC 1, whereas, 7%, 7.5% and 8% was used in case of
factor B. Coomassie Brilliant Blue R 250, Amido
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Fig. 2. Polyacrylamide gel elecirophoresis of purified RNA
polyraerase I and factor B. Detailed procedure is deseribed un-
der Materials and merthods, A) 1, 50 zg RT 1 in 3% acrylamide;
2, 5 pg RT I in 3% acrylamide; 3, 5 pg RC 1 in 3.5% acryl-
amide; 4, 5 pg RC I in 5% acrylamide. B) 1, 50 pug factor B in
7% acrylamide; 2, 10 pg factor B in 7% acrylamide; 3, 108
factor B in 7.5% agryvlamidz; 4, 10 pg factor B in 8% acryl-
amide. The gels were electrophoresed at pH 8.4 and were
stained with Coomassie Brilliant Blue. Arrows indicate the pro-
tein bands and the dotted lines mark the dye fromt.

black and Fast green were used for staining where
Coomassie blue gave maximal sensitivity. The resulis
are depicted in fig. 2. From fig.2 A, it can be seen
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Fig. 3. Polyacryiamide gel electrophoresis of RC | and factcr
B in presguce of SDS. 1) 20 pug RC 1 in 5% acrylamide, stained
with Coomassie Brilliant Blue. 2) Same asin 1, stained with
Amido black. 3) 20 pg of factor B in 5% acrylamide, sizined
with Coomassie Brilliant Blae. Doited line indicates dye fron?.

that even on loading 50 ug of the enzyme RC 1, a sin-
gle band was obtained. Also, only one band was ob-
tained in three different gel concentrations. The same
results were obtained in the case of factor B {fig. 2 B)
indicating that both the enzyme and factor were ho-
mogeneous proteins. Also, both the enzyme and fac-
tor B gave single bands when run in single gels (the
spacer and sample gels omitted) in buffers of pH 6.4,
7.4 and 8.4.

3.3. Subunii noiure of enzyme and foctor

The subunit structures of purified RNA polymer-
ase {RC I) and facror B wers analyzed by the 8D5
polvacrylamide dise gel elecirophoresis. By means of
this technigue anC. densitometric tracing of the gels
stained by Coormassie Brilliant Blue R 250 and Amido
biack, the constitueni stbunils were identified, their
molesular weights were estinated, and the subunit
compositions wers determined,

Four subunits were resolved after subjecting the
RNA polymerase RC 1 1o SDS polyacrylamide gel
{fig. 3). The molecular weights of the suybunits of RC i
a, b, ¢ and 4 {determined from a siendard curve of
molecular weight vs. the distance of migration from
the origin of pure proteins of known molecular
weighi) were found to be 175 (00, 150 000, 95 000
and 80 B0Q0, respectively. All these four subunits in
the same molar ratio were found even if the QAF—
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Sephadex purified RC I has benn passed through Bio-
gel P 300 column before gel electrophoretic analysis,
which suggesis that the four subunits are always asso-
ciated with the enzyme activity. The subunit structur-
al formmla for purified RC 1 was thus assigned as
ab,cd, with a molecular weight of 730 D0O. The puri-
fied fraction B (initiation factor) pave single band even
in 0.1% SDS—polyacrylamide gel and the molecular
weight of approx. 76 000 was obtained.

4. Discussion

RN A polymerase from E. coli contains four sab-
nunits besides o and p factors [B] . whereas the present
system contains at least six polypeptide chains and
the molecular weight of this preparation {RC I} has
been shown to be arcund 730 000 compared to
400 000 of E. coli enzyme. The molecular weight of
the enzyme from the rat Iiver has recently been re-
ported to be around 750 000 {9] and 500 000 in the
case of thymus enzyme [10] and 440000 for the
yeast enzyme [11]. In general, the complexity in the
structure of RNA polymerase in eukaryotes seems to
be increased by the additions of more sebunits to it.
The interconversion of one form to the other has also
besn suggested [9] . In that case, some of the subunits
smight act 28 injtiation or other factors. However,
smnaller subunits as seported in the case of mammalian
RNA polymeraze {12} have not bezn detected in the
present case.

Practically nothing is known about initiation or
termination factors in enkaryotic cells. That the frac-
tion B acis as an initiation factor in the case of plant
RNA polymerase has been proved from several lines
of evidence [3]. The molecular weight of this initia-
tion factor has now been found to be 76 000. At opti-
mal concentration of this initiation Factor several fold

}>'370‘

FEBS LETTERS

Anpust 1973

increase in RINA synthesis by RNA polymerase I has
been recorded and this was obtained only when the
ratio of RNA polvmerase I to initiation factor was
10:1 [3]. From this stoichiometry and the molecular
weight it is suggestive that one molecule of RNA poly-
merase | interacts with one molecule of initiation fac-
tor 1o form the initiation complex with DNA. The
complex of RINA polymerase I and factor B has been
found 1o be resistant to rifampicin.
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