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ABSTRACT

Aim: To analyze the most complex multi-subunit (MSU) DNA dependent RNA polymerases
(RNAPs) of eukaryotic organisms and find out conserved motifs, metal binding sites and catalytic
regions and propose a plausible mechanism of action for these complex eukaryotic MSU RNAPs,
using yeast (Saccharomyces cerevisiae) RNAP I, as a model enzyme.

Study Design: Bioinformatics, Biochemical, Site-directed mutagenesis and X-ray crystallographic
data were analyzed.

Place and Duration of Study: School of Biotechnology, Madurai Kamaraj University, Madurai,
India, between 2007- 2013.

Methodology: Bioinformatics, Biochemical, Site-directed mutagenesis (SDM) and X-ray
crystallographic data of the enzyme were analyzed. The advanced version of Clustal Omega was
used for protein sequence analysis of the MSU DNA dependent RNAPs from various eukaryotic
sources. Along with the conserved motifs identified by the bioinformatics analysis, the data already
available by biochemical and SDM experiments and X-ray crystallographic analysis of these
enzymes were used to confirm the possible amino acids involved in the active sites and catalysis.
Results: Multiple sequence alignment (MSA) of RNAPs from different eukaryotic organisms showed
a large number of highly conserved motifs among them. Possible catalytic regions in the catalytic
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subunits of the yeast Rpb2 (= 8 in eubacteria) and Rpb1 (= 8’ in eubacteria) consist of an absolutely
conserved amino acid R, in contrast to a K that was reported for DNA polymerases and single
subunit (SSU) RNAPs. However, the invariant ‘gatekeeper/DNA template binding’ YG pair that was
reported in all SSU RNAPs, prokaryotic MSU RNAPs and DNA polymerases is also highly
conserved in eukaryotic Rpb2 initiation subunits, but unusually a KG pair is found in higher
eukaryotes including the human RNAPs. Like the eubacterial initiation subunits of MSU RNAPs, the
eukaryotic initiation subunits, viz. Rpb2, exhibit very similar active site and catalytic regions but
slightly different distance conservations between the template binding YG/KG pair and the catalytic
R. In the eukaryotic initiation subunits, the proposed catalytic R is placed at the 9" position from the
YG/KG pair and an invariant R is placed at -5 which are implicated to play a role in nucleoside
triphosphate (NTP) selection as reported for SSU RNAPs (viral family) and DNA polymerases.
Similarly, the eukaryotic elongation subunits (Rpb1) are also found to be very much homologous to
the elongation subunits (') of prokaryotes. Interestingly, the catalytic regions are highly conserved,
and the metal binding sites are absolutely conserved as in prokaryotic MSU RNAPSs. In eukaryotes,
the template binding YG pair is replaced with an FG pair. Another interesting observation is, similar
to the prokaryotic B’ subunits, in the eukaryotic Rpb1 elongation subunits also, the proposed
catalytic R is placed double the distance, i.e., -18 amino acids downstream from the FG pair unlike
in the SSU RNAPs and DNA polymerases where the distance is only -8 amino acids downstream
from the YG pair. Thus, the completely conserved FG pair, catalytic R with an invariant R, at 6"
position are proposed to play a crucial role in template binding, NTP selection and polymerization
reactions in the elongation subunits of eukaryotic MSU RNAPs. Moreover, the Zn binding motif with
the three completely conserved Cs is also highly conserved in the eukaryotic elongation subunits.
Another important difference is that the catalytic region is placed very close to the N-terminal region
in eukaryotes.

Conclusions: Unlike reported for the DNA polymerases and SSU RNA polymerases, the of
eukaryotic MSU RNAPs use an R as the catalytic amino acid and exhibit a different distance
conservation in the initiation and elongation subunits. An invariant Zn* binding motif found in the
Rpb1 elongation subunits is proposed to participate in proof-reading function. Differences in the
active sites of bacterial and human RNA polymerases may pave the way for the design of new and
effective drugs for many bacterial infections, including the multidrug resistant strains which are a
global crisis at present.

Keywords: Multi-subunit DNA dependent RNA polymerases; eukaryotic RNA polymerases; RNA
polymerase |IlI; Saccharomyces cerevisiae; conserved motifs; polymerase active site;
polymerization mechanism; transcription slippage diseases; drug design.

1. INTRODUCTION

RNAPs (EC 2.7.7.6) are key enzymes which play
a vital role in the flow of genetic information from
DNA to proteins and the proteins are final players
in all cellular processes. Therefore, they are
found in all living organisms and play a crucial
role in copying DNA sequences into RNA
molecules which are subsequently translated into
proteins. Thus, transcription forms the first step
and a key control point in gene regulation and
expression. Errors in the transcription process
can potentially lead to aberrant gene products
and ultimately lead to various diseases including
cancer. One major class of transcription error,
known as transcriptional slippages, are
implicated in the development of a wide variety of
diseases, such as colon cancer, non-familial
Alzheimer’s, Down’s syndrome, etc. [1]. Recently
the in vitro transcribed mMRNAs have come into

focus as a potential new class of drugs known
as ‘mRNA therapeutics’ to deliver genetic
information through mRNAs to correct the
malfunction(s) [2] and also potential vaccines
against cancer treatment [3]. In fact, many anti-
cancer drugs act by inhibiting the transcription
step itself. Therefore, understanding the
mechanism and regulation of RNAPs have been
a key goal of molecular biologists since its
discovery. Interestingly, the sequences, overall
3D framework and functions of these DNA
dependent RNAPs are universally conserved in
viruses, bacteria, plants and animals with small
but significant differences in their active sites and
catalytic amino acids. For the discussion about
the discovery and dynamics of the polymerization
reactions [refer to Palanivelu 4]. Instead of a
single type of RNAPs in prokaryotes, Robert
Roeder and William Rutter discovered in1969 the
existence of three different RNAPs in eukaryotic



cells that were responsible for transcription of all
types of RNAs in the eukaryotic cells [5].

Though RNAPs are found in all organisms, their
number and composition vary across taxa,
possibly due to evolutionary consequences,
changes in the genome structure and the
complexity of the transcription process. However,
the MSU RNAPs display a conserved core
structure across all major domains of life, viz.
viruses, bacteria, archaea and eucarya. For
example, viruses contain mainly two different
RNAPs, viz. DNA dependent RNAPs and RNA
dependent RNAPs. Both eubacteria and
archaebacteria contain a single type of MSU
RNAPs, while eukaryotes contain at least five
distinct types of MSU RNAPs (I-V). While the
eubacterial enzymes are composed of 5 different
subunits, the eukaryotic enzymes are made up of
up to 12-16 different subunits. Despite such
differences, there are striking similarities among
the transcriptional mechanisms by various types
of RNAPs across the three major domains of life
[6 and references therein].

Transcription and transcriptional regulation are
very important in eukaryotes as it underlies all

aspects of cellular metabolism including
oncogenesis (cancer) and morphogenesis
(development). The major type of RNA

polymerase, i.e., the RNA polymerase Il, which
involves in the transcription of genes, is a large
(550 kDa) complex made up of 12 subunits.
Unlike in prokaryotes, gene expression, and
therefore, RNAP Il activity is controlled by
several proteins known as general transcription
factors. In other words, as there are no Sigma
like factors in eukaryotic cells for promoter
recognition and to initiate transcription, the
eukaryotic RNAPs interact with a variety of
protein factors known as general transcription
factors. Large volumes of genomic and protein
sequence data are available for most of the
prokaryotic and eukaryotic MSU RNAPs.
Understanding the biological principles buried in
these sequencing data is a significant challenge
for scientists. Therefore, the purpose of the study
is to analyze the available protein sequences of
the MSU RNAPs from eukaryotes to find out the
highly conserved motifs among them and to
understand the structure- function relationships
and mechanism of action of these key enzymes,
along with the X-ray crystallographic and
experimental data available on these enzymes
from various sources. A comparative analysis of
the bacterial and human RNAPs for their
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transcription mechanism will pave way to design
new and effective drugs for many bacterial
infections, including the antibiotic resistance,
especially the multi-drug resistance, which has
become a global crisis [7,8]. MSA has been
proven to be very useful for assigning a
function to a given sequence, by comparing the
existing experimental data with the protein
sequence data and thus, bridging the gap
between the protein sequence and experimental
data.

RNAPs catalyze the chemical reaction that
synthesizes an RNA strand from a DNA template
with all the 4 NTPs and a metal ion, usually a
Mg2+ ion. RNA synthesis in eukaryotes involves
four steps, viz. formation of pre-initiation
complex, initiation, elongation and termination.
The nucleotides are added one at a time to the
growing 3’ end. The newly formed RNA copies
serve as blueprints for the synthesis of proteins
during the next step of translation. The basic
transcription unit is the distance between the
sites of transcription start site (TSS) and
transcription termination site (TTS), and may
have one or more genes between them (e.g.,
mono or poly-cistronic mMRNAs; poly-cistronic
mRNAs are uncommon in eukaryotes).

2. TYPES OF MSU DNA DEPENDENT
RNAPs OF PROKARYOTES AND
EUKARYOTES

There are at least 4 different types of MSU
RNAPs in living cells, viz.

1) MSU DNA dependent RNAPs of
eubacteria

2) MSU DNA dependent RNAPs of
archaebacteria

3) MSU DNA dependent RNAPs of
chloroplasts (Plastid encoded)

4) MSU DNA dependent RNAPs of
eukaryotes

21 Types of MSU DNA Dependent
RNAPs in Eukaryotes

As mentioned elsewhere, bacteria and archaea
have only a single RNAP to transcribe all of its
genes whereas eukaryotic cells employ different
RNAPs to transcribe different types of genes, viz.
rRNAs, tRNAs and mRNAs (Table 1).

There are at least 7 major types of RNAPs in
eukaryotes. The nuclear genome utilizes three
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Table 1. Types and functions of prokaryotic and eukaryotic RNAPs

RNA polymerase type

Type of RNA(s) synthesized

1. RNA Polymerase | (Nuclear)

rRNA genes

(5.8S, 18S, 28S rRNAS from 458 pre-rRNA)

RNA Polymerase Il (Nuclear)
RNA Polymerase Il (Nuclear)
RNA Polymerase IV (Plant specific)
RNA Polymerase V (Plant specific)

aobrwbd

MRNASs, snRNAs, microRNAs

tRNAs & 5S rRNA, scRNAs, U6 SnRNA
siRNAs in plants

Plant specific RNAs involved in siRNA directed

heterochromatin formation in plants.

6. MSU RNAP type (Genomic)

Eubacteria and Chloroplasts (rRNAs, tRNAs mRNAs)

major types of RNAPs which are localized in the
nucleus. For example, the RNAP | is localized in
the nucleolus and primarily involves in the
synthesis of the rRNAs and the other two
RNAPs, viz. RNAPs Il and Il are localized in the
nucleoplasm and mainly involved in the synthesis
of MRNAs and tRNAs, respectively (Table 1).
Plants are unique among eukaryotes in having
five nuclear MSU RNAPs. Two plant-specific
RNAPs, polymerases IV and V are 12-subunit
enzymes that are evolved as specialized forms of
Pol II. (Pols IV and V are nonessential for
viability but play important roles in RNA-
mediated gene silencing pathways that tame
transposons and defend against invading viruses

E)2

2.2 Basic Structure and Composition of
the Eukaryotic RNAPs

All the 5 eukaryotic enzymes (RNAPs |-V) are
MSU enzymes. The 12-subunit RNAP 1l is the
enzyme largely responsible for transcription of
protein-encoding genes and thus, forms the
central component of the eukaryotic transcription
machinery. Similarities between the eukaryotic
and prokaryotic MSU enzymes, suggest a
common lineage in the evolutionary tree. For
example, counterparts for all the five core
eubacterial RNAP subunits (a,BB’'w) are found in
the eukaryotic RNAPs |, Il and Ill [10] (Table 2).
The five orthologs include the two largest
catalytic subunits Rpb1 and Rpb2, which
correspond to the bacterial ' and  subunits,
respectively [11]. Furthermore, Rpb3 and Rpb11
correspond to the two copies of the bacterial a
subunit, and the Rpb6 subunit corresponds to the
bacterial w subunit [12]. In addition to, the two
large subunits of RNAP Il share some sequence
homology and antigenic determinants with the
corresponding subunits of RNAPs | and IIl [13]
(Refer to also Mix and Match analysis Figs. 5
and 6). Rpb3 is involved in RNAP |l assembly.
The subunits Rpb4 and Rpb7 form a heterodimer

and associate reversibly with the *10-subunit core
polymerase’ and involves in the initiation process
which is otherwise defective in initiation. Rpb5,
an evolutionarily highly conserved, universal
eukaryotic RNAP subunit, shared by all three
enzymes, facilitates communication between the
RNAP core with a variety of basal and gene-
specific transcription factors [14]. Rpb7 is
essential for the functioning of the RNAP-II as
deletion is also found to be lethal. A cleft is
formed by jaws; the upper jaw is formed by
regions of Rpb1, Rpb2 and Rpb9 whereas the
lower jaw is formed by Rpb1 and Rpb5. The jaws
are thought to grab the incoming DNA template
[15] (Fig. 1).

Consistent with the increased complexity of the
eukaryotic genome, all three major RNAPs of the
eukaryotic  transcriptional machinery have
several additional subunits that do not have
bacterial counterparts. Table 2 shows the subunit
compositions of the three major types of nuclear
MSU RNAPs. Apart from the five orthologs, as
discussed above, the nuclear RNAPs share four
common subunits, while the remaining subunits
are RNAP dependent. Thus, the three major
classes of eukaryotic RNAPs: I, Il and I, in
addition to comprising of two large catalytic
subunits are also made up of 10-14 smaller
subunits (Table 2).

2.3 Characteristics of the C-terminal
Domain (CTD) in the Largest Subunit
Rpb1

Though exact functions of all the eukaryotic
RNAPs are more or less completely understood,
yet much data are not available on the individual
subunits except for the larger subunits. An
interesting feature of the RNAP Il, a 12-subunit
complex, is its unique CTD in the largest subunit
Rpb1. The Rpb1 elongation subunit consists of a
tandem repeat of a conserved heptapeptide
repeat sequences (-YSZPT35P37-). These
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Table 2. Composition of the three major eukaryotic nuclear RNAPs

Features Pol | Pol Il Poll lll

Subunits unique to each 5 5* 5

RNAP (02BB’w- like)

Common subunits to all 3 4 4 4

RNAPs

Additional unique subunitsto 5 3 7

each RNAPs

Total No. of subunits 14 12 16

Products pre-rRNAS pre-mRNAs 5 snRNAs* pre-tRNAs
(45S RNA — Sno RNAs, microRNAs 5SS & 7S RNAS$, u6-
288, 5.8S, 18S) snRNA

Sensitivity to a-Amanitin Nil High (1 pg/ml) Moderate (10 pg /ml)

Sensitivity to Actinomycin-D# 0.05 pg/ml 0.5 yg/ml 5.0 pg/mi

NB:*The largest subunit, Rpb1, has unique Carboxy Terminal Domain (CTD); # [16].
Subunit nomenclatures RNAPs I, Il & Ill: RP A1-A14; RP B1-B12; RP C1-C16
AU1-US of ~200 bases; involves in the formation of spliceosomes
$7S RNA from the signal recognition particle (SRP), which is involved in the transport of proteins into the
endoplasmic reticulum

heptapeptide repeats are completely conserved
in sequence and function from yeast to human
with varying lengths from 25 to 52. (The CTD
domain does not exist in RNAPs | and Il
suggesting its special importance to mMRNA
processing). The Ser residues are
phosphorylated and dephosphorylated during the
active transcription process. Therefore, the
RNAP-II exists in two forms, i.e., unphos-
phorylated and phosphorylated forms (Il and 1IF),
respectively [17]. In fact, the transition between
the two forms facilitates different functions during
transcription. (The phosphorylation of CTD is
catalyzed by TFII-H, one of the six general
transcription factors associated with RNAP |l
TFIl-H plays a dual role: one is to unwind the
DNA at the transcription start site and the other is
to phosphorylate the heptapeptide repeats. (TFII-
H is a large protein complex that contains among
others the Cdk7/Cyclin-H kinase complex for
phosphorylation of CTD and an ATP dependent
DNA helicase to unwind the DNA and open up
the transcription bubble at TSS). It also involves
in transcription-coupled DNA mismatch
repair. (Mutations in the human XPD kinase
cause Xeroderma pigmentosum and
Trichothiodystrophy [18].

The elongation of initiation is accomplished by
the phosphorylation of Ser’ of the heptapeptide,
(-YS’PTS’PS-) by the TFIl-H. The Ser’
phosphorylation recruits enzymes to cap the 5'
end of the newly synthesized mRNA and the 3'
processing factors to poly(A) sites. Once the
second Ser is phosphorylated, i.e., Serz,

elongation is activated. West and Corden
have shown the substitution of Ala or Glu for
Ser in positions 2 or 5 is lethal. In addition,
changing Tyr in position 1 to Phe is also lethal
[19]. In order to terminate elongation,
dephosphorylation is accomplished by
phosphatases. Once the domain is completely
dephosphorylated, the RNAP Il is "recycled"
and catalyzes the same process with
another initiation site. Thus, the CTD acts as a
platform for various transcription factors as it
binds or dissociates them, depending upon
their requirements during the transcription
process. Thus, the phosphorylation and
dephosphorylation of the CTD is an
important  regulatory mechanism exhibited
only by RNAP Il [20]. Ser7 phosphorylation
is required for the transcription of SnRNAs
and a mutation of Ser7 to Ala causes a
specific defect in snRNA expression [21].

The number of heptapeptide repeats in the CTD
increases with genomic complexity; for example,
17 in Plasmodium, 26 in yeast, 32 in
Caenorhabditis elegans, 45 in Drosophila, and
52 in mammals). The CTD deletion experiments
have shown the CTD’s central role in coupling
transcription to all three of the main mRNA
processing events [22]. For example, deletion of
most of the CTD can result in inefficient capping,
splicing, and polyadenylation in vivo. SDM
experiments of the yeast RNAP Il has found that
at least 10 repeats are needed for the viability of
the process [23,24].



2.4 Salient Features of the Yeast (S.
cerevisiae) MSU RNAPs

To-date one of the most well-studied eukaryotic
RNAPs is from the baker’'s yeast, S. cerevisiae.
In fact, our present understanding of the
eukaryotic transcription system is mainly based
on the yeast system. (For solving the structure
and molecular basis of transcription by the yeast
RNAP Il, Roger Kornberg was awarded Nobel
Prize in chemistry in 2006). Like other eukaryotic
cells, the yeast cells also contain 3 different
polymerases as discussed above. All the three
yeast polymerases have five core subunits that
exhibit good homology to the B, B, a and w
subunits of E. coli RNAP. RNAPs | and Ill contain
the same two non-identical a-like subunits,
whereas polymerase Il has two copies of a
different a-like subunit. All three yeast
polymerases share four other common subunits
as mentioned elsewhere. In addition, each RNAP
contains three to seven unique smaller subunits
as shown in Table 3.

The yeast RNAP II, which involves in the
production  of  mRNAs, is  extensively
characterized and a great deal of information is
available. The yeast RNAP Il is composed of 12
subunits and the largest subunit (Rpb1) contains
the essential CTD, containing 26 heptapeptide
repeats (YSPTSPS). Thus, the Rpb1, Rpb2,
Rpb3 and Rpb11 subunits are related to the
subunits of the eubacterial RNA polymerase core
enzyme, whereas the 5 subunits, viz. Rpb5,
Rpb6, Rpb8, Rpb10 and Rpb12 are shared
among yeast RNA polymerases |, Il and lll [25]
(Table 3).
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while the 5 subunits, viz. Rpb5, Rpb6, Rpb8,
Rpb10 and Rpb12 are shared between the three
RNAPs (Table 3). The Arpb4 phenotypes can be
suppressed by overexpression of Rpb7, and the
high level of Rpb7 allows its interaction with
RNAP Il in the absence of Rpb4, suggesting that
Rpb7 is the critical component of the Rpb4—Rpb7
complex and the role of Rpb4 is to stabilize the
complex [26]. MSA analysis of the Rpb7 from
various eukaryotic sources have shown 3
template binding pairs, possibly decide the right
orientation of the template DNA by three-point
attachment in addition to two long stretches of
conserved motifs (data not shown). Rpb2, a
protein of 138,750 Daltons, exists as a
single copy in the haploid yeast genome and
disruption of the gene is lethal to the yeast cell
[11].

During the production of the primary transcript by
RNAP-II, the phosphorylation state (P) of the
CTD changes to allow the transcribing
polymerase to associate with the capping,
splicing, polyadenylation and mRNA export
machinery [22]. X-ray crystallographic results
also provide evidence for RNA exit in the
vicinity of the carboxyl-terminal repeat domain,
coupling synthesis to RNA processing by
enzymes bound to this domain [28].
These associations are essential for normal
processing of pre-mRNAs to generate mature
mRNAs and to export them to the cytoplasm and
also for normal termination of transcription by
RNAP Il. The subunit Rpb1 (RPO21) is the
largest and catalytic component of RNAP Il and
similar to the eubacterial ’. Bacterial RNA
polymerase subunit w and eukaryotic RNA
polymerase subunit Rpb6 (shared by RNAPs |, II,

The yeast RNAP Il core enzyme is composed of and Ill) are thesequence, structural, and
12 subunits (Fig. 1). The 7 subunits, viz. Rpb1-4, functional homologs and promote RNA
Rpb7, Rpb9 and Rpb11 are unique to RNAP Il polymerase assembly [12].
Table 3. Composition of the MSU RNAP Il from S. cerevisiae

Subunit Size (~kDa) Subunit Size (~kDa)

Rpb1 (B’) 192/E Rpb7** 19/E

Rpb2 (B 139/E Rpb8* 17E/S

Rpb3 (~a) 35/E Rpb9 14/NE

Rpb4 25/NE Rpb10* 8.8/E/S

Rpb5* 25/E/S Rpb11 14/E

Rpb6* (w) 18/E/S Rpb12* 7.7/E/S

Adapted from [25]; E, Essential; NE, Nonessential;, S, Shared.
*The 5 Rpb subunits, viz. 5, 6, 8, 10 and 12 are common for all 3 RNAPs, viz. RNAP I, Il & Ill
The Rpb6 promotes RNAP assembly and contains 9 C2H2 zinc fingers [27]; ** Rpb7 is unique to RNAP
Il. (Rpbs7 and 4 form a dimer and initiate transcription, not required for elongation); Rpb3 is not
absolutely equivalent to a subunit of E. coli.; Subunits Rpb1, Rpb2, Rpb3 and Rpb7 are absolutely
required for activity; Rpb1 is known to bind strongly to Rpb5; Rpb12 interacts with Rpb3
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Fig. 1. A schematic diagram of the 12-subunit yeast MSU RNAP-II with the CTD and
processing components
CE Capping Enzyme; PAM, Poly-Adenylation Machinery; SPL, Spliceosome; (P5),,, phosphorylation at
Serb positions (during initiation); (P2),, phosphorylations at Ser2 positions (during elongation)

Promoter Region PolyAAS
70 25 TSS Y o1
TATA I*r ATG Exon1 Introni Exon2 TAG 1
!{’f 3"
N ,,
BRE p e

5’UiR

DPE

———— 5"
JUTR

Fig. 2. Schematic diagram of a typical transcription unit in eukaryotes
NB: Blue lines, DNA strands; TATA, TATA box (Hogness box) (some promoters are TATAless), CAAT, CAAT
box; The starting nucleotide (nt) is always an A in eukaryotes;, UTR, UnTranslated Region); PolyAAS, Poly-A
Addition Site (AATAAA); TSS, Transcription Start Site; Inr, Initiation region —pyTCACA-; DPE, Downstream
Promoter Element (is seen ~ +30 bp in many genes, AGACA); TTS, Transcription Termination Site

In this communication, the yeast RNAP Il is used
as the model system and the structural studies of
yeast RNAP Il are directly relevant to RNAP I
enzymes in higher organisms, as the
yeast RNAP Il subunits are very well conserved
in sequence and function as discussed
elsewhere. These analyses not only bridge the
data obtained by protein sequence analysis and
the experimental results obtained on the yeast
RNAP 1 but also will pave for more
SDM experiments and genetic analysis to dissect
the transcription mechanism in eukaryotes in

much detail. The following brief discussion on the
basic structure of the transcription unit,
transcription cycle and the participation of the

RNAP Il subunits will be useful to further

understand the analysis and conclusions.

3. BASIC STRUCTURE OF THE
TRANSCRIPTION UNITS IN
EUKARYOTES

The transcription units in eukaryotes are slightly
different from the one described in prokaryotes



[4] as most of the eukaryotic genes are
interrupted with intervening sequences called
introns. A typical transcription unit in eukaryotes
is shown in Fig. 2.

[Some transcription units have an InR start site,
TATA-like site, Down Stream Promoter Elements
(DPE), Upstream activator elements/
Enhancer elements, Repressor and even
Insulator and Silencer sequences. The poly-A
cleavage site is about 30-35 or even 100
nucleotides downstream of the STOP codon
(TAG). This sequence at the mRNAs’ 3
end is called poly-A signal. The sequence
present in the terminal region of the gene is
TTATTT (poly-A signal) is usually followed by
poly-U of 20 to 35 nts downstream from the poly-
A signal.

5" UTR is the portion of an mRNA from the 5'
end to the first codon; the 3' UTR is the
portion of an mRNA from the last codon
to the poly-A site. The UTRs play crucial roles in
mRNA stability, transport, translation efficiency,
etc].

4. TRANSCRIPTION
EUKARYOTES

PROCESSES IN

The basic transcription unit in eukaryotes
is the distance between the sites of transcription
start site (TSS) and transcription termination
site  (TTS), and the coding region is
usually interrupted by one to many introns
(Fig. 2)

The RNA synthesis in eukaryotes is carried out in
the nucleus and involves four distinctive steps,
viz. formation of pre-initiation complex (PIC),
initiation, elongation and termination. It is
interesting to note that the eukaryotic RNAPs do
not possess any initiator subunits similar to the o
factors, as reported in prokaryotes., However,
unlike in prokaryotes where the initiation starts
with the specific binding of the single o subunit,
in eukaryotes, at least about half a dozen protein
factors involve in the initiation of transcription and
are collectively known as General Transcription
factors (GTFs). These GTFs assemble at the
promoter region to form the PIC. Once the PIC is
formed and the RNAP is positioned at TSS, the
initiation subunit Rpb2 initiates RNA synthesis by
making short RNA primers of ~10 nts, from which
the elongation subunit Rpb1 extends and
terminates at TTS. In eukaryotes, there is no
well-defined transcriptional terminator region as
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in prokaryotes and therefore, the transcription
progresses well beyond 1000 or more nts
downstream from the stop codon. Unlike RNAP |
and 1ll, RNAP Il lacks any specific termination
signals.

In my earlier communication, SSU RNAPs and
MSU RNAPs (prokaryotic and prokaryotic type,
i.e., plastid-encoded) RNAPs were analyzed in
detail [29, 4, 30]. In this communication, the most
complex MSU RNAPs of eukaryotic origin are
analyzed for their conserved motifs, active sites,
metal binding regions and based on these
findings, a plausible mechanism of action is
proposed for these MSU eukaryotic enzymes
using the yeast MSU RNAP Il as the model
enzyme.

5. MATERIALS AND METHODS

A large number of MSU RNAPs from eubacteria
and eukaryotes have been isolated,
purified, characterized, cloned and sequenced
[17,31,6]. Complete nucleic acid and
protein sequence data are available for these
enzymes from different eukaryotic sources.
Thus, these data have become valuable tools in
analyzing and understanding the structure-
function relationships of these most
complex enzymes which play a vital role
gene expression. This communication presents
a consensus model for initiation and
elongation processes and also a plausible
mechanism of action for these enzymes.

The S. cerevisiae DNA-dependent MSU RNAP Il
is used as the model system for delineating the
polymerization mechanism. Biochemically and
genetically as this is the most well-studied
enzyme, a large amount of data on biochemical,
SDM and X-ray analyses of its subunits make
this enzyme a convenient model for investigating
the physicochemical aspects of transcription in
eukaryotes. For MSA of various eukaryotic
RNAP I, the sequences were retrieved from
SWISS-PROT and PUBMED sites and analyzed
using Clustal Omega, an accurate, fast and
widely accepted algorithm, available on their
website.

6. RESULTS AND DISCUSSION

6.1 MSA of Eukaryotic MSU RNA
Polymerases from Different Sources

The eukaryotic RNAP Il is composed of various
subunits as described elsewhere (Table 2). Only



the two catalytic subunits, viz. Rpb2 and
Rpb1 which involve in the initiation and
elongation processes are analyzed to find
out the conserved and active site regions
among them. Figs. 3 and 4 show the MSA of
the two catalytic subunits of MSU RNAP I
from various eukaryotic sources. To reduce the
length of the article, only the relevant and
highly conserved regions are shown in the

Figures. The possible catalytic, template
and substrate binding motifs are highlighted in
yellow and the metal binding regions are
highlighted in green/orange. The subunit
sequences of standard organisms are
highlighted in yellow/magenta and used for
numbering.

6.1.1 MSA of Rpb2 subunits of eukaryotic
MSU RNAPs (RNAP II)

Fig. 3 shows the MSA analysis and conserved
motifs of the Rpb2 initiation subunits in
eukaryotic MSU RNAPs Il. There are large
numbers of conserved motifs are observed and
some are found to be long stretches
(highlighted). The vyeast (S. cerevisiae) Rpb2
subunit (1224 amino acids) is used as the
standard for numbering and highlighted in
magenta. The catalytic region is found ~400
amino acids from the N-terminal. The invariant
template binding YG is replaced by a KG pair in
higher eukaryotes including human. The invariant
catalytic R is placed at -9 from the template
binding pair. This distance conservation is in
close agreement with Pal and Luse findings that
the transcription slippage abruptly stopped once
the Rpb2 makes about 9 nts [32]. Interestingly,
the transition from abortive to productive
elongation cycle occurred once the RNAP
register +10 nts [33]. The absolutely conserved
R, which is implicated in NTP selection in SSU
and MSU RNAPs and DNA polymerases, is
placed at -5/6 positions. In fact, in all the
eubacterial B subunits the catalytic R is placed at
-7" position from the YG pair and completely
conserved R is placed at -8" position
downstream from the catalytic R. However,
catalytic R is placed at -8" position from the YG
pair the completely conserved R was at 4"
position in SSU RNAPs and DNA polymerases
[29,34]. This strongly suggests that the DNA
polymerases, SSU and MSU RNAPs use the
same set of amino acids for template, substrate
binding and catalysis establishing a structure-
function relationship among the DNA and RNA
polymerases. The immediate upstream amino
acid from catalytic K in DNA polymerases is
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usually a G or A [34], but in SSU viral RNA
polymerases it is a Q [29] and in MSU
eubacterial B subunits, it is a D in all [4] and in
eukaryotic Rpb2 it is S/T, suggesting a possible
role in the substrate binding and catalysis.
Another catalytic like region is located in ~400
amino acids from the N-terminal but with a
YG/FG pair and a catalytic R at -9 and long
highly conserved stretches on both the sides.
The Zn binding motif with 3 completely
conserved Cs is found in the C-terminal region
(highlighted in orange) which is followed by a
long stretch of conservation till the C-terminal
end. There are many highly conserved
YG/FG/IG/LG pairs and a WG pair in the Rpb2
subunits. At least three of them may provide by
three-point attachment for stereospecific binding
on to the template DNA. However, the DNA
polymerases show only one YG pair.
Interestingly, the RNA dependent RNAPs do not
have the YG pair [35]. A long stretch of the C-
terminal region is highly conserved in all Rpb2
subunits. Interestingly the higher eukaryotic
Rpb2 subunits show a completely
conserved motif till the end of the C-terminal
whereas the lower eukaryotic Rpb2 subunits also
show a completely conserved stretch but not
covering all the amino acids till the C- terminal
with a consensus sequence “PYAXKLLFQELMx
M”. A long stretch of highly conserved end
suggests a possible role in the initiation process.

Fig. 4 shows the MSA analysis and conserved
motifs in the Rpb1 elongation subunits in
eukaryotic MSU RNAPs Il. The yeast subunit
with 1733 amino acids is used as standard and
highlighted in magenta. Like the Rpb2 subunits,
there are large numbers of conserved motifs and
some are found to be long stretches
(highlighted). However, the Rpb1 subunits are
more conserved than the Rpb2 subunits. The
‘template binding’ pair is invariably an FG rather
than a YG pair as reported in other MSU RNAPs.
However, the catalytic R is completely
conserved, including distance conservation in all
the eukaryotic Rpb1 subunits and the upstream
neighbour is mostly S/T but in lower eukaryotes
like yeasts, it is N. Unlike in prokaryotic
elongation subunit, the catalytic region is placed
very close to the N-terminal (~ 100 amino acids).
It is interesting to note that the distance between
the catalytic R and the FG pair is 18 amino acids,
i.e., placed exactly double the distance as
compared to the Rpb2 initiation subunits. This
distance closely agrees with the transcription
bubble which extends ~ 20 bp from the TATA
box [32]. The template binding and catalytic



CLUSTAL O (1.2.4) MSA of the Rpb2, initiation subunits of eukaryotic MSU RNAP Il 3

sp|P30876|RFBZ_HUMAN
tr|G3VEYS|GIVIYS_RAT
tr|AORZ50Y7 53 |AORZ50Y753_CASCH
tr|AORIUTR4CT |RORIUTRS C?:}'.'IESP_U
tr|ADA236XI0% |R0OA2 86HIOS CAVED
trlI3M351|I3M351_ICTIR
tr|G7PSREG|GTPSRE6_MACFL
tr|H2QPIS |H20PI3_PANTR
tr|AORIUTVOTS |AORIUTVOTS_TARSY
tr|AOA152Z51.2 |ROR1 522512 ERIED
tr|A0RODSQYLL |ROAODSQYLL CHLSBE
tr|RORZKSINRT |RORZKSINRT MANLE
tr|AORBT2ZIUS |AORZIZZIUS_GORGD
tr|AORIDSQGAS | AOAL DSQGAS MACMU
tr|ADA2J352N]1 |A0A2 J352N1_PONAB
tr|ADAZKSKS J5 |AORZKSKSJ5_ COLAF
tr|AOAZJSPEWT |ROAZ JSFEWT_FRNTR
tr|AORZKSCYE3 |ROAZKSCYE3 ROTHA
tr|AORAOSENEY4 |AOROSENEY4 FAPIN
tr|C8J2YS|C9J2Y S HUMAN
tr|G8BY61|G3BY61_TETFH
tr|RORIXTOYAL |RORLXTQYRAL 95ACH
tr|J7EVSS | JTREVSS_KRINL
tr|HZAVJIS |HZAVIS_KRIAF
sp|Q6FLDS|RFB2_CRNGR

ap|F SIRFBZ_YERST

tr | AOAOLSVHAS |ROROLIVIHAS 95ACH
tr|AORAOLERE33 |AOROLERE33_SACEU
tr|GOVJITL|GOVIT1_NAUCC -
tr|GEZM49|GIZM4S TORDC
tr|AOAIQ3A090 |AOAIQ3R080_ZYGRO
tr|AORONTIS 35 |RORONTIS3S 95ACH
tr|AORAZ] ZMGEE |AOAZ 12MGEE_ZYGBA
tr|AOA1STHHEL |A0AL S?HHEl:QSE—‘-_CH
tr|56E5B4|56E5B4_ZYGB2
tr|B6KSQ5 | B6KS05_SCHIY
splQ02061|RFB2_SCHEQ
tr|59REU4|59R8U4_SCHOY
tr|58WaCE|59WaCe_SCHCR

sp|P30876 | RPB2_HUMAN
tr|G3VaY5|G3VaY5_RAT
tr|A0A250Y753|A0R250Y753_CASCN
tr|A0A1UTR4CT|AORIUTRACT MESAT
tr|R0A286XIQ9|A0A286XIQY CAVEO
tr|I3M351|I3M351_ICTTR
tr|G7P5RE|GTPSRE_MACFA
tr|H2QPIS |H2QPIS_PENTR
tr|A0A1UTVOTS|A0R1UTVOTS_TARSY
tr|R0A152Z5LZ|A0R15225L2 ERIED
tr|AOAODSOYL1|ADAODSQYLL CHLSE
tr|AOAZKSZNRT|AOAZKSZNRT MANLE
tr|R022I2ZIU3|A0A2I2ZIU3_GORGO
tr|A0A1D50GAS5| A0R1DSQGAS MACMU
tr|A0A2J8S2N1|ADA2J852N1_FONAB
tr|AOA2KSK5JS|ADAZKSKSJS COLAP
tr|A0A2J8PEWT|A0R2ZJ3PENT_PANTR
tr|A0AZK5CY83| AOAZKSCYE3 ROTNA
tr|R0A09ENEY4|AOR0SENEYS PAPAN
tr|C8J2Ys|CeJ2Ys_HUMEN
tr|G8BY6l|GEBY61 TETPH
tr|A0A1X7OYAL|ADALIXTQYAL 9SACH
tr|J7RVES|JTRVSS_KAZNA
H2AVJE_KAZAF
RPE2_CENGA

08518 | RPB2_YEAST
tr|AOAOLSVHAS|ADAOLEVHAS 95ACH
tr|A0AOLSRE33|A0R0LARB3I3_SACEU
tr|GOVIT1|GOVIT1_NAUCC
tr|GBIM49|GBIM49_TORDC
tr|A0A103A030|A0A1Q3A090_Z¥GRO
tr|A0RONTIS35|ADAONTIS35 9SACH
tr|R0A212MGEE|A0R212MGEE ZYGBA
tr|AOA1STHHE1|AOALSTHHEL 95ACH
tr|S6ESB4|S6ESB4_ZYGEZ
tr|B6K505 | B6K505_SCHIY
sp|Q02061|RFBZ_SCHFO
tr|S9R8U4|S9RAU4_SCHOY
tr|S9WSCE|S9WBCE_SCHCR

tr|H2aVJ8
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=2p|P30876 |RPEZ_HUMAN NLTYSARLYVDITETVIKEG EEQLOTQHOKTFIGKIPIMLRSTYCL 162
tr|G3VaY5|G3VEY5s RAT NLTYSARLYVDITETVIKEG QLOTQHQKTFIGRIPIMLESTYCL 182
tr|ROA250YT53|A0R2ZE0YTE3 CASCN NLTYSARLYVDITKIVIKEG—— QLOTOHOKTFIGRIPIMLRSTYCL lg2
tr | AOAIUTRACT | AORIUTR4CT MESAUT NLTYSA] QLOTQHQKTFIGRIPIMLESTYCL 182

tr|ROA286XIQY|AOR2E6XIQ BZCAVPC NLTYSH FIGKIPIMLRSTYCL 162

tr|I3M351|I3M351_ICTIR NLTYSA] FIGKIPIMLESTYCL 162
tr|GTPSR6 |GTPSR6 MACFA NLTYSA] FIGKIPIMLESTYCL 162
tr|H2QPI8 HZGP:E:PBNTR NLTYSA] FIGKIPIMLESTYCL 162
tr|AORIUTVOTS|ACRLIUTVOTS TARSY NLTYSA] FIGKIPIMLESTYCL 162

FIGKIPIMLRSTYCL 162
FIGKIPIMLRSTYCL 155
FIGKIPIMLRSTYCL 155

tr|AOA1S2Z5L2|A0ALIS2Z5L2 ERIEU NLTYSA]
tr|ROAODSQYL1|AOROD2QYL1 CHLSB NLTYSA]
tr |AORAZRSZNRT|AOAZKSZNRT MANLE NLTYSA]

tr|AORZIZZIU3 T-\OI\"‘"?“USZGCRGC NLTYSA] FIGKIPIMLESTYCL 182
tr|ROALIDSQGAS|AORIDSQGAS MACMO NLTYSA] FIGKIPIMLESTYCL 182
tr |ROAZJE52ZN1|AORZJE52N1 PONAB NLTYSA] FIGKIPIMLRSTYCL 162
tr | ROAZKSESJIS | AORZKSKS J5:CCLT-;P NLTYSA] FIGKIPIMLRSTYCL 162

QLOTOHOKTFIGKIPIMLRSTYCL 155
QLOTQHQKTFIGRIPIMLESTYCL 182
QLOTOHOKTFIGRIPIMLRSTYCL lg2
QLOTQHOKTFIGKIPIMLRSTYCL 155
EDSENDEYFIGRLEVMLESENCY 178

tr|ROAZJEPEWT|AORZJEPEWT PANTR NLTYSA]
tr|ROAZKSCYS3|AORZRSCYE3 ROTNA NLTYSA]
tr|ROAOSENEY4|AORDSENEY4 PAPAN NLTYS
tr|C2J2Y? |CoJ2Y9 HUMAN NLTYSA]
tr|GEEYEl |GE 3Y61:TEI'PH NLTYSS[

tr|ACRIXTOQYRL|AORIXTQYAL S5ACH NLTYS5| EDDSESGEYFIGRLPIMLRSENCY 176
tr|J7RVS5 | JTRVIS_KAZNA NLTYS55| EDDSERGEYFIGRLPIMLESKNCY 176
tr|HZAVJE |HZAVIE KAFAF NLTYS55| EDDSESGEYFIGRLPIMLESKNCY 176
3p | Q6FLDS RPBZ_CENGT-; NLTYS55| FIGELPIMLESKNCY 178

2p|P08518 [RPBZ_YEAST NLTYS55(
tr|ROAOLSVHAS|AOROLAVHAS 95ACH NLTYS5|
tr|ROAOLSRE33|A0ROLARE33 SACED NLTYS5|

WFIGELFIMLRSFNCY 180
FIGELPIMLESKNCY 180
FIGELPIMLESKNCY 180

tr|GOVJITL | GOVIT1_NAUCC NLTYS5| FIGELPIMLESKNCY 180
tr|G8ZM49 |GEIM49 TORDC NLTYS5| FIGRLPIMLESENCY 178
tr|RORLQ3A090|AORIQ3A080 ZYGRO NLTYS5| FIGRLPIMLESENCY 1380
tr|AQAONTIS3S|AOAONTISSS S9S5ACH NLTYS5| FIGRLPIMLESKNCY 178

FIGRLPIMLESKNCY 178
FIGRLPIMLRSENCY 178
FIGELPIMLESKNCY 1758

tr|AOAZI1ZMGESE T-;OT-;ZJ.ZI{GEE:ZYGBT-; NLTYS5|
tr|ROA1STHHEL|AORISTHHEL 95ACH NLTYS5|
tr|S56ESE4 | S6ESE4 ZYGB2 NLTYSS|

tr|B6K505 | BEKSQS SCHIY NLTYS5| W--LTEEEDDEPSEYFIGKIPIMLRSTFCI 165
sp|Q02061 RPBZ_SEHPC NLTYS5| W--LVE EEPSKYFIGRKIFIMLRSTFCI 165
tr|55RE8U4 | 59RAU4_5CHOY NLTYS5| W--LVE EDPSEYFIGKIPIMLESTFCI 165
tr|55WaC6 | 59WaC6_5CHCR NLTYS55| W--LVE EDPSEYFIGKIPIMLESTFCI 165
HEEEE o, Lron o Emlmmec.ecaras| s
sp|P3087 6 |RFB2_HUMAN INGLIDROLCELNECFLDRGGYF IINGSEKVLI AQEKMATNTVYVFAKKD -SKYAYT GEC 221
tr|G3IVEYS5|G3VAYS_RAT LNGLICROLCELNECFLDRGGYF IINGSEKVLI AOEKMATNTVYVFAEKD -SKYAYTGEC 221
tr|ROR350Y753 |A0R250Y753_CASCH LNGLIDRDLCELNECP LDHGGYF I INGSEKVLI ZOEKMATNTVYVELKKD -SEYAYTGEC 221

tr|RORIUTR4CT |AORIUTR4CT_MESAU INGLTDROLCEINECPLDHGGYF IINGSEKVLIA0EKMATNTV YVFAKKD -SEYRYTGEC 221
tr|R0AZ26XI0S | AOR286KI0QS_CAVED INGLTDROLCEINECPLDHGGYF I INGSEKVLI A0EKMATNTVYVFAKKD - SEYAYTGEC 221

GYFIINGSEEVLIAOEKMATHTVYVEFAKKD - SKYRYTEEC 221

tr|I3M351|I3M351_ICTIR ILNGLTDROLCELNECFLD

tr|G7P5R6 | GTPSRG_MACFR LNGLIDRDLCELNECP LDHGGYF I INGSEKVLI ZOEKMATNTVYVELKKD -SEYAYTGEC 221
tr|H2QPIZ |HZ0FI3_PRNTR INGLTDROLCEINECPLDHGGYF IINGSEKVLIA0EKMATNTV YVFAKKD -SEYRYTGEC 221

tr | RORIUTVOTS | AORIUTVOTS_TRARSY INGLTDROLCEINECPLDHGGYF IINGSEKVLIA0EKMATNTV YVFAKKD -SEYRYTGEC 221
tr|ROAIS2Z5L2 |A0R152Z5L2_ ERIED INGLTDROLCEINECPLDHGGYF IINGSEKVLI AQEKMATNTV YVFAKKD - SEYAYTGEC 221

GYFIINGSEKVLIAQEKMATNTVYVFAKKD-SKYAYTGEC 214

tr|A0AODIQYLL |RORODSQYLL CHLSB LNGLTDROLCELNECKFLD!

tr | RORZKSZNRT |AOR2KSZNRT _MANLE INGLIDRDLCELNECP LDHGGYF I INGSEKVLI ROEKMATNTVYVELKKD -SEYAYTGEC 214
tr|RORZT2ZIU3 |A0R2I2ZIU3_GORGO INGLTDROLCEINECPLDHGGYF IINGSEKVLIA0EKMATNTV YVFAKKD -SEYRYTGEC 221
tr|AOAIDS0GAS |A0RTDS0GAS MACMI INGLTDROLCEINECPLDHGGYF IINGSEKVLI AQEKMATNTV YVFAKKD - SEYAYTGEC
tr|RAOAZJE52N1 |A0ORZ J352N1_FONAB INGLTDROLCEINECPLORGGYF I INGSEKVLI A0EKMATNTV YVFAKKD - SEYAYTGEC

tr | RORSKSKSJ5 | AOR2 KSKS JS: COLAP LNGLIDRDLCELNECP LDHGGYF I INGSEKVLI ZOEKMATNTVYVELKKD -SEYAYTGEC

tr|ROAZJEPEWT | AOR2 JRPEWT_FRNTR INGLTDROLCEINECPLDHGGYF I INGSEKVLI A0EKMATNTVYVFAKKD - SEYAYTGEC
tr|AOAZKSCYE3 |A0RZKSCYE3_ROTNA INGLTDROLCEINECPLDHGGYF IINGSEKVLI AQEKMATNTV YVFAKKD - SEYAYTGEC
tr|ROA0SENEY4 |AOROSENEY4 FAFPAN INGLTDROLCEINECPLORGGYF I INGSEKVLI A0EKMATNTV YVFAKKD - SEYAYTGEC
tr|C3J2Y3 | CoJ2Y 9 _HUMAN LNGLIDRDLCELNECP LDHGGYF I INGSEKVLI ZOEKMATNTVYVELKKD -SEYAYTGEC

tr|GEBY61l|GEBYel_TETFH L5SDATE SDL YRLKECF FOMGGYF I INGSEKVLI Z0ER SAGNTVOVFEERAPSPI SHVAET

tr|ROAIXTQYAL |ROR1KT QYAl S5ACH L5SDATE SDLYKLKECF FOMGGYF I INGSEKVLI R0ER SAGNTVOVFKERAPSPI SHIAET
tr|J7RVS5 | JTEVS5_KRZINA L3DATE SDL YRLKECF FOMGGYF I INGSEKVLI Z0ER SAGNTVOVFKERAFPSPI SHVAET
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tr|RORZKSCYE3 |A0R2KSCYa3_ROTNA IVDOVMVILNOEGYKF CKIRVRSVE[L PQ JYRPEDMPFTCEGIT 962
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tr|J7BVS5|J7EVSS KRZINA IIDQVLVITHODGLEFVEVRVRT TEVEQ [YSRELMEF TREGIV 1003
tr|H2AVJ3 |HZRVJIE_KRILF IVDOQVLITTNODGLKFVEVRVRT TENEQ [YEREDMPFTADGIYV 1005
sp|Q6FLDS|RPBZ_CRNGA IVDOVLITTHODGLKFVEVRVRT TEN EQ) [YREREDMFFTREGIV

apl 3|REBZ L5T IVDOVLVITNQDELEF EVETTH YERELMPFTREGIV
tr|ROROLEVHAS |ROROLEVHAS 95ACH IVDOQVLVITNODGLKFVEVRVRT TE[L PQ [YEREDMPFTREGIV
tr|AOROLARB33 |A0R0LERB33_SACEU IVDOVLVTTHODGLEF VEVRVRTT] Q) [YREREDMFFTREGIV 1007
tr|GOVIT1IGOVIT1_NARUCC IVDOVLITTHODGLEFVEVRVRT TEVEQ) [YREREDMFFTREGIV 1007
tr|GEIM49|GEZM45 TORDC IVDOQVLITTNODGLKFVEVRVRT TENEQ [YGREDMPFTREGIV 1005
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tr|AORONTIS35 | A0RONTISIS_95ACH IVDOILITTHODGLEF VEVREVRT TEI FQ [YGREDMEFTSEGIV 1005
tr|AORZ]1ZMGES |R0R212MGEE_ZYGBA IVDOILITTNQDGLEFVEVEVET TEI BQ 'Y SRELMPFTREGIV 10086
tr|ROALSTHHEL |AOR1STHHEL 9SACH IVDQILITTHNODGLKEVEVRVRI THIL PO [YSREDMPFTREGIV 10086
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tr|33Wa3Ca| 59WaCa_3CHCR IVDOVLVITNQEGLEFVEVEMRSTRVEQ I'YRHEDMPF SROGIV 994
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3p|P30376|RFBZ_HUMAN PDIITHFHATPSRMTTGHLI ECLOGKVSANKGE IGDATEFFNDAVNVOKISNLLIDEG 1022
tr|G3IVAYS|G3IVEYS5_RAT PDIITNPHATPSERMTIGHLI ECLOGKVSANKGE [GDATEPFNDAVNVOQKISNLLSDEG 1022
tr|AOR250Y7 53 |A0R250¥753 CASCH PDIIINPHAIPSRMTIGHLI ECLOGKVSANKGE [GDATPFNDAVNVORISHLLSD 102z
tr|RORIUTR4CT |RORIUTRACT_MESAD PDIIINPHATPSRMTIGHLIECLOGKVIANKGE IGDATPFNDAVNVORT SHLLSD 1022
tr|A0RZ36XIQ9| ROR2 36KIQY_CAVED PDIITNPHRTPSEMTIGHLI ECLOGKVSANKGE JGDATPFNDAVNVOKISNLLSD 1022
tr|I3M3511I3M351_ICTIR PDIITHFHATPSEMTTGHLI ECLOGKVSANKGE JGDATEFFNDAVNVOKISHLLSD 1022
tr|G7P5RE|GTPSRE_MACFA PDIITNPHATPSRMTIGHLI ECYL.OGKVSANKGE GDATPFN'D}“TNVQESNI.LS_J L 1022
tr|H2QPI 3 |H20PT SZPP_NTR PDIITNPHATPSEMTIGHLI ECY.OGKVSANKGE IGDATPFNDAVHVOKISNLLSD L 1022
tr|RORIUTVOTS |RORIUTVOTS TARSY PDIIINFHATPSRMTIGHLIECLOGKVIANKGE IGDATPFNDAVNVORT SHNLLSDEGYHL 1022
tr|A0RA1S2E5T.2 |ROR1S2E512_ERIED EDIITNFHRTPSRMTIGHLI ECLOGKVSANKGE JGDATPFNDAVNVOKI SNLLS DEG YL 1022
tr|A0AODSQYLL | RORODSQYLL CHLSB EDIITNFHATPSRMTTGHLI ECLOGKVSANKGE JGDATEFF NDAVNVOKI SHLLI DG YL 1015
tr|A0AZKSEINRT | RORZKSEZNRT MANLE PDIITHFHATPSRMTTGHLI ECLOGKVSANKGE GDATPFN'D}“TNVQESNI.LS DEGYHL 1015
tr|A0AZT2ZTU3 |ROR2T2ZIU3_GORGD PDIITHNPHATPSRMTIGHLI ECLOGKVSANKGE IGDATEPFNDAVNVOKISNLLSDYGYHL 1022
tr|AORIDS0GAS | AORIDSOGAS MACMU PDIIINFHATPSRMTIGHLIECLOGKVIANKGE IGDATPFNDAVNVORT SHNLLSDEGYHL 1022
tr|A0R2JE52N1 | ROR2J352N1_PONAR EDIITNFHRTPSRMTIGHLI ECLOGKVSANKGE JGDATPFNDAVNVOKI SNLLS DEG YL 1022
tr|A0AZKSKSJ5 | RORZKSKSJ5_COLAP PDIITNFHATPSRMTIGHLI ECYL.OGKVIANKGE GDATPFN'DAUNU’QESNI.LS DYGYHL 1022
tr|A0A2JEPEWT | ROR2 JEPEWT_PRNTR PDIITNPFHATPSEMTTIGHLI ECLOGKVSANKGE IGDATPFNDAVNVOKISHNLLS DEGYHL 1015
tr|A0RAZKSCY 23 | ROR2KSCYA3 ROTNA PDIITHNPHATPSRMTIGHLI ECLOGKVSANKGE IGDATEPFNDAVNVOKISNLLSDYGYHL 1022
tr|AOROSENEY4 |AOROSENEY4_ PAPAN PDIIINFHATPSRMTIGHLIECLOGKVIANKGE IGDATPFNDAVNVORT SHNLLSDEGYHL 1022
tr|COJ2YS|CIJ2Y9_HUMRN EDIITNFHRTPSRMTT GHLI ECLOGKVSANKGE JGDATPFNDAVNVOKI SNLLS DG YHL 1015
tr|GEBY61lIG3BY61l_TETPH POLITHNPHATPSRMTVAHLI ECLLSKVARL SGNEGDASEFTD-ITVEGISELLREHG YRS 1066
tr|BOATXTOYRL |RORIXTQYRL 95LCH POLITHPHRE TPSEMTIVEAHLIECLLSKVARL SGNRGDASPFTD-ITVESISTLLRE! 1063
tr|J7RVIS|JTREVS5_KRINA POLITHPHE TPSEMTVAHLIECLLSKVARL SGNREGDASPFTD-ITVESISKLLRE 1062
tr|HZEVJS |H2ZAVJIS_KAZLF POLITHEHA TPSRMTVAHLI ECLLSKVAAL SGNREGDASEFTD-ITVE SISKLLRE 1064
sp|Q6FLDSIRFB2_CRNGA POLITHEHA TPSRMTVAHLI ECLLSKVAAL SGNREGDASEFTD-ITVE SISKLLRE
3p|E SIREBZ 3T POLITNFHATPSEMTVAHLIECLL L35 PETD-ITVE[FISKLLRE
tr|A0AOLEVHAS | ROROLEVHAS 95MCH POLITNPHATPSRMIVAHLI ECYLLSKVARL SGNEGDASPFTD-ITVESISKLLEE]
tr|A0AOLERB33 | AOROLERB33_SACED POLITHNPHATPSEMIVAHLI ECLLSKVARL SGNEGDASPFTD-ITVESISKLLEE] 1066
tr|GOVITLIGOVIT1_RAUCC POLIINEHAIPSRMIVAHLIECLLSKVAAL SGNEGDASPFTD-ITVEGISKLLRE! 1066
tr|GEZM491G3ZM49_TORDC POLITHEHA TPSRMTVAHLI ECLLSKVAAL SGNREGDASEFTD-ITVE SISKLLRE 1064
tr|AOAIQ3R090|RORIQ3R090_ZYGRD POLITNEHATPSRMIVAHLI ECLLSKVARL SGNEGDASPFTD- ITVESISKLLRE] 1066
tr|A0RONTIS35 | RORONTIS3S 95nCH POLITNPHATPSRMIVAHLI ECYLLSKVARL SGNEGDASPFTD-ITVESISKLLEE] 1064
tr|A0RA212MG28 |ROR212MGRE_ZYGBA POLITHNPHATPSEMIVAHLI ECLLSKVARL SGNEGDASPFTD-ITVESISKLLEE] 1065
tr|AOALISTHHEL |AOR1STHHEL S5LCH POLIINEHAIPSRMIVAHLIECLLSKVAAL SGNEGDASPFTD-ITVEGISKLLRE! 1065
tr|56E5B4|536E5B4_ZYGB2 POLITHEHA TPSRMTVAHLI ECLLSKVAAL SGNREGDASEFTD-ITVE SISKLLRE 1065
tr|B6K5Q5|B6K505_SCHIY PDIITNFHA TPSRMIVAHLVECQLSKVSAL SGLEGDATEF TE-VIVERVSKLLES 1055
sp|Q02061|RFBZ_SCHPO PDIITHPHA TPSRMIVAHLVECPLSKVSAL SGFEGDATEF TD-VIVERVSKLLES 1055
tr|59R3U4|53R8U4_SCHOY POVITINFHATPSEMIVAHLI ECQLSKVSAL SGFRGDATEF TD-VIVERVSKLLES 1055
tr|539WaCe159WaCe_SCHCR PDVIINEHAIPSRMTVEAHLIECQLSKVSAL SGFEGDATPFTD-VIVERISELLES 1055
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EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITFOIF IGPTYY ORLEKHMVDDKT HSRARG PIQI LNROFPMEGRSRDG 10382
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGRKITFQIF IGPTYY QRLKHMVDDKT HSRARG PIQI LNROFME GRS RDG 1032
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGRKITFOIF IGPTYY ORLKHMVDDKT HSRARG PIQI LNROPME GRS RDG 1032
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGRKITFOIF IGPTYY ORLKHMVDDKT HSRARG PIQI LNROPME GRS RDG 1075
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1075
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGETYY QRLEKHMVDDKEI HSRARG PTIQT LNRQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1075
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1082
EVLYNGFIGREITBQIFIGEPTYY QRLEKEHMVDDKEI HSRARG PTIQTI LNROQPMEGRSEDG) 1075
FEVMYNGHTGI ROTFFGETYY QRLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1126
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1123
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1122
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1124
FEVMYNGHTGI QIFFGPTYYQRLEHMVIDDKI HAE ARG PMOVLTROPVEGRSEDG 1125
EGFEVMYNGHTG oI PTYYORLEHMVDDEI HRR R VLTROFVEGRSEDG 1126
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1126
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1126
FEVMYNGHTGEKL QIFFGPTYYQRLEHMVIDDKI HAE ARG PMOVLTROPVEGRSEDG 1126
FEVMYNGHTGI ROTFFGEPTYY ORLEHMVDDEI HAE ARG PMOVLTROPVEGRSEDG 1124
FEVMYNGHTGI FOIFFGPTYY ORLEHMVDDEI HAR ARG PMOVLTROPVEGRSRDG| 1126
EVMYNGHTGI FOIFFGPTYY ORLEHMVDDEI HAR ARG PMOVLTROPVEGRSRDG| 1124
EVMYNGHTGI FOIFFGPTYY ORLEHMVDDEI HAR ARG PMOVLTROPVEGRSRDG| 1125
EVMYNGHTGI FOIFFGPTYY ORLEHMVDDEI HAR ARG PMOVLTROPVEGRSRDG| 1125
EVMYNGHTGI FOIFFGPTYY ORLEHMVDDEI HAR ARG PMOVLTROPVEGRSRDG| 1125
FEVMYHGHTGRELVAOVF LGP TYY QRLKHLVDDET HAR ARG PVDI LTROPVE GRS EDG 1115
FEVMYHGHTGRELVAOVF LGP TYY QRLKHLVDDET HAR ARG PVDI LTROPVE GRS EDG 1115
FEVMYHGHTGRELV BOVF LGP TYY QRLKHLVDDET HAR ARG PVDI LTROPVE GRS EDG 1115
EVMYHGHTGRELVBOVF LGETYY QRLEKHLVDDETI HAR ARG PVDI LTROPVEGRSEDG| 1115
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GLRFGEMERDCOQI AHGALQF LRERLFENSD PYQVHYCHLEGIMA-TANTR THT FECRG(R. 1141
GLRFGEMERDCQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD PYQVEYCHLEGIMA-TANTR THTFECRGQE. 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD FYQVEYCHLEGIML-IANTR THT FECR GQE. 1141
GLRFGEMERDCOL AHGALOF LRERLFENSD PYQVEYCHLEGIMA- TR NTR THT FECRA(R. 1141
GLRFGEMERDCOQI AHGALQF LRERLFENSD PYQVHYCHLEGIMA-TANTR THT FECR (R 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD PYQVEYCHLEGIMA-IANTR THT FECRG(ER. 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD FYQVEYCHLEGIML-IANTR THT FECR GQE. 1141
GLRFGEMERDCOL AHGALOF LRERLFENSD PYQVEYCHLEGIMA- TR NTR THT FECRA(R. 1141
GLRFGEMERDCOQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R. 1141
GLRFGEMERDCQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R 1134
GLRFGEMERDCQI AHGALOF LRERLFENSD PYQVEYCHLEGIMA-TANTR THTFECRGQE. 1134
GLRFGEMFRDCOL AHGALOF LRERLFENSD PYQVHYCHLEGIMA-TANTR THT FECRB(R. 1141
GLRFGEMERDCOQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R. 1141
GLRFGEMERDCQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD PYQVEYCHLEGIMA-TANTR THTFECRGQE. 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD FYQVEYCHLEGIML-IANTR THT FECR GQE. 1134
GLRFGEMERDCOL AHGALOF LRERLFENSD PYQVEYCHLEGIMA- TR NTR THT FECRA(R. 1141
GLRFGEMERDCOQL AHGALQF LRERLFENSD PYQVEYCHLEGIMA-TANTR THT FECRG(R. 1141
GLRFGEMERDCQI AHGALOF LRERLFENSD PYQVEYCHLEGIMA-IANTR THT FECRG(ER. 1134
GLRFGEMER DCMI AHGALLF LKERIMENSDAFRVEVCGIEGIMTVI LKL HNOFECK (D 113
GLRFGEMER DCMT AHGALLF LKERIMENSDAFRVE ICGNEGLMSVI A KL.S ENOFECKGIE 112
GLRFGEMER DCMT AHGALLF LKERTMENSD SFRVE ICENEGLMSVI A KLS ENOFECK BN 118
GLRFGEMERDCMI AHGALLF LKERIMENSDAFRVE JCENEGIMSVIAKLS HNQFECK (N 118
GLRFGEMERDCMI AHGALLF VHICGIEGIMSVIAKINENOFECKGID 118
GLRFGEMERDCMIL VEIEET M TV KL ANORECk (D 1186
GLRFGEMER DCMIT AHGALSF LKERIMENSDAFRVE ICGT FEIMTVI A KLN ENOFECKG(D 118
GLRFGEMERDCMI AHGALSFLKERIMENSDAFRVE G EGIMTVIAKLN AHNQFECKE(D 118
GLRFGEMER DCMI AHGALLF LKERIMENSDAFRVETCENEGIMSVIAKLN HNOFECK (D 118
GLEFGEMEREDCMI AHGAR A FLEKERIMENSDAFEVHICGIL: SVIRKLNHNQFECKGID 118
GLRFGEMER DCMT AHGALLF LKERIMENSDAFRVE ICGT FELMSVVA KLN ENOFECRG(D 118
GLRFGEMER DCMI AHGARLSF LKERIMENSDAFRVE ICGT FELMSVVA KLN ENQFECK (D 118
GLRFGEMERDCMI AHGALLF LKERIMENSDAFRVETCELEGLMSVVAKLN HNOFECKG(D 118
GLRFGEMER DCMI AHGALLF LKERIMENSDAFRVETCHIEGIMSVVA KL HNOFECK (D 113
GLRFGEMER DCMT AHGALLF LKERIMENSDAFRVE ICGT FE1MSVVA KL ENOFECKGID 112
GLRFGEMERDCOI SHE(SSVLRERLFDASDAYRVIVCILEGLT A- 1A SFRENSFECRSG0 1174
GLRFGEMERDCOL SHE(S5SVLRERLFDASDAYRVIVCIIEGLI A- 1A SYKKDSFECR 00 1174
GLRFGEMERDCOI SHE(SSVMRERLF DOSDAYRVVYCILEGLVA- IR SYKENSFECR 00 1174
GLRFGEMERDCOI SHE(SSVMRERLFDASDAYRVVCDLEGLVA- 1A SYRENSFECR 3¢0 1174
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tr|RORIXTOYLAL |RORIXTQYRL1_ 95RCH
tr | J7EVSS | J7EVSS HAZNA
tr|H2AVIE |H2AWVIE_ HKLZAF
ap|QeFLDS|RFBZ_CRNGR

ap|PFO851 8| RFBZ_YELST

tr | AOAOLEVHAS | AOROTLAVHAS 95ACH
tr|AOAOLBRB33|AOROLEEEB33_ SACED
tr | GOVIT1|GOVIT71_NATCC
tr|GEZM4 9| 3EM45 TORDC
tr|AOAIQ3R090 | A0RIQ3A090 EYGROD
tr| AORONTIS3S I A0RONTIS3S 95ACH
trlAOA2] ZMGEE | A0R2]1ZMEEE EZYGEBL
tr|AOAISTHHEL | AOR1 STHHE1_95ACH
tr|56E5B4 | S6E5B4_ZYGB2

tr | B6eK505 | B6KS05 SCHIY
ap|Q02061 | RFB2_SCHED
tr|S9R8U4|59R80U4_ SCHOY
tr|39WaACe|59WaCe_ SCHCR

Palanivelu; IJBCRR, 26(3): 1-60, 2019; Article no.lJBCRR.49940

NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMPYRCKL LFOE LMSMST APRMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMPYRCKL LFOE LMSMST APRMMSV ——-— 1174
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMPYRCKLLFOE LMSMSI APRMMSV ———— 1174
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1174
NETQISLVEMPYRCKLLFOELMSMSI APRMMSV ———— 1167
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1167
NETQISLVEMPYACKLLFOELMSMSI APBMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1167
NETQISLVEMFYRCKLLFOELMSMST AFRMMSV ———— 1174
NETOISLVEMPYLCELLFOELMSMSI APEMMSV ———— 1174
NETQISLVEMFYACKLLFOELMSMSI APRMMSV ———— 1167
NEIDIYQIEJPFYROAKTL. LFOELMAMNI TPRLYTDRSKNE| 1224
NEIDIYQIQIFYRAKT.LFOEILMAMNT TFRLYTDRSRDE]| 1221
NEIDIYQIEFPYRAKTL. LFOELMAMNT TPRLYTDRSRDE| 1220
NEIDIYQIHIFYRAKT.LFOELMLMNT TFRL FTDRSRDE]| 1222
NEIDIYOIHIPYLAKLLFOEIMAMNI TPELYTDRSEDEF 1223
NEIDIY IR PYLAKLLFOE IMAMNI TPRLYTDRSEDE 1224
NEIDIYQIHIFYRAKT.LFOEILMALMNT TPRLYTDRSRDE]| 1224
NEIDIYQIHIPYRAKLLFOELMAMNI TEPRLYTDRSRDE] 1224
NEIDIYQIHIFYRAKT.LFOEILMALMNT TFRLYTERSRDE] 1224
NEIDIYQINIFYRAKT.LFOELMAMNI TEFRLYTDRSEDE] 1222
NEIDIYOIHIPYLAKLLFOEIMAMNI TPELYTDRSEDF 1224
NEIDIFQIHIPYRAKT.LFOELMAMNI TEPRLYTDRSEDE] 1222
NEIDIYOIHIPYLAKLLFOEIMAMNI TPELYTDRSEDF 1223
NEIDIYQIHIFYRAKT.LFOEILMAMMNT TPRLYTDRSEDE]| 1223
NEIDIYQIHIFYRAKT.LFOELMAMMNT TPRLYTDRSEDE]| 1223
NETRFSQIYLFYROKT.LFOETMSMNT APRL. FTE SHH-— 1210
NETRFSQVY LFYROKT.LFOETMSMNT AFRL. FTE NHE-— 1210
NETRFSOIY LPYLAKLLFOELMSMNI APEL FTENHEI — 1211
NETRFSQVY LPYRAKL LFOE LMSMNT APRL FTENHEN — 1211
* v - - pdkk dhkddkrkkchkka ok kakdkow

Fig. 3 MSA of the Rpb2, initiation subunits of eukaryotic RNAPs Il

P30876|RPB2_HUMAN, Homo sapiens
AOA250Y753 CASCN, Castor Canadensis
A0A286X1Q9_CAVPO, Caviaporcellus
I3M351_ICTTR, Ictidomys tridecemlineatus
AOA1U7VOT5_TARSY, Tarsiussyrichta
AOAOD9QYL1_CHLSB, Chlorocebussabaeus
AOA2I2ZIU3_GORGO, Gorilla gorillagorilla
AOA2J8PEW7_PANTR, Pan troglodytes
A0A2J8S2N1_PONAB, Pongo abelii
AOAO96NEY4|_PAPAN, Papio Anubis
G8BY61_TETPH, Tetrapisisporaphaffii
J7RV95_KAZNA, Kazachstaniana ganishii
Q6FLD5_CANGA, Candida glabrata

AOAOL8VHA5_9SACH,Saccharomyces boulardii

GOVJ71_NAUCC, Naumovozyma castellii

G3V8Y5_RAT, Rattus norvegicus
AOA1U7R4C7_MESAU, Mesocricetus auratus
G7P5R6_MACFA, Macaca fascicularis
H2QPI8_PANTR, Pan troglodytes
AOA1S2ZSL2_ERIEU, Erinaceus europaeus
AOA2K5K5J5 COLAP, Colobus angolensis palliates
AOA1D5QGAS5_MACMU, Macaca mulatta
AOA2K5CY83_AOTNA, Aotus nancymaae
AOA2K5ZNR7_MANLE, Mandrillus leucophaeus
C9J2Y9_HUMAN, Homo sapiens
AOA1X7QYA1_9SACH, Kazachstania saulgeensis
H2AVJ8_KAZAF, Kazachstania africana
P08518|_Yeast, Saccharomyces cerevisiae
AOAOL8BRB33_SACEU, Saccharomyces eubayanus
G8ZM49|_TORDC, Torulasporadel brueckii

AO0A1Q3A090_ZYGRO,Zygosaccharomyces rouxii
AOAON71IS35 9SACH, Zygosaccharomyces kombuchaensis
AOA212MG88_ZYGBA, Zygosaccharomyces bailii
AOA1S7HHE1_9SACH, Zygosaccharomyces parabailii
S6ESB4_ZYGB2, Zygosaccharomyces bailii (strain CLIB 213)
B6K5Q5_SCHJY, Schizosaccharomyces japonicas

Q02061_SCHPO, Schizosaccharomyces pombe

S9R8U4_SCHOY, Schizosaccharomyces octosporus
S9W8C6_SCHCR, Schizosaccharomyces cryophilus
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conservations strongly suggest that the DNA,
SSU and MSU RNA polymerases use the same
set of amino acids for template, substrate binding
and catalysis establishing a structure-function
relationship among the DNA and RNAPs.
Interestingly the catalytic region harbouring the
Zn binding motif is found very close to the N-
terminal region. This is in sharp contrast to the
equivalent region in the B’ subunit in all
eubacteria (Table 1). The Zn binding motif was
originally identified by X-ray crystallographic
analysis in the equivalent B’ subunit of the
thermophilic bacterium, Thermus aquaticus [36].
The Zn binding 3 invariant Cs were located in the
catalytic region and suggested in possible proof-
reading activity during elongation. A completely
conserved R found upstream from the catalytic R
is located at -6" position which is implicated in
NTP selection. It is interesting to note a
completely conserved R found upstream from the
catalytic R is missing in eubacteria (Table 1) [29,
34]. The immediate downstream amino acid from
catalytic K in DNA polymerases is usually a G or
A [29], but in viral RNA polymerases it is a K or
R, in MSU B’ subunits, it is a D and in all g’
subunits it is an S and it is an S/T in eukaryotes
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SSU RNAPSs, an invariant hydroxyl amino acid
located very close to the YG pair is shown to
involve in NTP selection by SDM experiments
[37]. In addition to the template binding FG pair,
there are 1 YG pair, 4 LG pairs and 3 I/VLG pairs
in this subunit. A C- terminal conservation -
SPDDSDEEN- (where the penultimate E is
replaced with functionally equivalent D in some
species) is seen in all higher forms of life and
such sequence was conspicuously absent in the
lower eukaryotes like yeasts and also not found
in the initiation subunits, Rpb2. The —DXD- is a
metal binding motif commonly found in glycosyl
transferases and interestingly similar motif —
DXDXT- in metal-dependent phosphatases
(DXDXE in C-terminals of Rpb1 elongation
subunits) where it plays a role for Ser phosphate
removal from the CTD at the end of the cycle
[38]. Interestingly, this motif invariably ends in N
preceded by D/E in all the cases in Rpb1 (Fig 4).
As expected the CTD is filled with the
“heptapeptide repeats” (YSPTSPS) in all species
and its role is discussed elsewhere (Not shown in
the Figure) and results provide evidence for RNA
exit in the vicinity of the carboxyl-terminal repeat
domain, coupling synthesis to RNA processing

suggesting a possible role in NTP selection. In by enzymes bound to this domain [28].
CLUSTAL O (1.2.4) MSA of the Rpb1, elongation subunits of MSU RNAPs- Il 4
tr|RORITADYNO | AOA1USDYNO_ALLSI -MHGEAPSGDIAC PLRTIHR JQF GIL SPORMERMSV] EGE TKY PFETT --E GRRPKL 57
tr|ROAILAHAP4|AOAILAH4P4_¥ENIA --MHGAPSGDIAC PLRTIHR QF GV GPDH LERMSV] EGE TKY SETT --E GERPKL 56
tr|H9GLGS | HIGLGS_ANOCR -MHGEAPSGDIAC PLRTIHR JQFGIL SPORMERMSV] EGE TKY PFETT --E GRRPKL 57
tr|HZRLJI6|H2R1J6_PANTR VHGGGPPSGDSAC FLR TIKR VOF GVL SEDH LERMSVI EGG IKY PETT --EGGRP KL a
tr|GLMCIL|GIMCZ1 AILME MHGGGPPSGDSAC FLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGGRPKL a
tr|0028347|003847_MOUSE MHGGGPPSGDSAC FLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGGRPKL a
tr|STEWIE|STEWZ 6 MYOBR VHGGGPPSGDSAC PFLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGERP KL a
tr|D4ASA6|D4ASAE_RAT VHGGGPESGDSAC FLR TTKR VOF GVL SPDH LKRMSVT EGG THY FETT -~E GERE KL 58
sp|P02775|REBL_MOUSE VHGGGPFSGDSAC FLR TTKR VOF GV SEDH LKRMSV] EGG THY FETT -~E GERE KL 58
5p|P24923|RFB1_HUMAN VHGGGPFSGDSAC FLR TTKR VOF GV SEDH LKRMSV] EGG THY FETT -~E GERE KL 58
tr|ROA153EWL2 | A0AL S3EWLZ_DIFOR VHGGGPFSGDSAC FLR TTKR VOF GV SEDH LKRMSV] EGG THY FETT -~E GERE KL 58
sp|P11414|RPBL_CRIGR VHGGGPPSGDSAC FLR TIKR VOF GVL SEDH LERMSVI EGG IKY PETT --EGGRP KL a
tr|035559|035559_CRIGR MHGGGPPSGDSAC PFLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGGRPKL a
tr|AOA2I 3M9H2 |AOA2I3M9HZ PAPEN MHGGGPPSGDSAC FLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGGRPKL a
tr|F7HB40| F7HBA0_MACMD VHGGGPPSGDSAC PFLR TIKR VOF GVL SEDHLERMSVI EGG IKY PETT --EGERP KL a
tr|ROAZKERYWS | AOR2KERYWS_SATBB VHGGGPESGDSAC FLR TTKR VOF GVL SPDH LKRMSVT EGG THY FETT -~E GERE KL 58
tr|W5N3Z6|WSN3Z6_LEPOC --MHGFPSGDIAC PLRLIKRQFGI[ SPDH LERMSVT EGE TKY PFETT --E GRRPKL 56
tr|I3JRW6| I 3JRWE_ORENT --MHGFPSGDIAC PLRTIHR JQFGI[ SPOH LERMSV] EGE TKY PFETT --E GERPKL 56
tr|ROROR4TMSS | AORORAIMSS DANRE --MHGF PS5 DIAC PLRLIKR QF GVL SPDH LERMSV] EGE TKY PFETT --E GRRPKL 56
tr|ROR1ATX327|A0ALIATE32T STELE --MHGFPSGDIAC PLRTIHR JQFGI[ SPOH LERMSV] EGE TKY PFETT --E GERPKL 56
tr|AOA1AZUKD? | AOALASUKDT NOTFU --MHGFPSGDSAC PLRTIKR [QFGL[ SPOH LERMSVI EGE IKY PETT --EGERPKL 56
tr|AORIASER0S|AOALASEROS STELE --MHGFPSGDSAC PLRTIKR [QFGL[ SPOH LERMSVI EGE IKY PETT --EGERPKL 56
tr|AOA1AZDO60 | A0ALIASDOE0_STELE --MHGFPSGDSAC PLRTIKR [QFGL[ SPOH LERMSVI EGE IKY PETT --EGERPKL 56
tr|AOR1ASNSRA |AOALASNSRE_STELE --MHGFPSGDSAC PLRTIKR [QFGL[ SPOH LERMSVI EGE IKY PETT --EGERPKL 56
tr|RORIW4YLMY | AOAIWAYLMT 9TELE --MHGFPSGDIAC PLRLIKR JQFGI[ SPOH LERMSVE EGE TKY PFETT --E GRRPKL 56
tr|ROAIMAAGLT | AOAIMARGLT MALS4 VOFGILSPERTRALSVE K-~ TEF FEVEDDATGHYKY 56
spl 0|RFB1_YERST W PLRTVHE JQFGLF SFERVRAIS 54
tr|ROAIB2J3C6| A0A1B2J3CE_FICEA --M5--QFP¥55A PLR SVEE JQFGLL SPER TRATSVY K-~ TEY FEIMDESRORPRE 54
tr|F2QW17|F20W17_KCMEC --}5--QFF¥SSAPLRSVEE [QF GLL SPE IRATSVYK-- [EY PEIMDESRORPRE 54
tr|A3GIDT|A3GIDT_PICST -MSR--QFF¥SSAPLRSVEE [QF GLL SPERVEAISVRK-- [EY PETMDOT TKTPRE 55
tr|AOR1DAPUAE|AOALD3PUAG CANAL -MSR--QFF¥SSAPLRSVEE [QF GLL SPERVEAISVRK-- [EY PETMDOT TKRPRE 55
tr|G3BEHY|GABEHS CANEC -MSR--TFE FSNAPLRSVEE [QF GLL SPERVEAISVRK-- IEY PETMDOATERPRE 55
* ek ok kEkEkEkap FeHes akk| o * o« % « B
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tr|L0R1UEDYNG | ROA1 UADYNO_ALLSI
tr|L0RILEH4 P4 | ROAI LEHAPS XENLA
tr|HIGLGS |HIGLES ANOCE
tr|HZR1J6|H2R1TE PANTR
tr|GIMCZ1|GIMCZ1 ATIME
tr|0082471003847 MOUSE
tr|STPWZ6|57PHZ 6 MYORR
tr|D4ASAG|D4RSAE RAT
spIF08775|REBL_MOUSE

sp|P24923 |REB1_HUMAN
tr|A0A153ERL2 | E0A1 53EWL2_DIPCR
sp|P11414|REBL_CRIGR
tr|035559/035553 CRIGR
tr|R0R213MIH2 | L0AZ T3MIHZ FAPAN
tr|FTHBL0|F7HE4 0_MACMT
tr|L0RZKARYWY | LORZKERYRI SATBB
tr|W5N3Z6|WSNSZ6 LEPOC
tr|I3JBHG| I 3TBHE_ORENT
tr|AOROR4IMSS | ROROR4IMSY DANEE
tr|R0AIATKI27 | ROAIATX327 9TELE
tr|AOAIASUKDT | A0A1 ASUKDT_NOTFU
tr|A0A1ASER0S | R0A1ASEROS 9TELE
tr|R0R1ASD040 | A0ATASD0G0_9ITELE
tr|A0A1ASNSRS | L0A1ASNSRE 9TELE
tr|RORIHAYLMT | ROAIWAYIMT 9TELE
tr|R0RIMELALT | ROAIMARGLT MAL34
splF04050|REBL_YELST
tr|L0A1B2J2CE | LOAIB2TECE PICER
tr|F20W17|F20W17_KOMPC
tr|L3GIDT|A3GIDT_PICST
tr|R0A1DSFUAG | A0A1DIFUAG CANAL
tr|G3BEHY|GEBEHG CANEC

tr|R0A1USDYNG | AOALUSDYNO_ALLSI
tr|RORILEH4 P4|ROAILEHAP4_XENIA
tr|HIGLE5 | HIGLE5_ANOCA
tr|HZR1J6|HZR1TE_PENTR
tr|GIMCZ1|GIMCZ1 ATIME
tr|008347/008347_MOUSE
tr|STEWZ6|STPHI6_MYOBR
tr|D4A5AE|D4RSAE_RAT
5p|P08775|REBL_MOUSE

sp|P24928 |REB1_HUMEN
tr|A0R153EWL2 | ROALSIEWLZ_DIPOR
sp|P11414|REB1_CRIGR
tr|035559/035559_CRIGR
tr|A0R2I3MIH2 | ROAZI3MIHZ_PRPAN
tr|FTHB40| F7HB 0_MACMY
tr|ROR2KGRYWS| ROAZKERYWI_SAIEB
tr|WSNSZ6|WSNaZ6_LEPOC
tr|I3JRHG| I 37RHE_ORENT
tr|AOROR4IMSY| ROAOR4IMSY_DANRE
tr|RORIATE327 | ROAIATHI2T 9TELE
tr|ROR1ASUKDT | ROA1RAUKDT_NOTFU
tr|AOR1ASER0S|ROAIASEROS_9TELE
tr|A0AIAED060 | RORIAADQE0_ITELE
tr|ROR1ABNSRS | ROA1RSNSRS_STELE
tr|A0RIHAYLMT | ROAIWLYLMT STELE
tr|AORIMBAGLT|ROAIMARELT MALS4
5p|P04050|REBL_YEAST
tr|A0R1B2J3CE|ROA1B2J3CE_PICEL
tr|F2QW1 7| F2QH17_KOMEC
tr|R3GIDT|A3GIDT_PICST
tr|A0R1DEPULG|ROA1DIPUAG_CENAL
tr|G3BEHY|GABEHY_CANEC
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tr|AORITEDYNO | AORIUSDYNO_ALLSI

tr|AQRILEBH4P4|ROAILEH4P4_XENIA

tr|HIGLGS |HYGLGS_ANOCA
tr|HZR1J6|HZR1JE_PANIR
tr|GLMCZ1|GIMCZI1 AIIME
tr|008847|008847_MOUSE
tr|STEWZ6|STEWZ6_MYCER
tr|D4A3A6|D4R3A6 RAT
3p|P08775|REBL_MOUSE
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sp|P24528 |RPE 1:HU'M.F!N SEYNNFESMVVSGAEGSEINISQVIAWW KRIPFGFEHRTLPHF ]
tr|AOR1SIEWLE | RORLS3EWLE DIPOR SEYNNEFESHMVVSGAEGSEINISQVIAYW KRIPFGFEHRTLEHF gz0
sp|P11414 |RFE1_CRIGR SEYNNEFESHMVVSGAEGSEINISQVIAYW KRIPFGFKHRTLEHE gz0
tr|035555|035 539_CRISR SEYNNFESMVVSGAEGSEINISQVIAWW KRIPFGFEHRTLPHF ]
tr|AORZIIMSHZ | LORZI3MSHZ PAPIN SEYNNEFESLVF PHT-GEVEVCIRVIAW KRIPFGFKHRTLEHE El3
tr| FTHE4D | FTHE40_MRCHD SEYNNEFESHMVVSGAEGSEINISQVIAYW KRIPFGFKHRTLEHE gz0
tr|AORZEERYWS IMEEKER‘&FS_SAIBB SEYNNEFESHMVVSGAEGSKINISQVIAW KRIPFGFEHRTLPHF ]
tr|WoNEZE |WSNEZE_LEPOC SEYNNFESMVVAGEEGSEINISQVIAWW KRIPFGFEHRTLPHF El3
tr| I3JRWE | I3JEWE_ORENI SEYNNFESMVVAGEEGSEINISQVIAWW KRIPFGFEHRTLEHF gl8
tr|AODROR4IMSS IMEDR‘HHSS_DANRE SEYNNFESHMVVAGSKGSKINISQVIAW KRIPFGFEHRTLPHF g17
tr|AORIATAIZT |RORLRTXIZT STELIE SEYNNFESHMVVAGSKGSKINISQVIAW KRIPFGFEHRTLPHF gl8
tr|AOR1ABUEDT | RORLLEUEDT NOTEU SEYNNEFESMVVAGSKGSEINISQVIAYW KRIPFGFEHRTLEHF gl8
tr|ROR1ABERDS | AORLRS ERD&:SIELE SEYNNFESHMVVAGSKGSKINISQVIAW KRIPFGFEHRTLPHF gl8
tr|AORIABDOED | ROALREDE0 STELE SEYNNFESMVVAGSEGEEINISQVIRYW KRIPFGFEHRTLPHF gl8
tr|AOR1ABNSRE | MOR1LENSRE STELE SEYNNEFESMVVAGSKGSEINISQVIAYW KRIPFGFEHRTLEHF gl8
tr|AORIWAYLMT | ROALWAYIMT :SIELE SEYNNFESMVVAGEEGSEINISQVIAVVEOY KRIPFGFEHRTLPHF gl8
tr|AORIMBERAELT |ROAIMERELT MALS4 PDWNNVEOMVIAGEEGSF INISQMS AVEOE VECKRIFF GFRHRSL PHF ] g1l1
sp|P04050 |IRFEL_YEAST KO LNNVEMMAGEKGSFINIROMSA VEGKRIRFGFVIRTLEHE 7587
tr|AOR1EZJECE IEDAlBEJEC-E_PICPA EDINNVEOMVSAGEEGSF INTAQHS AOVEONVECKR IAF GF ADRSL PHF] 758
tr|F20WL1T | F20W17_EOHMPC EDINNVEOMVSAGEEGSF INTAQHS AOVEONVECKR IAF GF ADRSL PHF] 758
tr|A3IGIDT |R3EIDT_PICST EDINNVEOMVVSGEEGSF INISQMS AW VEGERIPFGEFSOETLEHE] 757
tr|AOA1DEEUAS | AOR1DA PURE CANRL EDINNVEQMVT SGEEGSF INISQMS AW VEGKRIPFGFGORSLEHE] 757
tr|ZEEEHS | GEEEHS_CRNPC EDINNVEQMVT SGEEGSF INISQMS AW VEGKRIPFGFLORSLEHE] 757
= \\i_ﬁ_:ﬁ . ﬁ_ = b - L L L _i-:i-i-i-i-
tr | ADRLUBDYNO [ RORIUBDYND ALLSI GFVENSYLARLT PTEFFFHAMCGREGL IDTAVETAE T GY IQRELIESHME SYMVETDATVR BB8
tr|ADRL1LEH4P4 |ROR1LEH4P4 XENLL GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR 878
tr|H3GLES | H3GLGS_ANOCR GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR 873
tr|HZR1JE |HZR1J&_PANIR GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BBO
tr|GIMCZ] | GIMCZ1 ATLME GFVENSYLARLT PTEFFFHAMEGREGL IDTAVETAETZY ICRRLIKSME SVBMVETDATVR BE0
tr| 008847 I-CIE'EE‘!'?:H-CIUSE GEVENSYLAGLTPTEFFFHAMGEREGLIDT AVETRET GY ICRRLIKSME SYMVEYDATVER gE0
tr|STPWZE | STPWZE_MIOER GFVENSYLAGLT P TEFFFHAMCCRECL IDTAVETAETZY IQRRLIKSHME SVHVETDATVR 280
tr|D4ASAE |D4ASAE RAT GFVENSYLAGLT P TEFFFHAMCCREGL IDTAVETAE TEY IQRRLIKSHME SUMVETDATVR 280
sp|BOBTTS |RFE1_MOUSE GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BBO
spl|P24328 |[RFE1_HUMAN GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BBO
tr|AQRLSIEWLZ [ROR1SIEWLZ DIPOR GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BBO
sp|P11414|RFE1 CRIGR - GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BBO
tr|035555 | 035555_CRIGR GFVENSYLARLT PTEFFFHAMEGREGL IDTAVETAETZY ICRRLIKSME SVBMVETDATVR BE0
tr|ADARZISMIHZ [RORZTI3MIHZ PRLPRN GFVENSYLARLT PTEFFFHAMEGREGL IDTAVETAETZY IQRELIKSHE SVHVETDATVR g75
tr|FTHE40 | FTHE40_MACHU - GFVENSYLAGLT P TEFFFHAMCCRECL IDTAVETAETZY IQRRLIKSHME SVHVETDATVR 280
tr|A0RZKERYWS | RORZKERYWS _SATEB GFVENSYLAGLT PTEFFFHAMCGREGL IDT AVETAE TEY IQRRLIKSHME SUMVEYDATVR 880
tr|WENEZE |WENEZe_LEPOC GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR 873
tr|I3JRWE | I3JRWEe_QRENI GFVENSYLAGLTPTEFFFHAMGEREGL IDTAVETAETGY IQRRLIKSHME SVHMVETTDGTVR 878
tr|ROROR4IMSS |AOROR4IMSS DANEE GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR BT
tr|ADRLATH3ZT |ROR1RTX3ZT STELE GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR 878
tr|ADRLRABTEDTY IM'P.ZLP.EU'KB?:NCIIEU GFVENSYLARLT PTEFFFHAMCGREGL IDTAVETAETEY ICRELIKSME SVHVETDATVR g78
tr|ADRLAZEROS [ROALIABERDS 3TELE GFVENSYLARLT PTEFFFHAMEGREGL IDTAVETAETZY IQRELIKSHE SVHVETDATVR g78
tr|ADALREDNIE0 | ROALREDED STELE GEVENSYLACLT PTEFFFHAMCCREGLIDT AVETLET CY ICRRLIKSME SYMVEYTIATVR 278
tr|AOL1ABNSES IJ',DP.ZLP.ENS'RE:S]‘ELE GFVENSYLAGLT PTEFFFHAMCGREGL IDT AVETAE TEY IQRRLIKSHME SUMVEYDATVR 878
tr|ADRLIWAYLMT [RORIWAYIMT STELE GFVENSYLAGLTPTEFFFHAMGEREGL IDTEVETAETGY IQRRLIKSHME SVMVETTDATVR 878
tr|ADRIMERELT [RORIMBAELT MALSY GFVENSYLR) FF CREGLIDTAVETAETGY IQRRLVERLEDVITICYDGTVR 871
sp|P04050 |RFE1_YEAST GEVENSYLR MCEREGL IDTEVETAETGY IQRRLVERLEDIMVEYDNTTR 857
tr|RO0A1BEZJECE |ROR1EZJECE PICER GFVENSYLR) LML CREGL IDTEVETAETGY IQRRLVERALEDIMVEYDGTTR 858
tr| FZOW1T | FZ0W1T EOMEPC GEVENSYLR) LM GREGL IDTAVETAET Y IQRRLVERLEDIMVETDGTIR g58
tr|R3IGIDT IASSID?:PICSI GEVENSYLR) GREGLIDTAVEIAETGY IQRRLVEALEDIMVEYDGT TR 857
tr|AORL1DEPULE [RORIDEPURE CANAL GEVENSYLR REGLIDTAVETAETGY IQRRLVEAIEDIMVEYDGTTR 857
tr|GEBEHS | GEBEHI_CANEC GEVENSYLE) GREGLIDTAVETAETGY IQRRLVERIEDIMVEYDGT TR 857
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tr|ADALUBDYNO | ROALUSDIND_ALLSI NS INOVVOLRYGEDGLAGE SVE FONLATLK PSNER FEEK FEF DY ANERALRRT LOEEMVE. 548
tr|AORL1LEH4 D4 [AOL1LEH4P4 XENLL NENOV VO LY CEDELACECVE FONLATLE P SNFAFEFEFEFDY ANERALRRT LOEDVVE 538
tr|H3GLES |HSGLES ANOCR NEINOVVOLEY GEDELAGE SVE FONLATLE P SNEAFEREFEFDY INERALRRT LOEEMVE 535
tr|HZR1JE |HZR1JE PRNTR NS INOVVOLEY GEDELAGE SVE FONLATLE PSNFAFEREFRFDY TNERALRRT LOEDLVE 540
tr|GIMCZ1 |GIMCZ1_ATLME NEINQVV LY GEDGLAGE SVE FONLATLK PSNER FEFKEFRFDY TNERALRRT LOEDL.VE 340
tr 008847008847 MOUSE NENOV VLY CEDELACE SVE FONLATLE PENFAFEFEFRFDY TNERALRRT LOEDLVE 540
tr|STEWZE| STPHZE:HY-CIBR NS INOVVOLEY GEDELAGE SVE FONLATLE P SNEAFEREFRFDY TNERALRRT LOEDLVE 540
tr|D4ASAE |D4ASRE RAT NS INOVVOLRYGEDELAGE SVE FONLATLE PSNER FEKK FRFDY TNERALRRT LOEDLVE 540
sp|POTTS |RFE1 MOUSE NEINQVVO LY GEDELAGE SVE FQNLATLK PSNERFEFKEFRFDY TNERALRRT LQEDLVE 340
sp|D24328 IRI'Bl:HUH.EN NENOV VLY CEDELACE SVE FONLATLE PENFAFEFEFRFDY TNERALRRT LOEDLVE 540
tr|AOALSIEWLZ [ROA1S3EWLZ DIPOR NS INOVVOLEY GEDELAGE SVE FONLATLE P SNEAFEREFRFDY TNERALRRT LOEDLVE 540
spl|P11414 |RFE1 CRIGR NS MOV LAY GEDGLAGE SVE FQNLATLK PSNER FEFE FRFDY TNERALRRTLOQEDLVE 340
tr|035559 |-3355§9_CRISR NEINQVVO LY GEDELAGE SVE FQNLATLK PSNERFEFKEFRFDY TNERALRRT LQEDLVE 340
tr|ADAZI3MOHZ [ROAZTIMSHZ DRDRN NENOV VLY CEDELACE SVE FONLATLE PENFAFEFEFRFDY TNERALRRT LOEDLVE 53%
tr|FTHE40 | FTHE40 MACHU NS INOVVOLRYGEDELAGE SVE FONLATLE PSNER FEKK FRFDY TNERALRRT LOEDLVE 540
tr|ADRZEERYWS | ROLZEERYWS_SLIEE NS INOVVOLRYGEDGLAGE SVE FONLATLE PSNER FEEK FREDY TNERALRRTLOEDLVE 340
tr|WENEZE |WENEZ&_LEDOC NENOVVOLEYGEDELACE LVE FONMA TLE P SNFAFEFEFEFDY TNERALRRT LOEDVVE 535
tr|L3JRWE | I3JRWE_ORENI NEINOVVOLEY GEDELAGENVE FONLATVE PSHEAFEREFFFDCTNERALRRT LOEDVVE 538
tr|ADAOR4IMES |ROAOR4IMSS DANEE NS INOVVOLEY GEDELAGEAVE FONMA TLE P HEAFERE FEF DY ANERALRRT LOEDVVE 337
tr|ADRLATH3ZT |ROR1RTX3ZT STELE NEINQVV LY GEDGLAGENVE FONLATLK PSHER FEFEFEFDCTNERALRRT LOEDVVE 5338
tr|ADALRETUEDT | AOALREUEDT NOTEFU NENOVVOLEY CEDELACENVE FONLATLE PSHEAFEFEFFFDCTNERALRRI LOEDVVE 538
tr|ADALREERODS [ROALREERDS STELE NEINOVVOLEY GEDELAGENVE FONLATLE P SHEAFEREFEFDCTNERALRRILOEDVVE 538
tr|ADALRASTWIE0 | RORLLETH)ED STELE NS INOVVO LY GEDGLAGENVE FONLATLK PSHER FEEK FEFDCTNERALRRILOEDVVE 538
tr|AOL1AENSRE [ROL1LENSRE STELE NENOVVO LY CEDELACENVE FONLATLE DS HEAFEFEFEFDCTNERALRRI LOEDVVE 538
tr | LORLIWAYLMTY IM'!Ll'IMYIH'?:SIELE NENOVVOLEY CEDELACELVE FONMA TLE PENFAFEFEFEFDY TNERALRRT LOEDVVE 538
tr|ADAIMELELT |ROAIMERELT MALE4 NEINNVIEFRYGEDGIDGAMVEROKL I THGINDEE FRERFEVD L SEGSEE - -FEGTLRAGL 525
sp | P04050 |RFEL _YERST NELGNVIQF Y GEDGMIA A HTEK QS LOTIGGSDARFEFRYRVDLINTOHTLOP SLLESGS 317
tr|AODA1BZ JECE | AOA1EZ JE8CE_PICIA NELGDIIQFIYGEDELDGTOVERQT IDTIPGEDERFHERYYVDLMDEEN S IFADVIEYRR 518
tr | FZQW1T | FZQW1T EOMEC NELGDIIQFINGEDELDGTOVERQT IDTI PGEDERFHERYYVDLMDEENSIKPIVIEY AR 518
tr|A3GIDT|A3GIDT PICST NSLGDIIOFYYGEDGIDGTOVEKQSVDTIPGENDSFERRFRIDVLIDS SKSIFESLLESGE 317
tr|A0R1DEPULE | ROR1DEPURE CANAL NSLGDIIQFIYGEDGIDGTOVEKQSVDTIPGSDESFERRYEIDVIDTENVISESLLESGE 5317
tr|GEBEHS | GEBEHS_CANPC NELGDIIQF Y GEDGINA TOVEKQSVDTIPGEDASFERRYRIDLIEENGEISESLLESGE 517
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tr|AORIUBDYND | AORIUEDYNO _ALLSI DILSNAHIQNELERE FEKMREDREVLRV- IFPTGDSEVVL PCHNLLRM INNAQKT FHVNER 1007
tr |P.DP.1LEH4P4|P,DP.1LEH4P4:}{ENLP. EILSDAHVONE LEEE FEEMEEDREVLRV-IFPTGDSKVVLPCHNLORMIWHAQKT FHINTR 957
tr|HSGLES | H3GLES_ANOCR DILSNAHIQNELERE FEKMEEDREVLRV- IFPTGDSEVVL PCNLLRM INNAQKI FHINIR 998
tr|HEZR1J& |HZR1Je PENIR DVLSNAHIQNE LERE FERMREDREVLRV- IFPTGDSKVVLPCNLLEM INNAQKT FHINER EEE]
tr|GIMCZ1| SlHCZl:AILl{E DVLSNAHIQNELERE FERMREDREVLRV- IFPTGDSEVVL PCHNLLRM INNAQK I FHINER EEE]
tr|008847|008847_MOUSE DVLSNAHIQNE LERE FERMREDREVLRV- IFPTGDSKVVLPCNLLEM INNAQKT FHINER EEE]
tr|STPWZE | STPWZE_MYOER DVLSNAHIQNELERE FERMREDREVLRV- I FPTGDSEVVL PCNLLRM INNACKT FHINER 935
tr|D4ASRE| DQP.BP.E:RM DVLSNAHIQNE LERE FERMREDREVLRV- IFPTGDSKVVLPCNLLEM INNAQKT FHINER EEE]
sp|POETTS|RFE1_MOUSE DVLSNAHIQNE LERE FERMREDREVLRV- I FPTGDSEVVL PCNLLRM INNACKI FHINER 935
sp|P24928 |RFE1 HUMAN DVLENAHIQNELERE FERMREDREVLRV- IFPTGDSEVVL BCHNLLRM INNAQKT FHINER 995
tr|AOR1S3EWLZ | AOR1S3EWLZ _DIPCR DVLSNAHIQNE LERE FERMREDREVLRV- I FPTGDSEVVL PCNLLRM INNACKI FHINER 935
sp|P11414|REE1 CRICR DVLENAHIQNELERE FERMREDREVLRV- IFPTGDSEVVL BCHNLLRM INNAQKT FHINER 995
tr|035555|035555 CRIGR DVLSNAHIQNELERE FERMREDREVLRV- I FETGDSEVVL PCNLLRM INNAQK] FHINER EEL]
tr IADAEISHSHZIMEZISHSHZ_PAPAN DVLENAHIQNELERE FERMREDREVLRV- IFPTGDSEVVL BCHNLLRM INNAQKT FHINER 998
tr|FTHB40 | FTHE40_MACMU DVLSNAHIQNELERE FERMREDREVLRV- I FETGDSEVVL PCNLLRM INNAQK] FHINER EEL]
tr|ROAZEERYWY | AORZEERYWS_SAIEB DVLSNAHIQNELERE FERMREDREVLRV- IFPTGDSEVVL PCHNLLRM INNAQK I FHINER EEE]
tr|WENEZE|WSNEZE_LEPOC B EVLTNAHVOGE LERE FEEMREDREILRA- IFPTGDSKVVLPCHLARMINNAQKT FRINTR EEL]
tr| I3JEWE | I3JRWE_OBENI DVMTNARVQGI LERE FOKMEEDREI LRA- TFPTGD SEVVL PCNLARM INNACQK T FRINER 997
tr|AOAORATHMES | AORORAIMES DANERE DVMTHARVQSSLERE FEKMREDREILRL- TFPTGDSEVVL BCHNLARM INNACQK T FRINER 99¢
tr|AORIRTHIZT |ADRIATXIZT STELE DVQTNALVQSTLERE FEKMEEDREILRA- TFPTGDSEVVL PCNLARM INNACQK T FRINER 997
tr|AOALRETUEDT | AOR1AEUEDT NOTFU DVQTHARVQSVLERE FEKMEEDREILRL- TFPTGDSEVVL BCHNLARM INNACQK T FRINER 997
tr|ROR1RBEROS | ROR1ABEROS STELE DVQTHAHVQSVLERE FEFMEEDREILRA- TFPTGDSEVVL PCNLARM INNAQK ] FRINER 957
tr|AQRLAZDQED | ADALAR D'QED:E‘I'ELE DVQTHARVQSVLERE FEKMEEDREILRL- TFPTGDSEVVL BCHNLARM INNACQK T FRINER 997
tr|AOL1AENSRE | AOR1AENSRE 9TELE DVQTHAHVQSVLERE FEFMEEDREILRA- TFPTGDSEVVL PCNLARM INNAQK ] FRINER 957
tr|AORIWAYLMT | AORIWAYIMT STELE DVMTHARVQSLLEHE FEKMREDREILRA- TFPTGDSEVVL PCHNLARM INNACQKT FRINER 997
tr|AORIMELELT | AORIMELELT MALS4 G-DWSPELEQLLOEEFEQLERDEMLLRTE IFRTORVDTY LELNIARLVLNAQQT FHIDER 988
=p | PO4050 |REE1_YEARST EILGDLELOVLLOEE YE)LVEDREFLREV - FVDGEANWPL VNIRRT IDNAQQT FHIDHT 376
tr|AOR1BZJECe |ROR1EZTECE PICER DIIGDVELQEELNSEYEQLVNDREFLREIVEVNGDENWPL FVNLERI IDNAQQI FHLORE 978
tr|F20W1T | F2QW1T_EOMEC B DILGDVELQEELNSEYEQLVSDREFLREIVEVNGDENWPL FVNLERI IDNAQQ I FHLORE 978
tr|A3GIDT|A3IGIDT_PICST EIKGDVELQEVLDEE YEQLLODREY LREVC FPNGDESWPLFVNLER I IQNAQQ T FENGRY 977
tr|AORIDEPURG | AORIDEPURE CANAL EIRGDVOLOFILDEEYM)LLEDREY LREVCFPNGDESWPLFVNLER I IDNAQQT FENGRY 977
tr|GEEEHY | GEBEHS_CANEPC EIQGDVELOFLLDEEYNQLLEDRRY LRIVCFPNGDESWPLFVNLER I IQNAQQT FENGRY 977
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tr|AOALUBDYNG | ROA1UBDYNO ALLST
tr|AOR1LEH4D4 |ROR1LEHAP4 XENLA
tr|HSGLEE |HSGLGS ANOCE
tr|HZR1JE |HZR1JE_DINTR
tr|GIMCZL | GIMCZ1 ATLME
tr|002847 | D0RE47_MOUSE
tr|STOWZE | STEWZE MYOER
tr|D4ASHE | D4ASRE RAT
=p|POET7E |REEL MOUSE

=p|P24328 |REEL_HUMIN
tr|A0A1S3EWLE | BOA1SIEWLZ DIPOR
sp|P11414|RPE1 CRIGR
tr|035555 035583 CRIGR
tr|AOAZT3MSHZ |RORZIIMSHZ DADAN
tr|F7HE40 | FTHE40 MACMU
tr|AOLIKERYWS | AOLIKERYWS SATER
tr|WSHZZE |WSNEZE LEPOC

tr| I3JRWE | 13JRWE_ORENT
tr|AOAOR4TMSS | ROROR4TMSS DANRE
tr|AORIATHIZT |ROR1LTE3ZT STELE
tr|AOR1ARUKDT | A0R1ARUEDT NOTEU
tr|AOLIASEROS | A0L1AEERDS STELE
tr|A0R1ASDOE0 | BORLARDOED STELE
tr|LOR1AENSRE | BOA1RENSRE STELE
tr|AOAIW4YLMT | ROA1W4YIMT STELE
tr|AORIMSRELT |AOAIMEAELT MALSE
=p|P04050 |REEL YEAST
tr|AOR1EZTECE | A0A1E2ZJECE_DICIA
tr|F20W1T | F20W1T_KOMEC
tr|A3GI07 | R3GIDT_PICST
tr|AOA1DEDUAE | AOA1DEDTLE CANAL
tr|GEBEHS | GEEEES CANEC

tr |ROALUBDYNO | AORLUEDIND ALLSI
tr|ROR1L8H4D4 | A0A1LEHAD4 YENLA
tr |H9GLGS |HIGLGS_ANOCR

tr |HZR1J6 | HZR1JE_DANTR
tr|GIMCZL|GIMCZL ATLME
tr|008847|008847_MOUSE
tr|STOWZE | STDWZE_MYOER
tr|D4A5RE | D4ASAE_RAT

sp| POBTTS | REB1_MOUSE

sp|P24323 |RFEL_HUMEN
tr|LOL1S3EWLZ | AOA1SIEWLZ_DIDCR
sp|P11414|RFEL CRIGR
tr|035559|035559_CRIGR
tr|AORZI3MSHZ | AORZIIMSHZ PADRN
tr|FTHE4D |FTHE40 MACMU
tr|RORZKERYWS | A0AZKERYWS SAIER
tr |WSNEZE |WSN8Z&_LEBOC

tr | I3TRWE | I3JRWE_ORENI
tr|RORORSIMSS | ROROR4IMSS DANRE
tr |ROL1ATH3ZT | AOA1ATH327 STEIE
tr | AOR1ASTRDT | A0ALARUEDT NOTEU
tr|AOR1RSEROS | AORLASEROS_STELE
tr|A0A1ASD0E0 | A0A1ASDOE0_STELE
tr |ROR1ASNSRE | AORLAENSRE_STELE
tr | ROALWAYLMYT | AOALW4YIMT STELE
tr|RORIMBRELT | AORIMERELT MALS4
=p|D04050|REEL_YERST
tr|ROR1EZJBCE | RORLEZTECE_PICER
tr | F20W17| FZQW1T_KOMBC
tr|A3GI0T|A3GIDT_PICST
tr|AOA1DEDUAS | AORLDRPURS_CANAL
tr | GEBEHY | GEBEHY_CANDC
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Fig. 4 MSA of the Rpb1, the elongation subunits of eukaryotic RNAP II

AOA1UBDYNO _ALLSI Alligator sinensis
HI9GLG5 _ANOCA Anolis carolinensis
G1MCZ1 _AILME Ailuropoda melanoleuca
S7PWZ6 _MYOBR Myotis brandtii

P08775 MOUSE Mus musculus
AOA1S3EWL2 _DIPOR Dipodomys ordii
035559 _CRIGR Cricetulus griseus

F7HB40| _MACMU Macaca mulatta

W5EN8Z6 _LEPOC Lepisosteus oculatus
AOAOR4IMS9 _ DANRE Danio rerio
AOA1A8UKD7 _NOTFU Nothobranchius furzeri
AOA1A8DQ60 _9TELE Nothobranchius kadleci
AOATW4YLM7 _9TELE Scleropages formosus
P04050|RPB1_YEAST Saccharomyces cerevisiae
F2QW17 _KOMPC Komagataella phaffii
AOA1D8PUAG6 _CANAL Candida albicans

AOA1L8H4P4 XENLA Xenopus laevis

H2R1J6 _PANTR Pan troglodytes

008847 _MOUSE Mus musculus

D4A5A6 _RAT Rattus norvegicus
P24928|RPB1_HUMAN Homo sapiens

P11414 _CRIGR Cricetulus griseus
AOA2I13M9H2 _PAPAN Papio Anubis
AOA2K6RYW9 _SAIBB Saimiri boliviensis
I3JRW6 _ORENI Oreochromis niloticus
AOA1A7X327 _9TELE Aphyosemion striatum
AOA1A8ERO05 _9TELE Nothobranchius korthausae
AOA1ABNSR8 _9TELE Nothobranchius rachovii
AOATMBAGL7 _MALS4 Malassezia sympodialis
AOA1B2J8C6 _PICPA Komagataella pastoris
A3GID7 _PICST Scheffersomyces stipitis
G8BEH9 _CANPC Candida parapsilosis
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7. MIX AND MATCH ANALYSIS OF -eukaryotic and YG in prokaryotic sequences, -
EUBACTERIAL AND EUKARYOTIC ASI/LIPF-, the metal ion binding regions -

INITIATION AND  ELONGATION GYNQ/FEDS- (~800), -LDD/ED/SGL/I- (~850); -
SUBUNITS GDKF/MAS/GRHGXKG-  (~1000), HLVDDKI/

MHAR (~1050), RFGEME (~1100). The catalytic
regions are matching but among themselves only
and there is no complete consensus among
them, i.e., they are located at different regions.
However, the metal binding motifs are aligning in
both the initiation subunits suggesting the metal
binding regions are preserved as a domain and
did not diverge much during evolution. The
prokaryotic active site region is placed around
540-555/1342 amino acids whereas eukaryotic

. . . active site region is placed around 851-866/1224
7.1 Mix and Match Analysis of the E. coli amino acids. The notable difference in the

(B) and S. cerevisiae (Rpb2) Initiation ¢ karyotic template binding pair sis KG in lower
Subunits eukaryotes like human and in lower eukaryotes it
uses YG like yeasts. The eukaryotes follow two
Fig. 5 shows the mix and match analysis of the very similar ending sequences at the C- terminal
initiation subunits from pro- and eukaryotic MSU  end as —ACKLLFQELMSMSIAPRMMSV-
RNAPs. The eukaryotic sequences are shown in  (~1150) and  AAKLLFQELMAMNITPRLYT-
red. The active site regions are highlighted in  (~1200) (deviating amino acids are shown in red)
yellow the representative sequences are and the prokaryotes follow an altogether
highlighted in yellow. There are a good number different consensus end sequence as -
of sequences aligning in both. Significant among SFNVLLKEIRSL- (~1280). Thus, the eukaryotic
them are -FI/VINGS/TEK/RVL/II/VA/SQ- (~200), and prokaryotic ending sequences are different
IETPE (~500) preceding this sequence a WG in  and their significance is not clear now.

For this analysis a small number of initiation and
elongation subunits of eubacterial and eukaryotic
MSU RNAPs were subjected to MSA with
ClustalW Omega programme and presented in
Figs. 5 and 6. For eubacteria, E. coli MSU RNAP
and for eukaryotes, S. cerevisiae MSU RNAP Il
sequences were used as standards. Only highly
conserved regions are shown in the figures.

Table 4 Amino acids around the catalytic amino acid K/R and the YG/FG pair in DNA
polymerases, DNA dependent SSU and MSU RNAPs

Polymerase Type Catalytic Region

SSU RNAP family

Viral SSU RNA pol (T7, T3, SP6) -TR*VTKR'SVMTLAY®GS-
Mitochondrial SSU RNA pol (Yeast) -TR*KVVKQ'TVMTNVY?GV--
Chloroplast SSU pol (ARATH) -DR*KLVKQ'TVMTSVY®GV-

DNA polymerase family

E. coli DNA pol | -QR“RSAKA'INFGLIY®GM-

MSU RNAP family (Initiation subunits)

E. coli MSU RNAP B subunit SOTRPERAGFEVRD'VHPTHY G RV®%-
S. cerevisiae MSU RNAP Il Rpb2 FIFR®SLFFRS'YMDQEKKY’GMSI®"-
subunit

Human MSU RNAP |l Rpb2 subunit POFRP°SVFYRS'YKEQESKK ’GFDQ%-

MSU RNAP family (Elongation subunits)

E. coli MSU RNAP B’ subunit SBENSY
®DAVKVRS'VVSC’DTDFGVC'?AHC" Y G RDL®®'-

S.cerevisiaeMSURNAPIIRpb1 subunit  -*DPRP®LGSIDRN'LKC*'QTC'QEGMNEC"*PGHF *G"°HI*-

HumanMSURNAPIIRpb1subunit -DPR®QGVIERT'GRC'QTC’AGNMTEC*PGHF"®G"°HI®-
NB: MSU RNA polymerases which use R in the catalytic site is shown in bold. The invariant R, at -6/-7 is not
found in 8’ subunits of eubacteria; The eukaryotic elongation subunits use an FG instead of a YG
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CLUSTAL O (1.2.4): Mix and Match analysis of eukaryotic Rpb2 and eubacterial B initiation

subunits 5

sp|P30876 |RFB2_HUMAN
tr|G3VEYS|GIVEYS_RAT
tr|ROR250Y753 |A0A250YT7 53

tr|ADRIUTR4CT |RORLUTRE CT":
tr|RORZE6XIQY |RORZEEKIQY

tr|I3M351|I3M351_ICTIR

tr|G7P5RE|GTPSEE_MACFR

tr|HZQFIS | HZQPIE_PRNIER

tr|RORITTVOTS | RORLUTVO I5_
trlA0R1S2ESLZ | R0R1S2E5L2

tr|AJRODSQYLL |A0AODSQYLL

tr|RORZKSZNRT | ROAZ KSZNR'F:
tr|RORETZZTU3 [A0RZTZZIU3_

tr|RORIDA0GAS [AORIDIQGRS

tr|ROR2JE52N1 I;‘A_"J,"l_ZJSSZNl:
tr | AORZKSES IS5 | RORZKSKS IS

tr|RORZJEPEWT |A0R2JEPEWT

tr|R0RZKSCYE3 | ROAZ KSC":.’SS:
tr|A0RO96NEYY [AOAOSENEYS

tr|C8J2Y49|C9J2Y9_HUMAN
tr|GEBY61|GEEYE1l_TETFH

trlAORINTOYR] |RORIKTOYRL

tr| JTEV3S | JTEVI5_KRINA
tr|HZAVIE |HZRVIE_KRIRF
3pl|Q6FLD5 |RFB2_CRNGL
ap|P08518|RFBZ_YELST

tr | AOROLEVHAS |ROROLEVHAS
tr|AOROLEEE33 |R0ROLAEE33

tr|GOVITLIGOVIT1_NATCC
tr|GEEMAS|GEZMA9_TCORDC

tr|RORIQ3R090 [AORTIQ3R0580_
tr|AORONTIS35 |RORONTIS3S
Tr|AORZ1ZMGEE |RORZ12MGEE_
tr|AORISTHHEL |ROR1STHHEL

tr|S6ESB4|S6ESB4_IYGBZ
tr|B6K3Q5 | B6K5Q5_SCHIY
ap|Q02061|RFB2_SCHEO

tr|59REU4|59REU4_SCHOY

trl|39WeCe | 59WaCa_SCHCR

5plQ2RQES|REQB THETE
L5R51304.1
0¥R47929.1
WE_093971860.1
sp|02NWRE|REOB SODGM
5p|B4EYUS|REOB_PROMH
5p|ATFNI3|REOB YERE3
5plQLCIUL|REQB VERPR
splB2K113|REOB YERES
sp|L8G3ET|REOB_SERES
5p| Q6DENO |RPOB FECAS
5p|CEDHRS|REQB PECCE
splQ7N9A4|REOB PHOLL
5p|CSBHE3 |REOB EDWIY
5p|ATMOQ9|REOB CROSA
5p|BSEYFS|REOB KLEP3
spl POASV2 | REOB_ECOLI
5p|C5R057|RPOB_ECOBH
5p|Q31UL10|REOB SHIBS
5p|032AF9|REOB SHIDS
5p|LEAKT 9| REOB_CITHS
5p|BSRFK1|REOB SALG2
5p|B5SBJQ3|REOB SALEK
5plB4TOVY|REOB SALNS
5p|PO6L173|RPOB_SALTY

CRSCH
MESRU

CRVED

TARSY
ERIEU
CHLSE
MRNLE
GCRGOD
MACMO
BCOHEE
COLRF
ERNTR
LOTHR
ELPRN

95RC]

95RC]

SACEU

ZYGRO
95RCH
ZYGER

95RC]

LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IAQEKML THTVYVE -LHED-SKYAYTG
LLNGLT DRDLCELNEC PLDFGGY T INGSE VL IAQEKVL THT VY VE -LHED-SEYAYTG
LLNGLT DRDLCELNEC FLDEGGY FIINGSEKVL IAQEKME TNT VY VF -LHED-SKYLYTE
LINGLTDRDLCELNECFLDE FITNGSEEVL IACEFME TNTVYVE -RHED-SEYRYTG
LINGLT DRDLCELNEC PLDPGGY FTINGSEEVL IROEKML THT VY VF -LHED-SHYAYTG
LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IRQEKML THT VY VF -LHED-SKYLYTG
LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IRQEKML THT VY VF -LHED-SKYLYTG
LINGLTDRDLCELNECFELDE FITNGSEEVL IRCENML TNTVYVF -RHED-SEYLYTG
LINGLTDRDLCELNECFELDE FITNGSEEVL IRCENML TNTVYVF -RHED-SEYLYTG
LINGLTDRDLCELNECFLDE FIINGSEEVLIACENME TNTVYVE -RHED-SEYRYTG
LINGLTDRDLCELNECFLDE FIINGSEEVLIACENME TNTVYVE -RHED-SEYRYTG
LLNGLT DRDLCELNEC PLDFGGY T INGSE VL IAQEKVL THT VY VE -LHED-SEYAYTG
LLNGLT DRDLCELNEC PLDFGGY T INGSE VL IAQEKVL THT VY VE -LHED-SEYAYTG
LLNGLT DRDLCELNEC PLDEGGY FIINGSEKVL IRQEKME TNT VY VF -LHED-SKYLYTG
LLNGLT DRDLCELNEC PLDEGGY FIINGSEKVL IRQEKME TNT VY VF -LHED-SKYLYTG
LINGLTDRDLCELNECFELDE FITNGSEEVL IRCENML TNTVYVF -RHED-SEYLYTG
LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IRQEKML THT VY VF -LHED-SKYLYTG
LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IAQEKML THTVYVE -LHED-SKYAYTG
LLNGLT DRDLCELNEC PLDPGGY T INGSEEVL IAQEKML THTVYVE -LHED-SKYAYTG
LLNGLT DRDLCELNEC PLDFGGY T INGSE VL IAQEKVL THT VY VE -LHED-SEYAYTG
YLSDATESDLYKLEKECFPFLCM FIINGSEEVLIACER SR GNIVIVE-EHRRESFTSHVE
YLSDATESDLYKLEKECFPFLCM FIINGSEEVLIACER SR GNIVIVE -EHRARESFTISHIL
YLSDATESDLYKLEKECFPFLCM FIINGSEEVLIACER SR GNIVIVE -EHARESFTISHVA
YLSDATESDLYKLKEC PFOMGGY FTINGSERVL IAOER 5L GN I VOVE -KHARPSFTSHVA
YLSDATESDLYKLKEC PFOMGGY FIINGSERVL IRQERSL GNT VOVE -KHALBSPTSHVA
YLSELTESDLYKLKEC PFOMGGY FIINGSERVL IAQERSLGNI VOVE -KEHALBSPISHVA
YLSEATESDLYKLKECEFLM FITNGSEEVLIACER.SLGNIVIVE -EKHRRESFTSHVE
YLSEATESDLYKLKECFPFLCM FIINGSEEVLIACER SR GNIVIVE-EHRRESFTSHVE
YLSDATESDLYKLEKECFPFLCM FIINGSEEVLIACER SR GNIVIVE-EHRRESFTSHVE
YLSDATELDLYKLKEC PFOMGGY FTINGSEEVL IAQER 5L GNI VOVE -KHARPS[PTSHVE
YLSDATESDLYKLKEC PFOMGGY FTINGSEEVL IAQERSLGNI VOVF -KHARBSFTISHVE
YLSDATESDLYKLEEC BFOMGEY FIINGSERVL IAQERSL GNI VOVE -KHLABSPTSHVA
YLSDATESDLYKLKEC PFOMGGY FIINGSERVL IRQERSL GNT VOVE -KHALBSPTSHVA
YLSDATESDLYKLEKECFPFLCM FIINGSEEVLIACER SR GNIVIVE -EHARESFTISHVA
YLSDATESDLYKLKEC PFOMGGY FTINGSEEVL IR0ER 5L GNI VOVF -KHBRPS[PTSHVA
TLNGVSDSELYDLNEC PYDQGGY FIINGSERVT IR0ER SL ANT VOVF -RHARPS[PTA YVEA
TLNGVSDSELYDLNEC PYDQGGY FIINGSEEVT IAQERSLANT VOVF -KHARBSPTA YVA
ILNGVSDRAELYDLNECEYDO FITNGSEEVI IRCER.SLANIVIVF-EHRRBSFETLIVE
IINGVSDRELYDLNEC FYDOGEY JITHGSERVI IROER SR ANT VIVE -EHRRBSFVAYVE

———————————————————— DG5S IIHGADR‘JIVSQIES PGVYFTPDPNR-—-[PGRYIL

———————————————————— NETIVINGTERVI SPEVLFDHDRGKTHSEGKYLE

———————————————————— TGS FWINGTEEVIVSOLHRS PGV FFEH DRAKTHS[SGKLLF

———————————————————— TGS FWINGTERVIVSOLHRS PGV FFEH DRAKTHSSGKLLEY

———————————————————— NET fWINGTERVIVSQLHRS PGV FFDS DKAKTHS K VLY

———————————————————— NGT fWINGTERVIVSOLHRS PGV FFDS DKAKTHS A GK VLY

———————————————————— NGT WINGTERVIVSOLHRS PGV FFDS DKAKTHSEGKVLY

———————————————————— NGT fWINGTERVIVSOLHRS PGV FFDS DKAKTHSSCKVLY

NETERVIVSQLHRS PGVFFDS DEAKTHSSGEVLY

NETERVIVSQLHRS PGVFFDS DEAKTHSSGEVLY

NGTERVIVSQLHRS PGV FFDSDEGETHSSGEVLY

NGTERVIVSOLHRS PGV FFDS DKAKTHSSGKVLY

NETERVIVSQLHRS PGVFFDS DEAKTHSSGEVLY

NGTERVIVSQLHRS PGV FFDSDEGETHSSGEVLY

NGTERVIVSQLHRS PGVFFDSDKGETHSSGEVLY

NETERVIVSQLHRS PGV FFDS DKAKTHS K VLY

mmm e e e e - NGET FVINGTERVI VSQLHRS PGV FFDS DKG KTHS SGKVLY

HR.S PGV FFDS DKAKTHS[SGKVLY

RS PGV FFDS DKGKTHSGEVLY

HRS PGV FFDS DEGKTHSSGEVLY

HES PGVFFDS DKGKTHS[EGEVLY

HR.S PGV FFDS DKAKTHS[SGKVLY

RS PGV EFFDS DEGKTHSSGEVLY

HRS PEVEFFDS DHGKTHSEEVLY

HRS PGV FFDS DEGKTHS[SGEVLY
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160
134
176
176
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172



spl|P30876|REBZ_HIMAN
tr|GIVEYS|GIVEYS_RAT
tr|A0RZ50Y7 53 |A0AZ50Y7 53 _CRSCH
tr|A0RI0TRACT |RORITTRACT _MESAT
tr|R0R286XTQ9|R0R226XIQ9 CAVED
tr|I3M351 | I3M351_ICTIR
tr|G7P3RG|GTPIRE_MACFR
tr|HZQPI8|H20PIE_BANTR
tr|A0AIOTVOTS |R0RITUTVOTS_TARSY
tr|A0A152I512 |A0A1 522512 ERIED
tr|A0AODSQYLL |A0AQDAQYL] CHL3E
tr|A0AZKSINRT |R0RZKSINRT MENLE
tr|A0RZTZITU3 |A0RZTZZIUS GORGD
tr|A0A1D5QGAS |A0RIDAQGRAS_MACHT
trlA0AZT832N1 |A0AZ JB52N1_FONAR

tr| ADA2KS5K5J5 | A0AZKSK5J5 COLAP
tr|A0A2J8PEWT|AOA2JAPENT PANTR
tr|AOAZKSCYA3|AOA2ESCYRY AOTNA
tr|LOR0SENEY4|AOROSENEY4 PAPAN
tr|C9J2Y9|COJ2YS HIMAN
tr|G3BYEL|GEEYE] TETFE
tr|AOALXTQYAL|AORIXTQYAL 9SACH
tr|J7RVES| JIRVES KAZNA
tr|H2AVJE | E2AVI8 KAZAF
#p|QEFLDS|RFE2_CANGA

sp|P0OA518 |RPB2_YEAST
tr|ACAOLIVHAS|AOAOLAVHAS 9SACH
tr|AOAOLARE33|AOAOLARB33 SACEU
tr|GOVITL|GOVIT1 NAUCC
tr|GEZM43|GEZM4S TORDC
tr|ROA1Q3A090|R0R1Q3R080 ZYGRO
tr|AOAONTIS35|AOAONTIS3S 9SACH
tr|AOA212MGEE |ADA2Z12NGRE ZYGBA
tr|AOALSTHEEL|AOALSTHHEL 9SACH
tr|S6ESB4|S6ESB4 ZYGB2
tr|BEKSQS |BEKSQS SCHJY
sp|Q02061|RPEZ_SCHEO

tr|SORAU4 | 59RAT4_SCHOY
tr|S9WACE|SOWACE SCHCR

sp|Q8ROES|RPOB THET3
ALSR51304.1
0XR47829.1
WE_093971860.1

sp| Q2NWRE | REOB_S0DGM
sp|B4EYU9 | RPOE_PROMH
sp|ATFNI3|REOE_YERP3
sp|QLC1UL|RPOB YERFA
sp|B2K113|RPOB YERPB
sp|R3GBET | RPOB_SERES
sp| QEDAND | REOB_PECAS
sp| CEDHRS | REOE_PECCP
3p|QTNSA4 |RPOS PHOLL
sp| CSBHE3 | REOB_EDWI9
sp|ATMOQS | REOB CROS3
3p| B5XYF5 | REOB_KLEP3
sp| POASVZ |RFOB ECOLI
sp|C5R0ST|RPOE_ECOEW
sp| Q31010 |REOB_SHIBS
sp|Q32AF9|RPOB_SHIDS
sp|AAAKTY|RPOB CITHR
sp|BSRFKL|REOE_SALGZ
sp|B5BJQ3 | RPOB_SALEK
sp|B4TOY9|RPOB_SALNS
sp| PO6173 | RPOB_SALTY
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¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
YSLATGNWGDOKKAHQRRAGVSOVINRLTFAST LSHLERLNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥SLATGNWGDQKKAHORRAGVSOVINELTFAST LSHLERLNSP-——- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLNSE---- IGH
¥3LATGNWGDOKKRHORRAGVSQVINRLTFAST LSHLRRLYNSE---- IGH

YSLATGNWGDOREAHQARAGVSOVLNELTFASTLSHLERLNSP--—-1
YSLATGNWGDOKEAHQARAGVSQVLNRLTFASTLSHLRRLNSP----1
YSLATGNWGDOKEAHQRRAGVSQVLNELTFASTLSHLRRLNSP----1
YSLATGNWGDOKEAHQARAGVSQVLNELTFASTLSELRRLNSP-—--1
YSLATGNWGDOREAHQARAGVSOVLNELTFASTLSHLERLNSP--—-1
YALATGNWGEQREAMT SRAGVSOVLNEY TY S5TLSHLERTNT P--—-1
YALATGNWGEQREAMSSRAGVSOVLNEY TYS5TLSHLERTNT P--—-1
YALATGNWGEQKKAMSSRAGVSQVLNRY TYSSTLSHLRRINIP----1
YALATGNWGEQREAMSSRAGVSOVLNEY TYS5TLSHLERTNT P--—-1
YALATGNWGEQRFAMSSRAGVSOVLNEY TYS5TLSHLERTNT P----1
YALATGNWGEQREAMSSRAGVSOVLNEY TYS5TLSHLERTNT P--—-1
YALATGNWGEQREAMSSRAGVSOVLNEY TYS5TLSHLERTNT P--—-1
YALATGNWGEQREAMSSRAGVSOVLNEY TYSSTLSHLERINTP--—-1
YALATGNWGEQREAMSSRAGVSQVLNEY TYSSTLSHLERINTP--—-1
YALATGNWGEQREAMSSRAGVSOVLNEY TYS5TLSHLERTNT P--—-1
YALATGNWGEQRFAMSSRAGVSOVLNEY TYS5TLSHLERTNT P----1
YALATGNWGEQKEAMSSRAGVSQVLNEY TYSSTLSELRRINIP-—--1
YALATGNWGEQREAMSSRAGVSOVLNEY TYSSTLSHLERINTP--—-1
YALATGNWGEQREAMSSRAGVSOVLNEY TYSSTLSHLERINTP--—-1
YALATGNWGEQREAMSSRAGVSQVLNEY TYSSTLSHLERINTP--—-1
YSLATGNWGDQFRGLANRVGVSOVLNEY TFASTLSHLERTNT P--—-1
YSLATGNWGDOKRSMVNRVGVSQVLNEY TFASTLSHLRRINTP----1
YSLATGHNWGDOKRSMMNRVGVSQVLNEY TFASTLSELERINIP-—--1
YSLATGNWGDOKRSMMNRVGVSQVLNEY TFASTLSELRRINTP-—--1

————————————— EFFSRSQLSQFEDETNFLSSLRHFRRI SALGPGGLT]

ERAGFDVH

--EFFG550LS0FMDOTHELAEVT HEREV SALGPGGLT]

ERAGFEVH

————————————— EFFGSSQLSOFMDOTNELSEITHERRV SALGPGGLT]

ERAGFEVH

————————————— EFFGSS0LSQFMDOTNEFLSEITHERRV SALGPGGLT]

ERAGFEVH

—-EFFGS50LS0FMDONNELSEITHERRI SALGPGGLT]

ERAGFEVH

_____________ EFFG5S50LS0FMDONNEPLSEI THERRI SALGPGGLT]

ERAGFEVH

_____________ EFFG550L50FMDONNELSEI THERRI SALGEGGLT]

ERAGFEVH

—-EFFGS50LS0FMDONNELSEITHERRI SALGPGGLT]

ERAGFEVH

ERLGFEVE

_____________ EFFGSSQLSQFMDONNPLSEITHERRI SALGPGGLT]
_____________ EFFGS50LS0FMDONNELSEI THERRI SALGEGGLT]

ERAGFEVH

—-EFFGS50LS0FMDONNELSEITHERRI SALGPGGLT]

ERAGFEVH

ERLGFEVE

_____________ EFFGS50LSQFMDONNELSEI THERRI SALGEGGLT]

_____________ EFFGSSQLSQFMIQNNELSEITHERRI SALGPGGLTRES
ERAGFEVH

—--EFFG550LS0FMDONNELSEITHERRI SALGPGGLT]

ERAGFEVH

_____________ EFFGS50LSQFMDONNELSEITHERRI SALGPGGLT]

————————————— EFFGS5QLSQFMDONNPLEEITHKERISALGPGGLTREY
--EFFG550LSQFMDONNELSEITHERRI SALGPGGLTRERAGFEVRDV
ERAGFEVH

_____________ EFFGS50LSQFMDONNELSEI THERR I SALGPGGLT]
_____________ EFFGSSQLSQFMDONNPLSEITHERRI SALGPGGLT]

ERLGFEVE

--EFFG55QLSQFMDONNPLSEITHERRI SALGPGGLT]

ERAGFEVE

_____________ EFFGS50LSQFMDONNPLSEI THERRI SALGPGGLT]

ERAGFEVH

_____________ EFFGS50LSQFMDONNELSEITHERRI SALGPGGLT]

ERAGFEVH

_____________ EFFGS5QLSQFMDONNELSEI THERRI SALGPGGLT]

--EFFGS5QLSQFMDONNEPLSEITHRRRI SALGPGGLTRER

_____________ EFFGS5QLSOFMDONNPLSEI THERRI SALGPGGL

H HEL L :

P
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3p|P3087¢|RPBZ_HUMAN HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|G3IVAY5|G3IVAY5 RAT HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|ROAZ50YT53|A0REZ50YT53 CASCN HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|ROALUTR4CT|A0RLUTRS C?:HESAU HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|RAOAZA6XIQY|AOA2A6XIQY CAVEQ HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|I3M351|I3M351_ICTTIR HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|GTESRE| GTPSRGE MACFA HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|H2QPI8|H20PIS:PM~'.ITR HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|ACALUTVOTS|AORLUTVOTS TARSY HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|RAOA1S52Z502|AORIS2Z5L.2 ERIET HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|ROAODSQYLL|A0OADDSQYL1 CHLSE HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 554
tr|RDAZESINRT| AC-A2K52NE?:}IAHLE HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 554
tr|ROAZIZZIU3|A0AZIZZIUZ GORGO HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|RACAID5QGAS|AORIDSQGAS MACMD HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|ROAZJE5EN1|A0RZJE5EZN1 FONAEB HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|ROAZESKSJS| AC'A2K5K5J5:COLAP HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|ROAZJIPEWT|AORZJAPEWT _PANTR HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 554
tr|RACAZKSCYE3|AOAZESCYE3 AQTNA HNT WGV C PRET PR CHAVGLVENLALMAY I SVGSOPSPILEFLEEWSMENLEEISPALL 56l
tr|RDAOSENEY4|R0ADSENEY4 PAPAN HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 561
tr|CoJ2Ys|COJ2Ys HUMAN B HNTWGMVCHRET PR GHAVGLVENLAIMAYT SVGSQPSFILEFLEEWSMENLEEISPART 554
tr|GABYEl|GABYel TETPH HNTHWGLVCHRET PEGQACGLVENLSIMSCISVGTDFMPIITFLSEWGMEPLEDYVPHQS 572
tr|ROAIXTQYRI|AORIXTQYAR] 95ACH HNTHWGLVCHRETPEGQACGLVENLSIMSCISVGTDPTPIITFLSEWGMEPLEDYVPHQS 570
tr|JTEVSS| JTEVSS FARZNA HNTHWGLVCHRET PEGQACGLVENLSIMSSISVGT DFMPIITFLSEWGLEPLEDYVPHQS 570
tr|HZAVJS| HQAVJS:KAZAF HNTHWGLVCHRETPEGQACGLVENLSIMSCISVGTDFMPIITFLSEWGMEPLEDYIPHQS 570
3p|QEFLD: |RPBZ_CANGR HNTHWGLVCHRET PEGQACGLVENLSIMSCISVGADFMPIITFLSEWGMEPLEDYVPHQS 572
2p|P08518 |RPB2_YEAST HNTHWGLVCHRETPEGQACGLVENLSIMSCISVGTDFMPIITFLSEWGMEPLEDYVPHQS 574
tr|ROAOLSVHAS|AOADLAVHAS %5RCH HNTHWGLVCHRET PEGQACGLVENLSIMSCISVGTDFMPIITFLSEWGMEPLEDYVPHQS 574
tr|ROAOLERE33| AC'AC'LSRBSE:SACEU HNTHWGLVCHRET PEGQACGLVENLSIMSCISVGTDFMPIITFLSEWGMEPLEDYVPHQS 574
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For figure legends, refer to Figs. 3 and 4
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CLUSTAL O (1.2.4): MSA of eubacterial B’ and eukaryotic Rpb1 subunits 6

tr|A0AIUSDYNO | AORIUSDYNO_ALLSI HEHFCH 95
tr|RORILEH4P4|RORILEH4 P4 KENLA HEHFGH 3
tr|H9GLG5 | H9GLGS5_RNOCL H=HFCH 99
trlHZRlJGIHZRlJG:PANTR H=HFCH 100
sp|P08775|RFBL_MOUSE HEHFCH 100
tr|GIMCZ1IGIMCZ1 ATIME HEHFCH 100
tr|00388470085847_MOUSE HEHFGH 100
tr|57PWI6|STEWZE_MYOBR H=HFGH 100
tr|D4A5R6|D4R5RE RAT H=HFCH 100
tr|AOAIS3EWLZ |RORIS3EWL2 DIFOR HEHFCH 100
gp|P11414|RFB1_CRIGR HEHFCH 100
tr|035559|035559_CRIGR HEHFGH 100
tr|AOAZT3MIHZ |RORZI3MIH2Z PAPAN H=HFGH 100
tr|F7HB40|F7HB40 MACMD H=HFCH 100
tr|ADAZKERYWS | RORZKERYWS SAIBB HEHFCH 100
tr|WoN2Z&|WSN3Ze LEFOC HGHFGH 99
tr|I3JRWE| I3JEWE_ORENI HEHFGH 3
tr|AOAOR4IMSS|ROROR4IMSS DANRE H=HFGH 98
tr|RORIRTKIZT | RORIATHIZT STELE H=HFCH 98
tr|AOAIRSUKDT | RORIASUKDT NOTEU HEHFCH 98
tr|A0AIASEROS|AORIRSEROS_STELE HGHFGH 2
tr|A0AIASDOG0 | AORIRSDOG0_STELE HEHFCH 3
tr|AOAIRSNSRE | RORIASNSRE_9TELE H=HFGH 98
tr|AOAIWLYLMT | RORIWLYLMT STELE H=HFCH 98
trlAﬂMMSA&L’?|ADMM8AGI.'?:MALS4 ] H=HFCH 98
gp|P04050|RFB1_YEAST 0T COE -GM--NECPGHFGH IDLAKFVFHVGFL 96
tr|A0AIB2Ja3C6| ROR1IB2J3CE_PICFRL -GM--AECHGH bt'fHEI. FHIGFI =1
tr|F2QW1l7|F20W17_KOMEPC -GEM--LECHGHYGHMEL. FHIGFL 96
tr|A3GIDT|A3GIDT_FICST -DM--LRECHGHYGHIEL. FHIGFL 97
tr|AOAIDEPULG | RORIDEPULAS CANAL -DM--LECHGHYGHIEL. FHIGFL 97
tr|G3BEHS|G3BEHS_CANEC - -DM--REERGHFGHIEL FHIGFL 978,13
REG34223.1 L] 3 KYKRORFEGKVEER PEVEVIKSIVERY RMEHIELATPR RHIWEY 105
A5R51305.1 Cl EYKRMKY KGIVIEK CQVEVTVITEVERE RMEH TEL AR VI 117
CHR473930.1 CRE KYKRLEHRGV ICEKEEVEVTVAKVRRERMEHIELY 117
ap | A7TMOQE |RPOC_CROSS C {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
Sp|Q32RG0 |RPOC_SHIDS Cl {ERVEVIQTKVREERMEHTELASFTAHIWFL 117
splQ05Y12 |RPOC SHIFS Cl {EQVEVIQTKVERE RMEHIELRSFTAHIWEL 117
gp|B2TwWH4 |RFOC_SHIB3 Cl {E§VEVIQTKVRRE RMEHTELASFTAHIWFL 117
3p|POASTT |RPOC_ECOLI CARIFG {CGVEVIQTKVRRERMGH IELASFTAHIWEL 117
Sp|Q3YUZ& |RFOC_SHISS Cl {ERVEVIQTKVREERMEHTELASFTAHIWFL 117
sp|B1XBZ0|REOC_ECODH Cl {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
Sp|ABATET|RPOC_ECOHS C {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
tr|RORZ3TIUES |RORZ3TJIURS_SHISO Cl {ERVEVIQTKVREERMEHTELASFTAHIWFL 117
tr|ROROFI1RBFZ|ROROFIREBFZ ENTAS Cl {EQVEVIQTKVERE RMEHIELRSFTAHIWEL 117
tr|2021B3EWGO | ROR1IBIEWGO_ENTCL Cl {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
tr|A0A0FOXMEZ |ROROFOXMeZ 9ENTR C {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
Sp|Q5FKE92 |[RFOC_SRLER Cl {EQVEVIQTKVERE RMEHIELRSFTAHIWEL 117
p|ASMHES |REOC_SRLAR Cl {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
tr|A0A232KM43 | RORZ 32KM43_SALMIO Cl {EEVEVIQTKVRRE RMEHITELASFTAHIWFL 117
tr|BSRFKEQ |BSRFKO_SALG2 C {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
Sp|FORZRS |RFOC SALTI Cl KYKRLEHRGV ICEKCGVEVTIOTKVERRE RMEH IELASFTAHIWFL 117
sp|057HE S |IREOC_SRLCH Cl KYKRLEHRGV {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
gp|POAZE4 |RFOC_SALTY Cl KYKRLEHRGV IEER PEVEVT QTKVRRE RMGH IELASFTAHIWEL 117
Sp|RETGE1 |RFOC_KLEET Cl {ERVEVIQTKVREERMEHTELACFTAHIWFL 117
tr|20A0JZK6 57 |ROROJZKG ST _SENTR Cl {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
tr|A0A0G3RZQ0 | ROROGIRZQ0_KLECK Cl {EEVEVIQTKVRRE RMEHITELASFTAHIWFL 117
tr|A0A212HDS5|RORZ12HDSS 9ENTR C {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
tr|R0RIROFP41|RORIROFP4]1 CITER Cl {ERVEVIQTKVREERMEHTELASFTAHIWFL 117
tr|20A0781LHAS |ROROTELHAS CITED Cl {EEVEVIQTKVERE RMEHTELASFTAHIWFL 117
Ip|ABAKTE |RPOC_CITKES C EYKRLEHRGV {EEVEVIQTKVRERE RMEHIELASFTAHIWEL 117
H 3 cokk e ek k| & *u £

tr|A0RIUEDYNO | A0R1USDYNO_ALLSI ATMVDNELP GLFRAMQKSGR PLE SLEQRLEGKE GRVE. MGKEVDF SARTWVIT PDEFNLS 373
tr|A0A1T.8H4P4 | A0R1TAH4 P4_XENLA ATMVDNEIPGLFRAMOKSGR PLESVEQRLEGKE GRVE MGEEVDF SARTVIT PDEPNLS 372
tr|H9GLGS |HIGLGS_LNOCR ATMVDNELP GLERAMOKSGR PLESLEQORLKGKE GRVE MGEEVDE SARTVIT PDEFNLS 373
tr|HZR1J6|HZR1J6_PRNTR ATMVDNELP GLFRAMOKSGR PLE SLEQRLKGKE GRVE. MGKEVDF SARTVIT FDFNLS 374
sp|POB775|RPB1_MOUSE ATMVDNELP GLFR AMOKSGR PLE SLEQRLEGKE GRVE: MGEEVDF SARTVIT PDEPNLS 374
tr|GIMCZ1|GIMCZI1 LIIME ATMVDNELP GLERAMOKSGR PLESLEQRLKGKE GRVE MGEEVDE SARTVIT PDEFNLS 374
tr|00582471008847_MOUSE ATMVDNELP GLFRAMOKSGR PLE SLEQRLKGKE GRVE. MGKEVDF SARTVIT FDFNLS 374
tr|37PWZ6|STEPWEZ 6_MYOER ATMVDNELP GLFRAMOKSGE PLE SLEQRLEGKE GRVE. MGKEVDF SARTWVIT PDEFNLS 374
tr|D4A5RE|D4RSRE_RAT ATMVDNELP GLERAMOKSGR PLE SLEQRLEGKE GEVE. MEKEVDE SARTVITPDPNLS 374
tr|A0AIS3EWLE |A0A1S3EWLZ_DIFOR ATMVDNELP GLFRAMQKSGR PLE SLEQRLEGKE GRVE. MGKEVDF SARTWVIT PDEFNLS 374
sp|P11414|RPFB1_CRIGR ATMVDNELP GLFR AMOKSGR PLE SLEQRLEGKE GRVE: MGEEVDF SARTVIT PDEPNLS 374
tr|0355591035559_CRIGR ATMVDNELP GLERAMOKSGR PLESLEQORLKGKE GRVE MGEEVDE SARTVIT PDEFNLS 374
tr|A0RZI3M9HZ |RORZT3MIHZ PAPRN ATMVDNELP GLFRAMOKSGE PLE SLEQRLEGKE GRVE. MGKEVDF SARTWVIT PDEFNLS 374
tr|F7HB4 0| F7HB4 0_MACMIT ATMVDNELP GLFR AMOKSGR PLE SLEQRLEGKE GRVE: MGEEVDF SARTVIT PDEPNLS 374
tr| RORZKERYWS | RORZKGRYWI_SAIEB ATMVDNELP GLERAMOKSGR PLESLEQORLKGKE GRVE MGEEVDE SARTVIT PDEFNLS 374
tr|WSNSZ6|WSNEZ6_LEFOC ATMVDNELPGLFRAMOKSGR PLESTKQRLKGEKE GRVE. MGKFVDF SARTVIT FDFNLO 373
tr|I3JBWE|I3JRWG6_ORENI ATMVDNELP GLFRAMOKSGR PLESTKORLEGEE GRVE MGKEVDF SARTVIT FDPNLO 372
tr|ROROR4TIMID | AOAOR4ATMSS DRANRE ATMVDNELP GLERAMOKSGR PLESIKQRLEGKE GEVE. MEKEVDF SARTVITPDPNLO 371
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tr|RORIRTHIZT |RORIATHI27 STELE ATMVDNELPGLPRAMOKSGR PLEK STKQRLEGKE GEVE. (Bl FSLRTVITPDENLQ 372
tr|RAOAIRSUKDT |RORIASUKDT NOTFU ATMVDNELPGLPRAMOKSGR PLE SLKQORLEGKE GEVE (N DF SEETVITPDENLO 372
tr|ROAIRSEROS|RORIASEROS_STELE ATMVDNELPGLPRAMOKSGR PLE STKORLEGHE GEVE (N DF SEETVITPDENLO 372
tr|RORIASDOE0 | A0RIAEDOE0_9TELE ATMVDNELPGLPRAMOKSGE PLE SLKQRLEGKE GEVE (B} DF SERTVITPDENLO 372
tr|RORIAENSRA|RORIASNSRE_9TELE ATMVDNELPGLFPRAMOKSGE PLE SLEQRLEGEE GRVR (bl DF SRR TVITFDENLO 372
tr|RORIWAYLMT |RORIWLYLMT S9TELE ATMVDNELPGLFRAMOKSGR FLE S TKORLEGKE GRVE (NL M DF SRR TVITFDENLD 372
tr|ROARIMBAGLT |RORIMEAELT MALS4 ATYMONDIAGLPQSLOSSGR FVERIR AR LK GKE GELE Gl [WITFDENLE 374
sp|P04050|RFB1_YEAST ATYMDNDIAGQPQM.QKSGRPVKSIRARI.KGKEGRIRGNI.MGK‘KVDFSARTVISGDPNI.E 360
trlACIMB2J8CGIEGMB2J8CG_PICPA ATYMONDIAGQPQALOKSGE FVKATR ARLKGHE GRLE (BN TWVISDPNLE 361
te| F20W17 I F20W17_KOMPC ATYMDNDIAGQPQALOKSGR FVKATR ARLEGHE GRLE (RNLM "V’ISEDPNI.E 361
trl|A3GIDTIA3GIDT_PICST ATYMONDIAGQPQALOKTGE PIKSIRARLEGEE GRLR (fI] TWVISEDENLD 360
tr|RORIDEFURG|AORIDSFURAG CANAL ATYMDNDIAGQPQRALOKTGE PIKSIRARLEGKE GRLR (hII] DF TWISEDENLD 360
tr|GEBEHY | GEBEHS CANPC ATYMDNDIAGOPQALOKTGR FIKSIRARLEGKE GRLR Gl DE TVISEDENLD 360
LEG34223.1 DALLDNGRRGAFVINEPGSDR PLR STTDILSGEQGRFR( 638
ASR51305.1 DALFDNGRRGRIITG-ANKR FLESLSDMLEGEQGRFR () 363
OXR47930.1 DSLLDNGRRGERMTG- ANKROLE SLADMIKGKS GRFR () 362
sSplATMOOE IRFCC_CROSE DALLONGERGRAT SNER PLESLADMIKGKQGRFR( 362
3p|Q32RG0|RPOC_SHILS DALLONGERGEAT NER FLESLATMIKGKQGRFRQ 362
splQ05Y1Z|RFCC_SHIFS DALLDNGERGRAI TG SNER FLE SLADMIKGKQGRFR () 362
sp|B2TWi4 |IRFOC_SHIES DALLDNGERGRAI TG SHER FLESLADMIKGKQGRFR 362
spl|BORSTVIRECC ECOLI DALIDNGRRGRAITG- 362
splQ3YUZ6|RPCC_SHISS DALLODNGRRGEAI TG-S 362
sSpl|BLXBZOIRPOC_ECODH DALLONGERGRAIT SNFIRPLKSLA]}{IK"FQG TGEY. 362
sp|RSRTETIRPOC_ECOHS DALLONGERGRAT SNEE FLESLADMIKGKQGRFR 362
tr|RORE3TIURS |RORZ3TIUFS _SHISC DALLDNGERGRAI TG SNEE FLE SLADMIKGKQGEFR 362
tr|ROROF1RBFZ |ROROFIRBFZ ENTZ3 DALLDNGERGRAI TG SNEE FLE SLADMIKGKQGEFR 362
tr|AOAIEB3EWGO |IRORIE3EWGD _ENTCL DALIDHNGRRGRAL SHER FLESLADMIKGKOGRER 362
tr|ROROFOXME2 |ROROFOXMEZ SENTR DALLDNGERGRAT TG~ SNER FLESLADMIKGHKQGRFR 362
spl|Q5SPKSZ |RPOC_SRLER DALLONGERGRAT SNEE PLESLADMIKGKQGREFR 362
Sp|ASMHES |RPOC_SRLER DALLONGERGRAT HER PLESLATMIKGKQGRFER 362
Cr|ROREZ3ZXMA5 | RORZ32XM4AS SRLMDT DAL.LDNGERGRAI TG~ SNEE FLE SLADMIKGKQGRFR 362
tr|BSRFKOIBSRFKO_SALGZ DALLONGERGEAT SNEE PLESLADMIKGKQGRFR 362
sp| PORZR5|RFPOC_SRLTI DALLDNGERGRAT HER FLESLADMIKGHOGRFR 362
splQ5THEE IRPOC_SRLCH DALLDHNGRRGRAITG- SHER PLESLADMIKGKOGRER 362
sp|PORZR4|RPOC_SRLTY DALLONGERGRAIT NER PLESLATMIKGKQGRFER 362
SplR6TGF1IRFCC_KLEET DALLONGERGRAT SNER PLESLADMIKGKQGRFR 362
tr|ROROJZKEST |RORDJZKEST_SENTR DALLDNGERGRATI TG~ SNEE FLE SLADMIKGKQGEFR 362
tr|ROROGSREZQO | ROROG3REZQO_KLEQK DALLONGERGRAT HNER FLESLATMIKGKQGRFER 362
tr|ROR21 ZHDS5 |ROR212HDSS 9ENTR DALLDNGERGRAT HER FLESLADMIKGHOGRFR 362
tr|A0RIROFF41 | RORIROFE41l CITER DALLDHNGRRGRAITG- SHER PLESLADMIKGKOGRER 362
tr|ROROTELHAS |ROROT7ELHAS CITEHD DALLDNGERGRAT SNER PLESTADMIKGKQGRFR 362
Spl|RERKTE |RFCC CITEES DALLDNGERGRAI TG~ SNER FLESLADMIKGKOGRFR 362
T * . * a1 s,k

tr|RORIUSDYNO|AOAIUSDYNO ALLSI PSDLHLOIGYEVERHMCDGDIVIY EMMGEHEVEILPWSTFELNLSVT]) 493
tr|RORILEH4AP4|A0RILEHAPS HENLR PSDLHLOIGYEVERHMCDGDIVIY EMMGHEVEILPWSTFRLNLSVT]) 492
tr|HIGLGS5 | H9GLGES_ANOCR PSDLHLOIGYEVERHMCDGDIVIY EMMGHEVEILFWSTFELNLSVT]) 493
tr|HZR1J6|HZR1J6 PANTR PSDLHLOTGYEVERHMCDGDIVIY FMMGHRVEILFWST FELNLSVT]) 494
spl|PO3775|RFBL_MOUSE PSDLHLOTGYEVERHMCDGDIVIY FMMGHRVEILEWST FELNLSVT]) 494
tr|GIMCZ1|GIMCZ1 ATIME PSDLHLOTGYRVERMMCDEDIVIY EMMGHRVRILPWST FELNLSVT]) 494
tr|003847|008347 MOUSE PSDLHLOTGYEVERHMCDGDIVIY EMMGEHEVEILPWSTFELNLSVT]) 494
tr|S7EWZE| STEWZ 6_MYOBR PSDLHLOTGYEVERHMCDGDIVIY EMMGHEVEILFWSTFELNLSVT]) 494
tr|D4RA5R6| D4A5RE_RAT PSDLHLOTGYEVERHMCDGDIVIY FMMGHREVEILFWST FELNLSVT]) 494
tr|RORIS3EWLZ |RORLIS3EWLZ_DIFOR PSDLHLOTGYEVERHMCDGDIVIY FMMGHRVEILFWST FELNLSVT]) 494
spl|P11414|RFB1L_CRIGE PSDLHLOTGYEVERHMCDGDIVIY FMMGHRVEILEWST FELNLSVT]) 494
tr|035559|035559 CRIGR PSDLHLOTGYEVERHMCDGDIVIY EMMGEHEVEILPWSTFELNLSVT]) 494
tr|ROR2I3MOH2 |ROR2I3MIH2 PAPLAN PSDLHLOTGYEVERHMCDGDIVIY EMMGHEVEILPWSTFRLNLSVT]) 494
tr|F7HB40| F7HEL 0_MACMD PSDLHLOTGYEVERHMCDGD IVI FNROPTL HEMEMMG HREVEIL PWST FELNLSVT]) 494
tr|RORZKERYWY | RORZKERYWI_SATEB PSDLHLOTGYEVERHMCDGDIVIY FMMGHREVEILFWST FELNLSVT]) 494
tr|WSNEZ6|WSNSZ& LEPOC PSDLHLOIGYEVERHMCDGDIVIY FMMGHRVEILFWST FELNLSVT]) 4393
tr|I3JRWG| I3JRNE_ORENI PSDLHLOIGYEVERHMCDEDIVIY EMMGHRVRILPWST FELNLSVT]) 432
tr|RORAOR4IMSS|AOAOR4IMSS DANRE PSDLHLOIGYEVERHMCDGD ITVHNR EMMGHEVEILFWSTFELNLSVT]) 451
tr|RORIATHEIZT |RORIATX32T_9TELE PSDLHLOIGYEVERHMCEGDIVI EMMGHEVEILPWSTFRLNLSVT]) 492
tr|RORIASUKDT | ROALRASUKDT _NOTFU PSDLHLOIGYEVERHMCDGDIVIY EMMGHEVEILFWSTFELNLSVT]) 492
tr|RORIREEROS|RORLIABEROS_9TELE PSDLHLOIGYEVERHMCDGDIVIY FMMGHRVEILFWST FELNLSVT]) 492
tr|RORIASDOG0|AORIASDO60_9TELE PSDLHLOIGYKEVERHMCDGDIVIY FMMGHRVEILEWST FELNLSVT]) 492
tr|AOALRENSRE | AORLASNSRE_STELE PSDLHLOIGYEVERHMCDEDIVIY EMMGHRVRILPWST FELNLSVT]) 432
tr|RORIWAYLMT? |ROAIWLYLMT 9TELE PSDLHLOIGYEVERHMCDGDITIY EMMGEHEVEILPWSTFELNLSVT]) 492
tr|RORIMER6LT |RORIMEA6LT MAT.54 BRGDIALOAGWIVERHLEKDGDYVLY FMMA HEVEIMDYST FELNLSVT] 493
sp|P04050|RPB1L_YEAST AGDIQLOYGWEVE RHIMOND FVL FNRQPSL. HKM SMMAHRVEVI PYST FRLNLSVISEYNA 430
tr|RORIBZJ3C6 | AOR1IB2JICE PICER AGDIVLOYGWEVE RHLMDDD FVL FNROP ST HKMEMMA HRVEVMEPYST FRLNLSVIGE 43

tr|F20W17 | F20W1l7_KOMPC AGDIVLOYGWEVE RHLMDDD FVL FNROPSL HKMEMMA HRVEVMEPYST FRLNLSVIGE 43

tr|A3GIDT|A3GIDT7_PICST AGDIALQYGWEVE RHLMOND FVL FNRQPST HKMEMMA HRVEVMPYST FRLNLSVTEE 430
tr|RORIDEPURAG | AOALIDEPULAE_CANAL AGDIALOYGWEVE RHLMDDD FVL FNROPST HKMEMMA HRVEVMPYST FRLNLSVIEE 430
tr|GEBEHY|GEBEHS CANPC AGDIALOYGWEVE RHLMDDD FVL FNROPSL HKMEMMA HRVEVMEPYST FRLNLSVIEE 430
LEG34223.1 QRDI-KDEVWDALEEVIHGKVVL] HRLE& TR FOFVIVEGDS IQLHELVC] 738
B5R31305.1 ER--—-HKEVWDILLDEVIREHEVMI] HRLETQAFEFVLIEG] Vi 4460
CER47330.1 QE-— WVVWDILEEVIREHEVMI HRLEIQLFEFVLIEG] JCRR 438
sp|ATMOQE |RFOC_CROSE EE————I—‘:V'_'DIL:)E'\- IREHE 'L. HRLETQLFEFVLIEG] fn 459
splQ32RG0|RPOC_SHIDS HRLETOLRFEFVLIEGERTIQLHELVCAR 459
sp|Q0SY1Z|RPOC_SHIFE HELETORFEFVLIEGERIQLHELVCRAR 459
3p|BZTWH4 |RPOC_SHIB3 HRLE TR FEFVLIEGERIQLHELVCRAR 439
Sp|PORSTT|RPOC_ECOLI EE'.————AVWDILDEVIREHP\FLLN'RAPTLHRLGIQAFEPVLIEEKAIQLHPLVCAAYNA 459
splQ3YUZE|RPCC_SHISS 438

EE--——AVVWDILDEVIREHEV walhrﬂ VLIEGEZIQLHELVC ”&Nﬂl
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sp|B1XBz0 |RPOC_ECODH
=p|ABAT87|RPCC_ECOHS
tr|BORZ37JUR3|ROR237JUR3_SHISO
tr |A0AOF1RBF2 | A0AOF1RBF2_ENTAES
tr|AOAL1B3EWGO | A0A1B3EWG( ENTCL
tr | ROAOFOXMEZ | ROAOFOXMEZ_IENTR
sp|QSPRSZ |REQC_SALEA

sp |RSMHES | RPOC_SALAR

tr |ROAZ32XM43 |ROAZ32XME3 SALMU
tr|BSRFEQ|BSRFK0_SALGZ
sp|POAZRS |RPOC_SALTI

sp|Q5THER |RPOC_SALCH

sp|POAZR4 |RPOC_SALTY

=p |RETGPL|RPOC_KLEPRT

tr |ROAOJTZKEST |ROAOTEZKEST_9ENTR
tr|A0A0G3RE00 | A0A0GIREQ0_ELECK
tr|R0A212HDSS |A0A212HDSS_9ENTR
tr |R0ALROFP41 |ROALROFP41l_CITBR
tr |ROAOTALHAS | ROAOTALHAS CITRO
sp |RBARTS |RPOC_CITKA

tr|A0AIUSDYNO|ROALUSDYND ALLSI
tr|AOAIL8H4F4|ROAILSH4F4 XENLA
tr|HOGLGS |HIGLGS ANOCA
tr|H2R1J6|HZR1J6_PANTR

sp| P08775|RPB1_MOUSE
tr|G1MCZ1|GIMCZ1 ATIME
tr|008847|008847 MOUSE
tr|STEWZ6|STPWZ6_MYOER
tr|D4ASAE | D4ASRE RAT
tr|ADALS3EWLZ|AOA1S3EWLZ DIPOR
=p|P11414|RFB1_CRIGR
tr|035559]|035559 CRIGR
tr|ADA2I3MSHZ|AOAZISMOH2Z PAPAN
tr|F7HB40 | F7THE40 MACHMO
tr|ROR2KERYWS |RORZKERYWS SAIES
tr|WSNE2Z6|WSN2Z& LEPOC
tr|I3JRWE| I3JRWE ORENI
tr|ADAORSIMSS|AOAOR4IMSS DANRE
tr|RORIATX327|RORIATK3ZT STELE
tr|ADAIASUKDT|AOA1ASURDT NOTEU
tr|AOAIASEROS|ROALASEROS OTELE
tr|ADALASDO60|ADALASDQED STELE
tr|ROA1ASNSRE |AORIASNSRE STELE
tr|AOAIWAYLMT|AOALW4YLMT STELE
tr|ADAIMBAGLT|ROAIMBRELT MALS4
=p|PO4050 | RPE1 YEAST
tr|ROA1S278CE|ROALE2JECE PICPA
tr|F20W17|F20W17 KOMEC
tr|A3GIDT|A3GIDT_PICST
tr|ADAIDEPUAG|ROA1DEPUAE CANAL
tr|G2EEHD | GIEEHS CANEC
LEG34223.1 -

LSR51305.1

OXR4£7830.1

sp| A7MQQS | RPOC_CROSA
sp|Q32AG0 | RPOC_SHIDS
=p|QOSY12 | RPOC_SHIFS
=p|B2TWHS | RPOC_SHIE3

sp| PORETT | RPOC_ECOLI
sp|Q3YUZ6 | RPOC_SHISS
=p|B1XBZ0|RPOC_ECODH
=p|R3AT787 | RPOC_ECOHS
tr|ROR237JUP3|EOR237JUPS SHISO
tr|ROROFIRSF2|ROROFIRSFZ ENTAS
tr|RORIB3EWE0|RORIEIEWG0 ENTCL
tr|ROROFOXME2 | ROROFOXMEZ SENTR
sp|Q5PK92 |RPOC_SALFPA -

sp| RSMHES | RPOC_SELER
tr|ROR232XM43|R0AZ32XM43 SALMO
tr|BSEFED|B5SRFK0 SALGZ

sp| POR2ZES |RPOC_SALTI
sp|Q57H6S | RPOC_SALCH

=p| POR2R4 | RPOC_SALTY

=p| R6TGPL | RPOC_KLEP7
tr|ROROJZKEST|ROROJZKEST SENTR
tr|AOAOGIRZQ0|AOAOGIRZQ0 KLEOK
tr|ROR212HDS5|R0AZ12HDSS SENTR
tr|RORIROFP41|ROAIROFP41 CITBR
tr|ROROTELHAS|ROROTSLHAS CITEO
sp| RALKTE | RPOC_CITHS
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Fig. 6 Mix and Match analysis of the elongation subunits B’ of E. coli and Rpb1 of yeast
RNAP II. For figure legends, refer to Figs. 3 and 4

Fig. 6 shows the mix and match analysis of the
elongation subunits from pro- and eukaryotes
MSU RNAPs. The active site regions are
highlighted in yellow and the representative
sequences are highlighted in yellow. In
eukaryotic elongation subunits, the catalytic
region is brought to the N-terminal region
whereas it is found very close to the C-terminal
region. There are 4 Cs at the N-terminal region in
prokaryotic elongation subunits (out of which 2
are aligning in both) suggesting a possible
additional Zn binding region. There are a very
few motifs aligning in both. Significant among
them are -GHIELA-, -NLM/LGKRVDF/YS-,
possible metal binding region -DFDGDE/QM-, -
DTAV/LKTAE/NT/SGYI/L-, -L/V/IAAQSIGEPA/
GTQM/LTL/MXTFH-. The metal binding region -
NADFDGD- is aligning in both and placed in the
middle of the enzyme. The C-terminal ends in
eukaryotes usually end in -PDDSDE/DE/DN-
(except in yeasts and Alligator) and -GSDNE/D-
in prokaryotes, suggesting a possible metal
binding site (DxD) at the ends. It is interesting to
note that the prokaryotic active site is placed at
the C-terminal region (~900 amino acids)
whereas the eukaryotic active site is placed at
the N-terminal region (~90 amino acids) with
their built-in Zn binding motifs.
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8. ACTIVE SITE ANALYSIS OF THE S.
cerevisiae MSU RNAP- Il

8.1 Catalytic Region

It has been found that almost all DNA
polymerases and SSU RNAPs use an invariant K
for catalysis, i.e., in the initial proton transfer
reactions [34,29]. However, in all MSU RNAPs
analyzed, no K was found at the expected
distance from the template binding YG/FG pair
but an equivalent invariant R (Table 4). However,
a detailed analysis has shown that all
prokaryotic DNA polymerases Il also use an
invariant R in catalysis with similar distance
conservations [34, 4] instead of a usual K;
interestingly, an enzyme also possesses
primase activity and along with associated
3'>5' exonuclease activity.

Table 4 shows the invariant template binding YG
pair with its catalytic R in the initiation (B and
Rpb2) and in the elongation subunits (B’ and
Rpb1) of eubacterial and eukaryotic MSU RNAPs,
respectively (Figs. 3-7). The catalytic R in both in
the initiation and elongation subunits of the MSU
RNAPs will serve as a proton abstractor for
initiating the catalysis as explained by Palanivelu
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[4]. Table 4 shows the invariant YG/FG pair and its

catalytic R in the initiation and elongation
subunits of eubacterial and eukaryotic MSU
RNAPs.

It is interesting to note that the YG pair appears
to be specific for polymerases using DNA as the
template (including the prokaryotic and
eukaryotic MSU RNAPs, data not shown) as it is
not reported in RNA dependent RNAPs where
they use RNA as the template [35]. In fact,
Kotsyuk et al. [37] have shown that the DNA
dependent T7 RNAP requires both the strands
for activity and uses two YG pairs and there was
no activity when single-stranded DNA was used
as the substrate. However, the eukaryotic
initiation subunit Rpb2 uses a functional
equivalent FG and the initiation subunit from
higher eukaryotes including human uses a
completely different pair, KG but followed by an
F. The elongation subunits in all eukaryotes use
a functionally equivalent FG pair. However, it is
interesting to note the catalytic amino acid is R
and is completely conserved in all MSU RNAPs
Il. Three invariant Cs between catalytic R and
YG/FG pair in the elongation subunits (B’ and
Rpb1) are highly conserved in both pro- and
eukaryotes but the three Cs are placed at a
different distances as 5+12+15 and 4+7+14 with
an 11 amino acids span in both the cases (Table
4). These completely conserved Cs are
implicated in Zn binding in the bacterial
elongation subunits by crystallographic analysis
[36].

8.2 Mechanism of NTP and dNTP
Discrimination in Eukaryotic MSU
RNA Polymerases

NTP and dNTP discrimination in nucleic acid
polymerases is usually achieved by base pairing,
base stacking, hydrogen bonding and also by
specific interaction(s) of completely conserved
amino acid(s) in the nucleotide interacting
domains. A completely conserved R at -5 in the
Rpb2 and -6 in Rpb1 is known to participate in
the nucleotide discrimination and select only
NTPs in the polymerization site (Table 4). Similar
absolute conservation is seen in SSU RNAPs
from viruses, mitochondria and chloroplasts and
DNA polymerases too. A conspicuous absence
of an invariant R at the expected distance at -6 in
the elongation subunit ' of eubacterial MSU
RNAPs (Table 4) raises the question of how they
discriminate the NTPs from dNTPs. Modelling of
the substrate NTP bound to the T. thermophilus
RNAP active site suggests that N8 (numbering
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from E. coli RNA polymerase) within a highly
conserved sequence motif “SNADFDGD*** that
includes the catalytic Asp triad (D460, D462,
D464) could mediate specific recognition of the
02 ribose atom [39,36]. Functional in
vitro analysis demonstrated that the substitutions
of the corresponding ' N**® residue led to the
loss of discrimination between NTP and dNTP
substrates as well as to defects in RNA chain
extension [39]. It is interesting to note that
substitution of the corresponding amino acid in
yeast Rpb1 (N479Y) is lethal in the same
sequence motif **YNADFDGD in eukaryotes
[40]. The absolutely conserved N in both the
cases could discriminate the NTP from dNTP by
recognizing the 2-OH of the ribose and
suggested that the crucial N could interact with
both the 2’-OH as well 3'-OH [40].

The highly conserved S/T adjacent (N in S.
cerevisiae) to the catalytic R in the initiation and
elongation subunits likely recognizes the 2°-OH in
the NTPs and possibly makes a hydrogen bond
and discriminate dNTPs, which lack a 2’-OH (the
yeast elongation subunit, Rpb1 could also use
the invariant N*’° to make the necessary H bond
with the 2’-OH a well as 3'-OH as shown in
elongation subunit B’ of eubacterial MSU RNAPs
[4]. Kaplan et al. [41] have shown by SDM
experiments that the completely conserved
His1085 both in prokaryotes (B’) and eukaryotes
Rpb1 might involve in NTP selection and
substitution of Ala or Phe resulted in inviability.
This H1085 in the trigger loop (amino acids from
1060 to 1101) was shown to make a contact with
the B phosphate either through H-bond or salt
bridge and the L1081 was located at the 3’ end
of the RNA [42]. Mix and match analysis also
shows and that particular His is completely
conserved in both prokaryotes and eukaryotes in
highly conserved stretch (Fig. 6). Another amino
acid Q1078 in the same block is also shown to
be essential and replacing Q1078 in Rpb1 to
either N or S is lethal in yeast [41], consistent
with a key role of these residues in NTP/ANTP
discrimination.

9. THE INITIATION AND ELONGATION
SUBUNITS WORK IN TANDEM DURING
TRANSCRIPTION CYCLES IN
EUKARYOTIC MSU RNAP i

A close similarity is observed between the
prokaryotic and eukaryotic transcription cycles.
For example, it has been shown in prokaryotes
(E. coli) that the initiation of transcription by the 8
subunit is not smooth and it makes many aborted



transcripts of sizes 2-7 nts before the elongation
step is taken over by the [’ subunit [43]. It was
found that RNA/DNA hybrids of less than 8-bp
display markedly less stability than those that are
8 bp or longer. In fact, the E. coli MSU RNAPs
use these short RNA/DNA hybrids of 8 bp or
longer for the ternary elongation complex (TEC)
formation and further processivity [44].
Furthermore, Zaychikov et al. [45] have shown
that an ~17 bp region of the DNA called the
‘transcription bubble’ was melted to expose the
template strand for transcription in E. coli. MSA
analysis agreed with these findings with the 7
amino acid gap between the catalytic R and the
template binding YG pair in the initiation subunit
B and 17 amino acid gap (‘transcription bubble’)
between the catalytic R and the template binding
YG pair in the elongation subunit 8’ (Table 5) [4].

A similar observation of abortive initiations in
eukaryotic Rpb2 was also reported by Pal and
Luse [32]. In addition to, as in prokaryotes, in
eukaryotes also a 9 bp DNA-RNA stable hybrid is
formed which extends from the active centre at
nearly right angles to the entering DNA during
the elongation cycle [16,33]. Fiedler and
Timmers [33] results further support the MSA
findings where the transition from abortive to

GTFs
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productive elongation cycle occurred once the
RNAP register +10 nts (Table 5). These
observations are further supported by Luse who
have shown that the promoter clearance was
complete with ~10 nts [46]. Pal et al on analyzing
the ‘transcription bubble’ have found that
regardless of promoter spacing, the upstream
edge of the ‘transcription bubble’ formed 20 bp
from TATA which is in close agreement with
MSA analysis data [47]. A similar finding was
reported by Giardina and Lis [48]. Furthermore,
Holstege et al analyzed the transcription initiation
by the yeast RNAP Il in a highly efficient in vitro
transcription system composed of essentially
homogeneous protein preparations and found
that the downstream part of the ‘transcription
bubble’ expands in a continuous motion, but the
initially opened region on the non-template
strand reclosed abruptly when transcription
reached 11, which was accompanied by a switch
from abortive initiations to productive mRNA
synthesis (elongation) [49]. Similar findings were
also reported by Barnes et al by analyzing the
crystal structure of the transcribing RNAP I
complex. The transcription bubble was unwound
~18-25 bases and transcripts of 10 nts or more
resulted in promoter escape with stabilization of
a mature bubble [50].

Fig. 7 A consensus model showing pre-initiation, initiation and elongation events by GTFs,
Rpb2 and Rpb1 subunits of MSU RNAP- Il of S. cerevisiae
NB: Thick lines indicate DNA strands and the thin line indicates the mRNA transcript

A is shown as the first nucleotide at the +1 TSS

GTFs, General Transcription Factors (TFII-D, -A, -B, -F, -E, -H)
BRE, TFII-B Recognition Element (G/C-G/C-G/A-C-G-C-C)

Table 5. Metal-binding sites in prokaryotic and eukaryotic MSU RNAPs

Subunit (Organism)

Metal-biding sites

Method and Reference

B eubacteria (E. coli) - 'LEHDDA/ *GYNFEDS* - (Mg®)
4BYNADFDGDQM - (M
-#3Rs'VVSC’DTDFGVC'?’AHC

' eubacteria (E. coli)

2+
Y)GG R901 _(Zn2+)*

MSA (This communication)
X-ray crystallographic data
[36]

Rpb2 eukaryote (Sc)

Rpb1 euka ryotesgSc)

- DDDGY'- -FZGYNQED*S*™®-(Mg™)
—**YNAD*FD*GDEM**'- (Mg**)
PRLGSIDRN'LKC‘QTC’QEGMNEC"‘PGHF "*GH®-(Zn*") .

MSA (This communication)
MSA (This communication)

*Possible metal binding sites arrived at by MSA and SDM*
NB: The B’ and RpB1 elongation subunits of eubacteria and eukaryotes contain both the Mgw and Zn**
binding sites. In both the cases, the Zn* binding site is built in the catalytic region with the 3 invariant
Cs which coordinates the Zn atom. Sc, S. cerevisiae



In contrast to prokaryotes, in eukaryotes, it has
been found that an A is inserted (and not a usual
G, as in prokaryotes) in the initiation site as it
invariably uses a G for capping enzyme which is
also associated with the RNAP 11.

MSA analysis agrees with these findings with the
9 amino acid gap between the catalytic R and the
template binding YG pair in the initiation subunit
Rpb2 and 19 amino acid gap (‘transcription
bubble’) between the catalytic R and the
template binding FG pair in the elongation
subunit Rpb1. Furthermore, Gnatt et al found that
the contacts to the downstream and upstream
parts of the hybrid are made by Rpb1 and Rpb2,
respectively, which further supports the tandem
arrangement of the initiation and elongation
subunits as proposed in this model [16].

Fig. 7 shows a consensus model of the yeast
MSU RNAP Il subunits, from promoter
recognition to initiation and elongation events
during the transcription process. This has been
confirmed that the RNAP Il undergoes abortive
initiations until it reached a position beyond +9
(i.e., the distance between the template binding
FG pair and the catalytic R), at which stage the
RNAP Il was released from its promoter contacts
and an elongation complex (TEC) is formed and
a 20 bp “transcription bubble’ formed from the
TATA box [47]. A modular structure is proposed
for the initiation and elongation subunits’ function
in eukaryotes also as suggested by in
prokaryotes [51].

10. METAL- BINDING SITES

The metal-binding sites of S. cerevisiae MSU
RNAP Il is arrived at from the data obtained by
the MSA (this work) and X-ray crystallographic
analyses [36] and SDM experiments [39] on
eubacterial MSU RNAPs. The eukaryotic Rpb2
and Rpb1 subunits show many possible metal
binding sites (highlighted in green). A Mg2+ ion
binding site is found in the mRNA initiation
subunit, Rpb2, from all eukaryotes. Similarly, a
Mg®* and a Zn** binding motifs are also found in
the elongation subunits, Rpb1, of all eukaryotic
RNAPs II. Crystallographic analysis of the T.
aquaticus RNAP by Zhang et al have shown that
the Mg atom is chelated at an absolutely
conserved —-NADFDGD- motif in the @
elongation subunit and surprisingly the same
invariant motif is found by MSA in all eukaryotic
elongation subunits as well [36]. Moreover, this is
one of the regions that align in both the pro- and
eukaryotes by mix and match analysis (Fig. 6).
Interestingly, substitution of these Ds by A
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(D—A) gave rise to a dominant lethal phenotype
and showed no detectable enzyme activity [45].
In addition to that, a Zn binding motif is also
recognized in the eubacterial and eukaryotic
elongation subunits with three conserved Cs.
However, their distance arrangements between
the three Cs are found to be different (Table 5).
Another distinguishing feature between the
eukaryotic and eubacterial elongation subunits is
the catalytic and Zn binding regions, i.e., in E.
coli B’ subunit, the amino acids 888, 895 and 898
are shown to be involved in Zn binding (Table 5)
but in eukaryotic elongation subunits it is placed
at the very beginning of the N-terminal and
covers the amino acids region 57-82 (Table 5).
The Zn binding motif that is located in Rpb1
subunits may play a similar role in the Zn
mediated proof-reading function as proposed for
DNA polymerases and MSU RNAPs from
eubacteria [4,29].

11. MECHANISM OF ACTION OF THE
MSU RNAP Il of S. cerevisiae

A minimal number of steps involved in the
catalytic cycle of RNAPs consist of NTP
selection, Watson-Crick base pairing with the
complementary nucleotide to the template,
catalysis, pyrophosphate release and translo-
cation. As the catalytic regions are found to be
similar in both the initiation and elongation
subunits, the polymerization mechanism could be
also similar in both the initiation and elongation
reactions. Figs. 8 and 9 describe the reactions
involved in the initiation and elongation cycles
during transcription in S. cerevisiae. (all
participating amino acids are not shown in the
figures).

11.1 Mechanism of Initiation by Rpb2
Subunit of the MSU RNAP Il from S.
cerevisiae

Step 1: Enzyme and the NTP at the Entry Site:
Template binding pair (Tyr-Gly) and nucleotide
discrimination by the invariant amino acids,
Watson-Crick base pairing of the incoming NTP
with the template DNA. The catalytic site amino
acid Arg in positioned for proton abstraction. ATP
is the initiating nucleotide.

Step 2: Proton abstraction and nucleophilic
attack of the a-phosphate of NTP: Electronic
transition at the active site for proton abstraction
by the active site Arg and an electrophilic and
nucleophilic attack of the incoming NTPs on the
3-OH.



Step 3: Phosphodiester bond formation:
Proton abstraction by the active site amino acid
Arg with simultaneous formation of 3 -5
phosphodiester bond with the incoming NTPs.

Step 4: Inorganic pyrophosphate formation
and translocation of the enzyme to next
nucleotide: Proton transfer from the active site

amino acid Arg, formation of inorganic
pyrophosphate, active site restoration and
translocation of the enzyme to the next

nucleotide (Fig. 8).

11.2 Mechanism of elongation by Rpb1
subunit of the MSU RNAP Il from S.
cerevisiae

Step1: Enzyme and the NTP at the Entry Site:
Template binding by the template binding amino
acids (Phe-Gly) and nucleotide discrimination by
the invariant amino acids, Watson-Crick base
pairing of the incoming NTP with the template
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DNA. The catalytic site amino acid Arg in
positioned for proton abstraction.

Step 2: Proton abstraction and nucleophilic
attack of a-phosphate of NTP: Electronic
transition at the active site for proton abstraction
by the active site Arg and an electrophilic and
nucleophilic attack of the incoming NTPs on the
3’-OH.

Step 3: Phosphodiester bond formation:
Proton abstraction by the active site amino acid
Arg with simultaneous formation of 3'—>5
phosphodiester bond with the incoming NTPs.

Step 4: Inorganic pyrophosphate formation
and translocation of the enzyme to next
nucleotide: Proton transfer from the active site

amino acid Arg, formation of inorganic
pyrophosphate, active site restoration and
translocation of the enzyme to the next

nucleotide (Fig. 9).

Fig. 8 Steps (1-4) proposed for the polymerization reactions during initiation of transcription
by the yeast initiation subunit Rpb2 of the MSU RANP Il
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Fig. 9 Steps (1-4) proposed for the polymerization reactions during elongation of transcription
by the yeast elongation subunit Rpb1 of the MSU RNAP II

12. PROOF-READING MECHANISM AND
TRANSCRIPTION TERMINATION IN S.
cerevisiae MSU RNAP I

Maintaining high fidelity during transcription is
essential for the accurate transfer of genetic
information from DNA to RNA as the first step in
gene expression. The proof-reading mechanism
is well established in DNA polymerases [34].
However, it is poorly understood in RNAPSs.
Transcription accuracy is relatively high, as
RNAPs generally misincorporate one wrong
nucleotide/~100000 bases. As RNAPs are also
Zn metalloenzymes the Zn-mediated deletion of

56

the misincorporated NTP could be a possible
mechanism as explained for DNA polymerases
and eubacterial MSU RNAPs as both use DNA
template to produce a complementary DNA/RNA
strand [34,4,29,30]. There is no distinct proof-

reading domain or separate proof-reading
subunit as reported in DNA polymerases.
However, in eubacterial and eukaryotic

elongation subunits of the MSU RNAPs a highly
conserved Zn binding motif built into the catalytic
region itself might involve in the proof-reading
function [4]. Presence of two metal ions at the
active site is supported by a 2.8 A difference
Fourier map, one persistently bound and the



other possibly exchangeable during RNA
synthesis [28]. Unlike the DNA polymerases, the
RNAPs could move forward (when correct NTP
is bound) and backtrack (when wrong NTP is
bound and secondary structures) [42]. When the
enzyme stalls due to secondary structures and/or
misincorporation, the proof-reading begins with
fraying of the misincorporated nucleotide away
from the DNA template and subsequent
backtracking of RNAP by one position followed
by nucleolytic cleavage of a dinucleotide that
contains the misincorporated nucleotide [52].
Sydow and Cramer [52] have also proposed that
the exo- or endonucleolytic cleavage occurs at
the same active site that is wused for
polymerization, which is further confirmed by X-
ray crystallographic analysis of the E. coli and T.
thermophilus MSU RNAPs suggesting a possible
Zn mediated cleavage [36]. The complete
conservation of the active sites and Zn binding
motif in all prokaryotic and eukaryotic elongation
subunits, found by MSA analysis also further
proves this point. The proof-reading mechanism
may not be that much important during initiation
events by the Rpb1 subunits, as they transcribe
only very small regions, i.e., only ~ 10 nts and
again such transcripts are well within the &’
untranslated regions of the RNA; so any error it
makes may not be deleterious. Furthermore, a
Zn binding motif is not found in the active site
region of the initiation subunits. However, proof-
reading is very important for the elongation
subunit, viz., Rpb1 to produce an error-free
transcript, as they are going to be translated into
active proteins. Therefore, when the enzyme
stalls at the wrong nucleotide, it could backtrack
and make an endonucleolytic cleavage or
simply remove the wrong nucleotide by
exonuclease action [53, 34]. Unlike in DNA-
dependent RNA polymerases, where the
polymerization and proofreading functions are
separated, in RNAPs, synthesis and degradation
are performed by the same active centre [54]. In
support of this, Liu et al have shown
that following the initiation, RNAP Il alone
was capable of RNA transcript elongation and of
proofreading [55]. Thus, the fidelity in
the transcription is ensured by two mechanisms
in MSU RNAPs, viz. by the selection of

correct NTPs at the entry site and an
efficient Zn mediated proof-reading
mechanism.

The enzyme could use the same strategy for
transcription terminations (intrinsic types) at
TTSs. That is, when the enzyme stalls due to the
stem-loop structures commonly found at the
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TTSs, it could backtrack and make an endo- or
exonucleolytic cleavage and release the RNA
transcript, using the same active site by Zn
mediated reaction.

13. OTHER CONSERVED REGIONS AND
AMINO ACID(s) IN THE MSU RNAP II

The above analysis to find out the conserved
motifs, active sites and invariant amino
acids, with respect to the substrate binding and
catalytic region, form only a small region
of the MSU RNAPs. Apart from these, there are
a large number of single amino acid
conservations like Ys, Ws, Cs, Ps and Gs, diads,
triads and long stretches of conserved
amino acids in all these polymerases (Figs. 4 —
6). The highly conserved stretches of
amino acids may represent the different
conserved structural motifs such as loops,
rudders, jaws, bridge helix, exit/entry points for
DNA/RNA, etc. Thus, they could form
small functional domains. A good number of
completely conserved Ps in these polymerases is
implicated in making the necessary bents
on the enzyme’s structure during unique
folding, substrate and template binding. The
completely conserved Cs other than the catalytic
region may play a role in the formation of
disulphide bridges to make the enzyme more
compact and stable.

14. CONCLUSIONS

Unlike reported for the DNA polymerases and
SSU RNA polymerases, the MSU enzymes of
eukaryotic MSU RNAPs are similar to the
prokaryotic ones and use an R as the catalytic
amino acid. However, they maintain a different
distance conservation in the initiation and
elongation subunits. An invariant zn* binding
motif found in the Rpb1 elongation subunits, is
proposed to participate in the proof-reading
function. Therefore, it is clear from this
communication that even though the transcription
machinery of eukaryotes is much more complex
than that of prokaryotes, the general principals of
transcription and its regulation are found to be
highly preserved. Hence, it is proposed that the
MSU RNAP Il of eukaryotes may also follow very
similar  polymerization and  proof-reading
mechanisms like their counterparts in eubacteria.
MSA data and the available experimental data
show that both the eubacterial and eukaryotic
MSU RNAPs would have evolved from a
common ancestor.
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