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ABSTRACT

Aim: To analyze the active sites of the proofreading (PR) functions in the multisubunit DNA-
dependent RNA polymerases (MSU RNAPs) from prokaryotes, chloroplasts and eukaryotes, and
propose a plausible unified catalytic mechanism for these enzymes.

Study Design: Data collected on these enzymes from bioinformatics, biochemical, site-directed
mutagenesis (SDM), X-ray crystallography and cryo-electron microscopy (cryo-EM) were used for
the analyses.

Methodology: The protein sequence data of MSU RNAPs from prokaryotes, prokaryotic-types
(plant chloroplasts) and eukaryotes were obtained from PUBMED and SWISS-PROT databases.
The advanced version of Clustal Omega was used for protein sequence analysis. Along with the
conserved motifs identified by the bioinformatics analysis, the data already available from
biochemical and SDM experiments, and X-ray crystallographic and cryo-EM data on these
enzymes are also used to confirm the possible amino acids involved in the active site of the PR
function in these MSU RNAPs

Results: All the seven types of MSU RNAPs (I-VII) reported from prokaryotes to eukaryotes were
analyzed by the multiple sequence alignment (MSA) software, Clustal Omega, to find out
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conservations among them. The MSA analysis showed many conserved amino acid motifs
including small and large peptide regions from the MSU RNAPs of prokaryotes, eukaryotes and
plant chloroplasts. Interestingly, the catalytic amino acid and template-binding pairs are highly
conserved in all these polymerases, with a few exceptions. Most of them use a basic amino acid
(R/K/H) for initiating catalysis and an -YG/FG- pair for template-binding. Some odd type of catalytic
amino acids and template-binding pairs are observed in human pathogens, parasites and
organisms which cannot ferment sugars. In all the MSU RNAPs, the proposed polymerase catalytic
region also possessed three invariant Cs and an invariant H within it. The invariant Cs is shown to
bind a zinc atom and proposed to involve in the PR function by excising any misincorporated
nucleotide during the transcription process. In the plant-specific MSU RNAPs IV and V, which
involve in transcriptional gene silencing in plants, the catalytic and template-binding pairs do not
follow the regular distance conservations as observed with other five of the MSU RNAPs. Their
polymerase/PR active site regions are similar to RNAP Il rather than to RNAP I, as all three make
only low molecular weight RNAs.

Conclusions: All the known MSU RNAPs possess three invariant Cs and an invariant H
embedded within the polymerase active site itself. The three invariant Cs are shown to bind a zinc
atom and the invariant H could act as the proton acceptor from a metal-bound water molecule, for
initiating excision of the mismatches by a Zn-mediated hydrolysis. Thus, the PR function in MSU
RNAPs is integrated within the polymerase active site itself, which is in sharp contrast to the PR
functions reported in DNA-dependent DNA polymerases and RNA-dependent RNA polymerases.
Therefore, all the seven MSU RNAPs from prokaryotes and eukaryotes are proposed to follow a
unified mechanism to excise the mismatches during transcription. The discovery of intrinsic self-
correcting RNA transcription mechanism fulfils the missing link in molecular evolution.

Keywords: Multisubunit RNA polymerases; E. coli; chloroplasts; S. cerevisiae; plant-specific RNA
polymerases; Arabidopsis thaliana; human pathogens; zinc-binding site; proofreading
active site; catalytic mechanism.

1. INTRODUCTION of these MSU RNAPs are more or less
universally conserved in all organisms like
MSU RNAPs (EC 2.7.7.6)are key enzymes eubacteria, archaebacteria, plants, insects and
involved in gene expression in both prokaryotes animals, with small, but significant differences in
and eukaryotes and play a crucial role in the flow their active sites, catalytic amino acids, template-
of genetic information from DNA to proteins binding pairs and zinc-binding sites. Errors in
through the intermediate transcription process. eukaryotic transcription process can potentially
Therefore, they are one of the essential enzymes lead to aberrant gene products, which could
found in all living cells and play an important role ~ eventually lead to various diseases in humans,
in copying DNA sequences into RNA molecules. including cancer. For example, one major class
The transcription process forms the first step and  of transcription error, known as transcriptional
a key control point in gene expression and slippages, are implicated in the development of a
regulation in all organisms. The number and Wwide variety of diseases, like colon cancer, non-
subunit compositions of these MSU RNAPs are  familial Alzheimer’s, Down’s syndrome, etc. [2].
varied in different organisms. For example, both ~ Recently, the in vitro transcribed mRNAs have
eubacteria and archaebacteria contain a single come into focus as a potential new class of
type of MSU RNAP, whereas eukaryotes contain  drugs known as ‘mRNA therapeutics’ to deliver
at least five distinct types of MSU RNAPs, viz. genetic information through mRNAs to correct
RNAP | to RNAP V [1]. Whereas the eubacterial the malfunction(s) [3,4] and also potential
enzymes are composed of 5 different subunits, vaccines against cancer and viral infections,
the eukaryotic enzymes are made up of 12-17 e.g., SARS-CoV-2 [5,6]. In fact, many anti-
different  subunits. Despite such major cancer drugs act by inhibiting the transcription
differences in their compositions, there are step itself. Therefore, understanding the catalytic
striking similarites among the transcriptional ~mechanism and regulation of these MSU RNAPs
mechanisms by these MSU RNAPs across the  Wwill be useful in designing novel mRNA-based
three major domains of life [1 and references drugs for many diseases.
therein]. For example, the amino acid
sequences, overall 3D structures and functions
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1.1 Proofreading Functions in MSU

RNAPs

As transcription is the first and crucial step in
gene expression, the mechanism of transcription
is highly conserved in all organisms. It is
accomplished mainly by the MSU RNAPs both in
prokaryotes and eukaryotes. As the RNAPs are
the key enzymes in creating an equivalent copy
of RNA from the DNA sequence, they maintain a
very high fidelity during the transcription process.
Generally, the MSU RNAPs misincorporates only
one wrong nucleotide per ~100,000 bases. Such
mismatched nucleotides during transcription
usually lead to conformational changes at the
polymerase active site resulting in stalling of the
RNAP. Fidelity of DNA replications by DNA
polymerases (DNAPs) is regulated by a well
established PR mechanism. However, existence
of a similar mechanism for RNA synthesis is not
well understood [7,8]. The polymerization and PR
active sites of replicative DNA polymerases are
located either on different domains on the same
polypeptide or in a different subunit associated
with the replicase [1,9]. However, such distinct
PR domain(s) or subunit(s) are not demonstrated
in MSU RNAPs. Therefore, it has been proposed
that in MSU RNAPs, the transcriptional fidelity
could be achieved by a different mechanism,
(i.e.), it could be achieved in two steps. In the
first step, it could discriminate deoxynucleoside
triphosphates ~ (dNTPs)  from nucleoside
triphosphates (NTPs) and allow only the NTPs at
the polymerization site. In the second step, they
could also employ a PR function to repair any
mismatch. The second step in these MSU
RNAPs has been proposed to be possibly
achieved by a PR site integrated within the
polymerase active site itself. Thus, any mismatch
could be repaired by an intrinsic PR mechanism
and hence, there may not be any separate
domains or subunits to perform the function as in
the replicative polymerases [10,11]. Interestingly,
huge volume of genomic and protein sequence
data that are available for most of the prokaryotic
and eukaryotic MSU RNAPs could be effectively
utiized to analyze the structure-function
relationships and catalytic mechanism of these
key enzymes. Therefore, in this communication,
the PR function in these MSU RNAPs is
analyzed in detail and reported.

2. MATERIALS AND METHODS

The protein sequence data of MSU RNAPs from
prokaryotes, eukaryotes and plant chloroplasts
were obtained from PUBMED and SWISS-PROT
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databases. The advanced version of Clustal
Omega was used for protein sequence analysis.
The data already available from bioinformatics
methods, biochemical and SDM experiments and
X-ray crystallographic and cryo-EM analysis on
these enzymes were also used to confirm the
possible amino acids involved in the PR
exonuclease active site of these MSU RNAPs.

3. RESULTS AND DISCUSSION

3.1 Analysis of PR Active Site in the
MSU RNAPs from Prokaryotes

The MSA of the elongation subunits ' of the
MSU RNAPs from prokaryotes is shown in Fig. 1.
The most well studied among them is the RNAP
of E. coli. The E coli RNAP is a MSU enzyme
with a molecular mass of ~410 kDA. The core
enzyme consists of four different subunits and
organized into a,Bf’w in bacteria. In addition to
the core enzyme, the RNAP also requires an
additional subunit, viz. the sigma factor (c) which
essentially involves in promoter recognitions [8].
In bacteria, the B subunit involves in the initiation
of RNA synthesis and the ' subunit is
responsible for further elongation and completion
of the RNA transcription cycle. Thus, the 3 and 8’
subunits are complementary to each other in the
RNA synthesis. In fact, the B subunit involves in
synthesis of short primers for initiation of RNA
synthesis, and the (' is responsible for further
extension of the primers and production of the
complete RNA chains, ready for translation.
Therefore, it is important for the elongation B’
subunit to harbour both the polymerization and
the PR active sites for an error-free transcription
process. The ' elongation subunits from various
bacterial sources were analyzed by MSA and the
results are shown in Fig. 1. (The E. coli
subunit, the template-binding and catalytic pairs
are highlighted in yellow; the Mg2+ binding site is
highlighted in light green and the possible Zn*
binding motif —CxsCxxC- is highlighted in
orange).

3.1.1 Identifications of Mg**- and Zn**-Binding
Sites in the MSU RNAPs from
prokaryotes

The MSA shows a highly conserved Cs with the
Zn*"-binding pattern —CxgCx,C- within the
polymerase active site region (Fig. 1). The
presence of a Zn** binding site is further
confirmed by X-ray crystallographic analysis of
the bacterial (E. coli and T. thermophilus) MSU
RNAPs [9] and references therein. Zhang et al



Palanivelu; IJBCRR, 30(7): 15-59, 2021; Article no.lJBCRR.75573

[12] found that the MSU RNAP from T. aquaticus
showed an unusual Zn? “-binding motif in the B’
elongation subunit of the enzyme. They reported
that the three C residues are arranged in a
sequence ('"**CXsCX,C), similar to a typical Zn-
binding motif. The fourth C participating in the
Zn** chelation is C''", (i.e.,) 82 residues away.
An absolute conservation of the four C residues

in all B’ subunits from prokar\éotes further support
this finding (C 888 89 - numbering from
E. coli ). Moreover, the complete conservation
of the zinc binding motif in the active sites of the
elongation subunits in the bacterial MSU RNAPs
by MSA analysis further confirms this finding
(Fig.1). This finding was further corroborated by

CLUSTAL O (1 .2.4) MSA of the elongation subunits, §’ of bacterial MSU RNAPs
(Only the Mg “-binding and polymerization regions are shown here).

AEG34223.1 LHRLGIQAFQPVLVEGQSIQLHPLV{EAHNADEDGHOMAVHVPLESFAQAEARIQMLSAH 767
sp |Q9KWU6 |RPOC_THEAQ LHRLGIQAFQPVLVEGQSIQLHPLV{EAYNADEDGOOMAVHVPLESFAQAEARIQMLSAH 767
ASR51305.1 LHRLGIQAFEPVLIEGKAIQLHPLVESAHNADFDGOOMAVHVPLELEAQLEARVLMMSTN 489
OXR47930.1 LHRLGIQAFEPVLIEGKAIQLHPLV HINADFDGOOMAVHVPLELEAQLEARTLMLASN 488
sp |A7MQQ8 |RPOC_CROS8 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |Q32AG0 |RPOC_SHIDS LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGOOMAVHVPLTLEAQLEARALMMSTN 488
sp|Q0SY12|RPOC_SHIF8 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGOOMAVHVPLTLEAQLEARALMMSTN 488
sp |B2TWH4 |RPOC_SHIB3 LHRLGIQAFEPVLIEGKAIQLHPLV NADEDGLQMAVHVPLLEAQLEARALMMSTN 488
sp |POA8T7|RPOC_ECOLI LHRLGIQAFEPVLIEGKAIQLHPLVCAAYNADEFDGDQMAVHVPLTLEAQLEARALMMSTN 488
spQ3YUZ6|RPOC_SHISS LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |B1XBZ0 |RPOC_ECODH LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |A8A787|RPOC_ECOHS LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLTLEAQLEARALMMSTN 488
BAE77332.1 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
tr |AOA237JUP3|A0A237JUP3_SHISO LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |[AOAOF1RBF2|AOAOF1RBF2_ENTAS LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |AOA1B3EWGO|AOAIB3EWGO_ENTCL LHRLGIQAFEPVLIEGKAIQLHPLV NADEFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr|AOAOFO0XM62 | AOAOFOXM62_ 9ENTR LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |Q5PK92 |RPOC_SALPA LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |A9MHE9 |RPOC_SALAR LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |AOA232XM43|A0A232XM43_SALMU LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |BSRFKO|B5RFKO_SALG2 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
sp |POA2RS |RPOC_SALTI LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp|Q57H68 |RPOC_SALCH LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
sp |POA2R4 |RPOC_SALTY LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLTLEAQLEARALMMSTN 488
sp |A6TGP1 |RPOC_KLEP7 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr|AOA0J2K6S7 |AOAOJ2K6S7_9ENTR LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLTLEAQLEARALMMSTN 488
tr [AOAOG3RZQO|AOAOG3RZQ0_KLEOX LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |[AOA212HDSS5|AOA212HDS5 9ENTR LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLILEAQLEARALMMSTN 488
tr |[AOAIROFP41|AOAIROFP41_CITBR LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
tr |AOAO78LHAS|AOA078LHAS_CITKO LHRLGIQAFEPVLIEGKAIQLHPLV NADFDGLOMAVHVPLITLEAQLEARALMMSTN 488
sp |A8AKT8 |RPOC_CITKS8 LHRLGIQAFEPVLIEGKAIQLHPLV NADFDG QMAVHVPLFLEAQLEARALMMSTN 488
Kk ok ok ok ok kK s kokk s Ak s Kk kK kK ok ok kK ok Kk ok Kk Kk kkk ks
AEG34223.1 HLLIKAAEAGEIQEVPVRFPLTIOTRYGYAOHC DLSMARPVSEGEAVGIVAAQSTGE] 1231
sp |Q9KWU6 | RPOC_THEAQ HFLIKAAEAGEVREVPYRPPLTJOTRYGYJOHC DLSMARPVSEGEAVGVVAAESTGE] 1231
ASR51305.1 EANIATIEALGLQAARIRPPLIQEATMGY]GHC DLARGTPVNEGEAVGVIAAQSIGE] 920
OXR47930.1 EDLVEMIDSLGVDEVKIRTPLTJETRRGIJAHC DLGRGSLVNRGEAVGVIAAQSIGE] 925
WP_093971861.1 EDLVEMIDSLGVDEVKIRTPLTQETRRGEJAHC DLGRGSLVNRGEAVGVIAAQSIGE] 925
sp |A7TMQQ8 | RPOC_CROS8 EQWCDILEANSVDSVKVYREVVIQDTDFGYJAHC DLARGHIINKGEAIGVIAAQSIGE] 925
sp |Q32AG0 | RPOC_SHIDS EQWCDLLEENSVDAVKVYREVVY(DTDFGYJAHC DLARGHIINKGEAIGVIAAQSIGE] 925
sp|Q0SY12|RPOC_SHIFS8 EQWCDLLEENSVDAVKVYRPVVI(DTDFGYJAHC DLARGHIINKGEATGVIAAQSTGE] 925
sp |B2TWH4 | RPOC_SHIB3 EQWCDLLEENSVDAVKVYRPVVIJDTDFGYJAYC DLARGHIINKGEAIGVIAAQSIGE] 925
sp |POA8T7|RPOC_ECOLI EQWCDLLEENSVDAVKVR VVSIDTDFGVIAHCYGRDLARGHIINKGEAIGVIAAQSIGE 925 SDM
sp|Q3YUZ6|RPOC_SHISS EQWCDLLEENSVDAVKYRPVVIJDTDFG FDLARGHI INKGEAIGVIAAQSIGE] 925
sp |B1XBZ0 | RPOC_ECODH EQWCDLLEENSVDAVKYREVVYQDTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
sp |A8A787|RPOC_ECOHS EQWCDLLEENSVDAVKVREVVYQDTDFG RDLARGHIINKGEAIGVIAAQSIGE] 925
tr |[AOA237JUP3|A0A237JUP3_SHISO EQWCDLLEENSVDAVKVYRPVVYQDTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |AOAOF1RBF2 | AOAOF1RBF2_ENTAS EHWCDLLEANSVDSVKVYRPVVYQDTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |AOA1B3EWGO | AOAIB3EWGO_ENTCL EQWCDLLEANSVDSVKYRPVVI(DTDFG RDLARGHI INKGEAIGVIAAQSTIGE] 925
tr |AOAOFOXM62 | AOAOFOXM62_9ENTR EQWCDLLEANSVDSVKYRPVVI(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
sp |Q5PK92 | RPOC_SALPA EQWCDLLEANSVDAVKYRPVVI(DTDEFG RDLARGHI INKGEAIGVIAAQSIGE] 925
sp |A9MHE9 | RPOC_SALAR EQWCDLLEANSVDAVKYRPVVI(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr|AOA232XM43 |A0A232XM43_SALMU EQWCDLLEANSVDAVKVRPVVI(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |BSRFKO|B5RFKO_SALG2 EQWCDLLEANSVDAVKVYREVVYQDTDFG RDLARGHIINKGEAIGVIAAQSIGE] 925
sp |POA2RS |RPOC_SALTI EQWCDLLEANSVDAVKVYREVVYQDTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
sp |Q57H68 | RPOC_SALCH EQWCDLLEANSVDAVKVYRPVVYQDTDEG RDLARGHIINKGEAIGVIAAQSIGE] 925
sp |POA2R4 | RPOC_SALTY EQWCDLLEANSVDAVKVYREVVYQDTDFG RDLARGHIINKGEAIGVIAAQSIGE] 925
sp|A6TGP1|RPOC_KLEP7 EHWCDLLEANSVDSVKVRPVVIJDTDFG FDLARGHLINKGEAIGVIAAQSIGE] 925
tr |AOA0J2K6S7 |AOA0OJ2K6S7 _9ENTR EHWCDLLEENSVDSVKYRPVVY(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |AOAOG3RZQ0 |AOAOG3RZQ0_KLEOX EHWCDLLEENSVDSVKVRPVVY(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr|AOA212HDS5 |AOA212HDS5_ 9ENTR EQWCDLLEANSVDSVKYRPVVI(DTDEFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |AOAIROFP41|AOA1IROFP41_CITBR EQWCDLLEENSVDSVKYRPVVY(DTDFG RDLARGHI INKGEAIGVIAAQSIGE] 925
tr |[AOAQO78LHAS|AOA078LHAS_CITKO EQWCDLLEENSVDAVKVYRPVVYQDTDEFG RDLARGHIINKGEAIGVIAAQSIGE] 925
sp |ABAKT8 | RPOC_CITKS EQWCDLLEENSVDAVKVYRPVVYADTDEG FDLARGHIINKGEAIGVIAAQSIGE] 925
. . P E P L D [ P e e T
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/I end of the prokaryotic B’ elongation subunits

AEG34223.1 AARRG-------- VKREQPGKQA- 1524
ASR51305.1 APVAAEPEA--VDTDAE---—---- 1403
OXR47930.1 VTVESAPEADSVDNNEVQDGNEE - 1416
WP_093971861.1 VTVESAPEADSVDNNEVQDGNEE - 1416
sp |A7MQQ8 | RPOC_CROS8 ASLA----- ELL-NA{GLGGNDNE| 1407
sp |Q32AG0 |RPOC_SHIDS ASLA----- ELL-NA{+GLGGSDNE 1407
sp|Q0SY12|RPOC_SHIF8 ASLA----- ELL-NA}GLGGSDNH 1407
sp |B2TWH4 | RPOC_SHIB3 ASLA----- ELL-NA}GLGGSDNH 1407
sp |POA8T7|RPOC_ECOLI ASLA---——- ELL-NA-GLGGSDNE 1407
BAE77332.1 GLGGSDNH 1407
sp |A8A787|RPOC_ECOHS GLGGSDNH 1407
sp |Q3YUZ6|RPOC_SHISS GLGGSDNH 1407
sp |B1XBZ0 | RPOC_ECODH GLGGSDNH 1407
tr |AOA237JUP3|A0A237JUP3_SHISO GLGGSDNH 1407
tr |AOAQOF1RBF2|AOAOF1RBF2_ENTAS GLGGSDNH 1407
tr |AOA1B3EWGO | AOAIB3EWGO_ENTCL GLGGSDNH 1407
tr |[AOAOFOXM62 | AOAOFOXM62 9ENTR GLGGSDNH 1407
sp |Q5PK92 | RPOC_SALPA GLGGSDNH 1407
sp |A9MHE9 | RPOC_SALAR GLGGSDNH 1407
tr |AOA232XM43|A0A232XM43_ SALMU GLGGSDNH 1407
tr |[BSRFKO|BS5RFKO_SALG2 GLGGSDNH 1407
sp |POA2R5 |RPOC_SALTI GLGGSDNH 1407
sp|Q57H68 | RPOC_SALCH GLGGSDNH 1407
sp |POA2R4 |RPOC_SALTY GLGGSDNH 1407
sp |A6TGP1 | RPOC_KLEP7 GLGGSDNI[] 1407
tr |[AOAQ0J2K6S7|AOA0J2K6S7_9ENTR GLGGSDNT| 1407
tr |[AOAOG3RZQO0 | AOAOG3RZQ0_KLEOX GLGGSDN[] 1407
tr |AOA212HDS5|A0A212HDS5_ 9ENTR GLGGSDNH 1407
tr |[AOAIROFP41|AOAIROFP41_CITBR GLGGSDN[] 1407
tr |[AOAQO78LHAS|AOAO78LHAS CITKO GLGGSDNH 1407
sp |A8AKT8 | RPOC_CITKS GLGGSDNT] 1407

Fig. 1. MSA of the B’ elongation subunits of the MSU RNAPs from different bacteria

AEG34223.1 Thermus thermophilus
ASR51305.1 Blastomonas fulva

QIKWUB|RPOC_THEAQ Thermus aquaticus
OXR47930.1 Pusillimonas sp.

WP_093971861.1 Pusillimonas sp. T2
Q32AGO|RPOC_SHIDS Shigella dysenteriae,
B2TWH4|RPOC_SHIB3 Shigella boydii,
A8A787|RPOC_ECOHS Escherichia coli 09:H4
B1XBZ0|RPOC_ECODH Escherichia coli (K12)
AOAOF1RBF2_ENTAS Enterobacter asburiae
AOAOFO0XM62_9ENTR Enterobacter kobei
AIMHEI|RPOC_SALAR Salmonella arizonae
B5RFKO_SALG2 Salmonella gallinarum
Q57H68|RPOC_SALCH Salmonella choleraesuis
A6TGP1|RPOC_KLEP7Y Klebsiella pneumonia
AOAOG3RZQ0_KLEOX Klebsiella oxytoca
AOA1ROFP41_CITBR Citrobacter braakii
ABAKT8|RPOC_CITK8 Citrobacter koseri (K8)

an SDM experiment where the first two Cs
modification (marked in dark blue) lead to the
loss of the enzyme activity [13]. It is interesting to
note that similar intrinsic zinc binding PR site is
not observed in the initiation subunits B, as they
make on‘ljy small primers for RNA elongation (-
¥ TRERPAGFEVRDVHPTHYGR®’-  numbering
from E. coli B subunit) [8].

In addition to the Zn2+-binding motif, X-ray
crystallographic analysis of the T. aquaticus
RNAP also showed a M92+-binding site. The
Mg2+ was chelated at an absolutely conserved —
NADFDGD- motif in the B’ subunits and that

19

A7MQQS8IRPOC_CROS8 Cronobacter sakazakii
QOSY12|RPOC_SHIF8 Shigella flexneri serotype 5b
POA8T7|RPOC_ECOLI Escherichia coli (strain K12)
Q3YUZ6|RPOC_SHISS Shigella sonnei
AO0A237JUP3_SHISO Shigella sonnei
AOA1B3EWGO_ENTCL Enterobacter cloacae
Q5PK92|RPOC_SALPA Salmonella paratyphi A
AO0A232XM43_SALMU Salmonella muenchen
POA2R5|RPOC_SALTI Salmonella typhi
POA2R4|RPOC_SALTY Salmonella typhimurium (LT2)
AOA0J2K6S7_9ENTR Klebsiella michiganensis
AO0A212HDS5 9ENTR Citrobacter sp. 86
AOA078LHAS_CITKO Citrobacter koseri

aspply to all other prokaryotic RNAPs (e.g., —
“*SNADFDGD- (numbering from E. coli B’
subunit) [14]. The Mg**-binding site (site A) was
further confirmed by SDM experiments.
Substitution of the invariant Ds by A (D—A) gave
rise to a dominant lethal phenotype and showed
no detectable enzyme activity [13]. Sydow and
Cramer have suggested that a mismatch during
transcription could cause loss of the catalytic

metal ion A (M%’“) which might give way for the
metal ion B (Zn°*)to perform the PR activity [11].
These results strengthen the bifunctional,

“tunable” mode of active site in MSU RNAPs
[10].
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3.1.2 Proposed mechanism for the PR and
polymerization reactions in bacterial
MSU RNAPs

As suggested elsewhere, the PR function is
found to be integrated into the polymerase active

site itself in MSU RNAPs. Thus, the
polgmerization is achieved using the metal ion
Mg“" and the PR function is achieved by the

second metal ion Zn**. Modeling of the substrate
NTP bound to the T. thermophilus RNAP active
site suggests that N*8 (numbering from E. coli
RNA polymerase) within a highly conserved
sequence motif - *®NADFDGD***- that includes
the catalytic Asp triad (D*®°, D*®* and D***) which
could mediate specific recognition of the 02
ribose atom and NTP selection [15,12] Both the
catalytic metal ions are coordinated by a set of
completely conserved amino acids in all the MSU
RNAPs. Fig. 2A shows the proposed active
amino acids of the PR exonuclease in the MSU
RNAP from E. coli.

During a mismatch the polymerase pauses,
giving way for the PR exonuclease active site,
embedded within the polymerases active site
itself, to excise the wrongly inserted nucleotide.
The RNAP PR exonuclease unlike the PR
exonucleases of DNAPs and RNA-dependent
RNAPs, backtracks one nucleotide from the
mismatch and make a cut on the penultimate
base removing a dinucleotide [16] (Fig. 2B).

3.2 Analysis of PR Active Site in the MSU
RNAPs from Plant Chloroplasts

MSU RNAP from plant chloroplasts is also a well
characterized one. It belongs to prokaryotic-type
and is very similar to eubacterial MSU RNAP
discussed elsewhere. The MSU RNAP from plant
chloroplasts is encoded by the plastids and
hence, also known as plastid-encoded

polymerase (PEP). The MSU enzyme from
chloroplasts is structurally similar to their
eubacterial counterparts, except having an
additional subunit, " and hence the chloroplast
enzyme’s subunit composition is a, B, B, " and
w. [9]. (Chloroplasts also possess another
RNAP which is encoded by the nucleus (NEP)
and imported into the chloroplasts. It is
structurally unrelated to PEP and belongs to the
single subunit (SSU) RNAP types and is very
similar to the SSU RNAPs of bacteriophages T3,
T7, SP6, etc. in structure and function). In
chloroplast MSU RNAPs, the B is involved in the
initiation of transcription like in prokaryotes and
both the B’ and (" subunits involve in the
elongation process. Whereas the M92+—binding
site is found in the B' subunit, the polymerization
active site is found in the "’ subunit. MSAs show
the MgZ+-binding site from B’ subunits and the
polymerization active site from B” subunits of the
RNAPs of chloroplasts from various plant
species (Figs. 3a, 3b).

Figure 3a shows the Mg”-binding site in the B’
subunits from various plant sources. It shows a
completely conserved Mg”-binding site (-
NADFDGD-) with three invariant Ds as in the
prokaryotic types, suggesting its possible
prokaryotic origin. The maize enzyme is
highlighted in yellow and the Mg®*-binding site is
in light green.

Figure 3b shows the polymerization active site
region from the B” subunits of the MSU RNAPs
of chloroplasts from various plant sources. The
template-binding and catalytic pairs are
highlighted in yellow and the Zn®*-binding Cys
residues are highlighted in orange. It shows very
similar polymerization active site with the zinc-
binding motif (-CX¢CX,C-) like the prokaryotic
type with similar template-binding and catalytic
pairs, suggesting its possible origin.

-883RSVVSl338DTDFGV.395A-893YGR901- RNAP active site (E CO/i)

897His-N:/1
H+

888C§A

895Cy

-H

\CySBQB

Fig. 2A. Proposed active site in prokaryotic MSU RNAPs (numbering from E. coli f’ subunit)
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Fig. 2B. A simplified, schematic diagramme showing the proposed reactions of the PR and
polymerization active sites in the mismatch repair and polymerization processes in bacterial
MSU RNAPs (numbering from E. coli 8’ subunit).

CLUSTAL O (1.2.4) MSA of the elongation subunits ' of MSU RNAPs from plant chloroplasts

(Only the Mg**-binding region of the B’ subunits is shown here)

SP|P0C506|RPOC1 ORYSJ |RAPTLHRLGIQAFQHTLVEGRTI(LHPLYCKYNADEFDGIONAVHILPLSLEAQA ILLM 513
SP|ATM957 |RPOC1_CUSRE [RAPTLHRLGIQAFQHVLVEGHVLJLHPLYCK( NADFDGIQDAVH\PLSLEAQII ILLM 520
SP|B1X3M9|RPOC1 PAUCH |[RAPTLHRLGIQAFEHKLVDGRAI(QLHPLYCPAHNADFDGIHOMAVHYPLSIEAQ T LM 504
SP|QLXDN6|RPOC1_PYRYE |[RAPTLHRLGIQAFEHILVEGRAIHLHPLYCPAHNADFDGIHOMAVHYPLSLEAQ LM 496
SP|P42080|RPOC1 CYAPA |RAPTLHRLSIQAFEHILVEGRAIQLHPLYCPAHNADEFDGHONAVHYPLSLEAQT] LM 495
SP|Q4G3A6|RPOC1_EMIHU |[RAPTLHRLGIQSFEHILVSGRAIHJLHPLYCPAHNADFDGIHOMAVHIPLSLEAQ LM 484
SP|019897|RPOC1_CYACA |RAPTLHRLGIQAFDHVLVDGRAIHJLHPLYCPAHNADFDGHONAVHIPLSIEAQT] LM 492
SP|P51251|RPOC1_PORPU |[RAPTLHRLGIQAFEHILVEGRAIHLHPLYCPAHNADFDGIOMAVHYPLSLEAQA LM 496
SP|Q6B8R7|RPOC1 GRATL |[RAPTLHRLGIQAFEHILVEGRAIHLHPLYCPAHNADFDGIHOMAVHYPLSLEAQ LM 496
SP|P56763|RPOC1 ARATH |[RAPTLHRLGIQSFQHILVEGRTI(LHPLYCKYYNADFDGHOMAVHYPLSLEAQ LM 513
SP|P16024 |RPOC1_MAIZE RAPTLHRLGIQAFQPTLVEGRTICLHPLVCKGFNADFDGDQMAVHLPL SLEAQAEARLLM 513
SP|Q85FM8 |RPOC1 ADICA |[RAPTLHRLGIQAFQHLLIEGRAIJLHPLYRGYYNADEDGHONAVHYPLSVEAQIEARILLM 513
SP|Q85CL6|RPOC1_ANTFO |[RAPTLHRLGIQAFEHILVEGRAIJLHPLYCAQHNADFDGHONAVHIPLSLEAQYEARILLM 513
SP|P42079|RPOC1 SYNE7 |RAPTLHRLGIQAFEHILVEGRAIQLHPLYCPAHNADEFDGIHONAVHYPLSIEAQA LM 490
SP|P11705|RPOC1_SPIOL [RAPTLHRLGIQAFQHILVEGRATI LHPLVCKCENADFDGIQDAVH\PLSLEAQII LM 513
SP|P14563|RPOC1_NOSCO RAPTLHRLGIQSFEEILVEGRAICLHPLVCPPENADFDGIQDAVH\PLSLESQ!I LM 487
SP|Q2MIA9|RPOC1_SOLLC |[RAPTLHRLGIQAFQHVLVEGRAI(LHPLYCKYYNADFDGIHOMAVHYPLSLEAQ LM 513
SP|Q6ENI3|RPOC1 ORYNI [RAPTLHRLGIQAFQHTLVEGRTI(LHPLYCKJYNADFDGIHOMAVHIPLSLEAQ LM 513
SP|P46819|RPOC1_SINAL [RAPTLHRLGIQSFQHILVEGRTI LHPLVCKCENADFDGIQDAVH\PLSLEAQ'I LM 521
SP|P58131|RPOC1_EUGLO |[RAPTLHRLNIQAFQHKLTIGKSIHLHPLYCSAHNADFDGIHOMGVHIPLSLKAQ IL 64
SP|078484 |RPOC1 GUITH |[RAPTLHRLGIQAFEHILVEGRAIHLHPLYCPAHNADFDGHOMAVHIPLSLEAQ LM 490
SP|Q2VEI5|RPOC1_SOLTU |[RAPTLHRLGIQAFQHVLVEGRAIQLHPLYCKHHADFDGIHOMDFKYPLSLEAQ LM 519
SP|A6MVX3|RPOC1 RHDSA |[RAPTLHRLGIQAFEHILVEGRAIHLHPLYCPAHNADFDGIIOMAVHIPLSLEAQ LM 490

********.**:*:i * *: L B *:*****J*i ***:: * | |* * K| T
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/I End of B’ initiation subunits
SP|P0C506|RPOC1_ORYSJ
SP|ATM957 |[RPOC1_CUSRE
SP|B1X3M9|RPOC1 PAUCH
SP|Q1XDN6|RPOC1 PYRYE
SP|P42080|RPOC1 CYAPA
SP|Q4G3A6 |RPOC1_EMIHU
SP|019897|RPOC1 CYACA
SP|P51251|RPOC1_PORPU
SP|Q6B8R7|RPOC1 GRATL
SP|P56763|RPOC1 ARATH
SP|P16024 |RPOC1 MAIZE
SP|Q85FM8|RPOC1 ADICA
SP|Q85CL6|RPOC1_ANTFO
SP|P42079|RPOC1_SYNE7
SP|P11705|RPOC1_SPIOL
SP|P14563|RPOC1_NOSCO
SP|Q2MIA9|RPOC1_SOLLC
SP|Q6ENI3|RPOC1 ORYNI
SP|P46819|RPOC1 SINAL
SP|P58131|RPOC1_EUGLO
SP|078484|RPOC1 GUITH
SP|Q2VEIS5|RPOC1_SOLTU
SP|A6MVX3|RPOC1 RHDSA

Fig. 3a. MSA of B’
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* * * KoekKke ook .

initiation subunits of MSU RNAPs of chloroplasts from plant sources

POC506|RPOC1_ORYSJ Oryza sativa subsp. JaponicaA7M957|RPOC1_CUSRE Cuscuta reflexa
B1X3M9I|RPOC1_PAUCH Paulinella chromatophora Q1XDN6|RPOC1_PYRYE Pyropia yezoensis
P42080|RPOC1_CYAPA Cyanophora paradoxa
019897|RPOC1_CYACA Cyanidium caldarium
Q6B8R7|RPOC1_GRATL Gracilaria tenuistipitata
P16024|RPOC1_MAIZE Zea mays
Q85CL6|RPOCT_ANTFO Anthoceros formosae
P11705|RPOC1_SPIOL Spinacia oleracea
Q2MIA9|RPOC1_SOLLC Solanum lycopersicum
P46819|RPOC1_SINAL Sinapis alba
078484|RPOC1_GUITH Guillardia theta
A6MVX3|RPOC1_RHDSA Rhodomonas salina

Q4G3A6|RPOC1_EMIHU Emiliania huxleyi
P51251|RPOC1_PORPU Porphyra purpurea
P56763|RPOC1_ARATH Arabidopsis thaliana

Q85FM8|RPOC1_ADICAAdiantum capillus-eneris

P42079|RPOC1_SYNE7Synechococcus elongatus
P14563|[RPOC1_NOSCO Nostoc commune
Q6ENI3|RPOC1_ORYNI Oryza nivara
P58131|[RPOC1_EUGLO Euglena longa
Q2VEI5|RPOC1_SOLTU Solanum tuberosum

CLUSTAL O (1.2.4) MSA of the B” elongation subunits of MSU RNAPs from chloroplasts
(Only the polymerization region of the elongation subunits is shown here)

SP|P56764 |RPOC2_ARATH
SP|Q85FM9 |RPOC2_ADICA
SP|Q6L3A5|RPOC2_SACHY
SP|POC509|RPOC2 ORYSJ
SP[Q85C71|RPOC2 ANTFO
SP|P16025|RPOC2 MAIZE
SP|B1X3M8|RPOC2_PAUCH
SP|P48120|RPOC2 CYAPA
SP|P11704|RPOC2_SPIOL
SP|BLVKHS5|RPOC2 CRYJA
SP|Q01923|RPOC2_SORBI
SP|Q6ENI2|RPOC2_ORYNI
TR|E5KU86 |ESKU86 CORLA
SP|A8W3B4 |RPOC2_CUSEX
SP|QLKVX8|RPOC2 TETOB
SP|Q0ZJ30|RPOC2_VITVI
SP|P60290|RPOC2 PHYPA
SP|P60289|RPOC2_AMBTC
SP|Q2MIBO|RPOC2 SOLLC
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//End of the B” elongation subunits
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SP|P56764 | RPOC2_ ARATH AALRGRIDWLKGLKENVVLGGVIPAGTGENKGLVHCSRQHTNIILEKKTKNLALFEGDMR 1354
SP|Q85FM9 |RPOC2_ADICA AALRGRIDWLKGLKENVVIIGDSVPYGTESPEIYCQLNI-NKE-—--—--—— KESRLASGGSK 1378
SP|Q6L3A5|RPOC2_SACHY AALRGRIDWLKGLKENVVILGGIIPYGTEF-QKFVHRSPQODKNLYFE--IQKKNLFASEMR 1500
SP|POC509|RPOC2_ORYSJ AALRGRIDWLKGLKENVVLLGGIIPYGTHF-QKFVHRYPONKNLYFE--IQKKKLFASEMR 1481
SP|Q85C71|RPOC2 ANTFO AALRGRIDWLKGLKENVI[FGGVISAGTECQEVV-WQVILEKRKETYSKRKKNKLFSGRVR 1408
SP|P16025|RPOC2 MAIZE AALRGRIDWLKGLKENVVLGGIIPVGTGF-QKFVHRSPQODKNLYLE--IQKKNLFASEMR 1493
SP|B1X3M8 |RPOC2_PAUCH AAIEGKTDYLRGLKENVI[IGRLIPAGTHFSGFEE--—-———-— ELRS-——=————— EAGPHP 1277
SP|P48120|RPOC2_CYAPA AAVEGKIDQLRGLKENVIIGNLIPAGTEFSAYND-—----—— NAVEF-—-—-—————— ONEDIE 1236
SP|P11704 |RPOC2_SPIOL AALRGRIDWLKGLKENVVILGGMIPYGTHF-KGFVHHSSQHKDIPLK--TKKQNLFEGEMG 1344
SP|B1VKH5|RPOC2_CRYJA SALQGRIDWLKGLKENVIILGGMIPYGTEFNR-LVKRSKMN--———— SRTSQKSLEFINKVE 1145
SP[Q01923|RPOC2_SORBI AALRGRIDWLKGLKENVVILGGIIPYGTEF-QKFVHRSPQODKNLYFE--IKKKNLFASEMR 1486
SP|Q6ENI2|RPOC2_ORYNI AALRGRIDWLKGLKENVVLLGGIIPYGTHF-QKFVHRYPQDKNLYFE-—-IQKKKLFASEMR 1481
TR|E5KU86 | ESKU86 CORLA AALRGRIDWLKGLKENVVILGGMIPYGTHF-KGLAPRSRQHNNIPLE--TKKKNFFEGEMR 1348
SP|A8W3B4 |RPOC2_ CUSEX AALGGRIDWLKGLKENVVILGGVIPAGTHF-RGLVDPSKQYKTIPLK--——--— TNLFEGGMR 1360
SP|Q1KVX8|RPOC2_TETOB ASISRKKDFLKGLKENILVGNLMPYGTEYMVL---RKNL-—--—————————————————— 2552
SP[Q0ZJ30|RPOC2_VITVI AALWGRIDWLKGLKENVVILGGMIPYGTEF-KGLVHRSRQHNNIPLEMETKKNNLFEREMR 1362
SP|P60290 |RPOC2_PHYPA AALRGRIDWLKGLKENVIILGGIIPYGTHQCEEVL-WQITLEKQKNILLKKNKSKLFHNKVK 1309
SP|P60289|RPOC2_AMBTC AALRSRIDWLKGLKENVVILGGMIPYGTHF-KGFVHHSREHNNISLE--IKKKNLFDGKMR 1349
SP|Q2MIBO|RPOC2_SOLLC AALRGRIDWLKGLKENVVILGGVIPYGTEF-KGLVHPSKQHNNIPLE--TKKTNLFEGEMR 1360
.ss PR e * x +

Fig.

P56764|RPOC2_ARATH Arabidopsis thaliana
Q6L3A5|RPOC2_SACHY Saccharum hybrid
Q85C71|RPOC2_ANTFO Anthoceros formosae

3b. MSA of B’ subunits MSU RNAPs from chloroplasts

Q85FMIIRPOC2_ADICA Adiantum capillus-veneris
POC509|RPOC2_ORYSJ Oryza sativa subsp. japonica
P16025|RPOC2_MAIZE Zea mays

B1X3M8RPOC2_PAUCH Paulinella chromatophora P48120|RPOC2_CYAPA Cyanophora paradoxa

P11704|RPOC2_SPIOL Spinacia oleracea
QO01923|RPOC2_SORBI Sorghum bicolor

B1VKH5|RPOC2_CRYJA Cryptomeria japonica
Q6ENI2IRPOC2_ORYNI Oryza nivara

E5KUB86|E5KU86_CORLA Corynocarpus laevigatus A8W3B4|RPOC2_CUSEX Cuscuta exaltata

Q1KVX8|RPOC2_TETOB Tetradesmus obliquus
P60290|RPOC2_PHYPA Physcomitrella patens
Q2MIBO|RPOC2_SOLLC Solanum lycopersicum

4. PR FUNCTION IN THE MSU RNAPS
FROM EUKARYOTES

Unlike in the prokaryotes where a single RNAP
transcribes all the cellular RNAs like mRNAs,
rRNAs, tRNAs, in eukaryotes at least 3 distinct
RNAPs, viz. RNAP |, RNAP Il and RNAP I
transcribe the three major RNA species. All the
three polymerases are MSU RNAPs and
catalyze DNA-dependent RNA synthesis and are
localized in the nucleus. RNAP | synthesize the
rRNAs, whereas the RNAP Il and RNAP il
synthesize mRNAs and tRNAs, respectively. In
addition to the three major polymerases, two
more MSU RNAPs, viz. the RNAP |V and V are
reported from plant sources and they mainly
involve in synthesizing small interfering RNAs
(siRNAs) for gene silencing in plants [17]. Table
1 shows the composition of the major eukaryotic
MSU RNAPs, their compositions and functions in
the cell. The initiation and elongation subunits
are distinct in all three RNAPs. The unique
subunits and common subunits for all the three
RNAPs are shown in red and green, respectively.
The largest subunit, also known as the
elongation subunit with a molecular mass of
~160 kDa (which is functionally equivalent to
prokaryotic B’) is named; RPA1; RPB1; RPC1
and the second-largest subunit, also known as
the initiation subunit with a molecular mass of
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QO0ZJ30|RPOC2_VITVI Vitis vinifera
P60289|RPOC2_AMBTC Amborella trichopoda

~150 kDa (which is functionally equivalent to
prokaryotic B); is named RPA2; RPB2; RPC2
from RNAP I, RNAP Il and RNAP Il
respectively.

4.1 PR Function in the Eukaryotic MSU
RNAP |

The RNAP | is localized in the nucleolus sub-
compartment of the nucleus and involve in the
transcription of precursor rRNAs (pre-rRNA). In
yeast, RNAP | activity accounts for up to 60% of
all nuclear transcription, and the product, the
rRNA accounts for up to 80% of the total cellular
RNAs [20]. The common cellular rRNAs like
5.8S, 18S, 28S rRNAS are derived from the 45S
pre-rRNA by the pre-rRNA processing. These 3
rRNAs together with the 5S rRNA synthesized by
the RNAP Ill, comprise the enzymatic and
structural components of the ribosomes. The
transcription of the rRNA genes leads to the
synthesis of the several millions copies of
ribosomes needed in actively growing cells.
Therefore, their synthesis is the first step in
ribosome biogenesis and regulation of cell
growth. In fact, in the rapidly growing cancer
cells, high levels of rRNA synthesis are always
maintained. Thus, the up- and down-regulations
of rRNA transcription play an important role in
oncogenesis.
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Table 1. Subunit compositions and functions of the three major eukaryotic polymerases

Subunit structure RNAP | RNAP I RNAP III*
Unique core subunits A190 Rpb1 (B’)** C160
(a2BB’-like) A135 Rpb2 (B) C128
AC40 Rpb3 (a) AC40
AC19 Rpb11 AC19
A12.2 Rpb9 C11
Common subunits Rpb5 Rpb5 Rpb5
Rpb6 Rpb6 (w) Rpb6
Rpb8 Rpb8 Rpb8
Rpb10 Rpb10 Rpb10
Rpb12 Rpb12 Rpb12
Stalk sub-complex A14 Rpb4 Cc17
(A14+A43) A43 Rpb7 C25
TFIIF- like sub-complex A49 TFIF-a C37
(A49+A34.5) A34.5 TFIIF-B C53
Total No. of subunits 14 12 17
Products pre-rRNAS pre-mRNAs,  pre-tRNAs,
(45S RNA—28S, 5.85 & 18S) 5 snRNAs®,  5S, 7S RNAs® &
SnoRNAs & U6B-snRNA
, microRNAs
Sensitivity to a-Amanitin Nil High (1 pg/ml) Moderate (10 pg/ml)
Sensitivity to Actinomycin-D# 0.05 pg/mi 0.5 pg/mi 5.0 pg/ml

Adapted from [18,19]

Current subunit nomenclatures of the RNAPs |, Il and Il are, RPA1-A14; RPB1-B12; RPC1-C17
*Pol Ill also possesses a trimeric sub-complex made up of C82-C34-C31.

**The largest subunit of RNAP Il (Rpb1) possesses a unique CarboxyTerminal Domain (CTD)
AU1-U5 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.

The RNAP | has a molecular mass of ~600 kDa
and made up of 14 subunits [21]. The subunits
Rpb5, Rpb6, Rpb8, Rpb10, and Rpb12 are
identical in all three polymerases. The two large
RNAP | subunits, viz. A190 and A135 are similar
in function to the RNAP Il subunits Rpb1 (=
prokaryotic B’) and Rpb2 (= prokaryotic B),
respectively [20] and references therein]
(Table 1).

The RNAP | from yeast is extensively studied by
both cryo-EM and X-ray crystallography [18]. The
cryo-EM structure of the complete 14-subunit
core enzyme from yeast at 12A° exhibited that
the RNAP | showed a strong intrinsic 3’-RNA
cleavage activity as compared to RNAP Il and
RNAP I, which apparently enables rRNA PR
activity and end trimming. Furthermore,
incubation of the backtracked complex with Mg2+
ions led to efficient shortening of the RNA from
the 3-end. An RNAP | variant, lacking
residues79-125 of A12.2 subunit = Rpb9 was
totally inactive in RNA cleavage, but bound to the
nucleic-acid scaffold and retained elongation
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activity, suggesting the C-terminal domain in the
involvement of other subunits in RNA | PR
function. Interestingly, the conserved polymerase
active site of RNAP | was capable of RNA
cleavage in the absence of cleavage stimulatory
factors. Thus, the intrinsic RNA cleavage activity
apparently enables rRNA 3’ trimming and PR
activities to prevent any possible errors in rRNAs
[18]. The crystal structure of RNAP | from the
yeast, S. cerevisiae, at 2.8A° resolution with all
its 14 subunits was studied by Engel et al [20].
The yeast RNAP | structure reveals the 10-
subunit RNAP | core and the sub-complexes
A49-A34.5 and A14-A43 on opposite sides.
Thus, a composite active site of RNAP | and
RNAP Ill enables efficient PR and termination.

Figure 4 shows the MSA analysis of the
elongation subunits of RNAP | from different
yeasts. The S. cerevisiae sequence, template-
binding and the catalytic pairs are highlighted in
yellow and the 3 invariant Cs (proposed Zn*'-
binding site) are highlighted in orange. Though
the catalytic pair is almost completely conserved
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in all, the template-binding pairs are markedly
different as compared to other MSU RNAPs
discussed above. Most of them use —QG- (with
a few exceptions) instead of the regular -YG/FG-
pair. Human pathogens and yeasts, which could
not ferment sugars showed altogether different
sets of template-binding palrs are discussed in
Table 2. However, the Mg®*-binding site with
three Ds is completely conserved in all
(highlighted in light green). The human
pathogens and yeasts, which could not ferment
sugars are highlighted in light blue. All the
template-binding pairs are followed by an
invariant H (Fig. 4).

Figure 5 shows the MSA analysis of the
elongation subunits of RNAP | from higher fungi.
The catalytic pair is completely conserved in all
but with a basic amino acid H, instead of the
usual R/K, which is followed by an invariant
hydrophobic amino acid (V/I). The higher fungal
group also uses an uncommon template-binding
pairs, e.g., most of them use a -TG- pair instead
of the regular —YG/FG- pair and some of them
use -PG- or -NG- pairs showing a great diversity
in the template-binding pairs among the higher
fungi. It is interesting to note that the higher fungi
that use the unusual template-binding pairs like —
NG-/-PG- are having something in common,

(i.,e.), most of them are pathogenic, e.g.,
Talaromyces marneffei, Ajellomyces capsulatus,
and Blastomyces dermatitidis are human
pathogens [22] The Talaromyces cellulolyticus is
a celluloytlc fungus (Table 2). However, the
Mg**-binding motif is completely conserved in all
of them (Fig. 5).

Figure 6 shows the MSA of the elongation
subunits of RNAP | from various plant sources.
Only polymerization and metal-binding regions
are shown. Arabidopsis thaliana and Arachis
hypogaea sequences are used as the standards
and highlighted in yellow; the Mg -b|nd|ng site is
highlighted in light green; the zn’ *-binding site is
highlighted in orange. The plant system uses
the catalytic amino acid R/K as in most of
RNAPs, but the template-binding pair is different
from the yeast and higher fungi; most of them
use an uncommon type of template-binding pair,
viz. a —CG- pair and only six of them use a
regular —FG- pair (marked in red). Interestingly,
all the six of them belong to the family Fabaceae
(Leguminosae). However, all of the plant RNAP |
template-binding pairs are followed by an
|nvar|ant H, as in yeast and higher fungi. The
Mg®*-binding 3 invariant Ds are completely
conserved in all (Fig. 6).

CLUSTAL O (1.2.4) MSA of the elongation subunlts A1 of RNAP | from yeasts
(Only the polymerization active site and Mg®* binding sites are shown here)

—TrTTT L — J
RHPCATCRLDERFCPGHSGHIELPIALYNPMFEFNQMFILLRSMCVYCHQFRLAMPEVHRF

tr|AOAIEATEP2 |AOA1E4TEP2_9ASCO 118
tr |AOATDOCW42 | AOATDICW42_ DEKBR HNICATQGLDERYICPGHOJY IELPVFAYNPLFFKQMFVLLRGSCVYCHHLKMRS IDVHAY 118
tr|AOA448YMT5|A0A448YMT5_ BRENA HNICATJGLDDNHCPGHOJY IELPVEVYNPLF FKNMFVLLRGTCLYCHHLKMRALDVHAY 118
tr |AOA1ESRDD6 | AOAIESRDD6_HANUV KNHCEMAQGLDENYCPGHOJHIELPVFVYNPLF LPOQMFQYLRMSCLYCHHFRLKNIEVHRF 118
tr |AOA1ESR6P8|AOALIESR6P8_9ASCO KNHCESTJGLDENYCPGHOJYIELPVEVYNPLF LPOQMFQYLRMSCLYCHHFRLKNIEVHRFE 118
tr |[AOAILOCI48|A0ALILOCI48_9ASCO KNHCESTJGLDENYCIPGHOJY IELPVEVYNPLF LPQMFQYLRMSCLYCHHFRLKNIEVHRY 118
tr |[AOALIESRFI1|AOALESRFI1_9ASCO KNHCILTQGLDENYCPGHOJY IELPVFCYNPLFFNQMY IYLRSTCLYCHHFKLRKSE SHRF 118
tr |[AOAOX8HTDO | AOAOX8HTDO_9SACH RNHCATQGLDEKEICSGHOJY IELPVFCYNPLFFNQLYIYLRSSCLYCHRFRLKEAEVHRY 118
tr |AOA1G4MCH6 | AOA1G4AMCH6_LACFM RNICATJGLDEKECPGHOYIELPVFCYNPLFFNQLY IYLRSACLYCHHLRLKS SECHRF 118
tr |AOA1G4J4H9 | AOAL1G4J4HY_9SACH RNHCATJGLDEKECPGHOYIELPVFCYNPLFFSQLYIYLRSSCLYCHNFRLKSAEVHRY 118
tr|AOA1GATY91|AOALIG4ATIY91 9SACH RNICATJGLDEKECPGHOYIELPVFCYNPLFFSQLYIYLRSTCLYCHSFRLKAGEVHRY 118
tr |AOA4C2E083|A0A4C2E083_9SACH RNHCATQGLDEKEICPGHOJY IELPVFCYNPLFFSQLYIYLRSSCLYCHRFRLRS IEVNRFE 118
tr |[AOAL1Q3ADG7|AOALQ3ADG7_ZYGRO RNHCATQGLDEKEICPGHOQY IELPVFCYNPLFFSQLYIYLRSSCLYCHRFRLRS IEVNRFE 118
tr|I2H4ES| I2H4ES_TETBL RNHCESTJGODEKEICPGHOJR IELPVFCYNPLFFNQLFIYLRSSCLYCHHFRLKSLDTHLY 118
tr |AOATG3ZKQ7|AOATG3ZKQ7_9SACH RNHCESTQGLDEKEICPGHOQR IELPVFCYNPLFFNQLYIYLRSCCLFCHHFRLKSVEVHRY 118
tr|G9A065|G9A065_ TORDC RNHCESTJGLDEKECPGHOY IELPVFCYNPLFFNQLY IYLRSCCLFCHHFRLKKVEVHRY 118
tr |G8BWN2 | G8BWN2_ TETPH RNTICKST] GLDEKaCPGEQ IELPVECYNPLFFNQLYIYLRSSCLFCHHFRLRSVEVHRY 118
tr |AOA1XT7R740|AOAIXT7R740_9SACH RNHCITTJGLDEKECPGHLYIELPVHCY SPLFFNQLY IYLRSSCLYCHHFRLKSVE THKY 118
tr |H2B1A9|H2B1A9_ KAZAF RNHCII QG LDEKEICPGHVAR IELPVEVYNPLFFNQLY IYLRSSCLFCHHFRLKSAEVHRFE 118
tr |GOWET3 | GOWET3_NAUDC RNHCESH4QGLDEKEICPGHOJY IELPVFCYNPLFFNQLYIYLRTSCLEFCHHLKLKQIEVHRFE 118
tr|J8LHJ7|J8LHJ7 SACAR RNHCEQGLDEKEICPGHOJYIELPVFCYNPLFFNQLYIYLRSSCLFCHHFRLKSVEVHRY 118
sp|P10964 |RPA1_YEAST 59RNLCSTCGLDEKFCPGHQGHIELPVPCYNPLFFNQLYIYLRASCLFCHHFRLKSVEVHRY 118
tr |AOAOL8VH35|AOAOLBVH35_ 9SACH GLDEK GHOQHTELPVRCYNPLFFNQLYIYLRASCLFCHHFRLKSVEVHRY 118
tr |AOA6C1EA14|AOA6CIEAL4 SACPS GLDEK GHOQHTELPVRCYNPLFFNQLYIYLRASCLFCHHFRLKSVEVHRY 118
tr|Q6C1S4|Q6C1S4_YARLI RNNCATCNLDNRFCQGHPGHIELPMPVYNPLFFTQLWVLLRAACRFCGHFRTSKAEVHKI 120
tr |AOA7HOKV41 |AOA7HOKV41l YARLL RNNCATCNLDNRFCQGHPGHIELPMPVYNPLFFTQLWVLLRAACRFCGHFRT SKAEVHKI 120
tr |AOA1Z8JTJI3|AOALZ8JITJI3_PICKU KN[ICETJGLGDI YICPGHOJY IELPVEVYNPLFFNQLYLFLRISCLYCNHFKLHSNEVHKF 118
tr |WeMV62 |WeMV62_ 9ASCO RNICATJGLNDKECPGHOQYIELPTFVYNPIFFGOMY IFIRGSCIFCSRFKLNALEVHLY 118
tr |AOA4POZESS | AOA4PIZE88_9ASCO RNHCIITJGLDERLCPGHOJYIELPVEVENPLFFNQMY IFLRASCLYCHHLRLSENEVHQY 118
tr |AOA512UBI4|AQOA512UBI4 9ASCO RNHCIIJOGLDEREICPGHOAYIELPVEVYNPLFFNQLYTFLRSSCLYCHHLKLGE LEVHME 118
tr|G3AQ09|G3AQ09_SPAPN RNVCTTCGLDEKFCPGHMGHIELPVPVYNPLFFNQLYILLRASCLYCHKFKLNALEVHKY 118
tr |M3HQL8 | M3HQL8_ CANMX 118

%
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tr |AOAIE4ATEP2 |AOA1E4TEP2_9ASCO SFVGKKVYRHIRNHDVVIMNRQPTLHKASMMGHLVRVLPGEKTLRLHYANTGAYNADFIIG 603
tr|AOA7DICWA42 | AOATDICW42_ DEKBR NAVNKQVFRHIRNGDVVIMNRQPTLHKASMMGHRVRVLPNEKTIRIHYANGGPYNCDYI}G 617
tr|AOA448YM75|A0A448YMT5 BRENA SAVNKQVFRHIRNGDVVIMNRQPTLHKASMMGHRVRVLPNEKTLRIHYANGGPYNCDYI}G 597
tr |AOA1ESRDD6 | AOA1ESRDD6_HANUV QTLSKKVYRHINNDDIVIMNRQPTLHKASMMGHKVRVLPTEKTLRLHYANTGAYNADFIIG 609
tr |AOAIESR6P8 |AOALIES5R6P8_9ASCO QTLSKKVYRHINNDDIVIMNRQPTLHKASMMGHKVRVLPTEKTLRLHYANTGAYNADFIIG 609
tr |[AOALILOCI48|AOALILOCI48_9ASCO QTLSKKVYRHINNDDIVIMNRQPTLHKASMMGHKVRVLPTEKTLRLHYANTGAYNADE DG 608
tr |[AOALESRFI1|AOALESRFI1_9ASCO HTLNKKVYRHIKNNDIVLMNRQPTLHKASMMGHKVRVLPSEKTLRLHYANTGAYNADE DG 635
tr [AOAOX8HTDO | AOAOX8HTDO_9SACH HALNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 615
tr |AOA1G4MCH6 | AOA1G4MCH6_LACFM HCLNKKVYRHIKNRDVVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 615
tr |AOA1G4J4H9|AOALG4J4H9_9SACH HSLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 625
tr |[AOALIG4IYO1|AOALIG4IY91 9SACH HSLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 627
tr |AOA4C2E083|AO0R4C2E083_9SACH HTLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIG 631
tr |AOAIQ3ADG7 |AOA1Q3ADG7_ZYGRO HTLNKKVFRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 631
tr|I2H4ES5|I2H4ES5 TETBL HVLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 632
tr |AOATG3ZKQ7 |AOA7G3ZKQ7_9SACH HPLNKKVYRHIKDRDIVLMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 636
tr|G9A065|GI9A065_ TORDC HPLNKKVYRHIKNRDVVLMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 629
tr|G8BWN2 | GBBWN2_ TETPH HTLNKKVYRHIKNRDVVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 624
tr |AOAIX7R740|A0A1IXT7R740_9SACH HTINKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRMHYANTGAYNADFIG 632
tr|H2B1A9|H2B1A9 KAZAF HTLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 630
tr |GOWET3 | GOWET3_NAUDC HTLNKKVYRHIKNRDIVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 633
tr|J8LHJ7|J8LHJ7_SACAR HTLNKKVYRHIKNRDVVLMNRQPTLHKASMMGHKVRVLPNEKTLRLHYANTGAYNADE G 632
sp|P10964 |RPA1_YEAST HTLNKKVYRHIKNRDVVLMNRQPTLHKASMMGHKVRVLPNEKTLRLHYANTGAYNADE DG 630
tr |AOAOL8VH35|AOAOL8VH35_9SACH HTLNKKVYRHIKNRDVVLMNRQPTLHKASMMGHKVRVLPNEKTLRLHYANTGAYNADE DG 630
tr |AOA6C1EAL14|AOAG6CIEAL4_SACPS HTLNKKVYRHIKNRDVVLMNRQPTLHKASMMGHKVRVLPNEKTLRLHYANTGAYNADE DG 630
trQ6C1S4|Q6C1S4_YARLI GFTNKKVFRHIRNNDVVLMNRQPTLHKASMMGHRVRVLPKEKTLRLHYANTGAYNADE DG 594
tr |AOATHOKV41|AOATHOKV41l YARLL GFTNKKVFRHIRNNDVVLMNRQPTLHKASMMGHRVRVLPKEKTLRLHYANTGAYNADE DG 594
tr |AOA1Z8JTJI3|AOALZ8JITI3_PICKU NVLNKKVYRHIKNNDVVLMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADE DG 584
tr|WeMV62 |W6MV62 9ASCO SVVNKKVYRHIKNNDVVLMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFI}G 584
tr |AOA4PIZE88 |A0R4PIZEB8_9ASCO EVVNKKVYRHIRNKDVVLMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADEFIIG 605
tr |AOA512UBI4 |AOA512UBI4_9ASCO SVVNKKVYRHIKNKDVVVMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFI}G 609
tr|G3AQ09|G3AQ09_SPAPN SVVNKKVYRHIKNKDVVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADFIIG 598
tr |M3HQL8 | M3HQL8 CANMX SVVGKKVYRHIRNKDVVIMNRQPTLHKASMMGHKVRVLPGEKTLRLHYANTGAYNADEIIG 602

R R L Rk kR kKRR kR KRk Kk K Kk KKKk Kk Kk gk kxkk ok Ak ko dx

tr |AOALE4TEP2 | AOALE4TEP2_9ASCO DEMNMHEPONENARIEAMTLANTDSPYITPTSGKPLRGLIQDHISAGVWLTISKDTFFTRE 663
tr |AOA7DICW42 | AOATDICW42_DEKBR DEMNLHFPQGPLARAESYTLASTDSPYLTPTSGSPVRGLIQDHLSTGVWMTISKNTFFTRE 677
tr|AOA448YMT5|A0A448YMT5_ BRENA DEMNLHFPQGELARAEAYNLANTDSPYLTPTSGAPVRGLIQDHLSAGVWMTNKDTFFTRE 657
tr |AOA1ESRDD6 | AOALIESRDD6_HANUV DEMNMHFPONENARAEALHLANTNSPYLTPTSGAPVRGLIQDHI SAGVWLTINKDSFFNRE 669
tr |AOA1ESR6P8|AQOALIESR6P8_9ASCO DEMNMHFPONENARAEALHLANTNSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDSFFNRE 669
tr |AOA1ILOCI48|AQOALILOCTI48_ 9ASCO DEMNMHFPONENARAEALHLANTNSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDSFEFNRE 668
tr |AOA1ESRFI1|AQOALIESRFI1_9ASCO DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTISKDSFFTRE 695
tr |AOAOX8HTDO | AOAOX8HTDO_9SACH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDSFFTRE 675
tr |AOA1G4MCH6 | AOA1G4MCH6_LACFM DEMNMHFPONENARAEALNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFEFTRE 675
tr |AOA1G4J4HY9|AOALG4J4H9_9SACH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGAPVRGLIQDHISAGVWLTISKDSFFTRE 685
tr |AOALIG4IYO1|AOALIG4IY91 9SACH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFEFTRE 687
tr |AOA4C2E083|A0A4C2E083_9SACH DEMNMHFPONENARSEAFNLANTDSPYLTPTSGSPLRGLIQDHISAGVWLTINKDSFEFTRD 691
tr |AOA1Q3ADG7|AOALIQ3ADG7_ZYGRO DEMNMHFPONENARSEAFNLANTDSPYLTPTSGS PLRGLIQDHI SAGVWLTINKDSFFTRD 691
tr|I2H4ES | I2H4ES TETBL DEMNMHFPONENARAESLFLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDSFFTRE 692
tr |AOATG3ZKQ7|AOATG3ZKQ7_9SACH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHISAGVWLTISKDSFFTRE 696
tr|G9A065|G9A065 TORDC DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTISKDSFFTRE 689
tr |G8BWN2 | G8BWN2 TETPH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHISAGVWLTISKDSYFTRE 684
tr|AOA1XT7R740|AQOALIXT7R740_9SACH DEMNMHFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDSFFTRE 692
tr |[H2B1A9|H2B1A9 KAZAF DEMNMHFPONENARAEAFNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTINKDSFEFTRE 690
tr |GOWET3|GOWET3_NAUDC DEMNMHFPONENARAEAFNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFFTRE 693
tr|J8LHJ7|J8LHJ7_SACAR DEMNMHFPONENARAEALNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFEFTRE 692
sp|P10964 | RPA1_YEAST DEMNMHEFPONENARAEALNLANTDSQYLTPTSGS PVRGLIQDHISAGVWLTSKDSFFTRE 690
tr |AOAOL8VH35|AOAOL8VH35_ 9SACH DEMNMHFPONENARAEALNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFFTRE 690
tr |AOA6C1EAL14|AOA6CIEAL4_SACPS DEMNMHFPONENARAEALNLANTDSPYLTPTSGSPVRGLIQDHISAGVWLTISKDSFFTRE 690
tr|Q6C1S4|Q6C1S4 YARLT DEMNMHFPONENARAEALLLANTDSPYLTPTSGKPLRGLIQDHISAGVLLTISKDTFFTRQ 654
tr |AOATHOKV41|AOATHOKV41l YARLL DEMNMHFPONENARAEALLLANTDSPYLTPTSGKPLRGLIQDHISAGVLLTISKDSFFTRQ 654
tr|AOA1Z8JTJI3|AOAL1Z8JTJI3_PICKU DEMNMHEFPONENARAEAFNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTINKDTFFTRE 644
tr |WeMV62 |WeMV62 9ASCO DEMNMHFPONENAKAEALNLANTDSPYLTPTSGS PVRGLIQDHI SAGVWLTISKDSFFTRE 644
tr |AOA4POZESS | AOA4PIZE88_ 9ASCO DEMNMHFPONETARAEALNLANTDSPYLTPTSGAPLRGLIQDHISAGVWLTISKDSFFTRE 665
tr |AOA512UBI4|AOA512UBI4 9ASCO DEMNMHFPONENAKAEALNLANTDSPYLTPTSGAPLRGLIQDHISAGVWLTINKDTFEFNRE 669
tr|G3AQ09|G3AQ09_SPAPN DEMNMHFPONENAKAEALNLANTDNQYLTPTSGSPLRGLIQDHISAGVWLTSKDTFFTRE 658
tr |M3HQLS | M3HQL8_ CANMX DEMNMHFPONENARAEALNLANTDSQYLTPTSGSPLRGLIQDHISAGVWLTSKDSFFNRE 662

RN ook Ak Kk

//End of the | elongation subunits A1 of RNAP |
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tr|AOALEATEP2 |AOALIE4TEP2_9ASCO CKVGTGSFDIFTPA---—-——-—— 1654
tr |[AOA7DICW42|AOATDICWA2_ DEKBR NGSGTGSFDVLAKMPVAQN-—---— 1620
tr|AOA448YMT75|A0A448YMT5 BRENA NKIGTGSFDVLAKMQVKS-—-—---— 1635
tr|AOALIESRDD6 | AOA1ESRDD6_HANUV SNVGTGLFDIMAK-—---————-=-~— 1648
tr|AOAIESR6P8 |AOALIESR6P8_9ASCO SNVGTGLFDIMAK----———=—-=— 1647
tr|AOAILOCI48|AOAILOCI48_9ASCO SNVGTGLFDIMAK--—-———=—-~— 1646
tr|AOALIESRFI1|AOALIESRFI1_9ASCO SGVGTGSFDLLTKSL-- - 1672
tr |AOAOX8HTDO|AOAOX8HTDO_9SACH NAVGTGAFDVLTAVPNAA - 1644
tr |AOA1G4MCH6 |AOAIG4MCH6_LACEFM NNVGTGSFDVLAKVPVAN - 1644
tr |AOA1G4J4HO|AOAIG4J4H9_9SACH NNVGTGSFDVLAKVPASH - 1653
tr|AOA1G4IY91|AOALIGAIYI1 9SACH NNVGTGSFDVLTKVPASH - 1655
tr |AOA4C2EO083|A0A4C2E083_9SACH NNVGTGAFDVLTKIPNSV - 1666
tr|AOAIQ3ADG7 |AOALIQ3ADGT7_ZYGRO ~  —==—————-—————— oo 1645
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tr|I2H4ES|I2H4ES5 TETBL NNVGTGSFDILAKASNNN--—--- 1659
tr |AOAT7G3ZKQ7|AOATG3ZKQ7_9SACH SNVGTGSFDVLTRVPNNGR----- 1669
tr |G9A065|G9A065_ TORDC SNVGTGSFDLLTKIPNSGV----- 1665
tr|G8BWN2 | GBBWN2_ TETPH NNVGTGAFDVLAKASHAN------ 1648
tr |AOA1IX7R740|A0AIXTR740_9SACH NGGGTGSFDVLAKVPARA----—-- 1664
tr |H2B1A9|H2B1A9 KAZAF NNVGTGSFDVLAKVPNAA------ 1662
tr |GOWET3 | GOWET3_NAUDC NNVGTGSFDILAKVPNAV-—---—--— 1669
tr|J8LHJ7|J8LHJ7_SACAR NNVGTGSFDVLAKVPNAA--—--- 1667
sp|P10964 |RPA1_YEAST NNVGTGSFDVLAKVPNAA-—----— 1664
tr |AOAOL8VH35|AOAOL8VH35_ 9SACH NNVGTGSFDVLAKVPNAA-— - 1664
tr |AOA6C1EAL4 |AOA6CLIEAL14 SACPS NNVGTGSFDVLAKVPNAA--—---— 1664
tr|Q6C1S4|06C1S4 YARLI SGVGTGSFDVKAPIIEEPEE-—--— 1628
tr |AOA7HOKV41 |AOA7HOKV41l YARLL SGVGTGSFDVKAPIIEEPEE----— 1628
tr |AOA1Z8JTJI3|A0ALZ8JITJI3_PICKU NFAGTGSFDLMAKMPDA--—---—-- 1600
tr |WeMV62 |W6MV62 9ASCO SNVGTGKFDVMARMPTTAAY---- 1609
tr |AOA4PIZE88 |A0RA4PIZEB8_9ASCO NGMGTGSFDVMTRLFISAQDGVMY 1656
tr |AOA512UBI4 |AOA512UBI4 9ASCO NGVGTGSFDVMAKMDKHS PEAV-- 1664
tr|G3AQ09|G3AQ09_SPAPN SNVGTGSFDVFAQIPKGN--—----— 1639
tr |M3HQL8 | M3HQL8_ CANMX SKVGTGSFDIFAQMPKI---—-—--— 1653

Fig. 4. MSA of the elongation subunits A1 of RNAPs | from different yeasts

AOA1E4TEP2_9ASCO Tortispora caseinolytica AOA7DICW42 DEKBR Dekkera bruxellensis
AO0A448YM75_BRENA Brettanomyces naardenensis AOATESRDD6_HANUV Hanseniaspora uvarum
AOATE5R6P8_9ASCO Hanseniaspora opuntiae AOA1LOCI48_9ASCO Hanseniaspora guilliermondii
AOA1E5RFI1_9ASCO Hanseniaspora osmophila AOAOX8HTDO_9SACH Eremothecium sinecaudum
AOA1G4MCH6_LACFM Lachancea fermentati AOA1G4J4H9_9SACH Lachancea nothofagi
AOA1G41Y91_9SACH Lachancea sp. AOA4C2E083_9SACH Zygosaccharomyces mellis
AOA1Q3ADG7_ZYGRO Zygosaccharomyces rouxii 12H4E5_TETBL Tetrapisispora blattae
AOA7G3ZKQ7_9SACH Torulaspora globosa G9A065_TORDC Torulaspora delbrueckii
G8BWN2_TETPH Tetrapisispora phaffii AOA1X7R740_9SACH Kazachstania saulgeensis
H2B1A9 KAZAF Kazachstania Africana GOWET3_NAUDC Naumovozyma dairenensis
JB8LHJ7_SACAR Saccharomyces arboricola P10964|RPA1_YEAST Saccharomyces cerevisiae
AOAOL8VH35 _9SACH Saccharomyces boulardii AOA6C1EA14_SACPS Saccharomyces pastorianus
Q6C1S4_YARLI Yarrowia lipolytica AOA7HOKV41_YARLL Yarrowia lipolytica
AO0A1Z8JTJ3_PICKU Pichia kudriavzevii W6MV62_9ASCO Kuraishia capsulate
AOA4P9ZE88 9ASCO Metschnikowia bicuspidate ~ A0OA512UBI4_9ASCO Metschnikowia sp.
G3AQ09_SPAPN Spathaspora passalidarum M3HQL8_CANMX Candida albicans maltose

CLUSTAL O (1.2.4) MSA of the elongation subunits A1 of RNAP | from higher fungi

tr |B6QCI93|B6QCI93_TALMQ MASFARPVASELASVDFSVYSSEDIKKISVKRIFNTPSLDSLHNPIPHSLYDPALGAWGD 60
tr |AOA478EDCT|A0A478EDCT_9EURO MSSFARPVASELASVDEFSVYTSEDIKKISVKRIFNTPSLDSLHNPIPNSLYDPALGAWGD 60
tr |W6QED6 | W6QED6 PENRF MATFARPVASTINGVDENVYSEEEIKALSVKRIHNTPTLDSENNPVPGGLQODPAMGAWGD 60
tr|AOA167Y3R7|AOAL67Y3R7_PENCH MATFARPVASTINGVDENVYSEEEIKALSVKRIHNTPTLDSFENNPVPGGLODPAMGAWGD 60
tr |[K9G5R8 | K9G5R8_PENDL MATFARPVASTINGVDENVYSEEEIKALSVKRIHNTPTLDSENNPVPGGLQODPAMGAWGD 60
tr |[AOAOA2I945|A0A0A2I945_ PENEN MATFARPVASTINGVDENVYSEEEIKALSVKRIHNTPTLDSENNPVPGGLQODPAMGAWGD 60
tr |CONL49|CONL49 AJECG MASFTRPISSSIEGVDFRVLSNEEIKTISVKLIYNTPTLDSLNNPVPGGLYDPALGAWGD 60
tr |T5BX79|T5BX79_AJEDE MASFTRPISSSIGEVDFGVLSNDEIKSISVKRIYNTPTLDTLNNPVPGGLYDPALGAWGD 60
tr|AOA318ZLE2 |AOA318ZLE2_9EURO MATFARPVASTIAGIDFGVYTDEDIKALSVKRIQNTPALDSFNNPVPGGLYDPALGAWGD 60
tr |AOAILI9RJIK4 |AOA1LORJIK4_ASPWE MATFARPVASSIGGVDFGVYSNEDIKTISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr|A1D226|A1D226 NEOFI MATFARPVASSISGIEFGVYSDEDIKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr |AOA229XZP5|A0A229XZP5 ASPFM MATFARPVASSISGIEFGVYSDEDIKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr|Q4WS60|Q4WS60_ASPFU MATFARPVASSISGIEFGVYSDEDIKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr|AOA0J5Q544 |AOA0J5Q0544 ASPFM MATFARPVASSISGIEFGVYSDEDIKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr |AOA3R7HUO2 | AOA3RT7HUO2_ 9EURO MATFARPVASSISGIEFGVYSDEDIKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
tr|AOA397GCI6|AOA397GCI6_9EURO MATFARPVASSISGIEFGVYSDEDVKSISVKRIHNTPTLDSFNNPVPGGLYDPALGAWGD 60
Kook akks ok s Lok ks saak skkKk Kk Akkakkssakkik Kk kkkskkkkk
tr |[B6QCI93|B6QCI93_TALMQ H CTTqRASSW P GHIELPVPVWNVTFFDQVYRLLRAKCDYCHRLRMPRIEINAFA 120
tr |AOA478EDCT|A0A478EDCT_9EURO HVJQTPYCRASSWY P GHIELPVPVWNVTFFDQVYRLLRAKCDYCHRFRIARIEIHAYT 120
tr |W6QED6 | W6QED6_ PENRF H LllHRQNSFT T GHIELPVPFYNVTFFDHIFRLLRAQCVYCLRLOMGRNQVNMY I 120
tr|AOA167Y3R7 |AOA167Y3R7_PENCH HVCTTCRONSFTCTGHPGHIELPVPFYNVTFFDHIFRLLRAQCVYCLRLOMGRNQVNMYT 120
tr |K9G5R8 | K9G5R8_PEND1 HJYQTYCRONS E]] IPGHIELPVPFYNVTFFDHIFRLLRAQCVYCLRLOMGRNQVNMYT 120
tr |AOAOA2I945|A0A0A2TI945 PENEN HJYQT YCRONS ']} GHIELPVPFYNVTFFDHIFRLLRAQCVYCLRLOMGRNQVNMYT 120
tr|CONL49|CONL49_ AJECG HIQTYCRLNSWY ARGHIELPVHVYNVTFFDQLFRLLRAQCVYCHRFRMSRADIMSYT 120
tr|T5BX79|T5BX79_ AJEDE HJYQTYCRLNSWY ARGHIELPVHVYNVTFFDQLFRLLRAQCAYCHRFRMSRADIKSYT 120
tr|AOA318ZLE2 |AOA318ZLE2_9EURO HJYQTYCROSSWY ISGHVELPVRVYNPTYFEQMYRLLKAQCVYCHRFQMSRFEINTYA 120
tr |AOAILI9RJIK4 |AOA1LORJK4_ASPWE HYQTYCRONSWY IPGHVELPVHVYNVTFFDQLYRLLRAQCVYCHRLOMSRVNVNAYV 120
tr|A1D226|A1D226_NEOFI HVJJT PYCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMSRVQINAYV 120
tr |A0A229XZP5|A0A229XZP5_ASPFM HVJQT YCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMARVQINAYV 120
tr[Q4WS60|Q4WS60_ASPFU HVJJT PYCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMARVQINAYV 120
tr |AOA0J5Q544 | A0A0J5Q544 ASPFM HVJQT YCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMARVQINAYV 120
tr |[AOA3R7HUO2 | AOA3R7HUO2_9EURO HVJJT YCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMPRVQINAYV 120
tr |AOA397GCI6|AOA397GCI6_9EURO HJATPYCRONSW, GHIELPVRVYNVTFFDQLYRLLRAQCVYCHRFQMPRVQINAY 120
EF E R E O ok okkkk |k Kakgiaakkkakak Kk kpaa ko1
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tr|B6QC93|B6QCI3_TALMQ KKVYRHLTTGDYVVMNRQPTLHKPSMMGHRARVLPNERVLRLPYPNTNSYNADY DGOEMN 632
tr |AOR478EDC7 |AOA478EDCT_9EURO KKVYRHLTTGDYVVMNRQPTLHKPSMMGHRARVLPNERVLRLPY PNTNSYNADYDGDEMN 632
tr [W6QED6 | W6QED6_PENRF KKVYRHLTTGDYVLMNRQPTLHKPSIMGHKARVLPNERVIRMHYANCNTY 627
tr|AOA167Y3R7|AOAL67Y3R7_PENCH KKVYRHLTTGDYVLMNRQPTLHKPSIMGHKARVLPNERVIRMHYANCNTYNADEDGDEMN 628
tr |[K9G5R8 | K9G5R8_PEND1 KKVYRHLTTGDYVLMNRQPTLHKPSIMGHKARVLPNERVIRMHYANCNTY 628
tr |[AOAOA2I945|A0A0A2TI945_ PENEN KKVYRHLTTGDYVLMNRQPTLHKPSIMGHKARVLPNERVIRMHYANCNTY 628
tr |CONL49|CONL49 AJECG KKVYRHLTTGDVVLMNRQPTLHKPSIMGHRARVLTGERTIRMHYANCKTY 653
tr |T5BX79|T5BX79_AJEDE KKVYRHLTTGDVVLMNRQPTLHKPSIMGHRARVLTGERTIRMHYANCNTY 652
tr |AOA318ZLE2|AOA318ZLE2_9EURO KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLPNERTIRMHYANCNTY 641
tr |AOA1LORJK4 | AOAILIRJIK4_ASPWE KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLSNERTIRMHYANCNTY 640
tr|A1D226|A1D226_NEOFI KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643
tr|AOA229XZP5|A0A229XZP5 ASPFM KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643
tr|Q4WS60|Q4WS60_ASPFU KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643
tr|AOA0J5Q544 |AOA0J5Q544 ASPFM KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643
tr |AOA3R7HUO2 |AOA3R7HUO2_ 9EURO KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643
tr |AOA397GCI6|AOA397GCI6_9EURO KKVYRHLTTGDVVLMNRQPTLHKPSIMGHKARVLANERVIRMHYANCNTY 643

Kk kkkkkkKkk ko KKKk hkhkhkAkhkk s kkkokkkk kk s ks K K 2ok

//IEend of RNAP A1 from higher fungi

tr|B6QC93|B6QCI3_TALMQ SVGFMRDAVLERDFDDLKSPSSRIVVGRLGNVGTGAFDIFAPVA 1689
tr |AOR478EDC7 |AOA478EDCT_9EURO SVGFMRDAVLERDFDDLKSPSSRIVVGRLGNVGTGAFDILAPVA 1686
tr [W6QED6 | W6QED6_PENRF TVGALKDVVLERGNDNLKSPSSRIVVGRVGTVGTGSFDILAPVA 1671
tr|AOA167Y3R7|AOAL67Y3R7_PENCH TVGALKDVVLERGNDNLKSPSSRIVVGRVGTVGTGSFDILAPVA 1671
tr |[K9G5R8 | KO9G5R8_PEND1 TVGALKDVVLERGADNLKSPSSRIVVGRVGTVGTGSFDILAPVA 1673
tr |AOAOA2I945|A0A0A2I945_ PENEN TVGALKDVVLERGTDNLKSPSSRIVVGRVGTVGTGSFDILAPVA 1671
tr |CONL49|CONL49 AJECG TVGFLRDAVLERDCDNLNGPSSRIVMGRVGTVGTGAFDVLAPVG 1697
tr |T5BX79|T5BX79_AJEDE TVGFLRDAVLERDWDNLDSPSSRIVMGRVGTIGTGAFDVLAPVG 1699
tr |AOA318ZLE2|AOA318ZLE2_9EURO TVGYLKEAVVERDFDNLKSPSARIVVGRTGIVGTGAFDVLAPVA 1677
tr |AOA1LORJK4 | AOAILIRJIK4_ASPWE TVGFLKDTVLERDEFDNLKSPSSRIVVGRSGTVGTGAFDVLAPVA 1678
tr|A1D226|A1D226 NEOFI TVGFLKDAVIERDFDNLKSPSSRIVAGRSGMVGTGAFDVLAPVA 1681
tr|AOA229XZP5|A0A229XZP5 ASPFM TVGFLKDAVIERDFDNLKSPSSRIVAGRSGMVGTGAFDVLAPVA 1680
tr|Q4WS60|Q4WS60_ASPFU TVGFLKDAVIERDFDNLKSPSSRIVAGRSGMVGTGAFDVLAPVA 1680
tr |AOA0J5Q544 |AOA0J5Q544 ASPFM TVGFLKDAVIERDFDNLKSPSSRIVAGRSGMVGTGAFDVLAPVA 1680
tr |AOA3R7HUO2 |AOA3R7HUO2_ 9EURO TVGFLKDAVIERDFDNLKSPSSRIVAGRSGMVGTGAFDVLAPVA 1680
tr|AOA397GCI6|AOA397GCI6_9EURO TVGFLKDAVIERDFDNLKSPSSRIVAGRAGMVGTGAFDVLAPVA 1680
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Fig. 5. MSA of elongation subunits A1 of MSU RNAPs | from higher fungi

B6QC93 _TALMQ Talaromyces marneffei AOA478EDC7_9EURO Talaromyces cellulolyticus
CONL49_AJECG Ajellomyces capsulatus T5BX79_AJEDE Blastomyces dermatitidis
W6QED6_PENRF Penicillium roqueforti AOA167Y3R7_PENCH Penicillium chrysogenum
K9G5R8_PEND1 Penicillium digitatum AO0A0A21945 PENEN Penicillium expansum
AOA318ZLE2 9EURO Aspergillus saccharolyticus ~ AOA1LIRIK4_ASPWE Aspergillus wentii
A1D226_NEOFI| Neosartorya fischeri AO0A229XZP5_ASPFM Neosartorya fumigate
Q4WS60_ASPFU Neosartorya fumigate AO0A0J5Q544_ASPFM Aspergillus fumigates
AOA3R7HUO02_9EURO Aspergillus turcosus AOA397GCIl6_9EURO Aspergillus thermomutatus

CLUSTAL O (1.2.4) MSA of the elongation subunits A1 of RNAP | from plant sources
(only polymerization and metal bonding regions are shown)

tr|AOA314XYK8 |AOA314XYK8_ PRUYE PVNGGLYDKAMGPLGPEREOIAOTYIGQTAY JYSGHCEH IDLVLPAYNPLLFNILHKLLQR 104
tr |AOA251IN7US5 |AOA251N7US5_PRUPE PVNGGLYDKAMGPLGPEREOIAQTIGQTAY JYSGHCEHIDLVLPAYNPLLFNILHKLLQOR 104
sp |Q9SVYO |NRPA1_ARATH PFPGGLYDLKLGPKD-DK-QACNSCGQLKLACPGHCGHIELVFPIYHPLLFNLLENFLQR 117
tr|V4NE24 |VANE24 EUTSA PVPGGLYDPLMGPLD|PRIFTYIKYJGOLSLYJPGHCERIELVYPIYHPLLENLLYNFLQR 104
tr |AOA3P6GLX8 | AOA3P6GLX8_BRAOL PVPGGLYDPLMGPMEPPRIFSHAKYJDORNLOJPGHCERIELVRPIYHPLLFNLLFIFLQR 104
tr |AOA6J0P6B6|A0A6J0P6B6_RAPSA PVPGGLYDPLMGPMEP{RIFSTYJKYJDOLGFJJSGHCERIKLVCPIYHPLLFTHLFNLLQR 103
tr |[AOA6P4CDY4 | AOA6PACDY4_ARADU PAPGGLYDPALGPSEFFK|FLHJKT(GOLYHIQPGHEF @ IELVSPVYNPLMISLLTNILQR 102
tr |[AOA445AIDS|AOA445AIDS5_ ARAHY PAPGGLYDPALGPSE-EK-LPCKTCGQLYHLCPGHFGRIELVSPVYNPLMISLLRNILQR 102
tr |AOA6ASMQU4 | AOA6ASMQU4 _LUPAL PVHEGLYDPALGPFDFEKFSHAKYJGOT SKHYPGHF PRI ELVLPAFNPLMFI ILKNLLQI 102
tr|AOA1S2Z2239|A0A1S27Z239_CICAR PVAGGLYDPALGPFHFEKFSHAOYJGONSYHUPGHEPRIELVSPVYNPLMEFSMLSNVLRR 102
tr |[AOA371FKI2|AOA371FKI2_MUCPR PVPAGLYDPALGPLDFEKFSIAKYJGQOT SKHYPGHEPRIELVSPVYNPLMFNILSNILQR 110
tr|I1L9X1|I1L9X1_SOYBN PVPDGLYDAALGPF D PKFSIAKYJGQOT SKHYPGHEPRIELVSPVYNPLMENILSNILQR 102
tr |AOAO61EW90 |AOA061EW90_THECC PMPGGLYDAVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLLOR 102
tr |AOA6J1A455|A0A6J1A455 9ROSI PMPGGLYDAVLGPIE[PRIFTHUKYJGLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLLOR 102
tr |AOA6P5YS23 |AOA6P5YS23 DURZI PVPGGLYDPVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDFVSPIYNPLLENFLHTVLQK 102
tr |AOASJ5WM67 | AOA5J5WM67 _GOSBA PMPGGLYDPVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLVQR 102
tr |AOASD3A8HI9 |AOA5D3A8HY9_GOSMU PMPGGLYDPVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLVQR 102
tr|AOASD2D2X8 | AOA5D2D2X8_GOSDA PMPGGLYDPVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLIQR 102
tr |AOAOD2QHRY | AOAOD2QHRY9 GOSRA PMPGGLYDPVLGPLE[PRIFTHUKY(GLLKLHJPGHCEHIDLVSPIYNPLLENFLHTLIQR 102
tr |[AOA7J7BYS57|AOATJITBY57_TRIWE PVPGGLYDPALGPLDFERFTHAKYJGOGAFNJPGHCERIDLLVPVYNPLLFHTLYTLLRE 102
tr |[AOA5C7IM32|AOASCTIM32_9ROSI PLPGGLYDPVMGPLPFERFTHAKYJGOLOLNYPGHFGRIDLVSPVYNPLLENFLYNLLQR 103
tr |B9SL65|BI9SL65_RICCO PVPGGLYDPALGPLS|FERFTYAKYJGORSTNYPGHCERIDLVSPVYNPLLENFLHKLLQR 105
tr |[AOA2CIOVT7G8|AOA2CIVTG8_MANES PIPGGLYDPALGPLSFERFTTYIKYIGORSTNIPGHCERIDLISPVYNPLLFGFLHKLLQ 101
* Kk kK . A . A * A Kove ok sakke. K.
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tr |ROA314XYK8|AOA314XYK8_PRUYE
tr |AOA25IN7US5|AOA251N7U5_PRUPE
sp|Q9SVYO |NRPA1_ARATH
tr|V4NE24 | V4NE24_EUTSA

tr |ROA3P6GLX8 | AOA3P6GLXS_BRAOL
tr |ROA6JOP6B6 | AOA6JOP6B6_RAPSA
tr |ROA6P4CDY4 | AOA6P4CDY4 ARADU
tr|AOA445AIDS5 | AOA445AID5 ARAHY
tr|AOAGA5MQU4 | AOAGASMQU4 LUPAL
tr|AOAL1S27239|A0A1S22239 CICAR
tr|AOA371FKI2|AOA371FKI2 MUCPR
tr|I1L9X1|I1L9X1 SOYBN
tr|AOAO61EW90|AOAO61EWI0 THECC
tr |AOA6J1A455|A0A6J1A455 9ROST
tr |ROA6P5YS23|AOA6P5YS23_DURZI
tr |ROA5ISWM67 | AOA5I5WM67_GOSBA
tr |ROASD3ABHY | AOASD3A8HI_GOSMU
tr |ROASD2D2X8 | AOA5D2D2X8_GOSDA
tr |[ROAOD2QHRY | AOAOD2QHRY_GOSRA
tr |ROATJI7BY57|AOATITBYS57_TRIWF
tr |ROASC7IM32|AOASCTIM32_9ROSI
tr|B9SL65|BISL65_RICCO
tr|AOA2C9V7G8|AOA2CIVIGS_MANES

T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
T
*

/I End of A1 of RNAP | sequences

tr|AOA314XYK8|AOA314XYKS PRUYE ECTER 1628
tr|AOA25IN7U5|AOA251N7U5 PRUPE ECTQR 1528
sp|Q9SVYO|NRPALI_ARATH —-—=-- 1670
tr|V4NE24|V4NE24 EUTSA —-——— 1697
tr|AOA3P6GLX8|AOA3P6GLX8_BRAOL ~  —---—- 1640
tr|AOA6JOP6B6|AOA6JOP6B6_RAPSA ——-—- 1650
tr |AOA6P4CDY4|AOA6P4CDY4 ARADU —--—- 1661
tr |AOA445AIDS5 |AOA445AID5 ARAHY —  --—-- 1653
tr |AOA6A5MQU4 | AOA6ASMQU4 LUPAL  --—-- 1674
tr|AOALS2Z239|A0A1S22239 CICAR ---—- 1650
tr |AOA371FKI2|AOA371FKI2 MUCPR ----- 1630
tr|I1L9x1|I1L9Xl SOYBN  -——-- 1651
tr |AOAO61EW90 |AOAOGLEW90 THECC ~  ----- 1665
tr |AOA6J1A455|A0A6J1A455 9ROST ~  --—-- 1690
tr |AOA6P5YS23|AOA6P5YS23 DURZI ~  --—-- 1675
tr|AOA5J5WM67|AOASJI5WM67 _GOSBA ——-—- 1674
tr|AOASD3A8HO|AOASD3ABHI GOSMU ~  —----- 1674
tr|AOA5D2D2X8|AOASD2D2X8_GOSDA —--—- 1674
tr|AOAOD2QHRY|AOAOD2QHRI _GOSRA —--—- 1674
tr|AOA7J7TBY57|AOATJITBY57 TRIWF ~  —--—- 1733
tr|AOA5C7IM32|AOASCTIM32_9ROSI ~  —--—- 1720
tr|B9SL65|BISL65 RICCO —--—— 1686
tr|AOA2CI9VIG8|AOA2CIVIG8_MANES ~  —---—- 1707

ADEDGDEMN-———————————————————————— PTSGDPIRALI 594
ADFDGDEMNVHFPQDEISRSEAYNIVNANNQYVKPTSGDPIRALI 619
—TYNADFDGDEMNVHFPQDEISRAEAYNIVNANNQYARPSNGEPLRALI 645
- ADFDGDEMNVHFPQDEISRAEAYNIVNANNQYSRPSNGDPLRALIQVVHPSYFFK 638
- ADFDGDEMNVHFPQDEISRSEAYNIVNANNQYARPSNGDPLRALI 619
- ADFDGDEMNVHEFPQDEISRAEAYNIVNANNQYARPSNGDPLRALI 630
- ADFDGDE INVHFPQDEISRAEAYNIVNANNQYVKPTSGDPIRALI 619
—TYNADFDGDEINVHFPQDEISRAEAYNIVNANNQYVKPTSGDPIRALI 619
ADFDGDE INVHFPQDEI SRAEAYNIVNANNQYVKPTSGDPIRALT 643
INVHFPQDEISRAEAYNIVNANNQYVKPTSGDPIRALI 621
INVHFPQDEISRAEAYNIVNANNQYVKPTSGDPIRALI 629
INVHFPQDEISRAEAYNIVNANNQYVKPTSGDPIRALI 630
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPIRALI 648
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPIRALI 648
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPIRALI 648
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPLRALI 647
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPLRALI 647
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPLRALI 647
INVHFPQDEISRAEAYNIVNANNQYVRPSNGEPLRALI 647
MNVHEFPQDEVSRAEAYNIVNANDQYIRPSSGDPIRSLI 651
MNVHFPQDEISRAEGYNIVNANNQYVRPSNGEPLRALI-———-=-=—~ 653
MNVHFPQDEVSRAEAYNIVNANNQFVRPSNGEPLRGLI -—--—-——-——— 641
MNVHFPQDEVSRAEAYNIVNANNQYVRPSNGEPLRALI —-—-—-—-——-——— 637
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Fig. 6. MSA of the elongation subunits A1 of RNAPs | from plant sources

AOA314XYK8_PRUYE Prunus yedoensis
QI9SVYOINRPA1_ARATH Arabidopsis thaliana
AOA3P6GLX8_BRAOL Brassica oleracea
AOA6P4CDY4_ARADU Arachis duranensis
AOAG6ASMQU4_LUPAL Lupinus albus
AOA371FKI2_MUCPR Mucuna pruriens
AOAO061EW90_THECC Theobroma cacao
AOA6P5YS23_DURZI Durio zibethinus
AOASD3A8H9_GOSMU Gossypium mustelinum
AOAOD2QHR9_GOSRA Gossypium raimondii
AOA5C7IM32_9ROSI Acer yangbiense
AO0A2C9V7G8_MANES Manihot esculenta

Figure 7 shows the MSA analysis of the
elongation subunits A1 of the RNAP | from
various animal sources. The human sequence is
highlighted in yellow. Remarkably, the N- and C-
terminals are almost completely conserved in the
elongation subunits of animal RNAPs |. The
catalytic and the template-binding pairs are —
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A0A251N7U5_PRUPE Prunus persica
V4ANE24 _EUTSA Eutrema salsugineum
AOA6J0P6B6_RAPSA Raphanus sativus
A0A445AID5_ARAHY Arachis hypogaea
A0A1S82Z239 _CICAR Cicer arietinum
11L9X1_SOYBN Glycine max

AO0A6J1A455 9ROSI Herrania umbratica
AOA5J5WM6E7_GOSBA Gossypium barbadense
AO0A5D2D2X8 GOSDA Gossypium darwinii
AOA7J7BY57_TRIWF Tripterygium wilfordii
B9SL65_RICCO Ricinus communis

K/RE- and -LG- in all the sequences. The —-LG-
pair is followed by an invariant H as found in
yeasts, higher fungi and plant sources. The
Mg®*-binding site is completely conserved in all
as found in yeasts, higher fungi and plant
sources.
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CLUSTAL O (1.2.4) MSA of the elongation subunits A1 of RNAP | from animal sources

tr\AOA452TQ80\AOA452TQ80_URSMA MLGSKNMPWRRLOQGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr|S9X3I0|S9X3I0_CAMFR MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr |AOA7JI8FKWO | AOA7J8FKWO_ROUAE MLGSKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\AOA3Q212F1\AOA3Q2I2F1_HORSE MLGSKNMPWRRLOQGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr |AOA3Q2HZF4 | AOA3Q2HZF4_HORSE MLGSKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\AOA673UI45\AOA673UI45_SURSU MLGSKTMPWRRLQGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGRADS 60
tr |AOA6P4AVUC2 | AOA6P4VUC2_PANPR MLGSKTMPWRRLQOGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr |AOA6P6I466|A0A6P6I466_PUMCO MLGSKTMPWRRLQOGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\AOA6I9ZYC2\AOA6I9ZYC2_ACIJB MLGSKTMPWRRLQGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr IM3WAJS | M3WAJ5_FELCA MLGSKTMPWRRLQOGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\J9P5G4|J9P5G4_CANLF MLGSKNMPWRRLQGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr |AOAS5F4C883 | AOA5F4C883_CANLF MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr |AOA2U3X0D3 |A0A2U3X0D3_ODORO MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\GlLGX3|G1LGX3_AILME MLSSKNIPWRRLOGISFGMYSADELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGRADS 60
tr |AOA6J3BPX4 |AOA6J3BPX4_VICPA MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr\AOA2Y9TC94\AOA2Y9TC94_PHYMC MLGSKNMPWRRLOQGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr |AOA484GYD4 |A0OA484GYD4_SOUCH MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\AOA6BOQXIO\AOA6BOQXIO_9CETA MLGSKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr\AOA6JOXA49\AOA6JOXA49_ODOVR MLGSKNMPWRRLOQGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPADS 60
tr |AOA6I9KL29 | AOA6I9KL29_CHRAS MLGSKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$MNGLYDLALGPADS 60
tr\AOA1U7UAL5\AOA1U7UAL5_CARSF MLVSKNTPWRRLRGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$YNGLYDLALGPPDS 60
tr |G1SYP7|G1SYP7_RABIT MLGSKNYPWRRLQOGISFGMYSAEELKKLSVKSITNPRYVDSLGNP$ANGLYDLALGPADS 60
tr\H9Z7E8|H9Z7E8_MACMU MLISKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr\AOAO96NZXO\AOAO96NZXO_PAPAN MLISKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGKADS 60
tr |AOA2J8RNZ1 |AOA2J8RNZ1_PONAB MLISKNMPWRRLOGISFGIYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
Sp\095602|RPAl_HUMAN MLISKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr |G3QHD8 | G3QHD8_GORGO MLISKNMPWRRLQOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr\K7CHZO|K7CHZO_PANTR MLISKNMPWRRLOGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
tr\AOA2R9CCF8\AOA2R9CCF8_PANPA MLISKNMPWRRLOQGISFGMYSAEELKKLSVKSITNPRYLDSLGNP$ANGLYDLALGPADS 60
dok kok Kok Rk ok Rk ok ok sk k ok ok kR Rk Ak Ak kk ok ok kg ok kk ok ok ok f [k kk ko kk d kx

tr\AOA452TQ80\AOA452TQ80_URSMA ENdS ODFSN¢ SHIL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\S9X3IO|S9X3IO_CAMFR EVJS ODENN{ SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA7JI8FKWO | AOA7JI8FKWO_ROUAE EYQS QDFS dH BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA3Q2I2F1\AOA3Q2I2F1_HORSE ENJS ODENNG SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA3Q2HZF4 | AOA3Q2HZF4_HORSE EMQS ODENNESGH[ BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA673UI45\AOA673UI45_SURSU ENJS QODEN PEHIL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA6P4VUC2\AOA6P4VUC2_PANPR ENJS QODEN PGHIL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA6P6I466|A0A6P6TI466_PUMCO EMQS ODEN$EPGHIL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA6I9ZYC2\AOA6I9ZYC2_ACIJB ENJS QODEN PEHIL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr IM3WAJS | M3WAJ5_FELCA EMQS ODEN$EPGHL BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\J9P5G4|J9P5G4_CANLF ENJS ODENN{ SGH[L! BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOAS5F4C883 | AOAS5F4C883_CANLF EJJS ODENN¢ SAHI BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |[AOA2U3X0D3 |A0A2U3X0D3_ODORO EJJS QODENNI¢ SH[ BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\GlLGX3|G1LGX3_AILME ENJS ODENN{ SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA6J3BPX4 |AOA6J3BPX4_VICPA EJJS QODENN¢ SEHI BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA2Y9TC94\AOA2Y9TC94_PHYMC EAQQS QDF'S PEHIL BLPLTVYNPLLFEKLYLLLRGSCLNCHMLTCPRAVVHLL 120
tr |AOA484GYD4 | AOA484GYD4_SOUCH EJQS QODFSNY¢SEHL BLPLTVYNPLLFEKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA6BOQOXIO|AOA6BOQXIO_SCETA EMQS ODEFTN¢SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVVHLL 120
tr\AOA6JOXA49\AOA6JOXA49_ODOVR ENJS ODETNE SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVVHLL 120
tr |AOA6I9KL29 | AOA6I9KL29_CHRAS EMQS ODENNYESGHL BLPLTVYNPLLFDKLYLLLRGSCLICHLLTCPRAVIHLL 120
tr\AOA1U7UAL5\AOA1U7UAL5_CARSF ENJS ODENNG SGH[L! BLPLMVYNPLLFDKLYLLLRGSCLNCHLLTCPRAVIHLL 120
tr|G1SYP7|G1SYP7_RABIT EYJA ODENN¢ SAH[ BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |H9Z7E8 | H9Z7E8_MACMU EJQS ODENN¢ SAH[ BLPLTVYNPLLFDKLYLLLRGSCLNCHLLTCPRAVIHLL 120
tr |AOAO96NZX0 | AOAO96NZX0_ PAPAN ENJS ODENN{ SGH[L BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |AOA2J8RNZ1 |AOA2J8RNZ1_PONAB EJQSTICVODES¢ SGH[ HBLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
sp|095602 | RPA1_HUMAN KEVCSTCVQDFSNCSGHLGHIELPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |G3QHD8 | G3QHD8__GORGO EJQS QDFSNY¢S( BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr |[K7CHZO0|K7CHZ0_PANTR EMQS QDFSNY¢S( BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
tr\AOA2R9CCF8\AOA2R9CCF8_PANPA ENCS ODFSN{sq BLPLTVYNPLLFDKLYLLLRGSCLNCHMLTCPRAVIHLL 120
B R R dokk  kkkkkk ks okkkkkAkkkAhk Ak sk kkkhkhkk gk Ak
tr |AOA452TQ80 | AOA452TQ80_ URSMA HVENGDILLRNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADEDGHEMNAHE PQ 528
tr|S9X3I0|S9X3I0_CAMFR HVKNGDILLENRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ) 600
tr |AOAT7JI8FKWO | AOA7JI8FKWO_ROUAE HVKNGDVLLENRQPTLHKPSTIQAHRARILPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ 600
tr |AOA3Q2I2F1 | AOA3Q2I2F1_ HORSE HVKNGDILLENRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ 600
tr |AOA3Q2HZF4 | AOA3Q2HZF4_HORSE HVKNGDILLENRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADEFDGOEMNAHFE PQ 600
tr|AOA673UI45|AO0A673UI45_ SURSU HVKNGDILLENRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ) 600
tr |AOA6P4AVUC2 | AOA6P4VUC2_PANPR HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOA6P6I466|A0A6P6I466_ PUMCO HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOA6I9ZYC2|AOA6IOZYC2_ ACIJB HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr IM3WAJ5 | M3WAJS5_ FELCA HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr|J9P5G4 | J9P5G4_CANLF HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOASF4C883 | AOASF4C883_CANLF HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOA2U3X0D3 | AOA2U3X0D3_ODORO HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr|G1LGX3|G1LGX3_ AILME HVKNGDILLENRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGOEMNAHFE PQ) 600
tr |AOA6J3BPX4 | AOA6JI3BPX4_VICPA HVKNGDILLENRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ) 600
tr |AOA2YI9TCO94 | AOA2YITC94_PHYMC HVKNGDILLENRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ) 600
tr|AOA484GYD4 | AOA484GYD4_SOUCH HVKNGDILLENRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ) 600
tr |AOA6BOQXIO | AOA6BOQXIO_9CETA HVKNGDILLENRQPTLHRPSIQAHRARVLPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ) 600
tr |AOA6J0XA49 | AOA6I0XA49 ODOVR HVKNGDILLLNRQPTLHRPSIQAHRARVLPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOAG6I9KL29 | AOA6I9KL29_CHRAS HVKNGDILLLNRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADFDGDEMNAHEPQ 600
tr |AOA1U7UALS | AOALU7UALS5_ CARSF HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr|G1lSYP7|GlSYP7_RABIT HVKNGDILLLNRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |H9Z7E8 | H9Z7E8_MACMU HVKNGDILLLNRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFDGDEMNAHE PQ 600
tr |AOAO96NZX0 | AOA0O96NZX0_PAPAN HVKNGDILLENRQPTLHRPSIQAHHARILPEEKVLRLHYANCKAYNADFEDGOEMNAHFE PQ) 600
tr |AOA2J8RNZ1 | AOA2J8RNZ1_PONAB HVKNGDILLENRQPTLHRPSTIQAHRARVLPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ) 600
sp|095602 | RPA1_HUMAN HVKNGDILLLNRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADFDGDEMNAHFPQ 600
tr|G3QHDS8 | G3QHD8_GORGO HVKNGDILLENRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ) 600
tr |K7CHZ0 | K7CHZ0_PANTR HVKNGDILLENRQPTLHRPSTIQAHRARILPEEKVLRLHYANCKAYNADEDGOEMNAHFE PQ) 600
tr |AOA2RICCF8 | AOA2RICCF8_PANPA HVKNGDILLLNRQPTLHRPSIQAHRARILPEEKVLRLHYANCKAYNADEDGHEMNAHE PQ 600
dk o kk ok sk k| ko k ko ok g ko ok ok ko g Rk sk k ok ok ok ok ok ok K ok ok K ok ok ok A ok ok ok ok ok ok Ak ko Rk ok
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tr |AOA452TQ80|AO0A452TQ80_ URSMA MMG----|FSHDELRSPSACLVVGKVVRGGTGLFELKQPLR| 1629
tr|S9X3I0|S9X310_ CAMFR MMGQSWA[ESHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1546
tr |[AOA7J8FKWO | AOA7J8FKWO_ROUAE MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1721
tr |AOA3Q2I2F1|AOA3Q2I2F1 HORSE MMG----SHDELRSPSACLVVGKVVRGGTGLFELKQPLR| 1637
tr |AOA3Q2HZF4 | AOA3Q2HZF4_HORSE MMG-----SHDELRSPSACLVVGKVVRGGTGLFELKQPLR| 1669
tr|AOA673UI45|A0A673UI45_SURSU ~  —-—------ - SHDELRSPSACIVVGKVVRGGTGLFELKQPLR| 1663
tr |AOA6P4VUC2 | AOA6PAVUC2_PANPR MMG----|FSHDDLRSPSACIVVGKVVRGGTGLFELKQPLR| 1718
tr |AOA6P6T466|A0A6P6TI466_ PUMCO MMG----|FSHDELRSPSACIVVGKVVRGGTGLFELKQPLR| 1718
tr |AOAGI9ZYC2|AOA6I9ZYC2 ACIJB MMG----|FSHDELRSPSACIVVGKVVRGGTGLFELKQPLR| 1718
tr |M3WAJS|M3WAJS5 FELCA MMG----|FSHDELRSPSACIVVGKVVRGGTGLFELKQPLR| 1718
tr|J9P5G4 | J9P5G4_CANLF MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1680
tr |AOA5F4C883|AOASF4C883_CANLF MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1664
tr |A0A2U3X0D3|A0A2U3X0D3_ODORO MLG----SHDELRSPSACLVVGKVVRGGTGLFELKQPLR| 1717
tr |G1LGX3|GILGX3_AILME MMG-----SHDELRSPSACLVVGKVVRGGTGLFELKQPLR| 1716
tr |AOA6J3BPX4|AOA6J3BPX4_VICPA MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1650
tr |AOA2YITC94 |AOA2YITCO94 PHYMC MMG----|FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1715
tr|AOA484GYD4 |AOA484GYD4_SOUCH MMG----|FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1717
tr |AOA6BOQXTIO|AOA6BOQXIO_9CETA LMG----[FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1696
tr |AOA6J0XA49|A0A6J0XA49 ODOVR LMG----[FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1663
tr |[AOA6I9KL29|AOA6IIKL29_CHRAS MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1710
tr |AOAL1U7UALS | AOALIU7UALS_CARSF MLG-----SHDDLRSPSACLVVGKVVKGGTGLFELKQPLR| 1716
tr|G1SYP7|GlSYP7_RABIT MMG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1618
tr |H9Z7E8|H9Z7E8_MACMU MLG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1720
tr |AOAO96NZX0|AOAO096NZX0_ PAPAN MLG----|FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1720
tr |AOA2J8RNZ1|AOA2J8RNZ1_PONAB MLG----|FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1659
sp 095602 | RPA1_HUMAN MLG-----SHDELRSPSACLVVGKVVRGGTGLFELKQPLR 1720
tr |G3QHD8 | G3QHD8_GORGO MLG----|FSHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1720
tr |K7CHZ0|K7CHZ0_PANTR MLG----[SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1720
tr |[AOA2RICCF8|AOA2RICCF8_PANPA MLG----SHDELRSPSACLVVGKVVKGGTGLFELKQPLR| 1708
Fk sk k K A Kk ks Kk Rk ks kK K Kk k K K K K Kk

Fig. 7. MSA of the elongation subunits A1 of RNAP | from animal sources
S9X310_CAMFR Camelus ferus

A0A452TQ80_URSMA Ursus maritimus

AOA7J8FKWO_ROUAE Rousettus aegyptiacus

AO0A3Q2HZF4 HORSE Equus caballus,
AOA6P4VUC2_PANPR Panthera pardus
AOA619ZYC2_ACIJB Acinonyx jubatus
JIP5G4_CANLF Canis lupus familiaris

AO0A6J3BPX4_VICPA Vicugna pacos,
A0A484GYD4_SOUCH Sousa chinensis
AOA6J0XA49 _ODOVR Odocoileus virginianus texanus AOA6I9KL29 CHRAS Chrysochloris asiatica

AOA1TU7UALS_CARSF Carlito syrichta

H9Z7E8 MACMU Macaca mulatta

AO0A3Q2I2F 1_HORSE Equus caballus

AO0A673U145_SURSU Suricata suricatta
AO0A6P61466_PUMCO Puma concolor
M3WAJS5_FELCA Felis catus
AOA5F4C883_CANLF Canis lupus familiaris
AOA2U3X0D3_ODORO Odobenus rosmarus divergens G1LGX3_AILME Ailuropoda melanoleuca
AOA2Y9TC94_PHYMC Physeter macrocephalus
AO0A6BOQXI0_9CETA Bos mutus

G1SYP7_RABIT Oryctolagus cuniculus
AO0A096NZX0_PAPAN Papio Anubis

AO0A2J8RNZ1_PONAB Pongo abelii
G3QHD8_GORGO Gorilla gorilla gorilla
AOA2R9CCF8_PANPA Pan paniscus

Therefore, it is clear from the analysis that all of them
use a basic amino acid (K/H/R) as the catalytic amino
acid, but each group use different types of template-
binding pairs as —LG- in animals, -CG- in plants —-TG-
in higher fungi and -QG- in yeasts.

4.2 PR Function in Eukaryotic MSU RNAP
|

Among the three major MSU RNAPs of
eukaryotes, only the RNAP Il involves in the
transcription of protein-encoding genes (~25,000
genes) resulting in mRNAs. Besides, it also
transcribes genes encoding most of the
small nuclear RNAs (snRNAs) and microRNAs.
In most organisms the RNAP Il is made up of 12
subunits (with a molecular mass of ~550 kDa).
However, several other proteins are required for
complete activity of RNAP |l holoenzyme.
Therefore, in eukaryotic organisms, the complete
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095602|RPA1_HUMAN Homo sapiens
K7CHZO0_PANTR Pan troglodytes

12-subunit RNAP Il is responsible for
transcription of all protein-encoding genes and
thus, forms the central component of the
eukaryotic transcription machinery. The RNAP I
is strikingly different from other MSU RNAPs.
Firstly, it is the only RNAP inhibited by the fungal
toxin a-amanitin at very low concentrations, and
therefore, all eukaryotic mRNA synthesis is
sensitive to this inhibitor. Secondly, it possesses
a unique, highly conserved heptapeptide in their
carboxyl terminal domain (CTD) [1].

Figure 8 shows the MSA analysis and conserved
motifs in the elongation subunits (Rpb1) of the
MSU RNAPs Il of yeasts and higher fungi. The S.
cerevisiae (yeast) subunit with 1733 amino acid
residues and Neurospora crassa (higher fungus)
subunit with 1761 amino acid residues are
highlighted in yellow. The N-terminal regions are
not conserved among them, but the CTD
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heptapeptide is highly conserved in all. However,
all of them use the catalytic amino acid R.
Strikingly the ‘template-binding’ pair is invariably
an —FG- in all, except in few cases where they
use -FA- pair. Interestingly, the elongation
subunits possessed the possible built-in
proposed PR active site with three completely
conserved Cs within the polymerases active site
region,->>DPR°LGSIDRNLKCQTCQEGMNECP
GHFGHI**- (numbering from S. cerevisiae Rpb1
subunit).

However, the Rpb2 initiation subunits of the
eukaryotic RNAPs Il did not show any built-in PR
site;  -***RGLFR®SLFFRSYMDQEKKYGMS®®-
(numbering from S. cerevisiae Rpb2 subunit).
Therefore, as found in the prokaryotic elongation
subunits, the eukaryotic elongation subunits also

possess the PR active site which is integrated
within the polymerase active site region (Fig. 8).
Unlike its bacterial counterparts, the catalytic
region of the elongation subunits of eukaryotes is
placed very close to the N-terminal region (within
~100 amino acids) [1]. This Zn-binding site in
elongation subunit B’ was confirmed by X-ray
crystallographic analysis of the MSU RNAP from
the thermophilic bacterium, Thermus aquaticus,
[12]. They found that the Zn** binds to the 3
invariant Cs located in the catalytic region and
also suggested a possible role in the PR activity
during elongation. The Zn-binding pattern in the
eukaryotic elongation subunits (-CX,CXsC-) is
different from the pattern (-CXsCX,C-) found in
the elongation subunits of eubacteria, i.e., the
pattern is just reversed in eukaryotes.

CLUSTAL O (1.2.4) MSA of elongation subunits B1 of RNAP Il form yeasts and higher fungi

tr|Q5KGG3 | Q5KGG3_CRYNJ DPKMGT IRY LEGMSHPEHL ELARPVFHQGFIVKVKKILECVCYSCGKLK 114
tr |AOA4Q1BT71|AOA4QIBT71_TREME DPRMGT IJRI LEGMAR(PGHE! ELARPVFHGGFMVKVKKILECICFSCGKLR 114
tr |AOA066VMMS | AOAO66VMMS_TILAU DPRMGT IR GEGMAR(PGHE. DLARPVFHIGFLGKVKKLLE IVCTHCGKVK 116
tr |[AOA316YTV3|AOA316YTV3_9BASI DPRLGTTIRI GE SMNIY(PGHE! DLARPVYHIGFIKKVKKILECVCTHCGKLK 116
tr |E6ZMLY|E6ZMLY_SPORE DPRLGTLIRI GEGHQR{PGHE DLAKPVFHIGYLGKVKKILECVCFHCGKLK 118
tr |AOAODIC3I0|AOAODIC3I0_USTMA DPRLGTLIRN GEGHQR(PGHE DLAKPVFHIGYLGKVKKILECVCFHCGKLK 118
tr|G4T8R1|GAT8R1_SERID DPRMGT IQRN GEGMAR(PGHE ELARPVFHIGFLGKVKKILESICVNCGKLK 115
tr |AOA2H3D1M6 | AOA2H3D1M6_ARMGA DPRMGTVIRN GEGMSH{PGHE ELARPVFHPGFIIKVKKILESICINCGKLK 116
tr|AOA4S4L730|A0A4S41L730_9AGAM DPRLGTIQRN GEGMSH{PGHE ELARPVFHPGFIVKVKKILESICVNCGKLK 116
tr |AOAOC9Z7X8 |AOAOCI9Z7X8_9AGAM DPRMGT IQRN GEGMSH{PGHE ELARPVFHPGFIVKVKKVLECICVNCGKLK 116
tr |[AOAOC3D579|A0AOC3D579_9AGAM DPRMGT IRI GEGMSH{PGHE ELARPVFHPGFIVKVKKILECICVNCGKLK 116
tr [AOAOK3CFMY|AOAOK3CFM9_RHOTO DPRLGTI[RI GEGMAR(PGHE! ELSRAVYHVGFINKVKKITECICVQCGKLK 116
tr |[AOAOC4EMFO | AOAOC4EMFO_PUCT1 DPRMGT IRI GEDMSTAPGEHE. ELARAVYHVGFLNRVKKILECVCVKCSKLK 116
tr |AOA180GBSS5|AOALI80GBS5_PUCTL DPRMGT IRI GEDMSTAPGHE. ELARAVYHVGFLNRVKKILECVCVKCSKLK 116
tr |AOA2U1P7X5|A0A2ULP7X5 ARTAN DPRLGTMIRH TANMAD(PGHE! ELAKPMFHIGFMKTVLSIMRCVCLSCSKLL 113
tr |B5RSMO|B5RSM9_DEBHA DPRLGSIQRN GEDMAR(PGHE ELTKPVFHIGFIAKIKKVCECVCMHCGKLL 115
tr|G8BEHY | GBBEH9_CANPC DPRLGSIQRYN GEDMAR(PGHE ELAKPVFHIGFIAKIKKVCESICMHCGKLL 115
tr |AOAOH5CI9X5 |AOAOH5CIX5 CYBJIN DPRLGSIQRYN GEDMNB(PGHE ELAKPVFHIGFINKIKKVCECVCMHCGKLL 74
tr |AOA1E4S2U3|AOALE4S2U3_CYBJN DPRLGSIRI GEDMNH{PGHE! ELAKPVFHIGFINKIKKVCECVCMHCGKLL 114
tr |AOA5P2U367|A0ASP2U367_KLULC DPRLGSIRI GEGMAR(PGHE ELAKPVFHIGFLSKIKKVCESVCMHCGKLL 114
sp|Q75A34 | RPB1_ASHGO DPRLGSI[RI GEGMNI(PEHE! ELAKPVFHIGFISKIKKVCECVCMHCGKLL 114
tr |AOAOX8HRG6 | AOAOX8HRG6_9SACH DPRLGSI[RI GEGMNI(PEHE! ELAKPVFHIGFISKIKKVCECVCMHCGKLL 114
tr |AOAOLSRLNS8 | AOAOLSRLNS_SACEU DPRLGSI[RI OEGMNHR{PEHE! DLAKPVFHVGFIAKIKKVCECVCMHCGKLL 114
tr |AOA6C1DMVS |AOA6CIDMVS5_SACPS DPRLGSIQRN OEGMNH(PGHE DLAKPVFHVGFIAKIKKVCECVCMHCGKLL 114
sp|P04050 | RPB1_YEAST DPRLGSIDRNLKOTROEGMNECPGHFGHI DLAKPVFHVGFIAKIKKVCECVCMHCGKLL 114 sbM
tr |AOAOL8VSD2 |AOAOLBVSD2_9SACH DPRLGSIQRYN OEGMNB{PEHE! DLAKPVFHVGFIAKIKKVCECVCMHCGKLL 114
tr |H2APV4 |H2APV4_ KAZAF DPRLGSIQRYN OEGMNB{PEHE DLAKPVFHVGFISKIKKVCESVCMHCGKLL 114
tr|J75636|J75636_KAZNA DPRLGSIRI OEGMSH{PEHE DLAKPVFHVGFITKIKKVCECVCMHCGKLL 114
tr |[AOAL77FEWL |AOAL7T7FEW1_9EURO DPHLGTIRI EENMAR(PGEHE! KLATPVYHYGFMNKVKKILETVCHNCGKIK 116
tr |[AOA3MOVZ74|A0A3MOVZ74_9EURO DPHLGTIRI EENQDY(PEHE! KLAQPVYHYGFLSKVKKLLETVCHNCGKIK 120
tr |AOA2VIEE21|AOA2VIEE21_9PLEO DTKLGT IR KEDIQY(PGEHE! ELAVPVFHVGFVVKIKKLLETVCHNCGLIL 116
tr |AOAG6AGWT742 | AOAGAGWT42_ 9PEZI DPKLGSIR: INENMOR(PGHE' ELAVPVFHVGFITKIKKILETVCHNCGKIK 116
tr |AOAOC3D813|AOAOC3D813_9PEZI DPRLGSIQR( [DONMAR(PGHE ELAKPVFHPGFIKKIKKLLEMVCHNCGRVL 116
tr |AOA2J6RHJS |AOA2J6RHJIS 9HELO DPRLGSIQR( [DONMSH{PGHE ELAKPVFHPGFLKKTKKLLEIVCHNCGRVK 116
tr |AOA439CXR0O|AOR439CXRO_9PEZI DPRLGSVIR( LENMSH{PGHE ELAKPVYHPGFIKKVKKILEIVCTNCSKVK 116
tr|F7VUQO | F7VUQO_ SORMK DPLLGSVIR( TENMSH(PGHE ELARPVYHPGFIKRVKKILEIVCHNCSKVL 116
tr [Q7SDNO|Q7SDNO_NEUCR DPLLGSVDRQFKCKTCGENMSECPGHFGHIELARPVYHPGFIKRVKKMLE IVCHNCSKVL 116
tr|S3CAX5|S3CAX5_OPHP1 DPLLGSVORQGF qTESMSHUPGHE' ELAKPVYHPGFIKKTKKVLE IVCHNCSMVL 116
tr [AOAOG4MIY4|AOAOG4MIY4 9PEZI DPLLGSIQRQF qTOAMGH{PGHE ELAKGVYHPGFIKKVKKILEIVCLECYKVL 116
tr |AOA2S4L948|A0A2S41,948_9HYPO DPLLGSIQRQF qTOAMGHJPGHE' ELAKPVYHPGFIKKVKKILE IVCHNCSKVL 116
tr |AOAIT3CTEO |AOALIT3CTEO_9HYPO DPLLGSIORGFKICKTATOAMGHRJPGHE ELAKPVYHPGFIKKVKKILEIVCHNCSKVL 116
tr |AOA2T4BW54 |AOA2T4BWS54_TRILO DPLLGSIORGFKICKTATOAMGHRJPGHE ELAKPVYHPGFIKKVKKILEIVCHNCSKVL 116
tr |AOA2T4BG85 |AOA2T4BG85_ 9HYPO DPLLGSIORGFKICKTATOAMGHRJPGHE ELAKPVYHPGFIKKVKKILEIVCHNCSKVL 116
tr |GORMT8 | GORMT8_HYPJQ DPLLGSIORGFKICKTATOAMGHRJPGHE ELAKPVYHPGFIKKVKKILEIVCHNCSKVL 116
tr |AOA2H3A405|A0A2H3A405_TRIPA DPLLGSIQRQF qTOAMGHJPGHE' ELAKPVYHPGFIKKVKKILE IVCHNCSKVL 116
tr |AOA2T7A615|A0A2TTA615_TUBBO DPHLGSIJRYFKICATADEGMSY(PGHE ELAKPVYHVGFINKVKKVLETVCENCAKIK 115
tr |[AOAQOF7VIDS|AOAOF7VIDS_ PENBI DPRLGT IJRGWNICE TJEEGPKRJPGHE' ELASPVFHIGFVTKIKKLLETVCHNCGKIK 116
tr |AOA093V8Y5|AOA093V8Y5_ TALMA DPRLGTLIRQGYYICETAEEGOKRJPGH Y ELATPVYHIGFLQRQKNYLKPSATTVARS— 115
tr |[AOAQOJ6FT33|AOA0J6FT33_COCPO DPRLGTIJRNWRICATAEEGINIIJPGHE ELSTPVFHIGFLTKIKKLLETVCHNCGKIK 116
tr|AOA179UZA4 |AOA179UZA4_BLAGS DPRLGTIORNWRICATAEEGIN)JPGHE ELSTPVFHIGFLTKIKKLLETVCHNCGKIK 116
tr |C5GKAT|C5GKAT7_AJEDR DPRLGTIQRNWRICATAEEGIN(PGHE ELSTPVFHIGFLTKIKKLLETVCHNCGKIK 116
* x. A% HEE Hx 1A . ke ek k..
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tr |Q5KGG3 | Q5KGG3_CRYNJ

tr |AOA4Q1BT71|AOA4Q1BT71_TREME
tr |AOA066VMMS | AOAO66VMMS _TILAU
tr |AOA316YTV3 |AOA316YTV3 9BASI
tr|E6ZMLY |E6ZMLY_SPORE

tr |AOAOD1C3I0|AOAODIC3I0 USTMA
tr|G4T8R1|GAT8R1_SERID

tr |AOA2H3DIM6 | AOA2H3DIM6 ARMGA
tr|AOR4S4L730|A0R4S4LT730_ 9AGAM
tr|AOAOCIZ7X8|AOAOCIZTXE 9IAGAM
tr |AOAOC3D579 | AOAOC3D579_9AGAM
tr |AOAOK3CFM9 |AOAOK3CFM9 RHOTO
tr |AOAOC4EMFO |AOAOC4EMFO_PUCT1
tr|AOA180GBSS | AOAL80GBS5_PUCTL
tr |AOA2ULP7X5 | AOA2ULP7X5 ARTAN
tr |B5RSMY | B5RSM9_DEBHA

tr |GBBEHY | GBBEH9_CANPC

tr |AOAOH5C9X5 | AOAOH5CIX5 CYBJIN
tr |AOALE4S2U3 | AOALE4S2U3_CYBJIN
tr |AOA5P2U367 | AOA5P2U367 KLULC
sp|Q75A34 |RPB1_ASHGO

tr |AOAOX8HRG6 | AOAOX8HRG6 9SACH
tr |AOAOL8RLNS | AOAOL8RLNS_SACEU
tr |AOA6CIDMVS |AOA6CIDMVS5_SACPS
sp|P04050|RPB1_YEAST

tr |AOAOL8VSD2 |AOAOLBVSD2_9SACH
tr |H2APV4 |H2APV4_ KAZAF
tr|J75636]J75636_KAZNA
tr|AOA177FEWL |AOAL177FEWL_9EURO
tr |AOA3MOVZ74 |AOA3MOVZT74_ 9EURO
tr |AOA2VIEE21|AOA2VIEE21_9PLEO
tr |AOA6A6WT42 | AOA6A6WT42_ 9PEZT
tr |AOAOC3D813 |AOAOC3D813_9PEZT
tr |AOA2J6RHJIS | AOA2J6RHJI5_9HELO
tr |AOA439CXRO | AOA439CKXR0_IPEZT
tr |F7VUQO | F7VUQO SORMK

tr |Q7SDNO | Q7SDNO_NEUCR
tr|S3CAX5|S3CAXS_OPHP1

tr |AOAOGAMIY4 |AOAOGAMIY4 9PEZI
tr|AOA2S4L948 |A0A2S4L.948_ 9HYPO
tr |AOAIT3CTEO|AOALIT3CTEO_9HYPO
tr |AOA2T4BW54 |AOA2T4BW54_TRILO
tr |AOA2T4BG85 |AOA2T4BG85 9HYPO
tr|GORMT8 | GORMT8_HYPJQ

tr |AOA2H3A405|A0A2H3A405 TRIPA
tr|AOA2T7A615|A0A2T7A615 TUBBO
tr |AOAOF7VIDS |AOAOF7VIDS_ PENBI
tr|AOA093V8YS5|AOAO93VEY5 TALMA
tr |AOAOJ6FT33 | AOAOJ6FT33_COCPO
tr |AOA179UZA4 | AOA179UZA4_BLAGS
tr |C5GKAT|C5GKA7_AJEDR
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RHLMTGDY ITFNRQPSLHKESMMGHRVRVMPYSTFRLNLSVTSP
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RHLDNGDVILFNRQPSLHKESMMGHRVRVMPFSTFRLNLSVTTP
RHLLDGDVILFNRQPSLHKESMMGHRVRVMPYSTFRLNLSVTTP
RHLMDGDVILFNRQPSLHKESMMAHRVRVMPYSTFRLNLSVTTP
RHIVDGDVILFNRQPSLHKESMMGHRIRVMPYSTFRLNLSVTTP
RHIVDGDVILFNRQPSLHKESMMGHRIRVMPYSTFRLNLSVTTP
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/I End of B1 subunits of RNAP Il from yeasts and higher fungi

tr |Q5KGG3 | Q5KGG3_CRYNJ
tr|A0A4Q1BT71|AOA4Q1BT71_TREME
tr|A0A066VMMS | AOA066VMMS_TILAU
tr |AOA316YTV3|AOA316YTV3_9BASI
tr|E6ZMLY |E6ZMLY_SPORE

tr |A0AODIC3I0|AOAODIC3I0_ USTMA
tr|G4T8R1|G4TBR1_SERID

tr |AOA2H3D1M6 | AOA2H3D1M6_ARMGA
tr|AOA4S4L730|A0A4S4L730_9AGAM
tr |A0AOCIZ7X8|AOAOCIZTX8_9AGAM
tr |A0AOC3D579|A0A0C3D579 9AGAM
tr |A0AOK3CEMI | AOAOK3CEMI_RHOTO
tr |A0AOC4EMFO | AOAOC4EMEFO_PUCTL
tr |A0AL180GBSS5 | A0AL80GBS5 PUCTL
tr |A0A2U1P7X5|AOA2ULP7X5_ ARTAN
tr |B5RSMI|B5RSM9_DEBHA

tr |G8BEH9 | GBBEHI_CANPC

tr |AOAOH5CIX5| AOAOH5CIX5_CYBIN
tr |AOALE4S2U3|AOALE4S2U3_CYBJN
tr |A0A5P2U367 | AOASP2U367 KLULC
sp|Q75A34 | RPB1_ASHGO

tr |AOAOX8HRG6 | AOAOXBHRG6_9SACH
tr |AOAOLSRLNS | AOAOLBRLNS_SACEU
tr |[AOA6CIDMVS | AOA6CIDMV5 SACPS
sp|P04050 |RPBL_YEAST

tr |AOAOLBVSD2 | AOAOL8VSD2 9SACH
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tr|J75636|J75636_KAZNA

tr |AOAL177FEWL |AOAL7T7FEWl_9EURO
tr |[AOA3MOVZ74|AOA3MOVZT74_ 9EURO
tr |AOA2V1EE21|AOA2VIEE21 9PLEO
tr |[AOAGAGWT742 | AOAGAGWT42 9PEZI
tr |[AOAOC3D813|A0AOC3D813_9PEZI
tr |AOA2J6RHJIS | AOA2J6RHIS_9HELO
tr |[AOA439CXRO|A0A439CXR0O_9PEZI
tr |[F7VUQO | F7VUQO_SORMK

tr|Q7SDNO|Q7SDNO_NEUCR

tr|S3CAX5|S3CAX5 OPHP1

tr |AOAOG4MIY4 |AOAOG4MIY4 9PEZI
tr|AOA2S4L948|A0A2S41.948 9HYPO
tr |[AOALIT3CTEO|AOALIT3CTEO_9HYPO
tr |AOA2T4BW54 | AOA2T4BW54_TRILO
tr |AOA2T4BG85|A0A2T4BG85_9HYPO
tr |GORMT8 | GORMT8_HYPJQ

tr |AOA2H3A405|A0A2H3A405_ TRIPA
tr |AOA2TT7A615|A0A2TTA615 TUBBO
tr |[AOAQF7VIDS|AOAOF7VIDS PENBI
tr |[AOAQ93V8Y5|AOAO93V8Y5 TALMA
tr |[AOAOJ6FT33 |AOA0J6FT33 COCPO
tr |AOA179UZA4 |AOAL179UZA4_BLAGS
tr |C5GKA7|C5GKA7_AJEDR

Palanivelu; IJBCRR, 30(7): 15-59, 2021; Article no.lJBCRR.75573

1721
1762
1771
1755
1762
1739
1737
1737
1761
1761
1757
1743
1755
1756
1561
1755
1755
1755
1751
1733
1743
1750
1746
1746

Fig. 8. MSA of elongation subunits B1 of RNAPs Il from yeasts and higher fungal sources

Q5KGG3_CRYNJ Cryptococcus neoformans
AOA066VMMS5_TILAU Tilletiaria anomala
E6ZML9_SPORE Sporisorium reilianum
G4T8R1_SERID Serendipita indica
AO0A4S4L730_9AGAM Bondarzewia mesenterica
AOA0C3D579 _9AGAM Scleroderma citrinum
AOAOC4EMFO_PUCT1 Puccinia triticina
AOA2U1TP7X5_ARTAN Artemisia annua
G8BEH9 _CANPC Candida parapsilosis
AOA1E4S2U3_CYBJN Cyberlindnera jadinii
Q75A34|RPB1_ASHGO Ashbya gossypii
AOAOL8BRLN8_SACEU Saccharomyces eubayanus
P04050|RPB1_YEAST Saccharomyces cerevisiae
H2APV4_KAZAF Kazachstania africana
AOA177FEW1_9EURO Fonsecaea monophora
AOA2V1EE21_9PLEO Periconia macrospinosa
AOA0C3D813 _9PEZI Oidiodendron maius
AO0A439CXR0_9PEZI Xylaria grammica
Q7SDNO_NEUCR Neurospora crassa
AOA0G4MIY4_9PEZI Verticillium longisporum
AOA1T3CTEO_9HYPO Trichoderma guizhouense
AOA2T4BG85_9HYPO Trichoderma citrinoviride
AOA2H3D1M6_ARMGA Armillaria gallica
AOAOF7VID5_PENBI ,Penicillium brasilianum
AOAO0J6FT33_COCPO Coccidioides posadasii
C5GKA7_AJEDR Ajellomyces dermatitidis

AOA4Q1BT71_TREME Tremella mesenterica
AO0A316YTV3_9BASI Acaromyces ingoldii
AOAOD1C3I0_USTMA Ustilago maydis
AO0A2H3A405_TRIPA Trichoderma parareesei
AOA0CI9Z7X8_9AGAM Pisolithus microcarpus
AOAOK3CFM9_RHOTO Rhodosporidium toruloides
AO0A180GBS5_PUCT1 Puccinia triticina
B5RSM9_DEBHA Debaryomyces hansenii
AOAOH5C9X5_CYBJN Cyberlindnera jadinii
AOA5P2U367_KLULC Kluyveromyces lactis
AOAOXB8HRG6_9SACH Eremothecium sinecaudum
AOA6C1DMV5_SACPS Saccharomyces pastorianus
AOAOL8VSD2 _9SACH Saccharomyces boulardii
J7S636_KAZNA ,Kazachstania naganishii
AOA3MOVZ74_9EURO Chaetothyriales sp.
AOA6A6W742 9PEZI Pseudovirgaria hyperparasitica
AOA2J6RHJ5_9HELO Hyaloscypha variabilis
F7vUQO_SORMK ,Sordaria macrospora
S3CAX5_OPHP1 Ophiostoma piceae
A0A284L948 9HYPO Tolypocladium paradoxum
AO0A2T4BW54_TRILO Trichoderma longibrachiatum
GORMT8_HYPJQ Hypocrea jecorina
AOA2T7A615_TUBBO Tuber borchii
AOA093V8Y5_TALMA Talaromyces marneffei
AOA179UZA4_BLAGS Blastomyces gilchristii

Further insights into the zinc-binding site in
eukaryotes were provided by Crammer [23]. X-
ray crystallographic data for the 10-subunit
eukaryotic (yeast) RNAP Il at 2.8 A and 3.1 A
resolutions were reported. A 2.8 A difference
Fourier map revealed two metal ions at the active
site, one persistently bound and the other
possibly exchangeable during RNA synthesis,
suggesting a Zn“" in the exchangeable site. The
Mg®* (Metal A) is coordinated by amino acid
residues D483 and D485 from the completely
conserved block showing three invariant Ds,
(D481, D483, and D485). Metal B is in the
vicinity of metal A, at a distance of 5.8 A. The
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distance from metal B to the acidic residues are
at 3.0 A to 4.0 A, and hence is too great for
coordination of Zn®*. They also found a Zn*" is
bound by residues in the common motif
CX,CX,CX,C/H (where X is any amino acid) [23].

Donaldson and Friesen found that a highly
purified yeast RNAP Il bound to 7 Zn*" atoms by
atomic absorption spectroscopy. One of the
zinc-binding motifs (*’CX,CXsCXoHX26CXoC''0)
occurs in the Rpb1 elongation subunit of RNAP I
and is found to be highly conserved in the largest
subunits (elongation subunits) of all three RNA
polymerases from a variety of eukaryotes [24].
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They also proved by SDM experiments that
mutations of the Zn? *-coordinating C residues
conferred a lethal phenotype (C77—S and
H80—Y were unable to support growth at 37° C).
Similar results were obtained for the E. coli
RNAP too. For example, in the double mutant
where the first two Cs of the zinc-binding motif
were modified to S (C—S) in the B’ elongation
subunit of E. coli RNAP, the enzyme was found
to be inactive in vivo [25].

Figure 9 shows the MSA analysis of the
elongation subunits B1 of RNAP Il from various
plant sources. Triticum aestivum (wheat) and A.
thaliana standard sequences are highlighted in
yellow, the template-binding and catalytic pairs
are highlighted in yellow and the Zn-binding
conserved Cs is hlghllghted in orange. The
completely conserved Mg -binding site is
highlighted in light green. No conservation

seen in the N-terminal region among them, but

the CTD exhibited

the highly conserved

heptapeptide. The catalytic amino acid is
conserved in all and uses the basic amino acid K
with one exception where it uses an R.
Strikingly, the template- b|nd|ng FG pair and the 3
invariant Ds in the Mg binding site are
completely conserved in all.

Figure 10 shows the MSA analysis of the
elongation subunits B1 of RNAP Il from various
animal and insect sources. The human sequence
is highlighted in yellow. The template-binding and
catalytic pairs are highlighted in yellow and the
Zn-binding conserved Cs is highl|%hted in
orange. The completely conserved Mg~ site is
highlighted in light green. All of them use the
basic amino acid R unlike in plants where they
use a K. The template-binding pair —FG- is also
completely conserved in all except in Drosophila
albomicans. The Mg -binding site is completely
conserved in all with the 3 invariant Ds. The CTD
possess the characteristic heptapeptide repeats -
YSPTSPT-, a unique feature of these enzymes.

CLUSTAL O (1.2.4) MSA of elongation subunits B1 of RNAP Il from form plant sources

tr|AOA1Z5RIH1 |AOAL1Z5RIH1 _SORBI PKAGGLSDPRMGTVDHK SGMA! iH ELAKPMFHIGFMKTVLSIMRCVC 106
tr|C5Y387|C5Y387_ SORBI PKAGGLSDPRMGTVDHK SGMA iH ELAKPMFHIGFMKTVLS IMRCVC 106
tr |AOA3B6MZU3 | AOA3B6MZU3_WHEAT PKPGGLSDPRLGTIDRRTKCETCMAGMAECPGHFGHLELAKPMFHIGFIKTVLSIMRCVC 106
tr |AOA565C923|A0A565C923_9BRAS PKVGGLSDMRLGTIDHKVK(E ANMAHCIPGHE ELAKPMYHVGFMKTVLS IMRCVC 76
tr[M4D210|M4D210_BRARP PKVGGLSDTRLGTIDPK\ de ANMAHCIPGHE ELAKPMYHVGFMKTVLS IMRCVC 106
tr |[A0OA6J0KQO9 | A0A6JOKQ09_RAPSA PKVGGLSDTRLGTIDHKVK(E ANMAHCIPGHE ELAKPMYHVGFMKTVLS IMRCVC 106
tr|AOA1J3F625|A0ALJ3F625_ NOCCA PKVGGLSDVRLGTIDHKVK(E ANMARCPGHE' ELAKPMYHVGFMKTVLS IMRCVC 106
tr |AOA1J3JRO3|AO0A1J3JR0O3_NOCCA PKVGGLSDVRLGTIDHKYK(E ANMAHCIPGHE' ELAKPMYHVGFMKTVLS IMRCVC 106
sp|P18616|NRPB1_ARATH PKVGGLSDTRLGTIDRKVKCETCMANMAECPGHFGY LELAKPMYHVGFMKTVLS IMRCVC 106
tr|D7MC36|D7MC36_ ARALL PKVGGLSDIRLGTIDHKVYH] ELAKPMYHVGFMKTVLS IMRCVC 106
tr |V4P2F5|V4P2F5 EUTSA PKVGGLSDIRLGTIDHKVH( 171 ELAKPMFHVGFMKTVLS IMRCVC 106
tr |ROGXL7|ROGXL7_9BRAS PKVGGLSDIRLGTIDHKVH] 171 ELAKPMYHVGFMKTVLS IMRCVC 106
tr |[AOA6J0MG42 | AOA6JOMG42_RAPSA PKVGGLSDVRLGTIDHKVH( 171 ELAKPMYHVGFMKTVLS IMRCVC 106
tr |AOA398AHRS5|AOA398AHR5 BRACM PKVGGLSDARLGTIDHKVH] I ELAKPMYHVGFMKTVLS IMRCVC 106
tr |AOAOD3A1PS5|AOAOD3A1P5_ BRAOL PKVGGLSDARLGTIDHKVH] i ELAKPMYHVGFMKTVLS IMRCVC 106
tr |AOA3N6QGC8 | AOA3N6QGC8_BRACR PKVGGLSDARLGTIDHKVH] iH ELAKPMYHVGFMKTVLS IMRCVC 106
tr |AOAOEOLRD6 | AOAOEOLRD6_ORYPU PKPGGLSDPRLGTIDHKIH] iH ELAKPMFHIGFIKTVLSIMRCVC 106
tr |[K3YFU7|K3YFU7_SETIT PKPGGLSDPRLGTIDHKIH] 171 ELAKPMFHIGFIKTVLSIMRCVC 106
tr|J3MQH6| J3MQH6_ORYBR PKPGGLSDPRLGTIDHKIH] 191 ELAKPMFHIGFIKTVLSIMRCVC 106
tr |[AOA803MAV7|AOA803MAV7_CHEQI PKPGGLSDMRLGTIDHKI ] 1ol ELAKPMFHIGFLKTVLSIMRCVC 106
tr |AOAOKORSK8 | AOAOK9RSK8_SPIOL PKPGGLSDMRLGTIDHKI] iH ELAKPMFHIGFLKTVLSIMRCVC 106
tr |AOAGP6TFX2 | AOA6P6TFX2_ COFAR PKIGGLSDPRLGTIDHKMA] iH ELAKPMFHIGFIKTVLSIMRCVC 106
tr |AOA6TOUDD3 |AOA6I9UDD3_SESIN PKPGGLSDPRLGTIDHKMA] iH ELAKPMFHIGFMKTVLSILRCVC 106
tr |AOA1S3XM16|AOALIS3XM16_TOBAC PKPGGLSDPRLGTIDHKMA] i ELAKPMFHIGFMKPVLSILRCVC 106
tr |[AOA2G3A9T8 | AOA2G3A9T8_CAPAN PKPGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFMKPVLSILRCVC 106
tr |AOAL1U8FXJ4 | AOALU8FXJ4_CAPAN PKPGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFMKPVLSILRCVC 106
tr |MOZVV4 |MOZVV4_SOLTU PKPGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFMKPVLSILRCVC 106
tr |AOAGN2BNI8|AOA6N2BNI8_ SOLCI PKPGGLSDPRLGTIDHKMA] i ELAKPMFHIGFMKPVLSILRCVC 106
tr |AOA3Q7F7G2|AO0A3Q7F7G2_SOLLC PKPGGLSDPRLGTIDHKMA] i ELAKPMFHIGFMKPVLSILRCVC 106
tr |AOA6VTPIB4|AOA6V7PIB4_ANACO AEARGLSDPRLGTIDHKMNK( iH ELAKPMFHIGFLKTVLAIMRCVC 120
tr |AOA6TORZHA |AOA6TI9RZHA_ELAGV PKPGGLSDPRLGTIDHKMA] iH ELAKPMFHIGFLKTVLAIMRCVC 106
tr |AOA4Y7I7U1|AOA4YTI7UL_PAPSO PKPGGLSDTRLGTIDHKMA( 1 ELAKPMFHIGFMKIVLSIMRCVC 106
tr |AOA6POEATL |AOA6PIEATL_JUGRE PKIAGLSDPRLGTIDHKMA( 191 ELAKPMFHIGFMKTVLS IMRCVC 106
tr |AOA7J7HU38|AOATJTHU38_CAMSI PKPGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFLKTVLS IMRCVC 106
tr |F6HODYO | F6HOD9 VITVI PKPGGLSDPRLGTIDHKMA] 11 ELAKPMFHIGFMKTVLS IMRCVC 106
tr |AOA7J6EME3 | AOATJ6EME3_CANSA PKIAGLSDPRLGTIDHKMA] iH ELAKPMFHIGFLKTVLSIMRCVC 106
tr |AOA067G7I3|AOA067G7I3_CITSI PKPGGLSDPRLGTIDHKMA] i ELAKPMFHIGFMKTVLSIMRSVC 106
tr |AOASJS5TPI9|AOASJ5TPI9_GOSBA PKVGGLSDPRLGTIDHKIH] iH ELAKPMFHIGFMKTVLSIMRCVC 106
tr |AOAO061DGES8 | AOA061DGES_THECC PKVGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFMKTVLS IMRCVC 106
tr |AOA6PS5ZFF2 | AOA6PS5ZFF2_DURZI PKVGGLSDPRLGTIDHKMA( 1ol ELAKPMFHIGFMKTVLS IMRCVC 106
tr |[B9SXCO|BI9SXCO_RICCO PKPGGLSDLRLGTIDHKMA( 191 ELAKPMFHIGFLKTVLS IMRCVC 106
tr |AOA251M2B5 | A0A251M2B5_MANES PKPGGLSDPKLGTIDHKMA( 191 ELAKPMFHIGFMKTVLS IMRCVC 106
tr|AOA314Z8L7|A0A314Z28L7_PRUYE PKTAGLSDPRLGTIDHKMA] iH ELAKPMFHIGFMKTVLSVMRCVC 106
tr |M5VSCT7|M5VSCT7_PRUPE PKTAGLSDPRLGTIDHKMA] iH ELAKPMFHIGFMKTVLS IMRCVC 106
tr |AOA6JS5XYFI|AOA6J5XYF9_PRUAR PKTAGLSDPRLGTIDHKMA] iH ELAKPMFHIGFMKTVLSVMRCVC 106
tr |AOA6J1L0Z7|A0A6J1L0Z7_CUCMA PKVAGLSDPRLGTIDHKIH( 191 ELAKPMFHIGFMKTVLT IMRSVC 106
tr |[AOAOAOL655|A0AOAOL655_CUCSA PKVAGLSDPRLGTIDHK H ELAKPMFHIGFMKTVLTIMRSVC 106
wkwk caxx e [FA. * Kk KKKk g kg kk ok Kk ok KKk
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tr|AOAL1Z5RIHL |AOA1Z5RIH1_SORBI
tr|C5Y387|C5Y387_SORBI

tr |[AOA3B6MZU3 | AOA3B6MZU3_WHEAT
tr |AOA565C923|A0A565C923_9BRAS
tr[M4D210|M4D210_BRARP

tr |AOA6J0KQO09 |AOA6JOKQ09 RAPSA
tr|AOA1J3F625|A0A1J3F625 NOCCA
tr|AOA1J3JRO3|A0A1J3JR0O3 NOCCA
sp|P18616|NRPB1_ARATH
tr[D7MC36|D7MC36_ARALL

tr |V4P2F5|V4P2F5 EUTSA

tr |ROGXL7|ROGXL7_9BRAS

tr |[AOA6J0MG42 | AOA6JOMG42_RAPSA
tr|AOA398AHRS |AOA398AHR5 BRACM
tr |AOAOD3A1P5|AOAOD3AIP5 BRAOL
tr |AOA3N6QGC8 | AOA3N6QGC8_BRACR
tr |AOAOEOLRD6 | AOAOEOLRD6_ORYPU
tr |[K3YFU7|K3YFU7_SETIT
tr|J3MQH6| J3MQH6_ORYBR

tr |[AOA803MAV7|AOA803MAV7_CHEQI
tr |[AOAOKORSK8 | AOAOKIRSK8_SPIOL
tr |AOAR6P6TFX2 | AOA6P6TFX2 COFAR
tr |AOA6I9UDD3 |AOA6I9UDD3_SESIN
tr|AOA1S3XM16|AOA1S3XM16_TOBAC
tr |[AOA2G3A9T8 | AOA2G3A9T8_CAPAN
tr |AOALU8BFXJ4|AOALU8FXJ4_CAPAN
tr |MO0ZVV4|MOZVV4_SOLTU

tr |[AOA6N2BNI8|AOA6N2BNI8_SOLCI
tr |AOA3Q7F7G2 |AOA3QT7F7G2_SOLLC
tr |AOA6V7PIB4 |AOA6VTPIB4_ANACO
tr |AOA6I9RZH4 |AOA6I9RZH4A ELAGV
tr|AOR4YTIT7UL|AOR4YTI7UL_PAPSO
tr |AOA6POEATL |AOA6PIEATL_JUGRE
tr |AOA7J7HU38|AOAT7JTHU38_CAMSI
tr |[F6HODY9|F6HODS VITVI

tr |AOATJ6EME3 | AOATJ6EME3_CANSA
tr|AOAO067G7I3|AO0R067G7I3_CITSI
tr |AOASJS5TPI9|AOAS5J5TPI9 GOSBA
tr|AOAO061DGE8 |AOA061DGES_THECC
tr |AOA6PS5ZFF2 | AOA6PSZFF2_DURZI
tr |[B9SXCO|BI9SXCO_RICCO

tr |AOA251M2B5 | A0A251M2B5_MANES
tr|AOA3147Z8L7|A0A3147Z8L7_PRUYE
tr |M5VSCT7|M5VSCT7_PRUPE

tr |AOA6JI5XYF9|AOA6J5XYF9 PRUAR
tr|AOA6J1LO0Z7 |AOA6J1L0Z7_CUCMA
tr |AOAOAOL655|A0AOAOL655 CUCSA
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/I End of elongation subunits B1 of RNAP Il from plants

tr|AOA1Z5RIH1 |AOALZ5RIHLI_SORBI
tr|C5Y387|C5Y387_SORBI
tr|AOA3B6MZU3 | AOA3SB6MZU3_WHEAT
tr|AOA565C923 | A0A565C923_9BRAS
tr|M4D210|M4D210_BRARP
tr|AOA6J0KQO9 | AOA6J0KQ09_RAPSA
tr|AOA1J3F625|A0ALJ3F625 NOCCA
tr|AOA1J3JR0O3|AOALJ3JR0O3_NOCCA
sp|P18616|NRPB1_ARATH
tr|D7MC36|D7MC36_ARALL
tr|V4P2F5|V4P2F5_EUTSA
tr|ROGXL7|ROGXL7_9BRAS
tr|AOA6JOMG42 | AOA6J0MG42_RAPSA
tr|AOA398AHRS5 | AOA398AHR5_ BRACM
tr|AOAOD3ALIP5|AOAOD3ALIPS5_ BRAOL
tr|AOA3N6QGC8 | AOA3N6QGC8_BRACR
tr|AOAOEOLRD6 | AOAOEOLRD6_ORYPU
tr|K3YFU7|K3YFU7_SETIT
tr|J3MQH6 | J3MQH6_ORYBR
tr|AOA803MAV7 | AOA803MAVT7_CHEQI
tr |AOAOK9RSK8 | AOAOKIRSKS_SPIOL
tr|AOAGP6TFX2 | AOA6P6TFX2 COFAR
tr|AOA6I9UDD3 |AOA6I9UDD3_SESIN
tr|AOA1S3XM16|AOALS3XM16_TOBAC
tr|AOA2G3A9T8 | AOA2G3A9T8_CAPAN
tr|AOA1U8FXJ4 |AOALUSFXJ4_CAPAN
tr|M0ZVVv4 |MOZVV4_SOLTU
tr|AOAGN2BNI8|AOA6N2BNI8_ SOLCI
tr|AOA3Q7F7G2|A0OA3Q7F7G2_SOLLC
tr |AOA6VTPIB4|AOA6GVT7PIB4_ANACO
tr |AOA6I9RZHA |AOA6IORZH4_ELAGV

SPNFSPNRSDSPTAADYSPSSTGQAIEKDGETSH-—
SPNYSPSASYSPSSTGPQTTDMDD

SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKNDKTGKD-ASKDDKSKP---—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKNDKTGKD-AGTDDKSKP---—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKNDKTGKD-GSKDDKSNP—---—
SPDYSPSAGYSPTLPGYSPSSTGQFTPHEGDKNDQTGK-DVSKDDKTNP---—
SPDYSPSAGYSPTLPGYSPSSTGQFTPHEGDKNDQTGK-DVSKDDKTNP—--—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKKDKTGKKDASKDDKGNP—---—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGEKNAKTGK-DVSKDDKSNP---—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKNDKSGK-DGNKDDKSNP—---—
SPDYSPSAGYSPTLPGYSPSSTGQYTPHEGDKNDKTGK-DVSKNDKSNP---—
SPDYSPSAGYSPTLPGYSTSSTGQYTPHEGDKNDKTGKD-ASKYGKSNP---—
SPDYSPNAGYSPTLPGYSSSSTGQYTPHEGYENDKTGKD-ASKDGKSNP---—
SPDYSPSAGYSPTLPGYSSSSTGQYTPHEGYENDKTGED-ASKDGKSSP---—

SPNYSPTGSYSPTAPGYSPSSTGQATNDKDDESA---R-——————————————
SPNYSPSGSYSPTAPGYSPSSTGQQFSPRAANKD---EDDAQ-—-—————-————
SPQYSPSAGYSPSAPGYSPSSTSQYTPQMSDKDDKSKR-——————————————
SPQYSPSAGYSPSAPGYSPSSTSQYTPQOMSDKDDKSKR-——————————————

SPQYSPSAGYSPTAPGYSPSSTSQYTSRTTERDDKSVKDDRGRR—
SPQYSPSAGYSPSAPGYSPSSTSQYTPRTNDRDDKSVKDEKSKR—
SPQYSPSAGYSPSAPGYSPSSTSQYTPRISDRDNKSVKDDKTG
SPQYSPSAGYSPSAPGYSPSSTSQYTPRISDRDNKSVKDDKTG

SPQYSPSAGYSPSAPGYSPSSTSQYTPRVSERDNKSVKDDKAG-——-————-—
SPQYSPSAGYSPSAPGYSPSSTSQYTPRVSERDNRSVKDDKAG-———-————-—
SPQYSPSAGYSPSAPGYSPSSTSQYTPRVSERDNRSVKDDKAG-——-————-—
SPQYSPSASYSPTAPGYSPSSTSQYSPQMSNKDDESTHG-—-—-—-—=—=—=—
SPQYSPSAGYSPTAPGYSPSSTSQYTPQMSNKDEESTR--—=-—=—=—=—=—=—
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1633
1874
1830
1806
1824
1838
1838
1838
1839
1839
1837
1838
1848
1847
1839
1587
1807
1852
1855
1843
1806
1850
1848
1630
1846
1846
1839
1846
1846
1794
1842

549
549
551l

536
550
550
550
550
551
550

550
550
550
546
549
549
549
551
549
549
549
549
549
549
549
549
549
564
550
549
549
567
553
504
539
549
549
549
549

549
549
549
549
549



tr |AOA4YT7I7UL|AOA4YTIT7UL_PAPSO
tr |AOA6POEATL |AOAGPIEATL_JUGRE
tr |AOA7J7HU38|AOA7JTHU38_CAMSI
tr |[F6HODY|F6HODY _VITVI

tr |AOA7J6EME3 | AOATJ6EME3_CANSA
tr|AOA067G7I3|AO0A067G7I3_CITSI
tr |AOASJ5TPIO|AOAS5J5TPI9_GOSBA
tr |AOAO61DGES |AOA061DGES_THECC
tr |[AOA6GPSZFF2 |AOA6P5ZFF2 DURZI
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tr |[B9SXCO|BI9SXCO_RICCO

tr |[AOA251M2B5|A0A251M2B5_ MANES
tr|AOA31478L7|A0A3147Z8L7_PRUYE
tr [M5VSC7|M5VSC7_PRUPE

tr |[AOA6J5XYFI|AOA6JIS5XYFI_ PRUAR
tr|AOA6J1LO0Z7 |AOA6J1L0Z7_CUCMA
tr |AOAOAOL655|A0AOAOL655 CUCSA

SPQYSPSAGYSPTAPGYSPSSTSQYTPQTSDKDDRSRKDDRNN-——-———-——-——

SPQFSPSAGYSPTAPGYSPSSTSQFTPETSNKDDGSTR-——=-—=—=—=-—-——-—— 1845
SPPYSPSAGYSPSQPGYSPSSTSQYTPQMSNKDDRSDKDDRSTR-—-—--—-—~ 1847
SPQYSPSVGYSPSAPGYSPSSTSQYTPQMSNKDNGSKR-——————————=——— 1859
SPQYSPSAGYSPSAPGYSPSSTSQYTPQMSNKDNGSPQ--—-———————=——— 1852
SPQYSPSAGYSPSQPGYSPTSTSQYTPQTSDKDDNDDKSTR-—-————————=— 1806
SPQYSPSAGYSPSAPGYSPSSTSQYTPQTNRDDS-TTKDDKNTKGDKSSR--— 1815
SPQYSPSAGYSPSAPGYSPTSTSQYTPSN--KDGRSNKD—-—----— DRSKR--- 1853
SPQYSPSAGYSPSAPGYSPSSTSQYTPQTSNKDDRATKDDRSSKDDRSKR-—— 1861
SPQYSPSAGYSPSAPGYSPSSTSQYTPS—--NKDDHATKDDRNSKDDRSKH--- 1859
SPQYSPSAGYSPSAPGYSPSSTSQYTQ-TSTKDDRTDKGDRNGRDNKDEKSSR 1855
SPQYSPSAGYSPSAPGYSPSSTSQYTPQTSAKDDRNNKGDRNGRDNKG----~ 1858
SPQYSPSAGYSPSQPGYSPSSTSQYTPQTSEKDTKDDRSTR-—=—=—=-—-——-—~ 1837
SPQYSPSAGYSPSQPGYSPSSTSQYTPQTSEKDTKDDRSTR-—————=-—-——-—~ 1844
SPQYSPSAGYSPSQPGYSPSSTSQYTPQTSEKDTKDDRSTR-—————=-—-=—-—— 1844
SPQYSPSAGYSPTAPGYSPSSNSQYTPQTSDKDDRSNR-——————————-——-—— 1848

Fig. 9. MSA of the elongation subunits B1 of RNAP Il from plant sources

AOA1Z5RIH1_SORBI, Sorghum bicolor
AOA3B6MZU3_WHEAT, Triticum aestivum
M4D210_BRARP, Brassica rapa
AOA1J3F625_NOCCA, Noccaea caerulescens
P18616|NRPB1_ARATH, Arabidopsis thaliana
V4P2F5 _EUTSA, Eutrema salsugineum
AOA6J0MG42_RAPSA, Raphanus sativus
AOAOD3A1P5 _BRAOL, Brassica oleracea
AOAOEOLRD6_ORYPU, Oryza punctata
J3MQH6_ORYBR, Oryza brachyantha
AOAOK9IRSK8_SPIOL, Spinacia oleracea
AOA6/9UDD3_SESIN, Sesamum indicum
AOA2G3A9T8_CAPAN, Capsicum annuum
MO0ZVV4_SOLTUSolanum tuberosum
AOA3Q7F7G2_SOLLC, Solanum lycopersicum
AOA6I9RZH4_ELAGYV, Elaeis guineensis
AOA6P9E4T1_JUGRE, Juglans regia
F6HOD9_VITVI, Vitis vinifera
AOA067G7I3_CITSI, Citrus sinensis
AOA061DGE8_THECC, Theobroma cacao
B9SXCO_RICCO, Ricinus communis
AO0A314Z8L7_PRUYE, Prunus yedoensis
AOA6J5XYF9_PRUAR, Prunus armeniaca

C5Y387_SORBI, Sorghum bicolor
AO0A565C923_9BRAS, Arabis nemorensis
AOA6JO0KQO9_RAPSA, Raphanus sativus
AOA1J3JR0O3_NOCCA, Noccaea caerulescens
D7MC36_ARALL, Arabidopsis lyrata
ROGXL7_9BRAS, Capsella rubella
AOA398AHR5_BRACM, Brassica campestris
AOA3N6QGC8_BRACR, Brassica cretica
K3YFU7_SETIT, Setaria italic
AOA803MAV7_CHEQI, Chenopodium quinoa
AOAB6P6TFX2_COFAR, Coffea Arabica
AOA1S3XM16_TOBAC, Nicotiana tabacum
AOA1U8FXJ4_CAPAN, Capsicum annuum
AOA6N2BNI8_SOLCI, Solanum chilense
AOA6V7PIB4_ANACO, Ananas comosus
AO0A4Y7I7U1_PAPSO, Papaver somniferum
AOA7J7THU38_CAMSI, Camellia sinensis
AOA7J6EME3_CANSA, Cannabis sativa
AOA5J5TPI9_GOSBA, Gossypium barbadense
AOA6P5ZFF2_DURZI, Durio zibethinus
A0A251M2B5_MANES, Manihot esculenta
M5VSC7_PRUPE, Prunus persica
AOA6J1L0Z7_CUCMA, Cucurbita maxima

AOAQAOL655 CUCSA, Cucumis sativus
4.3 PR Function in the MSU RNAP llI

The RNARP Ill is the largest and most complex of
these multisubunit enzymes and involves in the
transcription of genes encoding small,
nontranslated RNAs such as tRNAs, 5S rRNA,
and U6 snRNA. It is composed of 17 subunits
and with a molecular mass of ~ 700 kDa (Table
1). Out of the 17 subunits, 10 are unique to
RNAP IIl and the others are common to two or all
three of the RNAPs. The yeast RNAP Il binds 1
Mg®* and 5 Zn** atoms [26]. The second-largest
subunit of the RNAP IIl (C1) is responsible for
the transcription of tRNA, 5S RNA and other low
molecular weight RNA genes (Table 1). Although
the promoters for RNAP | and RNAP Il lie
upstream of the transcription start site (as in
prokaryotes), RNAP Il uses 3 types of promoters
where two are internal to the gene (Type 1 for 5S
rRNA and Type 2 for tRNAs promoters lie
downstream of the transcription start site) and
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one is external to the gene (Type 3 promoters for
U6 SnRNA).

Figure 11 shows the MSA analysis of the
elongation subunits C1 of RNAP Il from different
types of yeasts. The template-binding and
catalytic pairs are highlighted in yellow and the
zinc-binding conserved Cs is highlighted in
orange. The completely conserved Mg*-binding
site is highlighted in light green. The catalytic pair
is slightly different from others as having an
invariant M as —R/KM-. The template-binding pair
—-FG- and the Mg”-binding site with the 3
invariant Ds is conserved in all.

In contrast to RNAP | and RNAP I, three to four
S residues are seen immediately followed by the
catalytic pair in all and a big 9 amino acid gap is
seen between the catalytic amino acid and the
first C of the Zn**-binding site.

The PR exonuclease reaction of RNAP 1l from
S. cerevisiae was studied by Whitehall et al. [27].
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They found that the ribonuclease activity was
totally dependent on the presence of a divalent
cation and was stimulated by the addltlon of non-
cognate ribonucleotides. Zn* or Co™ at 7 mM
yielded transcripts predominantly shortened by
two nucleotides, but not significantly more.

Therefore, Chédin et al. [28] have concluded that
the C11 subunit is essential for the PR functions
and proposed that C11 (= to RpB9 of RNAP Il
and A12.2 of RNAP 1) allows the enzyme to
switch between RNA elongation and RNA
cleavage modes and plays an essential role of

Remarkably, the deletion mutant RNAP Il A,
deprived of C11 subunit, lacked the intrinsic RNA
RNAP

cleavage activity of

complete

the RNAP Il RNA intrinsic cleavage activity.

CLUSTAL O (1.2.4) MSA of the elongation subunits B1 of RNAP Il from animal and insect sources

tr|W2TT11|W2TT11_NECAM GLMDHRQGVTII PGHFAMIELARPVFHIGFLTKI LKVLRCVCFYCSKLLL 114
tr |[AOA6P8Y2MS5 | AOA6P8Y2M5_ DROAB GLMDHROGVLI PGHFAHTELTKPVFHIGFIAKTIKILRCVCFYCSKLLV 115
tr |[AOA1XT7VVZI|AOALIXTVVZI_AMPQE GLMDHRQGVTIT PGHFGHITSLTKPVFHVCFMTKIVKIMRCVCFYCSRLLI 116
tr |[V5HBP6|VSHBP6 IXORI GLMDHRQGVTIT PGHFQHITELAKPVFHCGFLTKTIKILRCVCFYCSKLLV 119
tr |[AOA7JI5XJ09|A0ATI5XT09_DISMA GLMDHRPGVIR PGHEGHIIE LAKPVFHVGFVTKIMKILRCVCFFCSKLLV 117
tr |AOA671PGW1 |AOA671PGW1_9TELE GLMDHRPGVIHR PGHFGHITELAKPVFHVGF ITKIMKVLRCVCFFCSKLLV 117
tr |AOA3PI9D2C8 |AOA3PID2C8_9CICH GLMDHRPGVIHR! PGHFGHITE LAKPVFHVGF ISKIMKVLRCVCFFCSKLLV 117
tr|AOA1S3SD38|A0A1S3SD38_SALSA GLMDHRPGVIHR PGHF(HITE LAKPVFHVGFVNKIMKVLRCVCYSCSKLLV 117
tr |AOA060XGJ1 |AOA060XGJI1_ONCMY GLMDHRPGVIHR PGHFGHITELAKPVFHVGFVNKIMKVLRCVCYSCSKLLV 117
tr |AOA1S3N6MO |AOAL1S3N6MO_SALSA GLMDHRPGVIHR PGHF(HIITELAKPVFHVGFVNKIMKVLRCVCYSCSKLLV 117
tr |AOA3B1J9R7 |AOA3B1J9R7_ASTMX GLMDHRPGVIHR PGHFGHITE LAKPVFHVGFVTKIMKVLRCVCFFCSKLLV 117
tr |AOA4W4GG80 | AOA4WAGG80_ELEEL GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLTKIMKVLRCVCFFCSKLLV 117
tr |AOA484CCJ1|AOA484CCTl_PERFV GLMDHRPGVIHR! PGHFGHITE LAKPVFHVGFVTKIMKVLRCVCFFCSKLLV 117
tr |AOA1A8DQ60|AOAIA8DQ60_O9TELE GLMDHRPGVTIHR! PGHFGHITELAKPVFHVGFISKIMKILRCVCFFCSKLLV 117
tr |AOA1ABEROS|AOAIA8EROS5_9TELE GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGF ISKIMKILRCVCFFCSKLLV 117
tr |[AOA3P9D2C4 |AOA3PID2C4_9CICH GLMDHRPGVIHR! PGHFGHITE LAKPVFHVGFISKIMKVLRCVCFFCSKLLV 117
tr |AOA3B5KXA5 |AOA3B5KXAS5 9TELE GLMDHRPGVIHR PGHFJHITELAKPVFHVGF ISKIMKILRCVCFFCSKLLV 117
tr |H2LPT8 | H2LPT8_ORYLA G---HRQGVIHR, PGHFGHITE LAKPVFHVGF ISKIMKVLRCVCFFCSKLLV 117
tr |AOA4W6CUUL |AOA4W6CUUL_LATCA GLMDHRPGVIHR! PGHFGHIITELAKPVFHVGF ITKIMKVLRCVCFFCSKLLV 117
tr |AOA3L7GMG1 | AOA3L7GMG1_CRIGR GLMDHRQGVIHR! PGHFGHITE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6P3HSN8 | AOA6P3HSN8_BISBI GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr [AOASN3WIL3|AOASN3WIL3_ MUNMU GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA5N4D616|A0ASN4D616_ CAMDR GLMDHRPGVIHR! PGHFGHITE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA452RK12|A0A452RK12_URSAM GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA670ZA05|A0A670ZA05_PSETE GLMDHRPGVIHR! PGHFGHITE LAKPVFHVGFLGKTMKVLRCVCFFCSKLLV 118
£r |[G3RTCIY|G3RTCY_GORGO GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOATMADUC2 | AOATM4DUC2_PIG GLMDHRPGVIHR! PGHFGHIITELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA2K6DF42 | AOA2K6DF42_ MACNE GLMDHRPGVIHR! PGHF(HIITELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|AOA1S2ZNJ1 |AOA1S2ZNJ1l_ERIEU GLMDHRPGVIHR! PGHFGHITELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|008847|008847_MOUSE GLMDHRPGVIHR! PGHF(HIITELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOAID5RJ13|AOA1ID5RI13_MACMU GLMDHRPGVIHR! PGHFGHIITELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|G3MZY8|G3MZY8_BOVIN GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6P3ESES|AOA6P3ES8ES_SHEEP GLMDHRPGVIHR PGHEGHIIE LAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA667HCS4 |AOA667HCS4 LYNCA GLMDHRPGVIHR PGHEFGRIELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
sp |P24928 | RPB1_HUMAN GLMDPRQGVIERTGRCQTCAGNMTECPGHFGHIELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|G3TV69|G3TV69 LOXAF GLMDHRPGVIHR [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|F627Q4|F627Q4_ HORSE GLMDHRPGVIHR [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
sp|P11414|RPB1_CRIGR GGLMOPRQGVIE IELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6I9L929|A0A6IOL929 PERMB GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|I3LYDO|I3LYDO ICTTR GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA2K6RYV7 |AOA2K6RYV7 _SAIBB GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|F7IJWS|F7IJWS5_CALJA GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|AOA671F2F4|AOAG671F2F4 _RHIFE GLMDHRPGVIHR IELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6J0ZAWL | AOA6J0ZAW1_ODOVR GLMDHRPGVIHR [IELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|AOA6J3I271|A0A6J3I271_SAPAP GLMDHRPGVIHR LELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |[AOA091CJITY9|AOAO91CITY_FUKDA GLMDHRPGVIHR LIELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|K9J413|K9J413_DESRO GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6J2NJJ4 |AOA6J2NJIJ4_9CHIR GLMDHRQGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|GIMCZ1|GIMCZ1 AILME GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA3Q7XGI2 |AOA3Q7XGI2_URSAR GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA2U3Y5R9 |AOA2U3Y5R9_LEPWE GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6J2AXC2 |AOA6J2AXC2_ ZALCA GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |D4A5A6|D4ASA6_RAT GLMDHRPGVIHR [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA2I3MI9H2 |AOA2I3M9IH2 PAPAN GLMDHRPGVIHR [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |[AOA2I3RTLS|AOA2I3RTLS5_PANTR GLMDHRPGVIHR IELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |[AOAOR4J0OVS5|AOAOR4JOVS5_MOUSE GLMDHRPGVIHR [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |AOA6J1YFTS5|AOA6JLIYFTS5_ACIJB GLMDHRPGVIHR LIELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|G3T277|G3T277_LOXAF GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr |HOVRW6 | HOVRW6_CAVPO GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|AOA480L5T3|AOA480L5T3_PIG GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
sp |P08775|RPB1_MOUSE GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
tr|AOA340X8C7|AOA340X8C7_LIPVE GLMDHRPGVIHR! [ELAKPVFHVGFLVKTMKVLRCVCFFCSKLLV 119
EREEE I SR Y ki kkkK ko ok ckiikkAkk: Kk Ak,
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I

tr|W2TT11|W2TT11 NECAM
tr|AOA6PBY2M5|AOA6PY2MS DROAB
tr |AOAIXTVVZO|AOAIXTVVZ9 AMPOE
tr |V5HBP6 | VSHBP6 IXORI

tr |A0A7J5XJ09|A0ATJIS5XJT09 DISMA
tr|AOA671PGW1|AOA671PGH1 9TELE
tr|AOA3P9ID2CS | AOA3PID2C8 9CICH
tr|AOA1S3SD38|A0ALS3SD38 SALSA
tr [A0A060XGJ1|A0A060XGI1 ONCMY
tr |AOA1S3N6MO|AOAIS3N6MO SALSA
tr |AOA3B1J9R7|AOA3B1J9R7 ASTMX
tr|AOA4WAGGE0 | AOR4WAGGE0 ELEEL
tr|AOA484CCJI1|AOA484CCIL PERFV
tr|AOAIABDQ60|AOALIABDQ60 9TELE
tr |[AOA1ASEROS|AOAIA8ER05 9TELE
tr |AOA3P9ID2C4|AO0A3PID2C4 9CICH
tr |AOA3BSKXAS | AOA3BSKXAS 9TELE
tr|H2LPT8|H2LPT8 ORYLA

tr |AOA4W6CUUL | AOA4W6CUUL LATCA
tr|AOA3L7GMG1 |AOA3L7GMGL CRIGR
tr |AOAG6P3HSNS | AOA6P3HSNS BISBI
tr |AOASN3WIL3|AOASN3WIL3 MUNMU
tr |AOASN4D616|A0ASNAD616 CAMDR
tr|AOA452RK12 | AOA452RK12 URSAM
tr|AOA670ZA05|A0R670ZA05 PSETE
tr|G3RTCY|G3RTCY GORGO

tr [AOA7M4DUC2 | AOATMADUC2 PIG
tr |AOA2K6DF42 | AOA2K6DF42_ MACNE
tr |AOA1S27ZNJ1|A0A1S22ZNJ1_ERIEU
tr|008847/008847 MOUSE
tr|AOAIDSRJ13|AOALD5RI13 MACMU
tr|G3MZY8|G3MZY8 BOVIN

tr |AOAGP3EBES|AOA6P3ESES SHEEP
tr |AOA667HCS4|A0A667HCS4 LYNCA
sp|P24928 |RPB1_HUMAN
tr|G3TV69|G3TVE9 LOXAF
tr|F627Q4|F62704 HORSE
sp|P11414|RPB1 CRIGR

tr |AOA6TIL929|A0A6TIL929 PERMB
tr|I3LYDO|I3LYDO ICTTR
tr|AOA2K6RYVT|AOA2K6RYVT SAIBB
tr|F7IJWS|F7IJW5 CALJA
tr|AOA671F2F4 |AOA671F2F4 RHIFE
tr |A0A6J0ZAW1 | A0A6JOZAW1 ODOVR
tr |AOA6J3T271|A0A6J31271 SAPAP
tr [A0A091CJITI|A0A091CITY FUKDA
tr|K9J413|K9J413 DESRO
tr|AOA6J2NIJ4 | A0A6J2NIJ4 9CHIR
tr|GIMCZ1|GIMCZ1 AILME

tr |A0A3Q7XGI2 | A0A3Q7XGI2 URSAR
tr |AOA2U3Y5RO|AOA2U3Y5R9 LEPWE
tr |A0A6J2AXC2 | AOA6J2AXC2 ZALCA
tr|D4ASA6|DAASA6 RAT
tr|AOA2I3MIH2 |AOA2I3MIH2 PAPAN
tr|AOA2I3RTL5|AOA2I3RTLS PANTR
tr |AOAOR4JOVS|AOAORAJOVS MOUSE
tr |AOA6J1YFTS5|AOA6J1YFTS ACIJB
tr|G3T277|G3T277_LOXAF

tr |[HOVRW6 | HOVRW6 CAVPO
tr|AOA480L5T3|A0A480L5T3 PIG
sp|P08775|RPBL_MOUSE

tr |A0A340X8C7|A0A340X8CT_LIPVE
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//End of elongation subunits B1 of RNAP Il from animals

tr |AOA6P8Y2M5 | AOA6P8Y2MS DROAB INQAYSPSTAVE —————————————mm TEDDD---- 1943
tr |AOALXT7VVZ9|AOALXTVVZ9 AMPQE —SPQYTPSSPOYSPPSP————————— - ———mmmm 1933
tr|V5HBP6 | VSHBP6 IXORI —SPKYSPTSPTYSPTSPKGSSYSPTSPGYSPSSPTYSPTSPNIEEDSDNDD-——-— 1947
tr |AOA7JI5XJ09|A0ATI5XI09 DISMA -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPSY---SPAISPDPSDEEJIN--- 1957
tr |AOA671PGW1 |AOA671PGWl_9TELE -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEEfIN--- 2047
tr |AOA3P9D2C8 | AOA3P9ID2C8_9CICH —-SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEEfIN--- 1916
tr |AOA1S3SD38|AO0AL1S3SD38_SALSA -SPKYSPTSPTYSPTSPKGSTYSPLSPGYSNPSPSFTLTSPAISPDPSDEEfIN--- 1865
tr |AOA1S3N6MO|AOALS3NEMO SALSA -SPKYSPTSPTYSPTSPKGSTYSPLSPGYSNPSPSFTLTSPAISPDPSDEENN--— 1883
tr |[AOA3B1J9R7|AOA3B1JI9R7 ASTMX -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEENN--— 1966
tr |AOA4W4GG80 | AOA4WAGG80 ELEEL -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEENN--— 1966
tr |AOA484CCJ1|AOA484CCJI1 PERFV -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPEPSDEEfIN--— 1966
tr |AOA1A8DQ60|AOALABDQ60 9TELE -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDDSDESDEENN 1962
tr |AOA1A8ERO5|AOALABEROS 9TELE -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDDSDESDEENN 1969
tr |AOA3P9D2C4 |AOA3PID2C4_9CICH ~SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEEfIN--- 1966
tr |AOA3B5SKXAS5|AOA3B5SKXAS 9TELE -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY---SPAISPDPSDEEfIN--- 1788
tr |[H2LPT8|H2LPT8 ORYLA -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTY-—-SPAISPDPSDEENN--— 1928
tr |AOA3L7GMG1 | AOA3L7GMGl CRIGR -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1894
tr |AOASN3WIL3|AOASN3WIL3 MUNMU XXPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-——- 1957
tr |AOA452RK12|AOA452RK12 URSAM -TPQPSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1817
tr |AOA670ZA05|A0A670ZA05 PSETE -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf---- 1962
tr |G3RTCY|G3RTCY9_GORGO -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf---- 1925
tr |AOA7M4DUC2 | AOATM4DUC2_PIG -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf--—-- 1984
tr |AOA2K6DF42 | AOA2K6DF42_ MACNE ~SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf---- 1977
tr|AOALS2ZNJ1|AOALS2ZNJIl _ERIEU -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf---- 1977
tr 008847008847 MOUSE —SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAI--—4SDEEf-—-— 1966
tr |AOA1DS5RJ13|AOALD5RJI13 MACMU -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr|G3MZY8|G3MZY8 BOVIN -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDDEN-—-— 1970
tr |AOA6P3ESES | AOA6P3ESES SHEEP -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDDEN-—-— 1970
tr |AOA667HCS4 | AOA667HCS4 LYNCA -SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
sp|P24928 |RPB1_HUMAN —SPKYSPTSPTYSPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDDSDEEN-—-— 1970
tr|G3TV69|G3TV69 LOXAF -SPKFSPTSPIlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf---- 1970
tr|F62704 | F6Z7Q4 HORSE -SPKFSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—--- 1970
sp|P11414|RPB1 CRIGR -SPKYSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr |AOA6I9L929|AO0A6I9L929 PERMB -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr|I3LYDO|I3LYDO ICTTR -SPKYSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr |AOA2K6RYVT7|AOA2K6RYV7 SAIBB -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr |F7IJWS|F7IJWS_CALJA -SPKFSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr |AOA671F2F4 |AOA671F2F4 RHIFE -SPKFSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr |AOA6JOZAWL | AOA6J0ZAW1_ODOVR -SPKFSPTSPTlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr|AOA6J3I271|A0A6J3I271 SAPAP -SPKFSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—--- 1970
tr |AOA091CJITY|AOA091CITY_FUKDA -SPKlYSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr|K9J413|K9J413 DESRO -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr |AOA6J2NJJ4 | AOA6J2NJIJ4_9CHIR —-SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr|GI1MCZ1|GlMCZ1 AILME -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1970
tr |AOA3Q7XGI2|AOA3Q7XGI2_URSAR -SPKSPTSPTlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—--- 1970
tr |AOA2U3Y5R9|AOA2U3Y5R9_LEPWE -SPKFSPTSPTlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr |AOA6J2AXC2 | AOA6J2AXC2_ZALCA -SPKSPTSPTlf SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr|D4ASA6|D4ASA6_RAT -SPKFSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPEPSDEEf-—-- 1970
tr |AOA2I3M9H2 | AOA2I3MIH2 PAPAN -SPKSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1931
tr |AOA2I3RTLS5|AOA2I3RTLS5_ PANTR -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1932
tr |AOAOR4JOVS | AOAOR4JOVS_MOUSE -SPKSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1932
tr |ROA6JLYFTS5|AOA6JLYFTS5 ACIJB TSPKYSPTSPT SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-——- 1912
tr|G3T277|G3T277_LOXAF -SPKYSPTSPTlY SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1886
tr [HOVRW6 | HOVRW6_CAVPO -SPKlYSPTSPTlf SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEN-—-— 1833
tr |AOA480L5T3|AO0A480L5T3_PIG -SPKSPTSPTlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-——- 1942
sp|P08775|RPB1_MOUSE -SPKSPTSPTlr SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-- 1970
tr |AOA340X8C7|AO0A340X8C7_LIPVE -SPKlSPTSPTl SPTSPKGSTYSPTSPGYSPTSPTYSLTSPAISPDPSDEEf-—-—- 1970

Fig. 10. MSA of the elongation subunits B1 of RNAP Il from animal and insect sources

AOA6P8Y2M5_DROAB Drosophila albomicans AOATX7VVZ9_AMPQE Amphimedon queenslandica
V5HBP6 _IXORI Ixodes ricinus AO0A7J5XJ09_DISMA Dissostichus mawsoni
AOA671F2F4_RHIFE Rhinolophus ferrumequinum  AOA3P9D2C8_9CICH Maylandia zebra
AOA1S3N6MO_SALSA Salmo salar AOA060XGJ1_ONCMY Oncorhynchus mykiss
AOA1S3SD38_SALSA Salmo salar AOA3B1J9R7_ASTMX Astyanax mexicanus
AOA4W4GG80_ELEEL Electrophorus electricus AO0A484CCJ1_PERFV Perca flavescens
AOA1A8DQ60_9TELE Nothobranchius kadleci AOATABERO05_9TELE Nothobranchius korthausae
AOA3P9D2C4_9CICH Maylandia zebra AOA3B5KXA5_9TELE Xiphophorus couchianus
H2LPT8 ORYLA Oryzias latipes AOA4W6CUU1T_LATCA Lates calcarifer
AOA3L7GMG1_CRIGR Cricetulus griseus AOA6P3HSN8_BISBI Bison bison bison
AOASN3WIL3_ Muntiacus muntjak AOA5N4D616_CAMDR Camelus dromedaries
AOA452RK12_URSAM Ursus americanus AOA670ZA05_PSETE Pseudonaja textilis
G3RTC9_GORGO Gorilla gorilla gorilla HOVRW6_CAVPO Cavia porcellus
AOA7M4DUC2_PIG Sus scrofa AOA2K6RYV7_SAIBB Saimiri boliviensis boliviensis
F7IJW5_CALJA Callithrix jacchus AOA1S2ZNJ1_ERIEU Erinaceus europaeus
008847_MOUSE Mus musculus AOA1D5RJ13_MACMU Macaca mulatta
G3MZY8_BOVIN Bos Taurus AOA6P3E8BES8_SHEEP OQvis aries
AOA667HCS4_LYNCA Lynx Canadensis P24928|RPB1_HUMAN Homo sapiens
G3TV69_LOXAF Loxodonta Africana F6Z7Q4_HORSE Equus caballus
P11414|RPB1_CRIGR Cricetulus griseus A0A6/9L929 PERMB Peromyscus maniculatus bairdii
I3LYDO _ICTTR Ictidomys tridecemlineatus AOA2K6DF42 MACNE Macaca nemestrina

AOA671PGW1_9TELE Sinocyclocheilus anshuiensis AOA6JOZAW1__ ODOVR, Odocoileus vir. texanus
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AO0A6J31271_SAPAP, Sapajus paella
K9J413_DESRO Desmodus rotundus
G1MCZ1_AILME Ailuropoda melanoleuca
AOA2U3Y5R9_LEPWE Leptonychotes weddellii
D4A5A6_RAT Rattus norvegicus
AOA2I3RTL5_PANTR Pan troglodytes

AOA091CJT9_FUKDA, Fukomys damarensis
AOA6J2NJJ4_9CHIR, Phyllostomus discolor
AOA3Q7XGI2_URSAR Ursus arctos horribilis
AOA6J2AXC2_ZALCA Zalophus californianus
AOA2I3M9H2_PAPAN Papio anub
AOAOR4JOV5_MOUSE Mus musculus

AOA6J1YFT5_ACIJB Acinonyx jubatus

AOA480L5T3_PIG Sus scrofa

G3T277_LOXAF Loxodonta Africana

P08775|RPB1_MOUSE Mus musculus

AOA340X8C7_LIPVE Lipotes vexillifer

CLUSTAL O (1.2.4) MSA of elongation subunits C1 of RNAP Il from different yeasts

tr |AOA421JMD6 | AOA421IMD6_9ASCO —MKEVVVDIAPKCIKGLEFSALSAKDIVAQSEVEVQTRDLYDLEKGRTAKVLGALD G 59
tr |AOA376B8E4|AOA376B8E4_9ASCO MAKEVVIDIVPKKIKGLEFSALSASDIVAQSEVEITTRDLFDLENGRKPKNNGALD G 60
tr|Q6CMC7|Q6CMCT7_KLULA —~MKETVIDIAPKKIKGISFSALSAADIVSQSEVEISTRDLFDLDNGRSAKEGGALD G 59
tr |AOA1G4MEKO | AOA1G4MEKO_LACFM —-MKEVVVDIAPKRIKGIDFSALSASDIVAQSEVEISTRDLFDLENGRAAKAGGALD G 59
tr |AOA1G4JQY4 |AOALG4JQY4 9SACH —MKSVVVDVVPKRIKGIDFSALSASDIVAQSEVEISTRDLFDLENGRKAKAGGALDSRMG 59
tr|G8BX78|G8BX78_ TETPH —-MKEVVISETPKRISGLEFSALSTSDITAQSEVEISTRDLFDLENGRAPIEGGALD G 59
tr|J7S3R1|J7S3R1_KAZNA —MKEVVVGETQKKISGIEFSALNAADIVAQSEVEITTRDLFDLEKGREQKTGGALD! G 59
tr |AOAIX7QXG8 | AOALXT7QXG8_ 9SACH —-MREIVTSETPKKISGIQFSALSAADIVAQSEVEISSRDLFDLEKGREQKKGGALD G 59
tr|A7TNS6|ATTNS6_VANPO —MKEVVVSETPKKISGLEFSALSASDIVAQSEVEVSTRDLFDLENGRAPKIGGALD G 59
tr |AOA6CIE976 | AOA6GCIE976 SACPS —MKEVVVSETPKRIKGLEFSALSAADIVAQSEVEVSTRDLFDLEKDRAPRANGALD G 59
sp|P04051 |RPC1_YEAST -MKEVVVSETPKRIKGLEFSALSAADIVAQSEVEVSTRDLFDLEKDRAPKANGALDPKMG 59
tr |AOAOL8VHLS | AOAOL8VHLE_9SACH —-MKEVVVSETPKRIKGLEFSALSAADIVAQSEVEVSTRDLFDLEKDRAPKANGALD G 59
tr |AOA6C1E016|AOA6CIEO16_SACPS —-MKEVVVSETPKRIKGLEFSALSAADIVAQSEVEVSTRDLFDLEKDRAPKANGALD G 59
tr |AOATHOB027 | AOATHIB027_ZYGMR —-MREVVVSTTPKKISGLEFSALSAADIVAQSEVEISTRDLFDLENGRAPKKGGALD G 59
tr|G87UZ8|G8Z2UZ8_TORDC —MKEVVVSATPKRISGLEFSALSAADIVAQSEVEISTRDLFDLENGRAPRAGGALD G 59
Kook Ky KKKK 2 KKy ikkAAKk:y sAKK KKy K kK x *
tr |AOA421JMD6 | AOA421JMD6_9ASCO ISSNSSHCNTAHGNLAYOHGHE RLALPVFHVGYFKSIIQVLQCICKNCSGILLDEQS 119
tr |AOA376B8E4 | AOA376B8E4_9ASCO VSQSSAHCISTAHGNLAY(HGHE KLALPVFHIGYFKATIQILQCICKNCAAILLSEED 120
tr|Q6CMC7|Q6CMC7_KLULA VSSSQAHCITTAHGNLAY(HGHE KLALPVFHVGYFKATIQILQSVCKGCGALLLSEED 119
tr |AOA1G4MEKO | AOA1G4MEKO_LACFM VSSSHAECATAHGNLAYQHGHE KLALPVFHVGYFKATIQILQAICKSCAAVLLSEED 119
tr |AOA1G4JQY4 | AOA1G4JQY4 9SACH VSSSQAHCISTAHGS LATJQHGHE KLALPVFHVGYFKSTIQVLQAICKGCARVLLSEED 119
tr|G8BX78|G8BX78_TETPH VSSSTLHECISTAHGNLAYJHGHE KLSLPVFHVGYFKATIQILQGVCKSCSAILLNDTD 119
tr|J7S3R1|J7S3R1_KAZNA VSSSSQECMTAHGNLAYJHGHE KLALPVFHVGYFKSTIQILQCICKDCSAVLLSDKD 119
tr |AOAIXT7QXG8 | AOALXT7QXG8_ 9SACH VSSSSLECSTHGNLA4JHGHE KLALPVFHVGYFKATIQILQGICKNCSSILLSDKD 119
tr |A7TNS6|ATTNS6_VANPO VSSSSMECIITqHGNLA4JHGHE KLALPVFHVGYFKATIQILQGICKNCSSILLNDTD 119
tr |AOA6CIE976 | AOAGCIE976 SACPS VSSSSLECIITHGNLA4QHGHE KLALPVFHIGYFKATIQILQGICKNCSAILLSETD 119
sp|P04051 |RPC1_YEAST VSSSSLECATCHGNLASCHGHFGHLKLALPVFHIGYFKATIQILQOGICKNCSAILLSETD 119
tr |AOAOLBVHLS | AOAOLSVHLS 9SACH VSSSSLECRATYHGNLA4JHGHE KLALPVFHIGYFKATIQILQGICKNCSAILLSETD 119
tr |AOA6C1E016|AOA6CIEOL6_SACPS VSSSSLECRATYHGNLA4JHGHE KLALPVFHIGYFKATIQILQGICKNCSAILLSETD 119
tr |AOATHOB027|AOATHOB027 _ZYGMR VSSSSLTCETJOGNLA4ANGHE KLALPVFHVGFFKSTIQILQGVCKSCSAILLSDED 119
tr|G8ZUz8|G82UZ8_TORDC VSSSSLECITHGNLA4OHGHE KLALPVFHVGYFKATIQILQGICKNCSAVLLDDHD 119
I | AA .+ 1A A Sk kkkkok i kkky Kk akKk kKK kKk .

1

tr |AOA421JMD6 | AOA421JMD6_9ASCO PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEDGDEMNLHV-PQTEEARAEAINLMG 535
tr |AOA376B8E4 | AOA376B8E4_9ASCO PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADFDGDEMNLHV-PQTEEARAEAINLMG 538
tr|Q6CMC7|Q6CMC7_KLULA PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADFDGDEMNLHV-PQTEEARAEAINLMG 534
tr |AOA1G4MEKO | AOA1G4MEKO_LACFM PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADFDGDEMNLHV-PQTEEARAEAINLMG 534
tr |AOA1G4JQY4 | AOA1G4JQY4 9SACH PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADFDGDEMNLHV-PQTEEARAEAINLMG 534
tr|G8BX78|G8BX78_ TETPH PSLHRLSILSHFAKIRPWRTFRLNECVCTPYNADEFDGPEMNLLCYQQTEEARAEAINLMG 536
tr|J7S3R1|J7S3R1_KAZNA PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536
tr |AOAIX7QXG8 | AOALXT7QXG8_ 9SACH PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536
tr|A7TNS6|ATTNS6_VANPO PSLHRLSILSHFAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAMNLMG 536
tr |AOA6C1E976 | AOA6GCIE976 SACPS PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEDGPEMNLHV-PQTEEARAEAINLMG 536
sp|P04051 |RPC1_YEAST PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADFDGDEMNLHV-PQTEEARAEAINLMG 536
tr |AOAOLBVHLS |AOAOLSVHLS 9SACH PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536
tr |AOA6C1E016|AOA6CIEOL6_SACPS PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536
tr |AOATHOB027|AOATHOB027 _ZYGMR PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536
tr|G8ZUz8|G82UZ8_TORDC PSLHRLSILSHYAKIRPWRTFRLNECVCTPYNADEFDGPEMNLHV-PQTEEARAEAINLMG 536

ok Sk KA KK KK K g KK KK KK KK K K R Kk ok ok ok ok Rk ok ke kk Kk KK KA KK KKK KKK

/I End of the elongation subunits C1

of RNAP Ill from yeasts

tr |AOA421JMD6 | AOA421JMD6_9ASCO DKKVLKRKNTLFESTCQPIAC----—— 1446
tr |AOA376B8E4 | AOA376B8E4_9ASCO SKEQIKPRTTLFEKFCDESVLKAH--— 1462
tr|Q6CMC7|Q6CMC7_KLULA GENDLTPKPTLFETLCDTVVKAN---- 1457
tr |AOA1G4MEKO | AOA1G4MEKO_LACFM APEDLEPKPTLFESLCSCNTTLKVN-— 1459
tr |AOAL1G4JQY4|AOALG4JQY4 9SACH TSKDLEPYPTLFESLCKAKGONELKLS 1459
tr|G8BX78|G8BX78_ TETPH SPEQVKPKRTLFESLVSSNDHNKLN-— 1459
tr|J7S3R1|J7S3R1_KAZNA SERDLKVRPTLFESLASETATIKAN-—-— 1455
tr |AOAIXT7QXG8 | AOALXT7QXG8_ 9SACH SKQDLIPKPTLFESLSNGTVLKVH-—— 1460
tr|A7TNS6|ATTNS6_VANPO KPDDLKPKRTLFENLVAEPALKVN--— 1460
tr |AOA6CIE976 | AOA6GCIE976 SACPS SEKDLMPKPCLFESLSNEAALKAN-—— 1460
sp|P04051 |RPC1_YEAST SEKDLVPKRCLFESLSNEAALKAN--— 1460
tr |AOAOLBVHLS |AOAOLSVHLS 9SACH SEKDLVPKRCLFESLSNEAALKAN-—— 1460
tr |AOA6C1E016|AOA6CIEOL6_SACPS SEKDLVPKRCLFESLSNEAALKAN-—— 1460
tr |AOATHOB027 | AOATHIB027_ZYGMR LEDDLKPKPTLFDKLATESAGTALKIN 1463
tr|G87UZ8|G8ZUZ8_TORDC 1460

HEQDLRPKPTLFESLSKETAIKAN---
. *k

Fig. 11. MSA of elongation subunits C1of RNAP Ill from different yeasts
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A0A421JMD6_9ASCO Spathaspora sp.
Q6CMC7_KLULA Kluyveromyces lactis
AO0A1G4JQY4_9SACH Lachancea mirantina
AOATX7QXG8_9SACH Kazachstania saulgeensis
A7TNS6_VANPO Vanderwaltozyma polyspora
P04051|RPC1_YEAST Saccharomyces cerevisiae

AOA376B8E4_9ASCO Saccharomycodes ludwigii
AOA1G4MEKO_LACFM Lachancea fermentati
J7S3R1_KAZNA Kazachstania naganishii
G8BX78_TETPH Tetrapisispora phaffii
AOA6C1E976_SACPS Saccharomyces pastorianus
AOAOLBVHL8 _9SACH Saccharomyces boulardii

AOA6C1E016_SACPS Saccharomyces pastorianus AOA7H9B027_ZYGMR Zygotorulaspora mrakii

G82ZUZ8_TORDC Torulaspora delbrueckii

Figure 12 shows the MSA analysis of the
elongation subunits C1 of RNAP Il from higher
fungi. The template-binding and catalytic pairs
are highlighted in yellow and the Zn-binding
conserved Cs is highlighted in orange. The
completely conserved Mg?*-binding site is
highlighted in light green. The catalytic amino
acid —-K/H- is conserved in all whereas the
template-binding pair is varied as —FG/YG/YA-
and the MgZ+-binding site with the 3 invariant Ds
are conserved in all. A 9 amino acid-gap is seen
between the catalytic amino acid and the first C
of the Zn2+-binding site as in yeasts. The Mg2+-
binding invariant Ds are completely conserved in
all (Fig. 12). The invasive fungal pathogens
(highlighted in light blue) use either a V or an |

(highlighted in red) immediately after the
template-binding pair, -FG-. Powellomyces
hirtus, Batrachochytrium  salamandrivorans,

Batrachochytrium dendrobatidis, Spizellomyces
punctatus, Spizellomyces palustris are zoosporic
(i.e., reproduce with zoospores) invasive fungal
pathogens and belong to Chytridiomycota.

Figure 13 shows the MSA analysis of the
elongation subunits C1 of RNAP Il from various
plant sources. The template-binding and
catalytic pairs are highlighted in yellow and the
Zn-binding conserved Cs is highlighted in
orange. The completely conserved Mg”" binding

site is highlighted in light green. The catalytic
amino acid —K- is conserved in all, whereas the
template-binding pair is varied as —Y/FG- and the
Mg”-binding site with the 3 invariant Ds are
conserved in all. The distance conservation
between the catalytic amino acid and the first C
of the Zn2+-binding site is maintained in plant
sources also as in yeasts and higher fungi.

Figure 14 shows the MSA analysis of the
elongation subunits C1 of RNAP IIl from animals
and animal parasites. The template-binding and
catalytic pairs are highlighted in yellow and the
Zn-binding conserved Cs is highlighted in
orange. The completely conserved Mg**-binding
site is highlighted in light green. The catalytic
amino acid -R- is conserved in all except in the
malarial parasite, where an equivalent amino
acid -K- is used. Similarly, the template-binding
pair is found to be different in the sequences
from the animal pathogen/parasites where they
mainly use —-FG/WG- instead of an -YG- used by
others (the parasite sequence are highlighted in
light blue). It is not clear whether these changes
in the template-binding pairs have any advantage
for the parasites to bind and transcribe
differentially from their host machinery. However,
the Mg”-binding site with the 3 invariant Ds is
conserved in all.

CLUSTAL O (1.2.4) MSA of elongation subunits C1 of RNAP Il from higher fungi
(Only the polymerase/PR active site and the Mg**-binding regions are shown)

tr|J3P867|J3P867_GAET3 N-N-RTPSRHGPLDHRL.GTSSKTAH SE By RLPLPAFHIGYLRFVQT 112
tr |AOAQOF8B363|AOAOF8B363_CERFI K-N-RTPYLHGPLDHRLGTSSKMS quE: IRVKLPLPCFHIGYLGFIIT 109
tr |[AOA2C5X0T2|AOA2C5X0T2_9PEZI K-N-RTPYLHGPLDHRLGTSSKMS qme IRVKLPLPCFHIGYLGFIIT 109
tr |AOA2C5YCWS5 |AOA2C5YCWS5_9HYPO K-N-RAPYRHGPLDHRLGTSSKIGH JIGHE@HVRLPLPAFHIGYLREVMS 107
tr|AOA179GT68 |AOA179GT68_PURLI N-N-RAPYRHGPLDHRL.GTSSKIG TEHE@HVRLPLPAFHIGY LREVMS 109
tr IMIWGGO | MIWGGO_CLAP2 N-N-RSPYRHGPLDHRL.GTSSKIG qIGHE@HVRLPLPAFHIGYLREFIMS 109
tr |[AOAODIPCO2 | AOAODIPCO2_METAN N-N-RAPYRHGPLDHRLGTSSKSG q1¢ IBVRLPLPAFHIGYLRFIMS 109
tr |[AOAL179FJW8 |AOAL79FIW8_ METCM N-N-RAPYRHGPLDHRLGTSSKGG q1¢ IBVRLPLPAFHIGYLRFIMS 109
tr |AOA4Q7JYL8 |AOA4Q7JIYL8 METCM N-N-RAPYRHGPLDHRL.GTSSKGG dq1¢ IEVRLPLPAFHIGYLRFIMS 109
tr |AOA177WGH3 |AOA177WGH3 BATDL K-NNRPPAKFGALDHRLGTADKSIH QVERF@MIRLVLPVFHIGY FKLMIT 102
tr |AOA1S8VVKI |AOA1S8VVKY_ 9FUNG K-TTRPPAKFGALDHKIL.GTADKSIH qQVEH @I RLALPVFHIGY FKLMIT 102
tr |AOAS507E4D4 |AOA507E4D4_9FUNG Q-SHRPSVKFGVLDIRL.GVADKVK JqIGHE@M/RLAVPVFHIGY FKLMIQ 108
tr |AOAOLOHMV1 |AOAOLOHMV1_ SPIPD Q-PNRPSVKFGVLDIRL.GTADKMG. qVERE@VRLVVPVFHIGY FKLMLS 112
tr |AOA507F1CO|AOA507F1CO_9FUNG Q-PNRPSVKFGVLDIRL.GTADKMG. qVEREF@EAVRLVVPVFHIGY FKLMLS 102
tr |AOA1Y1UMB3|AOALY1UMB3_9TREE EDGTRTTAKDGPLDARNGPNDKTTH AQVERY @Y KLALPVFHIGYFRPTIN 110
tr |[AOA427XWWL | AOA42T7XWW1_9TREE EDGSRTTAPHGPLDARLGPNEKGG] qVERY@EVKLALPVFHIGYFRPTIN 113
tr |AOA1E3JS41|AOAIE3JS41 9TREE EDGSRTVASHGPIDARNGPNEKGK AQVERYPYIT KLVLPVFHIGY FRATIN 113
tr|AOA397TI21|AOA397TI21_ 9GLOM ---NRKPMENGVLDTRLGTSDHDTI| qIGHFPYVKLILPVFHIGYFKAVIN 99
tr |AOA397TXX1|AOA397TXX1 9GLOM ---NRAPMENGVLDTRL.GTSDHDII (IGHFINVKLVLPVFHIGY FKAVIN 99
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tr |AOA397HRI2 | AOA397HRI2_9GLOM
tr |AOA4TOQ4W3 | AOA4TOQ4W3_9BAST
tr|AOASC3R213|A0A5C3R213_9AGAR
tr |AOAL165Y5Y1|AOAL65Y5Y1 9AGAM
tr |AOA4RS5XES0 | AOA4RS5XES0_9AGAM
tr [WAKHO3 |W4KHO3_HETIT

tr |[AOA5SC3NIH7|AOASC3NIH7_9AGAM
tr |AOA066WNI5 |AOA0O66WNIS5 TILAU
tr|AOA317XLE4 |AOA317XLE4_ 9BASI
tr|I2FP81|I2FP81 USTH4

tr |AOAOD1DT74 |AOAODIDT74_USTMA
tr|E6ZW18 |E6ZW18_ SPORE

tr |AOA4UTKRJI3 | AOA4UTKRJI3_9BASI

/4

tr|J3P867|J3P867_GAET3

tr |AOAOF8B363 |AOAOF8B363 CERFI
tr |AOA2C5X0T2 | A0A2C5X0T2_9PEZT
tr |AOA2C5YCWS5 |AOA2C5YCWS5_ 9HYPO
tr|AOA179GT68 |AOA179GT68_PURLI
tr |MIWGGO | MIWGGO_CLAP2

tr |[AOAODIPCO2 | AOAODIPCO2_METAN
tr |[AOAL179FJW8 | AOAL79FIW8_METCM
tr |AOA4Q7JYL8|AOA4QT7JIYLE_METCM
tr |AOA177WGH3 | AOAL177WGH3_BATDL
tr |AOA1S8VVKI|AOALS8VVKY_9FUNG
tr |AOA507E4D4 | AOA507E4D4_9FUNG
tr |AOAOLOHMV1 |AOAOLOHMV1_SPIPD
tr |AOAS507F1CO|AOA507F1CO_9FUNG
tr|AOA1Y1UMB3 |AOA1Y1UMB3_ 9TREE
tr |AOR427XWW1 | AOR427XWW1 9TREE
tr|AOAIE3JS41|AOA1E3JS41_9TREE
tr |[AOA397TI21|A0A397TI21_ 9GLOM
tr [AOA397TXX1|AOA397TXX1_ 9GLOM
tr |[AOA397HR92|AOA397HR92_ 9GLOM
tr |[AOA4TOQ4W3 |AOA4TOQ4W3_9BASI
tr |[AOA5C3R213|A0A5C3R213_9AGAR
tr|AOAL65Y5Y1 |AOAL65Y5Y1 9AGAM
tr |AORA4R5XE50 | AOA4R5XES0_ 9AGAM
tr|W4KHO3 |WAKHO3_HETIT

tr |AOASC3NIH7 |AOASC3NIH7 9AGAM
tr |[AOAO066WNIOS5|AOA066WNIS_TILAU
tr |AOA317XLE4|AOA317XLE4_9BASI
tr|I2FP81|I2FP81_USTH4

tr |[AOAOD1DT74|AOAODIDT74_USTMA
tr|E6ZW18|E6ZW18_SPORE

tr |AOA4UTKRJI3 | AOA4UTKRJI3_9BASI

tr|J3P867|J3P867_GAET3

tr |AOAQOF8B363|A0AOF8B363_CERFI
tr |AOA2C5X0T2|AOA2C5X0T2_9PEZI
tr |[AOA2CS5YCWS | AOA2C5YCWS_9HYPO
tr|AOA179GT68 |AOA179GT68_PURLI
tr |MIWGGO | MIWGGO_CLAP2

tr |AOAODIPCO2 |AOAODIPCO2_METAN
tr |[AOAL179FJW8 | AOAL79FIW8_METCM
tr |AOA4Q7JYL8|AOA4QT7JIYLE_METCM
tr |AOA177WGH3 | AOAL177WGH3_BATDL
tr |[AOA1S8VVKI|AOALS8VVKI_9FUNG
tr|AOAS507E4D4 |AOA507E4D4_9FUNG
tr |AOAOLOHMV1 |AOAOLOHMV1_SPIPD
tr |AOAS507F1CO|AOA507F1CO_9FUNG
tr|AOA1Y1UMB3 |AOA1Y1UMB3_9TREE
tr |[AOA427XWWL | AOA427XWW1_9TREE
tr |AOA1E3JS41|AOAIE3JS41_9TREE
tr |[AOA397TI21|AOA397TI21_9GLOM
tr |AOA397TXX1|AOA397TXX1 9GLOM
tr |AOA397HR92 |AOA397HRI92_ 9GLOM
tr |AOA4TOQ4W3 |AOR4TOQ4W3_9BASI
tr|AOASC3R213|A0A5C3R213_9AGAR
tr |AOA165Y5Y1|AOAL65Y5Y1 9AGAM
tr |AOA4RS5XES0 | AOA4RS5XES0_9AGAM
tr [WAKHO3 |W4KHO3_HETIT

tr |[AOA5SC3NIH7|AOASC3NIH7_9AGAM
tr |AOA0O66WNI5 |AOA0O66WNIS5 TILAU
tr|AOA317XLE4 |AOA317XLE4_ 9BASI
tr|I2FP81|I2FP81 USTH4

tr |AOAOD1DT74 |AOAODIDT74_USTMA
tr|E6ZW18|E6ZW18_SPORE

tr |AOA4UTKRJI3|AOA4UTKRI3_9BASI
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——-NRAPMENGVLDTRIGTSDHDIQIETICEKMAQGAVERF (I KLILPVFHIGY FKAVIN
T-PDRAPQRNGVLDRRHGTSDKSGY(DIJGESMARQVERY I K LALPVFHIGYFRDIIA
--VERLPAKNGVLDRRIGTTEKGARJJETIJGMTAVR(VERY YT KLVVPVFHPGF IKHVVG
--TDRLPVKNGVLDRRIGTSDKSAHUETIQGLGAV(VERY YT KLVVPVFHIGYFKHAIG
--TERVPAKGGVLDRRIYGTTEKNAY(ETQGLS SANQVERY IMTKLALPVFHIGYFKHT IA
--TDRQPVKDGVLDRRIYGTSEKNAHAET/QGLKSVI(VERYIMTKLVVPVFHIGYFKHTIG
-—-PDRVPVKNGVLDRRIYGTSDKTTHUET|QGLNSARQVERY YT KLVLPVFHIGFFKHTIG
T-TERKPMVGGPNDQRIIGIWDKSATJQOIQGHHMSHAI R FPYI K LVLPVYHVGFFKHIVQ
E-AERRPVANGTLDRRIGVSDKNSIHJETQHLKMARQVERY I K LVLPVFHVGY FKHTVA
E-AERKPVANGTLDRRIGVSDKNSYJETQHLKMARQVERY fYIKLVLPVFHVGFFKHTIA
E-SERKPVANGTLDRRLGVSDKNSLCETCHLKMADCVGHYGY IKLVLPVFHVGFFKHTVA
GVSDKNSIJE LKMAQQVERY Y IKLVLPVFHVGFFKHTVA
GVSDKNSI(E LKMAQQVERY IKLVLPVFHVGFFKHTVA
S . A A . . PR

VANNLREFGDVVERHIEDGDIVLENRQPSLHKLSIMSHLVKVRPWRTFRLNECVCTP
TAEQLRFGDVVERHLEDGDIVLFNRQPSLHKLSIMSHLAKIRPWRTFRLNECVCGP
TAEQLRFGDVVERHLEDGDIVLFNRQPSLHKLSIMSHLAKIRPWRTFRLNECVCGP
IARDLRIGDIVERHLEDGDVVLFNRQPSLHKLSIMSHLVKVRPWRTFRLNECVCNP
LARQLKAGDIVERHLEDGDIVLFNRQPSLHKLSIMSHLVKVRPWRTFRLNECVCNP
ASRQLRIGDVVERHLEDGDIVLFNRQPSLHKLSIMSHRAKIRPWRTFRLNECVCNP
AAKQLSYGDIVERHLEDGDVVLEFNRQPSLHKLSIMSHLAKIRPWRTFRLNECVCNP
AAKQLSYGDVVERHLEDGDIVLFNRQPSLHKLSIMSHVAKIRPWRTFRLNECVCNP
AAKQLSYGDIVERHLEDGDIVLEFNRQPSLHKLSIMSHVAKIRPWRTFRLNECVCNP
TADELQYGDTVERHLQODDDVVLENRQPSLHKLSIMSHFVKVRPWRTFRENECVCTP
TAEDLQVGDTVERHLQODDDVVLENRQPSLHKLSIMSHFEVKVRPWRTFRENECVCTP
VAEDLSIGDVVDRHLQODGDIVLEFNRQPSLHKLSILSHYVKVRPWRTFREFNECVCTP
IAAQLNIGDVVDRHLODGDVVLFNRQPSLHKLSIMSHFVKVRPWRTFRFNECVCTP
IAAQLNIGDVVDRHLODGDVVLFNRQPSLHKLSIMSHEVKVRPWRTFRFNECVCTP
TIAQRLKIGDVIHRHVRDGDIVLFNRQPSLHKISIMCHRVKVRPWRTFRLNECVCNP
MARNLRIGDIVHRHVRDGDIVLEFNRQPSLHKISIMCHRVRVRPWRTFRLNECVCNP
WARDLMVGDIVHRHVRDGDIVLFNRQPSLHKLSIMCHRVRVRPWRTFRLNECVCNP
CAAELQIGDIVERHLRDEDVVLENRQPSLHKLSIMAHYVRVKPWRTFRENECVCSP
CASELQIGDVVERHLRDGDVVLENRQPSLHKLSIMAHYVRVKPWRTFRENECVCTP
CAAELQIGDVVERHLSDGDVVLENRQPSLHKLSIMAHYVRVKPGRTFRENECVCTP
IANRLRIGDIVERHLRDRDLILENRQPSLHRLSIMCHYVKVRPWRTLRLNECACNP
VAESLSIGDIVERHVIDGDVVLENRQPSLHKLSIMCHRAKVRPWRTFRLNECACGP
VADGLRYGDVVERHIVDGDVALFNRQPSLHKLSIMCHRVKVRPWRSFRLNECVCNP
IADGLRIGDVVERHIIDGDVVLFNRQPSLHKLSIMCHRVKVRPWRSFRLNECVCGP
IADGLRFGDVVERHIIDGDIVLFNRQPSLHKLSIMCHRVKVRPWRSFRLNECVCGP
MADGLRVGDLVERHIVDGDIVLFNRQPSLHRLSIMSHRVKVRPWRSFRLNECVCTP
AAKNLKYGDIVERHIRDGDIVLEFNRQPSLHKLSIMSHRVKVRPWRTFRLNECACNP
LASKLRVGDIVERHIRDGDIVLEFNRQPSLHKLSIMSHRAKIRPWRTFRLNECACNP
LAQKLRVGDIVERHIRDGDIVLEFNRQPSLHKLSIMSHRAKIRPWRTFRLNECACNP
LAEKLRVGDVVERHIRDGDIVLFNRQPSLHKLSIMSHRAKIRPWRTFRLNECACNPYNAD
LAQKLRVGDIVERHIRDGDIVLEFNRQPSLHKLSIMSHRAKIRPWRTFRLNECACNPYN
LASKLRVGDIVERHIRDGDIVLFNRQPSLHKLSIMSHRAKIRPWRTFRLNECACNP NA]

KKk g kky ok ks KKKKKAKAK gk Kk saak sk kkk Kk AAkEH

—————— HVPQTEEARAEAINLMGVKHNLATPKNGEPIIAATQDFITAAYLLS
—————— HVPQTEEARAEAITLMGVKNNLATPKNGEPIIAATQDFITAAYVES
-HVPQTEEARAEAITLMGVKNNLATPKNGEPIIAATQDFITAAYVES
-HVPQTEEARAEAINLMGVKYNLATPKNGEPIIAATQDFITAAFLLS
—HVPQTEEARAEAINLMGVKYNLATPKNGEPIIAATQDFITAAFLLS
—————— HVPQTEEARAEATISLMGVKYNLATPKNGEPITAATQDFITAAFLLS
—————— HVPQTEEARAEAINLMGVKYNLATPKNGEPITAATQDFITAAFLLS
—————— HVPQTEEARAEAINLMGVKYNLATPKNGEPIIAATQDFITAAFLLS
—————— HVPQTEEARAEAINLMGVKYNLATPKNGEPIIAATQDFITAAFLLS
-HVPQTEEARAEAMELMGTKNNLVTPRNGEPLIAATQDFITASYLLS
—-HVLQTEEARAEAIELMGVKNNLVTPRNGEPLIAATQDFITASYLLS
—HVPQTEEARTEAIQLMGVKNNLVTPRNGEPLIAATQDFITASYLLS

—————— HVPQTEEARAEAMQLMGTKNNLVTPRNGEPLIAATQDFITASYLLS

—————— HVPQTEEARAEAMQLMGTKNNLVTPRNGEPLIAATQDFITASYLLS

—————— HVPQTEEARTEALELMSVKKNLVTPRNGEPIVAATIQDFITAAFLLS

—————— HVPQTEEARTEALTLMSVKKNLVTPRNGEPIVAAIQDFITASYLLS
MNLRKYLPFHVPQTEEARTEALELMSVKKNLVTPRNGEPIIAAIQDFITASYLLS

—————— HVPQTEEARIEAIELMGVKNNLVTPRNGDPIIAAIQDFITSSYLLT
—HVPQTEEARVEATIELMGVKNNLVTPRNGDPITAATIQDFITSSYLIT
—————— HVPQTEEARVEATELMGVKNNLVTPRNGDPITAATIQDFITSSYLIT
—————— HVPQTEEARTEAQELMGVKHNMVTPRNGEPITAATIQDFITAAYLLS
—————— HVPQTEEARTEALQLMNVKHNLVTPRNGEPVIAATIQDFITASFLLS
—————— HIPQTEEARTEALQLMDVKANIVTPRNGEPVIAAIQDFITAAFLLT
-HVPQTEEARTEALELMNVKLNLVTPRNGEPVIAAIQDFITASYLLS
—————— HVPQTEEARTEALELMSVKHNMVTPRNGEPVIAAIQDFITAAWLIS
—————— HVPQTEEARTEALELMNVKYGIVSPRNGEPVIAAIQDFITASYLIS
—————— HVPQTEEARTEATILMGVKHNLVTPRNGEPLIAATIQDFITASFLIS
—————— HVPQTEEARTEATILMGVKHNLVTPRNGEPITAATQDFITASYLIT
—————— HVPQTEEARTEATILMGVKHNLVTPRNGEPITAATIQDFITASYLIS

FDGDEMNM-——--—— HVPQTEEARTEATVLMGVKHNLVTPRNGEPITAAIQDFITASYLIS
FDGDEMNM - -HVPQTEEARTEATVLMGVKHNLVTPRNGEPITIAAIQDFITASYLIS
FDGDEMNM-—--—— HVPQTEEARTEATVLMGVKHNLVTPRNGEPIIAAIQDFITASYLIS

Kk ok klx ok x o Ko Kkkkkk Kk kk ko akgkkgkgakk kkkkkgaiaaa:
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/I End of the elongation subunits C1 of RNAP Il from higher fungi

tr|J3P867|J3P867_GAET3 ~ —-————————— 1461
tr |AOAOF8B363 |AOAOF8B363_CERFI HSHGGDVVMVG 1494
tr |AOA2C5X0T2 |AOA2C5X0T2_9PEZI HSHGGDVVMVG 1493
tr|AOA2C5YCW5 |AOA2C5YCWS_ 9HYPO ~  -——--------- 1452
tr|AOA179GT68 |AOA179GT68_PURLI 1446
tr [IMIWGGO | M1IWGGO_CLAP2 1450
tr [AOAODIPCO2 | AOAODIPCO2_METAN 1447
tr |[AOAL179FJW8 | AOAL79FIW8_METCM 1448
tr |AOA4Q7JYL8|AOA4Q7JIYLE_METCM 1448
tr |AOA177WGH3 |AOA177WGH3_BATDL 1336
tr |AOA1S8VVKI |AOAL1S8VVKY_ 9FUNG 1409
tr |AOAS507E4D4 |AOA507E4D4_9FUNG 1442
tr |AOAOLOHMV1 |AOAOLOHMV1_SPIPD 1434
tr |[AOA507F1CO|AOA507F1CO_9FUNG 1424
tr |AOA1Y1UMB3|AOALY1UMB3_9TREE 1423
tr |[AOA427XWWL | AOA427XWW1_9TREE 1467
tr |AOAL1E3JS41|AOALE3JS41_9TREE 1442
tr|AOA397TI21|A0A397TI21_ 9GLOM 1415
tr|AOA397TXX1|AOA397TXX1 9GLOM 1413
tr |AOA397HR92 |AOA397HRI92_ 9GLOM 1417
tr |AOA4TO0Q4W3 |AOR4TOQ4W3_9BASI 1425
tr |[AOA5C3R213|A0A5C3R213_9AGAR 1404
tr |[AOAL165Y5Y1|AOAL65Y5Y1 9AGAM 1404
tr |[AOA4RS5XES0 | AOA4R5XES0_9AGAM 1404
tr [WAKHO3 |W4KHO3_HETIT 1403
tr |AOASC3NIH7 |AOASC3NIH7 _9AGAM 1404
tr |AOA0O66WNI5 |AOA066WNIS5 TILAU 1404
tr|AOA317XLE4 |AOA317XLE4 9BASI ~  ----------- 1400
tr|I2FP81|I2FP81 USTH4  ———-—--—-—- 1400
tr |[AOAOD1DT74|AOAODIDT74_USTMA 1400
tr|E6ZW18|E6ZW18_SPORE 1400
tr |AOA4UTKRJI3|AOA4UTKRI3_9BASI 1400

Fig. 12. MSA of elongation subunits C1 of RNAP lll from higher fungi

J3P867_GAET3 Gaeumannomyces tritici AOAOF8B363_CERFI Ceratocystis fimbriata
AOA2C5YCW5_9HYPO Cordyceps sp. AOA2C5X0T2_9PEZI Ceratocystis fimbriata
AOA179GT68_PURLI Purpureocillium lilacinum M1WGGO_CLAP2 Claviceps purpurea
AOAODI9PC02_METAN Metarhizium anisopliae AOA179FJW8_METCM Pochonia chlamydosporia
A0A4Q7JYL8_METCM Pochonia chlamydosporia AOA177WGH3_BATDL Batrachochytrium dendrobatidis
AOA1S8VVKI9_9FUNG B. salamandrivorans AOA507E4D4 _9FUNG Powellomyces hirtus
AOAOLOHMV1_SPIPD Spizellomyces punctatus AOA507F1CO_9FUNG Spizellomyces sp. ‘palustris’
AOA1Y1UMB3_9TREE Kockovaella imperatae AOA427XWW1_9TREE Apiotrichum porosum
AOA1E3JS41_9TREE Cryptococcus depauperatus AO0A397TI21_9GLOM Glomus cerebriforme
AOA397TXX1_9GLOM Gigaspora rosea AOA397HR92_9GLOM Diversispora epigaea
AOA4TO0Q4W3_9BASI Wallemia mellicola AOA5C3R213_9AGAR Pterula gracilis
AOA165Y5Y1_9AGAM Peniophora sp. AOA4R5XES50_9AGAM Rickenella mellea
WA4KHO3_HETIT Heterobasidion irreqular AOA5C3NIH7_9AGAM Heliocybe sulcata
AOA066WNI95_TILAU Tilletiaria anomala AOA317XLE4_9BASI Testicularia cyperi
12FP81_USTH4 Ustilago hordei AOAOD1DT74_USTMA Ustilago maydis
E6ZW18_SPORE Sporisorium reilianum AOA4U7KRJ3_9BASI Sporisorium graminicola

CLUSTAL O (1.2.4) MSA of elongation subunits C1 of RNAP Il from various plant sources
(Only the polymerase/PR active site and the Mg?*-binding regions are shown)

tr |AOAGVITNLS | AOA6VITNLS THAWE RDLFTMPQRSPAINGVLDRRIGVSDKV-STIASYJKLKLAQJAGHECGMIRLALPCFHIGY I 115
tr |AOA6V2I8W3|AOA6V2I8W3 TETST RGLYKMPERKPLPNGILDTRIGVSSKQ-LAKGT(SNKLAQJAGHFGYLKLOMPVFHIGYF 116
tr |AOA2R6WX06 | AOA2R6WX06 MARPO SSLYRMPERQPAAHGPLDTRIGTTNKK-GVQTYGHGKLAEH(PGHFGYVRLELPVFHIGY T 111
sp|F4JXF9|NRPC1 ARATH IGLYD-HSFKPYENGLLDPRMGPPNKK-SICTTCEGNFONCPGHYGYLKLDLPVYNVGYF 104
tr |[AOA6JOMCRS | AOA6JOMCRS_RAPSA NMYYE-SNFKPIEGGLLDFRMGPPNKR-STIJATIJHGNFON(PGHYGMLKLDLPVYNVGFEFL 104
tr |AOA3P6CYB3|AOA3P6CYB3_BRAOL NMYYE-SNFKPIEGGLLDRRMGPPNKR-STIJATYGHGNFONJPGHYGYLKLDLPVYNVGEF 104
tr|AOA3N6S603|A0A3N6S603 BRACR NMYYE-SNFKPIEGGLLDFRMGPPNKR-STIJATYGHGNFONJPGHYGYLKLDLPVYNVGEF 104
tr |AOAO078F415|AO0A078F415_ BRANA NMYYE-SNFKPIEGGLLDFRMGPPNKR-STIJATIJHGNFONGPJHYGYLKLDLPVYNVGEE 104
tr |AOA218W7K5|AOA218W7KS5_PUNGR GVYYA-PNRRPIEGGLLDRMGPPNKG-SRASTJDADENG(PGHYCGMLNLVLPVYNVGFEL 104
tr |VIAFW1 |V7AFW1 PHAVU GSYYD-SFKKPIHGGLLDFRMGPANKS-LGATIJHGNFHO(PGHYCGMLNLALPVENVGYL 106
tr |Q7FAC6|Q7FAC6_ORYSJ SRIYN-HEMKPVPNGLLDTRMGAANKL-GECSTCHGSFAECPGHFGYLKLALPVENVGEF 105
tr|AOAIUBAS29|AOALIUBAS29 NELNU SVYYD-VNRKPIDDGLLDYRMGPASKS-GI|dTrddDesrrddrddrdiduNLaLpvENVG YR 105
tr|B9T0Q9|BITO0Q9 RICCO GSYYD-STRKPIQAGLLDRRIUGPATKQS SAKETJGADFHH{PGHFGYLNLVLPVENVGYM 76

tr |AOA7J8R6TO|AOA7JI8R6TO_GOSDV GVYYD-LQSRPIEGGLLDFRMGPPNKS-GKATJDGSFGO{PGHYCGMLPLVLPVYNVGYL 105
tr |AOAO061FU60|AOA061FU60_THECC ALYYD-PKSRPIEGGLLDFRMGPANKS-GKIJATYGHGNFAQJPQHYGYLSLALPVYNVGYL 100
tr |AOAIR3HB58|AOALIR3HB58 COCAP DAYYD-ANNRAIVGGLLDERRMGPANKSSPDIATJGAKFV(PQHYGYLPLALPVYNVGYL 106

. * kx| * | * CEEE P T B D

44



I

tr |AOAG6VITNLS |AOA6VITNLS THAWE
tr |AOAGV2I8W3 |AOA6GV2I8W3_TETST
tr |AOA2R6WX06 | AOA2R6WX06_MARPO
sp |FAJXF9|NRPC1_ARATH

tr |AOA6JOMCRS | AOA6JOMCR5_RAPSA
tr|AOA3P6CYB3|AOA3P6CYB3_BRAOL
tr|AOA3N6S603|AO0A3N6S603_BRACR
tr|AOAO078F415|AO0A078F415_ BRANA
tr |AOA218W7K5|AOA218WT7KS5_PUNGR
tr|VIAFW1 |V7AFW1 PHAVU
tr|Q7FAC6|Q7FAC6_ORYSJ
tr|AOA1UBAS29|AOALIUBAS29 NELNU
tr|B9TO0Q9|BITOQ9 RICCO
tr|AOA7J8R6TO|AOATI8R6TO_GOSDV
tr |AOAO061FU60|AOA061FU60_THECC
tr |AOAIR3HB58 |AOA1R3HB58_COCAP
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//End of the elongation subunits C1 of RNAP Il from plant sources

tr |AOA6VITNLS | AOA6VITNLS THAWE
tr |AOAGV2I8W3|AOA6V2I8W3_TETST
tr |AOA2R6WX06 | AOA2R6WX06_MARPO
sp |F4JXF9|NRPC1_ARATH

tr |AOA6JOMCRS | AOA6JOMCR5_RAPSA
tr |AOA3P6CYB3|AOA3P6CYB3_BRAOL
tr|AOA3N6S603|A0A3N6S603 BRACR
tr|A0A078F415|AOA078F415 BRANA
tr\AOA218W7K5\AOA218W7K5_PUNGR
tr\V7AFWl\V7AFW17PHAVU
tr|QTFAC6|QTFAC6_ORYSJ
tr\AOA1U8ASZ9\AOA1U8A529_NELNU
tr [BITOQ9|BITOQI RICCO

tr |AOA7J8R6TO|AOA7JI8R6TO_GOSDV
tr |AOAO61FU60|AORO61FU60_THECC
tr|AOAIR3HB58 | AOAIR3HB58 COCAP

VVSKGLLLG 14
RPLPVLCY-—————— 14
EKIPKLTYGPEPLLG--- 14
DDLPKLKYGPDPIIS--— 13
KDLPKLNYGPDPIIS--- 13
EDLPKLNYGADPIIS--- 14
EDLPKLNYGADPIIS--- 13
EDLPKLNYGADPIIS--- 13
E-WTEQRRGPDPILSKIL 13
E-LPDLPHGASPILS--- 13
DHLPEFKYQPDPILA---— 13
PQVPQLSYKPDPIIS--- 13
DPPPVLNYGSDSIIS--- 13
777777777777777777 14
DPPPMLRYGPDPVLS--- 13
DPLPLLKYGPDPILA--- 13
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Fig. 13. MSA of elongation subunits C1 of RNAP lll from various plant sources

AOA6V1TNLS5_THAWE Thalassiosira weissflogii AOA6V2I8W3_TETST Tetraselmis striata
AOA2R6WX06_MARPO Marchantia polymorpha F4JXF9|NRPC1_ARATH Arabidopsis thaliana
AOA6JOMCR5_RAPSA Raphanus sativus AOA3P6CYB3_BRAOL Brassica oleracea
AOA3N6S603_BRACR Brassica cretica AOA078F415_BRANA Brassica napus
AO0A218W7K5_PUNGR Punica granatum V7AFW1_PHAVU Phaseolus vulgaris
Q7FAC6_ORYSJ Oryza sativa subsp. Japonica AOA1U8AS29_NELNU Nelumbo nucifera
B9T0Q9_RICCO Ricinus communis AOA7J8R6TO_GOSDYV Gossypium davidsonii
AOA061FU60_THECC Theobroma cacao AOA1TR3HB58_COCAP Corchorus capsularis

CLUSTAL O (1.2.4) MSA of elongation subunits C1 of RNAP Ill from animals and animal parasites
(Only the polymerase/PR active site and the Mg®*-binding regions are shown)
m

tr |Q8SRM3|Q8SRM3 ENCCU GPLDLRLGVGNKKDKCATCGEGLATCIGHFGEVRLVLPVFNVGLIKNTISTLNCLCKSCG 111
tr |L2GLN2 | L2GLN2 VITCO GPLDLRLGVSTKSGICSTCKENIQNCAGHFGQIQLILPCYHIGFLKQTLSILNCICKTCG 111
sp|P27625|RPC1_PLAFA GVLDLKLGAHKSNSVCETCNKKLINCSGHFGYIELNYPVFHIGYYKYIIHILYCICKYCS 132
tr |AOA4W3H8T6 | AOA4W3H8T6_CALMI GVLDHRMGETSEKDRRQETOQGKNLANQIGHY @M IDLELPCFHVGYFKAIIGILQMICKTCS 106
tr|AOA672YVR8 |AOA672YVR8_ITELE GVLDHRMGETSEKDRRQLTGGKNLANQLGHY @M LDLELPCFHVGYFKAIIGILQMICKTCS 103
tr |AOAGI8ROQ8|AOA6IBROQ8 XENTR GVLDHRM{GTSEKDRHQOTOGKNLAHQLGHY @M L.DLELPCFHVGY FKAVIGILQMICKTCS 103
tr |AOA7JT7FM28 |AOATJ7FM28 DICBM GVLDHRM{TSEKDRR(ETGGKNLACQLGHY @ IDLELPCFHVGY FRAVIGILQMICKTCC 113
sp|014802|RPC1_HUMAN GVLDHRMGTSEKDRPCETCGKNLADCLGHYGY IDLELPCFHVGYFRAVIGILQOMICKTCC 113
tr |AOA4X1SK18|AOA4X1SK18_PIG GVLDHRMGETSEKDRRQETYOGKNLAQQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
tr|AOA452DL11|A0A452DL11_CAPHI GVLDHRMGETSEKDRRQETOGKNLANCQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
tr [AOA3QIMCV3|AOA3QIMCV3_BOVIN GVLDHRMGETSEKDRRQETOGKNLAQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
tr [WSPIVO|W5PIVO_SHEEP GVLDHRMGETSEKDRRQETOGKNLANCQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
tr |AOA6P3TAAT7 |AOA6P3TAAT7_SHEEP GVLDHRMGETSEKDRRQETOGKNLANCQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
sp|A4IF62|RPC1_BOVIN GVLDHRMGETSEKDRERQETOGKNLANCQLGHY @M IDLELPCFHVGY FRAVIGILQMICKTCC 113
tr |AOA6P3HO18|AOA6P3H018 BISBI GVLDHRMGTSEKDRRQETYOGKNLAQQLGHY @M IDLELPCFHVGY FRAVIGILOMICKTCC 113
tr |AOA6P8QRO8 |AOA6PE8QR0O8_GEOSA GVLDHRM{GTSEKDRRQETOGKNLAQQLGHY @M IDLELPCFHIGY FKAVIGILQMICKTCS 113
tr |AOA452HFN6|AOA452HFN6 9SAUR GVLDHRMGTSEKDRRQETYQGKNLAQQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 92

tr |AOAIUTRT71|AOALIUTRT71_ALLSI GVLDHRMGETSEKDRRQETYOGKNLAQQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 113
tr |AOATMAES18|AOATM4ES18_CROPO GVLDHRMGTSEKDRRQETYOGKNLAQQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 113
tr|AOAO91FXB7|AOA091FXB7_CORBR GVLDHRMGETSEKDRRQETOGKSLAQCQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 98

tr |AOATKS5TMQ4 | AOATK5TMQ4 9PASS GVLDHRMGETSEKDRRQETOGKSLAQCQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 113
tr|AOATLIRK83|AOATLIRK83_9PASS GVLDHRMGETSEKDRRQETOGKSLAQCQLGHY @M IDLELPCFHVGY FKAVIGILQMICKTCC 98

tr |AOATL2EGD4 |AOA7L2EGD4 ANTMN GVLDHRMGTSEKDRRUETCOGKSLANCLGHY @ IDLELPCFHVGYFKAVIGILQMICKTCC 113
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tr|Q8SRM3|Q8SRM3 ENCCU
tr|L2GLN2 | L2GLN2_VITCO
sp|P27625|RPCL_PLAFA
tr|AOA4W3HST6 | AOALW3HET6 CALMI
tr|AOA672YVRS |AOA672YVRE_9ITELE
tr|AOAGIBROQ8 | AOA6ISROQ8 XENTR
tr|AOA7TITFM28 |AOATJTEM28 DICBM
sp|014802|RPC1_HUMAN
tr|AOA4X1SK18|AOA4X1SK18_ PIG
tr|AOA452DL11|AOA452DL11 CAPHI
tr|AOA3QIMCV3|AOA3Q1IMCV3 BOVIN
tr|WSPIVO|WSPIVO SHEEP
tr|AOAG6P3TAAT|AOA6P3TAAT SHEEP
sp|A4IF62|RPCL_BOVIN
tr|AOA6P3HO18|AOA6P3H018 BISBI
tr|AOA6PBQR0OS | AOA6PSQR0O8_GEOSA
tr|AOA452HFNG | AOA452HFNG 9SAUR
tr|AOALUTRTT1|AOALUTRTT1_ALLSI
tr|AOATM4ES18|AOATMAES18_CROPO
tr|AOAO91FXBT|AOR091FXB7_CORBR
tr|AOATKSTMOA | AOATKSTMO4 9PASS
tr|AOA7TLIRK83|AOATLIRK83 9PASS
tr|AOATL2EGDA | AOATL2EGD4 ANTMN
tr|AOATK8BIL6|AOATKSBIL6 9ICORV
tr|AOATKTMI33 | AOATKTMI33 9PASS
tr|AOATLOWI4T |AOATLOWI47 ALELA
tr |AOAOQ3TVGA | AOAOQ3TVGA AMAAE
tr|AOAO91HHLG|AOAO91HHL6 BUCRH
tr|AOATKIY006|AOATKIY006 9GALL
tr|AOA663MLLA | AOA663MLLA ATHCN
tr|AOA7LADPP2 | AOATLADPP2_9AVES
tr|AOA7LOBEMG6 | AOATLOBEM6 9AVES
tr |AOAO9INWWO | AOAO9INWHO HALAL
tr|AOAO91UL65|AOA091UL6S NIPNI
sp|Q52L98 |RPC1_CHICK
tr|AOA3Q2TTP3 |AOA3Q2TTP3 CHICK
tr|FOVB53|FOVB53 NEOCL
tr|AOAL25YX49|A0AL25YX49 TOXGM
tr|AOATI6KCUT | AOATJI6KCUT_TOXGO

I

tr |Q8SRM3 | Q8SRM3_ENCCU
tr|L2GLN2 | L2GLN2_VITCO
sp|P27625|RPC1_PLAFA

tr |AOA4W3HBT6 | AOA4W3HBT6 CALMI
tr |AOA672YVRS |AOA672YVRE 9TELE
tr |AOA6IBROQ8 |AOA6I8ROQ8 XENTR
tr|AOA7JTFM28 |AOA7JTFM28 DICBM
sp|014802|RPC1_HUMAN
tr|AOA4X1SK18|AOA4X1SK18_PIG
tr|AOA452DL11|AOA452DL11_CAPHI
tr |AOA3Q1MCV3|AOA3QIMCV3_BOVIN
tr |WSPIVO|W5PIVO_SHEEP

tr |AOAGP3TAAT |AOAGP3TAAT SHEEP
sp|A4IF62|RPC1_BOVIN

tr |AOA6P3HO18|AOA6P3HO18 BISBI
tr |AOA6PBQRO8S | AOA6PSQRO8 GEOSA
tr |AOA452HFNG | AOA452HFNG_9SAUR
tr|AOALUTRT71|AOALIUTRT71_ALLSI
tr |AOATM4ES18 |AOATMAES18 CROPO
tr |AOA091FXB7|AOAO91FXB7_CORBR
tr |AOATKSTMQ4A | AOATK5TMQ4 9PASS
tr|AOATLIRK83|AOATLIRK83 9PASS
tr |AOATL2EGD4 | AOATL2EGD4_ANTMN
tr |AOATK8BIL6 | AOATK8BIL6 9CORV
tr |AOATKTMI33 |AOATKTMI33_9PASS
tr |AOATLOWJI47 |AOATLOWI47_ALELA
tr |AOAOQ3TVGA | AOAOQ3TVG4 AMAAE
tr |AOAO91HHLG6 | AOAO91HHL6 BUCRH
tr |AOATKIY006|AOATKIY006 9GALL
tr |AOA663MLLA | AOA663MLL4_ATHCN
tr |AOATL4DPP2 |AOATLADPP2_9AVES
tr |AOATLOBEM6 | AOATLOBEM6_9AVES
tr |AOAO9LINWWO | AOAO91NWWO_ HALAL
tr|AOA091UL65 |AOAO91ULE5 NIPNI
splQ52L98 |RPC1_CHICK

tr |AOA3Q2TTP3 |AOA3Q2TTP3 CHICK
tr|FOVB53|FOVB53_NEOCL
tr|A0AL25YX49|AOAL25YX49_TOXGM
tr |AOA7JI6KCUT7 | AOATJI6KCUT_TOXGO

Palanivelu; IJBCRR, 30(7): 15-59, 2021; Article no.lJBCRR.75573

GPLDLRLGVGNKKDKCATCGEGLATCIGHFGEVRLVLPVEFNVGLIKNTISTLNCLCKSCG
GPLDLRLGVSTKSGICSTCKENIQNCAGHFGQIQLILPCYHIGFLKQTLSILNCICKTCG
GVLDLKLGAHKSNSVCETCNKKLINCSGHFGYIELNYPVFHIGYYKYITHILYCICKYCS

GVLDHRNGTSEKDRRAETQGKNLANQIGHYMIDLELPCFHVGYFKATIIGILOMICKTCS
GVLDHRNGTSEKDRRALYQGKNLANALGHYMLDLELPCFHVGYFKATIIGILOMICKTCS
GVLDHRNGTSEKDRHAQTAGKNLAHALGHYMTL.DLELPCFHVGY FKAVIGILOMICKTCS
GVLDHRYIGTSEKDRR(ETQGKNLAQLGHY (Y IDLELPCFHVGYFRAVIGILOMICKTCC
GVLDHRMGTSEKDRPCETCGKNLADCLGHYGY IDLELPCFHVGYFRAVIGILOMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQOMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQOMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFRAVIGILQOMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHIGYFKAVIGILQMICKTCS
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKSLAT IDLELPCFHVGYFKAVIGILQOMICKTCC
GVLDHRNIGTSEKDRRAETQGKSLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKSLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRIIGTSEKDRRUETNCGKSLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKSLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKSLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQMICKTCC
GVLDHRNIGTSEKDRRAETQGKNLAT IDLELPCFHVGYFKAVIGILQOMICKTCC
RI

GVLDHRNIGTSEKDRR( GKNLAT IDLELPCFHVGYFKAVIGILQOMICKTCC
GVLDLRLGPNKSDSRCQTCGHTLLQCTGHWGYMDLQAPVYHVGYFKYVLQILYCICKTCA
GVLDLRLGPNKSDSRCQTCGHTLLQCTGHWGYMDLQAPVYHVGYFKYVLQILYCICKTCA
GVLDLRLGPNKSDSRCQTCGHTLLQCTGHWGCYMDLQAPVYHVGYFKYVLQILYCICKTCA
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/I End of the elongation subunits C1 of RNAP Il from animals and animal parasites

tr|Q8SRM3|Q8SRM3 ENCCU —-——————————— 1316
tr|L2GLN2|L2GLN2 VITCO  ————————————— 1442
sp|P27625|RPC1_PLAFA E--RETAMNY--- 2339
tr |AOA4W3H8T6 |AOA4W3H8T6_ CALMI --NSEFHIPLVT- 1383
tr |AOA672YVR8 |AOA672YVRE8_9TELE --HADFHIPLIT- 1380
tr |AOA6I8ROQ8|AOA6GIBROQ8_XENTR --HEDFHHPFLNM 1381
tr |AOA7J7FM28 | AOATJ7FM28 DICBM --TNEFHIPLVT- 1380
sp|014802|RPC1_HUMAN —--TNEFHIPLVT- 1390
tr |AOA4X1SK18|AOA4X1SK18_PIG --TDEFHIPLVT- 1291
tr |AOA452DL11|AOA452DL11_CAPHI --TNEFHIPLVT- 1449
tr |AOA3QIMCV3|AOA3QIMCV3_BOVIN --TNEFHIPLVT- 1390
tr |[WS5PIVO|W5PIVO_SHEEP --TNEFHIPLVT- 1392
tr |AOA6P3TAA7 |AOA6GP3TAAT7_SHEEP --TNEFHIPLVT- 1402
sp|A4IF62|RPC1_BOVIN --TNEFHIPLVT- 1390
tr |AOA6P3H018|AOA6P3H018 BISBI --TNEFHIPLVT- 1402
tr|AOA6P8QRO8 | AOA6P8QR0O8_GEOSA —--NNEFHIPIIT- 1390
tr |AOA452HFN6 |AOA452HFN6 9SAUR —-—----------— 1354
tr |AOALUTRT71|AOALIU7RT71_ALLSI —-—-SNEFHIPIIT- 1393
tr |AOATM4ES18 |AOATM4ES18_CROPO —-—-SNEFHIPIIT- 1390
tr |AOAO091FXB7|AOA091FXB7_CORBR ——HNEFHIPIVT- 1373
tr |AOATK5TMQ4 | AOATK5TMQ4 9PASS ——HNEFHIPIVT- 1397
tr |AOATL1RK83|AOA7TL1IRK83_9PASS ——HNEFHIPIVT- 1375
tr |AOATL2EGD4 | AOA7L2EGD4_ANTMN ——HNEFHIPIVT- 1390
tr|AOATK8BIL6 | AOATKEBIL6_9CORV ——HNEFHIPIVT- 1390
tr |AOATK7MJI33 |AOATKTMI33_9PASS ——HNEFHIPIVT- 1375
tr |AOATLOWJ47 |AOA7LOWJI47_ALELA —-NNEFHIPIVT- 1376
tr |AOAOQ3TVG4 |AOAOQ3TVG4_AMAAE —--NSDFHIPIVT- 1390
tr |AOA091HHL6 |AOAO91HHL6_ BUCRH —-NNEFHIPIVT- 1383
tr |AOATKIY006 |AOATKIY006 9GALL —------—-—---- 1327
tr|AOA663MLL4 |AOA663MLL4_ATHCN —-NNEFHIPIVT- 1402
tr |AOATL4DPP2 |AOA7LADPP2_9AVES —-NNEFHIPIVT- 1375
tr |AOATLOBEM6 | AOA7LOBEM6_9AVES —--NNEFHIPIVT- 1375
tr |[AOAO9INWWO |AOAO9INWWO_HALAL —--NNEFHIPIVT- 1375
tr |AOAO091UL65|AOA091UL6S NIPNI —--NNEFHIPIVT- 1375
sp|Q5ZL98 |RPC1_CHICK —--NNEFHIPIVT- 1390
tr |AOA3Q2TTP3|AOA3Q2TTP3 CHICK —--NNEFHIPIVT- 1402
tr|FOVB53|FOVB53 NEOCL FGLQEKHAV----— 1769
tr|AOA125YX49|A0A125YX49 TOXGM YGLPEKHTV---- 1746
tr|AOA7J6KCU7 |AOATJI6KCUT_TOXGO YGLPEKHTV---- 1747

Fig. 14. MSA of C1 elongation subunits of RNAP Ill from animal and animal parasites

Q8SRM3_ENCCU Encephalitozoon cuniculi
P27625|RPC1_PLAFA Plasmodium falciparum
AOA672YVR8_9TELE Sphaeramia orbicularis
AOA6P9CJ55_PANGU Pantherophis guttatus
014802|RPC1_HUMAN Homo sapiens
AOA3Q1MCV3_BOVIN Bos Taurus
AOA6P3H018_BISBI Bison bison
AOA6P3TAA7_SHEEP Ovis aries
AO0A452HFN6_9SAUR Gopherus agassizii
AOA7M4ES18_CROPO Crocodylus porosus
AOA7KS5TMQ4_9PASS Cephalopterus ornatus
AOA7L2EGD4_ANTMN Anthoscopus minutes
AOA7K7MJ33_9PASS Brachypodius atriceps
AOAOQ3TVG4_AMAAE Amazona aestiva
AOA7K9Y006_9GALL Odontophorus gujanensis
AOA7L4DPP2 _9AVES Eurystomus gularis
AOCAO9TNWWO_HALAL Haliaeetus albicilla
Q5ZL98|RPC1_CHICK Gallus gallus
FOVB53_NEOCL Neospora caninum
AOA7J6KCU7_TOXGO Toxoplasma gondii

4.4 PR Functions in the Plant-Specific
RNAPs IV and V

In addition to the three canonical MSU RNAPs,
viz. RNAP I, Il and Ill found in all eukaryotes, two
non-redundant plant-specific RNA polymerases,
viz. RNAP IV and RNAP V have also been
reported from many plant species [29]. Plants
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L2GLN2_VITCO Vittaforma corneae
AOA4W3H8T6_CALMI Callorhinchus milii
AOAG6I8ROQ8_XENTR Xenopus tropicalis
AOA7J7FM28_DICBM Diceros bicornis minor
AOA4X1SK18_PIG Sus scrofa

W5PIVO_SHEEP Ovis aries

A4IF62|RPC1_BOVIN Bos taurus
AOA6P8QR08_GEOSA Geotrypetes seraphini
AOA1U7RT71_ALLSI Alligator sinensis
AOA091HHL6_BUCRH Buceros rhinoceros silvestris
AOA7L1RK83_9PASS Locustella ochotensis
AOA7K8BIL6_9CORYV Cnemophilus loriae
AOA7LOWJ47_ALELA Alectura lathami
AOA091HHL6_BUCRH Buceros rhinoceros silvestris
AOA663MLL4_ATHCN Athene cunicularia
AOA7LOBEM6_9AVES Spizaetus tyrannus
AOA091UL65_NIPNI Nipponia Nippon
AOA3Q2TTP3_CHICK Gallus gallus
AO0A125YX49_TOXGM Toxoplasma gondii

have evolved these two specialized RNAPs that
mainly involve in transcriptional gene silencing
(TGS) in plants. Whereas the RNAP [V is
required for small interfering RNA (siRNA)
biogenesis, the RNAP V transcripts are required
for siRNA methylations of RNA-directed DNA
methylation (RdDM) loci. Both are localized in
the nucleus, composed of 12 subunits each and
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are structurally and functionally distinct from
other  canonical eukaryotic  polymerases
discussed above. For example, 4 subunits of
RNAP IV and 6 subunits of RNAP V are distinct
from RNAP II. The largest catalytic subunit 1 and
subunit 7 are unique for RNAP I, IV and V and
the subunits 2 and 4 are common for IV and V
but different from RNAP Il. RNAP IV precursor
RNAs are only ~30-40 nucleotides (nts) in
length, just long enough to encode single 24-nt
siRNAs, whereas the RNAP V makes longer
transcripts than RNAP |V (i.e.), ~200 nts or
longer [30 and references therein]. Furthermore,
RNAP |V and V use the same initiation subunit,
but differ only in their elongation subunits.
However, they are found to be non-essential for
viability but required for RNA-mediated TGS and
heterochromatin formation in plants [31].

RNAP 1V is known to mainly involve in the
formation of heterochromatin (the silenced
regions of DNA in the chromatin and are stained
intensively by the DNA-binding dyes) by the
RdDM  pathway. In the first step of
heterochromatin formation, RNAP [V couples
with an RNA-dependent RNA
polymerase (RDR2) to synthesize double-
stranded RNA precursors from the single-
stranded RNA transcripts of RNAP IV at all
repeated loci. In the next step,a dicer-like
protein (DLP3), an enzyme belonging to RNase
Il family, slices the double-stranded RNA
precursors into 24 nts long siRNAs. These
siRNAs are then methylated at their 3’-ends by a
protein known as HUA-Enhancer1 (HEN1)
and finally, these methylated siRNAs complex
with a protein known as Argonaute (AGO4) to
form the silencing complex. Now the silencing
complex performs methylation of the target
regions on the chromosomes resulting in the
formation of heterochromatin [17,31,32].

The gene silencing pathway involves in
switching off genes. In the first step, they
generate noncoding RNAs. The noncoding RNAs
accomplish gene-silencing at transcriptional level
(TGS) via the RdADM pathway. Thus, the RdDM
pathway essentially requires two types of
noncoding RNAs, (i.e.), one from the RNAP V-
dependent 24-nt siRNAs and the second one
from the RNAP V-dependent intergenic
noncoding (IGN) RNAs. They mediate cytosine
methylation of complementary DNA sequences
in all sequence contexts (CG, CHG and CHH,

where H=A, C or T) by a de novo
methyltransferase. Thus, the RdDM pathway
involves in silencing of thousands of
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transposons, endogenous repeats, invading RNA
viruses, transgenes and also some protein-
coding genes [17 and references therein].
Therefore, analysis of these two different plant-
specific RNAPs offers insight into their unique
active sites and PR functions in gene silencing
pathways in plants.

Figure 15 shows the MSA analysis of the

elongation subunit of MSU RNAP IV. The
template-binding and catalytic pairs are
highlighted in yellow and the Zn-binding

conserved Cs is highlighted in orange. The
completely conserved Mgz+-binding site is
highlighted in light green. The polymerase region
and the MgZ+-binding site are highly conserved
among them. The MSA analysis data shows that
the catalytic and template-binding pairs in the
polymerase/PR active sites are similar in the

elongation  subunits of RNAP Il (-
PRM'GPPNKKSIC'*TTC"’ EGNFQNC*’PGHY*
GYLKL- A. thaliana) and RNAP IV (-

SRL'GLPNPDSVC'’RTC"*GSKDRKVC*' EGHF**
GVINF - A. thaliana).

The distance conservations between the catalytic
amino acid and first C of the Zn®*-binding are
also maintained in RNAP IV suggesting its
possible origin from RNAP Il rather than from
RNAP 1l (Table 2). Furthermore, the invasive
fungal pathogens use either a V or an |
immediately after the template-binding pairs in
their C1 elongation subunits of RNAP III (Fig. 12)
as in RNAP IV (highlighted in red) further
supporting their possible origin from PNAP Il
The three invariant Ds in Mgz+—binding regions,
viz. -DxDxD- are completely conserved in all
(Table 2).

Figure 16 shows the MSA analysis of the
elongation subunits of the MSU RNAP V from
various plant sources. The template-binding and
catalytic pairs are highlighted in yellow and the
Zn-binding conserved Cs is highlighted in
orange. The completely conserved Mg“~*-binding
site is highlighted in Iizght green. The polymerase
region and the Mg~ *-binding site are highly
conserved in all. Unlike RNAP IV, some of them
possess a conserved repeat in their CTD, a
characteristic feature that is found only in the
elongation subunits of RNAP II, but the sequence
motifs are different. The distance conservations
of the template binding pairs and the conserved
Cs of the Zn**-binding sites are different in both
the elongation subunits of RNAP Il and RNAP V,

eg., -
2 RKV'KC’ETC*MANMAEC*PGHF""GYLELAK-
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in RNAP Il from A. thaliana and -
“'SQL'TNAFLGLPLEFGKC'’ESC'"*GATEPDKC?
*EGHF*GYIQLPVP- in RNAP V from A.
thaliana, showing conservation only in the
template-binding pairs (-FG-), but differ in their
possible catalytic amino acids (-KV- in RNAP I

and —QL- in RNAP V-)’' Furthermore, the distance
between the template binding pair and the
catalytic pair is markedly different between
RNAP Il and RNAP V (Fig. 16 and Table 2).
However, the Zn* binding Cs are completely

CLUSTAL O (1.2.4) MSA of the elongation subunits of RNAP IV from various plant sources
(Only polymerization/ PR sites and M92+-binding sites are shown)

tr |AOA3P5Z8F9|AOA3P5Z28F9_BRACM EAF 44GSKDRKYJEGHF KYHVINPYFLKEIATLLNRI] 96
tr |AOA3P6CGM6 | AOA3P6CGM6_BRAOL EAA 44GSKDRKYFEGHF" KYHVINPYFLKE IATLLNKI] 96
tr |AOA6J0KXG2 | AOA6JOKXG2_ RAPSA EAR J4GSKDRKYFEGHF" SDHVINPHFLKEIATLLNKE] 96
tr |AOA3P6DRW1 | AOA3P6DRW1_BRAOL ER] 44GNKDRKYGEGHF RYHVINPHLLKEVATLLNKE] 96
tr |IMAEFPO|MAEFP9_BRARP ER] 44GSKDRKYGEGHF RYHVINPHLLKEVATLLNKE] 96
tr |[AOA1J3IW39|AOALJI3IW39_NOCCA EAZ JRYJGSKDRKYEGHF' KYYIINPYFVKE IAALLNKI] 116
tr |[AOA1J3GF20|AOALJ3GF20_NOCCA EAZ RYJGSKDRKYJEGHF' KYYIINPYFVKE IAALLNKI] 119
sp|Q9LQ02.1|NRPD1_ARATH EAPNQVTDSRLGLPNPDSVCRTCGSKDRKVCEGHFGVINFAYSIINPYFLKEVAALLNKI 96
tr |D7KU36|D7KU36_ARALL EAH JKTJGSKDRKYEEGHF' QYSIINPYFLKE IAALLNKI] 96
tr|V4MCZ2|V4MCZ2_EUTSA EAH JRAJGSKDRKTEEGHF' QYSVINPYFLKE IAALLNRE] 97
tr |AOA565AW69 | AOAS65AW69_9BRAS EAZ JRTJGSKDRKYEGHF' RHYIINPYFLKE IAALLNKI] 96
tr |AOAO87HEJ6 | AOAO87HEJ6 ARAAL EAR RIJGSKDRKGGEGHEF ONHILNPYFLKEVAALLNKI] 96
* ok L PR R £ EEE B . LKA KKk kRK
I — —
tr |[AOA3P5Z8F9|AOA3P5Z8F9_BRACM DDLQTGDSILRTLKDGDTVLMNRPPSTHOHSLIANGVKVLPTTSVVSLNPJCCLPFRGDH 449
tr |AOA3P6CGM6 | AOA3P6CGM6_BRAOL DDLQTGDSILRTLKDGDTVLMNRPPSTHOHSLIANGVKVLPTTSVVSLNPJCCLPFRGDH 449
tr |AOA6J0KXG2 | AOA6JOKXG2_ RAPSA DDLQTGDSILRTLKDGDTVLMNRPPSTHQHSLIAN$VKLLPTASVVSLNPJCCLPFRGDH 453
tr |AOA3P6DRW1 | AOA3P6DRW1_BRAOL DDLQTGDSILRTLKDGDTVLMNRPPSTHQHSLIAN$VKVLPTTSVVSLNPJCCLPFRGDH 453
tr |IMAEFPO |MAEFP9_BRARP DDLQTGDSFLRTLKDGDTVLMNRPPSTHQHSLIAN$VKVLPTTSVVSLNPJCCLPFRGDH 438
tr|AOA1J3TIW39|AO0ALJ3IW39_NOCCA DDLQTGDKIFRTLYMDGDTVLMNRPPSTHQHSLIAN$VKVLPTTSVVSLNPJCCLPFRGDH 471
tr |AOA1J3GF20|AO0A1J3GF20_NOCCA DDLQTGDKIFRTLYDGDTVLMNRPPSTHQHSLIAN$VKVLPTTSVVSLNPJCCLPFRGDH 474
sp |Q9LQ02.1|NRPD1_ARATH NDLQTGDKIFRSLMDGDTVLMNRPPS THQHSLIAMTVRILPTTSVVSLNP ICCLPFRGDF 448
tr |D7KU36|D7KU36_ARALL SDLQTGDKIFRNLMDGDTVLMNRPPSIHQHSLIANTVRVLPTTSVVSLNPJCCLPFRGD 448
tr|V4MCZ2|V4MCZ2_EUTSA DDLQTGDNIFRTLRDGDTVLMNRPPSIHQHSLVAN$VRVLPTTSVVSLNP]ICLPFRGD 451
tr |[AOA565AW69 | AOAS65AW69_9BRAS DDLONGDNIFRTLFDGDTVLMNRPPSIHQHSLIANKVRVLPTTSVVSLNPJCCLPFRGD 449
tr |AOAO87HEJ6 | AOAO87HEJ6_ARAAL DDLONGDQIFRTLFDGDTVLMNRPPSIHQHSLIAN$VRLLPTTSVVSLNPJCCLPFRGD 449
LRk Kk s ek k| Rk ko ko k ok ok k ko k ok ok sk [k sk ks kR k kA Ak kkx AR
tr |AOA3P5Z8F9|AOA3P5Z28F9_BRACM DGDELHGYVPQS IQAKVELDELYALDKQLVNRONGRNLLS LGQDSLTAAYJVSVETNCFL 509
tr |AOA3P6CGM6 | AOA3P6CGM6_BRAOL DGDEFHGYVPQS IQAKVELDELYALDKQLVNRONGRNLLS LGQDSLTAAYJVNVETNCFL 509
tr |AOA6J0KXG2 | AOA6JOKXG2_RAPSA DGDELHGYVPQS IQAKAELDELYLELDKQLVNRONGRNLLALGQDSLSAAYJANVETNSFL 513
tr |AOA3P6DRW1 | AOA3P6DRW1_BRAOL DGDELHGYVPQS IQAKAELDELYALDKQLVNRONGRNLLSLGQDSLTAAYJVNVETNCFL 513
tr [MAEFPY|M4EFP9_BRARP DGDELHGYVPQSIQAKAELEELYARLDKQLVNRONGRNLLSLGODSLTAAYJVNVETNCFL 498
tr |[AOA1J3IW39|AOALJI3IW39_NOCCA DGDELHGYVPQSIQAKVELDELYALDKQLVNRONGRNLLALGODSLTGAYJVNVEKNCYL 531
tr |AOA1J3GF20|A0OA1J3GF20 NOCCA DGDELHGYVPQSIQAKVELDELYRLDKQLVNRONGRNLLALGODSLTGAYIJVNVEKNCYL 534
sp|Q9LQ02.1|NRPD1_ARATH DGDCLHGYVPQSIQAKVELDELVALDKQLINRQNGRNLLSLGODSLTAAYLVNVEKNCYL 508
tr |D7KU36|D7KU36_ARALL DGDELHGYVPQSIQAKVELDELYALDKQLINRONGRNLLSLGODSLTAAYJVNVEKNCYL 508
tr|V4MCZ2 | VAMCZ2_ EUTSA DGDELHGYVPQSVQAKVELDELYALDKQFVNRONGRNLLS LGQDSLTAAYJVNVEKNCFL 511
tr |AOAS565AW69 | AOA565AW69 9BRAS DGDELHGYVPQSVQARVELDELYALDKQLINRONGRNLLSLGQDSLTAAYJVNVEKNCFEFL 509
tr|AOAO87HEJ6 |AORAO87HEJ6 ARAAL DGDfLHGYVPQSVQARVELNELYRLDKQLINRQNGENLLSLGODSLTAAYJVNVEKNCYL 509
B R e | e IR AR R A AT L . M T

/I End of the elongation subunits of RNAP IV

tr|AOA3P5Z8F9|AOA3P528F9 BRACM LRNGTVQAGAI---—---- 1444
tr |AOA3P6CGM6 | AOA3P6CGM6_BRAOL LRNGTVQAGTI- - 1447
tr|AOA6JOKXG2 | AOA6JOKXG2 RAPSA LRNGTVKPGAI---—---- 1459
tr|AOA3P6DRWI | AOA3P6DRWL_BRAOL LRNGTVQPGAV-—=-—-—-— 1459
tr |[M4EFP9|M4EFP9_BRARP LRNGTVQPGAI- 1443
tr|AOALJ3IW39|AOALJI3IW39 NOCCA LNRGTM----=--—=—-—=— 1491
tr |A0OAL1J3GF20 | A0ALJ3GF20 NOCCA LNRGMV-—-—-—=—===== 1495
sp|Q9LQ02.1|NRPD1_ARATH LKNGTLESGGFSENP---~- 1453
tr |D7KU36|D7KU36 ARALL LKNGTHQPGRLSENPQTVK 1456
tr|V4MCZ2|V4MCZ2 EUTSA LNPKPVKENPKTR---—-— 1465
tr |AOA565AW69 | AOAS65AW69 9BRAS LKRGTVKPVTL- -- 1457
tr |AOAO87HEJ6 | AOAO8THEJ6 ARAAL LKNGTVPPVTL--—————— 1457
*

Fig. 15. MSA of the elongation subunits of the RNAP IV from various plant sources

AOA3P5Z8F9_BRACM Brassica campestris
AOA6J0KXG2_RAPSA Raphanus sativus

AOA3P6CGM6_BRAOL Brassica oleracea
AOA3P6DRW1_BRAOL Brassica oleracea

M4EFP9 _BRARP Brassica rapa subsp. Pekinensis
AO0A1J3IW39_NOCCA Noccaea caerulescens
D7KU36_ARALL Arabidopsis lyrata subsp. Lyrata
AOA565AW69 _9BRAS Arabis nemorensis

AOA1J3GF20_NOCCA Noccaea caerulescens
QILQO2INRPD1_ARATH Arabidopsis thaliana
V4MCZ2_EUTSA Eutrema salsugineum
AOA087HEJ6_ARAAL Arabis alpine
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CLUSTAL O (1.2.4) MSA of the elongation subunits of RNAP V from various plant sources

+

(Only polymerization/PR and the Mg

—MEEASSSEVPEGEIVGITFALASHHEICIASISESSINHAJE;ENPFLGLPLEFGdaES

-binding regions are shown)

tr |ROFV63|ROFV63_ 9BRAS 59

sp |Q5D869|NRPE1_ARATH -MEEESTSEILDGEIVGITFALASHHEICIQSISESAINHPSQLTNAFLGLPLEFGKCES 59

tr |D7LEE8 | D7LEE8 ARALL -MEEESSSEILEGEIVGIKFALATHHEICIASISGSAINHP NSFLGLPLEFGH{ES 59

tr|AOA7J6H335|A0ATJI6H335 CANSA MEEAAEFSDISDGEIIGIKFSLASHKEICTASVSGSSITHA NPYLGLPLEFGR{UES 60

tr |AOA2T4GZX0|AOA2T4GZX0_JUGRE -MEENPSSTILDGEIIGIRFGLATHHEICTASISDCPISHA! NPFLGLPLEFGH{ES 59

tr |[WORNWO | WORNWO_9ROSA -MEETNFSDIYEGEIVGIRFGLASHREICTASVSGSSISHA' NPFLGLPLEFGH{ES 59

tr |[AOA2PSFLX5|AOA2PS5FLX5_TREOI -MEETDFSNVWDGEIIGIRFNLASHREICTASVSGSSITHA NPYLGLPLEFGR{ES 59

tr |[AOA2P5BWY1|AOA2P5BWY1_PARAD -MEETDEFSNVWDGEIIGIRFNLASHREICTASVSGSSITHA NPYLGLPLEFGR{ES 59

* Ko Rk gkk K kkgkookkk Kok Kk ko RS TR T B
tr |ROFV63|ROFV63_ 9BRAS HGATEPDKHEGEEZIIQLPVPIYHPAHVIELKQMLSLLCLKCLKIKKAKS**TSGGLAER 117
sp|Q5D869|NRPE1_ARATH CGATEPDKCEGHFGYIQLPVPIYHPAHVNELKQOMLSLLCLKCLKIKKAKG--TSGGLADR 117
tr |D7LEE8|D7LEES8_ARALL GATEPDKHEGHF@YIQLPVPIYHPAHVNELKQMLS LLCLKCLKIKKAKS--TSGGLADR 117
tr |AOA7J6H335|A0ATJ6H335_ CANSA GTSEAGSHEGHF@YIELPVAIYHPSHVSELRRMLNLLCLKCLKVKKNKS PAKNVGIAEQ 120
tr |AOA2T4GZX0|AOA2TI4GZX0_JUGRE GTSEPGKHEGHF@YIELPIPIYHPSHVGELKRMLS LLCLKCLKMKRNKVPLKSAGLAER 119
tr [WORNWO | WORNWO_9ROSA GTSDLGNHEGHF@YIELPVPIYHPSHVSELKRMLS LLCLKCLKMKKNKFPVKNAGIAEQ 119
tr |[AOA2PSFLX5|AOA2PS5FLX5_ TREOI GTSEAGNHEGHF@YIELPIPIYHPSHVSELRRLLSLLCLKCLKMKKNKFPVKSAGIAEQ 119
tr |[AOA2P5BWY1|AOA2P5BWY1_PARAD GTSEAGNHEGHFQYIELPIPIYHPSHVSELRRLLSLLCLKCLKMRKNKFPVKNAGIAEQ 119
R R A L I I ISP LKk

I

tr |ROFV63|ROFV63_9BRAS INRPPTTHKHSLQALRVYVHEDNTVKINPLMCSPLEADFDGDCVHLFYP&SLSAKAEVME 471
sp|Q5D869 | NRPE1_ARATH INRPPTTHKHSLQALRVYVHEDNTVKINPLMCSPLSADFDGDCVHLFYPQSLSAKAEVME 471
tr |D7LEE8|D7LEES8_ARALL INRPPTTHKHSLQALRVYVHEDNTVKINPLMCSPLBADFDGDCVHLEYPQGSLSAKAEVME 471
tr |AOA7J6H335|A0ATJ6H335_ CANSA INRPPTTHKHSLQALKVYVHDDHIVKINPLICGPLBADFDGDCIHLEYPGSLAARAEVVE 478
tr |AOA2T4GZX0|AOA2T4GZX0_JUGRE INRPPTTHKHSLQALAVYVHDDHTVKINPLICGPLBADFDGDCVHLEYP(SLAAKAEVLE 473
tr [WORNWO | WORNWO_9ROSA INRPPTTHKHSLQALRVYVHEDNTVKINPLICGPL 477
tr |AOA2PSFLX5|AOA2PSFLXS5 TREOI INRPPTTHKHSLQALKVYVHEDHTVKINPLICGPL 477
tr |AOA2P5BWY1|AQOA2PS5BWY1 PARAD INRPPTTHKHSLQALKVYVHEDHTVKINPLICGPL 477

hkkkkkkkkkkkkhkk Kk Ak ok o

/I End of the elongation subunits of RNAP V
tr|ROFV63|ROFV63 9BRAS SPSQTQSPPQTQ
sp |Q5D869 |NRPE1 ARATH SPSQTQAQAQS
tr|D7LEES |D7LEES ARALL
tr|AOATJ6H335|A0ATI6H335 CANSA
tr|AOA2I4GZX0|A0A2I4GZX0 JUGRE
tr |WORNWO | WORNWO 9ROSA

tr |AOA2PSFLX5|AOA2PSFLX5 TREOI
tr |AOA2PSBWY1|AOA2P5BWY1 PARAD

SPSQTQAQAQSPS-QSPSQTQTYS

Kok kkkk ok Kk

2016

Fig. 16. MSA of the elongation subunits of the RNAP V from various plant sources

ROFV63_9BRAS Capsella rubella
D7LEE8 ARALL Arabidopsis lyrata
AO0A214GZX0_JUGRE Juglans regia
AOA2P5FLX5_TREOI Trema orientale

conserved within the polymerase region, but
exhibits different distance conservations in both
the types of RNAPs (Table 2). The three
invariant Ds in M92+—binding sites, viz. -DxDxD-

are completely conserved in RNAPs |, II, I, IV
and V, e.g., -YNADFDGDEINVHFPQ"™® — in
RNAP I from A. thaliana; -

YNADFDGDEMNMHVPQ®”- in RNAP Il from A.
thaliana, -YNADFDGDEMNMHVPQ®'- RNAP III
from A. thaliana, -FRGDFDGDCLHGYVPQ**- in
RNAP IV  from A. thaliana  and
LSADFDGDCVHLFYPQ*'- in RNAP V from A.
thaliana, and but showing variations in their
flanking regions, (i.e.), RNAP IV and V flanking
regions are different from other three RNAPs
(Table 2).

Table 2 shows a consolidated account of the
proposed polymerase, PR and Mg”-binding sites
in all the seven (I-VIl) MSU RNAPs, both from
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Q5D869|NRPE1_ARATH Arabidopsis thaliana
AOA7J6H335_CANSA Cannabis sativa
WIRNWO_9ROSA Morus notabilis
AOA2P5BWY1_PARAD Parasponia andersonii

prokaryotes and eukaryotes. It is clear from
Table 2 that the Zn2+-binding invariant Cs are
conserved in all the seven MSU RNAPs within
the polymerase active site region itself,
suggesting a possible Zn-mediated excision of
mismatched nucleotides during PR activity. The
template-binding (-YG-) and the catalytic pairs (-
RS/T-) are almost identical in the prokaryotic and
prokaryotic-type RNAPs from eubacteria and
plant chloroplasts. The highly conserved 3 Cys
residues within the polymerase active site is also
found in both the bacterial and chloroplast
RNAPs and shown to bind a zinc atom by
crystallography studies [12]. They also maintain
similar distance conservation in both. Possible
proton acceptor for polymerase and PR reactions
are shown in red and dark blue, respectively.

Among the 3 common RNAPs found in all
eukaryotes (I-lll), RNAP Il is remarkably
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conserved in the organisms, viz. from yeasts,
higher fungi, plants and animals. The plant-
specific RNAPs IV and V exhibit similarities to
RNAP llI, i.e., having a similar polymerase active
site with the integrated Zn2+-binding site and with
more or less similar distance conservation
between the catalytic amino acid and the first C

in the zinc-binding site. These similarities
suggest that the plant-specific RNAPs IV and V
might have evolved from RNAP Ill, as all three
RNAPs are localized in the nucleus and involve
in transcription of low molecular weight RNAs.
RNAP IV transcription is found to be the most
error-prone [30] and it also uses unusually a Val

Table 2. Summary of the proposed polymerase/PR active sites and MBS” in MSU RNAPs*

TYPE and SOURCE

POLYMERASE/PR ACTIVE SITES* Mg?**-BINDING SITE

PROKARYOTES
a. MSU RNAP from Bacteria
883VRS'VWSC DTDFGVC'?’AHC®YGRDLARG-(B’) -AYNADFDGDQMAVHVPLY" (B’)

Eubacteria (E. coli)

b. MSU RNAP from Plant Chloroplasts (Prokaryotic-type)
Chloroplasts (A. thaliana) -2 IRT'PFTC°RSTSWIC'’RLC"’YGRSPTHG-(B”) -GFNADFDGDQMAVHVPL®'- (%)
2O RT'PFTC RSTSWIC'?QLC*YGRSPTHG-(B”) -GFNADFDGDQMAVHLPL®'- (8)

Chloroplasts (Z. mays)

EUKARYOTES

A. RNAP | (A1) from Fungal, Plant and Animal Sources
Yeast (Sc) A1 S8LRN'LC’STCGLDEKFC'"*PGHQGHIELPV- -AYNADFDGDEMNMHFPQ®®.
Higher fungi (Pc) A1-*DHV'C*TTCRQNSFTC*TGHPGHIELPV- -TYNADFDGDEMNMHFPQ®®.

-TYNADFDGDEINVHFPQ'4-
-TYNADFDGDEINVHFPQ'?-

*DKQ'AC*NSCGQLKLAC " *PGHCGHIELVFPI-
SEKL'PCKTCGQLYHLC *PGHFGRIELVSPV-

Plants (Af) A1
Plants (Ah) A1

Animals (Human) -**SKE'VC*STCVQDFSNC'*SGHLGHIELPL- -AYNADFDGDEMNAHFPQ®-
B. RNAP Il (B1) from Fungal, Plant and Animal Sources

Yeast (Sc) B1 S2DRN'LKC*QTCQEGMNEC"“PGHFGHIDLAK- -PYNADFDGDEMNLHVPQ*-

Higher fungi (Nc) B1 -**DRQ'FKC'KTCGENMSEC"*PGHFGHIELAR-  -PYNADFDGDEMNLHVPQ®” -

Plants (Af) B1 S2RKV'KC’ETCMANMAEC"’PGHFGYLELAK-  -PYNADFDGDEMNMHVPQ™®-

Plants (Wheat) B1  -*RRT'KC’ETCMAGMAEC"*PGHFGHLELAK- -PYNADFDGDEMNMHVPQ®’-

Animals (Human) B1 -**ERT'GRC'QTCAGNMTEC*PGHFGHIELAK- -PYNADFDGDEMNLHLPQ®"-

C. RNAP Il (C1) from Fungal, Plant and Animal Sources
Yeast (Sc) C1 -*DPKM'GVSSSSLEC° ATCHGNLASC*’HGHFGHLKLAL- -PYNADFDGDEMNLHVPQ®?*
Higher fungi (Um) C1 =>*DRRL'GVSDKNSLC'°ETCHLKMADC*VGHYGYIKLVL- -PYNADFDGDEMNMHVPQ®"’-
Plants (At) C1 -53DPRM'GPPNKKSIC'*TTCEGNFQNCPGHYGYLKLDL- -PYNADFDGDEMNMHVPQ®"!-
Plants (Rice) C1 S“DTRM'GAANKLGEC'’STCHGSFAEC*’PGHFGYLKLAL- -PYNADFDGDEMNLHVPQ*®-
Animals (Human) C1 -’DHRM'GTSEKDRPC '’ETCGKNLADC?’LGHYGYIDLEL- -PYNADFDGDEMNLHLPQ®"-

D. RNAPs IV AND V - Plant-specific
A. thaliana IV -*SRL'GLPNPDSVC'’°RTCGSKDRKVC?'EGHF*GVINFAY-

-PFRGDFDGDCLHGYVPQ**-

A. thaliana V. -*SQL'TNAFLGLPLEFGKC "’ ESCGATEPDKC?*EGHF**GYIQLPV- -PLSADFDGDCVHLFYPQ*'-

*Proposed, "MBS, Metal-binding site; unusual type of template binding amino acids is highlighted in light green.
Sc, Saccharomyces cerevisiae; Pc, Penicillium chrysogenum; At, Arabidopsis thaliana;

Ah, A. hypogaea; Um, Ustilago maydis. Nc, Neurospora crassa

The Mg”" ions which positions the NTP at the polymerization active site is completely conserved
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residue immediately after the template-binding
pair (Table 2). When compared to RNAPs Il and
V, RNAP 1V transcripts are ~ 30 to 40 nts in
length, long enough for formation of 24-nt
SiRNAs. Whereas all the 6 RNAPs have a proton
acceptor amino acid (R/H/Y) immediately
downstream of the template-binding pairs, only
the RNAP IV uses a different amino acid (Val) at
that position, possibly explaining its error—prone
nature [30] (Table 2). It is interesting to note, that
the RNAP lIl from invasive fungal pathogens also
use either a Val or an lle, immediately after the
template-binding pair (Fig. 12), similar to RNAP
IV. Kostyuk et al. [33] shown that in T7 RNA
polymerase, a single amino acid substitution at
the template binding triad —YGS- (S%*'>A) lost
its ability to discriminate NTPs/dNTPs and was
able to synthesize DNA, suggesting that the
downstream amino acid at the template-binding
pair plays an important role in nucleotide
selection, and hence suggesting the possible
error-prone nature of RNAP IV.

It is interesting to note that the invariant Asn (N)
in the Mg”-binding site -NADFDFD-, which is
shown to involve in nucleotide selection, is
completely conserved in all MSU RNAPs except
in the plant-specific RNAPs IV and V, where an -
R and -S are used, respectively (Table 2).

Table 3 shows the proposed PR sites and their
distance conservations between the C residues

in Zn-binding motif of the elongation subunits of
prokaryotes (B’), eukaryotes (A1, B1 and C1),
plant chloroplasts (8”) and plant-specific MSU
RNAPs. It is clear from Table 3 that the distance
between the first and the last C is always
maintained at 11/12, suggesting a Zn-binding site
in all the MSU RNAPs and therefore, a Zn-
mediated excision of the mismatched nucleotide
during transcription is proposed. In all the cases,
the PR site is embedded within the active site of
the respective MSU RNAPs. Furthermore, the
template binding pair is immediately followed by
a basic amino acid R/H except in the plant-
specific RNAPs [V and V.

Table 4 shows the uncommon template-binding
pairs like -SG-, -PG-, -MG-, -AG- that are
observed in the elongation subunits of RNAP |
and RNAP Ill. Uncommon template-binding pairs
are seen in the RNAP | of yeasts and higher
fungi, where they are found to be either human
pathogens or could not ferment sugars.
Uncommon template-binding pairs and its
immediate downstream amino acid are also
observed in the RNAP Il of animal and human
pathogens. These results suggest that
pathogens, parasites and organisms which could
not ferment sugars are adapted to different types
of template-binding pairs. It is not clear whether
such differences offer any advantages to these
organisms for transcription in their hosts.

Table 3. Distance conservations of Cs in ZBS* in the elongation subunits of MSU RNAPs

Organism

Proposed Polymerase/PR Active Sites

Distance Conservations of Cs

1. Prok-MSU RNAP (Ec) -*¥**VRS'VVSC’DTDFGVC'?’AHC"*Y"°GR- (B’) (C5+C12+C15=C1to C3=11)

2a. Chloroplasts (At)
2b. Chloroplast (Zm)
3. Euk- Pol I-A1 (Sc)

4. Euk- Pol II-B1 (Sc)

BT RT'PFTC°RSTSWIC'’RLC°YGR- (B”)

S8 RN'LC’STC GLDEKFC"*PGHQ"'GH-

SS2DRN'LKC*QTC'QEGMNEC"*PGHF"®GH-

(C5+C12+C15=C1to C3=11)

P2RT'PFTCRSTSWIC?QLC™Y'*GR- (B”) (C5+C12+C15=C1to C3=11)

(C3+C6+C13=C1to C3=11)

(C4+C7+C14=C1to C3 =11)

5. Euk- Pol ll-C1 (S¢) **PKM'GVSSSSLEC'°ATC"* HGNLASC*’HGHF*GH- (C10+C13+C20 = C1 to C3=11)

6. Euk- Pol IV (Af)

“*SRL'GLPNPDSVC""RTC"*GSKDRKVC*'EGHF**GV- (C10+C13+C21 = C1to C3=12)

7. Euk- Pol V (Af) -¥SQL'TNAFLGLPLEFGKC'*ESC*GATEPDKC**EGHF*’GY- (C15+C18+C26 = C1 to C3=12)

Ec, E. coli; Zm, Z. mays; Sc, Saccharomyces cerevisiae; At, Arabidopsis thaliana
*ZBS, Zinc-binding site in the proposed PR site within the polymerization active site is shown
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Table 4. Uncommon template-binding pairs in the MSU RNAPs | and Il

RNAP/Organism
RNAP | (Elongation subunit, A1)

From Yeasts

a.
Tortispora caseinolytica ~ Unable to ferment sugars
Yarrowia lipolytica

Candida lipolytica Human pathogen

Spathaspora passalidarum Unable to ferment sugars -°LRNVC*TTCGLDEKFC'"*PGHMGHIEL-

Candida albicans Human pathogen

b. From Higher Fungi

Talaromyces marneffei ~ Human pathogen
Talaromyces cellulolyticus Cellulolytic fungus
Ajellomyces capsulatus# Human pathogen

Blastomyces dermatitidis Human pathogen

RNAP llI (Elongation subunit, C1)

From Human and Animal Parasites

a.

Encephalitozoon cuniculi Animal parasite > DLRL'GVGNKKDKC ’ATC"*GEGLATC*IGHFGEVRL-

Vittaforma corneae
Plasmodium falciparum

Neospora caninum Animal parasite

Human parasite -"*DLKL'GAHKSNSVC'°ETCNKKLINC*SGHFGYIEL-

Nature of the Organism Catalytic and Template-Binding Pairs* MBS*

-P*LRHPC’ATCRLDERFC"PGHSGHIEL- Identical

Unable to ferment sugars -*>LRNNC*ATCNLDNRFC *QGHPGHIEL- Identical
-¥LRNNC’ATCNLDNRFC"*QGHPGHIEL- Identical

Identical

-®*LRNLC*TTCGLDEKFC"*PGHMGHIEL-  Identical
-*DHVC’TTCRASSWSC?PGHPGHIEL-  Identical
-*DHVC’TTCRASSWSC “PGHPGHIEL-  Identical
-DHIC*TTCRLNSWSC'’NGHAGHIEL-  Identical
-*DHVC’TTCRQNSFTC“TGHPGHIEL-  Identical

Identical

Animal parasite —**DLRL'GVSTKSGIC'’STCKENIQNC*’AGHFGQIQL- Identical
Identical

8D RL'GPNKSDSRC "’ QTCGHTLLQC*TGHWGYMDL- Identical

Toxoplasma gondii (M) Animal & Human parasite -'*DLRL'GPNKSDSRC'’QTCGHTLLQC*TGHWGYMDL-Identical

Toxoplasma gondii (O JAnimal & Human parasite -'**DLRL'GPNKSDSRC'’QTCGHTLLQC*TGHWGYMDL- Identical

*Proposed; "MBS, MgZ+—binding site with 3 invariant Ds as —DxDxD-

Uncommon template-binding pairs in:
RNAP |, A1 subunits— From Yeasts

Tortispora caseinolytica occurs in the rotting tissues
of opuntias cactus in the Sonoran desert. It does not
ferment any sugar, but could assimilate only a limited
number of carbon compounds. Yarrowia lipolytica is
characterized by its inability to ferment sugars but
possesses unique physiological capabilities to utilize
polyalcohols, organic acids, and long-chain
hydrocarbons, crude oils, n-paraffins and
hydrocarbons. Yarrowia lipolytica lyrata also known
as Candida lipolytica is a human pathogen but rarely
infect humans. Spathaspora passalidarum
(Debaryomycetaceae) is a wood-boring beetle
associated fungus and one of a few yeasts known to
efficiently ferment and metabolise xylose, a major
component of plant cell walls. This rare ability enables
this for the production of biofuel from plant materials.
Candida albicans is the most prevalent cause of
fungal infections in humans including urinary tract
infections.
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RNAP I, A1 subunits— From Higher Fungi

Talaromyces (Penicillium) marneffei) is a human
pathogen. Patients are presented with fever, altered
mental status, headaches, facial nerve palsy, seizures,
vision loss and mainly affects immuno-compromised
patients like HIV/AIDS. Talaromyces cellulolyticus is
a cellulolytic fungus which could utilize the complex
carbohydrate. Ajellomyces capsulatus, also known
as Histoplasma capsulatum a thermal dimorphic
fungus that causes histoplasmosis, a potentially fatal
disease of the lungs. Blastomyces dermatitidis is the
causal agent of blastomycosis, an invasive and often
serious fungal infection.

RNAP Ill, C1 subunits- From Animal and Human
Parasites

Encephalitozoon cuniculi is a microsporidial parasite
(intracellular animal pathogen) that causes renal and
central nervous system diseases in farmed rabbits.
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Vittaforma corneae is a microsporidial pathogen
cause keratitis and keratoconjuctivitis, an. obligate
intracellular parasite adapted to parasitic life in a wide
range of eukaryotic organisms. Plasmodium
falciparum is a unicellular protozoan parasite of
humans, and the deadliest species of Plasmodium that
causes malaria in humans. Neospora caninum is a
coccidian parasite of animals. It is a major pathogen of
cattle and dogs. Toxoplasma gondiiis one of the
world's most common parasites and is considered to
be a leading cause of death attributed to food-borne
illness. It is a protozoan, single celled, obligate
intracellular parasite that infects most species of
warm-blooded animals, including humans, and causes
the disease toxoplasmosis.

5. A UNIFIED MECHANISM OF ACTION
FOR THE PR EXONUCLEASES OF
MSU RNAPS

Unlike the PR functions in DNA polymerases, the
PR function in MSU RNAPs is not very well
understood. In an attempt to explain the PR

exonuclease activity of MSU RNAPs, a unified
mechanism of action is proposed in this
communication, based on the completely

conserved Zn2+-binding site embedded within the
polymerase active site region in all the 7 known
MSU RNAPs from prokaryotes and eukaryotes. It
has been well established that zinc acts as the
cofactor for >450 enzymes and proteins, where it
plays both structural and catalytic roles. It is
interesting to note that zinc is also an integral
component of both prokaryotic and eukaryotic
DNA and RNA polymerases and is found to be
essential for their function [34,35]. As the Zn-
mediated reactions are exceedingly faster and
efficient, many enzymes use Zn** as the catalytic
metal ion. For example, the mechanisms of
several zinc metalloenzymes have been
proposed to be facilitated by the formation of the
highly reactive zinc-hydroxide. Palanivelu [1,7]
has shown that Zn®* excise mismatched bases/
nucleotides in DNA and RNA polymerases as
well as in RNA modifying enzymes. For example,
PR functions in prokaryotic DNAPs like DNAP I,
I, Il and DNAP X and RdRps of SARS-CoV-2
are proposed to be mediated by Zn-mediated
hydrolysis [36].

Involvement of Zn®* is in the PR function of the
MSU RNAPs is arrived at based on two
important findings. For example, the X-ray
crystallographic analysis [12] and MSA data have
shown that the MSU RNAPs harbour a Zn-
binding site within the polymerase region itself.
Therefore, Sydow and Cramer [11] suggested
that the MSU RNAPS could use the same
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catalytic region for PR function too. In fact,
Zenkin et al [16] studies on a prokaryotic MSU
RNAP from the thermophilic bacterium, Thermus
thermophilus, strongly supports their views. They
have shown that when a wrong nucleotide is
incorporated, the T. thermophilus RNAP stalls
and moved one step backwards and made a
cleavage at the penultimate base, resulting in the
removal of a dimer which includes the wrongly
added nucleotide. Subsequently, the polymerase
resumed polymerization with the correct
nucleotide inserted into the polymerization site.
They further suggested that the terminal RNA
nucleotide mismatch itself could play an active
role in RNA PR activity. Furthermore, the first X-
ray crystallographic analysis of a eukaryotic
RNAP Il complex from S. cerevisiae with its
transcription factor and the elongation factor
TFIS, supported the idea that the polymerase
has a 'tunable' active site that switches between
mRNA synthesis and repair [10]. These results
further strengthen the model of a bifunctional
active site in MSU RNAPs [37]. Moreover, a 2.8
A difference Fourier map revealed the presence
of two metal ions at the active site of the yeast
RNAP Il, a persistently bound metal ion (metal A)
and a mobile metal ion (metal B) suggesting that
the metal ion A possibly participating in regular
polymerization reactions and the mobile metal
ion B in the PR function, only when a wrong
nucleotide is inserted [38]. In addition to, the
SDM experiments from both prokaryotic and
eukaryotic MSU RNAPs have proved that the
conserved Cs are not only essential for the
enzyme activity but also lethal to the organism
[13,25] suggesting also a structural role for the
Zn* in maintaining the polymerase and PR
functions tightly coordinated. In support of these
findings, all the 7 MSU RNAPs from prokaryotes
and eukaryotes possess a completely conserved
3 Cys residues (the Zn®*-binding site) and an
invariant H (as proton acceptor) within the
polymerase active site region itself. Only in
chloroplast MSU RNAP, a Q or an R could
possibly do the job as there was no invariant H at
the expected position as in others. Based on
these findings, a unified PR mechanism is
proposed for these MSU RNAPs (Fig. 17). A
schematic diagramme (Fig. 2A) shows the
mechanism of action of the polymerase and PR
exonuclease activities in prokaryotes (E. coli).
Proposed steps for the mechanism of action PR
exonuclease activity of eukaryotic (S. cerevisiae)
MSU RNARP Il is shown in Fig. 17.

Some amino acid(s) participate in sugar selection
and some involve in base selection, and are
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mostly non-overlappin%. The N residue in the
completely conserved *NADFDGD of the MgZ+-
binding site in all major RNAPs plays a crucial
role in nucleotide discriminations. Functional in
vitro analysis demonstrated that the substitutions
of the corresponding N*®residue in the
prokaryotic (E. coli) elongation subunit B’ not only
led to the loss of discrimination between NTP
and dNTP substrates but also led to defects in
RNA chain extension [19,39]. It is interesting to
note that substitution of the corresponding amino
acid in yeast elongation subunit, Rpb1 (N*° —Y)
is lethal in the same sequence motif
““NADFDGD found in eukaryotes [40]. They
suggested that 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 [40,41]. A similar
mechanism should be operating in all other 6
MSU RNAPs as the PR site is integrated into the
polymerase active site itself in all (Table 2). All of
them use a basic amino acid R/K/H as the proton
acceptor except the plant-specific RNAP V where
a Q is found (the —QL- diad is found in the MSP
RNAPs of chloroplasts and RNAP V).

5.1

Involvement of Additional Proteins

for PR Functions

It was proposed that the PR activity in
prokaryotes may use additional protein like GreA
for excising the mismatches during transcription
[36]. However, further insights into the
participation of any extraneous protein factors for
PR activity were provided by Zenkin et al [16].
They have shown that the RNAP efficiently
cleaved the penultimate (P2) phosphodiester
bond, but not the P1 (ultimate phosphodiester
bond), suggesting that MSU RNAP backtracked
(sliding backwards) by 1 base pair relative to the
pre-translocated state and cleaved the
penultimate phosphodiester bond. Furthermore,
they have found that the selective removal of
mismatched residues during transcription did not
require GreA in T. aquaticus RNAP, proving that
the PR activity is independent of other factors.
They found that the cleavage factors are not also
essential in vivo. In other words, their findings
show that the mRNA itself could correct error(s)
that might occur during its own synthesis. Similar
findings were also reported for the eukaryotic
RNAPs. For example, Khun et al [18] found that
the conserved polymerase active site of RNAP |
was capable of RNA cleavage in the absence of
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cleavage stimulatory factors. Similar
observations were made for RNAP Il and RNAP
Il also, (i.e.), that the hydrolytic activity is
intrinsic to RNAPs Il and Il and factor-
independent [27,42]. The intrinsic cleavage
activity was stimulated greatly by mildly basic
pHs and divalent metal ions. After the stalled,
nascent transcript was cleaved by the intrinsic
PR activity, they resume elongation as usual
[27,42]. Therefore, during transcription
elongation, a hydrolytic reaction stimulated by
misincorporated nucleotides proofreads the
misincorporation events and thus, serves as an
intrinsic mechanism of transcription fidelity. The
terminal mismatch nucleotide itself plays an
active role by stimulating the repair reaction.
Thus, the MSU RNAPs carryout both these
functions using the same active site region.
However, the transcription elongation factor TFlls
of RNAP |l and its equivalent factors in RNAP |
and RNAP Il play a crucial role not only in the
elongation process but also switching between
polymerization and cleavage modes when
mismatch occurs [11,16,28,43].

The release of dinucleotides, and larger
oligonucleotides during PR activity has been
detected by different workers [44,45]. When the
RNAP II progress is blocked by mismatche(s), it
is resolved by temporary backtracking of the

RNAP and deleting of the mismatch in a
transcription elongation factor S-Il (TFIIS)-
dependent or independent manner.
Dinucleotides tend to originate from Sll-

independent mechanism, whereas 7-14 base
products were observed from Sll-dependent
mechanism [44]. By the backtracking mechanism
the enzyme retreats on the template resulting in
the extruding of the 3-end of the RNA and
reaching the penultimate nucleotide for excision
[45].

Steps 1 and 2: The mismatch induces the PR reaction.
The PR exonuclease frays the mismatched nucleotide
from the DNA template and backtracks to the
penultimate nucleotide. The PR exonuclease active
site initiates proton transfer from the water-bound Zn*
with the simultaneous nucleophilic attack on the
susceptible phosphodiester bond by the highly
reactive Zn-hydroxide.

Step 3 and 4: The wrongly added nucleotide is excised
along with the penultimate nucleotide as a dimer and
the polymerase resume synthesis from penultimate
nucleotide with the correct nucleotide.
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6. CONCLUSION

RNAPs play a crucial role in gene expression,
where the genetic blueprint on DNA is copied
into RNA. Some of these RNAPs are SSU types
(e.g., viral, nuclear-encoded mitochondrial and
chloroplast RNAPs) and others are MSU types.
Prokaryotic, prokaryotic-type (chloroplast) and all
the eukaryotic RNAPs are MSU tgpes These
RNAPs rarely make mistakes ( ) during the
transcription process. As some of these mistakes
could drastically affect the growth and very
survival of the organisms, the RNAPs correct
these mistakes by an intrinsic PR mechanism.
Unlike in DNA polymerases, in the MSU RNAPs
the PR mechanism is found to be integrated into
the polymerase active site itself. This PR act|V|ty
is proposed to be accomplished by a zZn*-
mediated excision by the integrated zn’ “-binding
site in these MSU RNAPS. Thus, the discovery
of an intrinsic mechanism in self-correcting RNA
transcripts fulfils a missing link in molecular
evolution.
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