T7 RNA POLYMERASE VARIANTS

{0001] The present application claims priority US Prov. Pat. Appln. Ser. No. 62/527,740, filed hine
30, 2017, and US Prov. Pat. Appln. Ser. No. 62/528,840, filed July 5, 2017, both of which are

meorporated by reference in their entireties for all purposes.

FIELD OF THE INVENTION

{0002] The present invention provides cugincercd RNA polymerase varants and compositions
comprising these variants. The present mvention further provides engineered T7 RNA polymerase
variants and compositions comprising these variants. These vartants have been evolved for selective
mncorporation of the m7G{5 ppp(53 M7 cap analog over GTP at the nitiation of /i virre

transcription. The present mvention also provides methods for selective capping of RNA transcripts.

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

{0003] The official copy of the Sequence Listing is submitted concurrently with the specification as

an ASCI formatted text file via EFS-Web, with a file name of “CX8-168USP1_ST25.4xt”, a creation
date of July 5, 2017, and a size of 184,320 bytes. The Sequence Listing filed via EFS-Web is part of

the specification and 1s incorporated n its entirety by reference herein.

BACKGROUND OF THE INVENTION

[8604] RNA polymerases, also referred to as “"DNA-dependent RNA polymerases” transcribe DNA
mto RNA transcripts. These enzvmes represent the primary machinery that drives transcription.
RNA polymerases have been isolated and purified safficiently that they are useful for producing RNA
in vitro. In vitro transcription is a procedure that allows for DNA-directed synthesis of ENA
molecules of any sequence, ranging in size from short oligonucleotides to several kilobases.
Typically, in vitro transcription mmvolves engineering of a template that includes a bacteriophage
promoter sequence {e.g., from the T7 coliphage) upstream of the sequence of interest followed by
transcription using the corresponding RNA polymerase. Oficn, these RNA transeripis are
subsequently modified {¢.g., by capping, splicing, the addition of a poly-A tail, etc.). These
transcripts are used in analvtical techniques (e.g, hvbridization analysis), structural studies (e.g.,
NMR and X-ray crystallography), in biochemical and genctic studies {¢.g., as antisense reagents), as
functional molecules {(¢.g., ribozymes and aptamers), and as therapeutic agents.

{0005] In addition, the development of mRNA as a therapeutic agent for enzyme replacement
therapy has highlighted significant commercial hurdles that exist for the cost-cffective, commercial

produaction of mRNA| inclading efficient production of modified mRNA.

SUMMARY OF THE INVENTION



[B0386] The present invention provides engineered T7 RNA polymerase variants and composifions
thereof. These varants have been evolved for selective mcorporation of the m7G{(5 pop(5 Im7G cap
analog over GTP at the initiation of in vifro transcription. The present mvention also provides
methods for selective capping of RNA transcripts. In addition, the present invention provides
methods and compositions comprising the RNA polymerase variants provided herein.

18607} The present imvention provides engineered RNA polymerases comprising polypeptide
sequences having at least 85%. 90%, 91%, 92%. 93%, 94%, 93%, 96%, 97%. 98%, 99%, or more
sequence identity to the reference sequence of SEQ 1D N(OS:4 and/or 15, or functional fragments
thereof, wherein the engineered RNA polvmerases comprise at least one substitution or substitution
set in the polypeptide sequences, and wherein the amino acid positions of the polypeptide sequences
are numbered with reference to SEQ ID NO:4 or 15,

[0608] In some embodiments, the engincered RNA polymerases comprise at least one substitution or
substitution set is selected from 32/357, 49/642, 97/357, 136, 137, 160/643, 167/514, 250, 302/513,
314/401, 357,392, 393, 394, 397, 401, 404, 444, 446, 478,513, 514, 582, 635, 636, 637, 639, 642,
643, 645, 653, 656, 660, 660/806, 661, and 664, and/or any combinations thereof, wherein the ammo
acid positions are numbered with refercnce to SEQ 1D NO:4. In some further embodiments, the
enginecred RMNA polymerases comprise at least one substitution or substitution set 1s selected from
32V/3571, 49G/64 2L, 9TD/357G, 136E/4, 137W, 160L/6438, 167TN/S14L, 250D, 302V/513G,
314C/401V, 35TG/K/L/MN/G/R/SIT/N /W, 392D, 393L7Y, 394A/L/R, 39TF/M/G/W, 401 A/VL/S/V,
404E/Y, 444FHUV , 446W/Y, 478F/M/W, S13C/F/K/L/RTIW, STAF/VLY, 582N, 635W, 6361,
637G/P/S, 639H, 6421, 643 A, 645V, 653C, 636F/W, 660A/C/M/S/T/W, 660N/806Y, 661E/Y, and
664W, and/or any combinations thereof, wherein the amino acid positions are numbered with
reference to SEQ ID NO 4. In some additional embodiments, the engineered RNA polymerases
comprise at least one substitution or substitution set is selected from A32V/E3STI, E40G/M6O42L,
EOTD/E3STG, A136E/L, DI3TW, R160L/T6438, KI6TN/SS 4L, T250D, A302V/D3513G,
R314C/RA01V, E357G/K/L/M/MN/Q/R/S/T/VIW, Y3920, R393L/Y, K394A/L/R, A39TEF/M/Q/W,
RAGIAL/S/V, S404E/Y , NA44FH/Y, MA46W/Y | DATEF/M/W, DS 13C/F/K/L/R/T/W,
SST4F//L/Y, AS8IN, S635W, V6361, T637G/P/S, R639H, M642E., To643A, A645V, F653C,
Q636F/W, DOSOA/C/M/S/TIW, DOSON/HRO6Y, T6GIE/Y, and P664W, and/or any combinations
thereof, wherein the amino acid positions are numbered with reference to SEQ 1D NO:4,

{8609] In some embodiments, the enginecred RNA polymerases comprise at least one substitution or
substitution set 1s selected from 397/513/635, 397/513/635/660, 513/660/664, 513/635/660,
513/635/664, 513/660/664, and 660/664, and/or any combinations thercof, wherein the amino acid
positions are numbered with reference to SEQ [D NGO 4. In some further embodiments, the
engineered RNA polymerases comprise at least one substitution or substitition set is selected from
3G7F/S13W/635W, 39TF/513Y/635W, 397TW/S13Y/635W, 30TW/S13W/635W,
397TW/SI3Y/635W/660F, 39TW/SI3W/635W/660W, 397Y/513W/635W/660F,

s
g



475V/ISI3W/633W/660Y, SI3F/660W/664Y, 513W/635W/660F, S13W/635W/664W,
S13Y/635W/660F, 313Y/635W/660Y, 513Y/660W/664W, and 660Y/664W, and/or any combinations
thereof, wherein the amino acid positions are numbered with reference to SEQ ID NG:4. In some
additional embodiments, the enginecred RNA polvmerases comprise at least one substitution or
substitution set 13 selected from A3OTE/DSI3W/S635W, A3978/DS13Y/S635W,
A39TW/DSI3Y/S635W, AS9TW/DS13W/S635W, A39TW/DS13Y/S635W/D660F,
A39TW/DSI3W/SE3SW/DA6OW, A397Y/DSI3W/S635W/D6O0F, A475V/D513W/S635W/D660Y,
DIF/DECOW/POo4Y, DISI3W/S635W/DEGOF, DS13W/S635W/P664W, DS 13Y/S635W/MIG60F,
DS13Y/S635W/D660Y, DSI3Y/D6GOW/PG64W, and D660Y/P664W, and/or any combinations
thereof, wherein the amino acid positions are numbered with reference to SEQ ID NO:4.

106190] In some embodiments, the engineered RNA polymerases comprise at least one substitution or
substitution set is selected from 397, 397/513, 397/513/635, 397/513/635, 397/513/635/656,
397/513/635/656/660, 397/513/635/656/660/664, 397/513/635/656/664, 397/513/635/660,
397/513/635/660/664, 397/513/635/664, 397/513/656/660, 397/513/660, 397/513/660/664,
397/513/664, 397/513. 397/635, 397/635/656/660/664, 397/633/656/664, 397/635/660, 397/635/664,
397/635/664/850, 397/660, 397/664, 397/660/664, 397/837. 399/635/660, 475/513/635/660, 513,
513/635, 513/635/656, 513/635/656/660, 513/635/656/664, 513/635/660, S13/635/660/664,
513/635/664, 513/656/660, 513/656/664, 513/660, 513/660/664, 513/664, 635, 635/656, 635/636/664,
635/660, 635/660/664, 635/664, 656/660/664, 658, 660, 660/664, and 664, and/or any combinations
thereof, wherein the amino acid positions are numbered with reference to SEQ D NG:4. In some
further embodiments, the engincered RNA polymerases comprise at least one substitution or
substitation set is selected from 397F, 397F/S13F, 397F/S13F/635F, 397F/513F/635W,
3OTE/SI3F/635W/660W, 397F/S13W/635W, 397F/S13W/G35W/6S6F/664F 397F/513W/664W,
3OTF/SI3Y, 39TF/513Y/635W, 397F/513Y/635W/636W, 397F/513Y/035W/664F,
3TF/513Y/636H/660W, 39TF/635F/660W, 397F/635W, 397F/660W, 397F/664W, 39TW,
39TW/S13F, 397TW/S13F/635F/656F/660F/664W, 39TW/313F/635F/660W, 39TW/S13F/635W,
39TW/SI3F/660F, 39TW/S13F/660W, 397W/S13F/660Y/664F, 39TW/513W, 397TW/513W/635F,
39TW/SI3W/63SE/GS6W/6GOF, 39TW/STI3W/635W, 39TW/S13W/635W/656Y
397TW/SI3W/635W/660W, 30TW/S13W/635W/660W/664Y | 39TW/513W/635W/660Y/664Y ,
39TW/SI3W/660W, 35TW/S13W/660W/664Y, 39TW/513W/664F, 397TW/ST13W/664W,
3OTW/S13Y/635F, 39TW/313Y/635W/G56Y /660W/664W, 397TW/513Y/635W,
3OTW/S13Y/635W/656Y/664Y, 39TW/S13Y/635W/660F, 397TW/635F, 39TW/G35F/664F,
IOTW/635W, 39TW/O35W/G65GF/664F, 39TW/635W/656F/664W, 39TW/635W/656F/664Y,
IOTW/63SW/660W, 39TW/635W/660Y, 39TW/635W/664F, 30TW/635W/664W/850T,
39TW/6O0F/664F, 39TW/660F/664Y, 39TW/660W, 397TW/B37K, 397Y,
397Y/513F/635W/656F/660W/664F, 397TY/513F/635W/664W, 397Y/513W/635F/664Y,
397Y/513W/635W/660F, 397Y/513W/656W/660W , 397Y/513Y, 397Y/S13Y/635W, 397Y/635F,
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39TY/635F/660W, 397Y/633W, 39TY/635W/656F/660Y/664W, 30TY/635W/660F,
39TY/660F/664W, 39TY/604F, 399E/635F/660W, 475V/313W/635W/660Y, 513F, S13F/635F,
S13F/635W, S13F/635W/656W, S13F/635W/664W, ST3F/660W, S13F/660W/664F,
S13F/660W/664Y, S13W, STI3W/G3SF, SI3W/635W, 513Y/635F/660F/664Y
S13W/635W/656W/660F, SI3W/635W/660F, 313W/635W/664W, S13W/6S6W/064W,

SI3Y/635R/656F/664Y, S13Y/635W, S13Y/635W/660F, 313Y/635W/660Y,
SI3Y/635W/660Y/664F, S13Y/660W, S13Y/660W/664W, 513Y/660Y/664F, S13Y/664Y,
635F/656F/664Y, 635F/656Y/664W, 635F/660W/664F, 635W, 635W/636W, 635W/660F,
635W/G60W, 635W/664W, 656W/660F/664Y, 656W/660W/664Y , 658P, 660F, 660F/664F,
6H0F/664Y | 660W/664F, 660Y/664W, 664F, and 664W, and/or any combinations thereof, whergin
the amino acid positions are numbered with reference to SEQ ID NG 4. In some additional
embodiments, the engineered RNA polymerases comprise at least one substitution or substitution set
is selected from A39TF, AS9TF/DS513F, A397F/D5I13F/S635F, A3STR/B313F/5635W,
A39TF/DS13F/S635W/DG60W, A39TF/DSI3W/S635W, A39TF/ DS 13W/S635W/Q6S6F/PO64F,
AZOTE/DS13W/P664W, AZ9T7F/DSI3Y, AZOTE/MSIZY/S635W, AZ9TF/DS13Y/R635W/Q656W,
A3GTE/DS13Y/8635W/P664F, AZ9TF/DSI3Y/QE56H/DOOOW, A39TF/S635F/D660W,
A3YTF/S635W, A39TF/D66OW, ASYTF/PO64W, A39TW, A39TW/DS513F,
A3GTW/DS13F/S635F/Q656F/DO6OF/P6O4W , ASITW/DS13F/S635F/D660W,
AZ9TW/DST3F/S635W, A397TW/DS13F/MDS6OF, A39TW/DS 13F/MDo60W,
A39TW/DST3F/D660Y/PO64F, A3STW/DSI3W, A397TW/D513W/S635F,
A39TW/DSI3W/S635F/Q656W/D660F, ASGTW/DSI3W/S635W, A397TW/DS513W/S635W/(3636Y,
A39TW/DST3W/SE35W/D660W, AZ9TW/DS 13W/S635W/D660W/P6A4Y
AZOTW/DS13W/S635W/D660Y/P664Y, AZDTW/DA13W/D6OOW, AZ9TW/DS13W/P664F,
A39TW/DS I3W/D6GOW/P664Y, A39TW/DS13W/P6G4W, A30TW/DST3Y/S635F,
A3GTW/DS13Y/5635W/Q656Y/DO6OW/PE64W, AZ9TW/DS13Y/S635W,
A3GTW/DS13Y/S635W/QES6Y/Po64Y, A39TW/DS13Y/S635W/D660F,

A39TW/S633F, A39TW/SO35F/P664E, AZOTW/SH35W, A30TW/S635W/Q656E/PO64E,
A39TW/SGISWIQOS6F/PCGAW , AZOTW/SG3SW/Q6SOF/P66AY, A30TW/S635W/D660W,
A39TW/SG3SW/D660Y, AS9TW/S635W/PG64F, A30TW/SE35W/PoodW/ARSOT,
A39TW/DO60F/PAO4F | A39TW/D660F/P6A4Y | A30TW/D660W, AS9TW/ES3TK, A397Y,
A397TY/DS13F/S635W/Q6S6F/DOOOW/PO64F, A39TY/DS13F/S633W/P664W,
AZOTY/DS13W/SG3SF/P664Y, A39TY/DS13W/S633W/D6GOF, AZ97Y/DSI3W/Q656W/DG60W,
A39TY/D513Y, A39TY/D313Y/8635W, AROTY/S635F, A397Y/S635F/DGOW, A397Y/S635W,
A39TY/S635W/Q6S6F/D6O0Y/P664W, A3OTY/S635W/D66OF, A397Y/D66OF/Pe64W,
AZ9TY/Po64F, K3IVOE/S635F/DGo0W, A475V/DAI3W/SE35W/D6o0Y, DII3F, DA 3F/S635F,
D313F/5635W, DSI3F/S633W/Q656W, D3 13F/S635W/P664W, D3 13F/DG60W,
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DS13F/DOGOW/PO6AF, DSI3F/DO6OW/P64AY, DS I3W, DSI3W/S635F, D313W/S635W,

DS 13Y/S635F/D66UF/PGO4AY, DSI3W/S635W/Q656W/D660F, D3 13W/S635W/D660F,
DSI3W/SA35W/P664W, DI13W/QGS6W/P664W, DS13W/Q656Y/D66OW , DS I3W/DE6OF,

D3 13W/D660W, DS13Y/S635F, D313Y/S635F/P664W, D3 13Y/S635R/QOSOF/P664Y
D313Y/S635W, DSI3Y/S635W/D660F, DSI3Y/SE35W/D6sQY, DS13Y/S635W/D660Y/Po64F,
D313Y/De60W, DS13Y/D66OW/P664W, BS13Y/D660Y/P664F, DS13Y/Pos4Y,
SE35F/QES6F/POoAY, SO3F/Q656Y/PO6AW, SO35F/DO6UW/PAOAF, S635W, S635W/(Q656W,
S635W/D660F, S635W/DCOOW, S635W/P6o4W, (B6S6W/DG6OEP664Y, Go36W/D66OW/P66AY,
L658P, DO6OF, DooOF/PO64F, DOSOF/P664Y, DOGOW/PGO4F, DOoOY/PO64W, POG4E/W, and/or any
combinations thereof, wherein the amino acid positions are numbered with reference to SEQ 1D
NG:4.

{6611} In somc embodiments, the engineered RNA polvmerases comprise at least one substitution or
substitution set is selected from 113/137/513, 136/357/404/514, 136/357/514, 136/384/404/446,
136/401, 136/401/404, 136/404/446, 136/404/514, 136/446, 136/514, 137, 137/401, 137/401/513,
137/401/513, 137/513, 137/513/621, 137/635, 137/656, 357/394/401/404/514, 357/394/446/514,
357/514, 394/446/514, 401/404, 401/404/514, 401/513/635, 401/635, 513/635, S13/635/656, 513/660,
635/656, 635/660, and 660, and/or anv combinations thereof, wherein the amino acid positions are
numbered with reference to SEQ 1D NO: 15, In some further embodiments, the enginecred RNA
polymerases comprise at least one substitution or substitution set is selected from
PI3M/AE3TW/ST3R136E/3571/404Y/5 141, 1361/3571/514F, 1361/357K/514F, 1361/394R/404Y /446W,
13617401V, 1361/401V/404Y, 136E/404Y/446W, 136F/404Y/514F, 1361/446W, 136E/514F,
1361/5141, 137W, 137W/4011 137W/4018, 137W/4015/513R, 137TW/H01S/513W, 137TW/401V,
I37W/ST3W, 137TW/STI3R/G2IR, 13TW/635W, 13TW/RS6F, 357N/304R/446W/5 141,
ISTR/ZOAR/A0TV/404Y /5141, 35TR/514F, 394R/446W/5141, 4018/513R/635W, 4018/635W,
401V/404Y, 401V/404Y/5141, 313L/635W, S13L/660W, 513R/635W/656F, 635W/6S6F,
635W/660T, and 6608/T, and/or any combmations thereof, wherein the amino acid positions are
numbered with reference to SEQ 1D NO: 15, In some additional embodiments, the engineered RNA
polymerases comprise at least one substitution or substitution set is selected from

LIIBM/DIZ7TW/DS IR, AI36E/E35371/8404Y/85141, A136E/S404Y/M446W, A136E/S404Y/S514F,
A136E/5514F, AI36/E3371/8514F, AI36I/E3STK/S514F, A1361/K394R/5404Y/M446W,
AT36I/R401Y, AI36/R4A01V/S404Y, A1361/M446W, A1361/85141 DI3TW, DI3TW/R4011,
DI37TW/RA0LS, DI3TW/R40IS/DSI3R, DIZTW/RAOIS/DS13W, DI3TW/RAQIV, DI3TW/DS13W,
DIZ7TW/DSI3R/K62IR, DI3TW/S635W, DIZTW/Q6S6F, E35TN/K394R/MA46W/85141,
E357R/K304R/R40IV/S404Y/85141, E35TR/SS 14F, K394R/M446W/S5 141, RAGIS/DS13R/S635W,
R4A015/5635W, R40TV/S404Y, RAGTIV/E404Y/8514L, DSI3L/S635W, DS 13L/B660W,
D313R/S635W/QESGF, S635W/(I656F, S635W/D66OT, and DO6OS/T,



and/or any combinations thercof, wherein the amino acid positions are numbered with reference to
SEQ D NO: 15,

10612} In some additional embodiments, the enginecred RNA polvmerases comprise polypeptide
sequences at least 85%, 90%, 91%. 92%, 93%, 94%, 939, 96%, 97%, 98%, 99% or more 1dentical to
the sequence of at least one engineered RNA polymerase vanant set tforth in Table 33,54, 5.5, and/or
5.6. In some additional embodiments, the enginecred RNA polymerase comprises a variant
engineered polymerase provided in Table 5.3, 54, 5.5, and/or 5.6. In some additional embodiments,
the cngincered RNA polvmerase is a variant enginecred polvmerase provided in Table 53,54, 5.5,
and/or 5.6.

[8813] In vet some additional embodiments, the engingergd RNA polvmerase comprises a
polypeptide sequence that is at least 85%. 909, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or
more identical to the sequence of at lcast one enginecred RNA polymerase variant set forth in SEQ 1D
NO: 4,15, 17,19, 21, 23,25, 27,29, 31, 33, 35, 37, and/or 39. In some further embodiments, the
engincered RNA polymerase comprises a variant engineered polymerase set forth m SEQ [D NG 4,
15, 17,19, 21, 23,25, 27,29, 31, 33, 35, 37, or 39. [n some further embodiments, the engineered
RNA polvmerase is a variant enginecred polymerase set forth in SEQ HI NO: 4, 15, 17,19, 21, 23,
25,27,29 31, 33,35, 37, or 39.

[8814] In some further embodiments, the engincered polymerase comprises at least one improved
property compared to wild-type T7 RNA polymerase. In some further embodiments, the engineered
RNA polymerase exhibiis at least one improved property selected from improved selectivity for cap
analog relative to GTP duning transcription imitiation, ymproved protein expression, improved stability
in storage buffer, and improved stability under reaction conditions. In some additional embodiments,
the engincered RNA polymerase maintains RNA vield, transcription fidelity, thermostability, protein
expression, stability at -20C, or stability in reaction conditions equivalent to the wild-type T7 RNA
polymerase. In vet some additional embodiments, the engineered RNA polymerase is puritied. In
atilt some further embodiments, the present invention provides compositions comprising at least one
engineered RNA polymerase provided herein.

[6613] The present invention also provides polynucleotide sequences encoding at least one
engineered RNA polvmerase provided herein. In some embodiments, the polynucieotide sequences
encoding at least ong enginecred RNA polymerase comprise at least 85%, 80%, 91%, 929%, 93%,
04%, 95%, 96%, 97%, 98%, 99%, or more sequensce identity to the reference sequence of SEQ ID
NO: 4 and/or 13, or a functional fragment thercof, wherein the engineered RNA polyvmerase
corprises at least onc substitution at onc or more amino acid positions. In some further
embodiments, the polvnucleotide sequences encoding the engineered RNA polvmerases provided
herein comprise at least 83%, 90%, 91%, 92%, 939, 94%, 95%, 96%, 97%, 98%, 99%., or more
sequence identity to SEQ ID NO4, 15, 17, 19, 21, 23, 25,27, 29, 31, 33, 35, 37 and/or 39, or a

functional fragment thereof. In some further embodiments, the pelvnucleotide sequences encoding at
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least one engincered RNA polvmerase comprise at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or more sequence identity SEQ ID NG: 3 14, 16, 18,20, 22, 24, 26, 28, 30, 32, 34,
34, and/or 38. In vet some additional embodiments, the polynucleotide sequences are operably linked
1o a control sequence. In still some further ernbodiments, the polynuclentide sequences arc codon
optimized.

[8616] The present invention also provides expression vectors comprising at least one polynucleotide
sequence provided herein. The present invention further provides host cells comprising at least one
expression vector provided herein. The present invention also provides methods for producing an
engineered RNA polymerase in a host cell, comprising culturing the host cell provided herem, under
suitable cultures conditions, such that at least one engincered RNA polymerase is prodaced. In some
embodiments, the methods further comprise recovering at least one engineered RNA polvimerase from
the culture and/or host cell. In vet some additional embodiments, the methods further comprise the
step of punifving at least one engineered RNA polymerase.

[8617] The present mvention also provides methods for producing capped RNA transcripts,
comprising providing a composition comprising’ 1) at least one engineered RNA polymerase provided
hercin, a dinucleotide cap analog, and 11} a DNA template; exposing the DNA template to the
coraposition under conditions such that the engineered RNA polymerase produces a capped RNA
transcript. In some embodiments of the methods, the dinacleotide cap analog is alpha, gamma-
big{N7-methylguancsing) triphosphate { m7G{5 yppp{53 m7{() or an anti-reverse cap analog3™-0-Me-
m'G(3Yppp(3NG. In some further embodiments of the methods, the dinucleotide cap analog is alpha,
gamma-bis(N7-methylguanosine) friphosphate. In vet some additional embodiments of the methods,

morganic pyrophosphatase is added to the reaction.

BRIEF DESCRIPTION OF THE DRAWINGS
[B8618] Figure 1 provides the chemical structure of “m7G(5 yppp(57Im7G,” also referred to as “alpha,

gamma-bis{N7-methylguanosine) triphosphate™, “capped-GTP,” “symmetrical cap analog™, or “Cap”.

DESCRIPTION OF THE INVENTION

[8619] The present invention provides engineered T7 RNA polvmerase variants and compositions
thereof. These vartants have been evolved for selective mncorporation of the m7G(5 ppp(5 )m7G cap
analog over GTP at the initiation of in vifre transcription. The present invention also provides
methods for selective capping of RNA transcripts. In addition, the present invention provides

methods and compositions comprising the RNA polymerase variants provided herein.

RNA Polymerases, Transcription and Capping:

[0620] Eukarvotes have multiple types of nuclear RNA polymerases, cach responsible for syathesis

of a distinct subset of RNA. Al are structurally and mechanisticallv related to each other and to
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bacterial RNA polymerases (RNAPs). RNAP { synthesizes a pre-tRNA 455 (358 in veast); RNAP [I
synthesizes precursors of mRNAs and most snRNA and microRNAs; RNAP HI synthesizes tRNAs,
rRNA 55 and other small RNAs found in the nacleus and cytosol; RNAP IV synthesizes siRNA in
plants; and RNAP V synthesizes RNAs involved m siRNA-directed heterochromatin formation in
plants. Eukarvotic chloroplasts contain an RNAP that is very highly structurally and mechamstically
similar to bacterial RNAP “plastid-encoded polvmerase™). Eukarvotic chloroplasts also contain a
second, structurally and mechanistically unrelated, RNAP ("nucleus-encoded polymerase”; member
of the "single~-subunit RNAP" protein family). Bukarvotic mitochondria contain a structurallv and
mechanistically unrelated RNAP (member of the "single-subunit RNAP" protein family).

[0821] The single-subunit RNAPs typical of virases (including phages), chloroplasts and
mitochondria have been characterized and are particularty aseful for in vifro transcription. Many
virases use a single-subunit DNA-dependent RNAP that is structurally and mechanistically refated to
the smgle-subunit RNAP of eukarvotic chloroplasts and mitochondria and, more distantly, to DNA
polvmerases and reverse transcriptases.

{8622] Transcription occurs in at least three distinet stages (i.e., initiation, elongation and
termination}. The initiation phase begins with the formation of an open complex and ¢nds when the
RNAP makes the transition into a stable clongation complex (See, Hsu, Biochim. Biophvs. Acta,
1577:191-207 [2002]; Kinsella et al., Biochem ., 21:2719.23 [1982]; Straney and Crothers, }. Mol
Biol, 193:267-78 {1987}, and Young ectal, Cell, 109:417-20 {2002}). During transcription trutiation,
RNAPs make short abortive products from 2 to about 8 nucleotides in length, while maintaining
stable interactions with the promoter (See, Carpousis and Gralla, J. Mol. Biol., 183:165-77 [1985].
Hieb ctal., EMBG ., 25:3100-09 [20061; Ikeda and Richardson, Proc. Natl. Acad. Sci. USA,
83:3614-8 [1986]; ; Ikeda and Richardson, J. Biol. Chem., 262:3800-8 {1987]; and Krummel and
Charmaberlin, Biochem , 21:2719-23 {1939}]). When the length of the RNA transcript reaches more
than 8 nucleotides 1n length, the RNAP starts to release itself from the promoter, as it transitions into
an elongation complex (See, Bandwar et al.| J. Mol. Biol., 360:466-83 [2006}; Esposito and Martin, 1.
Biol. Chem. | 279:44270-6 [2004]; Guo and Sousa, J. Biol. Chem., 280:3474-82 {2005} and Temiakov
ctal, Proc. Natl. Acad. Sci. USA, 97:14109-14 [2000]). The transition from the initiation complex
(IC) to the elongation complex (EC) i some RNAPs (e.g., single-subunit T7 RNAP) involves large
scale protein structural reorganizations (See, Cheetham et al., Cold Spring Harb. Symp. Quant. Biol,
63:263-7 {1998}, Cheetham ot al. | Nature, 399:80-83 [1999]; Cheetham and Steitz, Science,
286:2305-9 [1999]; Guo etal.. J. Mol. Biol., 353:236-70 [2005]; Mact al., J. Biol. Chem.,
277:43206-15 [2002]; Mukherjee et al., Cell, 110:81-91 {2002]; Tahirov et al., Nature, 420:43-50
[2002]; and Yin and Stenz, Science, 298 1387-93 [2002]).

[8823] Transcription and subsequent processing involves multiple processes and enzymes. Ag

described above, transcription s achieved through the actions of an RNA polymerase. Although



capping typically occurs while transcription is still ongoing, with interactions between capping
enzyvmes and the RNA polymerase, the process involves separate enzymatic machinery.

10024] The present invention provides RNA polymerases that have been modified to preferentially
accept a cap (also referred to as an RNA cap, an RNA 7-methylguanosine cap or an RNA m'G cap) or
cap analog (e.gz., the “Anti Reverse Cap Analog” (3-0-Me-'G(S"ppp(51G; “ARCA™), ora
methylated cap analog with one or more micleotides at the transeription initiation site {e.g.,

m ' G(3)ppp(3"IN, wherein N is any nucleotide) to begin transcription during transcription initiation.
The 5° cap 15 an altered nucleotide on the 3 end of some cukaryotic primary transcripts such as
precursor messenger KNA . The typical cap structure consisis of a 7-methyiguanosine hinked to the
first nucleotide of the transcript (the “cap-~17 position) via a 5'-3' triphosphate bndge. Cap analogs can
comprise, for example, ong, two or more methyl {or other substitution} groups at specific positions.
{0025] Thus, the present invention provides compositions and methods for the cfficient gencration of
capped RNA. Most eukarvotic cellular mRNA transcripts and most eukaryotic viral mRNA
transcripts, as well as other form of eukarvotic RNS {e g, small nuclear RNA [snRNA], and pre-micro
BNA jpre-miRNAT) are blocked or “capped™ at their 57 termint (See e.g., US Pat. No 8,846,348,
mcorporated herein by reference n its entirety). The cap is a guanmne nucleonside that is joined via its
5’-carbon to a triphosphate group that 1s joined to the 57 carbon the most 37 nucleotide of the primary
mRNA transcript. In most eukaryotes, the nitrogen at the 7 position of guanine in the cap nucleotide
1s methylated. Capping typically occurs afier initiation through an enzymatic process when the
mENA is only about 30 nucleotides in length. The starting point is the unaltered 5" end of an RNA
molecule, which terminates with a hydroxyl group. The capping process is mitiated before the
completion of transcription, as the nascent pre-mRNA 1 being synthesized. The capping process
involves having ong of the terminal phosphate groups removed by RNA triphosphatase, leaving a
bisphosphate group. TP is added to the terminal bisphosphate by mRNA guanylvitransferase, losing
a pyvrophosphate from the GTP substrate in the process. This resuits n the 5-5" triphosphate Imkage,
produacing GO Yppp(3IN{pN|. The 7-nitrogen of goanine 1s methylated by mRNA
{guanine-N7}-methyliransferase, with S-adenosyl-L-methionine being demethylated to produce
S-adenosyi-L-homocysteine and m'G(5 yppp(5 " )N[pN]. Cap-adjacent modifications can occur,
normally to the first and second nucleotide positions of the nascent RNA transcript (7.e., positions
cap-1 and cap-2). If the nearest cap-adjacent nucleotide is 2™-0O-nbose methyl-adenocsine, it can be
farther methylated at the N° methyl position to form N®-methyladenosine.

[8026] The 57 caps of these RNA molecules play important roles in RNA stability and processing.
The cap plays a very tmportant role in mRNA metabolism and 1s required for processing and
maturation of RNA transcripts in the nucleus, transport of mRNA from the nucleus to the cvioplasm,
mRNA stability, and efficient translation of the mRNA to protein (See e.g., Lewiser o/, Eur |
Biochen., 247:461-9 [1997]). As mdicated above, the 5° cap structure is involved in the mitiation of

protein synthesis of eukarvotic and viral mRNAs. The 57 cap also provides resistance to 57~
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exonuclease activity and its absence resuits in rapid degradation of mRNA (See ¢ g, US Pat. No.
8,836,348 and Furiichi et. al., Natwre, 266:235-9 [1997]). Due to the advantages provided by
capping, the efficient synthesis of capped RNA transcripts provides considerable value for a variety of
functions, including but not lumited to im vitro and in vivo protein synthesis.

10027} In vitro synthesis of capped RNA can be practically accomplished through one of two
enzymatic routes. The Vacciia virus capping enzvme has two subunits and three enzymatic activitics
that add the 7-methyvlguanocsine cap structure to the 57 phosphate of in vitro transcnbed RNA (See,

Mao and Shuman, J. Biol. Chem., 269:24472-9 [1994}).

T7 ENA Polvmerase:
{0028] The present invention provides single-subunit RNAPs {c.g., modified T7 RNAPs}), that have

been modified such that they preferentially produce capped ENA transcripts comprisinga 3 capora
5” cap analog without an additional enzyvmatic capping step. The present invention provides
engincered T7 RNA polymerase variants and compositions thercof. These variants have been evolved
for selective incorporation of the m7G{5 " ppp{5 Im7G analog over GTP at the mitiation of in vifro
transcription. The present invention also provides mcethods for using the varants provided herein.
The present invention further provides for the use of the compositions provided herein.

[60629] T7 RNA polymerase (E.C. 2.7.7.6), 1s a monomeric bacteriophage-encoded DNA directed
RNA polvmerase that catalyzes the formation of RNA in the 57 to 37 direction. In the process of
transcription mitiation, T7 RNA polymerase recognizes a specific promoter sequence (1.e., the T7
promoter). The naturallv-occurning T7 RNA polymerase comprises 883 amino acids. It is highly
homologous to T3 RNA polyvmerase and somewhat homologous to SP6 RNA polymerase. T7 is
comprised of multiple domains, including the N-terminal domain, the “thumb,” the “palm™ and the
“fingers” (Sec ¢.g., Sousa and Mukberjee, Prog. Nucl. Acid Res. Mol Biol, 73:1-41 {2003}, and US
Pat. No. 9,193,959). The conformation of the N-terminal domain changes between the imitiation and
elongation phases of the functioning enzyme. The 1C and the EC stractares of T7 RNAP are the
beginning and the final conformations in the transition process involved in transcription. The T7
RNAP is a highly processive DNA-~dependent RNAP 1n its EC conformation. In tts IC conformation,
it recognizes a specific promoter sequence and enters first into an “abortive phase” where very short
transcripts are synthesized and released before proceeding to the processive transcription of long RNA
chains. The structure of the 1C aliows for the incorporation of a cap or cap analog, e.g., ARCA,
therchy allowing for the loading of a cap or cap analog at the 5° end of the mRNA transcript. Cap
rates of up to 80% have been reported using the single-subunit T7 RNAP i vifro with an excess of
m G ppp37)G (or simply m'Gppp() over GTP (See, Nielsen and Shapiro, Nucl. Acids Res.,
14:5936, {1986]). The structure of bound guanosine and m'GpppG has been determined for T7
RNAP (Sce, Kennedy et al., J Mol. Biol., 370:256-68 [20071), indicating only a single additional

contact for m'GpppG over that for guanosme. Thus, in some embodiments, alterations to amino actds

-10-



in the RNAP that are structurally close to the binding site in the initiation conformation phase are
utttized to confer further specificity and efficiency for using a cap or cap analog to commence
transcription {i.c., preferential incorporation of a cap or cap analog at the cap position while the
RNAP is in its IC conformation). Modification of ane or more residues within [5A, and particularly
those residues within 7A of the nucleotide cap or cap analog creates an altered pocket where the T7
RNAP preferentially incorporates a cap or cap analog that is added to the 57 end of the nascent
transcript. fn some embodiments, such a modified RNAP can vicld commercially feasible vields of
capped RNA transcripts using amounts of cap or analog nucleotides that are equimolar or less than the
amoumt of the corresponding nucleotide in an in vifro transcription reaction.

[80630] Although in vifro transcription is not entirely dependent on using capping enzvmes to produce
capped transeripts, the 80% vield typically produced by currently used methods is often times too low
to be of commercial utility.

[8631] Cloning and expression of the gene encoding T7 RNA polvmerase have been described (See
c.g., US Pat. No. 4,952,496}, Due to its promoter specificity and high RNA polymerase activity, T7
has been used for various applications. It is also useful for the high-level expression of recombinant
genes in £ coli (See, Studicr and Moffat, I, Mol. Biol, 18:113-130 [1986]). T7 is also used in
various nucleic acid amplification methods, including those used n diagnostic methods. As stability
and thermostability are often important considerations in the development of components of
diagnostic methods, work has been reported on improving the thermostability and stability of T7 (8ec
c.g., US Pat. Nos. 9,193, 959, 8,551,752, and 7,507,567, ctc.). Nonetheless, there remains a need n
the art for variant T7 enzyvmes that exhibit improved properties, as compared to the naturally-
OCCUrTing enzyme.

18632} Auq alternative method for in vifro synthesis of capped RNA discussed above, is to incorporate
a cap structurc during i vitro transeription with the usc of a cap analog. These 7-methviguanosine-
containing dinucleotides contain a 3°-57 triphosphate linkage, and are incorporated at the initiation site
of transcription, resulting i a 7-methylguanosine capped RNA product. T7 RNA polvmerase natively
initiates transcription with incorporation of a guanosine opposite a cytosing residue on the template.
To achieve a high efficiency of capping, the guanosine cap analog must be present i the i vifro
transcription reaction at a high concentration relative to GTP, with which it competes for
meorporation at the first position in the mRNA. One useful feature of co-transcriptional in vitro
capping is that because the cap incorporation in achieved during initiation, the final sequence or
secondary structure of the full-length maENA does not influence the extent of capping. In addition, the
process requires the use of only one enzyme (RNA polymerase), in a single-step reaction. The usc of a
chemically synthesized cap analog also increases the flexability to use altemative nucleotide cap
structures that are not well recognized for methylation by the Vaccinia capping enzyme. However, the
cap analog 13 expensive relative to nucleotides and other reaction components, and must be present at

a high concentration in the reaction. The present mvention provides T7 RNA polymerase vanants that
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are selective for the incorporating of cap analogs over GTP at the mitiation of transcription {o enable
efficient capping using a reduced concentration of cap analog, providing a more cost-effective and
scalable production process for capped RNA.

{0033] In some embodiments of the invention, inorganic pyrophosphatase is present during the in
vitro transcription reaction to degrade pyrophosphate, a product inhibitor of transcription by RNA
polyvmerase, into orthophosphate.

{8634] Thus, the present invention provides modified RNAPs that incorporate a cap or cap analog
proticiently to allow for a vield of greater than about 80% capped mRNA relative to uncapped
mRNA. The modified RNAP, for example, can produce mRNA of greater than 85% or about 85%,
greater than 90% or about 90%, greater than 95% or about 95%, greater than 99% or about 99%
capped mRNA relative to uncapped mRNA.

[6633] In some embodiments, the modified RNAP is denived from the sequence and structure of a
single-subunit RNAP (¢, the T7 RNAP). Modified T7 RNAPs with increased efficiency to
incorporate “capped-G” (m GpppG), m'GpppN and/or ARCA are provided by the present invention.
The mmproved T7 RNAP vanants facilitate more efficient and cost-effective manofacture of capped
RNAs for pharmaceutical and medical use. These modified RNAPs also provide improved capped
RNA vields without compromising or only minimally altering the efficiency of transeription relative

to the unmodified RNAP.

Abbreviations and Definitions:

[8636] Unless defimed otherwise, all technical and scientific terms used herein generally have the
same meaning as commonly understood by one of ordinary skill in the art to which this invention
pertains. Generally, the nomenclature used herein and the laboratory procedures of cell culture,
molecular genetics, microbiology, biochemistry, organic chemisiry, analvtical chemistry and nucleic
acid chemistry described below are those well-known and commmonly emploved m the art. Such
techniques are well-known and described in numerous texts and reference works well known to those
of skill m the art. Standard technigues, or modifications thereof, are used for chemical syntheses and
chemical analyses. All patents, patent applications, articles and publications mentioned herein, both
supra and infra, are hereby expressly incorporated herein by reference.

{8637} Although any suitable methods and materials similar or equivalent to those described herein
find use in the practice of the present invention, some methods and materials are described herein. [t is
to be understood that this invention is not limited to the particular methodology, protocols, and
reagents described, as these may vary, depending upon the context they are used by those of skill in
the art. Accordingly, the terms defined immediately below are more fully described by reference to
the application as a whole. Al patents, patent applications, articles and publications mentioned herein,

both supra and infra, are hereby expressly incorporated herem by reference.
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[B038] Also, as used herein, the singular "a", "an,” and "the" include the plural references, unless the
context clearly mdicates otherwise,

{8039] Numeric ranges are inclusive of the numbers defining the range. Thus, every numerical range
disclosed herein is intended to encompass every narrower numerical range that falls within such
broader numerical range, as if such narrower numerical ranges were all expressly written herein. Itis
also intended that every maximum {or minimum)} numerical imitation disclosed herein includes every
tower {or higher) numerical imitation, as if such lower {or higher) numerical limitations were
expressly written herein.

[B0340] The term “about” means an acceptable error for a particular value. In some instances “about”
means within 0.05%, 0.5%, 1.0%, or 2.0%, of a given value range. In some instances, “about” means
within 1, 2, 3, or 4 standard deviations of 3 given value.

[8041] Furthermore, the beadimgs provided hercin are not limitations of the various aspects or
embodiments of the invention which can be had by reference to the application as a whole.

[8042] Accordingly, the terms defined immediately below are more fully defined by reference to the
application as a whole. Nonetheless, in order to faciitate understanding of the mvention, a mumber of
terms are defined below.,

[80343] Unless otherwise indicated, nucleic acids are written fefi to right in 5" to 3' onientation; amino
acid sequences are written left to right in amino to carboxy orientation, respectively.

100644] As used herein, the term “comprising” and 1ts cognates are used in their inclusive sense {ie.,
equivalent to the term “including” and its corresponding cognates).

[8643] “EC” number refers to the Enzyme Nomenclature of the Nomenclature Committes of the
Interational Union of Biochemistry and Molecular Biology (NC-IUBMB)}. The IUBMB biochemical
classification is a numencal classification systern for enzymes based on the chemical reactions they
catalyze.

[3046] “ATCC” refers to the American Type Culture Collection whose biorepository collection
mclodes genes and strains.

10647) “NCBI” refers to National Center for Biological Information and the sequence databases
provided therein.

[8648] Asused herein, “T7 RNA polymerase” refers to a monomeric T7 bactenophage-encoded
DNA directed RNA polymerase that catalyzes the formation of RNA in the 537 to 37 direction.

{0649] Asused herein, the term “cap” refers to the guanine nucleoside that is joined via its 37 carbon
to a triphosphate group that is, in turn, joined to the 5° carbon of the most 5” nucleotide of an mRNA
transcript. [n some embodiments, the nitrogen at the 7 position of guanine in the cap is methylated.
[B8530] As used herein, the terms “capped RNA,” “37 capped RNA,” and “capped mRNA” refer to
RNA and mRNA | respectively that comprise the cap.

{0051 Asused herein, “polvoucleotide” and “nucleic acid” refer to two or more nucleosides that are

covalently linked together. The polvnucleotide may be wholly comprised of ribonucleotides (e,



RNA), wholly comprised of 27 deoxyribonucleotides (1.e., DNA), or comprised of mixtures of ribo-
and 27 deoxyribonucleondes. Whike the nucleosides will typically be linked together via standard
phosphodiester linkages, the polvnucleotides may inchude one or more non-standard linkages. The
polynucleotide may be single-stranded or double-stranded, or may include both single-stranded
regions and double-stranded regions. Morcover, while a polynucleotide will typically be composed of
the naturally occurring encoding nuclechases (i.¢., adenine, guanine, uracil, thymine and cytosine), it
may include one or more modified and/or synthetic nucleobases, such as, for example, inosing,
xanthine, hvpoxanthine, etc. In some embodiments, such modified or synthetic nucleobases are
nucleobases encoding amino acid sequences.

[8632] “Protein,” “polypeptide,” and “peptide” are used interchangeably herein to denote a polymer
of at least two aming acids covalently hinked by an amide bond, regardiess of length or post-
translational modification (e g, glveosviation or phosphorylation).

[8653] “Amino acids” are referred to herein by either their commonly known three-letter symbols or
by the one-letter symbols recommended by INPAC-TUB Biochemical Nomenclature Commission.
Nucleotides, likewise, may be referred to by their commonly accepted single letter codes. The
abbreviations used for the genctically encoded amimno acids are conventional and arc as follows:
alanine {Ala or A}, arginine {Are or R), asparagine {Asn or N}, aspartate {Asp or D), cysteine {Cys or
(), ghutamate (Gla or B, glutamine (Gln or (3), histidine (His or H}, 1soleucine (ke or B, feucme (Leu
or L), bysine {Lys or K}, methionine (Met or M), phenylalanine (Phe or F), proline (Pro or P), serine
{Ser or 8), threonine (Thr or T), tryptophan (Trp or W), tyrosine {Tyr or Y), and valine (Val or V).
[6654] When the three-letier abbreviations are used, unless specifically preceded by an “L” ora D™
or clear from the context in which the abbreviation s used, the amino acid may be m cither the L- or
D-~configuration about a~carbon (C,). For example, whercas “Ala” designates alanine without
specifyving the configuration about the w-carbon, “B-Ala” and “L-Ala” designate D-alanine and L~
alamine, respectively. When the one-letier abbreviations are used, upper case letters designate aning

acids i the L-contiguration about the v-carbon and lower casc letters designate amino acids in the D-

configuration about the a-carbon. For example, “A” designates L-alanine and “a” designates D-
alanine. When polypeptide sequences are presented as a string of one-letter or three-letter
abbreviations {or mixtures thereof), the sequences are presented in the amino (N) 1o carboxy {C)
direction in accordance with common convention.

[3335] The abbreviations used for the genctically encoding nucleosides are conventional and are as
follows: adenosine {A); guanosine (G}, cytiding (C); thymidine {T}; and uridine (U}, Unless
specifically delineated, the abbreviated nucleosides may be either ribomucleosides or 27-
deoxyribonucieosides. The nucleosides may be specitied as being either ribonucleosides or 2°-

deoxyribonucieosides on an individual basis or on an aggregate basis. When nucleic acid sequences
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arc presented as a string of one-letter abbreviations, the sequences are presented inthe 57 t0 3
direction in accordance with common convention, and the phosphates are not indicated.

23 4

10656] The torm “engineered,” “recombinant,” “non-naturally occurning,” and “vartant,” when used
with reference to a cell, a polynucleotide or a polypeptide refers to a material or a material
corresponding to the natural or native form of the material that has been modified in a manner that
would not stherwise exist in nature or is identical thergto but produced or derived from synthetic
materials and/or by manipulation using recombinant technigues.

{0057] Asused herein, “wild-type™ and “naturallv-occurring” refer to the form found in nature. For
example a wild-type polypeptide or polynucleotide sequence is a sequence present i an organism that
can be isolated from a source in nature and which has not been intentionally modified by human
manipulation.

[08058] “Coding scquence” refers to that part of a nucleic acid {e.g., a gene) that encodes an amino
acid sequence of a protemn,

[8659] The term “percent (%) sequence identity” 1s used herein to refer to comparisons among
polynuciectides and polypeptides, and are determined by comparing two optimally aligned sequences
over a comparison window, wherein the portion of the polynucleotide or polvpeptide sequence in the
comparison window may compnse additions or deletions (i.e., gaps) as compared 1o the reference
sequence for optimal alignment of the two sequences. The percentage may be calculated by
determuning the number of positions at which the identical nucleic acid base or amino acid residuc
occurs in both sequences to vield the number of matched positions, dividing the number of matched
positions by the total number of posttions m the window of comparnison and muitiplving the result by
100 to vield the percentage of sequence identity. Alternatively, the percentage may be calculated by
determining the number of positions at which either the identical nucleic acid base or amino acid
residue occurs  both sequences or a macleic acid base or amino acid residue is aligned with a gap to
vield the number of matched positions, dividing the number of matched positions by the total number
of positions in the window of comparison and multiplying the result by 100 to vield the percentage of
sequenee wdentity. Those of skill in the art appreciate that there are many ¢stablished algorithms
available to align two sequences. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman (Smith and Waterman, Adv. Appl.
Math., 2:482 [1981}]), by the homology alignment algorithm of Needleman and Wansch (Needleman
and Wansch, J. Mol Biol,, 48:443 [1970}, by the search for simularity method of Pearson and Lipman
{Pearson and Lipman, Proc. Nath Acad. Sci. USA 85:2444 {1988]), by computerized mmplementations
of these algorithms (c.g., GAP, BESTFIT, FASTA, and TFASTA i the GCG Wisconsin Software
Package), or by visual inspection, as known in the art.  Examples of algorithms that are suitable for
determining percent sequence identity and sequence similarity mclude, but are not limited to the
BLAST and BLAST 2.0 algorithms, which arc described by Altschul et al. (Sce, Altschulet al, J.
Mol. Biol,, 215: 403-410 [1990}; and Altschul et al., Nucleic Acids Res., 25:3389-3402 [1977],
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respectively). Software for performing BLAST analyses 1s publicly available through the National
Center for Bictechnology Information website. This algorithm involves first identifying high scoring
sequenae pairs (HSPs) by identifving short words of length W in the query sequence, which either
match or satisfy some positive-valued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as, the neighborhood word score threshold (See, Altschul et
al., supra}. These initial neighborhood word hits act as seeds for mitiating searches to find longer
HS5Ps containing them. The word hits are then extended in both directions along each sequence for as
far as the cumulative alignment score can be increased. Cumulative scores are calculated using, for
nucleotide sequences, the parameters M (reward score for a pair of matching residues; always >0} and
N {penalty score for mismatching residues; always <0). For amino acid seguences, a scoring matrix is
used to calculate the comulative score. Extension of the word hits in cach direction are halted when:
the cumulative alignment score falls off by the gquantity X from its maximum achieved value; the
cumulative score goes to zero or below, due to the accumulation of one or more negative-scoring
residue alignments; or the end of cither sequence is reached. The BLAST algorithm parameters W, T,
and X determine the sensitivity and speed of the alignment. The BLASTN program (for nucleotide
sequences) uses as defaults a wordlength (W) of 11, an expectation (E) of 10, M=5, N=-4, and a
comparison of both strands. For amino acid sequences, the BLASTP program uses as defaults a
wordlength (W) of 3, an expectation (E} of 10, and the BLOSUMSG2 scoring matrix {See, Henikoff
and Hentkoff, Proc. Natl. Acad. Sci. USA 89:10915 [19891]). Exemplary deterounation of sequence
alignment and % sequence identity can employ the BESTFIT or GAP programs in the GCG
Wisconsin doftware package (Accelrys, Madison W1}, using default parameters provided.

80660 “Reference sequence” refers to a defined sequence used as a basis for a sequence comparison.
A reference sequence may be a subset of a larger sequence, for example, a scgment of a full-length
gene or polypeptide sequence. Generally, a reference sequence is at least 20 nucleotide or amino acid
residues 1n length, at least 25 residues 1 length, at least 50 residues in length, at least 100 residues in
length or the full length of the nucleic acid or polypeptide. Since two polvnuclestides or polypeptides
may cach {1} comprise a sequence {7.e., a portion of the complete sequence) that is similar between
the two sequences, and (2) may further comprise a sequence that is divergent between the two
sequences, sequence comparisons between two {or more) polvnucicotides or polypeptide are typically
performed by comparing sequences of the two polynucleotides or polypeptides over a “comparison
window” to identify and compare local regions of sequence similarity. In some embodiments, a
“reference sequence” can be based on a primary amino acid sequence, where the reference sequence
is a sequence that can have one or more changes in the primary sequence.

[B861] “Comparison window’™ refers to a conceptual segment of at least about 20 contiguous
nucleotide positions or amine acids residucs wherein a sequence may be compared to a reference
sequence of at least 20 contiguous nucleotides or amino acids and wherein the portion of the sequence

m the comparnison window may comprise additions or deletions (i e., gaps) of 20 percent or less as
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compared to the reference sequence (which does not compnse additions or deletions) for optimal
alignment of the two sequences. The comparison window can be longer than 20 contiguous residues,
and includes, optionally 30, 40, 50, 100, or longer windows.

[0062] “Corresponding to”, “reference t0” or “relative to” when used in the context of the mumbering
of a given amino acid or polynucleotide sequence refers to the numbering of the residues of a
specified reference sequence when the given amino acid or polyaucleotide sequence 1s compared to
the reference sequence. In other words, the residue mumber or residue position of a given polvmer is
designated with respect to the reference sequence rather than by the actual numerical position of the
residue within the given amino acid or polvnucleotide sequence. For example, a given amino acid
sequence, such as that of an enginecred T7 RNA polymerase, can be aligned to a reference sequence
by introducing gaps to optimize residue matches between the two sequences. In these cases, although
the gaps arc present, the numberning of the residuc in the given amino acid or polynucleotide sequence
is made with respect to the reference sequence to which it has been aligned.

[8663] “Amino acid difference” or “residue difference™ refers to a difference in the aming acid
residue at a position of a polypeptide sequence relative to the amino acid residue at a corresponding
position in a reference sequence. The positions of amino acid differences generally are referred to
heremn as “Xn,” where n refers to the corresponding position in the reference sequence upon which the
residue difference is based. For example, a “residue difference at position X93 as compared to SEQ
1D NG: 27 refers to a difference of the amine acid residue at the polypeptide position corresponding to
position 93 of SEQ 1D NO:2. Thus, if the reference polypeptide of SEQ 1D NO:2 bas a serine at
position 93, then a “residue difference at posttion X93 as compared to SEQ ID NG: 27 an amino acid
substitution of any residue other than serine at the position of the polvpeptide corresponding to
position 93 of SEQ 1D NG:2. In most instances herein, the specific amino acid residue difference at a
position is indicated as “XnY” where “Xn” specified the corresponding position as described above,
and “Y” is the single letter identifier of the amino acid found w the engineered polypeptide (1.e., the
different residue than in the reference polypeptide}. In some mmstances (e.g., in the Tables provided in
the Examples herein}, the present disclosure also provides specific aming acid differences denoted by
the conventional notation “AnB”, where A is the single letter wdentifier of the residue in the reference
sequence, “n’” 1s the number of the residue posttion n the reference sequence, and B is the single letter
identifier of the residue substitution in the sequence of the engineered polypeptide. In some instances,
a polypeptide of the present disclosure can include one or more amino acid residue differences
relative to a reference sequence, which 1s indicated by a list of the specified positions where residue
differences are present relative to the reference sequence. In some embodiments, where more than
one amino acid can be used in a specific residue position of a polypeptide, the various amino acid
residues that can be used are separated by a =/ (e.g., XTOH/X10P or X10H/Py. In some
embodiments, the enzyme variants conywise more than one substitution. These substitutions are

separated by a slash for case n reading (¢.g., C14A/K 122A). The present application includes
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enginecred polvpeptide sequences comprising one or more amino acid differences that include
either/or both congervative and non-conservative amino acid substitutions.

100664] “Conservative anminoc acid substitution” refers 1o a substitution of a residue with a different
residuc having a similar side chain, and thus typically involves substitution of the amino acid in the
polypeptide with amino acids within the same or similar defined class of amino acids. By way of
example and not limitation, an amino acid with an aliphatic side chain may be substituted with
another aliphatic amine acid (e g, alaning, valine, leucine, and isoleucing); an amino acid with
bvdroxyl side chain 15 substifuted with another amino acid with a hvdroxvl side chain (¢ g., serinc and
threoning); an amino acids having aromatic side chains is substituted with another amino acid having
an aromatic side chan (e g, phenylalamine, tyrosine, tryptophan, and histidine}; an amino acid with a
basic side chain is substituted with another ammo acid with a basis side chain (e.g., lysine and
arginine); an amine acid with an acidic side chain is substituted with another amino acid with an
acidic side chain (e.g., aspartic acid or ghitamic acid); and/or a hydrophobic or hydrophilic amino acid
is replaced with another hydrophobic or hydrophilic amino acid, respectively.

18665] “Non-conservative substitution” refers to substitution of an amino acid in the polypeptide
with an amino acid with significantly differing side chain propertics. Non-conservative substitutions
may use amino acids between, rather than within, the detined groups and affects {(a) the structure of
the peptide backbone in the area of the substitution {¢.g., proline for glycine) (b} the charge or
hvdrophobicity, or (¢} the bulk of the side chain. By way of example and not limitation, an exemplary
non-conservative substitution can be an acidic amino acid substituted with a basic or aliphatic amino
acid; an aromatic amino acid substitited with a small amino acid; and a hvdrophilic amino acid
substituted with a hydrophobic amine acid.

18666] “Deletion” refers to modification to the polypeptide by removal of one or more amino acids
from the reference polvpeptide. Deletions can comprise removal of 1 or more amine acids, 2 or more
ammo acids, 5 or more anunoe acids, 10 or more anune acids, 15 or more anmunoe acids, or 20 or more
amino acids, up to 10% of the total namber of amino acids, or up to 20% of the total number of amino
acids making up the reference enzyme while retaining enzymatic activity and/or retaining the
mmproved propertics of an engincered enzyme. Deletions can be directed to the internal portions
and/or termmal portions of the polypeptide. In various embodiments, the deletion can compnise a
continuous segment or can be discontinuous.

{8667} “Insertion” refers to modification to the polypeptide by addition of one or more aming acids
from the reference polypeptide. Insertions can be m the internal portions of the polypeptide, or to the
carboxy or aming ternunus. Insertions as used herein include fusion proteins as is known in the art.
The msertion can be a contiguous segment of amino acids or separated by one or more of the amino
acids in the natorally occurring polypeptide.

10068] “Isolated polypeptide” refers to a polypeptide which s substantially separated from other

contaminanis that naturally accompany it {¢.g., protem, lipids, and polynucleotides). The term
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embraces polypeptides which have been removed or purified from their naturallv-occurring
environment or expression svstem {(e.g., host cell or in vifro synthesis). The recombinant T7 RNA
polymerase polypeptides may be present within a cell, present in the cellular medium, or prepared in
various forms, such as lysates or isolated preparations. As such, in some embodiments, the
recombinant T7 RNA polymerase polypeptides can be an isolated polypeptide.

[8669] “Substantially pure polypeptide” refers to a composition tn which the polypeptide species 1s
the predominant specigs present {1.¢., on a molar or weight basis it is more abundant than any other
ndividual macromolecular specics in the composition), and is gencrally a substantially purified
composition when the object species comprises at least about 50 percent of the macromolecular
species present by mole or % weight. Generally, a substantially pure T7 RNA polvmerase
composition comprises about 60% or more, about 70% or more, about 80% or more, about 90% or
more, about 93% or more, and about 98% or more of all macromolecular species by mole or % weight
present in the composition. In some embodiments, the object species is purified to essential
homogeneity (1.e., contaminant species cannot be detected in the composition by conventional
detection methods) whergin the composition consists essentially of a single macromolecular species.
Solvent species, small molecules (<300 Daltons), and clemental 1on specics are not considered
macromolecular specics. In some embodiments, the isolated recombinant T7 RNA polymerase
polypeptides are substantially pure polvpeptide compositions.

18078] “Improved enzvime property” of a T7 RNA polymerase refers to an engineered T7 RNA
polymerase polypeptide that exhibits an improvement in any enzyme property as compared (o a
reference T7 RNA polvmerase polvpeptide and/or a wild-tvpe T7 RNA polvmerase polypeptide
and/or another engimecred T7 RNA polymerase polypeptide. Improved properties include, bot are not
Emited to such propertics as mcreased selectivity for cap analog over GTP, increased fidelity of
replication, increased RNA vield, increased protein expression, increased thermoactivity, increased
thermostability, increased pH activity, increased stability, mereased enzymatic activity, increased
substrate spectficity or affinity, increased specific activity, increased resistance to substrate or end-
product inhibition {including pyrophosphate}, increased chemical stability, improved solvent stability,
mcreased tolerance to acidic or basic pH, increased tolerance to proteoivtic activity (i.c., reduced
sensitivity to proteolysis), reduced aggregation, increased solubility, and altered temperature profile.
18671} “Increased enzymatic activity” or “enhanced catalvtic activity” refers to an improved property
of the engineered T7 RNA polymerase, which can be represented by an increase in specific activity
{c.g., product produced/time/weight protein) or an increase m percent conversion of the substrate to
the product (c.g., percent conversion of starting amount of substrate to product m a specified time
period using a specified amount of vanant T7 RNA polymerase as compared to the reference T7 RNA
polymerase. Exemplary methods to determine enzyme activity are provided in the Examples. Any

property relating o cnzyme activity may be affected.
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[B672] “Hybridization stringency” relates to hybnidization conditions, such as washing conditions, in
the hybridization of nocleic acids. Generally, hybridization reactions are performed vnder conditions
of lower stringency, followed by washes of varving but higher stringency. The term “moderately
stringent bvbridization” refers to conditions that permit target-DNA to bind a complementary nucleic
acid that has about 60% identity, preferably about 75% dentity, about 85% identity to the target
DNA, with greater than about 90% identity to target-polynucleotide. Exemplary moderately stringent
conditions are conditions equivalent to hybridization in 50% formamide, 5% Denhart's sclution,
Sx8SPE, 0.2% SDS at 42°C, followed by washing i 0.2x88PE, 0.2% SDS, at 42°C. “High
stringency hybridization” refers generally to conditions that are about 10°C or less from the thermal
melting temperature 7, as determined under the sohution condition for a defined polynucleotide
sequense. In some embodiments, a high stringency condition refers to conditions that permut
hybnidization of only those nucleic acid sequences that form stable hybrids in 0.018M Na(l at 65°C
(i.e., 1 ahybnd 1s not stable in 0.018M Nalll at 63°C, it will not be stable under high stringency
conditions, as contemplated herein). High stringency conditions can be provided, for example, by
hybrdization in conditions equivalent to 50% formamide, 5= Denhart's sohution, 3=8S5PE, 0.2% SDS
at 42°C, followed bv washing in 0. 1xS8PE, and 0.1% SDS at 65°C. Another high stringeney
condition 1s hybridizing in conditions equivalent to hybridizing in 5X 8S85C containing 0.1% (wiv)
SDK at 65°C and washing in .1x §8C contaming 0.19 SBS at 65°C. Gther high stningency
hyvbridization conditions, as well as moderately stringent conditions, are described in the references
cited above.

[8673] “Codon optimized” refers to changes m the codons of the polynucieotide encoding a protein
to those preferentially used 1n a particular organism such that the encoded protein 1s more efficiently
expressed in the organism of interest. Although the genetic code is degeunerate in that most amino
acids are represented by several codons, called “synonyms”™ or “synonymous” codons, it is well
known that codon usage by particular organisms 18 nonrandom and biased towards particular codon
triplets. This codon usage bias may be higher in reference to a given gene, genes of common fanction
or ancestral origin, highly expressed proteins versus low copy mumber proteins, and the aggregate
protein coding regions of an organism's genome. In some embodiments, the polynuclectides encoding
the T7 RNA polvmerase enzymes may be codon optimized for optimal production trom the host
organism selected for expression.

18674] “Control sequence” refers herein to include all components, which are necessary or
advantageous tor the expression of a polynucleotide and/or polypeptide of the present application.
Each control sequence may be native or forcign to the nucleic acid sequence encoding the
polypeptide. Such control sequences include, but are not imited to, a leader, polvadenylation
sequence, propeptide sequence, promoter sequence, signal peptide sequence, initiation sequence and
transcription terminator. At a mintmum, the control sequences include a promoter, and transcriptional
and translational stop signals. The conirol sequences may be provided with binkers for the purpose of
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miroducing specific restriction sites facilitating higation of the control sequences with the coding
region of the nucleic acid sequence encoding a polvpeptide.

108675) “Operably linked” is defined herein as a configuration in which a control sequence is
appropriatcly placed (i.e., in a functional relationship) at a position relative to a polynucleotide of
mterest such that the control sequence directs or regulates the expression of the polynucieotide and/or
polvpeptide of interest.

{8676] “Promoter sequence” refers to a nucleie acid sequence that is recogmized by a host cell for
expression of a polynucieotide of interest, such as a coding sequence. The promoter sequence contains
transcriptional control sequences, which mediate the expression of a polynucleotide of interest. The
promoter may be any mucleic acid sequence which shows transcriptional activity in the host cell of
choice inchuding mutant, truncated, and hybrid promoters, and may be obtained from genes encoding
extracctular or intracellular polypeptides either hbomologous or heterologous to the host cell.

18077] “Sutable reaction conditions” refers to those conditions in the enzymatic conversion reaction
solution {e.g., ranges of enzyme loading, substrate loading, temperature, pH, buffers, co-solvents, etc.}
vader which a T7 RNA polvmerase polvpeptide of the present application is capable of converting a
substrate to the desired product compound.

[B0678] “Substrate” in the context of an enzymatic conversion reaction process refers o the
compound or molecule acted on by the T7 RNA polymerase polvpeptide.

108679) “Product” in the context of an enzymatic conversion process refers to the compound or
molecule resulting from the action of the T7 RNA polyvmerase polypeptide on a substraic.

[8680] As used herein the term “culturing” refers to the growing of a population of microbial cells
under any suitable conditions {&.g., using a ligud, gel or schid medum).

{8681} Reocombinant polypeptides can be produced using any suitable methods known the art. Genes
encoding the wild-tvpe polvpeptide of interest can be cloned in vectors, such as plasnuds, and
expressed n desired hosts, such as . ¢oli, S. cerevisive, ete. Variants of recombinant polypeptides
can be gencrated by various methods known in the art. Indeed, there 1s a wide vanety of different
mutagenesis technigues well known to those skilled in the art. In addition, mutagenesis kits are also
available from many commercial molecular biology supplicrs. Methods are available to make
specific substitutions at defined amino acids {site-directed), specific or random mutations in a
localized region of the gene {regic-specific), or random mutagenesis over the entire gene {e.g.,
saturation mutagenesis). Numerous suitable methods are known to those in the art to generate
enzyme variants, including but not imited to site-directed mutagenesis of single-stranded DNA or
double-stranded DNA using PCR, cassette mutagenesis, gene synthesis, error-prone PCR, shuffling,
and chemical saturation mutagenesis, or any other suitable method known 1n the art. Non-limiting
gxamples of methods used for DNA and protein engineenng are provided in the following patents: US
Pat. No. 6,117,679; US Pat. No. 6,420,175; US Pat. No. 6,376,246; US Pat. No. 6,586,182; US Pat.
No. 7.747391; US Pat. No. 7,747.393; US Pat. No. 7,783 428, and US Pat. No. 8,383,346, After the
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variants are produced, they can be screened for any desired property {e.g., high or increased activity,
or low or reduced activity, increased thenmal activity, increased thermal stability, and/or acidic pH
stability, etc.).

[0682] In some embodiments, “recombinant T7 RNA polvmerase polypeptides™ (also referred to
herein as “enginecred T7 RNA polymerase polypeptides,” “variant T7 RNA polvmerase enzymes,”
and “T7 RNA polymerase variants”) find use.

{0083] Asused herein, a "vector” 1s a DNA constract for introducing a DNA sequence into a cell. In
some embodiments, the vector is an expression vector that is operably linked to a suitable control
sequence capable of effecting the expression in a suitable host of the polypeptide encoded i the DNA
sequence. In some embodiments, an "expression vector” has a promoter sequence operably linked to
the DNA sequence (e.g. transgene) to drive expression in a host cell, and in some embodiments. also
COMPrises a transcription termimator sequence.

10084] Asused herein, the term "expression” includes any step involved in the production of the
polvpeptide including, but not limited to, transcription, post-transcriptional modification, translation,
and post-translational modification. In some embodiments, the term also cncompasses secretion of
the polypeptide from a cell.

[B085] As used herein, the term “produces” refers to the production of proteins and/or other
compounds by cells. I is mtended that the term encompass anv step involved in the production of
polypeptides including, but not limited to, transcription, post-transcriptional modification, translation,
and post-translational modification. In some embodiments, the tonm also cncompasses secretion of the
polvpeptide from a cell.

[8686] Asused herein, an amino acid or nucleotide sequence (e.g., a promoter sequence, signal
peptide, terminator sequencs, ¢tc.) 1s "heterologous” to another sequence with which it is operably
hinked if the two sequences are not associated n nature.

[BO87] As used herein, the terms “host cell” and “host strain” refer to suitable hosts for expression
vectors comprising DNA provided herein {e.g., the polymicleotides encoding the T7 RNA polymerase
variants}. In some embodiments, the host cells are prokaryotic or eukaryotic cells that have been
transtormed or transfected with vectors constructed using recombinant DNA techniques as known in
the art.

[8688] The term “analogue” when used m reference to a polypeptide, means a polypeptide having
more than 70% sequence ideatity but less than 100% sequence ideotity {e.g., more than 75%, 78%,
80%, 83%, 85%, 88%. 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% scquence identity)
with a reference polypeptide. In some embodiments, analogues means polvpeptides that contain one
or more non-naturally occurring amino acid residues including, but not imited, to homoarginine,
ornithine and norvaline, as well as naturally occurring aminoe acids. In some embodiments, analogues
also mcinde one or more D-amino acid residues and non-peptide linkages between two or more amino

acid residues.
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[B089] The term “effective amount” means an amount sutticient {o produce the desired result. One of
general skill in the art may determine what the effective amount by using routine experimentation.
10090] The terms “isolated” and “purified” are used to refer to a molecule (e.g. an isolated nucleic
acid, polypeptide, etc.) or other component that 1s removed from at least one other component with
which it is naturally associated. The term “purnified” does not require absolute purity, rather it 1s
intended as a relative definition.

{8691} Asused herein, “composition” and “formulation”™ encompass products comprising at least one
engineered T7 RNA polymerase of the present invention, intended for any suitable use {¢ g, rescarch,
diagnostics, eic.).

[80692] The term “transcription” 18 used to refer to the process whereby a portion of a DNA template
1s copied into RNA by the action of an RNA polyvmerase enzyme.

[8093] The teom “DNA template” 15 used to refer to a double or single-stranded DNA molecule
including a promoter sequence and a sequence coding for the RNA product of transcription.

[8694] The term “promoter” 1s used to refor to a DNA sequence that 1s recognized by RNA
polymerase as the start site of transcription. The promoter recruits RNA polymerase, and in the case
of TTRNA polymerase, determines the start site of transcription.

[B095] The term “RNA polymerase™ 1s used to refer to a DNA-directed RNA polymerase, which
copies a DNA template into an RNA polynucleotide, by incorporating nucleotide triphosphates
stepwise into the growing RNA polymer

[00696] The terms “messenger RNA™ and “mRNA” are used to refer to RNA molecules that code for
a protein. This protein is decoded through the action of transiation.

[8697] The terms “7-methvlguanosine cap,” “TmeG,” “five-prime cap,” and” 5°cap™ are used in
reference to a specific modified nucleotide structure present at the 57 end of eukarvotic mRNAg. The
7-methylguanosing cap structure is attached through a 37 to 57 triphosphate linkage to the first
nucleotide in the mRNA. I vivo, this cap structure 18 added to the 5” end of a nascent mRNA through
the successive activities of multiple enzvmes. In vifro, the cap can be incorporated directly at the
initiation of transcription by an RNA polymerase by use of a cap analog.

[6698] The term “Cap analog” refers to a dinucleotide containing a 3°-5° di-, tri~, or tetra- phosphate
Iimkage. One end of the dinucleotide terminates in a either a guanosme or substituted guanosine
residue; it is this end from which RNA polymerase will initiate transcription by extending from the 3
hydroxyl The other end of the dinucleotide is a guanosine that sumics the eukaryolic cap structure,
and will typically have 7-methyl-, 7-benzvl-, or 7-cthvl- substitations and/or 7-aminomethyl or 7-
aminocthyl substitutions. In some cases, this mucleotide also is methoxy substituted at the 37 hydroxyl
group to prevent inifiation of transcription from the cap end of the molecule.

[80699] The terms “ARCA” and “anti-reverse cap analog” refer to chemically modified forms of cap
analogs, designed to maxinize the efficient of in vitro translation by ensuring that the cap analog is

properly incorporated into the transcript in the correct onentation. These analogs find use in
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enhancing translation. In some embodiments, the ARCAs known in the art find use {¢.g., Peng et al,,
Org. Lett, 4:161-164 [2002]).

10100] The term “riboswiich” is used to refer to an autocatalvtic RNA enzyme that cleaves itself or
another RNA in the presence of a ligand.

101061] The term “fidehity” 15 used to refer to the accuracy of an RNA polymerase in transcribing, or
copying, 8 DNA template into an RNA polvrucleotide. Inaccurate transeription can result in single-
nucleotide polymorphisms (SNPs) or Indels.

{0102] The terms “single-nucieotide polymorphism™ or “SNP” refer to a change in the nucleotide
present at a single position in polynucleotide. In the context of transcription, SNPs can result from
misincorporation of a non-complementary ribonuclestide (A, C, G, or U) by RNA polymerase at a
position on the BNA template.

[0103] The term “Indel” 15 used to refer 1o an insertion or deletion of one or more polynucieotides. In
the context of transcription by RNA polvmerase, indel errors can result from the addition of aone or
more extra ribonucleotides or fatlure to incorporate one or more nucleotides at a position on the DNA
template.

[0104] The term “selectivity” 1s used to refer to the trait of an enzyme to have higher activity against
one substrate as compared to another substrate during a catalyzed reaction. In the context of co-
transcriptional capping, the RNA polvmerase may have high or low selectivity for a cap analog over
GTP.

{0105] The term “morganic pyrophosphatase™ is used to refer to an enzyine that degrades inorganic

pyrophosphate to orthophosphate.

Eneineered T7 RMA Polvmerase Activity:

[#106] In some embodiments, the engineercd T7 RNA polymerase provided herein, that exhibits an
tmproved property has at least about 85%, at least about 88%, at least about 90%, at least about 91%,
at least about 92%. at least about 93%. at least about 94%., at least about 953%, at least about 96%, at
least about 97%, at lcast about 98%, at least about 99%, or at about 100% amino acid sequence
identity with SEQ D NGO: 4 and/or 15, and an amino acid residue difference as compared to SEQ 1D
NGO 4 and/or 15, at one or more amimo acid positions {(suchasat 1,2,3,4,5,6,7,8,9,10, 11, 12, 14,
15, 20 or more amino acid positions compared to SEQ 1D NG: 4 and/or 15, or a sequence having at
feast 85%, at least 88%, at least 90%, at lcast 91%, at lcast 92%. at least 93%, at least 94%, at least
0939, at least 96%, at least 97%, at least 98%, at least 99% or greater aming acid sequence wlentity
with SEQ 1D NO: 4 and/or 15}, In some embodiment the residue difference as compared to SEQ ID
NG:4, at one or more positions will include at least 1, 2, 3,4, 5,6, 7, &, 9, 10 or more conservative
amino acid substitutions. In some embodiments, the engineered T7 RNA polymerase polypeptide is a
and/or 5.6. In some embodiments, the engincered T7 RNA

polyvpeptide histed in Table 5.3, 5.5
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polymerase polypeptide is selected from SEQ ID NOS: 4, 15,17, 19, 21, 23,25, 27, 28, 32, 33, 35,
37, and/or 39. In some embodiment the residue difference as compared to SEQ ID NO: 15, at one or
more positions will include atleast 1,2, 3,4, 5,6, 7, 8, 9, 10 or more conservative amino acid
substitutions. In some embodiments, the engincered T7 RNA polymerase polypeptide is a polypeptide
Iisted in Table 5.4, In some embodiments, the engineered T7 RNA polymerase polypeptide is
selected from SEQ ID NOS:4, 15,17, 19, 21, 23, 25, 27, 29, 32, 33, 35, 37, and/or 39,

{0107} In some embodiments, the engineered T7 RNA polymerase polypeptide comprises a
functional fragment of an enginecred T7 RNA polymerase polypeptide encompassed by the invention.
Functional fragments have at least 30%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 8%, 89%, 90%,
919, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% of the activity of the engingered T7 RNA
polymerase polypeptide from which is was derived (i.e., the parent engincered T7 RNA polvmerase).
A functional fragment comprnises at least 80%, 81%, 82%, 83%. 84%, 85%, 86%, 87%, 88%, 89%,
90%, 919, 925, 93%, 94%, 95%, 96%, 97%, 98% and gven 99% of the parent sequence of the
engincered T7 RNA polymerase. In some embodiments the functional fragment is truncated by less
than 5, less than 10, less than 13, less than 10, less than 25, less than 30, less than 35, less than 40, less

than 45, and less than 50 amino acids.

Polvnuclestides Encoding Ensineered Polvpeptides, Expression YVectors and Host Cells:

10108] The present invention provides polynucleotides encoding the engincered T7 RNA polymerase
polypeptides described herein. In some embodiments, the polyvoucleotides are operatively hinked to
one or more heterologous regulatory sequences that control gene expression to create a recombinant
polvnucieotide capable of expressing the polvpeptide. Expression constructs containing a
heterclogous polyvnuclectide encoding the enginecred T7 RNA polymerase polypeptides can be
miroduced into appropriate host cells to express the corresponding T7 RNA polvmerase polypeptide.
[3109] As will be apparent to the skilled artisan, availability of a protein sequence and the knowledge
of the codons corresponding to the various amino acids provide a description of all the
polymucieotides capable of encoding the subject polypeptides. The degeneracy of the genetic code,
where the same amino acids are encoded by alternative or synonyvmous codons, allows an extremely
large number of nucleic acids 1o be made, all of which encode the engineered T7 RNA polymerase
polypeptide. Thus, having knowledge of a particalar amino acid sequence, those skilled in the art
could make any aumber of different nucleic acids by simply modifving the sequence of one or more
codons in a way which does not change the amino acid sequence of the protein. In this regard, the
present mvention specifically conteraplates cach and cvery possible vanation of polvancleotides that
could be made encoding the polypeptides descnibed herein by selecting combinations based on the
possible codon choices, and all such variations are to be considered specifically disclosed for any

polypeptide described herein, including the variants provided in Tables 5.3, 5.4, 5.5, and/or 5.6.



[8110] In vanous embodiments, the codons are preferably selected to fit the host cell in which the
protein is being produced. For example, preferred codons used in bacteria are used for expression in
bacteria. Consequently, codon optimized polynucleotides encoding the engincered T7 RNA
polymerase polypeptides contain preferred codons at about 40%, 50%, 60%, 70%., 80%, or greater
than 90% of codon positions of the full length coding region.

[8111] Insome embodiments, as described above, the polynucleotide encodes an engineergd
polypeptide having T7 RNA polyvmerase activity with the properties disclosed herein, wherein the
polypeptide comprises an amino acid sequence having at least 80%, 1%, 82%, 83%, 84%, 85%,
36%, 87%, 88%, 89%, 90%, 91%, 92%., 93%, 949, 95%, 96%, 97%, 98%, 99% or more identity to a
reference sequence sclected from SEQ ID NOS: 4 and 15, or the amine acid sequence of any variant
as disclosed in Tables 3.3, 5.4, 5.5, and/or 5.6, and one or more residue differences as compared to
the reference polvpeptide of SEQ 1D NOS: 17, 19,21, 23, 25, 27,29, 32, 33, 35, 37, and/or 39, or the
amino acid sequence of any vanant as disclosed in Tables 5.3, 5.4, 5.5, and/or 5.6 (for example 1, 2,
3,4,5,6,7 8,9, 10 or more amino acid residue positions). In some embodiments, the reference
sequence 1s selected from SEQ 1D NO:4 and/or 15, In some embodiments, the polynuoclestide
encodes an engimeered polyvpeptide having T7 RNA polymerase activity with the properties disclosed
herein, wherein the polvpeptide comprises an amino acid sequence having at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98%, 99% or
more sequence identity to reference sequence SEQ 1D NG:4 and/or 15, and one or more residue
differences as compared to SEQ 1D NG: 4 and/or 15, at residue positions sclected from those provided
in Tables 5.3, 54., 5.5, and/or 3.6, when optimally aligned with the polvpeptide of SEQ 1D NG:4
and/or 15.

10112] In some embodiments, the polynucleotide encoding the engineered T7 RNA polymerase
polypeptides comprises a polvnucleotide sequence selected from a polvnucleotide sequence encoding
SEQIDNGS: 4, 15, 17,19, 21,23, 25,27, 29,32, 33,33, 37 and 39. In some embodiments, the
polynucleotide encoding an engincered T7 RNA polvmerase polypeptide has at least 80%, 81%, 829%,
83%, 84%, 85%, 86%, 87%0, 88%, 89%, 90%, 93%, 95%, 96%., 97%, 98%, 99% nucleotide residue
identity to SEQ ID NOS: 3, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, and 38. In some
embodiments, the polynucleotide encoding the engineered T7 RNA polymerase polvpeptides
comprises a polynucleotide sequence selected from SEQ ID NOS: 3, 14, 16, 18, 20, 22, 24, 26, 28, 30,
32, 34,36, and 38,

[3113] In some embodiments, the polyvnucleotides are capable of hybridizing under highly stringent
conditions to a reference polynucleotide sequence sclected from SEQ 1D NGS: 3 and/or 14, ora
coraplement thereof, or a polynucleotide sequence encoding any of the variant T7 RNA polyvmerase
polypeptides provided herein. In some embodiments, the polynacleotide capable of hybridizing vnder

highly stringent conditions encodes a T7 RNA polvmerase polypeptide comprising an aming acid
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sequence that has one or more residue differences as compared to SEQ 1D NO:4 and/or 15, at residue
positions sclected from any positions as set forth in Tables 5.3, 54 5.5, and/or 5.6,

10114} In some embodiments, an isolated polynucleotide encoding any of the engineered T7 RNA
polymerase polypeptides provided herein is manipulated m a varicty of ways to provide for
expression of the polypeptide. In some embodiments, the polynucieotides encoding the polypeptides
are provided as expression vectors where one or more control sequences 1s present to regulate the
expression of the polymucleotides and/or polypeptides. Manipulation of the isolated polyvnucleotide
prior to its insertion into a vector may be desirable or necessary depending on the expression vector.
The techniques for modifying polynucleotides and nucleic acid sequences utilizing recombinant DNA
methods are well known in the art.

10115] In some embodiments, the control sequences include among other sequences, promoters,
leader sequences, polvadenylation sequences, propeptide sequences, signal peptide sequences, and
transcription terminators. As known in the art, suitable promoters can be selected based on the host
cells used. Exemplary promoters for filamentous fungal host cells, include promoters obtamed from
the genes for Aspergillus oryzae TAKA amvlase, Rhizomucor miehei aspartic proteinase, Aspergillus
niger noutral alpha-amylase, Aspergiflus niger acid stable alpha-armviase, Aspergillus niger or
Aspergillus awamori glucoamylase (glaA)), Rhizomucor miehei lipase, Aspergilius oryzae alkaline
protease, Aspergillus oryzae triose phosphate tsomerase, Aspergillus nidulans acctamidase, and
Fusarium oxysporum trypsin-like protease {See e.g., WO 96/00787), as well as the NAZ-tpi promoter
{a hybrid of the promoters from the genes for Aspergilius niger neutral alpha-amylase and Aspergifius
oryzae triose phosphate isomerase), and muiant, truncated, and hybrid promoters thereof, Exemplary
yeast cell promoters can be from the genes can be from the genes for Saccharomyees cerevisiae
enclase (ENO-1), Saccharomyces cerevisiane galactokinase (GALL}. Saccharomyces cerevisiae
alcohol dehvdrogenase/glveeraldehvde-3-phosphate debvdrogenase (ADHZ2/GAP), and
Saccharomyces cerevisiae 3-phosphoglycerate kinase. Other useful promoters for veast host cells are
known in the art (Sec c.g., Romanos et al., Yeast 8:423-488 [1992}). Exemplary promoters for use in
mammalian cells include, but are not Himited to those from cyvtomegalovirus (CMV), Simian
vacuolating virus 40 (SV40), from Home sapiens phosphoglveerate kinase, beta actin, elongation
factor-ia or giyeeraldehvde-3-phosphate dehyvdrogenase, or from Gallus galius f-actin,

[8116] In some embodiments, the control sequence s a suitable transcription terminator sequence, a
sequence recognized by a host cell to terminate transcription. The terminator sequence is operably
hinked to the 3" terminus of the mucleic acid sequence encoding the polypeptide. Any terminator which
is functional in the host cell of choice finds use in the present invention. For example, exemplary
transcription terminators for filamentous fungal host cells can be obtained from the genes for
Aspergillus oryzae TAKA amvlase, dspergillus niger glucoamyvlase, Aspergillus nidulons anthranilate
synthase, Adspergillus niger alpha-ghucosidase, and Fusarium oxysporum trvpsin-like protease.

Exemplary terminators for veast host cells can be obtained from the genes for Saccharomyces
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cerevisiae enolase, Saccharomyces cerevisiae cytochrome C (CYCL), and Saccharomyces cerevisiae
glyceraldehvde-3-phosphate dehydrogenase. Other usefol terminators for yeast host cells are known
1 the art (See e.g., Romanos et al., supra). Exemplary terminators for mammalian cells include, but
are not limited to those from cvtomegalovirus {CMV), Simian vacuolating virus 40 (SV40), or from
Homo sapiens growth hormone.

[8117] Insome embodiments, the control sequence s a suitable leader sequence, a non-translated
region of an mRNA that is important for transiation by the host cell. The leader sequence is operably
linked to the 3' terminus of the nucleic acid sequence encoding the polypeptide. Any leader sequence
that 1s functional in the host cell of choice may be used. Exemplary leaders for filamentous fungal
host cells are obtained from the genes for Aspergilius oryzae TAKA amvlase and Aspergillus nidulons
triose phosphate isomerase. Suitable leaders for veast host cells include, but are not limited to those
obtained tfrom the genes for Saccharomyces cerevisiae enolase (ENG-1), Saccharomyces cerevisiae 3-
phosphoglveerate kinase, Saccharomyces cervevisioe alpha-tactor, and Saccharomyces cerevisiae
alcohol dehvdrogenase/glyceraldehyde-3-phosphate dehydrogenase (ADHZ/GAP).

{8118] The control sequence may also be a polyadenvlation sequence, a sequence operably linked to
the 3' terminus of the nucleic acid sequence and which, when transcribed, is recognized by the host
cell as a signal to add polvadenosine residues to transcribed mRNA . Any polvadenviation sequence
which is functional in the host cell of choice may be used in the present invention. Exemplary
polyadenyiation sequences for filamentous fongal host cells include, but are not imited to those from
the genes for Aspergilius orvzae TAKA amvlase, Aspergilius niger glucoamylase, Aspergiflus
nidulans anthranilate synthase, Fusarium oxysporum trypsin-like protease, and Aspergillus niger
alpha-glucosidase. Useful polvadenylation sequences for yeast host cells are also known i the art
{Se¢ ¢.g., Guo and Sherman, Mol Cell. Bio,, 15:5983-5990 1995}

[3119] In some embodiments, the control sequence 15 a signal peptide coding region that codes for an
amino acid sequence linked to the amino terminus of a polvpeptide and directs the encoded
polypeptide mto the cell's sceretory pathway. The §' end of the coding sequence of the nucleic acid
sequence may inherently contain a signal peptide coding region naturally linked in translation reading
frame with the segment of the coding region that encodes the secreted polypeptide. Alternatively, the
5'end of the coding sequence may contain a signal peptide coding region that is foreign to the coding
sequence. Any signal peptide coding region that directs the expressed polypeptide into the secretory
pathway of a host cell of choice finds use for expression of the engineered T7 RNA polymerase
polypeptides provided hercin. Effective signal peptide coding regions for filamentous fungal host cells
include, but are not limited to the signal peptide coding regions obtained from the genes for
Aspergillus oryzae TAKA amvlase, dspergillus niger neutral amvlase, dspergillus niger
glucoamylase, Rhizomucor miehei aspartic proteinase, Humicola insolens cellulase, and Humicols
lemuginosa hpase. Uscful signal peptides for veast host cells include, but are not imited to those from

the genes for Saccharomyces cerevisiae alpha-factor and Saccharomyces cerevisiae invertase. Useful
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signal peptides for mammalian host cells melude but are not limited to those from the genes for
mumunoglobulin gamma (Ig(s).

10120} In some embodiments, the control sequence is a propeptide coding region that codes foran
amino acid sequence positioned at the amino termunus of a polypeptide. The resultant polypeptide is
referred to as a “proenzyme”, “propolypeptide”, or “zymogen”, in some cases). A propolvpeptide can
be converted to a mature active polypeptide by catalytic or autocatalyvtic cleavage of the propeptide
from the propolyvpeptide.

{0121] In another aspect, the present invention also provides a recombinant expression vector
comprising a polvnucleotide encoding an engineered T7 RNA polymerase polvpeptide, and one or
more expression regulating regions such as a promoter and a terminator, a replication origin, etc.,
depending on the type of hosts into which they are to be introduced. in some embodiments, the
various nucleic acid and control sequences described above are joined together to produce a
recombinant expression vector which mcludes one or more convenient restriction sites to allow for
insertion or substitution of the nucleie acid sequence encoding the variant T7 RNA polymerase
polypeptide at such sites. Alternatively, the polynucleotide sequence({s) of the present invention arg
expressed by inserting the polynucheotide sequence or a nucleic acid construct comprising the
polynucleotide sequence into an approprate vector for expression. In creating the expression vector,
the coding sequence 1s located in the vector so that the coding sequence is operably hinked with the
appropriate control sequences for expression.

[0122] The recombinant expression vector may be any vector {¢.g., a plasmid or virus), that can be
conveniently subjected to recombinant DNA procedures and can result 1n the expression of the variant
T7 RNA polymerase polynucieotide sequence. The choice of the vector will typically depend on the
compatibility of the vector with the host cell into which the vector is to be mtroduced. The vectors
may be linear or closed circular plasmids.

[3123] In some embodiments, the expression vector 1s an avtonomously replicating vector (i.e., a
vector that exists as an extra-chromosomal entity, the replication of which is independent of
chromosomal replication, such as a plasmid, an extra-chromosomal element, a minichromosome, or
an artificial chromosome). The vector may contain any means for assuring self-replication. In some
alternative embodiments, the vector may be one which, when mtroduced mto the host cell, is
mtegrated wnto the genome and replicated together with the chromosome(s) mto which it has been
integrated. Furthermore, a single vecior or plasmid or two of more vectors or plasmids which together
contain the total DNA to be introduced into the genome of the host cell, or a transposon may be used.
[3124] In some embodiments, the expression vector preferably contains one or more selectable
markers, which permit casv selection of transformed cells. A “selectable marker” is a gene the product
of which provides for biocide or viral resistance, resistance to heavy metals, prototrophy to
auxotrophs, and the like. Suitable markers for veast host cells include, but are not limited to ADE2,

HIS3, LEU2, LYS2, MET3, TRPI, and URA3. Selectable markers for use in a filamentous fungal
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host cell include, but are not limited to, amdS (acetamidase), argB (omithine carbamoyvltransferases),
bar (phosphinothricin acetyltransferase), hph (hvgromycin phosphotransferase}, naD (nitrate
reductase), pyrG {orotidine-5'-phosphate decarboxyvlase}, sC {sulfate adenyltransferase}, and trpC
{anthranilate synthase), as well as equivalents thereof. 1n another aspect, the present invention
provides a host cell comprising a polynucleotide encoding at least one engineered T7 RNA
polvmerase polypeptide of the present application, the polynucleotide being operatively linked to one
or more control sequences for expression of the enginecered T7 RNA polvmerase enzyme(s) i the
host cell. Host cells for use in expressing the polypeptides encoded by the expression vectors of the
present mvention are well known in the art and mclude but are not hmited to, fungal cells, such as
veast cells {e.g., Saccharomyces cerevisiae and Pichia pastoris [e.g., ATCC Accession No. 201178},
insect cells (e.g., Prosophila 52 and Spodoptera 59 cellsy, plant cells, animal cells (e g, CHO, COS,
and BHEK), and human cells {e.g., HEK293T, human fibroblast, THP-1, Jurkat and Bowes melanoma
cell Tines).

[8125] Accordingly, in another aspect, the present invention provides methods for producing the
engineered T7 RNA polymerase polypeptides, where the methods comprise cufturing a host cell
capablc of cxpressing a polynucleotide encodmg the engincered T7 RNA polvmerase polypeptide
under conditions suttable for expression of the polypeptide. In some embodiments, the methods
further comprise the steps of 1solating and/or purifying the T7 RNA polvmerase polvpeptides, as
described herein.

[0126] Appropuate culture media and growth conditions for the above-described host cells are well
known in the art. Polynucleotides for expression ot the T7 RNA polymerase polvpeptides may be
mtroduced into cells by vanous methods known in the art. Technigues include, among others,
clectroporation, biolistic particle bombardment, liposome mediated transfection, calcium chioride
transfection, and protoplast fusion.

[3127] The enginecred T7 RNA polymerase with the properties disclosed herein can be obtained by
subjecting the polyvnaclestide encoding the naturally occurring or enginecred T7 RNA polymerase
polypeptide to mutagenesis and/or directed evolution methods known 1 the art, and as desecribed
herein. An excmplary dirccted evolution technique 1s nntagenesis and/or DNA shuffling (Sce ¢.g.,
Stemmer, Proc. Natl, Acad. Sci. USA 91:10747-10751 [1994]: WQ 95/22625;, W 97/0078, WO
§7/33966, WO 98/27230, WO 00/42651, WO G1/75767 and U.S. Pat. 6,537,746}, Gther directed
evolution procedures that can be used include, among others, staggered extension process (8tEP), in
vitro recombination {See ¢.g., Zhao et al., Nat. Biotechnol., 16:258-261 {1998]), mutagenic PCR (See
¢.g., Caldwell et al., PCR Methods Appl., 3:5136-5140 {1994]), and cassetic mutagenesis (See ¢.g.,
Black et al., Proc. Natl. Acad. Sci. USA 93:3525-3529 19961},

[3128] For example, mutagenesis and directed evolution methods can be readily applhied to
polynucleotides to generate variand libraries that can be expressed, screened, and assaved.

Mutagenesis and directed evolution methods are well known in the art (See ¢.g., US Patent Nos.
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5,605,793, 5,811,238, 5,830,721, 5,834,252, 5,837,458, 5,928,903, 6,096,548, 6,117,679, 6,132,970,
6,165,793, 6,180,406, 6,251,674, 6,277,638, 6,287,861, 6,287.862, 6,291,242, 6,257,033, 6,303,344,
6,309,883, 6,319,713, 6,319,714, 6,323,030, 6,326,204, 6,335,160, 6,333 198, 6,344,356, 6,352,859,
6,355,484, 6,358,740, 6,358,742, 6,365,377, 6,365,408, 6,368,861, 6,372 497 6,376,246, 6,379,964,
6,387,702, 6,391,552, 6,391,640, 6,395,547, 6,406,855, 6,406,910, 6,413,745, 6,413,774, 6,420,175,
6,423,542, 6,426,224, 6,436,675, 6,444 468, 6,455,253, 6,479,652, 6,482,647, 6,489,146, 6,506,602,
6,506,603, 6,519,065, 6,521,453, 6,528,311, 6,537,746, 6,573,098, 6,576,467, 6,579,678, 6,546,182,
6,602,986, 6,613,514, 6,653,072, 6,716,631, 6,777,218, 6,917,882, 6,946,296, 6,961,664, 5,995 017,
7.024312, 7,058,515, 7,105,297, 7,148,054, 7,288,375, 7421,347, 7430477, 7,534,564, 7,620,500,
7.620,502, 7,629,170, 7,702,464, 7,747,391, 7,747 393, 7,751,986, 7,776,598, 7,783,428, 7,795,030,
7,853,410, 7,868 138, 7873 477, 7,873,499, 7904 249, 7957912 8,014,961, 8,029,988, 8,058,001,
8,076,138, 8,018,150, 8,170,806, 8,377,681, 8,383,346, 8,457 903, 8,504 498, 8,589,085, 8,762,066,
8,849,575, 8,876,066, 8,768,871, 9,593,326, 9,665,694, and all related US and non-US counterparts;
Ling e af., Anal. Biochem., 254(2}:157-78 [ 1997]: Dale ef /., Meth. Mol. Biol., 57:369-74 [1996];
Smith, Ann. Rev. Genet., 19:423-462 [1985]; Botstein ef ¢/, Science, 229:1193-1201 [1985]; Carter,
Biochem. L, 237:1-7 [1986]; Kramer er ol Cell, 38:879-887 [1984]; Wells er /., Gene, 34:315-323
[1983]; Minshull et o/, Curr. Op. Chem. Biol,, 3:284-290 [1999]; Chnistians ef /., Nat. Biotechnot
17:259-264 [1999}; Crameri ef ¢/., Nature, 391:288-291 [1998}; Crameri, e/ o/, Nat. Biotechnol.,
15:436-438 {1997]; Zhang ef o/, Proc. Mat. Acad. Sci. UK A, 94:4504-4509 {1997}, Crameri ef &/,
Mat. Biotechnol., 14:313-319 [1996]; Stemmer, Nature, 370:389-391 [1994]; Stemmer, Proc. Nat.
Acad. Sci. USA, 91:10747-10751 [1994]; US Pat. Appln. Publn. Nos. 2008/0220990, US
2009/0312196, US2014/0005057, US2014/0214301, US2014/0221216; US2015/0050658,
USZ015/0133307, US2015/0134315 and all related US and non-US counterparts, WO 95/22625, WO
O7/0078, WO 97/35966, WO 98/27230, WO 00/42651, WO 01/75767, and WO 2009/152336; all of

5,
b,

which are incorporated heremn by reference).

[#129] In some embodiments, the enzyme variants obtained following mutagenesis treatment are
screened by subjecting the enzyme variants to a defined tomperature {or other assay conditions) and
measuring the amount of enzyme activity remaining after heat treatments or other assay conditions.
DNA containing the polynucleotide encoding the T7 RNA polymerase polypeptide 1s then 1solated
from the host cell, sequenced to identify the nucleotide sequence changes (if any}, and used o express
the enzyme in a different or the same host cell. Measuring enzyme activity from the expression
librarics can be performed using anv suitable method known in the art (¢ .z, standard biochemistry
techniques, such as HPLC analysis).

[1138] For engineered polvpeptides of known sequence, the polynucleotides encoding the enzyme
can be prepared by standard solid-phase methods, according to known synthetic methods. In some
embodiments, fragments of up to about 100 bases can be individually svnthesized, then jomed (e g.,

by enzymatic or chemical litigation methods, or polvmerase mediated methods) to form any desired
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continuous sequence. For example, polvnucleotides and oligonucleotides disclosed herein can be
prepared by chentical synthesis using the classical phosphoramidite method (See ¢.g., Beaucage et al |
Tetra. Lett., 22:1859-69 [1981]; and Matthes et al, EMBO J., 3:801-05 {19841}, as it 1s typically
practiced n automated synthetic methods. According to the phosphoramidite method,
ohgonucleotides are synthesized {¢.g., in an automatic DNA synthesizer), purified, annealed, ligated
and cloned 1n appropriate vectors.

10131] Accordingly, in some embodiments, a method for preparing the engineered T7 RNA
polymerasc polypeptide can comprise: (a) synthesizing a polvaucleotide encoding a polypeptide
comprising an anuno acid sequence selected from the amino acid sequence of any varant provided in
Table 53,54, 5.5, and/or 5.6, as well as SEQ 1D NOS: 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 37,
and 39, and (b) expressing the T7 RNA polymerase polyvpeptide encoded by the polynucieotide. In
some embodiments of the method, the amino acid sequence encoded by the polyaucleotide can
optionally have one or several {(¢.g., up t0 3, 4, 3, or up to 10) amino acid residue deletions, insertions
and/or substitutions. In some embodiments, the amino acid sequence has optionally 1.2, 1-3, 1-4, 1.5,
1-6, 1-7, 1-8, 1-9, 1-10, 1-15, 1-20, 1-21, 1-22, 1-23, 1-24, 1-253, 1-30, 1-35_ 140, 145, or 1-50 amino
acid residue deletions, insertions and/or substitutions. In some embodiments, the amino acid
sequence has optionally 1,2, 3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,20, 21, 22, 23,
24,25, 30, 30, 35, 40, 45, or 50 amino acid residue deletions, insertions and/or substitutions. In some
embodiments, the amino acid sequence has optionally 1,2, 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 18, 20, 21, 22, 23, 24, or 25 amino acid residue deletions, insertions and/or substitutions. In some
embodiments, the substitutions can be conservative or non-conservative substitutions.

[8132] The expressed engincercd T7 RNA polvmerase polypeptide can be assessed for any desired
improved property {e.g., activity, selectivity, stability, acid tolerance, protease sensitivity, €ic }, using
any suitable assay known in the art, including but not limited to the assays and conditions described
heremn.

[4133] In some embodiments, any of the engincered T7 RNA polvmerase polypeptides expressed n
a host cell are recovered from the cells and/or the culture medium using any one or more of the well-
known techniques for protein purification, including, among others, lysozyme treatment, sonication,
filtration, salting-out, ultra-centrifugation, and chromatography.

18134] Chromatographic technigues for isolation of the T7 RNA polymerase polvpeptides include,
among others, reverse phase chromatography high performance liquid chromatography. ion exchange
chromatography, hvdrophobic interaction chromatography, gel electrophoresis, and affinity
chromatography. Conditions for purifving a particular enzyme depends, in part, on factors such as net
charge, hydrophobicity, hydroplulicity, molecular weight, molecular shape, cte., and will be apparent
to those having skill in the art. In some embodiments, affinity technigues may be used to isolate the
mproved variant T7 RNA polvmerase cozymes. In some embodiments utilizing affinity

chromatography puritication, any antibody which specifically binds the variant T7 RNA polymerase

-32-



polypeptide finds use. In some embodiments utilizing affinity chromatography purification, proteins
that bind to the glycans covalently attached to T7 RNA polymerase find use. In still other
embodiments utilizing affinitv-chromatography purifications, any small molecule that binds to the T7
RNA polymerase active site finds use. For the production of antibodies, various host animals,
including but not timited to rabbits, mice, rats, etc., are immumzed by mjection with a T7 RNA
polymerase polypeptide {e.g., a T7 RNA polymerase variant}, or a fragment thereof. in some
embodiments, the T7 RNA polymerase polypeptide or fragment is attached 1o a suitable carrier, sach
as BSA, by means of a side chain functional group or linkers attached 1o a side chain functional
group.

[8135] In some embodiments, the engineered T7 RNA polvmerase polypeptide is produced 10 a host
cell by a method comprising culturing a host cell {e.g., 8 cerevisiae, Daucus carota, Nicotiana
tahacum, H. sapiens (¢.g., HEK293T), or Criceniius griseus (0.5, CHOY) comprising a polynucleotide
sequence encoding an engineered T7 RNA polymerase polypeptide as described herein under
conditions conducive to the production of the engineered T7 RNA polymerase polyvpeptide and
recovering the engineered T7 RNA polvmerase polypeptide from the cells and/or culture medium.
[3136] In some embodiments, the invention encompasses a method of producing an engincered T7
RNA polymerase polypeptide compnsing culturing a recombinant eukarvotic cell comprising a
polynucleotide sequence encoding an enginecred T7 RNA polymerase polypeptide having at least
80%, 81%, 82%, 83%, 84%, 83%, 86%, 87%, 88%, 89%, 90%., 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to reference sequences SEQ 1D NOS: 4 and/or 15, and one or more amino acid
residue differences as compared to SEQ ID NO: 4 and/or 13, selected from those provided m Tables
53,5455, and/or 5.6, and/or combinations thereof when optimally aligned with the aming acid
sequence of SEQ ID NO: 4 and/or 15, under suitable culture conditions to allow the production of the
engineered T7 RNA polymerase polypeptide and optionally recovering the engineered T7 RNA
polymerase polypeptide from the culture and/or cultured bactenal cells.

{4137} In some embodiments, once the engineered T7 RNA polymerase polvpeptides are recovered
from the recombinant host cells or cell cultare medium, they are further purified by any suitable
method(s} known in the art. In some additional crmbodiments, the purified T7 RNA polymerase
polypeptides are combined with other mgredients and compounds to provide compositions and
formulations comprising the engineered T7 RNA polvmerase polvpeptide as appropnate for different
applications and uses (¢.g., pharmaccutical compositions). In some additional embodiments, the
purified T7 RNA polymerase polypeptides, or the formulated T7 RNA polymerase polypeptides are

tvophilized.
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[3138] The present invention provides various compositions and formats, including but not himited to
those described below. In some embodiments, the present invention provides engineered T7 RNA

polymerase polypeptides suitable for use 1n compositions for diagnostic purposes.

EXPERIMENTAL

{8139] The following Examples, including experiments and results achieved, are provided for
illustrative purposes only and are not to be construed as limiting the present invention.

[3140] In the experimental disclosure below, the following abbreviations apply: ppm (parts per
mitlion}; M (molar); mM (millimolar}, uM and uM (micromolar); oM (nanomolary; mol {moles); gm
and g (gram); mg {milligrams); ug and pg {mucrograms}; L and | {liter); ml and mL (milkiliter);, om
{centimeters); mm (nmuillimeters); um and pm (micrometers); sec. (seconds); minds) (minute(s})); h{s)
and hr(s) (hour(s)): U (umits); MW (molecular weight); rpm (rotations per minute); ref (relative
centrifugal force}); °C {(degrees Centigrade); CDS (coding sequence); DNA (deoxyribonucleic acid};
RNA (ribonucleic acid); £ cofi W3110 {(commonly used laboratory £ coli strain, available from the
Coli Genetic Stock Center {CGSCH, New Haven, C1); HPLC (high pressure hiquid chromatography);
MWCO (molecular weight cut-oft); SDS-PAGE (sodium dodecy] sulfate polyacryiamide gel
electrophoresis); T7TRNAP (T7 RNA polymerase}; PES {polyethersulfone), CFSE
(carboxyfluorescein succinimidyl ester); IPTG (sopropyl B-D-1-thiogalactopyranoside}, PMBS
{polymyxin B sulfate); NADPH (nicotinamide adenine dinucleotide phosphate); GIDH (ghutamate
dehydrogenase). FIOPC (fold improvements over positive controt); LB (Luna broth), MeGH
{methanol); Athens Research (Athens Research Technology, Athens, GA)Y, NEB (New England
Biolabs, Ipswich, MAY; lon Torrent (Ion Torrent, Gilford, NH): ProSpec (ProSpec Tany Technogene,
East Brunswick, NI); Sigma-Aldrich (Sigma-Aldnch, St Louis, MO); Ram Scientific (Ram
Scientific, Inc., Yonkers, NY); Pall Corp. (Pall, Corp., Pt. Washington, NY}; Millipore (Millipore,
Corp., Billerica MA); Difco (Difco Laboratorigs, BD Diagnostic Systems, Detroit, M}, Molecular
Devices (Molecular Devices, LLC, Sunnyvale, CA); Kuhner {Adolf Kuthner, AG, Basel, Switzerland);
Axygen {(Axygen, fnc., Union City, CA); Toronto Rescarch Chemicals (Toronto Resecarch Chemicals
Inc., Toronto, Ontario, Canada); Cambridge Isotope Laboratories, {Cambrnidge Isotope Laboratories,
Inc., Tewksbury, MA), Applied Biosystems ( Apphed Biosystems, part of Life Technologies, Corp.,
Grand Island, NY), Agilent (Agilent Technologies, Inc., Santa Clara, CA); Thermo Scientific (part of
Thermo Fisher Scientific, Waltham, MA); fon Torrent NGS (Ion Torrent Next Generation
Sequencing), Li-COR (Li-COR, Lincoln, NE); UVP (UVP, Upland, CA); Biotium (Biotium, Inc.,
Fremont, CA); Coming {Corning, Inc., Palo Alto, CA); Megazvme (Megazyme International,
Wicklow, Ireland); Enzo (Enzo Life Sciences, Inc., Farmingdale, NY): GE Healthcare (GE Healthcare
Bio-Sciences, Piscataway, NIj; Picrce {Picrce Biotechnology (now part of Thermo Fisher Scientific),

Rockford, IL}; LI-COR (LI-COR Biotechnology, Lincoln, NE}, Amicus {Amicus Therapeutics,
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Cranbury, NJ): Phenomenex (Phenomenex, Inc., Torrance, CA); Optimal {(Optimal Biotech Group,

Belmont, CA); and Bio-Rad (Bio-Rad Laboratories, Hercules, CA).

EXAMPLE 1

T7 RMA Polymerase Gene Acquisition and Construction of Expression Vectors
[8141] The wild-type (W'T) T7 RNA Polymerase enzyme (SEQ ID NG:2) is encoded by the genome
of the bacteriophage T7 {SEQ ID NG:1}. A svathetic gene (SEQ 1D NG:3) encoding a 6-histidine
tagged version of the T7 RNA Polymerase (SEQ [D NO:4) was constructed and subcloned into the
FEscherichia coli expression vector pCKI1009001 (See e.g., US Pat. No. 7,629,157 and US Pat. Appin.
Publn. 2016/0244787, both of which are hereby incorporated by reference). These plasmid constructs
were transformed into an . colf strain derived from W3110. Directed evolution techniques generally
known by those skilled in the art were used to generate libraries of gene varnants from these plasmids
{See ¢.g., US Pat. No. 8,383,346 and WO 2010/144103, both of which are hereby incorporated by
reference). The substitutions in the enzyme variants described herein are indicated with reference to
the 6His-tagged WT T7 RNA Polymerase enzvme (i.e., SEQ ID NO:4) or variants thereof, as

indicated.

EXAMPLE 2
T7 RNA Polymerase Expression and Purification in High-Throughput (HTP)
[4142] In this Example, experiments conduocted on T7 RNA polymerase expression and purification

of T7 RNA polvmerase variants are described.

High-Throughput (HTP) Growth of T7 DNA Polvmerase and Variants

10143] Transformed £ coli cells were selected by plating outo LB agar plates containing 1% glucose
and 30 pg/mi chloramphenicol. After overmight incubation at 37°C, colonies were placed into the
wells of 96-well shallow flat bottom NUNC™ (Themmo-Scientific) plates filled with 180 pl/well LB
medium supplemented with 1% glacose and 30 pg/mi chloramphentcol. The cultores were allowed to
grow overnight for 18-20 hours in a shaker (200 rpm, 30 °C, and 85% relative humidity; Kuhner).
Overnight growth samples {20 uLy were transforred into Costar 96-well deep plates filled with 380ub
of Terific Broth supplemented with 30 ug/mi chloramphenicol. The plates were incubated for 120
minutes i a shaker (250 rpm, 30 °C, and 85% relative humidity; Kuhner) until the ODsgo reached
between 0.4-0.8. The cells were then induced with 40 uL of 10 mM PTG i sterile water and
incubated overnight for 18-20 hours in a shaker (250 rpm, 30°C, and 85% relative humidity; Kuhner).
The cells were pelleted (4000 rpm x 20 min), the supernatants were discarded, and the cells were

frozen at -80 "C prior to analvsis.



Lvsis of HTP Pellets

[8144] Cell pellets were resuspended tn 400 ul. of lysis buffer (50 mM sodium phosphate, pH 7.5, 10
mM imidazole, 0.1% Tween 207, 1 mg/ml lysozvme, and 0.5 mg/ml polymyxin B sulfate) , and the
mixture was agitated for 2 b at room temperature. Lysates were then pelieted (4000 rpm x 5 min), and

the clanified supernatants were reserved for punification.

HTP Purification of T7RNAP from Crude Lvsaies

{0145] T7RNAP was purified from clarified 2. cofi lysates by metal-affinity chromatographv using
HisPur™ Ni-NTA spin plate (Thermo Fisher) according to the manufacturer’s instructions. HisPur™
Ni-NTA spin plate was equilibrated with a total of 800 gl of wash buffer (50 mM sodium phosphate
pH 7.5, 300 mM NaCl, 10 mM imidazole. 0.1% v/v TWEEN-20" reagent) per well. Then, 100 pl of
binding buffer was added to cach well followed by 100 ul of HTP lysate containing T7RNAP. The
plate was briefly shaken, centrifuged for 1 min at 1100 relative centrifugal force (ref) and 4°C, and
then incubated at room temperature for 15 min. The plate was washed twice with 600 ul of wash
buffer (30 mM sodium phosphate pH 7.3, 300 mM NaCl, 25 mM imidazole. 0.1% v/v TWEEN-20%
reagent) per well, with 3 min centrifugations at 1100 ref and 4°C for cach wash. Enzyme samples
were eluted with the addition of 105 pl elution buffer (30 mM sodium phosphate pH 7.5, 300 mM
Na(l, 250 mM imidazole, 0.1% v/iv TWEEN®-20 reagent) by centrifugation for 1 min @ 1100 ref at
4°C.

{0146] Elates were buffer-cxchanged using Zeba™ Spin desalting plates {Thermo Fisher). Briefly,
plates were equilibrated twice with 375ul of 2x TTRNAP storage buffer (100 mM Tris HCI pH 8.0,
200 mM NaCl, 2 mM PTT, 2 mM EDTA, 0.2% w/v Triton X-100) per well and centrifuged for 2 min
@ 1100 rcf at 4°C. Desalting plates were loaded with 90ul of the HisPur™ Ni-NTA spin plate eluate
and centrifuged for 2 mn @ 1100 ref at 4°C. The cluate from the desalting plate was retained and
mixed with an equal volume of glycerol for a final storage buffer concentration of 50 mM Trs H(Cl
pH 7.9, 100 mM NaCl, 1 mM DTT, I mM EDTA, 0.1% v/v Triton X-100 and 50% glycerol (viv).
10147} The absence of RNase contamination in purified props was confirmed using the RNase Alert
assay (10T, Life Technologies). SDS-PAGE analvsis of TTRNAP samplcs showed no detectable
contaminating bands for most samples.

[8148] For in vitro transcription reactions using HTP-purified T7RNAP, purtfied polymerase was
added to a final concentration of 10% of the {otal reaction volume (5% for enzyme from shake flask

cultures).

EXAMPLE 3
Shake Flask Expression and Purification of T7 RNA Polymerase
[0149] In this Example, experiments involving shake flask expression and purification of T/RNAP

are described.



Shake Flask Expression

10150] Sclected HTP cultures grown as described in Example 2, were plated onto LB agar plates
with 1% glucose and 30 pg/ml chloramphenicol and grown overnight at 37 °C. A single colonv from
cach culture was transferred to 6 mi of LB broth with 1% glucose and 30 pg/m! chloramphenicol. The
cultures were grown for 18 hat 30 °C, 250 rpm, and subcultured at a dilution of approximately 1:10
into 256 ml of Terrific Broth with 30 pg/mi of chloramphenicol, to a final ODesyo of 0.2. The cultures
were incubated for approximately 3 hours at 30°C, 230 rpm, to an OBeys of 0.6 — 0.8, and then
mduced with the addition of IPTG at a final concentration of 1mM. The induced cultures were
incubated for 20 h at 30°C, 250 rpm. Following this incubation perod, the cultures were centrifuged
at 4000 rpm x 10 mun. The culture supernatant was discarded, and the pellets were resuspended in 35
mis Lysis buffer (50 mM NaHLPO,, pH 7.5, 500 mM Na(l, 0.1% Tween-~20, 10 mM inudazole). This
cell suspension was chilled 1n an ice bath and lysed using a Microfluidizer cell disruptor
(Microfluidics M-110L). The crade lyvsate was pelicted by centrifugation (16,000 rpm for 60 mun at
4°C), and the supermatant was then filtered through a 0.2 um PES membrane to further clanfy the

fysate.

Punification of T7 RNA Polvmerase from Shake Flask Lvsates

[151] TT7RNAP lvsates were purtfied uemg an AKTA Start punification svstem and a 5 m] HisTrap
FF column (GE Healthcare} using the AC Step HiF setting (the run parameters are provided below).
The SF wash buffer was comprised of 30 mM sodivm phosphate pH 7.5, 500 mM NaCl, 0.1% v/v
TWEEN-20" reagent (Sigma), and 25 mM tmidazole. The SF Elution buffer was comprised of 50
mM sodium phosphate pH 7.5, 500 mM NaCl, 0.1% v/v TWEEN-20" reagent (Sigma), and 300 mM

imidazole.

Table 3.1 Purification Parameters
Parameter Volume
Column volume 3 ml
Flow rate 5 mi/mun
Pressure bt 0.3 MPa
Sample volume 35 mils
Equilibration volume 5 column volumes (CV) = 23milg
Wash Unbound volume 15CV =75 mis
Elution Isocratic (step)
Elution volume 5CV=25mls
Fraction volome 3 mis




Table 3.1 Paurification Parameters

Parameteyr Volume

RE-equilibration volume 5CV=25mls

19152] The single five most concentrated 3 mi fractions were identified by UV absorption {A280),
and dialvzed overnight in 2x T7TRNAP storage buffor {100 ;M Tris HCI pH 7.9, 200 mM NaCl, 2
mM DTT, 2 mM EDTA, 0.2% v/v Triton X-100) overnight in a 10K Shde-A-Lyzer™ dialysis
cassette {Thermo Fisher) for buffer exchange for 16 hoars, followed by a second buffer exchange for
24 hours. An equal volume of glycerol was added to the dialyzed material. Enzyme concentrations in

the preparations were measured by gel densitometry and absorption at 280nm.

EXAMPLE4

Transcription Reactions
[31583] Transcription reactions were assembled with the cap analog alpha, gamma-Bis (N7-
methylguanosine) triphosphate {(also referred to herein as “m7G(5 ppp(S IM7G,” “capped-GTP,” or
“Cap”} (See, Grudzien ef. af., RNA, 10:1479-87 [2004]}. An engincered transcription DNA template
GlmS-16A (SEQ D NO: 5) includes a TTRNAP promoter sequence coupled to coding sequence for
the Bacilius anthracis GlmS niboswitch (SEQ 1D NG:6). Upon mduction with its higand, gluicosamine-
6-phosgphate, the GlmS riboswitch self-cleaves and releases a 16-mer RNA mucleotide (SEQ 1D NO:
7} from the 5° end of the transcript, which includes the cap structure or an uncapped 57 phosphate.
This small 16-mer RNA oligonucleotide cleavage product was amenable to 1onization and analysis by
LC-MS, which was used to distinguish the capped and uncapped species.
[31534] Reactions were assembled in a total of 30 ul per well with final concentrations of 50 mM Tris
HCIpH 7.9, 30 mM MgClh, 10 mM DTT, 6 mM ATP, 6 mM CTP, 6 mM UTP, 4 8 mM GTP, 1.2
mM m 7G5 ppp3 M 70, S0ng/w GimS-16A transcnption template, 1U/pl RNasin inhtbitor, and 6.4
mM glicosamine-6-phosphate, and included 10% (v/v) (3 ul} of purified and desalted T7TRNAP from
Example 3. For HTP screening, reactions were incubated at 37 °C for 4 h and quenched with an equal
{30 ul) volume of 40 mM EDTA. The total of m7G{5 yppp(5 m7G and GTP was held at 6 mM.
Glucosamine-6-phosphate was included at the start of the reaction, and cleavage of the riboswitch was

allowed to proceed durning the 4 hour im vifro transcription. .

EXAMPLES
LC-MS Activity Assay
[8155] This Example describes an LC-MS method developed for separation of smaller RNA
fragments using a Thermo LTQ MS system for the analysis of shorter capped 57~ and uncapped 37

triphosphate cleavage producis.



[3156] The TmeG-capped and 57 tnphosphate uncapped 16-mer cleavage products (SEQ ID NG 7)
were chromatographically separated {See, Figure 1) from reactants and higher MW RNAs with a
reverse phase ion-paired HPLC method using a €18 column and HFIP mobile phase commonly used

for the resolution of oligonucleotides for mass spectrometry {See, Table 5.1},

Table 5.1 L{C-MS Method Used for Detecting Capped and Uncapped

16-mer Cleavage Products

Instrument Accela HPLC coupled with Thermo LTQ MS system; fused silica tubing
from column to MS; bypass UV. The UV detector was reconnecied for
Stage 2 screening experiments to allow measurement of cleaved product

Cohunn Waters Xterra MS C18, 50 x 2. Imm, Spum, with Phenomenex CI18 guard

Mohile Phase

A 400 mM HFIP, ~16.3 mM* TEA 1n water, pH 7.9 {(*adjust TEA to reach
pH)

{weigh HFIP, dissolve TEA additions slowly)

B: 200 mM HFIP, ~8.15 mM TEA in 30/50 water/methanol (use A to make

B)
Flow Rate 240 vl/min
{radient 650%A at O7; ramp to S0%A at 1.257; ramp to 20%A at 57; back 10 60% A at
5.57, and hold at 60%A through 7.5 {end}.
Detection LTQ; divert tlow from MS between 0-2 min and again between 5.5-7.5
min.
BP extracted 1ons for:
- Uncapped 16-mer product = 903 .8, 1084 .6, 13559, 1361 .4, 1808 1,
18156, 18208
- Capped 16-merproduct = 9327, 1143 4, 14292, 1438.7, 19061,
19186, 19313
W5 Conditions MS Polarty: Negative: fonization: ESI; Mode: Q1 Scan from 800-2000;

Probe Height: B, Sheath gas: 20; Aux gas: 5; Sweep gas: 0; Spray V! 5;
Cap temp: 275C; Cap V: -20; Tube lens: -85; Multipole 00: 3.5; Lens
3.5, Multipole 0: 5.75; Lens 1: 38; Gate: 78; Multipole 1: 16; Multipole
RF: 400; Front Lens 5.75.

Column Temp. 35°C
Sampler Temp. 7°C
Injection Volume | 10 pyL

Runtime 7.5 min (with mjector cycle time, it takes ~8.4 min / sample.)

Peak RT of capped & uncapped products: ~4.5 min (RT shifts with cach batch of
Tdentification mobile phase)

Details

{0157} Base-peak extractions for capped and uncapped 16-mer cleavage products were performed

using seven ions tor each species, including multiple negativelv charged ions and metal adducis. The

peak intensitics for these seven ions were used to derive the signal for each of the capped and
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uncapped 16-mer cleavage products. These ions include multiple charged states as well as sodium and

potassium adducts (See, Table 5.2}, All ions were observed within 1 mass unit of the expected values.

Table 8.2 fons Measured for Mass Spec Integration
Measared —
Charge Theoretical | Measured | Theoretical

Product fon Mame State | Adduct m/z m/z m/z

{(M-6H)/6 6- 9037 903 8 0.1

(M-5H)/5 5- 1084.6 1084 .6 {

M-4H) - 1356 3559 -1

Lo N

SH)Y/4 4- Na 1361.5 13614 ~0.1

{M-3H)/3 3- 1808.3 18081 -(3.2

(M+Na-

4H)/3 3- Na 18157 18156 -1

(M+K-4H)/3 3- K 1821 18208 0.2

(M-6H)/6 6~ 932 ¢ 9527 -0.02

{M-5H)/5 5- 11436 1143 4 -0.02
Capped | (M-4H)/4 4- 1429 8 14292 -0.06
Womer Vo R sy | 4 K 14393 14387 -0.06

{M-3H)/3 3- 19067 1906.1 -0.06

{(M+K-4H)/3 3- K 19194 1918.6 -(3.08

(M+2K-

SH)Y/3 3- ZK 1932.1 19313 -0.08

{0158] Capping performance relative the WT T7/RNAP (.¢., the “Fold-baprovement Over Parcot,”
or “FIOP”) was calculated bv dividing the capped/uncapped peak intensity ratios for gach sample by
the ratios calculated for WT parental controls present on each plate (n=6 to 10). The FIOP value was
used to rank variant performance relative to the WT T7TRNAP or the library parent, which were
included as controls on every plate. By using thig relative quantitation method, it was possible to
cancel out differences in ionization that were mherent between the capped and uncapped specics, as
well as variations in signal caused by the batch of HFIP mobile phase and EDTA concentration.

In vitro transcription reactions were performed as described in Example 4, with reaction times and
76 (5 Yppp(5 ym7G concentrations as mndicated 1o the tables that follow. Table 53,54, and 5.5
report the average activity improvement for 3 to 6 replicates. Table 5.6 reports the average activity

mmprovement for variants where replicated information is available.
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Table 5.3 T7TRNAP Variant Activity Improvement

VYariant Activity Aming Acid Changes Relative to
# improvement SEQIDNG: 4
i +++ A39TW
2 A R4OTV
3 A+t AZ9TM
4 R A39TF
3 bt R4018
6 et R4011
7 +++ E357R
8 At E357K
9 +++ AZZV/E3ZST]
10 et K394R
11 et E357N
12 et “35TW
i3 +++ K3944
14 At K394L
15 -t E97D/E3STG
16 ++ E3570
7 - E357L
18 - “3578
19 ++ A397(}

20 +=+ E357M

21 At E357V

22 i E337T

23 ++ R639H

24 - E357L

25 - 3570

26 e PeOAW

27 At D66OW

28 At DSI3W

29 +++ Do60T

30 bt D660S

31 et KI6TN/SS14L
32 +++ D660

33 4 DSI3R

34 - S514L

33 ++ D513L

36 ++ S5141

37 fp Al36]

38 fp D5137T

39 ++ Al136E

40 - S514F

41 i D660A

47 ++ D513C

43 ++ D513F

44 - DasON/HR06Y
45 + A302V/DS13G
46 + D660M

47 + 5514Y

48 + D513K

i




Table 5.3 T7TRNAP Variant Activity Improvement

VYariant Activity Aming Acid Changes Relative to
# improvement SEQIDNG: 4
49 +++ S635W
50 +++ DI3TW
51 A+ T637G
52 +++ QO656F
53 ++ S404Y
54 -+ R314C/R401V
55 fot- M446W
56 ++ T6G1E
57 4+ T637G
58 + T250D
59 + T643A
60 + R401L
61 + D478F
62 + ASE2IN
63 + Q656W
64 + N4441
63 + S404E
66 + N444F
67 + V636L
68 + N444V
69 + T6G1Y
70 + Y3920
71 + T637P
72 + F633C
73 + E49G/M642L
74 + M440Y
75 + D478M
76 + R393L
77 + R401IA
78 + 16378
79 + RI160L/T6438
80 + M642L
81 + 2478W
82 + R393Y
&3 + N444H
24 + AG45Y

Reactions were performed with 1.2 mM m7GE )ppp(8 I m7G and 4. 8mM GTP
in a 4 hour reaction. Activity levels were determined relative to the reference
polypeptide of SEG 1D NG: 4. The activity improvement values correspond

to:

bt =
et
+ o=

>5

[ 910 499
1.5t0 1.89
1310149
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Table 5.4 T7TRNAP Variant Activity Improvement

Variant Activity Amino Acid Changes
# improvement Relative to SEQ 1B NO: I8
85 A DS13L/D660W
86 At S635W/D660T
87 +++ DI3TW/RAOIS/DSI3R
88 +++ DI37TW/R40H
89 +++ DI137TW/QO56F
90 At S635W/Q6S6F
91 At DI37TW/S635W
92 At D660T
93 At DI37TW/D513W
94 +++ DI3TW/DS13R/KG62IR
95 ++ DI37TW/R401S/D313W
96 ++ DI3TW/RA0LY
97 ++ LUISM/DI3TW/DS 3R
98 4o DI3TW/RA0IS
99 4o DS 13R/S635W/Q656F
100 ot DI37TW/R401S
101 + DSI3L/S635W
102 + D660S
103 + DI3TW
104 + R4A0Q1S/S635W
105 RAQIS/DSI3R/S635W
106 A 35TR/K3IG4R/RAGIV/S404Y/8514L
107 A R40Q1V/S404Y/8514L
108 At A136K394R/5404Y/M446W
109 ++ A136E/S404Y/M446W
LG ++ A136I/R401V/S404Y
11l ++ R401V/5404Y
112 At AI36E/E3571/5404Y/85141
113 + AL36E3537/S514F
114 + AI36E/S404Y/S514F
115 + E357R/S514F
116 + A136I/E35TK/S514F
117 + Al361/M446W
118 + E357N/K394R/M446W/S5141
119 A136VR401Y
120 A136E/S514F
121 A1361/85141
122 + K394R/M446W/S5141

Screening was conducted with 1mM m7G{5 ppp(3 " m7G, SmM GTP ina 16
hour reaction. Activity levels were determined relative to the reference
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Table 5.4 T7TRNAP Variant Activity Improvement

Variant Activity Aming Acid Changes

# improvement Relative to SEQ 1B NO: I8
polypeptide of SEQ 1D NO: 15. The reported activity improvement values
correspond o

= 223
IT— 2 t0 249

13159] I was noted that Varnant &5 had undetectable levels of uncapped mRNA in the LC-MS assay.

Table 5.5 T7TRNAP Variant Activity Improvement
Variant Activity Amino Acid Changes Relative to
# improvement SEQ ID NO: 4

123 A D3 13W/S635W/D660F

124 A D3 13Y/D660W/P664W

125 -+ D3 13W/K635W/D660F

126 4+ D3 13W/S635W/P664W

127 +++ AATSV/DS1I3W/S635W/D660Y

128 +++ D66OY /PoodW

129 4t DS13F/Doc0W/PG64Y

130 4 A3STW/DS13W/S635W/D660W

131 +-+ A3STW/DSI3W/S635W

132 4 A39TY/D313W/S635W/D660F

133 + DS13Y/S635W/D660F

134 + DSI3Y/S635W/D660Y

135 + A397F/D513W/S635W

136 A397TW/DS13Y/S635W/D660F

137 . A397TW/DSI3Y/8635W

138 + A39TF/DS13Y/S635W
Screening with lm’vi o 7G{5 Yppp(5 ym7G, 5mM GTP 1n a 16 hour reaction.
Activity levels were determined relative to the reference polyvpeptide of SEQ 1D
NG: 15, The activity improvement values correspond to;
debb = 225
++ = 210249
+ = 13t 199
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Table 5.6 TTRNAP Variant Activity Improvement

Variant Activity Amino Acid Changes Relative
# improvement to SEQ 1D NOG: 4

130 -+ A39TW/DS13W/S635W/D660W
123 -+ D513W/S635W/Do60F
124 + D513Y/DO66OW/P664W
131 ++ A39TW/DS13W/S635W
128 4 D660Y/P664AW
129 ++ DS 13F/Do60W/P664Y
135 ++ 39TF/DS13W/5635W
127 +++ A475V/D313W/S635W/D660Y
139 -+ A3DTY/DO6OE/PO64W
126 -+ DS 13W/S635W/P664W
140 -+ A3OTW/DSI3W/S635W/656Y
134 - D513Y/S8635W/D660Y
141 - A39TW/S635W/Q656F/P664W
133 4 D513Y/8635W/D660F
136 -+ A397TW/DS13Y/S635W/D660F
142 -+ D66OW/P6o4F
132 -+ A397Y/DS13W/S635W/D660F
143 - A39TE/D513F/8635W/B660W
137 A+ A39TW/DS13Y/S635W
144 A SE35F/Q656Y/P664W
145 ++ DS13W/S635W
146 ++ A3STW/DS I3W/S635W/Do60Y/P664Y
147 ++ A39TY/D513Y/S635W
148 ++ SO35W/D660W
138 ++ A39TE/DS13Y/5635W
149 + A39TW/DS13Y/S635W/Q656Y/DEO0OW/POo4W
150 ++ A39TW/DSI3F/S635W
151 ++ D5 13F/D660W/PO64AF
152 ++ D513F/S635W/P664W
153 ++ D513F/S635W/Q636W
154 ++ A39TW/DS13W/Po64W
155 ++ SE35SW/P6H4W
156 A+ A39TW/S635W/D660W
157 A D513Y/S635W/B660Y/Po64F
158 A 397Y/D513F/S635W/P664W
159 ++ S635W/D660F
160 ++ A3YTW/DO60F/Po64Y
161 ++ A3YTW/S635W
162 ++ A39TE/DS13W/S035W/Q656F/P664F
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Table 5.6 TTRNAP Variant Activity Improvement

Variant Activity Amine Acid Changes Relative
# improvement to SEQ 1D NOG: 4

163 ++ DS 13Y/8635W
164 ++ A39TF/DS13F/S635W
165 ++ A39TW/D5S13W/S635F
166 + A39TW/D66OE/PH64F
167 ++ A39TW/S635W/D660Y
168 ++ A39TE/DSI3Y/S635W/PO64F
169 ++ A3STW/DS13F/D660Y/P664F
170 ++ PGOAW
171 ++ SE35W/Q656W
172 ++ A397Y/S635W/D66OF
173 ot A39TW/S635W/P664F
174 ++ DS13Y/S63SF/P664W
175 -+ 397F/P664W
176 ++ A3YTY/S635W
177 + L658P
178 + S635F/Q656F/P664Y
179 + A39TW/S635E/PH64E
180 + D3 13Y/D660Y/Po64F
181 + A39TY/DS13W/S635F/P664Y
182 + D660F/P664Y
183 + A397F/S635W
184 + A397F/DSI3W/P664W
185 + A397TW/DS13F/DO6OW
186 + A39TW/SO63SW/PH6AW/ABS0T
187 + A39TW/B3 13F/8635F/Q056F/D66OE/PH64W
188 + A39TW/B313W/P664F
189 + 39TW/S635W/Q656F/P664Y
190 + 397TW/D3 13F/5635F/D660W
191 + DSI3F/S635W
192 + A3DTW/S635W/QES6F/POO4F
193 + A39TW/D5S13Y/S635W/Q656Y/P6O4Y
194 + S635W
195 + D35 13W/S635W/Q656W/B660F
196 + D513Y/S635R/Q656F/Poo4Y
197 + D513W/S635F
198 + Q656W/DO6OW/P664Y
199 + A39TW/DO50W
200 + A397TW/DS13W/S635W/D66OW/PG64Y
201 + D5 13W/Q636Y/D6GOW
202 + 399E/S635F/D660W
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Table 5.6 TTRNAP Variant Activity Improvement

Variant Activity Amine Acid Changes Relative
# improvement to SEQ 1D NOG: 4
203 + D3 I3W/D660W
204 + A39TY/S635W/QOSOF/D66UY /Poo4W
205 + D660E/P664F
206 + A39TW/S635F
207 + A39TY/DS1I3W/Q656W/D660W
208 + D513Y/8635F/D6GOE/PO64Y
209 + A39TE/DS13Y/S635W/Q656W
210 + D35 13F/D660W
211 + D5 13W/D660F
212 + A397W/DS13F
213 + A39TW/D513W
214 + Q656W/D660F/P664Y
215 + DS13Y/P664Y
216 + A3YTW/D513Y/8635F
217 + DS I3W/Q636W/P664AW
218 + A39TW/D I 3W/DEEOW
219 + A39TW/D513F/DO60F
220 + A39TF/D66OW
221 + A39TF/S635F/D660W
222 + A397Y/S635F/D66OW
223 + D35 13Y/DO6OW
224 + A397Y/P664F
225 + A397TW/D5 13W/DO6OW/P664Y
226 + P6O4E
227 + A397Y/D513F/S635W/Q636F/DOCUW/P664E
228 + S635F/D66OW/P664E
229 + 397F/D513Y/Q656H/D660W
230 + 397F/D513F/S635F
231 + A39TW
232 + A39TY/R635F
233 + A39TY/D513Y
234 + D5 13F/8635F
235 + A397F/D513F
236 + A39TF/D513Y
237 + D513W
238 + A397Y
239 + A397F
240 + D513F
241 + A397TW/DS13W/S633F/Q656W/D660F
242 + A39TW/ER3TK
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Table 5.6 TTRNAP Variant Activity Improvement

Variant Activity Amino Acid Changes Relative
# improvement to SEQ 1D NOG: 4
243 + D660F
244 + DS 13Y/S635F

Screoning with tM en7G(5 ppp(5m7G, SmM GTP. Activity levels were
determined relative to the reference polypeptide of SEQ IR NO: 4. The activity
improvement values correspond to:

+++ = 215
++ =Tt 149
+ = 21069

EXAMPLE 6
Determination of RNA Yield
{8160 In vitro transcription reactions were performed as described in Example 4, but using a
haciferase template (SEQ 1D NO: 10). mRNA yields from in vitro transcription reactions were
performed according to the manufacturer’s protocol for the Quant-iT RNA Assay kit (broad-range, -
33140, Thermo Fisher). mRNA abundance was calculated using a standard curve denved for the

mRNA standards provided with the assay kit

Table 6.1 RNA Yields
SEQID YVARIANTID
MO NO: RNA Yield
4 N/A +t
15 26 -
17 86 +
19 85 +
30 125 ++
33 134 ++
35 107 ++
37 106 -
Reported vield values correspond to:
++=> 1 8 mg/ml RNA yield
+=11t0 1.8 ug/ul RNA vield
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EXAMPLE7

Betermination of TTRNAP Variant Transcription Fidelity
10161] Polyvmerase fidelity was measured based on directly sequencing a large mumber of RT-PCR
clones dertved from mRNA transcribed trom vanant polymerases. & vifro transcription reactions
were performed as described in Example 4, using 0.5 mM m 768 ppp(8m7G, 5.5 mM GTP, and
omitting glucosamine-6-phosphate. The tmehusion of m7G{5 ppp(5 Im7G allowed the measurement
of the contribution of this cap analog (if any) to the error rate of WT and variant polymerases uonder
process-relevant conditions. A 1.7 kb huciferase template DNA (SEQ 1D NO: 8) served as a DNA
template for transcription using wild-type and variant T7 RNAPs to generate full-length mRNA
transcripts. RNA was isolated using the Zyvmo RNA Clean and concentrator-25 kit {Zymo Rescarch) |
and residual DNA was removed from the RNA samples by two successive treatments with the DNA-
free DNAase 1 kit (Ambion/ Thermo Fisher). Samples were reverse-transenibed with Accuprime
Reverse Transcriptase (Agilent) using an oligo~{dT):s primer (SEQ 1D NG: 40) annealing to the
poly{A) tail on the huciferase template. The RT reaction was then amplified using PHUSION® high-
fidelity DNA polymerase using HF buffer (New England Biolabs} via PCR to generate a 1675-bp
amplicon, using gene-specific primers (SEQ 1D NG 12, SEGQ 1D NG:13) annecaling to the luciferase
coding sequence. Amplified fragments were digested with Bglf (New England Biolabs), higated into a
cloning vector, and transformed to generate single clones in £, cofi.
10162} Individual clones were picked and sequenced using a multiplex barcoding strategy on the fon
Torrent PGM platform (Thermo Fisher). Barcoded reads were deconvoluted, and sequences of
mdividual clones were then assembled against the expected template sequences for the 1632-bp
region between SEQ D NO: 12 and SEQ 1D NO: 13 Mutations including small insertion, deletions
{i.¢, indels), and single-nucleotide polymorphisms were tallied. Mogst mutations observed were
substitutions, although nsertions and deletions were also observed. The total number of mutations
per base of sequenced mRNA-derived clones was calculated, and is reported in Tables 7.1 and 7.2,
The expected overall rate of nnitations per base based on the literature 18 the sum of errors due to the
TTRNAP (1x10*) (Huang et al , Biochem , 39:11571-11580 {2000]), Accuscript reverse transcriptase
{6x10-3) (Agilent; See, product literature), and Phusion DNA polymerase (1.2x10-3) (20 cycles; See,
NEB product lterature }, or 1.72x10% overall. Most variant polymerases demonstrated overall error
rates near the reported Hterature value for TTRNAP, even in the presence of 0.5mM
7G5 ppp(3 )m7G.
[3163] A onc-tailed (right-side) binomial test was used to calculate the probability of sampling the
observed number of errors (or greater) given number of bases sequenced if the actual error rate in the
experiment is equal to the observed overall error rate for TTRNAP-WT in the separate experiments
presented i Tables 7.1 and 7.2, The fidelity of a given variant was considered indistinguishable from
the WT T7RNAP in this assay for p values greater than 0.05. In Table 7.1, “+7 15 less than 1.7%107,

and “~* is greater than 1.7%10™ in the observed error rate result column, while “+7 is p > (.05 and -~
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is 0<C 0.05 in the binomial test result column. In Table 7.2, “+” is less than 1.5x10™ and “-“ is greater
than 1.5x10™ in the observed error rate result column, while “+” is p > 0.05 and “~“ is p < 0.05 in the

binomial test result column.

Table 7.1 Error Rates for Some TTRNAP Variants
SEQ ID Variant 1D Observed Error Rate Binomial Test
NQG: NQG:
4 N/A + +
15 26 t }
17 &6 t }
19 &5 t -
21 &7 } }
23 93 - ~
25 95 + +
27 88 + +

Table 7.2 Error Rates for Some T7TRNAP Variants
SEQG ID Variant II} Observed Ervor Rate Binomial Test
NG NG

4 N/A + +
20 108 + +
31 125 - -
33 134 + +

3 107 + +
37 106 + +
39 33 + -

[3164] While the mvention has been described with reference to the specific embodiments, various
changes can be made and equivalents can be substituted to adapt to a particular situation, material,
composition of matter, process, process step or steps, thereby achicving benefits of the ovention
without departing from the scope of what is claimed.

[8165] For all purposes in the United States of America, each and every publication and patent
document cited in this application is incorporated herein by reference as if each such publication or
document was specifically and individually mmdicated to be incorporated herem by reference. Citation
of publications and patent documents is not intended as an indication that any such document is

pertinent prior art, nor does it constitute an admission as to its contents or date,

=50~



<110>

CODEXIS,

INC.

SEQUENCE

LISTING

ALEXION PHARMACEUTICALS, INC.

<120>

<130>

<140>
<141>
<160> 40
<210> 1
<211> 2649

<212> DNA
<213>

<220>

<223> T7RNAP Wild Type

<400> 1

atgaacacga
ttcaacactc
catgagtctt
gctggtgagg
atgattgcac
acagccttcc
accactctgg
atcggtcggg
cacttcaaga
gcatttatgc
tggtcttcgt
attgagtcaa
tctgagacta
ctggctggca
attactggtg
agtaagaaag
aacattgcgc
atcaccaagt
ccgatgaaac
gccgetgetg
atgcttgagc
gactggcgceg
aaaggactgc
aaaatccacg
ttcattgagg
tggtgggctg
gtacagcacc
tctggcatcc
ttgcttccta
attctacaag

CX8-168USP1

NOT YET ASSIGNED
SUBMITTED HEREWITH

ttaacatcgc
tggctgacca
acgagatggg
ttgcggataa
gcatcaacga
agttcctgca
cttgcctaac
ccattgagga
aaaacgttga
aagttgtcga
ggcataagga
ccggaatggt
tcgaactcgc
tctctccgat
gtggctattg
cactgatgcg
aaaacaccgc
ggaagcattg
cggaagacat
tgtaccgcaa
aagccaataa
gtcgtgttta
ttacgctggc
gtgcaaactg
aaaaccacga
agcaagattc
acggcctgag
agcacttctc
gtgaaaccgt
cagacgcaat

T7 RNA POLYMERASE VARIANTS

Artificial Sequence

taagaacgac
ttacggtgag
tgaagcacgc
cgctgccgcc
ctggtttgag
agaaatcaag
cagtgctgac
cgaggctcgc
ggaacaactc
ggctgacatg
agactctatt
tagcttacac
acctgaatac
gttccaacct
ggctaacggt
ctacgaagac
atggaaaatc
tccggtcgag
cgacatgaat
ggacaaggct
gtttgctaac
cgctgtgtca
gaaaggtaaa
tgcgggtgtc
gaacatcatg
tccgttctgc
ctataactgc
cgcgatgctc
tcaggacatc
caatgggacc

ttctctgaca
cgtttagctc
ttccgcaaga
aagcctctca
gaagtgaaag
ccggaagccg
aatacaaccg
ttcggtcgta
aacaagcgcg
ctctctaagg
catgtaggag
cgccaaaatg
gctgaggcta
tgcgtagttc
cgtcgtcctc
gtttacatgc
aacaagaaag
gacatccctg
cctgaggctc
cgcaagtctc
cataaggcca
atgttcaacc
ccaatcggta
gataaggttc
gcttgcgcta
ttccttgegt
tcccttcecgce
cgagatgagg
tacgggattg
gataacgaag
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tcgaactggc
gcgaacagtt
tgtttgagcg
tcactaccct
ctaagcgcgg
tagcgtacat
ttcaggctgt
tccgtgacct
tagggcacgt
gtctactcgg
tacgctgcat
ctggcgtagt
tcgcaacccg
ctcctaagcc
tggcgctggt
ctgaggtgta
tcctageggt
cgattgagcg
tcaccgcgtg
gccgtatcag
tctggttccc
cgcaaggtaa
aggaaggtta
cgttccctga
agtctccact
tctgctttga
tggcgtttga
taggtggtcg
ttgctaagaa
tagttaccgt

tgctatcccg
ggcccttgag
tcaacttaaa
actccctaag
caagcgcccg
caccattaag
agcaagcgca
tgaagctaag
ctacaagaaa
tggcgaggcg
cgagatgctc
aggtcaagac
tgcaggtgcg
gtggactggc
gcgtactcac
Ccaaagcgatt
cgccaacgta
tgaagaactc
gaaacgtgct
ccttgagttc
ttacaacatg
cgatatgacc
ctactggctg
gcgcatcaag
ggagaacact
gtacgctggg
cgggtcttgc
cgcggttaac
agtcaacgag
gaccgatgag

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800



aacactggtg
ctggcttacg
tccaaagagt
tccggcaagg
atttgggaat
tctgctgcta
aagcgttgcg
aagcctattc
attaacacca
aactttgtac
aagtacggaa
gctgcgaacc
gtactggctg
atgccagcac

gcgttcgeg

<210> 2
<211> 883
<212> PRT

aaatctctga
gtgttactcg
tcggcttccg
gtctgatgtt
ctgtgagcgt
agctgctggc
ctgtgcattg
agacgcgctt
acaaagatag
acagccaaga
tcgaatcttt
tgttcaaagc
atttctacga
ttccggctaa

gaaagtcaag
cagtgtgact
tcaacaagtg
cactcagccg
gacggtggta
tgctgaggtc
ggtaactcct
gaacctgatg
cgagattgat
cggtagccac
tgcactgatt
agtgcgcgaa
ccagttcgct
aggtaacttg

<213> Artificial Sequence

<220>

<223> T7RNAP Wild Type

<400> 2
Met Asn
1

Ala

Ala Ile

Ala Glu
35
Phe

Arg
Ala Arg
50
Ala Asp
65

Met

Asn

Ile Ala

Gly Lys Arg

Ala Val Ala

115

Ala Asp Asn
130

Ile Glu

145

His

Asp

Phe Lys

Val Tyr Lys
Leu
195

His

Lys Gly

Ser Ile

Thr Ile Asn Ile Ala

5
Pro Phe
20
Gln Leu

Arg Lys

Ala Ala
Ile
85
Thr

Arg

Pro
100
Tyr Ile

Thr Thr

Glu Ala

Asn
Ala
Met
Ala
70

Asn
Ala
Thr

Val

Arg

Lys

Thr Leu
Glu
40
Glu

Leu

Phe
55
Lys Pro

Asp Trp

Phe Gln

Ile Lys
120
Gln Ala
135

Phe Gly

150

Asn
165
Ala

Lys

Lys
180
Leu Gly

Val Gly

Val
Phe
Gly

Val

Glu Glu

Met Gln

Glu Ala
200

Arg Cys

ctgggcacta
aagcgttcag
ctggaagata
aatcaggctg
gctgeggttg
aaagataaga
gatggtttcc
ttcctcggtc
gcacacaaac
cttcgtaaga
cacgactcct
actatggttg
gaccagttgc
aacctccgtg

Asn Asp Phe
10

Ala Asp

25

His

His

Glu Ser

Arg Gln Leu

Ile Thr
75
Glu

Leu
Phe Glu
90
Phe Leu
105

Thr

Gln

Thr Leu

Val Ala Ser

Arg Ile Arg

155

Gln Leu Asn
170

Val Vval

185

Trp

Glu

Ser Ser

Ile Glu
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Met

aggcactggc
tcatgacgct

ccattcagcc
ctggatacat
aagcaatgaa
agactggaga
ctgtgtggca
agttccgctt
aggagtctgg
ctgtagtgtg
tcggtaccat
acacatatga
acgagtctca
acatcttaga

Ser Asp Ile
Glu
30

Met

Tyr Gly
Glu
45
Ala

Tyr

Lys
60
Thr

Gly

Leu Leu

Val Lys Ala

Glu Ile Lys

110

Ala Cys Leu
125

Ala Ile

140

Asp

Gly

Leu Glu

Lys Arg Val

Ala Met
190

Lys

Asp

His
205
Ile

Trp

Leu Glu

tggtcaatgg
ggcttacggg
agctattgat
ggctaagctg
ctggcttaag
gattcttcgc
ggaatacaag
acagcctacc
tatcgctcct
ggcacacgag
tccggctgac
gtcttgtgat
attggacaaa
gtcggacttc

Glu
15
Arg

Leu
Leu

Gly Glu

Glu Val

Pro Lys
80
Lys Arg
95
Pro Glu

Thr Ser

Arg Ala

Ala Lys
160
Gly His
175
Leu Ser

Glu Asp

Ser Thr

1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2649



Gly
225
Ser
Arg
Val
Asn
Leu
305
Asn
Val
Pro
Met
Tyr
385
Met
Pro
Asn
Gly
Ala
465
Phe
Leu
Ala
Asn
His
545
Leu
Lys
Glu
Val

Val
625

210
Met

Glu
Ala
Pro
Gly
290
Met
Ile
Ala
Ala
Asn
370
Arg
Leu
Tyr
Pro
Lys
450
Asn
Ile
Glu
Phe
Cys
530
Phe
Leu
Val
Val
Lys

610
Thr

Val
Thr
Gly
Pro
275
Arg
Arg
Ala
Asn
Ile
355
Pro
Lys
Glu
Asn
Gln
435
Pro
Cys
Glu
Asn
Cys
515
Ser
Ser
Pro
Asn
Val
595

Leu

Arg

Ser
Ile
Ala
260
Lys
Arg
Tyr
Gln
Val
340
Glu
Glu
Asp
Gln
Met
420
Gly
Ile
Ala
Glu
Thr
500
Phe
Leu
Ala
Ser
Glu

580
Thr

Ser

Leu
Glu
245
Leu
Pro
Pro
Glu
Asn
325
Ile
Arg
Ala
Lys
Ala
405
Asp
Asn
Gly
Gly
Asn
485
Trp
Glu
Pro
Met
Glu
565
Ile
Val
Thr

Val

His
230
Leu
Ala
Trp
Leu
Asp
310
Thr
Thr
Glu
Leu
Ala
390
Asn
Trp
Asp
Lys
Val
470
His
Trp
Tyr
Leu
Leu
550
Thr
Leu
Thr
Lys

Thr
630

215
Arg

Ala
Gly
Thr
Ala
295
Val
Ala
Lys
Glu
Thr
375
Arg
Lys
Arg
Met
Glu
455
Asp
Glu
Ala
Ala
Ala
535
Arg
Val
Gln
Asp
Ala

615
Lys

Gln
Pro
Ile
Gly
280
Leu
Tyr
Trp
Trp
Leu
360
Ala
Lys
Phe
Gly
Thr
440
Gly
Lys
Asn
Glu
Gly
520
Phe
Asp
Gln
Ala
Glu
600

Leu

Arg

Asn
Glu
Ser
265
Ile
Val
Met
Lys
Lys
345
Pro
Trp
Ser
Ala
Arg
425
Lys
Tyr
Val
Ile
Gln
505
Val
Asp
Glu
Asp
Asp
585
Asn

Ala

Ser

Ala
Tyr
250
Pro
Thr
Arg
Pro
Ile
330
His
Met
Lys
Arg
Asn
410
Val
Gly
Tyr
Pro
Met
490
Asp
Gln
Gly
Val
Ile
570
Ala
Thr
Gly

Val

Gly
235
Ala
Met
Gly
Thr
Glu
315
Asn
Cys
Lys
Arg
Arg
395
His
Tyr
Leu
Trp
Phe
475
Ala
Ser
His
Ser
Gly
555
Tyr
Ile
Gly
Gln

Met
635
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220
Val

Glu
Phe
Gly
His
300
Val
Lys
Pro
Pro
Ala
380
Ile
Lys
Ala
Leu
Leu
460
Pro
Cys
Pro
His
Cys
540
Gly
Gly
Asn
Glu
Trp

620
Thr

Val
Ala
Gln
Gly
285
Ser
Tyr
Lys
Val
Glu
365
Ala
Ser
Ala
Val
Thr
445
Lys
Glu
Ala
Phe
Gly
525
Ser
Arg
Ile
Gly
Ile
605

Leu

Leu

Gly
Ile
Pro
270
Tyr
Lys
Lys
Val
Glu
350
Asp
Ala
Leu
Ile
Ser
430
Leu
Ile
Arg
Lys
Cys
510
Leu
Gly
Ala
Val
Thr
590
Ser

Ala

Ala

Gln
Ala
255
Cys
Trp
Lys
Ala
Leu
335
Asp
Ile
Ala
Glu
Trp
415
Met
Ala
His
Ile
Ser
495
Phe
Ser
Ile
Val
Ala
575
Asp
Glu
Tyr

Tyr

Asp
240
Thr
Val
Ala
Ala
Ile
320
Ala
Ile
Asp
Val
Phe
400
Phe
Phe
Lys
Gly
Lys
480
Pro
Leu
Tyr
Gln
Asn
560
Lys
Asn
Lys
Gly

Gly
640



Ser Lys Glu

Pro Ala Ile

Ala Ala Gly

675

Val Val Ala
690

Leu Leu Ala

705

Lys

Arg Cys

Gln Glu Tyr

Gln Phe
755
Ala

Gly
Ile Asp
770
Ser Gln
785

Lys

Asp

Tyr Gly

Ile Pro Ala

Val Thr
835

Asp

Asp
Phe Ala
850
Pro Ala
865

Ala

Lys

Phe Ala

<210> 3
<211> 2673
<212> DNA

Phe Gly
645
Asp Ser
660
Tyr Met

Ala Vval

Ala Glu

Phe
Gly
Ala
Glu

Val

Arg Gln

Lys Gly
Leu
680
Met

Lys

Ala
695

Lys Asp

710

Ala Val
725
Lys Lys
740
Arg Leu

His Lys

Gly Ser

His

Pro

Gln

Gln

His

Trp Val

Ile Gln

Thr
760
Ser

Pro

Glu
775

Leu Arg

790

Ile Glu
805
Asp Ala
820
Tyr Glu

Gln Leu

Gly Asn

Ser

Ala

Ser

His

Leu

Phe Ala

Asn Leu

Cys Asp
840
Glu Ser
855

Asn Leu

870

<213> Artificial Sequence

220>
<223> 6His-

<400> 3

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc

gtagggcacg

T7RNAP

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg

Gln Val
650

Met

Leu
Leu Phe
665
Ile

Trp Glu

Asn Trp Leu
Thr
715

Asp

Lys Lys

Thr Pro
730
Thr Arg
745

Ile

Leu

Asn Thr

Gly Ile Ala

Thr Val
795
His

Lys

Ile
810
Lys

Leu

Phe
825
Val

Ala

Leu Ala

Gln Leu Asp
Ile

875

Arg Asp

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
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Glu Asp Thr

Thr Gln Pro
670
Val Ser
685

Ser

Ser
Lys Ala
700
Gly

Glu Ile

Gly Phe Pro
Met
750

Asp

Asn Leu

Asn Lys

765
Pro Asn Phe
780
Val

Trp Ala

Asp Ser Phe

Val Glu
830

Tyr

Arg

Phe
845
Met

Asp
Lys Pro
860
Leu

Glu Ser

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat

Ile
655
Asn

Gln
Gln

Val Thr

Ala Lys

Leu Arg
720
Val Trp
735
Phe Leu

Ser Glu

Val His
Glu
800
Thr

His

Gly
815
Thr Met

Asp Gln

Ala Leu

Phe
880

Asp

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcc
caatacaacc
cttcggtcgt
caacaagcgc
gctctctaag

60

120
180
240
300
360
420
480
540
600



ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggcgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagc
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 4
<211> 890
<212> PRT

gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
cagctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Ccaaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> 6His-

<400> 4

Met His His His His His His

1

Asp Phe Ser Asp Ile Glu Leu

Asp His Tyr Gly Glu Arg Leu

35

Glu Ser Tyr Glu Met Gly Glu

T7RNAP

5

20

40

tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Met Asn Thr Ile

10

Ala Ala Ile Pro

25

Ala Arg Glu Gln

Ala Arg Phe Arg
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aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala Lys

Phe Asn
30

Leu Ala
45

Lys Met

Thr Leu

Leu Glu

Phe Glu

tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Asn
15

Ala
His

Arg

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Gln
65

Ile
Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg
Asn
Val
Gly

Tyr
465

50
Leu

Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu

450
Trp

Lys
Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435

Leu

Leu

Ala
Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr

Lys

Gly
Leu
85

Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser

Leu

Ile

Glu
70

Pro
Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met

Ala

His
470

55
Val

Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys

455
Gly

Ala
Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly

Ala

Asp
Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro

Lys

Asn

Asn
Ala
90

Arg
Ala
Asn
Asp
Lys
170
Lys
Leu
His
Val
Thr
250
Gly
Pro
Arg
Arg
Ala
330
Asn
Ile
Pro
Lys
Glu
410
Asn
Gln

Pro

Cys

Ala
75

Arg
Pro
Tyr
Thr
Glu
155
Lys
Lys
Leu
Val
Ser
235
Ile
Ala
Lys
Arg
Tyr
315
Gln
Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile

Ala
475
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60
Ala

Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly

460
Gly

Ala
Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys

Val

Lys
Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met

Glu

Asp

Pro
Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly

Lys

Leu
80

Phe
Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr

Val
480



Pro
Met
Asp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys
Leu
Leu

865
Asp

Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala
Ala
850
Asp

Ile

Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val
835
Asp
Lys

Leu

Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg
Phe
Met

Glu

Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu
Tyr

Pro

Ser
885

Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr
Asp
Ala

870
Asp

Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr
Met
Gln
855

Leu

Phe

Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Pro
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val
840
Phe

Pro

Ala

Ile
Glu

505
Phe

Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu

745
Gln

Gln
Tyr
Pro
825
Asp
Ala
Ala

Phe

Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp
Gly
810
Ala
Thr
Asp
Lys

Ala
890

Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Ser
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly
795
Ile
Asp
Tyr
Gln

Gly
875
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Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu
Leu

860
Asn

His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser
845
His

Leu

Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys
Glu

Asn

Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu
Asp

Ser

Leu

Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val
Gln

Arg
880



<210> 5
<211> 3060
<212> DNA

<213> Artificial Sequence

<220>

<223> DNA template

<400> 5

gatcttcttg
cgctaccagc
ctggcttcag
accacttcaa
tggctgectgc
cggataaggc
gaacgaccta
cCcgaagggag
cgagggagct
tctgacttga
ccagcaacgc
ttcctgegtt
ccgctcgecg
agagtaggga
cgtttctaca
gggeggttct
ggttttttta
tcactttgct
ttaaataaga
tatttatgat
atctcgaaaa
aatacaaaat
attttgtgtc
gctaagcgcc
tcggeggatg
gacttagtgg
atgagtaggc
gcgagcagag
cgcgaaagceg
ggcgaaaggc
actctcgcat
ggcatggggt
gccatattca
actgacccct
ataaccctga
ccgtgtcgcec
aacgctggtg
actggatctc
gatgagcact
agagcaactc
cacagaaaag
catgagtgat
aaccgctttt
gctgaatgaa

agatcctttt
getggtttgt
cagagcgcag
gaactctgta
cagtggcgat
gcagcggtcg
caccgaactg
aaaggcggac
tccaggggga
gcgtcgattt
ggccttttta
atcccctgat
cagccgaacg
actgccaggc
aactctttct
gataacgagt
tggggggagt
tgatatatga
tacgttgctt
tttttgtata
taataaaggg
ataatacaaa
gcccttgtac
agaactggca
actcccggtt
acaaaggtga
tgtcccatca
ttcctcccgce
gagagccgtc
ccagtctttc
ggggagtccc

caggtgggac
ggtataaatg

atttgtttat
taaatgcttc
cttattccct
aaagtaaaag
aacagcggta
tttaaagttc
ggtcgccgca
catcttacgg
aacactgcgg
ttgcacaaca
gccataccaa

tttctgcgceg
ttgccggatc
ataccaaata
gcaccgccta
aagtcgtgtc
ggctgaacgg
agatacctac
aggtatccgg
aacgcctggt
ttgtgatgct
cggttcctgg
tctgtggata
accgagcgca
atcaaactaa
gtgttgtaaa
aatcgttaat
ttagggaaag
gaattattta
tttcgattga
tacaatattt
aaaatcagtt
ctataagatg
ttagtcgctg
ccttcgggtg
gttcatcaca
aagtgtgatg
ggggaggaat
tctgettggc
caggatcccg
gactgagcct
cacactacca
caccgcgcta
ggctcgecgat
ttttctaaat
aataatattg
tttttgecggc
atgctgaaga
agatccttga
tgctatgtgg
tacactattc
atggcatgac
ccaacttact

tgggggatca
acgacgagcg

taatctgctg
aagagctacc
ctgttcttct
catacctcgc
ttaccgggtt
ggggttcgtg
agcgtgagct
taagcggcag
atctttatag
cgtcaggggsg
ccttttgectg
accgtattac
gcgagtcagt
gcagaaggcc
acgacggcca
ccgcaaataa
agcatttgtc
accttataaa
tgaacaccta
ctagtttgtt
tttgatatca
ttatcagtat
aataatacga
ccagttgacg
accgcaagct
aaacccgacc

cggggacgsc
tgggggtgag
tcaaaagggc
ttcgttttat
tcggcgctac
ctgccgccag
aatgttcaga
acattcaaat
aaaaaggaag
attttgcctt
tcagttgggt
gagttttcgc
cgcggtatta
tcagaatgac
agtaagagaa
tctgacaacg
tgtaactcgc
tgacaccacg
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cttgcaaaca
aactcttttt
agtgtagccg
tctgctaatc
ggactcaaga
cacacagccc
atgagaaagc
ggtcggaaca
tcctgtcggg
gcggagccta
geccttttgcet
cgcctttgag
gagcgaggaa
cctgacggat
gtcttaagct
cgtaaaaacc
agaatattta
tgagaaaaaa
taattaaact
aaagagaatt
aaattataca
ttattatgca
ctcactatag
aggtggggtt
tttacttaaa
tggacggagg
tgaaaggcga
gggaataccc
gacaccccat
ttgatgcctg
ggcgtttcac
gcaaacaagg
attggttaat
atgtatccgc
aatatgagta
cctgtttttg
gcacgagtgg
cccgaagaac
tcccgtattg
ttggttgagt
ttatgcagtg
atcggaggac
cttgatcgtt
atgcctgtag

aaaaaaccac
ccgaaggtaa
tagttagccc
ctgttaccag
cgatagttac
agcttggagc
gccacgcttc
ggagagcgca
tttcgccacc
tggaaaaacg
cacatgttct
tgagctgata
gcggaagegcg
ggcctttttg
cgggccccct
cgcttcggceg
agggcgectg
gcaacgcact
attcatctat
aagaaaataa
tgtcaacgat
tttagaataa
cggaacccaa
tatcgagatt
tcattaaggt
cgcgeccgag
gggcgecgaa
ttaccactgt
aattagcccg
gcagttccct
ttctgagttc
ggtgttatga
tggttgtaac
tcatgagaca
ttcaacattt
ctcacccaga
gttacatcga
gttttccaat
acgccgggca
actcaccagt
ctgccataac
cgaaggagct
gggaaccgga
cgatggcaac

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640



aacgttgcgc
agactggatg
ctggtttatt
gctggggcca
aactatggat
gtaaaagcag
taacgtgagt

<210> 6
<211> 334
<212> RNA

aaactattaa
gaggcggata
gctgataaat
gatggtaagc
gaacgaaata
agcattacgc

tacgcgecgceg

ctggcgaact
aagttgcagg
ccggagecgsg
cctcccgtat
gacagatcgc
tgacttgacg
tcgttccact

<213> Artificial Sequence

<220>

<223> RNA Transcript

<400> 6

gcggaaccca
uuaucgagau
aucauuaagg
gcgegeecga
agggcgecga
cuuaccacug

<210> 7
<211> 16
<212> RNA

agcuaagcgc
uucggcggau
ugacuuagug
gaugaguagg
agcgagcaga
ucgcgaaagc

cagaacuggc
gacucccggu
gacaaaggug
cugucccauc
guuccucccg

ggagagccgu

<213> Artificial Sequence

<220>

<223> RNA cleavage product

<400> 7
gcggaaccca

<210> 8
<211> 4671
<212> DNA

agcuaa

<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 8

gagttacgcg
cttgagatcc
cagcggtggt
tcagcagagc
tcaagaactc

cgecgtcgttc
tttttttctg
ttgtttgccg
gcagatacca
tgtagcaccg

cactgagcgt
cgcgtaatct
gatcaagagc
aatactgttc
cctacatacc

acttactcta
accacttctg
tgagcgtggt
cgtagttatc
tgagataggt
ggacggcgea
gagcgtcaga

accuucgggu
uguucaucac
aaagugugau
aggggaggaa
cucugcuugg
ccag

cagaccccgt
gctgcttgca
taccaactct
ttctagtgta
tcgctctgcet
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gcttcccggc
cgctcggcecc
tctcgecggta
tacacgacgg
gcctcactga
agctcatgac
ccccgtagaa

gccaguugac
aaccgcaagc
gaaacccgac

ucggggacgsg
cuggggguga

agaaaagatc
aacaaaaaaa
ttttccgaag
gccgtagtta
aatcctgtta

aacaattaat
ttccggectgg
tcatcgcagc
ggagtcaggc
ttaagcattg
caaaatccct
aagatcaaag

gaggugggsu
uuuuacuuaa
cuggacggag
cugaaaggcg
ggggaauacc

aaaggatctt
ccaccgctac
gtaactggct
gcccaccact
ccagtggctg

2700
2760
2820
2880
2940
3000
3060

60

120
180
240
300
334

16

60

120
180
240
300



ctgccagtgg
aggcgcageg
cctacaccga
ggagaaaggc
agcttccagg
ttgagcgtcg
acgcggcectt
cgttatcccc
gccgcagecg
gggaactgcc
tacaaactct
ttctgataac
tttatgggse
tgcttgatat
aagatacgtt
tgattttttg
aaaataataa
aaatataata
agcgtctggg
ttcggggtaa
aagccaccat
aggatggaac
gaaccatcgc
agatgagcgt
tcgtggtctg
tcggecgtggc
tgaacatctc
acgtgcagaa
accagggttt
aatacgactt
cgtccggctc
ggttctccca
tgagcgtggt
gcggattcag
aggattacaa
ccactctcat
cgctgtccaa

agggatacgg
agccgggtgce
ccggaaagac
tgtccggata
tgcatagcgg
tcaagtccct
tgctgcaaca
gagagctgcc
tcgtggacta
tcgtggacga
tcctgattaa
tatagtgtca
aaaaaaaaaa
gaattcaaaa
atcaccgatg
gtctttcgac

cgataagtcg
gtcgggctga
actgagatac
ggacaggtat
gggaaacgcc
atttttgtga
tttacggttc
tgattctgtg
aacgaccgag
aggcatcaaa
ttctgtgttg
gagtaatcgt
gagtttaggg
atgagaatta
gctttttcga
tatatacaat
agggaaaatc
caaactataa
ttccccatcg
tacgactcac
ggaagatgcg
agctggggag
gttcaccgac
caggctggcc
ctctgaaaac
cgtggcaccc
ccagcctacc
gaagctgccc
ccagtcaatg
cgtgcctgaa
gaccgggctg
cgcccgggac
ccccttccat
ggtggtgctg
gatccagtcc
cgataagtac
ggaggtcggc
cctgactgaa
cgtggggaaa
tctgggcegty
tgtcaacaac
cgacatcgca
gatcaagtac
tccgaacatt
cgcggeegtg
cgtggcgtca
ggtgcccaag

ggccaagaag
cctaaatgct

aaaaaaaaaa
gaagaccata

gggaacacga
tgagcctttc

tgtcttaccg
acgggggstt
ctacagcgtg
ccggtaagcg
tggtatcttt
tgctcgtcag
ctggecctttt
gataaccgta
cgcagcgagt
ctaagcagaa
taaaacgacg
taatccgcaa
aaagagcatt
tttaacctta
ttgatgaaca
atttctagtt
agtttttgat
gatgttatca
gtgatgtcgt
tatagcggaa
aagaacataa
caactgcaca
gcacacatcg
gaggctatga
agcctgcagt
gccaacgata
gtggtgttcg
atcattcaaa
tataccttcg
agcttcgacc
cccaaaggag
cctattttcg
cacgggtttg
atgtaccggt
gccctectceg
gacctgtcga
gaagccgtgg
acgaccagcg
gtggtgecegt
aaccagagag
cccgaggcca
tactgggacg
aagggatacc
ttcgacgcgg
gtggtgctcg
caagtcacca
ggcctgaccg
ggaggaaagt
aaaaaaaaaa
aaaaaaaaaa
tacgtctcct
agcgatccag
gttttatttg

ggttggactc
cgtgcacaca
agctatgaga
gcagggtcgg
atagtcctgt
geggecgegag
gctggecttt
ttaccgcctt
cagtgagcga
ggcccctgac
gccagtctta
ataacgtaaa
tgtcagaata
taaatgagaa
cctataatta
tgttaaagag
atcaaaatta
gtatttatta
ataagagacg
cccaagcttg
agaaaggtcc
aggccatgaa
aagtgaacat
agcgatacgg
tcttcatgcc
tctacaacga
tgtcgaagaa
agattatcat
tgacctccca
gcgacaagac
tggccctgcc
gcaatcagat
ggatgtttac
tcgaggaaga
tgccaaccct
atctccacga
ccaagcgctt
cgattctgat
tcttcgaagc
gggaactttg
ctaatgccct
aggacgagca
aggtcgcccc
gcgtegetgg
aacacggaaa
ctgccaagaa
gaaagctgga
ccaagctctg
aaaaaaaaaa
aaaaaaaaaa
ataggtctcg
ccccccttat
atgcctggca
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aagacgatag
gcccagcettg
aagcgccacg
aacaggagag
cgggtttcgc
cctatggaaa
tgctcacatg
tgagtgagct
ggaagcggaa
ggatggcctt
agctcgggcc
aacccgcttc
tttaagggcg
aaaagcaacg
aactattcat
aattaagaaa
tacatgtcaa
tgcatttaga
tataggagac
gcattccggt
cgccccattt
gcgctatgeg
cacttacgcc
tctgaacacc
ggtcctgggsg
gagagaattg
ggggttgcag
tatggattcc
tctgccccect
gatcgccctc
acaccggacc
cattccggac
cactctgggc
acttttcctg
cttctcattc
aattgcgtcc
ccacctcccg
caccccggag
aaaggtcgtg
tgtgcgcgga
gatcgacaag
ctttttcatt
tgccgaactt
ccttcctgat
aactatgacc
actgcgcggc
cgctagaaag
agatctagag
aaaaaaaaaa
aaaaaaaaaa
tatactgctt

tagcccgggc
gttccctact

ttaccggata
gagcgaacga
cttcccgaag
cgcacgagsgs
cacctctgac
aacgccagca
ttctttcctg
gataccgctc
ggcgagagta
tttgegtttc
ccctgggegg

ggcgggtttt
cctgtcactt

cactttaaat
ctattattta
ataaatctcg
cgataataca
atacgtactc
ctatagtgtc
actgttggta
tacccactcg
ttggtgccgg
gagtactttg
aaccaccgga
gccctgttca
ctgaactcga
aagatcctga
aaaaccgact
ggcttcaacg
atcatgaact
gcttgegtgc
actgccatcc
tacctcatct
cggagcctgc
ttcgctaagt
ggtggtgcac
ggaatacgcc
ggcgacgaca
gatctggata
ccgatgatta
gacggatggt
gtggatcggc
gagtccatcc
gatgacgccg
gagaaggaaa
ggagtcgtgt
atccgggaga
ggccctattc
aaaaaaaaaa
aaaaaaaaaa
cctatacgac
gaaaggccca
ctcgcatggg

360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480



gagtccccac
gtgggaccac
ataaatgggc
tgtttatttt
atgcttcaat
attccctttt
gtaaaagatg
agcggtaaga
aaagttctgc
cgccgcatac
cttacggatg
actgcggcca
cacaacatgg
ataccaaacg
ctattaactg
gcggataaag
gataaatccg
ggtaagccct
cgaaatagac
tacgctgact

<210> 9
<211> 1697
<212> RNA

actaccatcg
cgcgctactg
tcgcgataat
tctaaataca
aatattgaaa
ttgcggcatt
ctgaagatca
tccttgagag
tatgtggcgc
actattctca
gcatgacagt
acttacttct
gggatcatgt
acgagcgtga
gcgaactact
ttgcaggacc
gagccggtga
cccgtatcgt
agatcgctga
tgacgggacg

gcgctacggc
ccgccaggcea
gttcagaatt
ttcaaatatg
aaggaagaat
ttgccttect
gttgggtgca
ttttcgcccc
ggtattatcc
gaatgacttg
aagagaatta
gacaacgatc
aactcgcctt
caccacgatg
tactctagct
acttctgcgc
gecgtggttct
agttatctac
gataggtgcc
gcgcaagctc

<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 9

gcggaaccca
acauaaagaa
ugcacaaggc
acaucgaagu
cuaugaagcg
ugcaguucuu
acgauaucua
uguucguguc
uucaaaagau
ccuucgugac
ucgaccgcga
aaggaguggc
uuuucggcaa
gguuugggau
accgguucga
uccucgugcc
ugucgaaucu
ccguggccaa
ccagcgcgau
ugccguucuu
agagagggga
aggccacuaa

agcuuggcau
aggucccgcc
caugaagcgc
gaacaucacu
auacggucug
caugccgguc
caacgagaga
gaagaagges
uaucauuaug
cucccaucug
caagacgauc
ccugccacac
ucagaucauu
guuuaccacu
ggaagaacuu
aacccucuuc
ccacgaaauu
gcgcuuccac
ucugaucacc
cgaagcaaag
acuuugugug
ugcccugauc

uccgguacug
ccauuuuacc
uaugcguugg
uacgccgagu
aacaccaacc
cugggggccc
gaauugcuga
uugcagaaga
gauuccaaaa
ccccecuggeu
gcccucauca
cggaccgcuu
ccggacacug
cugggcuacc
uuccugcgga
ucauucuucg
gcguccggug
cucccgggaa
ccggaggecsg
gucguggauc
cgcggaccga
gacaaggacg

gtttcacttc
aacaaggggt
ggttaattgg
tatccgctca
atgagtattc
gtttttgctc
cgagtgggtt
gaagaacgtt
cgtattgacg
gttgagtact
tgcagtgctg
ggaggaccga
gatcgttggg
cctgtagcga
tcccggcaac
tcggccecttc
cgcggtatca
acgacgggsga
tcactgatta
atgaccaaaa

uugguaaagc
cacucgagga
ugccgggaac
acuuugagau
accggaucgu
uguucaucgg
acucgaugaa
uccugaacgu
ccgacuacca
ucaacgaaua
ugaacucguc
gcgugcgguu
ccauccugag
ucaucugcgg
gccugcagga
cuaaguccac
gugcaccgcu
uacgccaggg
acgacaagcc

uggauaccgg
ugauuauguc

gaugguugca
11/59

tgagttcggc
gttatgagcc
ttgtaacact
tgagacaata
aacatttccg
acccagaaac
acatcgaact
ttccaatgat
ccgggcaaga
caccagtcac
ccataaccat
aggagctaac
aaccggagct
tggcaacaac
aattaataga
cggctggetg
tcgcagcecgct
gtcaggcaac
agcattggta
tcccttaacg

caccauggaa
uggaacagcu
caucgcguuc
gagcgucagg
ggucugcucu
cguggccgug
caucucccag
gcagaagaag
ggguuuccag
cgacuucgug
cggcucgacc
cucccacgcc
cguggucccc
auucagggug
uuacaagauc
ucucaucgau
guccaaggag
auacggccug
gggugccgug
aaagacucug
cggauauguc

uagcggcgac

atggggtcag
atattcaggt

gacccctatt
accctgataa
tgtcgccctt
gctggtgaaa
ggatctcaac
gagcactttt
gcaactcggt
agaaaagcat
gagtgataac
cgettttttg
gaatgaagcc
gttgcgcaaa
ctggatggag
gtttattgct
ggggccagat
tatggatgaa
agcagagcat
t

gaugcgaaga
ggggagcaac
accgacgcac
cuggccgagg
gaaaacagcc
gcacccgcca
ccuaccgugg
cugcccauca
ucaauguaua
ccugaaagcu
gggcugccca
cgggacccua
uuccaucacg
gugcugaugu
caguccgccc
aaguacgacc
gucggcgaag
acugaaacga
gggaaagugg
ggcgugaacc
aacaaccccg
aucgcauacu

3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4671

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320



gggacgagga
gauaccaggu
acgcgggegu
ugcucgaaca
ucaccacugc
ugaccggaaa
gaaaguccaa

<210> 10
<211> 4945
<212> DNA

cgagcacuuu
cgccceugcec
cgcuggccuu
cggaaaaacu
caagaaacug
gcuggacgcu
gcucuga

uucauugugg
gaacuugagu
ccugaugaug
augaccgaga
cgcgecgeag
agaaagaucc

<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 10

ttaccaatgc
agttgcctga
cagcgctgceg
ccagccagcc
gtctattaat
cgttgttgcc
cagctccggt
ggttagctcc
catggttatg
tgtgactggt
ctcttgcccg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtctc
cagtgttaca
tggctcataa
tgccgaactc
gagtagggaa
cgcccgggcet
gaaataagag
aacataaaga
ctgcacaagg
cacatcgaag
gctatgaagc
ctgcagttct
aacgatatct
gtgttcgtgt
attcaaaaga
accttcgtga
ttcgaccgcg
aaaggagtgg
attttcggca
gggtttggga

ttaatcagtg
ctccccgtceg
atgataccgc

ggaagggcecg
tgttgccggg
atcgctacag
tcccaacgat
ttcggtcctc
gcagcactgc
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
accaattaac
caccccttgt
agaagtgaaa
ctgccaggca
aattatgggg
agaaaagaag
aaggtcccgc
ccatgaagcg
tgaacatcac
gatacggtct
tcatgccggt
acaacgagag
cgaagaaggs
ttatcattat
cctcccatct
acaagacgat
ccctgccaca
atcagatcat
tgtttaccac

aggcacctat
tgtagataac
gagaaccacg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac

cggggcgaaa
gtgcacccaa

caggaaggca
tattcttcct
acatatttga
caattctgaa
ttgcctggceg
cgccgtagceg
tcaaataaaa
tgtcgccctt
agtaagaaga
cccattttac
ctatgcgttg
ttacgccgag
gaacaccaac
cctgggggcc
agaattgctg
gttgcagaag
ggattccaaa
gccccctggce
cgccctcatc
ccggaccgct
tccggacact
tctgggctac

aucggcucaa
ccauccugcu
acgccggaga
aggaaaucgu
ucguguucgu
gggagauccu

ctcagcgatc
tacgatacgg
ctcaccggct
tggtcctgca
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgccacat
actctcaagg
ctgatcttca
aaatgccgca
ttttcaatat
atgtatttag
cattatcgcg
gcagtagcgc
ccgatggtag
cgaaaggctc
cgctgaaggg
aatataagag
ccactcgagg
gtgccgggaa
tactttgaga
caccggatcg
ctgttcatcg
aactcgatga
atcctgaacg
accgactacc
ttcaacgaat
atgaactcgt
tgcgtgecggt
gccatcctga
ctcatctgcg

12/59

gucccugauc
gcaacauccg
gcugcccgeg
ggacuacgug
ggacgaggug
gauuaaggcc

tgtctatttc
gagggcttac
ccggatttat
actttatccg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgcag
ccatccgtaa
tgtatgcggc
agcagaactt
atcttaccgc
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac
agcccattta
ggtggtccca
tgtggggact
agtcgaaaga
gtaatacgac
ccaccatgga
atggaacagc
ccatcgecgtt
tgagcgtcag
tggtctgctc
gcgtggecgt
acatctccca
tgcagaagaa
agggtttcca
acgacttcgt
ccggctcgac
tctcccacgce
gcgtggtccc
gattcagggt

aaguacaagg
aacauuuucg
gccguggugsg
gcgucacaag
cccaagggcc

aagaagggag

gttcatccat
catctggccc
cagcaataaa
cctccatcca
gtttgcgcaa
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt
tacctgaata
cctgacccca
ccccatgcga
ctgggecttt
tcactatagg
agatgcgaag
tggggagcaa
caccgacgca
gctggecgag
tgaaaacagc
ggcacccgcc
gcctaccgtg
gctgcccatc
gtcaatgtat
gcctgaaagc
cgggectgccc
ccgggaccct
cttccatcac

ggtgctgatg

1380
1440
1500
1560
1620
1680
1697

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100



taccggttcg
ctcctcgtgc
ctgtcgaatc
gccgtggcca
accagcgcga
gtgccgttct
Cagagageses
gaggccacta
tgggacgagg
ggataccagg
gacgeggegeg
gtgctcgaac
gtcaccactg
ctgaccggaa
ggaaagtcca
cttctctccc
gaaaaaaaaa
aaaaaaaaaa
ctccttcaga
gaacacgaag
agcctttcgt
taccatcggc
cgctactgcc
gcgaaaacgt
atcttatagt
actgattttc
aatattgtat
caatcgaaaa
aaataattct
tttccctaaa
ttaacgatta
ttacaacaca
tagtttgatg
gcgecteggtc
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcecgttt
cggatacctg
taggtatctc
cgttcagccc
acacgactta
aggcggtgct
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgac
gtcaagtcag

<210> 11
<211> 1955
<212> RNA

aggaagaact
caaccctctt
tccacgaaat
agcgcttcca
ttctgatcac
tcgaagcaaa
aactttgtgt
atgccctgat
acgagcactt
tcgcccctge
tcgectggect
acggaaaaac
ccaagaaact
agctggacgc
agctctgaat
ttgcacctgt
aaaaaaaaaa
aaaaaaaaaa
gtctgctcac
cgatccagcc
tttatttgat
gctacggegt
gccaggcaaa
caaaagggcg
ttgtattata
cctttattat
atacaaaaaa
agcaacgtat
catatatcaa
ctccccccat
ctcgttatca
gaaagagttt
cctggcagtt
gttcggctgc
tcaggggata
aaaaaggccg
aatcgacgct
ccccctggaa
tccgectttce
agttcggtgt
gaccgctgceg
tcgccactgg
acagagttct
tgcgctctgce
caaaccaccg
aaaggatctc
gcgecgcegtaa
cgtaatgctc

tttcctgegg
ctcattcttc
tgcgtccggt
cctcccggga
cccggaggsc
ggtcgtggat
gcgeggacceg
cgacaaggac
tttcattgtg
cgaacttgag
tcctgatgat
tatgaccgag
gecgeggegea
tagaaagatc
ctgctgectt
acctcttggt
aaaaaaaaaa
aaaaaaaaaa
gagctcggtc
ccccttatta
gcctggcagt
ttcacttctg
caaggggtgt
acacaaaatt
ttttgtatta
tttcgagatt
tcataaataa
cttatttaaa
gcaaagtgac
@aaaaaaccc
gaaccgccca
gtagaaacgc
ccctactctc
ggcgageggt
acgcaggaaa
cgttgectggc
caagtcagag
gctccctegt
tcccttcggg
aggtcgttcg
ccttatccgg
cagcagccac
tgaagtggtsg
tgaagccagt
ctggtagcgg
aagaagatcc
ctcacgttaa
tgctt

agcctgcagg
gctaagtcca
ggtgcaccgc
attcgccagg
gacgacaagc
ctggataccg
atgattatgt
ggatggttgc
gatcggctca
tccatcctgce
gacgccggag
aaggaaatcg
gtcgtgttcg
cgggagatcc

ctgcggggct
ctttgaataa

aaaaaaaaaa
aaaaaaaaaa
tcggatcccc
gceegggega
tccctactct
agttcggcat
tatgagccat
tattctaaat
tcgttgacat
tattttctta
tagatgaata
gtgcgttgct
aggcgccectt
gccgaagegg
ggggegeecga
aaaaaggcca
gccttccgcet
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggceg
ctccaagctg
taactatcgt
tggtaacagg
ggctaactac
taccttcgga
tggttttttt
tttgatcttt

gggattttgg

13/59

attacaagat
ctctcatcga
tgtccaagga
gatacggcct
cgggtgeegt
gaaagactct
ccggatatgt
atagcggcga
agtccctgat
tgcaacatcc
agctgcccgc
tggactacgt
tggacgaggt
tgattaaggc
tgccttctgg
agcctgagta
aaaaaaaaaa
aaaaaaagga
tatacgacat
aaggcccagt

cgcatgggga

ggggtcaggt
attcaggtat

gcataataaa
gtataatttt
attctcttta
gtttaattat
tttttctcat
aaatattctg
gtttttacgt
gcttaagact
tccgtcaggg
tcctcgctca
tcaaaggcgg
gcaaaaggcc
aggctccgcc
ccgacaggac
gttccgaccc
ctttctcata
ggctgtgtgc
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
tcatgagctt

ccagtccgcc
taagtacgac
ggtcggcgaa
gactgaaacg
ggggaaagtg
gggcgtgaac
caacaacccc
catcgcatac
caagtacaag
gaacattttc
ggccgtggtg
ggcgtcacaa
gcccaagggc
caagaaggga
ccatgccctt
ggaagtgagg
aaaaaaaaaa
agagcgctgc
caccgatggg
ctttcgactg
gtccccacac
gggaccaccg
aaatgggctc
tactgataac
gatatcaaaa
acaaactaga
aggtgttcat
ttataaggtt
acaaatgctc
tatttgcgga
ggccgtcgtt
gccttctget
ctgactcgct
taatacggtt
agcaaaaggc
cccctgacga
tataaagata
tgccgcttac
gctcacgcectg
acgaaccccc
acccggtaag
cgaggtatgt
gaagaacagt
gtagctcttg
agcagattac
ctgacgctca
gcgeccgtccc

2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4945



<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 11

gggaaauaag
agaacauaaa
aacugcacaa
cacacaucga
aggcuaugaa
gccugcaguu
ccaacgauau
ugguguucgu
ucauucaaaa
auaccuucgu
gcuucgaccg
ccaaaggagu
cuauuuucgg
acggguuugg
uguaccgguu
cccuccucgu
accugucgaa
aagccguggc
cgaccagcgc
uggugccguu
accagagagg
ccgaggccac
acugggacga
agggauacca
ucgacgcggg
uggugcucga
aagucaccac
gccugaccgg
gaggaaaguc
uucuucucuc
gggaaaaaaa
aaaaaaaaaa
gccuccuuca

<210> 12
<211> 57
<212> DNA

agagaaaaga
gaaagguccc
ggccaugaag
agugaacauc
gcgauacggu
cuucaugccg
cuacaacgag
gucgaagaag
gauuaucauu
gaccucccau
cgacaagacg
ggcccugceca
caaucagauc
gauguuuacc
cgaggaagaa
gccaacccuc
ucuccacgaa
caagcgcuuc
gauucugauc
cuucgaagca
ggaacuuugu
uaaugcccug
ggacgagcac
ggucgccccu
cgucgcuggc
acacggaaaa
ugccaagaaa
aaagcuggac
caagcucuga
ccuugcaccu
aaaaaaaaaa
aaaaaaaaaa
gagucugcuc

agaguaagaa
gccccauuuu
cgcuaugcgu
acuuacgccg
cugaacacca
guccuggges
agagaauugc
ggguugcaga
auggauucca
cugcccccug
aucgcccuca
caccggaccg
auuccggaca
acucugggcu
cuuuuccugc
uucucauucu
auugcguccg
caccucccgg
accccggagg
aaggucgugg
gugcgcggac
aucgacaagg
uuuuucauug
gccgaacuug
cuuccugaug
acuaugaccg
cugcgegecg
gcuagaaaga
aucugcugcc
guaccucuug
aaaaaaaaaa
aaaaaaaaaa

acgagcucgg

<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 12

gaaauauaag
acccacucga
uggugccggsg
aguacuuuga
accaccggau
cccuguucau
ugaacucgau
agauccugaa
aaaccgacua
gcuucaacga
ucaugaacuc
cuugcgugcg
cugccauccu
accucaucug
ggagccugca
ucgcuaaguc
guggugcacc
gaauucgcca
gcgacgacaa
aucuggauac
cgaugauuau

acggaugguu
uggaucggcu
aguccauccu
augacgccgg
agaaggaaau
gagucguguu
uccgggagau

uucugcgggg
gucuuugaau

aaaaaaaaaa
aaaaaaaaaa
ucucg

agccaccaug

ggauggaaca
aaccaucgcg
gaugagcguc
cguggucugc
cggcguggcc
gaacaucucc
cgugcagaag
ccaggguuuc
auacgacuuc
guccggcucg
guucucccac
gagcgugguc
cggauucagg
ggauuacaag
cacucucauc
gcuguccaag

gggauacggc
gcegggugcec
cggaaagacu
guccggauau
gcauagcggc
caagucccug
gcugcaacau
agagcugccc
cguggacuac
cguggacgag
ccugauuaag
cuugccuucu
aaagccugag
aaaaaaaaaa
aaaaaaaaag

gaagaugcga
gcuggggagce
uucaccgacg
aggcuggcecg
ucugaaaaca
guggcacccg
cagccuaccg
aagcugccca
cagucaaugu
gugccugaaa
accgggeugc
gccecgggacc
cccuuccauc
guggugcuga
auccaguccg
gauaaguacg
gaggucggcg
cugacugaaa
guggggaaag
cugggcguga
gucaacaacc
gacaucgcau
aucaaguaca
ccgaacauuu
geggeegugsg
guggcgucac
gugcccaagg
gccaagaagg
ggccaugccc
uaggaaguga
aaaaaaaaaa

gaagagcgcu

tctagaggcc agcctggcca taaggagata tacatcggta ctgttggtaa agccacc

14/59

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1955

57



<210> 13
<211> 50
<212> DNA

<213> Artificial Sequence

<220>

<223> Substrate etc

<400> 13

taatgaggcc aaactggcca ccatcaccat cagagcttgg actttcctcc

<210> 14
<211> 2673
<212> DNA

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 14

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggce
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetgge
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac
gttcattgag
ttggtggect
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc

15/59

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcc
caatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgcgct
cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca

50

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920



gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 15
<211> 890
<212> PRT

tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 15
Met His His
1
Asp

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Vval

Gln Glu
115
Ala

Leu
Thr Leu
130
Ala Ser
145

Ile

Ala

Arg Asp

Leu Asn Lys

Val Glu Ala
195
Ser Trp
210

Met

Ser

Glu Leu

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85
Ala

Leu

Lys
100
Ile Lys

Cys Leu

Ile Gly

His His
Glu
Arg
Gly
Glu
70
Pro
Lys
Pro

Thr

Arg

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala
120
Ser Ala
135

Ala Ile

150

Glu
165
Val

Leu

Arg
180
Asp Met

His Lys

Ile Glu

Ala
Gly
Leu
Glu

Ser

Lys His

His Val

Ser Lys
200
Asp Ser
215

Thr Gly

Asn
Ala
25

Arg
Arg
Asp
Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile

Met

ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Ile
Pro

Glu Gln

Phe Arg
Ala
75

Arg

Asn

Ala
90
Arg Pro

Ala Tyr

Asn Thr

Glu
155
Lys

Asp

Lys
170

Lys Lys

Leu Leu

His Val

Val
16/59

Ser

gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu
Lys Phe
60
Ala

Ala Lys

Ile Asn Asp

Thr Ala Phe

110

Ile Thr Ile
125

Thr Val

140

Ala

Gln

Arg Phe

Asn Val Glu

Ala Phe Met

190

Gly Gly Glu
205

Gly val

220

Leu

Arg

His Arg

gctggaagat
gaatcaggct
agctgcggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

Ala val

Gly Arg
160
Glu Gln
175
Gln Vval

Ala Trp

Cys Ile

Gln Asn

1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



225
Ala

Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg
Asn
Val
Gly
Tyr
465
Pro
Met
Asp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly

625
Val

Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln

Met

Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp

Thr

Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala

500
Phe

Ser
Arg
Ile
580
Gly
Ile

Leu

Leu

Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser

Ala

Ala
645

230
Gln

Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr

630
Tyr

Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly

Gly

Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val

Ser

Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr

Lys

Thr
250
Gly
Pro
Arg
Arg
Ala
330
Asn
Ile
Pro
Lys
Glu
410
Asn
Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu

Arg

Glu
650

235
Ile

Ala
Lys
Arg
Tyr
315
Gln
Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Ser

635
Phe

17/59

Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val

Gly

Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr

Phe

Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys

Arg

Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu

Arg

Gln
655

240
Glu

Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser

640
Gln



Val Leu Glu

Phe Thr
675

Ser

Met

Glu
690
Leu

Trp

Trp
705
Lys

Lys

Thr Gly

Pro Asp Gly
Asn
755

Asn

Arg Leu
Thr
770
Ala

Asn

Ile
785
Thr

Pro

Val val

Ile His Asp

Ala Vval
835

Asp

Lys

Ala
850
Asp

Leu

Leu
865
Asp

Lys

Ile Leu

<210> 16
<211> 2673
<212> DNA

Asp Thr
660

Gln Pro

Val Ser

Ser Ala

Ile

Asn

Val

Ala

Gln Trp

Gln Ala
680
Thr Vval
695

Lys Leu

710

Glu Ile
725
Phe Pro
740
Leu Met

Lys Asp

Asn Phe

Leu

Val

Phe

Ser

Val

Arg Lys

Trp Gln

Leu Gly
760
Glu Ile
775

His Ser

790

Ala
805
Phe

Trp

Ser
820

Arg Glu

Phe

Met Pro

His
Gly
Thr
Asp

Ala

Glu Lys

Thr Ile
Val
840
Phe

Met

Gln
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 16

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca

Ala
665
Ala

Ile Asp

Gly Tyr

Val Ala Ala

Ala Ala
715
Ala

Leu
Arg Cys
730
Glu Tyr
745

Gln

Lys

Phe Arg

Asp Ala His

Gln Asp Gly

795

Tyr Gly Ile
810

Pro Ala

825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg

18/59

Ser Gly Lys
670
Ala Lys
685

Glu

Met

Val
700
Glu

Ala

Val Lys

Val His Trp
Ile
750

Pro

Lys Pro
Gln
765
Gln

Leu
Lys Glu
780
Ser

His Leu

Glu Ser Phe

Ala Ala Asn

830

Glu Ser Cys
845

Leu His Glu

860

Asn

Leu Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca

Leu

Leu Ile

Met Asn

Asp Lys
720
Val Thr
735
Gln Thr

Thr Ile

Ser Gly

Arg Lys
800
Ala Leu
815
Leu Phe

Asp Val

Ser Gln

Leu Arg
880

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
taatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat

60

120
180
240
300
360
420
480
540
600
660
720



gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
agacgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggcgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 17
<211> 890
<212> PRT

taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Ccaaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 17
Met His His
1

Asp Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu Lys

His His His

5

Asp Ile Glu

20

Gly Glu Arg
Glu Met Gly

Ala Gly Glu

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55

Val Ala

atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr Ile
10
Ile Pro

Asn

Ala
25

Arg Glu Gln

Arg Phe Arg

Asn Ala
19/59

Asp

cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gctgggtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu

Lys Phe

60
Ala

Ala Lys

cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
aaagcgttca
gctggaaacc
gaatcaggct
agctgcggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15

Leu Ala

Glu His
Glu Arg

Pro Leu

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



65
Ile

Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg
Asn
Val
Gly
Tyr

465
Pro

Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp

Phe

Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu

Leu

Pro

Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys

Glu

Leu
85

Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu

Ile

Arg
485

70
Pro

Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His

470
Ile

Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly

Lys

Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala

Phe

Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys

Asn

Ile

75
Ala Arg
90
Arg Pro

Ala Tyr
Asn Thr

Asp Glu
155

Lys Lys

170

Lys Lys

Leu Leu
His Val

Val Ser
235

Thr Ile

250

Gly Ala

Pro Lys
Arg Arg

Arg Tyr
315

Ala Gln

330

Asn Val

Ile Glu
Pro Glu

Lys Asp
395

Glu Gln

410

Asn Met

Gln Gly
Pro Ile

Cys Ala

475
Glu Glu
490

20/59

Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly

Asn

Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val

His

Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp

Glu

Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys

Asn
495

80
Phe

Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val

480
Ile



Met
Asp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys
Leu
Leu

865
Asp

<210> 18

Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala
Ala
850
Asp

Ile

Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val
835
Asp
Lys

Leu

Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Thr
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg
Phe
Met

Glu

Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu
Tyr

Pro

Ser
885

Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr
Asp
Ala

870
Asp

Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr
Met
Gln
855

Leu

Phe

Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val
840
Phe

Pro

Ala

Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu
745
Gln
Asp
Gln
Tyr
Pro
825
Ala
Ala

Phe

Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp
Gly
810
Ala
Thr
Asp
Lys

Ala
890

Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Trp
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly
795
Ile
Asp
Tyr
Gln

Gly
875

21/59

Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu
Leu

860
Asn

Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser
845
His

Leu

Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys
Glu

Asn

Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu
Asp

Ser

Leu

Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val
Gln

Arg
880



<211> 2673
<212> DNA

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 18

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggcgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Ccaaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaattgt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

22/59

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

cttctctgac
gcgtttagct
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
taatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaatgg
gaatcaggct
agctgcggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



<210> 19

<211> 890
<212> PRT
<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 19

Met
1
Asp
Asp
Glu
Gln
65
Ile
Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg

305
Pro

His
Phe
His
Ser
50

Leu
Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr

Glu

His
Ser
Tyr
35

Tyr
Lys
Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His

Val

His
Asp
20

Gly
Glu
Ala
Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly

Ser

Tyr

His
5
Ile
Glu
Met
Gly
Leu
85
Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys

Lys
325

His
Glu
Arg
Gly
Glu
70

Pro
Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys

310
Ala

His
Leu
Leu
Glu
55

Val
Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala

Ile

Met
Ala
Ala
40

Ala
Ala
Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn

Leu

Asn

Asn
Ala
25

Arg
Arg
Asp
Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly

Met

Ile

Thr
10

Ile
Glu
Phe
Asn
Ala
90

Arg
Ala
Asn
Asp
Lys
170
Lys
Leu
His
Val
Thr
250
Gly
Pro
Arg
Arg

Ala
330

Ile
Pro
Gln
Arg
Ala
75

Arg
Pro
Tyr
Thr
Glu
155
Lys
Lys
Leu
Val
Ser
235
Ile
Ala
Lys
Arg
Tyr

315
Gln

23/59

Asn
Phe
Leu
Lys
60

Ala
Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu

Asn

Ile
Asn
Ala
45

Met
Ala
Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu

Asp

Thr

Ala
Thr
30

Leu
Phe
Lys
Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val

Ala

Lys
15

Leu
Glu
Glu
Pro
Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu

Tyr

Trp
335

Asn
Ala
His
Arg
Leu
80

Phe
Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met

320
Lys



Ile
His
Met
Lys
385
Arg
Asn
Val
Gly
Tyr
465
Pro
Met
Leu
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys

Pro

Arg

Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp

Leu

Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly

Asn

Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Trp
660
Gln
Val
Ser
Glu
Phe

740
Leu

Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725

Pro

Met

Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu

Val

Phe

Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp

Leu

Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu
Lys
Gln

Gly

Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu

745
Gln

Asn
Ile
Pro
Lys
Glu
410
Asn
Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr

Phe

Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Ser
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys

Arg

24/59

Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys

Leu

Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro

Gln

Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile

750
Pro

Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln

Thr

Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr

Ile



755
Thr Asn
770

Ala

Asn

Ile
785
Thr

Pro

Val Val

Ile His Asp

Ala Vval
835
Asp

Lys

Ala
850
Asp

Leu

Leu
865
Asp

Lys

Ile Leu

<210> 20
<211> 2673
<212> DNA

Lys Asp

Asn Phe

Ser

Val

760
Glu Ile
775

His Ser

790

Ala
805
Phe

Trp

Ser
820
Arg Glu

Phe Tyr

Met Pro

His
Gly
Thr
Asp

Ala

Glu Lys

Thr Ile

Met Val
840
Gln Phe
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 20

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
agtcgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
caaaggactg
gaaaatccac
gttcattgag

Asp Ala His

Gln Asp Gly

795

Tyr Gly Ile
810

Pro Ala

825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg

25/59

765

Lys Gln Glu
780
Ser

His Leu

Glu Ser Phe

Ala Ala Asn

830

Glu Ser Cys
845

Leu His Glu

860

Asn

Leu Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgcttg
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat

Ser Gly

Arg Lys
800
Ala Leu
815
Leu Phe

Asp Val

Ser Gln

Leu Arg
880

cttctctgac
gcgtttagct
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
gaatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500



aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 21
<211> 890
<212> PRT

tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggectga
agtcttgtga
aattggacaa
agtcggactt

ttggtgggct
ggtacagcac

ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 21
Met His His
1
Asp

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Val

Gln Glu
115
Ala

Leu
Thr Leu
130
Ala Ser
145

Ile

Ala

Arg Asp

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85
Ala

Leu

Lys
100
Ile Lys

Cys Leu

Ile Gly

His His
Glu
Arg
Gly
Glu
70
Pro
Lys
Pro

Thr

Arg

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala
120
Ser Ala
135

Ala Ile

150

Glu
165

Leu

Ala

Lys His

gagcaacggt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Asn Ile

Ala
25
Arg

Pro

Glu Gln

Arg Phe Arg
Ala
75

Arg

Asp Asn

Ile Ala
90
Lys Arg Pro
105
Val

Ala Tyr

Trp Asn Thr

Glu Glu
155

Lys

Asp

Phe Lys

170
26/59

ctccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu
Lys Phe
60
Ala

Ala Lys

Ile Asn Asp

Thr Ala Phe

110

Ile Thr Ile
125

Thr Val

140

Ala

Gln

Arg Phe

Asn Val Glu

cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

Ala Val

Gly Arg
160
Glu Gln

175

1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Ser
Asn
Val
Gly
Tyr
465
Pro
Met
Arg
Gln
Gly
545
Val
Ile

Ala

Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr

Ile

Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly

Asn

Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile

580
Gly

Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val

Thr

Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala

Asp

His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn

Lys

Asn

Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu

Lys

Glu

Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val

585
Val

Lys Lys
Leu Leu
His Val

Val Ser
235

Thr Ile

250

Gly Ala

Pro Lys
Arg Arg

Arg Tyr
315

Ala Gln

330

Asn Val

Ile Glu
Pro Glu

Lys Asp
395

Glu Gln

410

Asn Met

Gln Gly
Pro Ile

Cys Ala
475

Glu Glu

490

Asn Thr

Cys Phe
Ser Leu

Ser Ala
555

Pro Ser

570

Asn Glu

Val Thr
27/59

Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys

Ala

Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile

Val

Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr

Leu

Thr

Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln

590
Asp

Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala

Glu

Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp

Asn



595 600
Thr Gly Glu Ile Ser Glu Lys Val Lys Leu Gly
610 615
Gly Gln Trp Leu Ala Tyr Gly Val Thr Arg Ser
625 630 635
Val Met Thr Leu Ala Tyr Gly Ser Lys Glu Phe
645 650
Val Leu Glu Asp Thr Ile Gln Trp Ala Ile Asp
660 665
Met Phe Thr Gln Pro Asn Gln Ala Ala Gly Tyr
675 680
Trp Glu Ser Val Ser Val Thr Val Val Ala Ala
690 695
Trp Leu Lys Ser Ala Ala Lys Leu Leu Ala Ala
705 710 715
Lys Thr Gly Glu Ile Leu Arg Lys Arg Cys Ala
725 730
Pro Asp Gly Phe Pro Val Trp Gln Glu Tyr Lys
740 745
Arg Leu Asn Leu Met Phe Leu Gly Gln Phe Arg
755 760
Asn Thr Asn Lys Asp Ser Glu Ile Asp Ala His
770 775
Ile Ala Pro Asn Phe Val His Ser Gln Asp Gly
785 790 795
Thr Val Val Trp Ala His Glu Lys Tyr Gly Ile
805 810
Ile His Asp Ser Phe Gly Thr Ile Pro Ala Asp
820 825
Lys Ala Val Arg Glu Thr Met Val Asp Thr Tyr
835 840
Leu Ala Asp Phe Tyr Asp Gln Phe Ala Asp Gln
850 855
Leu Asp Lys Met Pro Ala Leu Pro Ala Lys Gly
865 870 875
Asp Ile Leu Glu Ser Asp Phe Ala Phe Ala
885 890

<210> 22

<211> 2673

<212> DNA

<213> Artificial Sequence

<220>
<223> T7RNAP variant

<400> 22

atgcaccatc accatcacca tatgaacacg attaacatcg
atcgaactgg ctgctatccc gttcaacact ctggctgacc
cgcgaacagt tggcccttga gcatgagtct tacgagatgg
atgtttgagc gtcaacttaa agctggtgag gttgcggata
atcactaccc tactccctaa gatgattgca cgcatcaacg

28/59

Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu
Leu

860
Asn

605
Lys

Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser
845
His

Leu

Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys
Glu

Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga

Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu
Asp

Ser

Leu

cttctctgac 60
gcgtttaget 120
cttccgcaag 180
caagcctctc 240
ggaagtgaaa 300

Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val
Gln

Arg
880



gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
agacgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 23
<211> 890
<212> PRT

gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggectga
agtcttgtga
aattggacaa
agtcggactt

gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac
gttcattgag
ttggtggect
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

cgcgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 23

cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaatggt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

aagaaatcaa
ccagtgcttg
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

gccggaagcec
gaatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgcgct
cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Met His His His His His His Met Asn Thr Ile Asn Ile Ala Lys Asn

1

5

10
29/59

15

360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Asp
Asp
Glu
Gln
65

Ile
Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg

Asn

Val

Phe
His
Ser
50

Leu
Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His

Tyr

Ser
Tyr
35

Tyr
Lys
Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys

Ala

Asp
20

Gly
Glu
Ala
Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala

420
Val

Ile
Glu
Met
Gly
Leu
85

Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile

Ser

Glu
Arg
Gly
Glu
70

Pro
Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp

Met

Leu
Leu
Glu
55

Val
Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe

Phe

Ala
Ala
40

Ala
Ala
Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met

Pro

Asn

Ala
25

Arg
Arg
Asp
Ile
Lys
105
Val
Trp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr

425
Pro

Ile
Glu
Phe
Asn
Ala
90

Arg
Ala
Asn
Asp
Lys
170
Lys
Leu
His
Val
Thr
250
Gly
Pro
Arg
Arg
Ala
330
Asn
Ile
Pro
Lys
Glu
410

Asn

Gln

Pro
Gln
Arg
Ala
75

Arg
Pro
Tyr
Thr
Glu
155
Lys
Lys
Leu
Val
Ser
235
Ile
Ala
Lys
Arg
Tyr
315
Gln
Val
Glu
Glu
Asp
395
Gln
Met

Gly

30/59

Phe
Leu
Lys
60

Ala
Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp

Asn

Asn
Ala
45

Met
Ala
Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn

Trp

Asp

Thr
30

Leu
Phe
Lys
Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg

430
Met

Leu
Glu
Glu
Pro
Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly

Thr

Ala
His
Arg
Leu
80

Phe
Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg

Lys



Gly
Tyr
465
Pro
Met
Trp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys

Leu

Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala

Ala
850

435
Leu

Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val

835
Asp

Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg

Phe

Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu

Tyr

Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr

Asp

Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr

Met

Gln
855

440
Gly

Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val

840
Phe

Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu
745
Gln
Asp
Gln
Tyr
Pro
825
Asp

Ala

Pro Ile

Cys Ala
475

Glu Glu

490

Asn Thr

Cys Phe
Ser Leu

Ser Ala
555

Pro Ser

570

Asn Glu

Val Thr
Leu Gly
Arg Ser
635
Glu Phe
650
Ile Asp
Gly Tyr
Ala Ala
Ala Ala
715
Cys Ala
730
Tyr Lys
Phe Arg
Ala His
Asp Gly
795
Gly Ile
810
Ala Asp
Thr Tyr

Asp Gln

31/59

Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr

620
Val

Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala

Glu

Leu
860

445
Lys

Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser

845
His

Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys

Glu

Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu

Asp

Ser

Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val

Gln



Leu Asp Lys Met Pro Ala Leu Pro Ala Lys Gly Asn Leu Asn Leu Arg
870
Asp Ile Leu Glu Ser Asp Phe Ala Phe Ala

865

<210> 24
<211> 2673
<212> DNA

885

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 24

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
agtcgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggce
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac
gttcattgag
ttggtggect
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt

875

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaatggt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct

32/59

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgcttg
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat

880

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
gaatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgecgct
cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280



cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 25
<211> 890
<212> PRT

tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 25
Met His
1
Asp

His

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Vval

Gln Glu
115
Ala

Leu
Thr Leu
130
Ala Ser
145

Ile

Ala

Arg Asp

Leu Asn Lys

Val Glu Ala
195
Ser Trp
210

Met

Ser

Glu
225
Ala

Leu

Gly val

Tyr Ala Glu

Pro Met Phe

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85
Ala

Leu

Lys
100
Ile Lys

Cys Leu

Ile Gly

His His
Glu
Arg
Gly
Glu
70
Pro
Lys
Pro

Thr

Arg

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala
120
Ser Ala
135

Ala Ile

150

Glu
165
Val

Leu

Arg
180
Asp Met

His Lys

Ile Glu

Ala
Gly
Leu
Glu

Ser

Lys His

His Val

Ser Lys
200
Asp Ser
215

Thr Gly

230

Val Gly
245
Ala Ile
260

Gln Pro

Gln
Ala

Cys

Asp Ser

Thr Arg

Val Vval

aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Asn Ile

Ala
25
Arg

Pro

Glu Gln

Arg Phe Arg
Ala
75

Arg

Asp Asn

Ile Ala
90
Lys Arg Pro
105
Val

Ala Tyr

Trp Asn Thr

Glu Glu
155

Lys

Asp
Phe Lys
170
Tyr Lys
185
Gly

Lys

Leu Leu

Ile His Vval

Met Val Ser

235

Glu Thr Ile
250

Ala Gly

265

Pro

Ala

Pro Lys

33/59

gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu
Lys Phe
60
Ala

Ala Lys

Ile Asn Asp

Thr Ala Phe

110

Ile Thr Ile
125

Thr Val

140

Ala

Gln

Arg Phe

Asn Val Glu

Ala Phe Met

190

Gly Gly Glu
205

Gly val

220

Leu

Arg

His Arg

Glu Leu Ala

Leu Ala Gly

270
Thr

Pro Trp

tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

Ala val

Gly Arg
160
Glu Gln
175
Gln Vval

Ala Trp

Cys Ile

Gln Asn
240
Pro Glu
255
Ile Ser

Gly Ile

2340
2400
2460
2520
2580
2640
2673



Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Ser
Asn
Val
Gly
Tyr
465
Pro
Met
Trp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val

Met

Trp

Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu

Phe

Glu
690

275
Gly

His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr

675
Ser

Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln

Val

Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr

Pro

Ser

Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile

Asn

Val

Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln

Thr
695

280
Asn

Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala

680
Val

Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala

Val

Arg Arg

Arg Tyr
315

Ala Gln

330

Asn Val

Ile Glu
Pro Glu

Lys Asp
395

Glu Gln

410

Asn Met

Gln Gly
Pro Ile
Cys Ala
475
Glu Glu
490
Asn Thr
Cys Phe
Ser Leu
Ser Ala
555
Pro Ser
570
Asn Glu
Val Thr
Leu Gly
Arg Ser
635
Glu Phe
650
Ile Asp
Gly Tyr

Ala Ala

34/59

Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser

Met

Val
700

285
Leu

Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala

685
Glu

Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys

Ala

Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly

Leu

Met

Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu

Ile

Asn



Trp Leu
705

Lys

Lys

Thr Gly

Pro Asp Gly
Asn
755

Asn

Arg Leu
Thr
770
Ala

Asn

Ile
785
Thr

Pro

Val val

Ile His Asp

Ala Vval
835

Asp

Lys

Ala
850
Asp

Leu

Leu
865
Asp

Lys

Ile Leu

<210> 26
<211> 2673
<212> DNA

Ser Ala

Ala

Lys Leu

710

Glu Ile
725
Phe Pro
740
Leu Met

Lys Asp

Asn Phe

Leu

Val

Phe

Ser

Val

Arg Lys

Trp Gln

Leu Gly
760
Glu Ile
775

His Ser

790

Ala
805
Phe

Trp

Ser
820

Arg Glu

Phe

Met Pro

His
Gly
Thr
Asp

Ala

Glu Lys

Thr Ile
Val
840
Phe

Met

Gln
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 26

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag

Ala Ala
715

Ala

Leu
Arg Cys
730
Glu Tyr
745

Gln

Lys

Phe Arg

Asp Ala His

Gln Asp Gly

795

Tyr Gly Ile
810

Pro Ala

825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt

35/59

Glu Val Lys

Val His Trp
Ile
750

Pro

Lys Pro
Gln
765
Gln

Leu
Lys Glu
780
Ser

His Leu

Glu Ser Phe

Ala Ala Asn

830

Glu Ser Cys
845

Leu His Glu

860

Asn

Leu Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgcttg
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga

Asp Lys
720
Val Thr
735
Gln Thr

Thr Ile

Ser Gly

Arg Lys
800
Ala Leu
815
Leu Phe

Asp Val

Ser Gln

Leu Arg
880

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcc
gaatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggcet
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080



gcgattgagc
ctcaccgcegt
atacgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggecgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 27
<211> 890
<212> PRT

gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Ccaaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 27
Met His
1
Asp

His

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Vval

Leu Gln Glu

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85
Ala

Leu

Lys
100

Ile Lys

His His
Glu
Arg
Gly
Glu
70
Pro
Lys

Pro

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala

Asn
Ala
25

Arg
Arg
Asp
Ile
Lys

105
Val

ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Ile
Pro

Glu Gln

Phe Arg
Ala
75

Arg

Asn

Ala
90

Arg Pro

Ala Tyr
36/59

tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu

Lys Phe

60

Ala Ala Lys

Ile Asn Asp

Thr Ala Phe

110
Ile

Ile Thr

tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgeget
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Ile
Asn
Val
Gly
Tyr
465
Pro
Met

Asp

Gln

Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala

Ser

His
530

115
Ala

Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro

515
His

Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe

Gly

Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys

Leu

Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser

Phe

Ser

Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro

Leu

Tyr
535

120
Ala

Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala

520
Asn

Trp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe

Cys

Asn Thr

Asp Glu
155

Lys Lys

170

Lys Lys

Leu Leu
His Val

Val Ser
235

Thr Ile

250

Gly Ala

Pro Lys
Arg Arg
Arg Tyr
315
Ala Gln
330
Asn Val
Ile Glu
Pro Glu
Lys Asp
395
Glu Gln
410
Asn Met
Gln Gly
Pro Ile
Cys Ala
475
Glu Glu
490
Asn Thr
Cys Phe

Ser Leu

37/59

Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu

Pro
540

125
Val

Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr

525
Leu

Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala

Ala

Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly

Phe

Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val

Asp



Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys
Leu
Leu

865
Asp

<210> 28

Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala
Ala
850
Asp

Ile

Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val
835
Asp
Lys

Leu

<211> 2673
<212> DNA
<213> Artificial Sequence

<220>

<223> T7RNAP variant

Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg
Phe
Met

Glu

Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu
Tyr

Pro

Ser
885

Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr
Asp
Ala

870
Asp

Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr
Met
Gln
855

Leu

Phe

His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val
840
Phe

Pro

Ala

Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu
745
Gln
Asp
Gln
Tyr
Pro
825
Asp
Ala
Ala

Phe

Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp
Gly
810
Ala
Thr
Asp
Lys

Ala
890

Ala
555
Ser
Glu
Thr
Gly
Ser
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly
795
Ile
Asp
Tyr
Gln

Gly
875

38/59

Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu
Leu

860
Asn

Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser
845
His

Leu

Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys
Glu

Asn

Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu
Asp

Ser

Leu

Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val
Gln

Arg
880



<400> 28

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
cgccgtatct
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggecgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 29
<211> 890
<212> PRT

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
atcttgagtt
cttacaacat
acgattggac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Ccaaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

39/59

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtataga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
gagacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
cccecgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

cttctctgac
gcgtttagct
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
caatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
agacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgeget
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgcggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



220>
<223> T7RNAP variant

<400> 29
Met His His His His His His Met Asn Thr Ile Asn Ile Ala Lys Asn
1 5 10 15
Asp Phe Ser Asp Ile Glu Leu Ala Ala Ile Pro Phe Asn Thr Leu Ala
20 25 30
Asp His Tyr Gly Glu Arg Leu Ala Arg Glu Gln Leu Ala Leu Glu His
35 40 45
Glu Ser Tyr Glu Met Gly Glu Ala Arg Phe Arg Lys Met Phe Glu Arg
50 55 60
Gln Leu Lys Ala Gly Glu Val Ala Asp Asn Ala Ala Ala Lys Pro Leu
65 70 75 80
Ile Thr Thr Leu Leu Pro Lys Met Ile Ala Arg Ile Asn Asp Trp Phe
85 90 95
Glu Glu Val Lys Ala Lys Arg Gly Lys Arg Pro Thr Ala Phe Gln Phe
100 105 110
Leu Gln Glu Ile Lys Pro Glu Ala Val Ala Tyr Ile Thr Ile Lys Thr
115 120 125
Thr Leu Ala Cys Leu Thr Ser Ile Asp Asn Thr Thr Val Gln Ala Val
130 135 140
Ala Ser Ala Ile Gly Arg Ala Ile Glu Asp Glu Ala Arg Phe Gly Arg
145 150 155 160
Ile Arg Asp Leu Glu Ala Lys His Phe Lys Lys Asn Val Glu Glu Gln
165 170 175
Leu Asn Lys Arg Val Gly His Val Tyr Lys Lys Ala Phe Met Gln Val
180 185 190
Val Glu Ala Asp Met Leu Ser Lys Gly Leu Leu Gly Gly Glu Ala Trp
195 200 205
Ser Ser Trp His Lys Glu Asp Ser Ile His Val Gly Val Arg Cys Ile
210 215 220
Glu Met Leu Ile Glu Ser Thr Gly Met Val Ser Leu His Arg Gln Asn
225 230 235 240
Ala Gly Val Val Gly Gln Asp Ser Glu Thr Ile Glu Leu Ala Pro Glu
245 250 255
Tyr Ala Glu Ala Ile Ala Thr Arg Ala Gly Ala Leu Ala Gly Ile Ser
260 265 270
Pro Met Phe Gln Pro Cys Val Val Pro Pro Lys Pro Trp Thr Gly Ile
275 280 285
Thr Gly Gly Gly Tyr Trp Ala Asn Gly Arg Arg Pro Leu Ala Leu Val
290 295 300
Arg Thr His Ser Lys Lys Ala Leu Met Arg Tyr Glu Asp Val Tyr Met
305 310 315 320
Pro Glu Val Tyr Lys Ala Ile Asn Ile Ala Gln Asn Thr Ala Trp Lys
325 330 335
Ile Asn Lys Lys Val Leu Ala Val Ala Asn Val Ile Thr Lys Trp Lys
340 345 350
His Cys Pro Val Glu Asp Ile Pro Ala Ile Glu Arg Glu Glu Leu Pro
355 360 365
Met Lys Pro Glu Asp Ile Asp Met Asn Pro Glu Ala Leu Thr Ala Trp
370 375 380

40/59



Lys
385
Arg
Asn
Val
Gly
Tyr
465
Pro
Met
Asp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile

785
Thr

Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala

Val

Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn

Pro

Val

Ala
Tyr
Ala
420
Val
Thr
Lys
Glu
Ala

500
Phe

Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys

Asn

Trp

Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe

Ala

Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val

790
His

Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His

Glu

Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile

Ser

Lys

Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu

745
Gln

Gln

Tyr

Arg
Glu
410
Asn
Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp

Gly

Asp
395
Gln
Met
Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Ser
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly

795
Ile
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Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780

Ser

Glu

Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His

Ser

Arg
Lys
Arg
430
Trp
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu

Leu

Phe

Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser

Arg

Ala

Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys

800
Leu



Ile His Asp

Ala Vval
835
Asp

Lys

Ala
850
Asp Lys

Leu

Leu
865
Asp

Ile Leu

<210> 30
<211> 2673
<212> DNA

805
Ser Phe
820
Arg Glu

Phe Tyr

Met Pro

Gly
Thr
Asp

Ala

Thr Ile

Met Val
840
Gln Phe
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 30

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggcgtttg
gtaggtggtc
gttgctaaga
gtagttaccg

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
caaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt

810
Pro Ala
825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaatggt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
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Ala Ala
Glu

845
Leu His
860

Asn Leu

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa

Asn Leu
830
Ser Cys Asp Val

Asn Leu

815
Phe

Glu Ser Gln

Arg
880

cttctctgac
gcgtttagct
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
caatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
gcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



aaggcactgg
gtcatgacgc
accattcagc
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 31
<211> 890
<212> PRT

ctggtcaatg
tggcttacgg
ctgctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

cgcgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 31
Met His
1
Asp

His

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Val

Gln Glu
115
Ala

Leu
Thr Leu
130
Ala Ser
145

Ile

Ala

Arg Asp

Leu Asn Lys

Val Glu Ala
195
Ser Trp

210

Ser

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85

Ala

Leu

Lys
100
Ile Lys

Cys Leu

Ile Gly

His His
Glu
Arg
Gly
Glu
70
Pro
Lys
Pro

Thr

Arg

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala
120
Ser Ala
135

Ala Ile

150

Glu
165
Val

Leu

Arg
180
Asp Met

His Lys

Ala
Gly
Leu

Glu

Lys His

His Val

Ser Lys
200
Asp Ser

215

ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Asn Ile

Ala
25
Arg

Pro

Glu Gln

Arg Phe Arg

Asn Ala
75
Arg

Asp
Ile Ala
90
Lys Arg Pro
105
Val

Ala Tyr

Asp Asn Thr

Glu Glu
155
Lys

Asp
Phe Lys
170
Tyr Lys
185
Gly

Lys
Leu Leu

Ile His Vval
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gctgggtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu
Lys Phe
60
Ala

Ala Lys

Ile Asn Asp

Thr Ala Phe

110

Ile Thr Ile
125

Thr Val

140

Ala

Gln

Arg Phe

Asn Val Glu

Ala Phe Met

190

Gly Glu
205

Gly Vval

220

Arg

taagcgttca
gctggaattc
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

Ala Val

Gly Arg
160
Glu Gln
175
Gln Val

Ala Trp

Cys Ile

1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg
Asn
Val
Gly
Tyr
465
Pro
Met
Trp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly

625
Val

Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln

Met

Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp

Thr

Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile

Leu

Leu

Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser

Ala

Ala

Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr

630
Tyr

Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly

Gly

Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val

Ser

Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr

Lys

Val
Thr
250
Gly
Pro
Arg
Arg
Ala
330
Asn
Ile
Pro
Lys
Glu
410
Asn
Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu

Arg

Glu

Ser
235
Ile
Ala
Lys
Arg
Tyr
315
Gln
Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Trp

635
Phe
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Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys

Ala

Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val

Gly

His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr

Phe

Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys

Arg

Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu

Arg

Gln

Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser

640
Gln



Val Leu Glu

Met Phe Thr
675
Glu Ser
690

Leu

Trp

Trp
705
Lys

Lys

Thr Gly

Pro Asp Gly
Asn
755

Asn

Arg Leu
Thr
770
Ala

Asn

Ile
785
Thr

Pro

Val Val

Ile His Asp

Ala Vval
835
Asp

Lys

Ala
850
Asp

Leu

Leu
865
Asp

Lys

Ile Leu

<210> 32
<211> 2673
<212> DNA

645
Phe Thr
660
Gln Pro

Val Ser

Ser Ala

Ile

Asn

Val

Ala

Gln Pro

Gln Ala
680
Thr Val
695

Lys Leu

710

Glu Ile
725
Phe Pro
740
Leu Met

Lys Asp

Asn Phe

Leu

Val

Phe

Ser

Val

Arg Lys

Trp Gln

Leu Gly
760
Glu Ile
775

His Ser

790

Ala
805
Phe

Trp

Ser
820
Arg Glu

Phe Tyr

Met Pro

His
Gly
Thr
Asp

Ala

Glu Lys

Thr Ile

Met Val
840
Gln Phe
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 32

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc

gtagggcacg
ggtctactcg

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa

gtggcgaggc

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg

650
Ala Ile
665

Ala

Asp

Gly Tyr

Val Ala Ala

Ala Ala
715
Ala

Leu
Arg Cys
730
Glu Tyr
745

Gln

Lys

Phe Arg

Asp Ala His

Gln Asp Gly

795

Tyr Gly Ile
810

Pro Ala

825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
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Ser Gly Lys

670

Met Ala Lys
685

Val Glu

700

Glu

Ala

Val Lys

Val His Trp
Ile
750

Pro

Lys Pro
Gln
765
Gln

Leu
Lys Glu
780
Ser

His Leu

Glu Ser Phe

Ala Ala Asn

830

Glu Ser Cys
845

Leu His Glu

860

Asn

Leu Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat

655
Gly Leu

Leu Ile

Met Asn

Asp Lys
720
Val Thr
735
Gln Thr

Thr Ile

Ser Gly

Arg Lys
800
Ala Leu
815
Leu Phe

Asp Val

Ser Gln

Leu Arg
880

cttctctgac
gcgtttagct
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
caatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga

60

120
180
240
300
360
420
480
540
600
660



gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagc
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 33
<211> 890
<212> PRT

tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
ctgctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac
gttcattgag
ttggtggect
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

cgcgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 33

Met His His His His His His

1

Asp Phe Ser Asp Ile Glu Leu

Asp His Tyr Gly Glu Arg Leu

35

Glu Ser Tyr Glu Met Gly Glu

50

5

20

40

55

accggaatgg
atcgaactcg

atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaatatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Met Asn Thr Ile

10

Ala Ala Ile Pro

25

Ala Arg Glu Gln

Ala Arg Phe Arg
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ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gctgggtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn

Phe

30

Leu

45

Lys
60

Ile Ala Lys
Asn Thr Leu
Ala Leu Glu

Met Phe Glu

ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
gcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegct
cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaatac
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Asn
15

Ala
His

Arg

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Gln
65

Ile
Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg
Asn
Val
Gly
Tyr

465
Pro

Leu
Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp

Phe

Lys
Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu

Leu

Pro

Ala
Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Ser
Ala
420
Val
Thr
Lys

Glu

Gly
Leu
85

Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu
405
Ile
Ser
Leu

Ile

Arg

Glu
70

Pro
Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His

470
Ile

Val
Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly

Lys

Ala
Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala

Phe

Asp
Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys

Asn

Ile

Asn
Ala
90

Arg
Ala
Asn
Asp
Lys
170
Lys
Leu
His
Val
Thr
250
Gly
Pro
Arg
Arg
Ala
330
Asn
Ile
Pro
Lys
Glu
410
Asn
Gln
Pro

Cys

Glu

Ala
75

Arg
Pro
Tyr
Thr
Glu
155
Lys
Lys
Leu
Val
Ser
235
Ile
Ala
Lys
Arg
Tyr
315
Gln
Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile
Ala

475
Glu
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Ala
Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly

Asn

Ala
Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val

His

Lys
Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp

Glu

Pro
Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys

Asn

Leu
80

Phe
Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val

480
Ile



Met
Tyr
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys
Leu
Leu

865
Asp

Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala
Ala
850
Asp

Ile

Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val
835
Asp
Lys

Leu

Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Tyr
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg
Phe

Met

Glu

485
Lys

Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu
Tyr

Pro

Ser
885

Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr
Asp
Ala

870
Asp

Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr
Met
Gln
855

Leu

Phe

Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Pro
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val
840
Phe

Pro

Ala

Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu
745
Gln
Asp
Gln
Tyr
Pro
825
Asp
Ala
Ala

Phe

490
Asn

Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp
Gly
810
Ala
Thr
Asp

Lys

Ala
890

Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Trp
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly
795
Ile
Asp
Tyr

Gln

Gly
875

48/59

Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu
Leu

860
Asn

Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser
845
His

Leu

Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys
Glu

Asn

495
Glu

Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu
Asp

Ser

Leu

Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val

Gln

Arg
880



<210> 34
<211> 2673
<212> DNA

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 34

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
gttcgtatct
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggegtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
atcttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetgge
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac
gttcattgag
ttggtggect
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaagatc
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
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ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgcgga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
tcccgttctg
gctataactg
ccgcgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcec
caatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgcgct
cttccttgceg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagac
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640



gacatcttag agtcggactt cgcgttcgecg taa 2673

<210> 35

<211> 890

<212> PRT

<213> Artificial Sequence

<220>
<223> T7RNAP variant

<400> 35
Met His His His His His His Met Asn Thr Ile Asn Ile Ala Lys Asn
1 5 10 15
Asp Phe Ser Asp Ile Glu Leu Ala Ala Ile Pro Phe Asn Thr Leu Ala
20 25 30
Asp His Tyr Gly Glu Arg Leu Ala Arg Glu Gln Leu Ala Leu Glu His
35 40 45
Glu Ser Tyr Glu Met Gly Glu Ala Arg Phe Arg Lys Met Phe Glu Arg
50 55 60
Gln Leu Lys Ala Gly Glu Val Ala Asp Asn Ala Ala Ala Lys Pro Leu
65 70 75 80
Ile Thr Thr Leu Leu Pro Lys Met Ile Ala Arg Ile Asn Asp Trp Phe
85 90 95
Glu Glu Val Lys Ala Lys Arg Gly Lys Arg Pro Thr Ala Phe Gln Phe
100 105 110
Leu Gln Glu Ile Lys Pro Glu Ala Val Ala Tyr Ile Thr Ile Lys Thr
115 120 125
Thr Leu Ala Cys Leu Thr Ser Ala Asp Asn Thr Thr Val Gln Ala Val
130 135 140
Ala Ser Ala Ile Gly Arg Ala Ile Glu Asp Glu Ala Arg Phe Gly Arg
145 150 155 160
Ile Arg Asp Leu Glu Ala Lys His Phe Lys Lys Asn Val Glu Glu Gln
165 170 175
Leu Asn Lys Arg Val Gly His Val Tyr Lys Lys Ala Phe Met Gln Val
180 185 190
Val Glu Ala Asp Met Leu Ser Lys Gly Leu Leu Gly Gly Glu Ala Trp
195 200 205
Ser Ser Trp His Lys Glu Asp Ser Ile His Val Gly Val Arg Cys Ile
210 215 220
Glu Met Leu Ile Glu Ser Thr Gly Met Val Ser Leu His Arg Gln Asn
225 230 235 240
Ala Gly Val Val Gly Gln Asp Ser Glu Thr Ile Glu Leu Ala Pro Glu
245 250 255
Tyr Ala Glu Ala Ile Ala Thr Arg Ala Gly Ala Leu Ala Gly Ile Ser
260 265 270
Pro Met Phe Gln Pro Cys Val Val Pro Pro Lys Pro Trp Thr Gly Ile
275 280 285
Thr Gly Gly Gly Tyr Trp Ala Asn Gly Arg Arg Pro Leu Ala Leu Val
290 295 300
Arg Thr His Ser Lys Lys Ala Leu Met Arg Tyr Glu Asp Val Tyr Met
305 310 315 320
Pro Glu Val Tyr Lys Ala Ile Asn Ile Ala Gln Asn Thr Ala Trp Lys
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Ile
His
Met
Lys
385
Val
Asn
Val
Gly
Tyr
465
Pro
Met
Asp
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys

Pro

Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Leu
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu

Thr

Asp

Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly

Gly

Lys
340
Val
Glu
Ala
Tyr
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Asp
660
Gln
Val
Ser

Glu

Phe
740

325
Val

Glu
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile

725
Pro

Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710

Leu

Val

Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg

Trp

Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Trp
Ala
680
Val
Leu

Lys

Gln

Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu

Arg

Glu
745

330
Asn

Ile
Pro
Lys
Glu
410
Asn
Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys

730
Tyr

Val
Glu
Glu
Asp
395
Gln
Met
Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Ser
635
Phe
Asp
Tyr
Ala
Ala
715
Ala

Lys
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Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val

Lys

Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His

Pro

Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp

Ile
750

335
Trp

Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val

735
Gln

Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr

Thr



Asn
755
Asn

Arg Leu
Thr
770
Ala

Asn

Ile
785
Thr

Pro

Val val

Ile His Asp

Ala Vval
835

Asp

Lys

Ala
850
Asp

Leu

Leu
865
Asp

Lys

Ile Leu

<210> 36
<211> 2673
<212> DNA

Leu Met

Lys Asp

Asn Phe

Phe

Ser

Val

Leu Gly
760
Glu Ile
775

His Ser

790

Ala
805
Phe

Trp

Ser
820

Arg Glu

Phe

Met Pro

His
Gly
Thr
Asp

Ala

Glu Lys

Thr Ile
Val
840
Phe

Met

Gln
855

Leu Pro

870

Glu Ser

885

Asp

Phe Ala

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 36

atgcaccatc
atcgaactgg
cgcgaacagt
atgtttgagc
atcactaccc
gctaagcgcg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegctgg
cctgaggtgt
gtcctagcgg
gcgattgagc
ctcaccgcegt
gttcgtatct
atctggttcc
ccgcaaggta
aaggaaggtt

accatcacca
ctgctatccc
tggcccttga
gtcaacttaa
tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
atcttgagtt
cttacaacat
acgatatgac
actactggct

tatgaacacg
gttcaacact
gcatgagtct
agctggtgag
gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgectgcet
catgcttgag
ggactggcegc
caaaggactg
gaaaatccac

Gln Phe Arg

Asp Ala His

Gln Asp Gly

795

Tyr Gly Ile
810

Pro Ala

825

Asp

Asp

Thr Tyr

Ala Asp Gln

Ala Lys Gly
875
Phe Ala

890

attaacatcg
ctggctgacc
tacgagatgg
gttgcggata
cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
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Gln
765
Gln

Leu Pro

Lys Glu
780
Ser

His Leu

Glu Ser Phe

Ala Ala Asn

830

Glu Ser Cys
845

Leu His Glu

860

Asn

Leu Asn

ctaagaacga
attacggtga
gtgaagcacg
acgctgccgc
actggtttga
aagaaatcaa
ccagtgcgga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtccg
tcgacatgaa
gagacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt

Thr Ile

Ser Gly

Arg Lys
800
Ala Leu
815
Leu Phe

Asp Val

Ser Gln

Leu Arg
880

cttctctgac
gcgtttaget
cttccgcaag
caagcctctc
ggaagtgaaa
gccggaagcc
caatacaacc
cttcggtcgt
caacaagcgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggcet
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
tcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440



ccgttccctg
aagtctccac
ttctgctttg
ctggecgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
actattcagt
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 37
<211> 890
<212> PRT

agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
gggctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 37
Met His
1
Asp

His

Phe Ser

Asp His Tyr

35

Glu Ser Tyr
50

Gln Leu

65

Ile

Lys

Thr Thr

Glu Glu Vval

Gln Glu
115
Ala

Leu
Thr Leu
130
Ala Ser
145

Ile

Ala

Arg Asp

His

5
Asp Ile
20
Gly Glu

Glu Met

Ala Gly
Leu
85
Ala

Leu

Lys
100
Ile Lys

Cys Leu

Ile Gly

His His
Glu
Arg
Gly
Glu
70
Pro
Lys
Pro

Thr

Arg

His Met

Leu Ala
Ala
40
Ala

Leu

Glu
55
Val Ala

Lys Met

Arg Gly

Glu Ala
120
Ser Ala
135

Ala Ile

150

Leu Glu

Ala

Lys His

gaaaaccacg
gagcaagatc
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

Thr
10
Ile

Asn Ile

Ala
25
Arg

Pro

Glu Gln

Arg Phe Arg
Ala
75

Arg

Asp Asn

Ile Ala
90
Lys Arg Pro
105
Val

Ala Tyr

Asp Asn Thr

Glu Glu
155

Lys Lys
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Asp

Phe

agaacatcat
tcccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gcagtgtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

Asn Ile Ala

Phe Thr
30

Leu

Asn

Ala
45
Met

Leu
Lys Phe
60
Ala

Ala Lys

Ile Asn Asp

Thr Ala Phe

110

Ile Thr Ile
125

Thr Val

140

Ala

Gln

Arg Phe

Asn Val Glu

ggcttgeget
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaagat
gaatcaggct
agctgecggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Lys Asn
15
Leu Ala

Glu His

Glu Arg
Leu
80
Phe

Pro

Trp
95
Gln Phe

Lys Thr

Ala Vval

Gly Arg
160

Glu Gln

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Val
Asn
Val
Gly
Tyr
465
Pro
Met
Asp
Gln
Gly
545
Val

Ile

Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg
His
Tyr
Leu
450
Trp
Phe
Ala
Leu
His
530
Ser

Gly

Tyr

Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile
Lys
Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly

Gly

Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala
Tyr
Ala
420
Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser

Arg

Ile
580

165
Val

Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Arg
Asp
Ala
Leu
405
Ile
Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala

565
Val

Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu
Trp
Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val

Ala

His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe
Phe
Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln

Asn

Lys

Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr
Met
Pro
Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu

Lys

Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg
Leu
Tyr
425
Pro
Lys
Asn
Ile
Glu
505
Phe
Cys
Phe

Leu

Val
585

170
Lys Lys

Leu Leu
His Val

Val Ser
235

Thr Ile

250

Gly Ala

Pro Lys
Arg Arg

Arg Tyr
315

Ala Gln

330

Asn Val

Ile Glu
Pro Glu

Arg Asp
395

Glu Gln

410

Asn Met

Gln Gly
Pro Ile

Cys Ala
475

Glu Glu

490

Asn Thr

Cys Phe
Ser Leu
Ser Ala

555
Pro Ser

570
Asn Glu
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Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala
Asp
Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met

Glu

Ile

Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala
Asn
Trp
Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu

Thr

Leu

Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys
Arg
430
Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val

Gln
590

175
Gln

Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe
415
Gly
Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln

575
Ala

Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala
Arg
Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp

Asp



Ala Ile Asn Gly Thr Asp Asn Glu Val Val Thr Val Thr Asp Glu Asn
595 600 605
Thr Gly Glu Ile Ser Glu Lys Val Lys Leu Gly Thr Lys Ala Leu Ala
610 615 620
Gly Gln Trp Leu Ala Tyr Gly Val Thr Arg Ser Val Thr Lys Arg Ser
625 630 635 640
Val Met Thr Leu Ala Tyr Gly Ser Lys Glu Phe Gly Phe Arg Gln Gln
645 650 655
Val Leu Glu Asp Thr Ile Gln Trp Ala Ile Asp Ser Gly Lys Gly Leu
660 665 670
Met Phe Thr Gln Pro Asn Gln Ala Ala Gly Tyr Met Ala Lys Leu Ile
675 680 685
Trp Glu Ser Val Ser Val Thr Val Val Ala Ala Val Glu Ala Met Asn
690 695 700
Trp Leu Lys Ser Ala Ala Lys Leu Leu Ala Ala Glu Val Lys Asp Lys
705 710 715 720
Lys Thr Gly Glu Ile Leu Arg Lys Arg Cys Ala Val His Trp Val Thr
725 730 735
Pro Asp Gly Phe Pro Val Trp Gln Glu Tyr Lys Lys Pro Ile Gln Thr
740 745 750
Arg Leu Asn Leu Met Phe Leu Gly Gln Phe Arg Leu Gln Pro Thr Ile
755 760 765
Asn Thr Asn Lys Asp Ser Glu Ile Asp Ala His Lys Gln Glu Ser Gly
770 775 780
Ile Ala Pro Asn Phe Val His Ser Gln Asp Gly Ser His Leu Arg Lys
785 790 795 800
Thr Val Val Trp Ala His Glu Lys Tyr Gly Ile Glu Ser Phe Ala Leu
805 810 815
Ile His Asp Ser Phe Gly Thr Ile Pro Ala Asp Ala Ala Asn Leu Phe
820 825 830
Lys Ala Val Arg Glu Thr Met Val Asp Thr Tyr Glu Ser Cys Asp Val
835 840 845
Leu Ala Asp Phe Tyr Asp Gln Phe Ala Asp Gln Leu His Glu Ser Gln
850 855 860
Leu Asp Lys Met Pro Ala Leu Pro Ala Lys Gly Asn Leu Asn Leu Arg
865 870 875 880
Asp Ile Leu Glu Ser Asp Phe Ala Phe Ala
885 890

<210> 38

<211> 2673

<212> DNA

<213> Artificial Sequence

220>
<223> T7RNAP variant

<400> 38

atgcaccatc accatcacca tatgaacacg attaacatcg ctaagaacga cttctctgac 60
atcgaactgg ctgctatccc gttcaacact ctggctgacc attacggtga gcgtttaget 120
cgcgaacagt tggcccttga gcatgagtct tacgagatgg gtgaagcacg cttccgcaag 180
atgtttgagc gtcaacttaa agctggtgag gttgcggata acgctgccgec caagcctctc 240
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atcactaccc
gctaagcgceg
gtagcgtaca
gttcaggctg
atccgtgacc
gtagggcacg
ggtctactcg
gtacgctgca
gctggegtag
atcgcaaccc
cctcctaagc
ctggegetgg
cctgaggtgt
gtcctagegg
gcgattgagc
ctcaccgcegt
cgccgtatca
atctggttcc
ccgcaaggta
aaggaaggtt
ccgttccctg
aagtctccac
ttctgctttg
ctggcgtttg
gtaggtggtc
gttgctaaga
gtagttaccg
aaggcactgg
gtcatgacgc
accattcagc
gctggataca
gaagcaatga
aagactggag
cctgtgtggc
cagttccgct
caggagtctg
actgtagtgt
ttcggtacca
gacacatatg
cacgagtctc
gacatcttag

<210> 39
<211> 890
<212> PRT

tactccctaa
gcaagcgccc
tcaccattaa
tagcaagcgc
ttgaagctaa
tctacaagaa
gtggcgaggc
tcgagatgct
taggtcaaga
gtgcaggtgc
cgtggactgg
tgcgtactca
acaaagcgat
tcgccaacgt
gtgaagaact
ggaaacgtgc
gccttgagtt
cttacaacat
acgatatgac
actactggct
agcgcatcaa
tggagaacac
agtacgctgg
acgggtcttg
gcgecggttaa
aagtcaacga
tgaccgatga
ctggtcaatg
tggcttacgg
ctgctattga
tggctaagct
actggcttaa
agattcttcg
aggaatacaa
tacagcctac
gtatcgctcc
gggcacacga
ttccggctga
agtcttgtga
aattggacaa
agtcggactt

gatgattgca
gacagccttc
gaccactctg
aatcggtcgg
gcacttcaag
agcatttatg
gtggtcttcg
cattgagtca
ctctgagact
gctggetggce
cattactggt
cagtaagaaa
taacattgcg
aatcaccaag
cccgatgaaa
tgccgetgcet
catgcttgag
ggactggcgc
Caaaggactg
gaaaatccac
gttcattgag
ttggtgggct
ggtacagcac
ctctggcatc
cttgcttcct
gattctacaa
gaacactggt
gctggcttac
gtccaaagag
ttccggcaag
gatttgggaa
gtctgctgct
caagcgttgc
gaagcctatt
cattaacacc
taactttgta
gaagtacgga
cgctgcgaac
tgtactggct
aatgccagca
cgecgttcgeg

<213> Artificial Sequence

<220>

<223> T7RNAP variant

<400> 39

cgcatcaacg
cagttcctgc
gcttgcctaa
gccattgagg
aaaaacgttg
caagttgtcg
tggcataagg
accggaatgg
atcgaactcg
atctctccga
ggtggctatt
gcactgatgc
caaaacaccg
tggaagcatt
ccggaagaca
gtgtaccgca
caagccaata
ggtcgtgttt
cttacgctgg
ggtgcaaact
gaaaaccacg
gagcaatatt
cacggcctga
cagcacttct
agtgaaaccg
gcagacgcaa
gaaatctctg
ggtgttactc
ttcggcttcc
ggtctgatgt
tctgtgagcg
aagctgctgg
gctgtgcatt
cagacgcgct
aacaaagata
cacagccaag
atcgaatctt
ctgttcaaag
gatttctacg
cttccggcta
taa

actggtttga
aagaaatcaa
ccagtgctga
acgaggctcg
aggaacaact
aggctgacat
aagactctat
ttagcttaca
cacctgaata
tgttccaacc
gggctaacgg
gctacgaaga
catggaaaat
gtccggtcga
tcgacatgaa
aggacaaggc
agtttgctaa
acgctgtgtc
cgaaaggtaa
gtgcgggtgt
agaacatcat
ctccgttctg
gctataactg
ccgecgatgcet
ttcaggacat
tcaatgggac
agaaagtcaa
gctgggtgac
gtcaacaagt
tcactcagcc
tgacggtggt
ctgctgaggt
gggtaactcc
tgaacctgat
gcgagattga
acggtagcca
ttgcactgat
cagtgcgcga
accagttcgc
aaggtaactt

ggaagtgaaa
gccggaagcec
caatacaacc
cttcggtcgt
caacaagcsgc
gctctctaag
tcatgtagga
ccgccaaaat
cgctgaggct
ttgcgtagtt
tcgtcgtcect
cgtttacatg
caacaagaaa
ggacatccct
tcctgaggct
gcgcaagtct
ccataaggcc
aatgttcaac
accaatcggt
cgataaggtt
ggcttgegcet
cttccttgcg
ctcccttccg
ccgagatgag
ctacgggatt
cgataacgaa
gctgggcact
taagcgttca
gctggaattc
gaatcaggct
agctgcggtt
caaagataag
tgatggtttc
gttcctcggt
tgcacacaaa
ccttcgtaag
tcacgactcc
aactatggtt
tgaccagttg
gaacctccgt

Met His His His His His His Met Asn Thr Ile Asn Ile Ala Lys Asn
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300

360

420

480

540

600

660

720

780

840

900

960

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2673



Asp
Asp
Glu
Gln
65

Ile
Glu
Leu
Thr
Ala
145
Ile
Leu
Val
Ser
Glu
225
Ala
Tyr
Pro
Thr
Arg
305
Pro
Ile
His
Met
Lys
385
Arg

Asn

Phe
His
Ser
50

Leu
Thr
Glu
Gln
Leu
130
Ser
Arg
Asn
Glu
Ser
210
Met
Gly
Ala
Met
Gly
290
Thr
Glu
Asn
Cys
Lys
370
Arg
Arg

His

Ser
Tyr
35

Tyr
Lys
Thr
Val
Glu
115
Ala
Ala
Asp
Lys
Ala
195
Trp
Leu
Val
Glu
Phe
275
Gly
His
Val
Lys
Pro
355
Pro
Ala
Ile

Lys

Asp
20

Gly
Glu
Ala
Leu
Lys
100
Ile
Cys
Ile
Leu
Arg
180
Asp
His
Ile
Val
Ala
260
Gln
Gly
Ser
Tyr
Lys
340
Val
Glu
Ala

Ser

Ala
420

Ile
Glu
Met
Gly
Leu
85

Ala
Lys
Leu
Gly
Glu
165
Val
Met
Lys
Glu
Gly
245
Ile
Pro
Tyr
Lys
Lys
325
Val
Glu
Asp
Ala
Leu

405
Ile

Glu
Arg
Gly
Glu
70

Pro
Lys
Pro
Thr
Arg
150
Ala
Gly
Leu
Glu
Ser
230
Gln
Ala
Cys
Trp
Lys
310
Ala
Leu
Asp
Ile
Ala
390
Glu

Trp

Leu
Leu
Glu
55

Val
Lys
Arg
Glu
Ser
135
Ala
Lys
His
Ser
Asp
215
Thr
Asp
Thr
Val
Ala
295
Ala
Ile
Ala
Ile
Asp
375
Val
Phe

Phe

Ala
Ala
40

Ala
Ala
Met
Gly
Ala
120
Ala
Ile
His
Val
Lys
200
Ser
Gly
Ser
Arg
Val
280
Asn
Leu
Asn
Val
Pro
360
Met
Tyr

Met

Pro

Ala
25

Arg
Arg
Asp
Ile
Lys
105
Val
Asp
Glu
Phe
Tyr
185
Gly
Ile
Met
Glu
Ala
265
Pro
Gly
Met
Ile
Ala
345
Ala
Asn
Arg

Leu

Tyr
425

10
Ile Pro

Glu Gln
Phe Arg

Asn Ala
75

Ala Arg

920

Arg Pro

Ala Tyr
Asn Thr

Asp Glu
155

Lys Lys

170

Lys Lys

Leu Leu
His Val

Val Ser
235

Thr Ile

250

Gly Ala

Pro Lys
Arg Arg

Arg Tyr
315

Ala Gln

330

Asn Val

Ile Glu
Pro Glu
Lys Asp

395
Glu Gln

410
Asn Met
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Phe
Leu
Lys
60

Ala
Ile
Thr
Ile
Thr
140
Ala
Asn
Ala
Gly
Gly
220
Leu
Glu
Leu
Pro
Pro
300
Glu
Asn
Ile
Arg
Ala
380
Lys
Ala

Asp

Asn
Ala
45

Met
Ala
Asn
Ala
Thr
125
Val
Arg
Val
Phe
Gly
205
Val
His
Leu
Ala
Trp
285
Leu
Asp
Thr
Thr
Glu
365
Leu
Ala

Asn

Trp

Thr
30

Leu
Phe
Lys
Asp
Phe
110
Ile
Gln
Phe
Glu
Met
190
Glu
Arg
Arg
Ala
Gly
270
Thr
Ala
Val
Ala
Lys
350
Glu
Thr
Arg
Lys

Arg
430

15
Leu

Glu
Glu
Pro
Trp
95

Gln
Lys
Ala
Gly
Glu
175
Gln
Ala
Cys
Gln
Pro
255
Ile
Gly
Leu
Tyr
Trp
335
Trp
Leu
Ala
Lys
Phe

415
Gly

Ala
His
Arg
Leu
80

Phe
Phe
Thr
Val
Arg
160
Gln
Val
Trp
Ile
Asn
240
Glu
Ser
Ile
Val
Met
320
Lys
Lys
Pro
Trp
Ser
400
Ala

Arg



Val
Gly
Tyr
465
Pro
Met
Tyr
Gln
Gly
545
Val
Ile
Ala
Thr
Gly
625
Val
Val
Met
Trp
Trp
705
Lys
Pro
Arg
Asn
Ile
785
Thr
Ile
Lys

Leu

Tyr
Leu
450
Trp
Phe
Ala
Ser
His
530
Ser
Gly
Tyr
Ile
Gly
610
Gln
Met
Leu
Phe
Glu
690
Leu
Thr
Asp
Leu
Thr
770
Ala
Val
His
Ala

Ala

Ala
435
Leu
Leu
Pro
Cys
Pro
515
His
Cys
Gly
Gly
Asn
595
Glu
Trp
Thr
Glu
Thr
675
Ser
Lys
Gly
Gly
Asn
755
Asn
Pro
Val
Asp
Val

835
Asp

Val
Thr
Lys
Glu
Ala
500
Phe
Gly
Ser
Arg
Ile
580
Gly
Ile
Leu
Leu
Phe
660
Gln
Val
Ser
Glu
Phe
740
Leu
Lys
Asn
Trp
Ser
820
Arg

Phe

Ser
Leu
Ile
Arg
485
Lys
Cys
Leu
Gly
Ala
565
Val
Thr
Ser
Ala
Ala
645
Thr
Pro
Ser
Ala
Ile
725
Pro
Met
Asp
Phe
Ala
805
Phe
Glu

Tyr

Met
Ala
His
470
Ile
Ser
Phe
Ser
Ile
550
Val
Ala
Asp
Glu
Tyr
630
Tyr
Ile
Asn
Val
Ala
710
Leu
Val
Phe
Ser
Val
790
His
Gly
Thr

Asp

Phe
Lys
455
Gly
Lys
Pro
Leu
Tyr
535
Gln
Asn
Lys
Asn
Lys
615
Gly
Gly
Gln
Gln
Thr
695
Lys
Arg
Trp
Leu
Glu
775
His
Glu
Thr
Met

Gln

Asn
440
Gly
Ala
Phe
Leu
Ala
520
Asn
His
Leu
Lys
Glu
600
Val
Val
Ser
Pro
Ala
680
Val
Leu
Lys
Gln
Gly
760
Ile
Ser
Lys
Ile
Val

840
Phe

Pro
Lys
Asn
Ile
Glu

505
Phe

Phe
Leu
Val
585
Val
Lys
Thr
Lys
Ala
665
Ala
Val
Leu
Arg
Glu

745
Gln

Gln
Tyr
Pro
825
Asp

Ala

Gln
Pro
Cys
Glu
490
Asn
Cys
Ser
Ser
Pro
570
Asn
Val
Leu
Arg
Glu
650
Ile
Gly
Ala
Ala
Cys
730
Tyr
Phe
Ala
Asp
Gly
810
Ala
Thr

Asp

Gly
Ile
Ala
475
Glu
Thr
Phe
Leu
Ala
555
Ser
Glu
Thr
Gly
Trp
635
Phe
Asp
Tyr
Ala
Ala
715
Ala
Lys
Arg
His
Gly
795
Ile
Asp
Tyr

Gln
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Asn
Gly
460
Gly
Asn
Trp
Glu
Pro
540
Met
Glu
Ile
Val
Thr
620
Val
Gly
Ser
Met
Val
700
Glu
Val
Lys
Leu
Lys
780
Ser
Glu
Ala
Glu

Leu

Asp
445
Lys
Val
His
Trp
Tyr
525
Leu
Leu
Thr
Leu
Thr
605
Lys
Thr
Phe
Gly
Ala
685
Glu
Val
His
Pro
Gln
765
Gln
His
Ser
Ala
Ser

845
His

Met
Glu
Asp
Glu
Ala
510
Ala
Ala
Arg
Val
Gln
590
Asp
Ala
Lys
Arg
Lys
670
Lys
Ala
Lys
Trp
Ile
750
Pro
Glu
Leu
Phe
Asn
830
Cys

Glu

Thr
Gly
Lys
Asn
495
Glu
Gly
Phe
Asp
Gln
575
Ala
Glu
Leu
Arg
Gln
655
Gly
Leu
Met
Asp
Val
735
Gln
Thr
Ser
Arg
Ala
815
Leu

Asp

Ser

Lys
Tyr
Val
480
Ile
Gln
Val
Asp
Glu
560
Asp
Asp
Asn
Ala
Ser
640
Gln
Leu
Ile
Asn
Lys
720
Thr
Thr
Ile
Gly
Lys
800
Leu
Phe
Val

Gln



850 855 860
Leu Asp Lys Met Pro Ala Leu Pro Ala Lys Gly Asn Leu Asn Leu Arg

865 870 875 880
Asp Ile Leu Glu Ser Asp Phe Ala Phe Ala
885 890
<210> 40
<211> 25
<212> DNA

<213> Artificial Sequence

<220>
<223> Substrate etc

<400> 40
tttttttttt tttttttttt ttttt 25
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CLAIMS
What is claimed is:

1. An engineered RNA polymerase, wherein said polymerase utilizes a cap or cap
analog during transcription initiation, and wherein said engineered RNA polymerase comprises a
polypeptide sequence having at least 95% sequence identity to SEQ ID NO: 4 and further comprises a

mutation at position 664, wherein said position is numbered with reference to SEQ ID NO: 4.

2. The engineered RNA polymerase of Claim 1, wherein said RNA polymerase

preferentially utilizes a cap or cap analog during transcription initiation.

3. The engineered RNA polymerase of Claim 1, wherein said RNA polymerase does not

utilize a cap or cap analog during transcription elongation.

4, The engineered RNA polymerase of Claim 1, wherein said engineered RNA
polymerase is an engineered T7 RNA polymerase.

5. The engineered RNA polymerase of Claim 1, wherein said polypeptide sequence
further comprises a substitution set selected from 513/660/664, 513/635/664, 513/660/664, and
660/664, and/or any combination thereof, wherein the amino acid positions are numbered with
reference to SEQ ID NO: 4.

6. The engineered RNA polymerase of Claim 1, wherein said polypeptide sequence
further comprises at least one substitution or substitution set selected from 397, 397/513,
397/513/635, 397/513/635/656, 397/513/635/656/660, 397/513/635/656, 397/513/635/660,
397/513/635, 397/513/656/660, 397/513/660, 397/635, 397/635/656/660, 397/635/656, 397/635/660,
397/635, 397/6351850, 397/660, and/or any combinations thereof, wherein the amino acid positions
are numbered with reference to SEQ ID NO:4.

7. The engineered RNA polymerase of Claim 1, wherein said engineered polymerase

exhibits at least one improved property compared to wild-type T7 RNA polymerase.

8. The engineered RNA polymerase of Claim 7, wherein said at least one improved

property comprises improved selectivity for cap analog relative to GTP during transcription initiation.
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9. The engineered RNA polymerase of Claim 1, wherein the polymerase maintains
RNA yield, transcription fidelity, thermostability, protein expression, stability at -20°C, or stability in
reaction conditions equivalent to the wild-type T7 RNA polymerase

10. The engineered RNA polymerase of Claim 1, wherein said RNA polymerase
generates greater than about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

more capped RNA transcripts relative to uncapped transcripts.

11. The engineered RNA polymerase of Claim 10, wherein said RNA polymerase

generates greater than 90% capped RNA transcripts relative to uncapped transcripts.

12. The engineered RNA polymerase of Claim 1, wherein said engineered polymerase is

purified.

13. A composition comprising at least one engineered RNA polymerase of Claim 1.

14. A method for producing capped RNA transcripts, comprising providing a
composition comprising: i) at least one engineered RNA polymerase of Claim 1, a dinucleotide cap
analog, and ii) a DNA template; exposing said DNA template to said composition under conditions
such that said engineered RNA polymerase produces a capped RNA transcript.

15. The method of Claim 14, where the dinucleotide cap analog is alpha, gamma-bis(N7-
methylguanosine) triphosphate ( m7G(5”)ppp(5°)m7G) or an anti-reverse cap analog 3’-O-Me-
m’G(5")ppp(5')G.

16. The method of Claim 14, wherein the dinucleotide cap analog is alpha, gamma-

bis(N7-methylguanosine) triphosphate.

17. The method of Claim 14, wherein said engineered RNA polymerase generates greater
than about 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more capped RNA

transcripts relative to uncapped transcripts.

18. The method of Claim 17, wherein said engineered RNA polymerase generates greater

than 90% or more capped RNA transcripts relative to uncapped transcripts.

19. The method of Claim 18, wherein said engineered RNA polymerase generates greater

than 95% or more capped RNA transcripts relative to uncapped transcripts.
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20. The method of Claim 14, wherein said method comprises an in vitro transcription

reaction.

21. The engineered RNA polymerase of Claim 1, wherein said polypeptide sequence
further comprises at least one substitution or substitution set selected from 513, 513/635,
513/635/656, 513/635/660, 513/656, 513/660, 635, 635/656, 656/660, and 660, wherein the amino

acid positions are numbered with reference to SEQ ID NO: 4.
22, The engineered RNA polymerase of Claim 9, wherein said at least one improved

property further comprises at least one additional property selected from improved protein expression,

improved stability in storage buffer, and improved stability under reaction conditions.
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ABSTRACT

The present invention provides engineered RNA polymerase variants and compositions
comprising these variants. The present invention further provides engineered T7 RNA polymerase
variants and compositions comprising these variants. These variants have been evolved for selective
incorporation of the m7G(5”)ppp(5’)m7G cap analog over GTP at the initiation of in vitro

transcription. The present invention also provides methods for selective capping of RNA transcripts.

[FIGURE 1]
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