Supplementary Materials

Supplementary Table 1. Oligonucleotide primers used for cloning and mutagenesis

in this work.
Genes Primers* Sequences (5°-3”)
KP34 RNAP F ACTGGCTAGCATGATTAGCGCCCTAAGTAC
GGTAGTAGTACC
R ACTGGCGGCCGCTTAGCAGAAGAAGAACG
GGGATTCTAGCACTTG
T7 RNAP F TCACCATCACCATCACCATATGAACACGATT
AACATCGCTAAGA
R AGTCCAAGCTCAGCTAATTTTACGCGAACGC
GAAGTCCGACTCT
pQE-82L F AATTAGCTGAGCTTGGACTCCTGTTGATAG
R ATGGTGATGGTGATGGTGAGATCCTCTCAT
KP34-Y601F F GTATGACCTTCTTCTACAGCGCCACGG
RNAP R CTGTAGAAGAAGGTCATACTGGGGCGC
KP34-F602Y F TGACCTACTACTACAGCGCCACGGTGC
RNAP R GCGCTGTAGTAGTAGGTCATACTGGGG
KP34-Y603F F CCTACTTCTTCAGCGCCACGGTGCGTA
RNAP R GTGGCGCTGAAGAAGTAGGTCATACTG

Introduced restriction enzyme sites are indicated in bold.
*F refers to forward primer and R refers to reverse primer.




Supplementary Table 2. DNA templates used for in vitro transcription assays in this
work.

DNA templates | Oligos* Sequences (5°-3) Usage
F igiég%ACGGTAGTGC Figure 2A
Template 1 R CACTACATCATCGCCCT Primers to amplify
CATAG PCR fragments
F ACTGGCTAGCATGATT Figure 2A
AGCGCCCTAAGTACGG
Template 2 TAGTAGTACC Primers to amplify
R GACGCCTGCGTCCTGG PCR fragments
TCCTTC
F TAATACGACTCACTAT | Figyre 2C
AGGAGAACCTTAAGGT
T7-37 TTAACTTTAAGACCCTT flri‘;:;lfc‘;eoti e
AAUTG as template
R CACTTAAGGGTCTTAA
AGTTAAACCTTAAGGT
TCTCCTATAGTGAGTCG
TATT
F TTAATGTTACAGGAGT | pigyre 2C
AGGAGAACCTTAAGGT
KP34-S1-37 TTAACTTTAAGACCCTT flri‘;:;lfc‘;eoti e
AAUTG as template
R CACTTAAGGGTCTTAA
AGTTAAACCTTAAGGT
TCTCCTACTCCTGTAAC
ATTAA
F TTGATGTTACAGGAGT | pigyre 2C
AGGAGAACCTTAAGGT
KP34-82-37 TTAACTTTAAGACCCTT | Annealed
AAGTG oligonucleotides
——— as template
R CACTTAAGGGTCTTAA
AGTTAAACCTTAAGGT
TCTCCTACTCCTGTAAC
ATCAA
F TACTTTGGACATCCGT Figure 2C
CAAGTGGAGAACCTTA
KP34-W-37 AGGTTTAACTTTAAGA Annealed

CCCTTAAGTG oligonucleotides




CACTTAAGGGTCTTAA
AGTTAAACCTTAAGGT
TCTCCACTTGACGGATG
TCCAAAGTA

as template

T7-50

TAATACGACTCACTAT
AGCAAAGCTTCGGCTG
GTGCAGTGGCCTCATA
AGAGGCGGCCCCTAAC
AGG

CCTGTTAGGGGCCGCC

TCTTATGAGGCCACTGC

ACCAGCCGAAGCTTTG

CTATAGTGAGTCGTATT
A

Figure 3A

Annealed
oligonucleotides
as template

KP34-50

TTAATGTTACAGGAGT
AGCAAAGCTTCGGCTG
GTGCAGTGGCCTCATA
AGAGGCGGCCCCTAAC
AGG

CCTGTTAGGGGCCGCC

TCTTATGAGGCCACTGC

ACCAGCCGAAGCTTTG

CTACTCCTGTAACATTA
A

Figure 3A

Annealed
oligonucleotides
as template

Syn5-50

TATTGGGCACCCGTA

AGCAAAGCTTCGGCTG
GTGCAGTGGCCTCATA
AGAGGCGGCCCCTAAC
AGG

CCTGTTAGGGGCCGCC

TCTTATGAGGCCACTGC

ACCAGCCGAAGCTTTG

CTTACGGGTGCCCAAT
A

Figure 3A

Annealed
oligonucleotides
as template

EGFP sgRNA

CATATGCGGTGTGAAA
TACCGCACAGATGC

AAAAAAAGCACCGACT
CGGTGCCACTTTTTCAA
G

Figure 4A
Primers to amplify

PCR fragments

The promoter sequences are indicted in bold and the nucleotides corresponding to the
run-off RNA sequences are underlined.

*F indicates forward primers (for PCR fragments) or sense strands (for annealed
oligos) while R indicates reverse primers (for PCR fragments) or antisense strands
(for annealed oligos).
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KP34 ......... MISAL........ STVVVPEEAJVIKR{SFAELINE|T|Y KIR|GIERARKILITDA[LQ
Syn5 ... e e MSFDJAT|AR[BAQRINT|EAAE LIARRKIILQDARREANE
T7 MNTINIAKNDFSDIELAAIPFNTLADHYGERJAARE[BAALINHIES Y EMGEARIFRKMEFE ERQ|LIK
SP6 .. e e e e e MQDAHA I[RAQ LIYEEMF NG|GI RIIFEADIQQRQI|A
50 60 79 80 20
KP34 N[G|G[IMNLPMTQRMLTSAYEVEAAAMDEMRNVKAPGI[EG. . . . KYRRFPARLIP LDVLTTLS
Syn5 R[S[YA|SSNIE[SRKAIATFLDPIAQRMGERLFTLRRGTEAVDAAE[V|YKHMKNADHHHLALIIT
T7 AGE[VADINAARAKPLITTLLPKMIARMNDWFEEVKAKR[EK . . RPTAFQFMQE|IKPEAVAYIIT
SP6 AG|SE|SDITAWNRRLLSELIAPMAEGRYQA[YKEEYEGKK[gR . . APRALAFMQOC|VENEVAAYIT
100 110 120 130 140 150
KP34 TLCTMFEAFSVAPGESASRRQTAMAVMSALGRNVIQSELLSLQIRNVAPAYMDRV|YEY .[[|JTE
Syn5 MKTALDVLGK...... DPEPQIMQLTTAIGRNIQLELRLTY|YAEENPELYK|QASREF .|[F|HA
T7 IKTTLACLTIS...... ADNT[TV[AVASAIGRJAIEDEARFGR|IRDLEAKH|F|KIKNVEEQ[LINK
SP6 MKVVMDMLNT........ DATL{PJATAMSVAER|IEDQVRF SK|LIEGHAAKY|F|[EKVKKS .|[LIKA
169 179 189 19? 209
KP34 RRTR|SPTHI|L..RTL]....RRASAENVHYGHEPETINAQNI|SVERLLCARVIFETGLEFQ. . . .
Syn5 GTGT|. . .|[. .|... RQKATVIK|LKFNREGIEWDQESRV|IT CHKV[EQOWLMLAMADV|TGWIERAT
T7 RVGH|VYK[KA|. FMQV|VEADML|SIKGLLGGEA[W S|S|JJHK[E|D S T|H[V[&VRICI[EMLII[ESTGMV . . .S
SP6 SRTK[SYRHAHNVAVVAEKSVAEKDADFDRWERAPRPKETQOLIQIETTLLEILEGSVFYNGEPV
219 229 23(? 249 259 269
KP34 .. .WKTGSGN|L...SM[L|IYPADD|VMEAF Q|Q[L[V|. E[SAD|T|V TMKP ML ViV QHT T|MW DfefelY|L
Syn5 ....DRTS|GGRKTKTR|I|CYSRE|FL|QHRD|T|I|LAAAE[Q|LAF|CIQWIAMLC)A4IEWSNDHN[eeY|L
T7 LHRQNAGV[VG|Q .DSET(IELAPE|YREAIATRAGALAG|I|SPMFEF QI4C|IVVIRAKPW T G/I T G[ele]Y|W
SP6 FMRAMRTY|GGK.TIYY[LIQTSESVIGOQWI SAFKEHVAQL|SPAYAJYCVIPPJRPWR TP F N[efe]F|H
270 280 290 300 320
KP34 ([TIPIDNRGTYHNSHIDRTRLRE|VAEAFK|SADG|I|KKALWKAME(TP LVQEEIARAL
Syn5 [SEQIRRVNP[LIRKT|GPLGTRK|. .. ... QGD I|P|LIAMLRYN|L[®IG(O(A] IANH|CIYES
T7 ANGRRPLALIVIRTHS|K . KA|ILMR|Y . . EDV|YMP EV|Y[KA I I(A[®IN|T|A VANV|ITKW
SP6 TIEKVASRIR|LVKGNR .EHVREK|L. .TQKQMP K[V|YKA IIJJA[L{®N|T|Q VIEEVIRL
339 34? 359 369
KP34 G[I|GV|GMPRSVPIEPKPE[. .|. .|.|.]. . .|| WYLDG.VPKENY[TEEELDRFGEWMTRMSLWY|SA
Syn5 N[V|TVG..... KIF[IRHAPLPVPPISPGEDC . . . .« vt v v v ofe]e TEDIQLTA|YJSRARREAEDF
T7 KH|IC.|.PVEDIPAIIEREELPMKPEDIDM. .. ... ... ... N|. . . PEALTAWISRAAAA[VYRK
SP6 DILIGY(GVP SFKP|LIIDKENK[PANPVPVEFQHLRGRELKEML[SPEQWQQF INWIMGECAR|LY|TA
370 380 390 400 410 420
KP34 DRKR|VI[SQLRS[L|ILTTLEMLEEFKDEKA|LYFP|TC[VISWIIYIILMFEFK . [S|S|L HieG S)»)
Syn5 [NAQII[SQKNWR[T|ITEVMYVEYRK Y/ADEAS|FWMP|AS[F]Y)AGIVIF L N|T|A|L Nje]G T
T7 DKARIK[SRRISLEFMLEQIANKEANHKA|IWE P|Y NMIJWIRAGIAVIAV . ([SIMEF NiZe]G N
SP6 E|T KR|GSK|SAAVIVRMVI|GQINRKY|SAFES|TYF VY AMSIASIVEIV Q S[S|T(L Sie]S NIy
43(_) 44(_) 45(? 469 47(_) 489
KP34 GR(GKJ4L|.GIDRGLF YLKV HVENT|C[F[¢]YDIYT L{F|E DSIAAW V|IDAN|. . FAIE(I|E QL T|V SjgF|D C|[P|A|F|T
Syn5 AE[EG|4V|N|.|. . . EWQL|S[F HVENT|T[Y [¢]LISINE TMV N QWAIRDN|. . HIE|L|I|DR|I A|SD}3V|R H|T|E|W/H
T7 AK[GKI4I|. GKEGY|Y|YLK(I HGEIN|CIA[&V|XLV P|E|P E K[F I|E[EN|. . HE[N[I|MA|C AK Sj34 L|E N[T|W|WA
SP6 TE|GRIFVIN|GIVE A LIKIIF|C|I N|GLYN|L[W{ejWsh K T|F|D V)3l V|SIN VILID E|E F QIDIM|CIR D|I A|ADY L|T F[T|QW|A
499 509 519 529 539 549
KP34 SANSIHAWCLIWNAAIDLV|NA. .. VRSGC|PEEH I|SR[I}ZV|AMMA S 13D\ P[VG|GR L
Syn5 DRAPEIHWCFINNACILEYKACVI..... D|GITKQ T|S|G|Li4I|G IJA A IC|GR T|AAL
T7 EQUISI4F CFWAFICIFIEYAGVQH. . . .. H|G|L S Y N[C|S|L)4 LIA F )G S IADIE(V G|GRA
SP6 KAPAIYYEFIWAWCIFIEYAIQYLDLVDEGRRADEF RTIH[LIJV|H QG[S CEYe T [e):1Y(S JIDEVGAKA




550 560 570 580
KP34 TNLYWEGNDKKAPLMMDIUKRRTDEKVIIL. v v v v v v v v v vt v e e oo e eenn DLDKEDF I|I|Q
Syn5 VWV|TPP|. .[TDKPABAMKTNAQASLKHLPKE . . o o o v it i i e e e e e et e e e e v e e e oo e ofe]e
T7 VRLILP|. .|SETVOPNIMGIVAKKVNEILQADAINGTDNEVVTVTDENTGEISEKVKLGTKAL
SP6 VRILKP|. .[SDAPQINIMGANMAIQVVIKK.|. .NALYMDADDATTFT...SGSV.TLSGTELR[AM

599 609 619 629
KP34 STY[YJRENE[THISVRIRP SIUT|Y FF4S|A[TIVR[S|C[SD Y[TFElGRACA . . . . . o o o . .. E[EYE. .. ..
Syn5 QHE. . . . |[TpRdK ViRAR P V)UC|T Pp4GVITMS|SARGY|[IRDIQLVIK . v v v v v v v v vt Dlg.......
T7 AGQUILAYG|VESAS ViRAR S VIUlT|L AMG|SKIE F|GIFRQQ[VILEDTIQ. .. . ... PAIDS[&.......
SP6 ASARDSIGIEIS LK P VIUTLPP4G|S|ITRLITICRES|VIIDY[IVDLEEKEAQKAVAE[RTANKVH
639 64(? 65(_) 669
KP34 ..... GTP|TN[S LWN[L|s c[Y LAPRMRAA[TIEE ANPRIARAVEGY LONLEXRRVPA . « v v v v v
Syn5 . HKE|LR[SP|GV|LINGI VKA[IFNEA[I|PEV IP|IGPVIQVEIAWLKRSIAGQIID. . ... ... ..
T7 ....KGLMFTQPNQAAGIY MAK|L IWE S|V|S|VT V|VIAIAVIEARINWLK S ALVK|ILILAAEVKDKKTGEI
SP6 PFEDDROQD|YL[TPIGAAYNYMTA|LIWP S|I|SEVVKAP|I|VAMKMIROLIERFAAK . . . . . . .. ..
670 680 690 700 710 720
KP34 .. .SQH[LQWYTALEGLVIMNRYTQREEVRVR|IDCMN|LSAV|LVH.INRD . FKTCNKRK|AA[S|G|T
Syn5 .RGDST[I|TWT|TIASEFEVIVODLKKSKTY[EVKTRIMGGARI|KILQV|GDGF TDEP|DRD[H/HK|S|A|L
T7 LRKRCA|VHWV|TIZDEFPVWOEYKKPIQTRLNLMFLGQFRL|QPTINTNKDSE IDAHKQES|G|T
SP6 . . RNEGLMY|TLIJTEFILEQKIMATEMLRVRTCLMGD IKMS|ILOVIETD . . . IV|DEAAMMGAA
730 740 750 760 770 780
KP34 FLNANF\R:S|LpIS[T HIMMVLICAAE . . .|G|. LD I|VPh%:8]S|LA|T HAAD V|D[D MHRH|I RE[Q|F|VIRILME E
Syn5 LB VEAISINDJAIS LIAHLTFAFWD . . .|.]|. KP F|T VER:$] C|V LIGR|S C[D M[D[Q M|G S D|I R|L(H|F|AIE|M}K .
T7 B NA:S|IOPGIS HRK TVIVWAHEKY(G|IESF|A LpR:§8 S|F G|T I|P AD A|AIN L|F KA[VR|E(T|MV|D[TR4E S
SP6 SBNFVAIGHPASHIJIILTVIC . ELVDK[GVT S IAVES:8S|F G|T HAD|N T|L|T LIRVA[L K|G|QMV|AM4I D
790 809 81(? 829

KP34 NDLLGDITRAAAA...AGADLTDLDM)4E . . .V/GTLDIRQ[VLEEPF|FIC
Syn5 ADVM[. .......... QODWADQVG|VELJgVDLIKNTLD I|DS|VNQEJL[YF}HS
T7 CDVLADFYDQFADQLHES|QLDKMPALI4A . . . KGNLNLRD|I LEEID(F|AIYA
SP6 GNALQKLLEEHE...VRWMVDTGIEVIJE .. .QGEFDIL|NE[I MDEJE[Y|VI)A

Supplementary Figure 1. Sequence alignment of the KP34 RNAP, Syn5 RNAP, T7
RNAP and SP6 RNAP was performed using Clustal Omega. The alignment was
processed for publication using the ESPRIPT server v 3.0. The amino acid sequence of
KP34 RNAP shares a similarity of 24.39%, 27.28% and 25.54% with SynS5, T7 and SP6
RNAP, respectively.
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Supplementary Figure 2. SDS-PAGE analysis of all RNA polymerases in this work.
All enzymes are N-terminal His-tagged and purified through Ni-NTA-agarose column
and gel filtration column. Proteins were stained with Coomassie Blue. M: molecular
mass marker.
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Supplementary Figure 3. Effect of reaction temperature on KP34 RNAP activity. The
transcription assays of the KP34 RNAP (1uM) were performed at various temperatures
in the presence of 40 mM Tris-HCI (pH 8.0), 20 mM MgCl,, 2 mM spermidine, 20 mM
DTT, 4 mM of each of the 4 NTPs and 2 uM DNA template, 40 U/ul RNaseOUT™
Recombinant Ribonuclease Inhibitor, 0.04 U/ul E. coli inorganic pyrophosphatase, for
1 h. DNA template and RNA products were separated on a 12% TBE native gel. Various
temperatures for the reactions were shown at the top of the gel.
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Supplementary Figure 4. Effect of pH on KP34 RNAP activity. The transcription
assays of the KP34 RNAP (1uM) were performed using buffers with various pH at 37°C
for 1 h in the presence of 20 mM MgClz, 2 mM spermidine, 20 mM DTT, 4 mM of
each of the 4 NTPs and 2 uM DNA template, 40 U/ul RNaseOUT™ Recombinant
Ribonuclease Inhibitor, 0.04 U/ul E. coli inorganic pyrophosphatase. Three different
buffers (all at 40 mM concentrations) were used to prepare different pHs: NaH2POs-
NaHPO4(pH 5.5, pH 6.0, pH 6.5, pH 7.0), Tris-HCI (pH 7.5 and pH 8.0), and Glycine-
NaOH (pH 8.5 and pH 9.0). DNA template and RNA products were separated on a 12%
TBE native gel. Various pH conditions for the reactions were shown at the top of the
gel.
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Supplementary Figure 5. Effect of MgCl, and MnCl, on KP34 RNAP activity. The
transcription assays of the KP34 RNAP (1uM) were performed with Mg?*/Mn?* at 37°C
for 1 h in the presence of 40 mM Tris-HCI (pH 8.0), 2 mM spermidine, 20 mM DTT, 4
mM of each of the 4 NTPs and 2 uM DNA template, 40 U/ul RNaseOUT™
Recombinant Ribonuclease Inhibitor, 0.04 U/ul E. coli inorganic pyrophosphatase.
DNA template and RNA products were separated on a 12% TBE native gel.
Concentrations of Mg?" and Mn?" in the reactions were shown at the top of the gel.
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Supplementary Figure 6. Effect of NaCl, KCl and NHCls on KP34 RNAP activity.
NaCl, KCI or NHCl4 at various concentrations were added to the transcription assays
contained 40 mM Tris-HCI (pH 8.0), 2 mM spermidine, 20 mM DTT, 20 mM MgCl., 4
mM of each of the 4 NTPs, 40 U/ul RNaseOUT™ Recombinant Ribonuclease Inhibitor,
0.04 U/ul E. coli inorganic pyrophosphatase, 2 uM DNA template and 1 pM KP34
RNAP. Reaction mixtures were incubated at 37°C for 1 h. DNA template and RNA
products were separated on a 12% TBE native gel. Concentrations of NaCl, KCI and
NHCl4 in the reactions were shown at the top of the gel. Con: the reaction without salt.



KP34-Y603F RNAP Linearized pUC19-EGFP sgRNA

2’-F-dNTP (-) A G C U (~2800 bp)
KP34
BspQl BspQl promoter BspQl
DNA templat | ! /L |
emplate I } 7/ F |
~ 260 bp |« » fe——» ~ 100 nt
Extra DNA fragment |« » ~ 2500 bp|
DNA template

Extra DNA
fragment

- Ll "l 103 nt run-off
EGFP sgRNA

Supplementary Figure 7. Incorporation of 2’-F-dNMPs into the 103 nt sgRNA
transcript using KP34-Y603F RNAP. The position of the migration of the DNA
template, an extra DNA fragment during template preparation, and the RNA products
were marked on the right of the gel. In the reaction, none (-) or one of the four NTPs
was replaced by its 2’-F-dNTP analog as indicated at the top of the gel. In the right
panel box: schematic showing the preparation of transcription template by digestion of
the plasmid using BspQI restriction enzyme.




