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Supplementary Figure 1. Sequence similarity network of proteins, homologous to the signal
peptidase I from the /pp biosynthetic gene cluster of Paenibacillus alginolyticus DSM5050
(WP_029196374.1). Edges corresponding to an E-value higher than 10e-23 are removed. Nodes

are colored according to the phylum.
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Supplementary Figure 2. RT-qPCR analysis of Ilpp and pba BGCs expression levels in
Paenibacillus alginolyticus DSM5050 cells harvested at early logarithmic and stationary
growth phases in 1/2 LB medium. Data were normalized to the expression level of the
constitutively expressed gyrd. Expression of rho was used as a positive technical control. espG
(PALO1S _RS16325) is the exopolysaccharide chain length-determining protein tyrosine kinase
gene colocalized with Ipp and pba (Supplementary Figure 3). Data from 3 individual replicates are

shown as dots. Source data are provided as a Source Data file.
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Locus tag Protein family Annotation Name
PALOIS RS16340 TIGR00277 HDIG: HDIG domain
PALO1S RS16335 TIGR03020 EpsA: transcriptional regulator EpsA
PALO1S RS16330 TIGR01006 polys exp MPAL: polysaccharide export protein, MPA1 family
PALO1S RS16325 TIGR03029 EpsG: chain length determinant protein tyrosine kinase EpsG
PALO1S RS16320 TIGR01730 RND_mfp: efflux transporter, RND family, MFP subunit
PALOIS RS16310 No match
PALO1S RS16315 No match IppA©
PALO1S RS16305 TIGR04352 HprK rel A: HprK-related kinase A IppK
PALO1S RS16300 RREFam002  Discrete RRE protein in a lasso peptide cluster IppB
PALO1S RS16295 TIGR02228 sigpep | arch: signal peptidase I IppS
PALO1S RS16290 TIGR02204 MsbA rel: ABC transporter, permease/ATP-binding protein IppD
PALO1S RS16285 PF14907 Uncharacterized nucleotidyltransferase IppN
PALO1S RS16280 TIGRO1536 asn_synth AEB: asparagine synthase (glutamine-hydrolyzing) pbaC
PALOIS RS16275 No match pbaA™©
PALO1S RS16270 TIGR04352 HprK rel A: HprK-related kinase A pbaK
PALO1S RS16265 RREFam002  Discrete RRE protein in a lasso peptide cluster pbaB1
PALO1S RS16260 PF13471 Transglutaminase-like superfamily pbaB2
PALO1S RS16255 PF14907 Uncharacterized nucleotidyltransferase pbaN
PALOIS_RS16250 TIGR02203 ﬁzl{:ﬁilipidA: lipid A export permease/ATP-binding proteinp baD
PALO1S RS16245 PF05704 Capsular polysaccharide synthesis protein
PALO1S RS16240 PF00534 Glycosyl transferases group 1
PALO1S RS16235 PF00535 Glycosyl transferase family 2
PALO1S RS16230 PF04230 Polysaccharide pyruvyl transferase
PALO1S RS16225 PF00534 Glycosyl transferases group 1
PALO1S RS16220 PF00534 Glycosyl transferases group 1
PALO1S RS16215 PF07470 Glycosyl Hydrolase Family 88
PALOIS_RS40485 TIGR03570 ;:r%l?{yO—acyltransferase, sialic acid O-acetyltransferase, NeuD
PALOIS_RS16205 TIGR03570 ;;r%lagyO—acyltransferase, sialic acid O-acetyltransferase, NeuD
PALO1S RS16200 No match
PALO1S RS16195 TIGRO01923 O-succinylbenzoate-CoA ligase
PALO1S RS16190 PF01757 Acyltransferase family
PALO1S RS16185 PF01757 Acyltransferase family
PALO1S RS16180 PF13229 Right-handed beta helix region

Supplementary Figure 3. Schematic representation of the P. alginolyticus Ipp locus (A) and

annotations of the genes (B). Arrows indicating genes are colored according to their putative

functions. Genes used for the RT-PCR assay (Figure S2) are highlighted in blue.
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Supplementary Figure 4. High-resolution MS spectrum of the in vivo processed LppALC
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Supplementary Figure 5. Identification of the phosphorylation site in LppAC. A. MALDI-
TOF MS spectra of partially purified products of [pp BGC before and after treatment with LysC
endoprotease recorded in reflector mode. [M+H]" mass peaks at m/z 4513.1, 4593.1, and 4673.1
correspond to the unphosphorylated, mono-, and di-phosphorylated LppAC€ peptide. [M+H]" mass
peaks at m/z 733.3, 813.3, and 893.3 correspond to the same peptides with the C-terminal part
removed by LysC. Spectra were recorded in reflector mode with measurement accuracy within 0.1
Da. B. MALDI TOF MS/MS analysis of the N-terminal fragment of the monophosphorylated
LppA€ peptide ((M+H]" 813.3).
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Supplementary Figure 6. LppK kinase modifies conserved Ser3 residue in LppA'C. A.
Schematic representation of the assay. LppA™© peptide fused with N-terminal MBP and C-terminal
TrxA mass tag (MW 60.1 kDa) co-expressed with LppB harboring N-terminal Strep-tag and LppK.
The LppB-LppA© complex was purified using affinity chromatography. B. SDS-PAGE analysis



of the eluted fractions. Mutations in LppA"C are shown at the top. Protein zones corresponding to
LppAL€ (MBP-LppA'C-TrxA fused protein, MW 61.5 kDa) were subjected to in-gel digestion with
trypsin. The eluted tryptic peptides were identified using MALDI-TOF MS. All pull-down
experiments were performed independently three times with similar results. Source data are
provided as a Source Data file. C. Protein modifications analysis using the Mascot protein

identification tool (https://www.matrixscience.com/) with phosphorylation as a variable

modification. Shown are extracts of the relevant peptide hits from the Mascot Peptide Summary.
D. MALDI-TOF MS/MS analysis of the monophosphorylated tryptic peptide of LppAL® ([M+H]"
1190.5).
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Supplementary Figure 7. Purification of LppB (A) and the LppB<LppA'C complex (B).
LppAL€ was fused to MBP and TrxA mass tags to improve resolution on PAGE; LppB was fused
with Strep tag. L, protein MW molecular weight ladder; E, eluate from StrepTactin resin; S, cleared
cellular lysate; P, insoluble fraction. LppA'C, MBP-LppAC-TrxA fused protein, MW 61.5 kDa;
LppB, Strep-tagged LppB, MW 11.1 kDa. All pull-down experiments were performed

independently three times with similar results. Source data are provided as a Source Data file.
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Supplementary Figure 8. Schematic representation of the competition pull-down assay (left) and
cleared cellular lysates and eluted protein fractions of the competition pull-down assays of RRE-
precursor peptide complexes co-expressing LppAL© and PbaA'C peptides with either Strep-tagged
LppB (A) or Strep-tagged PbaB1 (B) (right). LppAC was expressed as an MBP-LppAL©-TrxA
fusion (MW 61.5 kDa), and PbaA'C as a TrxA-PbaA'C-CBD fusion (MW 24.6 kDa). L, protein
MW ladder. All pull-down experiments were performed independently three times with similar

results. Source data are provided as a Source Data file.
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Supplementary Figure 9. Crystal structures and topology diagrams of the PbaB1+PbaA"
(top) and LppB+LppA" (bottom) complexes. RRE proteins are shown in purple (PbaB1) or light
blue (LppB), while their cognate leader peptides are depicted in green (PbaA') or yellow (LppAL).
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Supplementary Figure 10. Intermolecular interactions in the PbaBlePbaA" (A-D) and
LppBeLppA" (E-H) complexes. Residues in the PbaA" and LppA' leader peptides are shown in
green and yellow, respectively. PbaB1 and LppB RRE domains are in magenta and blue,
respectively. Hydrogen bonds are indicated with black dashed lines. Alternative conformations are
shown for LppA*M-12.
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Supplementary Figure 11. Ramachandran plots of the LppA! and PbaAl peptides.
Coordinates for the peptides were obtained from the pdb 00009x8z (LppBsLppAl) and
pdb_00009x90 (PbaBePbaAl) structures and analyzed using the VADAR protein structure analysis
server! (http://vadar.wishartlab.com/). Residues with ¢,y angles outside the P sheet region are

indicated. The first and last residues of each leader peptide visible in the corresponding crystal

structures are highlighted in blue.
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Supplementary Figure 12. Cleared cellular lysates (left) and eluted protein fractions (right) from
pull-down assays of LppB in complex with wild-type or mutant LppA™C. LppALC€ was expressed
as an MBP-LppA'“-TrxA fusion protein (MW 61.5 kDa). L, molecular weight ladder. Arrows
indicate samples in which LppB is largely insoluble in the absence of a bound peptide, resulting
in reduced levels in the cleared lysate (left) and consequently decreased recovery of the complex
(right). All pull-down experiments were performed independently three times with similar results.

Source data are provided as a Source Data file.
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Supplementary Figure 13. Cleared cellular lysates (left) and eluted protein fractions (right) from
pull-down assays of LppB in complex with wild-type or mutant LppAL© and PbaAL‘ peptides.
LppAL€ was expressed as an MBP-LppA'C—TrxA fusion (MW 61.5 kDa), and PbaA'C as a TrxA—
PbaA'‘~CBD fusion (MW 24.6 kDa). Arrows indicate samples in which LppB remains
predominantly insoluble in the absence of a bound peptide, leading to diminished levels in the
cleared lysate and correspondingly lower recovery of the complex. L, molecular weight ladder. All
pull-down experiments were performed independently three times with similar results. Source data

are provided as a Source Data file.
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Supplementary Figure 14. Circular dichroism (CD) spectra of PbaB1 recorded at 20 °C.

Source data are provided as a Source Data file.
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Supplementary Figure 15. 'H, >N HSQC spectra of the isolated PbaB1 RRE domain (red),
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and of the same domain in the presence of the indicated peptides in equimolar concentration

(blue).
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Supplementary Figure 16. (A) 'H,'>N HSQC spectra of the PbaB1 RRE domain recorded in the
presence of increasing concentrations of the LppA® peptide. (B) The chemical shift perturbation
of the left resonance was fitted to a 1:1 binding model, yielding a Kp of 1.5 mM. Source data are

provided as a Source Data file.
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Protein ID

WP_011291591.1 (FusB1)

WP_011437370.1
WP_184223909.1
VJB82892.1

“WP_084160254.1 (PbaB1)

*WP_258356003.1
WP_114069283.1
WP_249219862.1
MCH8744259.1
NMF83048.1
PYN02361.1
WP_245259933.1
WP_092309227.1
WP_409525499.1

WP_029196375.1 (LppB)

LP
YxxP
YxxP
YxxP
YxxP
WxxP
WxxP
WxxP
YxxP
YxxP
YxxP
YxxP
YxxP
WxxP
WxxP
YxxP

Phylum
Actinomycetota
Actinomycetota
Acidobacteriota
Bacillota

Bacillota

Bacillota
Bacteroidota
Bacteroidota
Chloroflexota
Cyanobacteriota
Euryarchaeota
Pseudomonadota
Pseudomonadota
Pseudomonadota

Bacillota

RiPP
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lasso
lasso
lasso
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PQQ
PQQ
LPP

———————— MIKNQALSLQODIVVQGKGNIVSDMGGEKVMLSVQONGKYYNL

———————— MSNKQATISLKLIVSQSAGNLVSDMDGEKVMLNIDKGKY YNT

—————— MTVRYKSLELDKLTVTIPQEVLFQDLGEETVLLNVATGKYHGL

METTGAEFRLRPEISVAQTDYGMVLLDGRSGEYWQL
MVTLRPDVVRAPTQYGAVLLHIDNGRYWTL
TIV--NQDGAAVLDTKLGSIATL

SRLKIIKQDTGAIVFDKNQGIYFQT

MAKFIRKNETISGQLNDDLVMVDIEKGSYFST

MIFSGKEIKVSENSVVREMGAGIVILNLNTERFYEL

Sequence
DTAALIVQRLLDGHSPADVAQFLTSEYEVERTDAER
PSGDLVLRILLDGGDTAAAVRGLCETSEVDPETARR
STGAYVWQSLERGDTLEVIIANLSREAETPHKTVER
DVGVKILELLSKNESEEEIVSAISVAYSIEIDVAKQ
SIGGIIWDAIEEPTIAVKQLVANLVADYEVDQSECEQ

JQLGGVIWELVEQPMAVQELVSTLCSLYQVEQSECEN

SVATRIWELLENPLSPESLYDALLAEYDVTPEQCRTEVNEYLEKMKELGLIQVVV:

SVGKRFWELLSDNHDYTSILNILQAEYEVSAEQLQD

SVGSRIWELIQESNPMEMVLATLLDEFEVSSKTLED

———————— MPSQLDITSTTTLKATSNQVSSEVGEEVVILOLOSGOYFGLD 3VGAVVWEKLQT PVTPTELEAGLINEFDVEPEVLRH

———————— MAPMSRPTLASRVTLNSDIAFRELDGELVILNLETGIYFGLDPVGARTWTLIEHHGSLGAVLEVLCSEYDAPPAVLER

———————— MSFDRSK--TPRWRPGYRFQYEPAQKGHVLLYP--EGMIKIL

MSASQTVDARAIDAR--AIRLNPMFRLOWEAAQDAWVLLYP--EGMVKL

MSASKDAVACEFGNGLALLDMRSNIYYST

MTQYLRMNDYESIQLDMEWIILNTDEYT
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SVGAYIWELIQEPRPISEIRSAVLDRYNVDPERCKA
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Supplementary Figure 17. Multiple sequence alignment of selected RRE domains from different phyla. Residues corresponding to N33
and D70 in LppB are shown in color. RREs from paeninodin-like lasso peptide BGCs are indicated with an asterisk. The LP column denotes the

conserved RRE binding motif of the corresponding peptide precursors.
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Supplementary Figure 18. Cleared cellular lysates (left) and eluted protein fractions (right) from
pull-down assays of wild-type or mutant LppB in complex with the LppA'C peptide. LppA* was
expressed as an MBP-LppAL“—TrxA fusion protein (MW 61.5 kDa). Arrows indicate samples in
which LppB is largely insoluble in the absence of a bound peptide and therefore reduced in the
cleared lysate, resulting in a reduced amount of the recovered complex. L, molecular weight ladder.
All pull-down experiments were performed independently three times with similar results. Source

data are provided as a Source Data file.
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Supplementary Figure 19. AlphaFold3” predicted structure of the LppSeLppBeLppAt
complex. A. Five generated models of the complex overlapped and colored according to the
pLDDT score. B. Predicted Aligned Error (PAE) plot generated by PAE Viewer® online at

https://pae-viewer.uni-goettingen.de/.
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Supplementary Figure 20. Intermolecular interactions in the LppSeLppBeLppA' complex
predicted by the AlphaFold3? structural model. LppA' is shown in yellow, LppB in blue, and
LppS in grey. Hydrogen bonds are indicated with black dashed lines.
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Match to: MBP-LppA-TrxA Score: 300 Expect: 3.1e-026
MBP-LppA-TrxA

Nominal mass (M.): 61486; Calculated pI value: 5.21

NCBI BLAST search of MBP-LppA-TrxA against nr
Unformatted sequence string for pasting into other applications

Variable modifications: Dehydro (C),Oxidation (M),Propionamide (C)
Cleavage by Trypsin/P: cuts C-term side of KR

Number of mass values searched: 84

Number of mass values matched: 47

Sequence Coverage: 84%

Matched peptides shown in Bold Red
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Nominal mass (M.): 45128; Calculated pI value: 5.08
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Number of mass values matched: 36

Sequence Coverage: 78%

Matched peptides shown in Bold Red

[y

MAKIEEGKLV IWINGDKGYN GLAEVGKKFE KDTGIKVTVE HPDKLEEKFP

51 QVAATGDGPD IIFWAHDRFG GYAQSGLLAE ITPDKAFQDK LYPFTWDAVR
101 YNGKLIAYPI AVEALSLIYN KDLLPNPPKT WEEIPALDKE LKAKGKSALM
151 FNLQEPYFTW PLIAADGGYA FKYENGKYDI KDVGVDNAGA KAGLTFLVDL
201 IKNKHMNADT DYSIAEAAFN KGETAMTING PWAWSNIDTS KVNYGVTVLP
251 TFKGQPSKPF VGVLSAGINA ASPNKELAKE FLENYLLTDE GLEAVNKDKP
301 LGAVALKSYE EELAKDPRIA ATMENAQKGE IMPNIPQMSA FWYAVRTAVI
351 NAASGRQTVD EALKDAQTNG IEGTENLYFQ SMEENTKREQ KLYARPMVLS
401 QQPVRFET

Supplementary Figure 21. Mutational analysis of the LppB-LppS interaction interface in
the in vivo cleavage/pull-down assay. Mutations in the corresponding proteins are listed at the
top. L, protein MW ladder, LppA™©, MBP-LppA'“-TrxA fusion (MW 61.5 kDa), LppA", LppA"
leader peptide fused to MBP (45.1 kDa). Representative tryptic peptide fingerprint analyses
confirming correct LppA'© cleavage are shown in the bottom panels. All pull-down experiments
were performed independently three times with similar results. Source data are provided as a

Source Data file.
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Supplementary Figure 22. The LppS secondary structure and sequence conservation. The
conservation of residues is shown as Logo*. Secondary structure elements predicted by
AlphaFold3 structural model® are depicted as arrows (P strands) and rectangles (o helices). Amino
acids forming LppS/LppB and LppS/LppALC intermolecular interfaces are shown in blue and

green, respectively. Catalytic residues are in magenta.
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MELFHTQIGEHAIQLICQSEALMC-—---—-—-————-———— IMRKNFPAADLIVSKPDII-———-—-————-————-—— IYI---KE
MENTDRLVRYRAFGRDIDGPAGLS1spaPAEAAPGEVPVLRLO-PDASLRVFIDENLPPLLHNVEDY PGgpKFYVwgEGE
MIEVEKKVVYKAFGLTI-———--———-—— VSDVALPELTIVDEQIEEIDIEIKKDEDLTRLYFELTAQPN--QFVV--KDH

GYGISFVDYDVEITKEVDSISFRRADYLIEAELDYRYAVISVNN---ELALKHALMNMYSSYVVHHkwGLLIHSSCVMDK
AVGVQYDRWRTRLIPGEGRIDFAELPPS--GPKRVEDAGDEYGRfrf SLAMERVFLPLYALFSMPD--AVALHGSAVVLN
LVIFHIPEIATFSIKEGKRITFSPMKETKDGEIRLLILGTCMG----VILMQRKIFP--—-—-—-—-—-——=—-——— LHGSLVAIQ

GKAYLFAGHSGAGKSTAAKLSMPRN--LLSDEATVVKITSD-KVIIFNSPFRSELDRTT---GAEENSPLAGIYLLNQAV
GEAFLFIGRSGAGKSTTAYEFVRRGATLLADDLIVADVA---RGIALGGAPTLRLWKGE--GALPEAQEDRSLW-RHDAS
GKAYAIIGDSGAGKSTLASAFLNEGYQLLSDDVIAVWLSGENMPYVTSSYPQOKLWODS1tNFGMESSEYQSLYGRVD-—

DNHIVPLSKS= == === === mm oo oo oo NGFLHLMDKVFYWSH-SPEEIGGILQLL
KRWFRIPAERGAASAVPIAAIVML----DPDTLGGQRDVLPGLET --—-SPQRKALTDLLGQTFDLSHGT PENMVARFRNT
-KYYIPVSSKYFTGSLPLAGVIELvkteDKEIATRQIAKLERFKT1fyHTYRNFLIPDLGLT—--——--— EW-—--HFNTS
QOLVNSVSICELHFQKN--——--—- DTFWELIS----- 261
ARLIREYPFYHFRYVKSADGKPTHMDALYQAIVGLAsk 340
VSIVNNVOMFQLSRPASGFTAPQLVTTIMETLNLEA-- 309
MI-——-———m——mm - ITLIQALYDPRVPIPQEIEFFDK—---——--—- ALEDIEFFDISPQIYWLLKQRGQ1VQMPP
ME---NDFRSDSMHFSKELTLLLSIM--RMDKGESMLWKDQDQane i dwGAFLQLARHHRVFSLLYTNLRQTDS—AWIPT
MNapcNEKLASTRLFPEDCPTTSLVLE-RIVEGSALCAGDIAH-—--—- ERLLTDADAAGFLPVLYRYLLSTGR---———

FFQEQLQOKYNGTIYONMFIRSQTKIALEKLEEAGIQTIPLKGTFFAEKYFGHLGARGTSDIDLLVQPFDLERAIHCVKS
YVMNALQKDYQENTENMLRLSAEMEQICKLFSESDIRTIVLKGPVLADDLYGNISLRTSRDLDILIPIQHVDQAHELLRS
DVPGRFRQSWLVHIARLALYRAELRRVLPIIEAFS-PVVLLKGEGLSLLLFGDARLRNTTDMDLLIDPRQLGPIVEALGE

LGYIEQERIPS———-———--— HFHWSFSKEi1iPESPIPLTIELHWDLMKEKTSDINMDEFWEQATAIGSYRY---IKELSDYH
QGYVKEEEYNTI1ddwKWRHHHATFIH--PDKRV--TLEIHWRLGPGPGKEPGFDELWERKRISKITSH--PVYYLGRED
IGYHTLGDGKTK----PWAYNQLLLVHE----DCGTLIELHWRIAFPHLKSPPIGDLLEDTIAVELDGGalPARSLRPEL

TFYMICLHGWRHNLCSLKYFLDIIQMIHILODKIDYIRLQKDAATHKT---LRRTVRTLAIVYH-—-—-—-—--—-—-—-——-————
LFLFLASHGARHGWSRLRWLIDMDRITRQNIDYAKLHTLLTKNRQLHL---GAQAMILAAQLLHtpLTAEMESMT TGKRA
LLLQLCFHFHQHH-GFYKGLLDIAGWIDRFESTADLDEVRALTRRYEIdgvLQWGLHALERFTG--VRSRLYDPHANLFA

————————— HFPHLAGIKELPIKKGINLWWQ--------—---YNAIRDRNYKTYIQYVNWVYYEF-FDFDSLAHTWAAL
KRLAADALFYIRQMVNLHTAPVPEHVSKYHK-----—-—-——-— KHLFSLMSAQQKILFVLSFFYPYpEDADTL--TLPKR
KSWAAWSALEMERRY IFMASP--NAIDRWWRdprvttgiagvlADALSMTVADGALNRLRAVLSPV-—-—-— LLGPHRVGR
VNFTYS-—---- IGNMRLSHKIKKM--- 341

LHFLYFPl1rpVLWAWRKTNSISQRGT- 397
VNFAILE---GIGAFGREELYERRILg 392
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Supplementary Figure 23. Alignments of kinases (A) and NTP transferases (B) from lpp, pba,
and bsf° BGCs. Identical residues are highlighted in red.
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Supplementary Table 1. Data collection and refinement statistics

Name

LppB-LppAl

PbaB1+<PbaAl

PDB ID

pdb_00009x8z

pdb_00009x90

Data collection

Beamline PF BL5-A SPring8 BL32XU
Wavelength (A) 1.00 1.00

Space group P 22,2 P 4

Unit cell parameters:

a; b; ¢ (A) 52.90; 55.60; 83.87 49.79; 49.79; 135.01

a; B; v (°) 90; 90; 90 90; 90; 90

Resolution (A) 50.00 —2.10 (2.15 - 2.10) 50.00 —2.00 (2.05 — 2.00)
CCin 99.80 (74.40) 99.70 (79.90)

I/o 11.69 (1.79) 11.12 (2.56)

Completeness (%)

98.20 (97.10)

99.10 (99.80)

Unique reflections

27534% (2023%*)

21968 (22169)

Rineas (%) 13.50 (104.60) 21.10 (118.50)
Refinement statistics

Resolution (A) 32.85-2.10 46.71 —2.00
Reflections 27532%* 21957

Rwork 0.20 0.23

Rfree 0.25 0.26
Number of atoms (total) 1814 1959
Number of protein atoms 1720 1685
Number of water atoms 94 274
RMSDs

Bond length (A) 0.007 0.007

Bond angles (°) 0.943 0.852
Ramachandran plot

Outliers (%) 0.00 0.00
Allowed (%) 1.95 0.96
Favored (%) 98.05 99.04

Values in parentheses are for the high-resolution shell

* Anomalous data
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Supplementary Table 2. Synthetic DNA fragments used in the study

DNA
fragment

ID

Manufacturer

Sequence

lppALC-
sfGFP

Thermo

Fisher

gcgaattaatacgactcactatagggcttaagtataaggaggaaaaaatatgaaaataaaa
acaggagcacgcaataacatggaagaaaatacgaagagggaacaaaaattgtatgege
gccccatggttttaagtcaacaacccgttegatttgagacagetcaaagetggaataaggg
gaaaggtaacctaaatcacccgggtacagggaatggcggceattaattatccgaaccctee
gtacaccggaccgcataatggtaacggaggeggcaacggtaacggtaagaataageat
caccatcatcaccactcecgeggctcttgaagtectctttcagggacccatgagcaaagga
gaagaacttttcactggagttgtcccaattettgttgaattagatggtgatgttaatgggcaca
aattttctgtccgtggagagggtgaaggteatgctacaaacggaaaactcacccttaaattt
atttgcactactggaaaactacctgttccatggccaacacttgtcactactctgacctatggt
gttcaatgcttttccegttatccggatcacatgaaacggeatgactttttcaagagtgecatg
cccgaaggttatgtacaggaacgcactatatctttcaaagatgacgggacctacaagacg
cgtgctgaagtcaagtttgaaggtgatacccttgttaatcgtatcgagttaaaaggtattgatt
ttaaagaagatggaaacattctcggacacaaactcgagtacaactttaactcacacaatgt
atacatcacggcagacaaacaaaagaatggaatcaaagctaacttcaaaattcgccacaa
cgttgaagatggttccgttcaactagcagaccattatcaacaaaatactccaattggcgatg
gccectgtecttttaccagacaaccattacctgtcgacacaatctgtcctttcgaaagatceca
acgaaaagcgtgaccacatggtccttcttgagtttgtaactgctgctgggattacacatgge
atggatgagctctacaaaggtagctaataaggaccgaattctgtacaggcce

trxA-
pbaAL€

Thermo

Fisher

agcgataaaatcatccatctgaccgatgatagctttgataccgatgttctgaaagcagatgg
tgcaattctggttgatttttgggcagaatggtgtggtccgtgtaaaatgattgecaccgattetg
gatgaaatcgcggatgaatatcagggtaaactgaccgttgcaaaactgaacattgatcag

aatccgggtacagcaccgaaatatggtattcgtggtattccgacactgctgetgtttaaaaa
cggtgaagttgcagcaaccaaagttggtgcactgagcaaaggtcagetgaaagaatttcet
ggatgccaatctggcaggceaccgaaaatctgtattttcagagcatgaaaaaagaatggttg
aaacctgagcttgaagtattggatgttaatcaaacaatgcttgatccgaaaaatggtaacca

ccttgatcatgcttatacggaaggtactcctaaagacaaattaacatggagctaa
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