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Cloning and Nucleotide Sequence Analysis of the rpoH Gene from Methylovorus sp. Strain SS1
DSM11726. Eom, Chi-Yong, Seung Eun Song, Mi-Hwa Park, and Young Min Kim'*. Metabolome Analy-
sis Team, Korea Basic Science Institute (KBSI), Seoul 136-173, Korea, ' Department of Biology, College of Science,
Yonsei University, Seoul 120-749, Korea — Using complementation of RpoH deficient E. coli strain A7448, the
rpoH gene encoding heat shock sigma factor 32 (c°2) from Methylovorus sp. sirain SS1 DSM11726 was
cloned and sequenced. Sequence analysis of a stretch of 1,796-bp revealed existence of an open reading frame
encoding a polypeptide of 284 amino acid (32,006 dalton). Deduced amino acid sequence of the Methylovorus
sp. strain SS1 RpoH showed that 59.6%, 39.1% and 51.4% identities with those of Nitrosomonas europaea (B-
proteobacteria), Agrobacterium tumefaciens (o.-proteobacteria) and E. coli (y-proteobacteria). The expression
level of the functional ortholog of RpoH of Methylovorus sp. strain SS1 was increased transiently after heat
induction, further indicating that it functions as a heat shock sigma factor.
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Spel
1 ACTAGTTTTATAAGAGCCTTATTAATCAACGGCCGATATTCCCACCACCAGCTTCTTTACCTCGTGTATCGCAGCGTGCGTTCTCCAAAAACAATCCATA
RBS db box
101 TAAATAAGGAAACTTTTCACTACTAGCACTCICAAAGAGGGAGTGCTAAAATCAATTTCATGAGTGAGATGAATCCTATGAAAATGCCCTGACGATITCC
1 -35(aE) ~10(oF) MTNALTIP

201 GTCTGTGTCTTCACTGGACAGCCTGGATCAGTACCTGCGTACGATCAAGGCGTTTCCGGTATTGAGCGTTGAGGAAGAGTACGATCTGGCAACGCGCTTG
9 SVSSLDSLDQYLRTTIXKAFPVLSVEEEYDLATRL
301 CGCAAAGGCACCGACATTGAGGCAGCCAAAGGCCTCATCGTCTCGCACTTGCGCCTGGTCGCCAGCATCGCCCGCGGCTACTCCGGTTATGGCCTGCCCT

42R K GTDIEAAKGLTIVSHLRLVYVASIARGYSGYGLPQ
401 AAGCTGATTTGATTCAGGAAGGCAACGTCGGCCTGATGAAGGCTGTGCGTCGCTTCGATCCTGACCGCGGTGTGCGCCTGGTATCGTTTGCCATGCATTG

7% ADLTIOQEGNVYVGLMEKAVRRFDPDRGVYVRLVSTFAMHTFVW
501 GATCAAGGCTGAGATCCACGAATACATTGTGCGCAACTGGCGTCTGGTGAAAGTGGCGACCACCAAGGCGCAACGCAAACTATTCTTCAACCTGCGTAGC
109 T KAEIHEYTIVRNTVWRLVYVKVYVATTEKAQRIKTLTFTFNLT RS
601 ATGAAAAAGAATAGTCACACGCTAAGCCCTGCCGAAGTGGCGGATATTGCCCGTGAGCTCAGGGTCAAGCCAGAAGAAGTCGTGGAGATGGAATCCCGCA
42M K KNSHTLSPAEVADIARETLTRVYVKPETEVVYEMET ST RM
701 TGGGCGGCCACGAGATTTCGCTGGAAGGTAATAGCGATGACGATACTGAAGACAACTTCAGTCCGATTGCCTACCTGGAAGATCAGCAACCTGAGCCTTC
176 G G HEITI SLEGNSDDIDTEDNTFSPTIAYLEDOQOQPETPS
801 TGAACTACTGGCCGAACGCGAGGCGGAGCATAATCAGACCGTAGGTCTGGCGCATGCCTTGGAAAGCCTGGATGAGCGCAGCCGTCGTATTGTGCAGGCG
209 ELLAEREAEHNGQQTVGLAHALESLDERSRRTIUVAQA
901 CGCTGGTTGCAGGAAAACAATAGCGCCACCCTGCATGATCTTGCCGCGGAGTTTGGCGTATCGGCAGAACGTATCCGCCAGATCGAGCAGAAAGCCATGC
242R WL QENNSATILHDLAAETFGVSAERTIRQIEQKAMD O
1001 AAAAAATGAAGGGCATGCTGAGCGCAGCTTAAAAACTAGCTTGACGCATCCCCATTAAAAAACCCGQCCGAGTGLCGGGTTTTTTAATGGTCAGGACAAA
276 K M K G M L S A A * T
1101 TAGTCGCATTCCCGACACCCCGCTCTCACGATGCACCGGGCAATAAAAAAGCTGCCTCAAGGCAGCTTTTTTGTATGCAGACATTCAGCGCAGTCTTAGC
1201 CGAAAATCATCACTGACAATGCGCTCATCCAGGACCAGGTAATGAGCAAGACCACAATGGTCAGCGGCAGATTGGCAAAAGTGAACCAGGACTTGTAATC
1301 CTTCATTTCAAAAACCTCACACGTTGTAATGTTATTCGTCGATTTTAGTATTTTTAGGCGCTTGCTTCAAGCGATTAAATGGAATCATAGGATCATCATC
1401 GTCCATGAGGATACGCTGAGCAGGCCCTTCCATGTCATCGTATTGACCGCTTTTGATCGCCCATAGGATGCCAAACGCGGCAATCACGATAAATACCACG
1501 GTCATTCCCAGCAGGAAAAGAAGTGTCGTGACGTTCATGCGGCTTGCGTCAGAGGAGCATCCGT TCGGAGGCGAGCGCAGCATACATCCTGTTGCCGCAG
1601 GTTTTCCAGATCGGCCAATTGCTTGCGAATACCGCTTTCAATACTTTCCAGTTCGCCAATGCGGTCTTCCAGGGTATCGGTCGCCTTGTAAATGCGCTTA
1701 ATGCTTTCAAGCCGGCGTTTGAGCTGCAACTGGTGCTCGCGGACTTGCGATTCCATGGGCGCAATCACTGCCTTCAGCCAATTCTCCACATCGCGA

Arul
Fig. 2. Nucleotide sequence of the 1,796 bp Spel-Nrul fragment containing rpoH gene. The deduced amino acids are represented by
one-letter codes. The -10 and -35 sequences for the potential cE-type promoter are underlined. A potential ribosome-binding site (RBS) and

the putative downstream box (db box) are boxed. The conserved nine-amino acid RpoH box is boldfaced. The inverted repeat sequences
behind the termination codon are indicated by horizontal arrows.
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Alzfele] o] ZHE] WAFY rpoH A G71MG3 A A nucleotide AUGE. Al2tsle] 1,032 4] UAAR Euj=
el ¥ H91Ql 1,793 bp Spel-Nrul DNA Aol gt & 85502 FAE 1701] open reading frameo] £)314)
A7IMEE AAsIG T (Fig. 2). 97149 B4 Al 1789 t}. o] ORF: 284719 oju|ALS b3 8alm], oAbl &

M. SS1 -~-MINALTIPSVSSLDSLDQYLRTIKAFPVLSVEEEYDLATRLRKGTDI EAAKGLIVSHLRLVASIARGYSGYGLPQADLI QEGNVG
N.eur  -—--- MNEIMALPVMAGGDLDSYIRATSSFPVLSREEEASLAKRMREEGDVNAAHQLVLSHLRVVVTIARGYLGYGLPHADLIQEGNIG
E.col ----MIDKMQSLALAPVGNLDSYTRAANAWPMLSADEERALAEKLHYHGDLEAAKTLILSHLRFVVHI ARNYAGYGLPQADLIQEGNIG
P.mir ----MTQEMQSLALVPQGSIEAYIRAANSYPMLTAEEEKELAERLHYEGDLEAAKTLILSHLRFVIHVARSYSGYGLPQADLIQEGNIG
P.aer ---MITSLQPVHALVPGANLEAYVHSVNSIPLLSPEQERELAERLF YQQDLEAARQMVLAHLRFVVHI AKSYSGYGLAGADLIQEGNVG
A. tum ----MARNSLPTITAGEAGLNRYLDETRKFPMLEPQEEYMLGKRYAEHGDRDAAHKLVTSHLRLVAK I AMGYRGYGLPIGEVVSEGNVG
R.sph --~--MSTYTSLPAPSPEQGLNRYMQE] RKFPLLEPEEE YMLAKRWVDHADNRAAHKL VTSHLRLAAK T AMGYRGYGLPQAEVI SEANVG
Mext —-memee— o MAETAGMRRQF I RTAMEAPFLARDEERGLAVAWKEARDERALHRLISAHMRLVIALAGRFRHYGLPMADLVQEGHVG
N.men MPOMNNAFALPATQSGNGSLEQY IHTVNSIPMLSQEEETRLAERRIKG-DLNAAKQLILSHLRVVVSI ARGYDGYGLNQADLIQEGNIG
C.vio ----MNTTFALPVPSTSGSLEQYIQAVNSIPMLTPEQETELATRFQQENDLEAARQMVLSHLRVVVSVSRGYAGYGLQQADLIQEGNIG
* % % % % % ¥ % kg * %
M. SS1 LMKAVRREDPDRGVRLVSFAMHWIKAETHEY I VRNWRLVKVATTKAQRKLFFNLRSMKKNSHTLSP- - - - - AEVADIARELRVKPEEVV
N.eur LMKAVRRFDPERGVRLISFATHWIRAETHEF IMRNWRLVK IATTKQORKLFFNLRSMKKGLDTMSQ- - - - - AEVASMAEQLGVKAEEVV
E.col LMKAVRRFNPEVGVRLYSFAVHWIKAEIHEYVLRNWRI VKVATTKAQRKLFFNLRKTKQRLGWFNQ- - - - - DEVEMVARELGVTSKDVR
P.mir LMKAVRHFNPEVGVRLVSFAVHWIKAEIHEYVLRNWR I VKVATTKSQRKLFFNLRKNKKRLGWFNQ- - - - - DEVELVAKELGVSESDVR
P.aer LMKAVKRFNPEMGVRLVSFAVHWIKAETHEF I LRNWRIVKVATTKAQRKLFFNLRSQKKRLAWLNN- - - - - EEVHRVAESLGVEPREVR
A tum IMQAVKKFDPERGFRLATYAMWWIKASTQEY I LRSWSLVKMGTTANQKRLFFNLRRLKGRIQAIDDGDLKPEHVKEI ATKLQVSEEEVI
R. sph LMQAVKRFDPEKGFRLATYAMWWIRASIQEY I LRSWSLVKLGTTSAQKKLFFNLRKAKAKLGALEEGDLRPENVAQI AKDLGVSETEVI
M. ext LMEAAARFEPEREVRFSTYATWWIRASIQDY ILRNWSI VRGGTSSAQKALFFNLRRLRARLMASTEEQVGSEIHGRIATAI GVSREDVA
N. men LMKAVKRYEPGRGARLFSFAVHWIKAETHEF I LRNWRLVRVATTKAQRKLFFNLRSMRKNLNALSP~ - -~ - KEAQDIADDLGVKLSEVL
C.vio LMKAVKRFEPGRGVRLFSFATHWIKAETHEF I LRNWRLVRIATTKRQRKLFFNLRSMKSGFSALSE - - - -~ QEAKSIAEDLGVKPEEVR
*k %k * * * okk ok % * % % 3 bk okl % % *
M. SS1 EMESRMGGHEI SLEGNSDDDTEDN-FSPIAYLEDQQPEPSELLAEREAEHNQTVGLAHALESLDERSRRIVQARWLQENNSATLHDLAA
N. eur EMETRFSGRDI SLEPVTDSDEDD- -FSPIAWLTDGS-DPSRELEKEQLERLTHARLKNSLDSLDERSRRI I EARFLREDKAATLHELAD
E.col EMESRMAAQDMTFDLSSDDDSDSQPMAPYVLYLODKSSNFADG I EDDNWEEQAANRL TDAMQGLDERSQDI IRARRLDEDNKSTLQELAD
P.mir EMESRMSAQDMAFDMSADDSDDPHPVAPVLFLEDKSSDFADGI EEDNWDNHAADRLTLATKTLDERSQDI I RARWLEDDNKSTLQELAD
P.aer EMESRLTGQDMAFDPAADADDESAYQSPAHYLEDHR YDPARQLEDADWSDSSSANLHEALEGLDERSRDI LQORWLSEE-KATLHDLAE
A, tum SMNRRLHG- DASLNAPIKASEGESGAWQDWLVDDHESQEAVLIEQDELETR-RRMLAKAMGVLNDRERR I FEARRLAED-PVTLEELSS
R. sph DMNRRLSGSDASLNAT I GSDGEGSTQWQDWLEDEDSDQAADYAERDELE R-RELLAQSMSVLNDREKDILVQRRLTDD~PVTLEELSE
M. ext LMDARLSGPDMSLNAPYVGEESEASSERMDFLVDNAALPDETVSALVDGERR-LI WLRQALTVLSERELRILRERRLAED-QATLEALGH
N. men EMEQRMTGHDI A IMADN- -SDDEDSFAPIDWLADHDSEPSRQLSKQAHYALQTEGLONALAQLDDRSRRI VESRWLADDGGLTLHALAA
C.vio EMEIRMTGQDVSLLAD---SDDEDSYAPIDWLADSHSEPTRALERRAFDMLQSEGLEYALSTLDPRSRRIVEARWLADDSGATLHELAA
* % * X X% X * % kk X
M. SS1 EFGVSAERIRQIEQKAMQKMKGMLSAA--—---~~---—-
N. eur ELGVSAERVRQIEAKAMKKMRAEIAT - ~------------
E.col RYGVSAERVRQLEKNAMKKLRAATEA--------~————-
P.mir KYGVSAERVRQLEKNAMKKLRLATED--~~---=---=--
P.aer KYNVSAERTRQLEKNAMSKLKGRILA-----~--------
A, tum EFDISRERVRQIEVRAFEKVQEAVQKEALEAARALRVVDA
R. sph GYGVSRERIRQIEVRAFEKLQAKMRELARSKGMTIPA- - -
M. ext RLGISKERVRQIENRALEKLRRALAEKFPQAPSSVYA---
N. men EYGVSAERIRQIEAKAMQKLRGFLTEEAEAV-—--- -~~~
C.vio EFGVSAERIRQIEAKALSKMKAALSEGVVLDN- -~~~

¥ %k ok ok % %

Fig. 3. Alignment of different RpoH-homologous proteins. Amino acids are given in the single letter code. Gaps, indicated by dot, are
introduced in order to obtain a maximum fit. Identical amino acids are indicated by asterisks. The RpoH box is boxed. The accession num-
bers are as follows: Methylovorus sp. strain SS1 (NCBI, AAD55771); Nitrosomonas europaea ATCC 19718 (NCBI, CAD84495); Escher-
ichia coli (NCBI, AAZ80075); Proteus mirabilis (NCBI, BAA09441); Pseudomonas aeruginosa (NCBI, AAB33935); Agrobacterium
tumefaciens (NCBI, BAA09439); Rhodobacter sphaeroides (NCBI, AACA46050); Methylobacterium extorquens PA1 (NCBI,
ZP_02021556); Neisseria meningitidis FAM18 (NCBI, YP_974754); Chromobacterium violaceum ATCC 12472 (NCBI, NP_903876).
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Immunoblot analysis
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Fig. 4. Dendrogram showing the relationship of Methylovorus sp. strain SS1 RpoH sequences to RpoH homologs from other organ-
isms. The dendrogram shown here was constructed employing the DNASTAR program using the entire sequence lengths and default

parameters for similarity computation and sequence alignments.
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Fig. S. Expression of the Merhylovorus sp. strain SS1 rpoH gene
product during heat shock treatments. Western blot analysis
with anti-RpoH antibody against the purified Xanthomonas
campestris 6> protein was carried out. Cells were harvested before
(0 min) or at 5, 10, 15, and 20 min after heat shock (42°C).
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