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Nucleotide Sequence of S-Adenosyl-L-Methionine:
Magnesium Protoporphyrin Methyltransferase from
Rhodobacter capsulatus

David W. Bollivar and Carl E. Bauer

It is generally believed that Chl and bacteriochlorophyll
biosynthesis are evolutionarily related. This supposition is
supported by the observation that the biosynthetic pathway
for Chl a involves intermediates that are common with bac-
teriochlorophyll a biosynthesis (reviewed in ref. 7) and by the
observation that light-independent reduction of protochloro-
phyllide to Chlide involves an enzyme complex that is highly
conserved between purple photosynthetic bacteria and plants
(J. Suzuki and C. Bauer, unpublished data). Thus, photosyn-
thetic bacteria offer a good model system for studying en-
zymes involved in Chl biosynthesis.

The bacterium Rhodobacter capsulatus has the capability
to undergo rapid growth under nonphotosynthetic (hetero-
trophic) conditions and is, therefore, particularly amenable to
a genetic analysis of pigment biosynthesis. Numerous mutants
deficient in bacteriochlorophyll biosynthesis have been iso-
lated that accumulate different intermediates in the Mg-tetra-
pyrrole biosynthetic pathway (9, 10). Of particular interest
are mutations in the bchH gene which are reported to lack S-
adenosyl-L-methionine: magnesium protoporphyrin methyl-
transferase activity which catalyzes the transfer of a methyl
group from S-adenosyl-L-methionine to the sixth propyl
group of Mg-protoporphyrin IX (6). The sequence of bchH
(Table 1, Fig. 1) encodes a large polypeptide of 1195 residues.
The predicted protein has no apparent membrane-spanning
region and its mean hydrophobicity (—0.116) is typical of
soluble proteins (4). It has no readily identifiable homolog in
the Genbank data base.

S-adenosyl-L-methionine: magnesium  protoporphyrin
methyltransferase is interesting from a biochemical point of
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Table |. Characteristics of bchH Gene from R. capsulatus

Organism:
R. capsulatus, SB1003 (11).
Location on Chromosome:
Photosynthetic gene cluster; BamD and BamF fragments (9, 10).
Function:
Encodes S-Adenosyl-L-methionine: magnesium protoporphyrin
methyltransferase (EC 2.1.1.11) (6).
Techniques:
M13 phage single stranded DNA sequencing, plasmid sequencing,
restriction fragment subcloning, and dideoxy sequencing of both
strands using Sequenase (U.S. Biochemical, Cleveland, OH).
Method of Identification:
Gene disruption published previously (10).
Structural Features:
Open reading frame 1195 amino acids; calculated M, 129,418.
Codon Usage:
82% XX G/C, (G+C) content 65%; exhibits typical codon prefer-
ence for a translated R. capsulatus gene based on previously
described codon usage table (10).
GenBank Accession No.:
M74001.

view because it has been shown to operate according to three
different reaction mechanisms, depending on the organism
from which it is isolated (7). The enzyme has not been purified
to homogeneity; however, the biochemical reaction has been
characterized in Euglena gracilis, Hordeum vulgare, Triticum
aestivum, Zea mays, and Rhodobacter sphaeroides (1-3, 5,
8). It has been demonstrated to be noncompetitively inhibited
by protochlorophyllide, Chlide, and its direct products, mag-
nesium protoporphyrin monomethylester, and S-adenosyl
homocysteine (1, 3).
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ATGCACGATGAGTCGATGAGCGGAACCATGCCGCTGCCGCCGCACCGTCCGGGCGGCTATAACGTCGTGATCATCACGCTTGACCAGCATGCCGCCGGTCCGGCTGCCCGCGCGCTGCCG 120
M HD E S M S G TMZ&PULPZPHRZPGG G YNV VUV IITIULDI QHAAMGT?PA AAMAMRALTFEP
CGGCTGCAACACGACTTCCCCGACATCCATGTGTCCGTCCATGCCGCCGCCGAATGGTCGGAAAACCCGGCCAAGCTGGCGGCTGCGAAAGCGGCCGTCCTTGGCGCGAATATCGTTGTC 240
R L Q HDVFPDIHUV SV HA®AARAEMWSENTPAIEKTLAAMALKAAVILGANTIUWVV
GCGAACCTTCTGTTCATCGACGAGCATCTGCAGGCGATCCTGCCCGAGATGACCGCCGTGCGCGACAATC TGGATGCCTTTGTCGGCATGGTTGCCGATCCGCAGATCGTTCGTCTGACG 360
A NL L F I DEHULOQATITLZPEMTA AVU RDNILDA ATFUVGMVADZPUGQTIUVRILT
AAGATGGGCGATCTGGACATGACCAAGCCCGCTTCGGGGCCGATGGCGCTTTTGAAAAAGCTGCGCGGCAAGTCCGAGCCGGGCGCGGGATCGGCCGAAAAGCAGATGTCGATGCTGCGC 480
K M GDULDMTIKTZPASGPMALTILIZEKI KTLT®RGI K SEZPGAGSAEI KU QMSMMTLR
ACGATCCCCAAGATGCTGAAATTCATCCCGGGCAAGGCGCAGGATCTGCGCGCCTGGTTCCTGTGCATGCAATAT TGGCTGGGCGGGTCCGAGGACAACATCGAATCGATGGTCCGCTAT 600
T I P K ML K F I P G KA QDU LR AWTFTILTGCMZG QYWULGG S EDNINTIESMUVRY
CTGGTGGGCCGCTATGCCGACAACCGCGACTGGCGCGGCATCAAGGCGGCGGCGCCGATCGACTACCCCGGGTCGGGCTTTATCACCCCGACATGCCGGGCCGGATCACCACCGATCCCC 720
L VG R Y A DNU RUDMWRGTI XA AAA AP I DYU?PEUVGLYUHPDMEPSGRTITTTDP
GCCAAGCTGCCGCAACCCGCAAACCCGGTCGCCACGATCGGCATCCTGATGCTGCGCAGCTATATCCTCGCCAAGGACACCGCGCATTATGATGCGGTGATCCGCGAATTGCAGGCGCAT 840
A XK L P QP ANUPUVATTIGTIULMILRS S YTIULAZ KUDTA AUHYUDA AV IRETLTUGQAH
GGCGTCGCCGTTCTGCCCGCCTTTGCCGGGGGGCTGGATGGCCGCCCGGCGATCGAGGAATTCCTGCACGGCAAGATCGACACGCTGCTGTCGCTCTCGGGCTTCTCGCTTGTGGGTGGC 960
G VAV LPATFAGGULUDGRUZPA ATIZETETFTIULHGI K IDTTULULSUL S G F s L VG G
CCGGCCTATAACGACAGCGATGCGGCGGTCGAAACGCTGAAACGCAGCTGGATGTGCCTTACGTCACCGCGCAGCCGCTGGAATTCCAGACGCTTGGGCAATGGCGGGCCTTCGGGCGGC 1080
P A Y ND S DA AA AUV ETULI KU RS WMZC CULTSUP®RSRWNSU RIRILGNGSGZ?P S GG
GGGCTCGGCCCGGTGGAARCCACCATGCTGATCGCGCTGCCGGAAAT CGACGGCGCGACGAACCCGACCGTCTTTGCCGGCCGCCATGATCCGGCGGGCTGCCTGACCTGTGCGCGCGGC 1200
G LGPV ETTMTLTIATLUPETIDTGATNZPTUVUF FAGRU HEDUPA AGT CTLTTCA ARG
TGCAAACCCGATCCGGAAGCCGAAAGCCACGCCATGGCCCCCTGCCCCGAGCGGATCGAGACGCTGGTGGACAAGGTCGTCCGCATGGCGARCGTGCGCCGCTCGAAGGTCGCGGAACCG 1320
C K P DPEAESUHAMAPTUCEPERTIETTLVDI KV VR RMANUVRRSIKUVAEP
AAGGTCGGCATCGTGCTTTACGGCTTCCCGCCGAATGCGGGCGCTGCCGGGACCGCCGCTTATCTCTCGGTCTTTGAGAGCCTTTTCAACGTGATGCACGCGATGAAGGCCTCGGGCTAC 1440
K V6 I VLY GV FUPUPNA AGA AARAGT AR AYULS UV FESILTFNVMIHEAMTEKASGY
CAGATGGGCGAGCTGCCCGAAAGCGTGCAGGAGCTGCGCGATGCGGTGCTGTGCGGTCCGAACACGACGCATGGCCAACCGGCGCAGATCGCGGCCCGGATTCCGGCCCGCGAATTCGTC 1560
QMG ELZPESVQETLARUDA AVILCGPNTTUHGU QP AQTIAARTIUPARETFV
GCCCGCACGAAATGGC TCAAAGACATCGAAGCCGCCTGGGGCTCGACCCCCGGCAAGCACCAGACCGACGGGCGGGACGTGTTTGTCCTTGGCCGTCAGTTCGGCAATGTCTTCGTCGGC 1680
AR T K W UL KD IEA AA AWTGSTU?PGI KU HQTDG G RDUVT FUVILGRZGOQFGNVTFUVG
CTGCAGCCGGTCTTCGGCTACGAGGGCGACCCGATGCGGCTCCTTTT TGAGAAAGGCTTCGCGCCGACCCATGCCTTTGCGGCCTTCTACCGCTGGCTGCGCGAGGATTTCGCCGCCGAC 1800
L QP VF GYEGDUPMRPRILILTFET KTGT FAPTUHA ATFA AA ATFZYRWILURETDTFAATD
ACGCTGTTGCATTTCGGCATGCACGGGGCGCTTGAGTTCATGCCCGGCAAACAGGCGGGCATGTGCGAAAGCTGCTGGCCGGATCGGCTGATCGGCAACCTGCCGAACGTCTATCTGTAT 1920
T L L HF GMHGA AULETFMPGI KQAGMTETCESTC CWZ®PDRIULIGNTILUPNUVYTLY
GCCGCCAACAACCCGTCGGAAGCGACGCTGGCGAAACGCCGCTCGAATGCGGTGATCGTCTCGCACCTGACCCCGCCGCTCGCACAATCGGGGCTGTACAAGGGCCTGGCCGAGATCAAG 2040
A A NNUP S EATULA AI XU RR RSN AVI VS HULTUPUPULA AQSGILYIZ KGULAZETIHK
GAAAGCCTTGGCCGTCTGCGCGCCCTGCCGCCCGACTCGCCCGAGCGTGAAGACCTGGAAGCGCTTGTGCGCGAGCAGGCCAAGGGCGTGAACATGGACGCCAGCGACCTTTCCACGCTG 2160
E S L G R L RAULUZPUPUDSU?PEREUDTLEA ALVR REU GQAIKTGVNMDASDUDTLSTL
TGGGAGAAACTCCTGGAAACCGAGGGCGCGCTGATCACCGAAGGCCTGCATGTCGTCGGCCGTCCGATGACCGGAGAGGCGCGGGCCGAGATGCTGGCCCTGATGCCGGAGAATGCCGAC 2280
W EK UL L ETETGA ALTITETGLUHVV GRZPMTGEA ARAEMTLALMMEPENA ATD
CGTGCGCGGGCGGACAAGCTTCTGCAGGAAGAGCATGAAATCGCGGGGCTTTTGCACGCGCTCGATGGCCGCTACGTGCCGCCGGTGCCC GCGATCTGGTGCGCTCGCCCGAGATC 2400
R ARADUIKTULTULU GQTETEU HTETIAGILTULUHALUDTSGTRYUV?PPVUZPGOGDULVRSUPETI
CTGCCCACGGGGCGCAACATCCACGCCTTCGACCCGTTCCGCATGCCGACCGCCT TTGCGATCARGGACGGCGCGGCGCAGGCGGCCGGGTTGCTCGCCACGCACCCCACCCTGCCGCGE 2520
L P T GRNIHATFDUPTFRMPTATFAI KDGAAQAAGTLULATHZPTTUL P R
TCGATCGCGCTGGTTCTGTGGGGGTCGGACAACATCAAGTCGGACGGTGGTCCGATCGGTCAGGCGCTGGCGCTGATGGGCGCGCGGCCGCGGTTCGACAATTACGGGCGCCTGGCCGGG 2640
S I AL VL WG S DWNTIIXKJ SDSGSGT?PTIGAQALALMSGARZPIR RTFDNYGRILAG
GCGGAGCTGATCCCGCTTTCGGAACTGGGCCGTCCGCGCATCGACGTGGTGATGACGCTCTCGGGCATCT TCCGCGACCTGCTGCCCTTGCAGACGAAGCTTCTGGCCGAGGCCGCCTAT 2760
A EL I PL S ELGRUPRTIDVUVMTIULSSGTIFRUIDILTILZPIULUGQTI KT LTULATEAAY
CTGTGCGCCAGCGCGGAAAACGAGCCCCTGGCGCAGAACTTCATCCGCGCCAATGTGCTGGCGACGATGCAGGACACCGGAATGGACTTCGAGACCGCCTCGCTGCGGGTGTTCTCGAAT 2880
L CA S AENEUPULAQNTFTIMRANVILATMG@DT GMDT FETA ASTULURVF SN
GCCGAAGGGGCTTACGGCTCGAACGTCAACACGCTGGTCGGCTCGGCCGGGTTTGGCGACGAAGACGAGCTGGCCGATGCCTATGAGGCCCGCAAGTCCTTTGCCTATGGCCGCGACGGC 3000
A EGA Y G SNVNTULVG S AGT FGDET DTETLADA AYTEA ARIK ST FAYGRDG
AAGTCGACGAAACAGGTGAACCTGCTGCAAAACGTGCTGTCCAAGGTCGATCTGGCCTATCAGAACCTTGAATCCGTCGAACTGGGCGTGACCACCGTCGATCACTATTTCGACACGCTG 3120
K S T K Q VNILL QN VL S XK VDULAYT QNTZLESVETLSGVTTUVDUHYTFUDTL
GGCGGCATCGCGCGGGCGACGAAACGGGCGCAGGGCGGCAAGGAAACGCCGGTCTATATCGGCGACCAGACCCGCGGCGCGGGCACGGTGCGCACGCTGCAAGACCAGATCGCGCTGGAA 3240
G G I AR ATI KU RAQGS G KT ETZ®PUVYTIGDOQT RSGA AGTUVRTULAGQDUGQQTIATLE
ACCCGGGCCCGCTCGCTCAACCCGARATTCTACGAAGGGTTGCTGAAACACGGGGCCGAAGGCGTGCGGCAGATCGAAGCGCAGGTCACGAACACCCTTGGCTGGTCCGCCACGACAGGG 3360
T R AR SL NUPIKTFYEGILTULXHGAETGVRUGQ@IEAQVTNTILSGWSATTG
CAGGTTGAGCCTTGGGTCTATCAACGGCTTTCGGAAACCTTTGTCCT TGACGACGAGATGCGCGAGCGTCTGGCCAGCCTGAACTCGGCTGCGTCAAGCCGGATGGCGCAACGGCTTCTG 3480
Q VEPWVYQRULSETTFUVLDDEMT®BRETR RILASTILNSAASS S RMAQRTILTL
GAAGCTTCAGACCGCAACTACTGGCAGCCGGATCCGGCGACGCTGGCGGCTTTGCAAGCCGCGGCGGACGAGCTCGAAGACCGGATGGAAGGCGTTGCGGCAGAATCAGATGGACGACTA 3600
E A S DRNYWOQPDUPATTULAA ALUG QA AARAA RADETLTETUDR RMETGVAAE *

Figure 1. Nucleotide sequence and deduced amino acid sequence of R. capsulatus bchH gene. Underlined region corresponds to the sequence
previously described by Yang and Bauer (10).
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