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HMGR3 (EC 1.1.1.34) performs the final enzymic step in
mevalonate biosynthesis. In plants, mevalonate serves as a
precursor for a number of important primary metabolites
including ubiquinone, plastoquinone, carotenoids, ABA, and
gibberellins. Additionally, mevalonate is used in the synthesis
of a wide variety of secondary compounds such as phyto-
alexins, rubber, and alkaloids. We are interested in the role
of HMGR in the synthesis of secologanin, the monoterpene
component of Catharanthus roseus indole alkaloids.

C. roseus has been extensively studied because of the
pharmaceutical importance of its antitumor bisindole alka-
loids vincristine and vinblastine. Biosynthesis of these com-
pounds begins with the conversion of tryptophan to tryptam-
ine, catalyzed by tryptophan decarboxylase (5), followed by
the condensation of tryptamine with secologanin to form
strictosidine by strictosidine synthase (10). C. roseus cDNA
clones for tryptophan decarboxylase (4) and strictosidine
synthase (7) have been isolated and expressed in tobacco (6,
9). With the HMGR cDNA described here, it will now be
possible to study the regulation of an enzyme in indole
alkaloid biosynthesis that is not exclusively dedicated to this
pathway but is also a key enzyme of primary metabolism.
A 444-bp HMGR fragment was generated from C. roseus

cDNA by PCR using oligonucleotide primers (Table I) corre-
sponding to two conserved regions within the active site of
published plant and animal HMGR sequences. Because the
predicted amino acid sequence of the PCR fragment showed
87% identity with the Arabidopsis thaliana HMGR (2), the
fragment was used as a probe to screen a C roseus seedling
cDNA library. The complete nucleotide and derived amino
acid sequence of a full-length C. roseus HMGR cDNA,
pHMC3, is shown in Figure 1. The cDNA is 2636 bp, with
an open reading frame encoding a protein of 601 amino acids
having a calculated Mr of 64,106. The hydropathy profile of
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Table I. Characteristics of C. roseus HMGR cDNA pHMC3

Organism
Catharanthus roseus (L.) G. Don cv Little Delicata.

Location in Genome:
Nuclear genome.

Gene, Function, and Pathway:
HMGR (EC 1.1.1.34); reduction of 3-hydroxy-3-methylglutaryl
CoA to mevalonate in terpene biosynthetic pathway.

Techniques:
PCR of HMGR active site region from C. roseus cDNA with

oligonucleotide primers with the sequences: 5'-GATGCT-
ATGGGGATGAATATG-3', and 5'-ACCTCGATAGATGGCA-
TAGT-3'; cDNA library screening; double-stranded plasmid
sequencing of both strands.

Method of Identification:
Amino acid sequence identity with A. thaliana (71.1%) and H.

brasiliensis (76.6%) HMGRs.
Expression Characteristics:
Abundant 2.7-kb transcripts in all tissues.

Features of cDNA Structure:
Open reading frame of 1803 bp. Translation start at nucleotide

126 and stop at nucleotide 1929. (G + C) Content:
45.4%.

Structural Features of the Protein:
Deduced amino acid sequence of 601 residues; M, 64,106; pre-
dicted isoelectric point 6.13; two potential transmembrane
domains toward the N terminus; "PEST" cleavage sequences
at amino acids 112 to 131 and 167 to 185; potential aspara-
gine-linked glycosylation sites (N-X-S/T) at residues 86, 146,
149, 350, and 596.

Genbank/EMBL Accession No.:
M96068.

the predicted C. roseus HMGR indicates the presence of two
hydrophobic domains located at residues 41 to 57 and 72 to
104, each of which is sufficient to span a membrane bilayer.
Two N-terminal membrane spanning domains appear to be
typical of other plant HMGRs (2, 3).
As in yeast (1), A. thaliana (2), and Hevea brasiliensis (3),

'PEST' cleavage sequences are present in C roseus HMGR
(residues 112-131 and 167-185 in Fig. 1). PEST sequences
are present in many short-lived proteins (8), although the
half-life of HMGR has not yet been determined in plants.
Amino acid sequence comparisons of C. roseus HMGR with
sequences from plant, animal, and fungus HMGRs indicate
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1 CCACAACCACCGTCACCGCTTCCGTCCTCTCCCCTCCTAATCTCCGCCACTGGCCACCCC

61 ATTCTMTCTCTTTCCTCCACTACCACCCCCACCCTTCTCACTCTAGACCTMTGTGCAAAC

121 AGAAAATGGACTCTCGCCGGCGATCACCAACTGTGACGGCAAAGGCTGCTGCCGGTGAAC
N D S R R R S P T V T A K A A A 6 E L 19

181 TGCCATTGGCACCTCACGAAGGCCAAAATCAACAGCCTTCCATTCCTAGGTCTTCCGATG
P L A P H E G Q N Q Q P S I P R S S D V 39

241 TMACCMGCCTCTGTATCTCGCAAATGGGGTTTTCMACCCTGTTTTTCTCTGTTA
L P L P L Y L A N G V F F T L F F S V N 59

301 TGTACTTTCTTCTGACCAGGTGGCGTGAGAAGATCCGAAATGCTACTCCTCTCCATGTCG
Y F L L T R W R E K I R N A T P L H V V 79

361 TCACTCTTTCTGAGCTTGCCGCCTTGGCCTCATTAATCGCTTCTGTGATTTATCTTGTGA
T L S E L A A L A S L I A S V I Y L V S 99

421 GTMTCTMTGGGCTTGACTTTGTTCAGTCCTTAATTTACAAGCCTAATAATGAAGGTTGGG
F F G L D F V Q S L I Y K P N N E G " E 119

481 AAATTGAAGAAGAAATTCTTATGGTGGAAGATAGCCGCAACGGTACTAATTGTACTACCC
I E E E I L N V E D S R N G T N C T T L 139

541 TAGGTTGCGCTGTCCCTCCACCATCTGTTCCCAAAATTGCCCCAGTCGTTCCTCAACAAC
G C A V P P P S V P K I A P V V P Q Q P 159

601 CTTCTAAAATGGTCATCATAGAGAAGCCTGCCCCTCTCATTACCCCACAAAATTCAGAGG
S K N V I I E K P A P L I T P 0 N S E E 179

661 AAGATGAGGATATTATCAAAGCGGTGGTTGCTGGAAAAATTCCTTCGTATTCTCTCGAGT
D E D I I K A V V A G K I P S Y S L E S 199

721 CAAAACTGGGGGACTGCAAGAGAGCTGCTGGAATTCGTAGGGAAGCGCTTCAGAGGATCA
K L G D C K R A A G I R R E A L Q R I T 219

781 CAGGGAAGTCATTGGAGGGGTTACCTCTTGAGGGTTTTGATTATGCATCTATTMGGGTC
G K S L E G L P L E G F D Y A S I L G Q 239

841 AGTGCTGTGAGATGCCGGTGGGTTATGTACAGTTGCCGGTTGGAATAGCTGGGCCTMTGT
C C E N P V G Y V Q L P V G I A G P L L 259

901 TGCTTGATGGGAGAGAATATATGTTGCCAATGGCTACTACAGAAGGGTGTMTAGTGGCTA
L D G R E Y N L P N A T T E G C L V A S 279

961 GTACTAACAGGGGTTGTAAAGCTATTCTTGCATCTGGTGGGGCAAATAGCGTTTTGCTCA
T N R G C K A I L A S G G A N S V L L R 299

1021 GAGATGGAATGACTAGGGCTCCTGTTGTGAGGTTTGGAACTGCAAAAAGAGCCGCTGAGC
D G N T R A P V V R F G T A K R A A E L 319

1081 TCAAGTTCTACATGGAGGATACCCAGAATTTTGAGACTATATCTGTAGTMTTCAACAAAT
K F Y N E D T Q N F E T I S V V F N K S 339

1141 CGAGCAGA MTGCCAAATTGCAAAGCGTCCAATGTGCAATTGCAGGGAAGAATTTGTACA
S R F A K L Q S V Q C A I A G K N L Y I 359

1201 TAAGGTMTAGCTGCAGTACTGGTGATGCAATGGGGATGAACATGGTCTCAAAGGGCGTAC
R F S C S T G D A N G N N N V S K G V Q 379

1261 AAAATGTTCTTGAATTTCTCCAGACTGATTATCCTGATATGGATGTCCTTGGGAIMICTG
N V L E F L Q T D Y P D N D V L G I S G 399

1321 GAAATTTCTGTGCTGACAAGAAACCAGCAGCAGTCAACTGGATTGAAGGAAGAGGTAAAT
N F C A D K K P A A V N W I E G R G K S 419

1381 CTGTAGI GTGAGGCTATCATAAAGGAAGAGATTGTAAAGACGGTATTGAAGACAGAAG
V V C E A I I K E E I V K T V L K T E V 439

1441 TTGCGGCCCTTATTGAGCTTAACATGGTTAAAAATCTCGCTGGATCTGCAATTGCTGGAG
A A L I E L N N V K N L A G S A I A G A 459

1501 CCCTTGGTGGATTCAATGCTCATGCCAGCAATATAGTCTCTGCCATATTTATTGCCACCG
L G G F N A H A S N I V S A I F I A T G 479

1561 GCCAAGATCCTGCTCAGAATGTGGAGAGCTCTCAGTGTATCACTATGATGGAGGCTGTCA
Q D P A Q N V E S S Q C I T N N E A V N 499

1621 ATGATGGCAAGATCTTCATAMCTGTCACCATGCCTTCTATTGAGGTGGGCACAGTTG
D G K D L H I S V T N P S I E V G T V G 519

1681 GTGGAGGTACTCAACTTGCATCTCAGTCAGCATGTTTGAACTTGCTTGGAGTAAAAGGTG
G G T Q L A S Q S A C L N L L G V K G A 539

1741 CCAGCAAAGACTCACCTGGTGCAAATTCAAGGCTCTTGGCTACCATTGTTGCTGGTTCAG
S K D S P G A N S R L L A T I V A G S V 559

1801 TTCTTGCAGGTGAGCCMTCCCTCATGTCTGCCAIMTCTGCAGGCCAACTCGTTAGGAGCC
L A G E L S L N S A I S A G Q L V R S H 579

1861 ACATGAAATACAACCGTTCTAGCAAGGATATAACCAACATAGCCTCCTCTCAGTTAGAGA
N K Y N R S S K D I T N I A S S Q L E S 599

1921 GTGATAGTTAAATACAATCCCTTCCCCCTCCCCCCCTTAAACCCCACCTTGTTAGTTAGT
D S * 601

1981 ATAGGCCATAGAAGAAATCCCCAAAAAAAAAAAAAAAAAAAAGGTTATGAAGTTAATAAA

2041 CAAATCAAGAAAGGGGTGGTGAATAAAAAAAATATATAAAACCCCCAAAAAAAAAAAAGG

2101 AAAGAGAATAGGGTGTATTGGTGGTGAATATGATATGTGAGAAGGAGAAATGAAGGAAGA

2161 AACAGACAAAGGCAAACTACATCTGTTGCAAGAAGGGAGTCATGTGATGCTGCTCTACCT

2221 CTCTTTCTCTCTCCTCTMTCTCTCTCAMTCTTGAATGAAGTTGTCCTGAAGTCATGGG

2281 GAACAGTAGCTGGCTGGCTGGCTGGGTGCACCGTGGAGAAAGAAGAATCTGIM GMTAA

2341 TTAITTGTATCTTTTGTAATGTCATTTTGGCATCGAAATGGAAGAGAAGAGGCAGTT

2401 AAGGTTAGAGTTTGGTGGCATTCATGTGCAAAGGAA1TM TACTCTTAATTMAGTAT

2461 GTITITAATATAATCTTCTTCTTCACTGTCTCTCTCICTCTCTCTCTCTCTCTCTCTCTCTG

2521 GTTTGTTGTTAACAGCAGTGATTAGTTAGTAATTAAGACAGAGCATMTCAAAAACATGAG

2581 ACTCTGATCTGTCTTACAAGMGTGTAAATGGAAAAAATGIIMATTCTTCAA

Figure 1. Nucleotide and deduced amino acid sequence of C.
roseus HMGR cDNA (pHMC3). PCR primer sites are underlined in
the nucleotide sequence. Potential PEST sequences are underlined
in the amino acid sequence.

a high degree of similarity in the C-terminal region, which
contains the catalytic site.
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