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ABSTRACT Three different cDNAs for cinnamate 4-hydroxylase (C4H) which are involved in the second step
of the general phenylpropanoid pathway were isolated and designated as pc4hl1 (1,755 bp), pc4h2 (1,655 bp),
and pc4h3 (1,316 bp), respectively. The nucleotide sequence analysis revealed that both pc4hl and pc4h2
clones encode polypeptides of 505 amino acids frame but pc4h3 clone was truncated at the 5’ -end of coding
region. The alignment of the deduced amino acid sequences showed that PC4H1 and PC4H2 are highly
homologous (95.8% identical) with each other and contain three conserved domains which are typical in
cytochrome P450 monooxygenase: proline-rich region, threonine-containing binding pocket for the oxygen
molecule, and heme binding region. In addition, result of the phylogenic tree analysis revealed that both pepper
C4Hs belong to Class 1. pc4h2 transcription was strongly induced in wounded fruit (400%) and root (200%)
relative to its very low basal level but not in leaf or stem tissue. In case of pc4hl, the basal level of transcription
was higher than pc4hZ2 but induction by wounding was lower in fruit and root while leaf and stem tissues did
not respond to wounding. The basal level of pc4h3 transcripts was not, if any, detectable and response to
wounding was not observed.
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Figure 1. A proposed biosynthetic pathway of capsaicinoid
compounds. PAL, phenylalanine ammonia-lyase; C4H, ¢innamate
4-hydroxylase; C3H, p-coumarate 3-hydroxylase; COMT, caffeic
acid o-methyltransferase and 4CL, 4-Coumarate CoA Ligase.
The other enzymes that have not been fully characterized are
marked with “?”. The last enzyme involved in the biosynthetic
pathway of capsaicinoids, capsaicinoids synthetase has not been
fully characterized and marked with “v”.
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Table 1. Gene-specific primers used for amplification of the individual members of the pepper ¢4k gene family by RT-PCR

Nare Sequence (5’ to 3') Use

92F CTG TAT ACG GTG AGC ATT GG Forward (common)

93R CTC CCT TCT GTIT AGA CCT C Reverse (common)

42F GTC AAT TGA ATG GGG TAT CG Forward (universal)

44R AGG CAG AAC TTA CAA TGA ATC Reverse (pc4hi, 3'-UTR)
45R TCA ACT TTC TCC AGA GCC C Reverse (pc4h2, 3'-UTR)
46R GGC TAT ACA ATC TCT TAT GGG Reverse (pc4h3, 3'-UTR)
67F GGC TGG ATT TGC TGG TGA TG Actin (Forward)

68R CCG CCT GAA TAG CAA CAT AC Actin (Reverse)

E. coli 75 9|95 %%+ Bacto-trypton, yeast extract,
Bacto-agar5-2 Difco (MI, USAA LS| A#& AHE38ta 1
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Semi-quantitative RT-PCR analysis
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Figure 2. Alignment of the deduced amino acid sequences of
the two complete red hot pepper pc4hl (AF212318) and pc4h2
c¢DNAs with other C4H proteins; Arabidopsis thaliana (U-
71080}, Catharanthus roseus (P48522), Citrus sinensis C4HI1
(AF255013), Citrus sinensis C4H2 (AF255014), Glycine max
(X92437), Lithospermum erythrorhizon C4H1(ABO55507), Li-
thospermum erythrorhizon CAH2(ABOS55508), Medicago sativa
(P37114), Petroselinum crispum (L38898), Phaseolus vulgaris
(CAAT0595), Pisum sativum (Q43067), Pinus taeda {AAD-
23378), and Populus tremuloides (Q43054). The deduced
amino acid sequences are presented in a single letter code.
Numbering starts with the methionine defining the protein
sequence. Sequences with similarity are shaded. Gaps (-) are
inserted to optimize the alignment. The conserved domains of
cytochrome P450s are underlined and indicated as domain 1, 2
and 3, respectively. Protein sequence alignment was performed
using BioEdit program.

Wachenfeldt and Johnson 1995).
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Figure 3. Phylogenetic tree of plant C4H proteins. This tree
was set up with the distance matrix using the Neighbor-joining
method. The scale bar indicates the distance between the two
sequences. The maximum distance is 1.0, which indicates no
homology between the two sequences. Numbers in parentheses
indicate % homology to C. annuum C4HI. Red hot pepper
C4Hs (PC4H-1 and PC4H-2) are included in Class Ias
specified by Nedelkina et al (1999) and Betz et al (2001).
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Figure 4. Specificity of gene-specific primers designed for the
amplification of the individual members of the pepper c4h gene
family. Each primer set for the gene-specific amplification (see
Table 1) was used to perform PCR reaction with a genomic
DNA of red hot pepper. Lane 1, 100 bp size marker; lane 2,
common primers, 92F and 93R generating fragments common
to all three c4h genes including introns; lane 3, 42F and 44R
specific for pe4hl; lane 4, 42F and 45R specific for pc4h2;
lane S, 42F and 36R specific for pc4h3.
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Figure 5. Semi-quantitative RT-PCR analyses of pc4h gene
expression in response to wounding. For wounding treatment,
leaves, stems, roots and fruits were sliced with sharp razor
blades and incubated at 30°C for 6 and 12 h. The control
sample (0 h) and treated samples were frozen in liquid nitrogen
for RNA extraction. (A) Total RNAs (I to 10 ng) from
wounded tissues for 0, 6 and 12 h were analyzed by RT-PCR
using primers specific to each c4h gene. RT-PCR products
were resolved on 1.5% agarose gels containing 1X TBE buffer.
(B) The relative ratio of the c4h gene expression after in-
duction by wounding. The RT-PCR products resolved on aga-
rose gels were scanned to obtain the areas of each band by
using Gel-Doc system. Values for pc4hi (solid bars) and pce4h2
(hatched bars) are the relative amounts of wounded tissues (6
h) to the zero time value for each case (100%). Actin gene was
used for the normalization of total RNA applied to each
RT-PCR reaction. All values represent the average of three or
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