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Abstract

c¢DNA encoding serine carboxypeptidase gene of Matricaria chamomilla was cloned by reverse
transcription - polymerase chain reaction and rapid amplification of cDNA end techniques. The cloned
¢DNA contained an open reading frame consisting of 501 amino acids, which had two active site motifs
of serine carboxypeptidase and high homology with other plant carboxypeptidases. The M. chamomilla
carboxypeptidase was found to have leucine zipper structure at the N terminal region, suggesting that
this enzyme functions at dimer form. Nine N - myristoylation sites in the enzyme let us anticipate that

this enzyme localizes at a membrane or lipid layer.

It is well known that most plant seeds (sink
tissues) store oily substances in discrete organelles
termed oil bodies (Bergfeld et al., 1978; Gurr et al.,
1974; Murphy and Cummins, 1989). However, we
recently found that oil bodies exist even in the
multiplving cells (vegetative tissues) of the cultured
shoot primordia of Matricaria chamomilla (German
chamomile), which do not need to accumulate the
substances (Hirata ef al., 1993; Hirata ef al., 1996).
On the other hand, it was reported that seed oil
bodies contain proteins having protease activities
(Kalinski ez al., 1990; Qu and Huang, 1990; Vance
and Huang, 1987). In the course of the studies on
the oil body proteins in the multiplying cells (Izumi
et al., 1996), we have investigated the structure of a
carboxypeptidase in the cultured shoot primordia of
M. chamomilla and report herein the deduced se-
quence of the clone which encodes a polypeptide
with active side motifs for serine carboxypeptidase
with leucine zipper structure.

According to the reported procedure (Hirata et al.,
1993; Takano et al., 1991), shoot primordia of M.
chamomilla were cultured in test tubes (3 x 20 cm)
containing Murashige- Skoog’s liquid media (Mura-
shige, 1962) supplemented with 0.02 mg/l of « -
naphthalene acetic acid and 0.2 mg/f of 6-benzyla-
minopurine at pH 5.7. Cultured shoot primordia of
M. chamomilla was filtered through 4 layers cheese-
cloth with aspiration and homogenized in liquid
nitrogen using a motor. The total cellular RNA was
extracted from the homogenate by the guanidinium

thiocyanate - phenol -chloroform extraction method
(Chomezynski and Sacchi, 1987). The RNA was
purified from contaminated polysaccharide by pre-
cipitation with 2M LiCl.

c¢DNA cloning was done using reverse transcrip-
tion - polymerase chain reaction (RT -PCR) and
rapid amplification of cDNA end (RACE) method
(Loh et al., 1989; Ohara et al., 1989). Until now,
several plant carboxypeptidase (CPase) genes have
been reported (Baulcombe et al., 1987; Jones et al.,
1996; Sorensen et al., 1989; Washio and Ishikawa,
1992). Sequence comparison revealed that those
genes are rather conserved among plants and have
60-90% homologies at amino acid level. Thus, we
performed an RT -PCR for the partial cloning of
CPase of M. chamomilla using the primers designed
for the conserved regions. The obtained RT -PCR
product was composed of 500 bp nucleotides, and
the predicted amino acid sequence in the cloned
fragment had a high homology with other plant
CPases (Baulcombe et gl., 1987; Jones et al., 1996;
Sorensen et al., 1989; Washio and Ishikawa, 1992).
Then, based on the sequence of the cloned 500 bp
fragment, the remaining 3’ and 5 regions of the
gene were also cloned by RACE method. The
overall strategy of the cloning and the sequences of
the primers were summarized in Fig. 1 and Table 1,
respectively. The dT ;.3 and the 3’RACE - A are
primers for the first cDNA synthesis from RNA by
reverse transcription. The template cDNA for
S’RACE was prepared by dT), ;3 primed and dC-
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cDNA Cloning Strategy of M. chamomilla CPase (cCPase) using RT- PCR
pCP-1, -2, -3, and -4 primers were designed based on the amino acid sequences ES Y AGHY (pCP-1),
HINLKGF(pCP-2), YAGEYDL (pCP-3),and HM VPM D Q (pCP-4). pCP-5, -6, -7, and -8
were specific primers to the cloned internal region. 3’RACE- A is an oligo-dT primer having Not I adaptor
site, and RACE-C and 3’RACE-E have the overlapping adaptor sequences. S’RACE-D is an oligo-dG
primer having Not I adaptor site, and RACE-C and 5’RACE-E have the overlapping adaptor sequences.
RACE- C was used commonly in 3’RACE and 5°RACE.

Table 1. Oligo nucleotides used for RT-PCR

Primer Sequence (5° — 37)

3’RACE- A TGG AAG AAT TCG CGG CCG CAG TTT TIT TTT TTT TTT TTIT
RACE-C TGG AAG AAT TCG CGG

3'RACE-E TCG CGG CCG CAG TTIT

5’RACE-D TGG AAG AAT TCG CGG CCG CTT AAG GGG GGG GGG GGG
5'RACE-E CG CGG CCG CIT A

pCP-1 GAA TCG TAT GCT GGG CAC TA

pCP-2 TCA CAT AAA CTT GAA GGG AT

pCP-3 AA  ATC ATA TTC TCC AGC ATA

pCP-4 TG  GTC CAT TGG AAC CAT GTG

pCP-5 GTA CAC AGC TAT GCT TGT GG

pCP-6 CCC GAA CTT CTT GAA GAT GG

pCP-7 GGA TCA GTA AGT CCA TTIT CC

pCP-8 TAA GCC TGG TAC TGA ATT GC

tailed at the 3’ end, followed by second cDNA
synthesis using 5’RACE-D as the primer. Molony
murine leukemia virus reverse transcriptase (Pro-
mega, Madison, UUSA), terminal deoxy transferase
(GIBCO BRL, Rockville, USA), KOD polymerase
(TOYOBO, Osaka, Japan), and Pfu turbo DNA
polymerase (STRATAGENE, La Jolla, Canada)
were used for cDNA preparation and PCR. Each
cDNA fragment was cloned in pBluescriptSKII({-).
DNA sequencing of the double - stranded plasmid
DNAs were done according to the reported methods
(Sanger et al., 1977, Smith et al., 1986) with a DNA
sequencing kit for dye terminator cycle sequencing
and an Applied Biosystems 377 DNA sequencer
using standard protocol of the manufacturer (Perkin
Elmer Japan, Applied Biosystems Division, Chiba,
Japan). Six independent PCR products were cloned
and each sequence was analyzed for the sequence

determination.

The obtained 1816 bp-cDNA sequence and the
deduced amino acid sequence (GenBank accession
# AF141384) are shown in Fig. 2. At nucleotide
position (ntp) 56-62, a presumable TATA box was
found, and the largest open reading frame (ORF),
which was composed of 501 amino acids, started at
ntp 104. The predicted protein from the largest ORF
had two serine carboxypeptidase active site motifs
(Stennicke et al., 1996) at amino acid position (aap)
216-223 and aap 455-472, which indicated that the
cloned cDNA codes CPase. We termed the cloned
c¢cDNA as a ccp and the predicted protein as a
c¢CPase. The alignment of the amino acid sequences
of cCPase with CPases of Arabidopsis thaliana
(NCBI accession # 416758) (Jones et al., 1996),
Oryza sativa (Washio and Ishikawa, 1992) (NCBI
accession # 584893), Hordeum vulgare (Sorensen et
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Fig. 2. The Nucleotide Sequence of ccp encoding M. chamomilla CPase (cCPase).
The predicted amino acid is shown in below the DNA sequence, assuming that translation begins at the first
in—frame methionine of the long open reading frame. Asterisks show motifs as follows; *1 TATA box, *2
Leucine zipper, *3 Serine carboxypeptidase, serine active site, *4 Serine carboxypeptidase, histidine active
site, *5 N-myristoylation site.

al., 1989) (NCBI accession # 2851577), Triticum ture in A. thaliana CPase exists at aap 338-409 but
aestivum (Baulcombe et al., 1987) (NCBI accession not at N -terminal region (NCBI accession #
# 114874) showed 71%, 76%, 65%, and 66% 416758).

homologies, respectively. The hydrophobicity plot by the Hopp - Woods
As a characteristic feature of the cCPase, the method showed no particular feature (data not
leucine zipper structure (Kouzarides and Ziff, 1989; shown). However, nine possible ¥ -myristoylation

Landschulz er al., 1988; McKnight et al., 1988) was sites at aap 126-131, 172-177, 242-247, 251-256,
found at the N-terminal region (aap 7-28), sug- 253-258, 299-304, 302-307, 443-448, and 447 -

gesting that cCPase exists and/or functions in dimer 452 exist in the amino acid sequence of cCPase,
form. The leucine zipper structure is also found in which suggests that the cCPase might localize in a
A. thaliana CPase but not in CPasc of O. sativa, H. membrane or lipid layer locus. Other plant CPases

vulgare and T. aestivum. The leucine zipper struc- also have a comparable number of N -myristoy-
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lation sites.

Three possible casein kinase II phosphorylation
and three protein kinase C phosphorylation sites
were found in the cCPase, suggesting that the
activity of cCPase might be modified by phospho-
rylation. Further investigations are needed for clari-
fying the regulation and function of the cCPase in
the shoot primordia of M. chamomilia.
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