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Thionins are a family of low molecular weight cysteine-
rich antimicrobial peptides. We isolated a cDNA encoding
thionin gene from a flower bud ¢cDNA library of Chinese
cabbage (CFT). The gene contains 611 bp nucleotides with
60 bp, and 150 bp untranslated regions at its N- and C-
terminal, respectively. The deduced amino acid sequence
encoded 133 amino acids containing precursor polypeptide.
The protein reveals that the precursor has a tripartite
structure: a putative signal sequence at the N-terminus,
followed by a mature thionin peptide, and a C-terminal
acidic domain, which facilitates transport of the mature
thionin through membrane. Genomic Southern blot
analysis suggests that the CFT gene may be present as a
single or two copy gene in the Chinese cabbage genome,
Northern blot analysis shows that the gene is specifically
expressed in flowers, but not in leaves, stems, or roots.
When we analyzed the antifungal activity of the
recombinant CFT protein, which was expressed in E. coli
using the truncated cDNA region corresponding to the
mature protein part, it was not active on fungal growth
inhibition.

Keywords: Antifungal protein, Gene cloning, Flower-specific
expression, Thionin.

Introduction

Plants have evolved a variety of different mechanisms to cope
with the constant threat of pathogenic attacks (Lee et al.,
1999). They developed physical barriers and antimicrobial
substances such as phytoalexins, PR-proteins and thionins

The sequence data reported in this paper has been submitted to
GenBank under the accession number of AF090836.
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(Epple et al., 1995; Thevissen et al., 1999). Thionins are a
class of basic and cysteine-rich, low molecular weight
proteins found in a wide range of plant species, and they play
an important role in the plant defense system (Florack et al.,
1994; Orru et al., 1997). Based on the number of amino acid
and disulfide bonds present in the mature protein, thionin
proteins have been classified into the a, b, and g types (Colilla
et al., 1990). Although the biological function of thionin has
not yet been established, members of this group have been
shown to be toxic to bacterial and fungal phyotopathogens
(Reuber et al., 1998), plant protoplasts and animal cells
(Garcia-Olmedo et al., 1989; Reimann-Philipp ez al., 1989).
Thionins have also been shown to inhibit DNA, RNA, and
protein synthesis, and to act as secondary thiol messengers
(Garcia-Olmedo et al., 1989). The antimicrobial properties of
thionins make them potential candidates for engineering
transgenic plants against pathogenic bacteria or fungi.
Recently, it was reported that the overexpression of
endogenous thionin in transgenic arabidopsis resulted in an
increased resistance to Fusarium oxysporum f sp matthiolae
(Epple et al., 1997). Thionins from the leaves, or the
endosperm of barley, were shown to be toxic to plant
pathogenic fungi and bacteria (Bohlmann ez al., 1998; Vossen
et al., 2000; Molina et al., 1993). The accumulation of barley
leaf thionin is induced by phytopathogenic fungi, such as
Septoria nodorum and Drechslera graminea (Titarenko e al.,
1993; Vale et al., 1994). Thionin in A. thaliana was induced
by wounding, or inoculation with F oxysporum f sp
matthiolae (Vignuteli et al.,1998; Thevissen et al., 2000).

In order to broaden our knowledge of thionin properties, this
paper describes the molecular cloning and characterization of
¢DNA encoding a thionin (CFT), whose mRNA is specifically
expressed in flower tissues of Chinese cabbage.

Materials and Methods

Materials For Northern and Western blot analyses, Chinese
cabbage (Brassica campestris L. ssp. pekinensis) was grown in a
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growth chamber with a 16/8 h light/dark cycle, a temperature of
20°C, and a relative humidity of 70%.

Cloning of a ¢cDNA encoding thionin from Chinese cabbage
A phage-mid flower bud cDNA library of Chinese cabbage was
screenéd using a partial clone of thionin cDNA obtained from a
random sequencing project as a probe. From among six positive
clones, the longest EcoRI/Xhol cDNA insert was sequenced by the
dideoxy sequencing method using a Tagq dye primer in an
automated DNA sequencer (Applied Biosystems Model 373A)
(Lee et al., 1999).

Southern and Northern blot analysis Genomic DNA was
prepared from leaves (Dellaporta et al., 1983). Southern blot
hybridization was carried out under high stringency conditions. For
Northern blot analysis, various tissues of Chinese cabbage were
divided into sections, and total RNAs were extracted as described
previously (Cheong et al., 1999; Choi et ai., 1999).

Expression of CFT protein in E. coli For expression of CFT in
E. coli, the mature form of the CFT gene was cloned into the
PGEX2T expression vector (Lee and Kim, 1999). The resulting
construct, pGEX-CFI, was introduced into E. coli
BL21(DE3)pLysS and grown in luria-broth medium containing 100
ug/ml ampicillin. When the absorbance of the culture at 600 nm
had reached 0.6-0.8, isopropyl-B-D-thiogalactosylpyranoside
(IPTG) was added to a final concentration of 0.4 mM. After an
additional 3 h incubation, the cells were collected by centrifugation,
frozen in liquid nitrogen, and stored at -70°C until use. The
glutathione S-transferase fusion protein was isolated from the
cytosolic fraction of the E. coli by glutathione agarose affinity gel
filtration. Afterwards the N-terminal glutathione S-transferase
portion of the protein was removed with thrombin, and the native
form of the CFT was used for the analysis of their biochemical
properties.

Results and Discussion

Molecular cloning of a ¢DNA encoding thionin from
Chinese cabbage To isolate tissue-specifically regulated
new genes from flower buds of Chinese cabbage, we prepared
a phage-mid flower bud cDNA library, and carried out random
sequencing of flower bud-specific cDNA clones (Lim ef al.,
1996). This led to the identification of a partial cDNA clone
Expressed Sequence Tag (EST)-F1644, which closely
matched the thionin gene in Arabidopsis thaliana. Using the
[*P]-labeled EST-F1644 clone as a probe, a full length cDNA
encoding the protein was isolated from the same cDNA
library, named CFT, which represents the Chinese cabbage
flower-specific thionin. The nucleotide and deduced amino
acid sequence of CFT is shown in Fig. 1. The nucleotide
sequence of the clone will appear under the accession number
of AF090836 in the GenBank nucleotide sequence database.
The CFT protein contains 133 amino acids, which include the
N-terminal signal sequence, followed by a 46 amino acids
mature thionin and a C-terminal acidic domain. This result

GAATTCGGATCCCTCTCTCTCTACGTACATTTTGTGACCAAACAAGTAATCAGTCAAAAG 60
ATGGAAGGCAAAACTGTGATTTTAGGTGTGATCATAATGAGTCTTGTCATGGCGCAGAAT 120

M E G KTV IULGVYV IIMSULVMAZCQN (20)
CAAGTCGAAGCAAAGATTTGTTGCCCCAGAACCATTGACAGAAACATATATAATGCATGC 180
Q VE AYK I C CP RTIDURNIZYNA ASGC (40)
CGTCTTACTGGAGCCTCTATGACARATTGTGCAAACCTCAGTGGATGCAAAATCGTTTCT 240
R L T GA SMTNU CANILSGT CIE KIUWVS (60)
GGGACGACATGTCCTCCGGGATATACACATGACATTCTCCAAAACTATGGTGATGCTGTC 300
G T T CP P G YT HYD I L Q N Y G D A V (80)

AATGAATACTGCAAGTTGGGGTGTGCATCCTCTGTGTGCGGTGCCTTAACCACTCTCAAG 360
N-E Y C K L GCAS SV CGATLTTL K (100
AACTCGATGCRAGTAAATTGTGARGGAGCGGTTTCACAATGCACCAACGCATGTTCTAAT 420
N §$ M QVNCEGH AVS QCTDNA ATCS N (120)
TTCTGCACCAAGGGCTCAGCTARAGTAGTTGAAACTGCCTAACAAGCATATCCGCTATGT 480
F ¢ T K G S A KV V ET A * (113)
ATTAATTGTATGTGTTGTTGTTTTACATGTTTTCAATAATTGTCGTGTATGTGACARATT 540
GCTAGACTCTTTTGCTATTTCCAAGTTCTATGTGACGTAGAAGGTCATCGATCCCTARAA 600
AAAARAAAAAR 611

Fig. 1. Nucleotide and deduced amino acid sequences of the
CFT cDNA. The nucleotide sequence of CFT is numbered
starting with the first nucleotide of the insert. Amino acid
numbering starts with the first methionine residue. Bold letters
indicate the sequences of putative mature thionin. The vertical
arrows denote the probable cleavage sites.

CFT MEG-—-~KTVILGVIIMSLVMAQNQVEAKICCPRTIDRNIYNACRLTGAS 46
Crambin MEG-—=--KTVILSVLIMSLVMSYNQVEATTCCP SIVARSNFNVCRLPGTS 46

ATH-Thi2.2 MEG----KTVISSLLIMSLVLAQIQVEAKICCPTKDDRSVYFVCMLSVSS 45
ATH-Thi2.1 MKG-~--RILILSLLIMSLVMAQVQVEAKICCPSNQARNGYSVCRIRFS- 44
BLT MATNKSIKSVVICVLILGLVLEQVQVEAKSCCKNTTGRNCYNACRFAGGS 50
DB4 MAPSKSIKSVVICVLILGLVLEQVQVEGKSCCKATLARNCYNTCHFAGGS 50
HTH1 MG----LKGVMVCLLILGLVLEQVQVEGKSCCRSTLGRNCYNLCRVRGAQ 46
bl B TN L P T L L
CFT MTNCAN-LSGCKIVSGTTCPPGYTH/DILONY--GDAVNEYCKLGCASSV g2
Cranmbin EAICAT-YTGCIIIPGATCPGDYAN/NILKNSAQGNAVNEYCKWGCASSV 94

ATH-Thi2.2 QFYCLL-KSKCKNTSQTICPPGYTN/DILENS--GDAVNEYCKLGCASSV 91
ATH-Thi2.1 KGRCNQ-VSGCQOM--SDTCPRGWVN/AILENSA--DATNEHCKLGCETSV 88

BLT RPVCATA-CGCKIISGPTCPRDYPK/LNLLPESGEPNATEYCTIGCRTSYV 98

DB4 RPVCAGA-CRCKIISGPKCPSDYPK/LNLLPESGEPDVTQYCTIGCRNSV 98

HTH1 K-LCAG-VCRCKLTSSGKCPTGFPK/ LALVSNSDEPDTVKYCNLGCRASN 94
* * *% ., * Lk, k% X

CFT CGALTTLKNSMQVNC-EGAVSQCTNACSNFCTKG~~-SAKVVETA 133

Crambin CGALTNLQNSDAREIVNGAVRQCTNACSDFCTNG--~SAKAVETA 136(64.7%)

ATH~Thi2.2 CGALTTLONEDASKVLSEAVEQCTKACSSVCTGG---STAAVKSA 133(62.4%)
ATH-Thi2.1 CGAMNTLQNSDASEIVNGISEQCAKGCSIFCTKSYVVPPGPPKLL 133(47.45)

BLT CDNM—---DNVSRGQEMKFDMGLCSNACARFCNDGEVIQSVEA~~~ 137(42.1%)

DB4 CDNM---DNVFRGQEMKFDMGLCSNACARFCNDGAVIQSVEA--- 137(38.3%)

HTH1 CDYM~-VNAAADDEEMKLYLENCGDACVNFCNGDAGLTSLTA~-~ 134(31.6%)
* * * *

Fig. 2. Comparison of deduced amino acid sequence of CFT
with other thionins. The deduced amino acid sequences of CFT
(this work) is aligned with crambin of C. abyssinica (Epple et
al., 1998), ATH-Thi2.1, ATH-Thi2.2 of A. thaliana (Epple et al.,
1995), BLT of barley (Gausing, 1987), DB4 of Hordeum vulgare
(Bohlmann et al., 1987), and HTH1 of H. vulgare (Rodriguez-
Palenzuela et al., 1988). Asterisks (*) denote positions perfectly
conserved, and dots (.) mark well-conserved positions. Gaps are
introduced to maximize the alignment. The amino acid sequence
identity of the proteins shared with CFT is shown in the last
column (%). An arrow indicates the N-terminal signal peptide
cleavage site, and the slash (/) denotes the cleavage site of the C-
terminal propeptide. The alignment was computed with the
CLUSTAL program of the PCGENE software package (Genofit
SA, Geneva, Switzerland/Intelligenetics, Mountain View, CA).

indicates that CFT is synthesized as a putative preproprotein.
It may be processed by at least two steps of co-translational
removal, both for the N-terminal signal peptide and for the C-
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Fig. 3. Genomic Southern blot analysis of the CFT gene.
Purified genomic DNA digested with BamHI (B), EcoRI (E), or
HindII (H) respectively was size-fractionated on a 0.8% agarose
gel. The blot was hybridized with the [*P]-labeled full-length
CFT cDNA. Size markers in kb are shown on the left.

terminal acidic domain. Database searches of the predicted
CFT amino acid sequence revealed significant sequence
similarity to the thionins isolated from arabidopsis, barley,
Crambe abyssinica (Epple et al., 1995). Fig. 2 represents the
alignment of CFT with other thionin proteins in plant sources.
It shows the highest sequence identity to crambin (64.7%) in
C. abyssinica and ATH-Thi2.2 (62.4%) in A. thaliana (Epple
et al., 1995). When we introduced gaps to maximize the fit of
the amino acid sequences, six cysteines and one tyrosine were
perfectly conserved in CFT with the same amino acid
intervals, This suggests that the residues may play an
important role in its function.

Genomic complexity of the CFT gene in Chinese cabbage
We examined the genomic complexity of the CFT gene in the
Chinese cabbage genome by Southern blot analysis using the
full length CFT cDNA as a probe. When genomic DNA
(digested with BamHI, EcoRI or HindIll, restriction enzymes
that did not cleave within the coding sequence) was
hybridized under high stringency conditions, one or two
restriction fragments were hybridized with the probe (Fig. 3.)
The result of a Southern blot analysis showed that the CFT
gene consisted of a single, or two copies of a gene family in
the Chinese cabbage genome.

Flower-specific expression of the CFT gene To identify
the possible physiological functions of the CFT, we examined
its gene expression in terms of RNA levels in various tissues

L S R F

600bp —

EtBr

Fig. 4. Tissue-specific expression of the CFT in different tissues
of Chinese cabbage. Total RNAs from the leaves (L), stems (S),
roots (R) or flowers (F) were isolated and subjected to Northern
blot analysis. The mRNA detected by the radio-labeled probe
was about 0.6kb in size. For equal loading of RNA in each lane,
the gel was examined after staining with EtBr.
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Fig. 5. Expression of the CFT gene in E. coli. Expression of the
glutathione S-transferase fusion protein was induced by adding
04 mM IPTG. The culture was continued at 30°C for 4 hr
Fusion proteins obtained from the cytosolic fraction of
transformed cells were separated on 15% SDS-PAGE before
(lane 1), or after (lane 2) IPTG induction. After purification of
the fusion protein, the N-terminal portion of the glutathione S-
transferase protein was removed by thrombin, and the purified
ACFT protein was loaded in lane 3. M indicates the molecular
size marker.

by Northern blot analysis under high stringency hybridization
conditions. We used total RNA prepared from leaf, stem, root,
and flower tissues of Chinese cabbage. In this experiment, the
CFT gene clearly hybridized to a single transcript
approximately 0.6kb in size, and revealed a tissue-specific
expression pattern. The CFT mRNA was specifically
expressed in the flowers of Chinese cabbage, but not in the
leaves, stems, or roots (Fig. 4). The conclusion from the
results is that the CFT protein may have an important role in
plant flowers as a defense protein against the various
pathogenic microorganisms, or as an essential protein for
other functions of a flower differentiation or its development.
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Expression of the CFT in E. coli We expressed the
truncated form of CFT (ACFT) cDNA corresponding to the
mature protein by using the E. coli pGEX2T expression vector
to test the functional activity of the CFT protein. After the
resulting DNA construct (ACFT-pGEX2T) was transformed
into E. coli BL21(DE3), the protein was over-expressed by 0.4
mM IPTG. The majority of the recombinant ACFT protein
was found in the soluble fraction, which facilitated the
purification by affinity chromatography. After purification of
the recombinant protein by means of a glutathione agarose
column, the N-terminal portion of glutathione S-transferase
was removed from the fusion protein by thrombin (Fig. 5).
The molecular weight of the over-expressed fusion-protein
was estimated to be 31kDal, and the mature protein that
cleavaged the N-terminal glutathione S-transferase protein
was 5kDal on a 15% SDS-PAGE gel. The protein is well-
matched with the molecular weight expected from the
calculated molecular size of the cloned cDNA insert. Using
the purified ACFT protein, we tested the antifungal activity of
the protein for several fungi such as Fusarium oxysporium,
Trichoderma reesei, and Neurospora crassa. The ACFT
protein (in protein concentrations ranging from 10 to 100 ug,
loaded onto the PDA agar plates containing actively growing
fungal hyphae) showed no inhibitory effect on tested fungi
(data not shown), even though the N-terminal amino acid
sequence of the expressed ACFT protein determined by
Edman degradation was accurately matched with the N-
terminal 12 amino acid sequences deduced from the
corresponding core cDNA sequence (Fig. 1). The reason why
the bacterially expressed ACFT protein, containing the mature
protein part, showed no antifungal activity may be due to the
incorrect protein modification at Gly 44 (putative site of N-
myristoylation) and Asn 52 (putative site of N-glycosylation),
or to protein miss-folding. Therefore, in future, we need to
express an active CFT protein by using other eukaryotic
expression systems in order to examine the biochemical
properties.
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