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Abstract

A cDNA clone encoding an antimicrobial chitin-binding protein from amaranth (4dmaranthus cauda-
tus L.) was isolated using a cDNA library constructed from near-mature seed poly(A)* mRNA. The
deduced amino acid sequence of the cDNA clone encodes a predicted polypeptide of 86 amino acids.
This polypeptide has three distinct domains: an amino-terminal putative signal peptide (25 amino acids),
a domain corresponding to the mature protein (30 amino acids), and a carboxyl-terminal propeptide (31
amino acids) containing a putative N-glycosylation site. The encoded protein differs from all known
members of the family of chitin-binding proteins. Transcripts of the expected size (650 bp) are present
in developing seeds but not in roots, leaves or stressed leaves.

Seeds of amaranth (Amaranthus caudatus 1..)
contain two chitin-binding proteins, designated
Ac-AMP1 and Ac-AMP2, that are respectively
29 and 30 amino acids in length. Ac-AMP2 dif-
fers from Ac-AMP1 only by the presence of an
additional arginine residue at the carboxyl termi-
nus. The Ac-AMPs show striking homology to
the cysteine/glycine-rich domains occurring in
many types of chitin-binding proteins, including
lectins, chitinases and hevein (for a recent review
on chitin-binding proteins, see [11]). Both Ac-
AMPI1 and Ac-AMP2 are potent inhibitors of
filamentous fungi and Gram-positive bacteria and

are therefore also classified as antimicrobial pro-
teins [3]. We now report on the isolation and
characterization of a cDNA clone encoding Ac-
AMP2.

Near-mature seeds were collected from inflo-
rescences of amaranth plants at the stage of spon-
taneous shedding. Total RNA was extracted from
5 g of seeds by the method of de Vries et al. [6]
except that 6 ml of a 1:2 phenol/RNA extraction
buffer mixture was used per g tissue. Poly(A)™
RNA was purified by oligo (dT)-cellulose affinity
chromatography [13], yielding about 7 ug of
poly(A)" RNA. Double stranded ¢cDNAs were
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prepared from 1.5 ug of poly(A)™ RNA and li-
gated to Eco RI/Not 1 adaptors using the cDNA
Synthesis Kit of Pharmacia. The cDNAs were
cloned into the AZAP II phage vector (Strat-
agene) and packaged in vitro with the Gigapack 11
Gold packaging system (Stratagene) according to
the manufacturer’s instructions. A DNA probe
for screening of the cDNA library was produced
by polymerase chain reaction (PCR) as follows.
Two degenerate oligonucleotides were synthe-
sized: OWBI13 (5'-GTNGGNGARTGKGT-
NMGNGG) and OWBI14 (5'-CCRCARTAY-
TTNGGNCCYTTNCC). OWB13 corresponds
to amino acids 1 to 7 of Ac-AMP1 and has a
sense orientation. OWB 14 corresponds to amino
acids 22 to 29 of Ac-AMP1 and has an antisense
orientation. PCR was performed with the Tag
polymerase as previously described [2] using
OWBI13 and OWB14 as amplimers and 25 ng of
cDNA as target DNA. The 100 bp PCR ampli-
fication product was purified on a 39, agarose
(NuSieve, FMC) gel and reamplified by PCR
under the same conditions except that the reac-
tion mixtures contained 130 uM dTTP and
70 uM digoxigenin-11dUTP instead of 200 uM
dTTP. The digoxigenin-labelled PCR product
was purified on a 3%, NuSieve agarose gel. About
10000 plaque-forming units of the AZAPII
cDNA library were screened with the digoxigenin-
labelled PCR product by in situ plaque hybridiza-
tion. Detection of hybridized probe was done
using anti-digoxigenin antibodies linked to alka-
line phosphatase (Boehringer Mannheim) and its
substrate 5-bromo-4-chloro-3-indolyl phosphate
(Boehringer Mannheim) according to the
manufacturer’s instructions. Inserts from purified
plaques were excised in vivo into pBluescript ph-
agemid form with the aid of the helper phage
R408, according to the instructions of Stratagene.
Nucleotide sequencing was done by the dideoxy
chain-termination method with an ALF auto-
mated sequencer (Pharmacia) using fluorescein-
labelled M 13 forward and reverse primers (Phar-
macia). Sequence analysis was performed by the
PC-Gene software (Intelligenetics).

The inserts from 10 different positive clones
were released by Eco RI digestion and their sizes

compared by agarose electrophoresis. The clone
with the longest insert (AC1) was subjected to
nucleotide sequence analysis. AC1 is 590 nucle-
otides long and contains an open reading frame
of 86 amino acids (Fig. 1). The 25 amino-terminal
amino acids have a predicted signal peptide struc-
ture obeying the ( —1, — 3)-rule [17]. The deduced
amino acid sequence of the region following the
putative signal peptide is identical to the 30 amino
acid sequence of mature Ac-AMP?2 as determined
by protein sequencing [3]. In addition, the mature
protein domain is extended by a 31 amino acids
carboxyl-terminal domain, of which the aspar-
agine at position 74 represents a putative site
for N-glycosylation [7]. ACl has 5'- and
3’-untranslated regions of 45 and 284 nucleotides,
respectively. The 3'-end untranslated region is
not terminated by a poly(A) tail, indicating that
ACl is not a full-length cDNA clone.

All of 5 other sequenced positive clones have
deduced amino acid sequences identical to that of
ACIL. They differed only from each other by dif-
ferent degrees of truncation at the 5’ or 3’ end.
The fact that the 6 sequenced clones all contained
an arginine at position 30 of the mature protein
domain, suggests that Ac-:AMP1 and Ac-AMP2
are both derived from the same precursor prepro-
protein.

1 CARAAAAAAAAAATAAAGTCAAGAGTATTAATTAGGTGAGAAAAAATGGTGAACATGAAG
M VNMK

61 TGTGTTGCATTGATAGTTATAGTTATGATGGCGTTTATGATGGTGGATCCATCAATGGGA
C VALl

I VI VMMAFMMYVYDPS MG

121 GTGGGAGAATGTGTGAGAGGACGTTGCCCAAGTGGEATGTGTTGCAGTCAGTTTGGGTAC
VGECVRGRTCPSGHMCCSQFGY

181 TGTGGTAAAGGCCCAAAGTACTGTGGCCGTGCCAGTACTACTGTGGATCACCAAGCTGAT
C G KGP K Y C G RJAST

VIDHOQAD

241 GTTGCTGCCACCAAAACTGCCAAGAATCCTACCGATGCTAAACTTGCTGGTGCTGGTAGT
VAATKTAKNPTDAKTILAGAGS

A
301 CCATGAAAGTAGTAGCTAGCTAGGTTCACGTTGGATTACCAAGCCGTGCCAGTACTACTG
p *

361 TGGCCGTGCCAGTACTAATGTTCTCTTATATGTCTGAAATAAGCTCCTATATAAATACTA
421 GTATCTTGATGTAATGGAGTATTTTCATTTTGTTTTTATTTGAGTTATGATCGTGACTTC
481 CTTGTGTTGGTTTAACTTGTATATTGTAATGCATCTTAAATGCTGTCTCAAATAATTTGA
541 TGTATTAAACACTTGTTTTGTTTTTAATACATACTAAGTGCTGTAAATTC

Fig. 1. Nucleotide sequence and deduced amino acid se-
quence of the cDNA insert from clone ACI. The putative
signal sequence is underlined and the sequence of mature
Ac-AMP2 is boxed. Imperfect direct repeats flanking the ma-
ture Ac-AMP2 domain are indicated by dashed underlining.
The putative N-glycosylation site is marked by an open tri-
angle and the stop codon is represented by an asterisk.



All chitin-binding proteins so far characterized
at the cDNA or gene level have a carboxyl-
terminal domain adjacent to the cysteine/glycine-
rich domain. The former domain can be either a
chitinolytic domain as for class I chitinases [16],
a domain homologous to pathogenesis-related
PR4 proteins [9] or a short peptide responsible
for vacuolar targeting in the case of Gramineae
lectins [1]. The carboxyl-terminal portion en-
coded by Ac-AMP2 transcripts show no sequence
homology to previously characterized carboxyl-
terminal domains of chitin-binding proteins, nor
with any of the entries in the amino acid sequence
databank Swiss-Prot (release 20). Hence, the
structure of Ac-AMP2 ¢cDNA appears to be
unique. The carboxyl-terminal domain of Ac-
AMP2 cDNA has some characteristics in com-
mon with the carboxyl-terminal propeptide of
Gramineae lectins [5] and tobacco glucanase
[15]: (1) the absence of the peptide from the ma-
ture proteins, (2) the occurrence of a single
N-glycosylation site, (3) the presence of a valine
residue 8 amino acids ahead of the glycosylation
site, and (4) the relative abundance of amino acids
with short hydrophobic side-chains (alanine and
valine). It is known that the carboxyl-terminal
propeptide of Gramineae lectins acts as a sorting
determinant for transport to the vacuoles [1],
suggesting a similar function for the Ac-AMP2
propeptide. However, the intracellular location of
Ac-AMPs remains to be determined, and also it
is not shown that the N-glycosylation site of the
Ac-AMP?2 propeptide is used in vivo.

It has previously been suggested that the dif-
ferent types of chitin-binding proteins have arisen
from the insertion of a cysteine/glycine rich do-
main in unrelated genes by a transposition-like
mechanism [16]. In support of this hypothesis,
Shinshi ef al. have demonstrated the presence of
perfect or imperfect direct repeats, 9 to 10 bp long,
flanking the cysteine giycine-rich regions in vari-
ous basic chitinase genes and in potato win genes
[16]. Imperfect 10 bp repeats also occur in the
Ac-AMP2 cDNA sequence, namely 21 bp up-
stream of the first nucleotide of the cysteine/
glycine-rich domain (100 ATGGTGGATC) and
10 bp downstream of the last nucleotide of the
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Fig. 2. Northern blot analysis of AC-1 cross-hybridizing tran-
scripts in different healthy and stressed tissues of A. caudatus.
Near-mature seeds (S) and roots (R) were collected from adult
A. caudatus plants. Leaves of five-week-old 4. caudatus plants
were infected with a Botrytis cinerea spore suspension (5 x 10°
spores/ml in 0.5 M glucose) (IL), wounded with a sterile steel
brush (WL) or sprayed with 10 mM sodium salicylate (SL)
and harvested three days after treatment, together with healthy
leaves from untreated control plants (HL). Total RNA was
isolated as described [10]. Glyoxylated RNA (20 pug per
sample) was fractionated on a 1.4%, agarose gel and trans-
ferred to nylon membranes as described [13]. A digoxigenin-
labelled RNA antisense probe corresponding to AC1 was pre-
pared using T3 RNA polymerase and Hind Ill-linearized
pBluescript II SK containing the AC1 insert. The membranes
were

hybridized, washed and developed with Lumigen PPD (Boe-
hringer Mannheim) according to the manufacturer’s instruc-
tions.

cysteine/glycine-rich domain (200 ACTGTG-
GATC) (Fig. 1). Such direct repeats are believed
to be remnants of sequence duplications created
at the target site of insertion by a transposon-like
element [12].

Ac-AMPs were originally isolated from seeds
of amaranth [3]. In order to examine whether
Ac-AMPs or Ac-AMP-like proteins are ex-
pressed in other tissues as well, northern blotting
analysis was performed on RNA extracted from
seeds, roots, leaves and leaves subjected to vari-
ous stress treatments. As expected, near-mature
seeds of A. caudatus contain a 650 bp transcript
that hybridizes with the Ac-:AMP2 cDNA probe
(Fig. 2). However, the 650 bp transcripts were not
detected in roots, nor in leaves of healthy 4. cau-
datus plants, neither in leaves stressed by infec-
tion with the fungus Botrytis cinerea, by wound-
ing or by salicylic acid treatment. In contrast,
roots and particularly healthy or stressed leaves
contain two transcripts of 1.45kb and 1.1 kb,
respectively, that cross-hybridize with the Ac-
AMP2 cDNA probe. These transcripts, which
are not present in near-mature seeds, may encode
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chitinases or other proteins with a cysteine/
glycine-rich domain homologous to the Ac-
AMPs. It has previously been shown that chiti-
nase transcripts from bean leaves [4] and tobacco
leaves [14] have a size of ca. 1.2kb and 1.3kb
respectively. We conclude from the available data
that true Ac-AMPs are most probably expressed
only in seeds of amaranth. These peptides do not
seem to have homologues that are expressed in
vegetative tissues, not even after stress treatments
known to induce pathogenesis-related proteins
[8]. Hence, if Ac-AMPs play a role in plant de-
fense, this role is likely to be restricted to seed
protection.
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