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Metabolic Regulation of Host-Specific Toxin Production
in Alternaria alternata Pathogens (4). Molecular

Cloning of mRNA in AK-toxin Producing Isolate*

Takashi Tsuce**, Hirokazu KoBAvAsHI™* and Syoyo NISHIMURA®*

Abstract

Alternaria alternata Japanese pear pathotype produces a host-specific toxin (AK-toxin) as
a determinant of host-specific pathogenicity. By employing a competitive hybridization pro-
cedure, specific transcripts were detected in a toxin producer, but not in its toxin-less avir-
ulent mutant. Poly(A)*RNA fraction from the toxin producer was cloned as c¢cDNA by
Escherichia coli using pBR322 and screened by the competitive hybridization. The cDNA
clones were obtained from transcripts which present in larger quantity in the producer
than in its toxin-less mutant. Dot blot hybridization analysis by the cDNAs showed that
there was a correlation between the amount of the specific RNAs and toxin productivity in
several A. alternata isolates.

(Received April. 17, 1986)

Key words : Alternaria alternata Japanese pear pathotype, AK-toxin-less mutant, competitive
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Introduction

In phytopathogen Alternaria alternata, filamentous fungus, there are now at least seven
known host-parasite combinations, in which a host-specific toxin (HST) is responsible
for the determination of host-specific pathogenicity®. A. alternata HSTs reported so far
are low molecular weight compounds that selectively affect the host plant. The chemi-
cal structures of five HSTs have been determined®*-®. Previous researches concerning
HSTs of A. alternata pathogens disclosed their determinative role in pathogenesis®®.
The HSTs were shown to be released from germinating spores at the site of initial
contact of pathogen with the host plant surface and to be involved in suppressing the
defence activity of the host plant. The presence of HST leads to the successful colo-
nization of the HST producer in the host plant. Thus, the infection capacity and host
specificity of such pathogens are most likely governed by their ability to produce HSTs.
In fact, the A. alternata pathogens are known to lose their pathogenicity due to the loss
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of toxin productivity®!®. Consequently, the regulation of gene expression for HST pro-
duction in pathogens could be highly relevant to the detemination of pathogenesis.

Since the sexual stage of A. alternata has not been reported so far, HST productivity
could not be analyzed by the classical genstic procedure. Although the chemical struc-
tures of some HSTs have already been determined, information on molecular basis of
HST metabolism has been very limited. A. alfernata Japanese pear pathotype producing
AK-toxin selectively toxic to certain limited cultivars of Japanese pear including cv.
Nijisseiki, is genetically unstable for toxin productivity®®. AK-toxin-less mutants were
frequently derived from this pathogen.

In this paper, we employed the competitive hybridization® which was found to be a
new and powerful strategy for comparing RNA species between AK-toxin producer and
toxin-less mutant, and succeeded in screening out candidate cDNA of mRNA responsible
for toxin production.

Materials and Methods

Fungal isolates. Isolates No. 15A and No. 15B of A. alternata Japanese pear patho-
type causing black spot of Japanese pear were used. The former produces AK-toxin
and is pathogenic to the cultivars of Japanese pear sensitive to AK-toxin. The latter
is the toxin-less mutant from isolate 15A. Isolate 15B was spontaneously raised from
one of stock cultures of isolate 15A. They were cultured in 200 ml potato dextrose broth
in 1 liter Roux’ bottles at 25 C for 7 days. Under this condition, mycelia of isolate 15A
produced the highest amount of AK-toxin. Mycelial mats were harvested by sucking
through Toyo No. 2 filter paper in a large Biichner funnel and washed extensively with
sterile distilled water. After filtrating and drying, the weight of mycelia was measured.

The other A. alternata isolates, A-11-92 (Japanese pear pathotype), L-8205 (avirulent
mutant of Japanese pear pathotype), AM-1 (apple pathotype causing Alternaria blotch
of apple), 0-187 (strawberry pathotype causing Alternaria black spot of strawberry),
AT-204 (tobacco pathotype causing brown spot of tobacco), AL-12 (tomato pathotype
causing stem canker of tomato) and YA-1 (saprophyte) were also cultured, and their
mycelia were harvested by the same procedure.

Isolation of DNA and RNA from mycelia. Mycelia (50 g fresh weight) were
partially ground in a mortar by a pestle with liquid nitrogen. The ground mycelia were
suspended in 100 ml of SDS-lysis buffer containing 0.2 M Na,B,0,, 30 mM ethylene
glycol-bis(B-aminoethyl ether)N,N,N’,N’-tetraacetic acid (EGTA) and 1% SDS (w/v)
which was preheated at 65 C. The suspension was well mixed and filtrated with 8 lay-
ers of sterilized guaze. The filtrate was extracted with water-saturated phenol. The
phenol extraction achieved by . shaking and centrifugation was repeated three to five
times until denatured proteins at the interface became invisible. Then, the aqueous
phase was extracted twice with chloroform and once with diethyl ether. The double
volume of ethanol was added to the aqueous phase and kept at —20 C for more than 2
hr. The precipitate was collected by centrifugation at 13,000 Xg for 10 min, dissolved
in10 ml of TE buffer‘containing 10 mM Tris (pH 7.0) and 1 mM EDTA, and incubated
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at 4 C for 30 min. Insoluble substances were removed by centrifugation at 13,000x g for
10 min. The supernatant was added with two volumes of ethanol, and the.precipitate was
suspended in 2 M LiCl solution. After incubating overnight at 4 C, the suspension was
centrifuged at 13,000 < g for 10 min. The precipitate was resuspended in 2 M LiCl solu-
tion and re-precipitated. The final precipitate was dissolved in 1 ml of sterile distilled
water and used as RNA preparation. The supernatant from LiCl precipitation was
dialyzed against TE buffer. The dialyzed solution in dialysis tube was added with two
volumes of ethanol, and resulting precipitate was dissolved in 1 ml of TE buffer. The
solution was applied to Sephacryl S-1000 column chromatography (1.5%20 cm) for frac-
tionation. Each fraction (1 ml) was subjected to measurement of absorbance at 260 nm
and to electrophoresis in a 0.5% agarose gel. The fractions containing DNA were ex-
tracted once with phenol-chloroform (1:1, v/v) and with diethyl ether. DNA was pre-
cipitated with two volumes of ethanol. The precipitate was dissolved in 100 ! of TE
buffer and used as DNA preparation.

Competitive hybridization analysis of DNA with RNA. Analysis of the levels
of RNAs from isolates 15A and 15B and screening of positive cDNA clones were carried
out by the competitive hybridization method®. BemHI-digested DNA prepared from
isolates 15A and 15B were electrophoresed in a (.8% agarose gel and transferred to
GeneScreen membrane (New England Nuclear) by the method of Southern®. The RNAs
of isolates 15A and 15B were used for the hybridization on the filter. The filter (10
ug DNA in a lane) was prehybridized with unlabeled RNA (100 xg) and then hybridized
with 3?P-labeled RNA (2% 10%dpm). The %2P-labeled probe RNA with a specific activity
in excess of 107 dpm/ug was prepared by incubating 2 ug of hydrolyzed RNA with T4
polynucleotide kinase and 50 xCi of [y-%2P] ATP (4,000 Ci/mmol). After hybridization,
the filter was washed and subjected to autoradiography.

Tetracycline-resistant colonies were transferred to replica nitrocellulose membranes
(50 mm in diameter) for colony hybridization. For screening the cDNA of mRNA which
is detected only in isolate 15A, competitive colony hybridization was performed with
RNAs of isolates 15A and 15B. Both membranes were hybridized with unlabeled RNA
of isolate 15B (200 pxg). Subsequently, one of them was hybridized with 32P-labeled RNA
(2x10° dpm) of isolate 15A and the other was with that (2Xx10°® dpm) of isolate 15B as
a control. Positive colonies could be detected only on membrane hybridized with labeled
RNA of isolate 15A.

Construction of a cDNA library of poly(A)*RNA from isolate 15A4. Poly-
(A)*RNA was prepared by chromatography with oligo(dT)-cellulose from RNA prepara-
tion of isolate 15A®. The first strand of cDNA was synthesized by reverse transcrip-
tase with a oligo(dT) primer and the second strand was produced by using RNase H
and Escherichia coli DNA polymerase I. Homopolymer tracts of dC were added to the 3
ends of this ¢cDNA with terminal deoxynucleotidyl transferase?. The oligo (dC)-tailed
cDNA and oligo(dG)-tailed pBR322 at PstI site were annealed®, and used to transform
E. coli RR1®. Colonies grown on tetracycline-containing agar were subjected to the com-
petitive hybridization as mentioned above. For confirming the presence of the spe-
cific mRNA in the poly(A)*RNA fraction, the radioactive first strands of ¢cDNA synthe-
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sized by reverse transcriptase with [«¢—*?P]JdCTP were employed for competitive hybrid-
ization against DNA of isolate 15A. The restricted DNA fragments (10 xg) on filter
were hybridized with unlabeled RNA (100 xg) of isolate 15B and then hybridized with
32P-labeled ¢cDNA (10° dpm).

Isolation of plasmid DNA. Plasmids of positive clones selected by the competi-
tive hybridization were extracted by using an alkaline lysis procedure® and purified by
CsCl/ethidium bromide density gradient centrifugation.

Analysis of inserted cDNA. Plasmids isolated from positive clones were treated
with Pstl restriction endonuclease, and the digested fragments were electrophoresed in
a 1.5% agarose gel for determining size of inserted cDNA.

Hybridization probes were also made from the plasmids. The %2P-labeled probe with
a specific activity of more than 107 dpm/ug was prepared by subjecting 1.0 ug of plas-
mid DNA to nick translation reaction with 30 xCi of [a-*2P]dCTP (4,000 Ci/mmol).
The filter used once in the competitive hybridization analysis of RNA was reused after
washing with rehybridization solution according to instruction manual from New Eng-
land Nuclear and subsequently drying at room temperature. The filter was hybridized
with the 32P-labeled plasmid DNA for detecting DNA fragments homologous to the
cDNA.

RNA dot blot hybridization. RNAs of various A. alternata isolates were dena-
tured with glyoxal, dot-bloted on GeneScreen membrane and hybridized with 32P-labeled
plasmid DNA. After autoradiography, mRNA homologous to ¢cDNA in the plasmid was
quantified by scanning with a densitometer.

Results

Comparative analysis of RNAs from isolates 154 and 15RB

DNA-RNA-competitive hybridization was used to find the regions of genome contain-
ing genes which were expressed only in a pathogen or a mutant. In Fig. 1, radioactive
bands were clearly found in lanes 1 and 5. These filters containing DNA fragments of
isolates 15A (lane 1) and 15B (lane 5) were prehybridized with RNA of isolate 15B and
then hybridized with *2P-labeled RNA of isolate 15A. In other combinations, positive
bands were not observed. This result suggests the possibility that the unique RNAs
were transcribed in isolate 15A but not in isolate 15B, and that such RNA would be re-
sponsible for AK-toxin production.

Screening of ¢cDNA clones from isolate 154

Mycelia of isolate 15A cultured for 7 days showed the highest potential for toxin
production. Therefore, poly(A)*RNA from such mycelia is expected to contain mRNA
for AK-toxin production and to be useful for producing cDNA of the mRNA. The
cDNA of RNA present only in isolate 15A was screened by competitive hybridization
from a cDNA library.

For checking whether the abundant RNA species in isolate 15A is poly(A)*RNA, the
first strand labeled by reverse transcriptase was employed for competitive hybridization
using filter containing restricted DNA fragments of isolate 15A (Fig. 2). The filter
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Fig. 1. Competitive hybridization of RNA Fig. 2. Competitive hybridization of RNA of

from mycelia of isolates 15A (A) and 15B
(B)with DNA from both mycelia. DNA from
each isolate was digested with BamHI, elec-
trophoresed in a 0.8% agarose gel and
transferred to GeneScreen membrane. DNA
on each lane was prehybridized with unla-
beled RNA (Pre. RNA) and then hybridized
with 2P-labeled RNA (Probe RNA) as indi-
cated in the figure. The membrane was
washed for removing free probe RNA and
subjected to autoradiography. The sizes of
molecular weight standards (HindlII-diges-
ted ADNA) are given in kilobases.

isolate 15B (Prehybridization)and labeled first
strand (Probe DNA) synthesized by reverse
transcriptase with poly(A)*RNA and [a-%2P]
dCTP with DNA of isolate 15A. DNA of
isolate 15A was digested with BamHI, elec-
trophoresd in a 0.8% agarose gel and trans-
ferred to GeneScreen membrane. The
membrane was washed for removing free
probe DNA and subjected to autoradiogra-
phy. The sizes of molecular weight stand-
ards (Hindlll-digested ADNA) are given in
kilobases.

was prehybridized with unlabeled RNA of isolate 15B and then hybridized with the la-
beled first strand. The same pattern of autoradiogram as observed in lane 1 in Fig. 1
was obtained. Thus, it was evident that poly(A)*RNA fraction contained the unique
mRNA present only in isolate 15A but not in isolate 15B.

E. coli RRI cells were transformed by recombinant plasmids including ¢cDNA. Two
sets of replica nitrocellulose filters containing lysed colonies were prehybridized with
unlabeled RNA of isolate 156B. One set was subsequently hybridized with 32P-labeled
RNA of isolate 15A and the other was done with that of isolate 15B as a control.
Among 586 tetracycline-resistant transformants, eight colonies showed positive signals
by the competitive hybridization (Fig. 3). They seemed to be transformed with plasmids
containing 15A-specific cDNA, which were named pABP series of plasmid. Four colonies
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Fig. 3. Competitive colony hybridization of RNAs from isolates 15A and 15B with cDNA
cloned in E. coli. E. coli RRIl cells were transformed by recombinant plasmids
composed of ¢cDNA and pBR322. Colonies resistant to tetracycline were trans-
ferred to two replica nitrocellulose membranes and lysed with NaOH. Both mem-
branes were prehybridized with unlabeled RNA (Pre. RNA) of isolate 15B. Sub-
sequently, left membrane (A) was hybridized with **P-labeled RNA (Probe RNA)
of isolate 15A, and right one (B) with that of isolate 15B as a control. The
membranes were washed for removing free probe RNA and subjected to auto-
radiography. Arrows indicated the positive clones (1, pABP1; 2, pABP2) hybridized
only with labeled RNA of isolate 15A but not of isolate 15B. Only a pair of
filters containing 100 colonies each are shown as an example.

of them were subjected to further analyses.

Analysis of ¢cDNA

Plasmids were prepared from four positive clones, and the lengths of the cloned in-
serts were determined by electrophoresis after digesting the plasmid DNAs by Pstl.
All of them contained cDNAs of approximately 300 base pairs.

Plasmid DNAs were labeled by nick translation with [«-*P]dCTP and subjected to
hybridization with the filter containing electrophoretically separated restricted DNA
fragments of isolate 15A. Labeled pBR322 was also employed as a control. As shown
in Fig. 4, cDNAs were hybridized with one or two of the multiple bands observed in
lane 1 of Fig. 1. It was suggested that the cDNAs were generated from a group of ob-
jective mRNAs which seemed to be transcripted only in isolate 15A.

The level of mRNA homologous to each ¢cDNA in mycelia of several A. alternata iso-
lates was determined by dot blot hybridization (Fig. 5). RNA was separately prepared
from AK-toxin producers, AK-toxin-less mutants, other host-specific toxin producers and
a saprophyte. The mRNA level of each isclate was quantified by densitometorically
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Fig. 4. Hybridization of **P-labeled plasmids (pABP 1, 2, 3 and 4, and pBR322)
with DNA of isolate 15A. The DNA was digested with BaemHI, electro-
phoresed in a 0.8% agarose gel and transferred to GeneScreen membrane.
DNA in each lane was hybridized with %P-labeled plasmids. The memb-
rane was washed for removing free probe DNA and subjected to autora-
diography. The sizes of molecular weight standards (HindIII-digested

ADNA) are given in kilobases.

scanning. In the case of mRNA homologous to pABPI, isolate 15B possessed approxi-
mately half of the mRNA in isolate 15A. The other isolates tested similarly had the
mRNA less than 10% of isolate 15A. Isolates A-II-92 was evident to produce AK-toxin,
but the amount of the mRNA was only 10% of isolate 15A.

Quantitative analysis of mRNA homologous to pABP2 indicated that all isolates ex-
cept for two AK-toxin-less mutants, isolates 15B and L-8205, possessed the mRNA
more than 70% of isolate 15A. In contrast, the amounts of mRNA in these AK-toxin-
less mutants were approximately 10% of isolate 15A.

The distribution of mRNAs homologous to pABP3 and pABP4 was rather similar to
pABPL. There was no significant relationship between the mRNA level and AK-toxin

productivity in the other isclates.
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Fig. 5. Relative amount of RNA homologous to pABP1 and pABP2 in nine isolates of A.
alternata. RNA was isolated from six isolates of five pathotypes, two avirulent
mutants of Japanese pear pathotype and one saprophyte of A. alternata. Each
RNA (10 pg) was denatured and dot-blotted on GeneScreen membrane after a
series of dilution and hybridized with 32P-labeled pABP1 or pABP2. The mem-
brane was washed for removing free probe DNA and subjected to autoradiography.
The densities of dots on developed X-ray film were measured with a densitome-
ter. Relative amount of the RNA is represented as the percentage of isolate 15A.

Discussion

AK-toxin-less mutant, isolate 15B, is similar to the parental isolate 15A in many
features, e. g, the color, shape, growth and conidiation of mycelia cultured on agar or
in liquid medium, and the color, shape, germination and appressorium formation of
spores. They can be distinguished only in AK-toxin productivity and pathogenicity di-
rected by AK-toxin production. Thus, the mutation from isolate 15A to isolate 15B seems
to have occurred only in a site of genome for AK-toxin production, although the muta-
tion in other sites may not completely be eliminated. In addition, certain transcripts
from DNA sequences were detected only in isolate 15A. The transcripts seemed to
hybridize with DNA of not only isolate 15A but also isolate 15B. These results sug-
gested that undetectable change of DNA sequences occurred in a gene of isolate 15A
and caused AK-toxin-less mutation.

Consequently, the construction of ¢cDNAs from mRNAs in a AK-toxin producer is
the first step for revealing genes responsible for the toxin production. The cDNA,
which was synthesized from mRNA of isolate 15A and screened by competitive colony
hybridization, was expected to hybridize with RNA only from AK-toxin producers in dot
blot hybridization experiment. However, mRNAs homologous to the cDNAs existed in
all the used isolates with quantitative differences. The amounts of mRNAs homologous
to the cDNAs were considerably less in isolate 15B than in isolate 15A. The mRNAs
homologous to pABPI, 3 and 4 were not considered to play important role in AK-toxin
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production, because isolate A-II-92, another AK-toxin producer, contained mRNAs
homologous to those cDNAs at lower amount than isolate 15B. pABP2 was different from
the other. The level of mRNA homologous to pABP2 was significantly low only in AK-
toxin-less mutants. This result suggests that our AK-toxin-less mutants might lose
their toxin productivity by considerable decrease of a certain enzyme involved in toxin
production.

Competitive hybridization method is useful in comparative analysis of RNA and scre-
ening cDNA, even if enzymes as the products of genes for toxin production were not
purified as those for AK-toxin. HST has been considered to be a secondary metabolite
in plant pathogenic filamentous fungi. For detecting transcripts for all enzymes in-
volved in the metabolism, it is essential to make a larger size of c¢cDNA library. The
achievement of this ¢cDNA library of mRNAs in A. alternata will provide considerable
progress in studies on genes for toxin production and its expression.
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