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A mutation in the ribosomal protein L3 confers resistance
to Deoxynivalenol in transgenic tobacco

R. MITTERBAUER, B. POPPENBERGER and G. ADAM

Introduction

Mycotoxins belonging to the class of tri-
chothecenes act primarily as inhibitors
of eukaryotic protein synthesis. Gene
disruption studies indicate that produc-
tion of deoxynivalenol (DON), a mem-
ber of the trichothecenes, is a virulence
factor of Fusarium graminearum. The
probable role of the toxin is to inhibit
active defense responses of the plant by
interfering with the expression of defen-
se related proteins and to condition the
host for colonization. Correlative evi-
dence is available that toxin resistance
significantly contributes to field resi-
stance of wheat.

It was shown in yeast that trichodermin
(also a member of the trichothecenes)
binds to a component of the 60S subunit
of the wildtype ribosome (Barbacid and
Vazquez, 1974) and that the trichoder-
min resistance gene 7CM1, which was
found to encode the ribsomal protein L3
(RPL3), is responsible for semidominant
resistance to the toxin (SCHULTZ and
FRIESEN, 1983).

Materials and Methods

We used yeast as a model system to ex-
plore molecular mechanisms responsible
for deoxynivalenol resistance and iden-
tified semidominant mutations in the L3
gene.

In order to save expensive toxin, all yeast
strains employed contain a disruption of
the gene PDR5, which encodes a plas-
ma membrane localized ABC transpor-
ter protein with specificity for trichothe-
cenes (Adam & Lemmens, 1996). For the
shuttle mutagenesis of yeast RPL3, a
strain was constructed containing a de-
letion of the chromosomal RPL3 gene.
This strain (YZGA315) is viable on ga-
lactose medium due to a plasmid allo-
wing expression of RPL3 under control
of the glucose repressible GAL! promo-
ter. A plasmid, which contains a wildtype

copy of RPL3 and the TRPI and ADE?2
genes as selectable markers, was muta-
genized by passage in the E. coli muta-
tor strain XL1-Red (Stratagene) and by
hydroxylamine-mutagenesis. Upon
transformation of YZGA315, colonies
were selected on glucose based medium
and transferred to plates containing 100
ppm DON. Plasmid was recovered from
resistant colonies, and the alterations re-
sponsible for resistance identified by
subcloning and sequencing.

A tomato cDNA clone LeRPL3 was iso-
lated from a phage lambda cDNA libra-
ry and sequenced. One of the alterations
identified in yeast was introduced into
the gene by overlap extension PCR. Fur-
thermore, a c-myc epitope was added at
the C-terminus. The constructs were clo-
ned into a binary plasmid behind the 35S
promoter and introduced into tobacco by
Agrobacterium-mediated transformati-
on. Transgenic plants were characterized
by Southern and Western blotting and
tested for alterations in toxin resistance.

Results and Discussion

Semidominant mutations in RPL3 (for-
merly known as TCM1) conferring resi-
stance to the trichothecene trichodermin
had been described previously (Fried &
Warner, 1981), but the nature of the mu-
tation was not determined. We have per-
formed a random mutagenesis of yeast
RPL3 and characterized 100 plasmids
conferring resistance to DON. Five sin-
gle amino-acid alterations in four diffe-
rent positions of the protein which lead
to DON resistance were identified by
subcloning and sequencing. In addition,
we have also identified the amino-acid
change in two of the original TCM1
mutants.

One of the changes (W255C in ScRPL3)
was engineered into the highly homolo
gous tomato RPL3 ¢cDNA and introdu-

ced into yeast and tobacco.

The tomato gene, without and with a C-
terminal epitope tag is able to comple-
ment a yeast mutant containing a deleti-
on of RPL3. In addition, the engineered
version of the tomato cDNA also con-
fers DON resistance in yeast. Subse-
quently we have introduced the wildtype
and the engineered versions of LeRPL3,
with and without the c-Myc tag into tob-
acco.

Characterization of the several transge-
nic plants in different assays (seed ger-
mination on toxin containing medium,
regeneration of leaf disks, gravitropism
response in the presence of DON) revea-
led at first that, at best, a disappointingly
small increase in toxin resistance could
be achieved. Analysis of protein extracts
of the transgenic plants furthermore
showed that, in contrast to the wild type
protein, only traces of the tagged Rpi3p
containing the mutation are detected. Our
hypothesis is that the mutant RPL3 pro-
tein has a disadvantage during assembly
into the ribosome, and that this protein
is rapidly degraded. A similar phenome-
non was observed in yeast heterozygous
for RPL3, /RPL3 ... Despite being
present in unstressed yeast in a low
amount, the mutant form of the protein
confers semidominant resistance. Pret-
reatment of yeast with sub-inhibitory
amounts of DON led to a rapid accumu-
lation of the mutant form of the protein
and dramatically improved toxin resi-
stance.

We applied those findings to tobacco by
adapting the transgenic plants to low
concentrations of DON before transfe-
ring them to media containing higher
amounts of toxin. Using this approach
we obtained a significant increase of
DON resistance of the transgenic tobac-
co plants.It remains to be tested whether
the improved ability to adapt to the
fungal toxin leads to enhanced Fusari-
um resistance in transgenic wheat.
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