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Abstract

Ribosome-inactivating proteins (RIPs) are toxic proteins synthesized by many plants and some bacteria, that speciWcally depuri-
nate the 28S RNA and thus interrupt protein translation. RIPs hold broad interest because of their potential use as plant defense fac-
tors against pathogens. However, study of the activity of type I RIPs has been hampered since their expression in Escherichia coli has
typically been toxic to the model system. Mirabilis expansa, an Andean root crop, produces a type I RIP called ME1 in large quanti-
ties in its storage roots. In this study, the cDNA sequence of ME1 was used to successfully express the recombinant ME1 protein in
E. coli. The production of recombinant ME1 in E. coli was conWrmed by Western blot analysis using anti-ME1 antibodies. The stud-
ies with Xuorescence-labeled ME1 showed that ME1 can enter bacteria and be distributed in the cytoplasm uniformly, indicating its
ability to access the protein synthesis machinery of the bacteria. The recombinant enzyme was active and depurinated yeast ribo-
somes. However, both native and recombinant ME1 proteins failed to depurinate the E. coli ribosomes, explaining the non-toxicity
of recombinant ME1 to E. coli. Structural modeling of ME1 showed that it has folding patterns similar to other RIPs, indicating that
ME1 and PAP, which share a similar folding pattern, can show diVerent substrate speciWcity towards E. coli ribosomes. The results
presented here are very signiWcant, as few reports are available in the area of bacterial interaction with type I RIPs.
  2004 Elsevier Inc. All rights reserved.
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Ribosome-inactivating proteins (RIPs) are a family of
cytotoxic enzymes widely distributed in the plant King-
dom [1]. RIPs are polynucleotide adenosine glycosidases
that cleave the glycosidic bond of an adenosine base in
an evolutionarily conserved sequence (GAGA) located
in the �-sarcin/ricin (S/R) loop of eukaryotic ribosomes
[2,3]. RIPs show depurination activity against eukaryotic
and prokaryotic ribosomal RNA (rRNA) in the pres-
ence and absence of ribosomal proteins [4]. Depurina-

tion of the S/R loop prevents binding of the elongation
factor 2 to the ribosome, and results in protein synthesis
inhibition [5]. Apart from the depurination of rRNA,
RIPs exhibit the ability to depurinate DNA, poly(A),
and viral RNA [6–8]. Studies on substrate speciWcity
indicate that some RIPs can also interact with and depu-
rinate mRNA [9], leading to a recent study demonstrat-
ing that depurination by ME1 does not require the cap
structure for recognition [10].

RIPs have been characterized from various plant
sources and are classiWed as type I, II, and III proteins.
Type I RIPs consist of a single polypeptide chain of
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approximately 30 kDa. In contrast, type II RIPs contain
a catalytically active A-chain and a carbohydrate-bind-
ing B-chain. Both chains are derived from a single pre-
cursor by the excision of a linker sequence between the A
and B domains and are held together by a disulWde
bridge between the C-terminus of the A-domain and the
N-terminus of the B domain. Type III RIPs have a single
chain but are distinctly diVerent from both type I and II
RIPs in their sequence.

RIPs hold broad interest because of their potential
use as plant defense factors against viruses and fungi.
Transgenic plants expressing RIPs show enhanced resis-
tance to disease-causing pathogens: the barley RIP
expressed in tobacco (Nicotiana tabacum) protected
plants from the soil-borne pathogen Rhizoctonia solani
[11,12], and maize RIP expressed in tobacco plants con-
ferred resistance against the corn earworm, Helicoverpa
zea (Boddie) [13]. Additionally, many RIPs are used as
immunotoxins by linking them to antibodies speciWc to
target cells [14,15]. For instance, the anti-CD19 and anti-
CD22 immunotoxins made of murine IgG(1) monoclo-
nal antibodies (Mabs) conjugated to a deglycosylated
ricin A-chain (dgRTA) were eVective in killing the B-
lineage of non-Hodgkin’s lymphoma (NHL) [16].
Understanding the mechanism of biological activity of
RIPs greatly enhances our ability to use them as defense
proteins against pathogens. Production of RIPs as bio-
logically active recombinant proteins enhances our abil-
ity to use them as immunotoxins.

The expression of RIPs in bacteria as recombinant
proteins is complicated because of their cellular toxicity.
The expression of type I RIPs in Escherichia coli has typ-
ically been toxic to the model system because of their
ability to depurinate prokaryotic ribosomes. Studies
with dianthin and Phytolacca antiviral protein, PAP,
both type I RIPs, indicate that these RIPs cleave a bond
between the A-2660 and the ribose of the 23S rRNA of
E. coli, a position equivalent to the A-4324 of eukaryotic
28S rRNA [17]. PAP mutants, which do not inhibit
E. coli growth but inhibit eukaryotic protein synthesis,
have been constructed and expressed in E. coli [18]; how-
ever, PAP mutants, despite their non-toxicity to E. coli,
are apparently able to retain their ability to inactivate
prokaryotic ribosomes [19]. Mirabilis antiviral protein
(MAP) from Mirabilis jalapa has been expressed with its
own signal sequence in E. coli, but the synthesis resulted
in low yields and inhibition of bacterial growth [20]. Our
recent work with ME1, an RIP from Mirabilis expansa,
has shown that ME1 has close sequence similarity with
MAP [10]. Previous studies of RIP activity on bacterial
ribosomes have shown that type I RIPs show varying
degrees of toxicity against bacterial ribosomes [21,22].
Interestingly, ME1 has both anti-fungal and anti-bacte-
rial activities [23] that make this RIP an interesting tar-
get for expression studies aimed at understanding the
biological activities of the RIPs. The toxicity of ME1

depends on its localization and the ability of the ME1 to
depurinate the ribosomes of the host cells. Expression in
bacteria allows us to understand how prokaryotes
respond to a synthesis of these plant toxins. In the pres-
ent study, we describe how ME1 was successfully
expressed in E. coli, and discuss the enzymatic activity of
this recombinant protein and its structural similarities to
other RIPs.

Materials and methods

Plant material

Seeds of M. expansa (CIP Accession 208001, ARB
5395) were obtained from Dr. M.K.V. Zant, Southern
Illinois University, USA, and the native ME1 protein
was puriWed from the storage roots of M. expansa [23].

Construction of the recombinant expression system

ME1 was cloned into the pET28 vector at the NdeI
and BamHI sites for expression in E. coli pLysS. The
open reading frame of ME1 has 317 amino acids and was
obtained from a M. expansa storage root cDNA library
using polymerase chain reaction (PCR). The enzyme sites
NdeI and BamHI were generated using the following 5�
and 3� primers: CATATGGAAACTATGAGGTTGC
TCTTCC and GGATCCTTAAGAAGATGCAACTA
CAACACTA. The PCR product containing the open
reading frame was cloned into a TA cloning vector,
pGEM-T Easy (Promega, Madison, WI). The TA clone
plasmid was isolated by mini-prep using a plasmid isola-
tion kit (Bio-Rad, Hercules, CA) and digested with NdeI
and BamHI. The fragment with the gene sequence was
separated on a 1% agarose gel and ligated into a pET28b
expression vector (Invitrogen, Carlsbad, CA) digested
with the same enzymes. The resulting vector, ME-pET
28b with an N-terminal His6-tag, was sequenced to con-
Wrm the sequence of ME1 and proper ligation to the vec-
tor. The ME-pET 28b was transformed into pLysS
(Invitrogen) bacterial cells for expression.

Expression of recombinant protein

The ME1 protein was expressed in E. coli pLysS
strain by induction with IPTG (isopropyl-�-D-thiogalac-
topyranoside). The E. coli BL21(DE3) pLysS strain con-
taining the ME1 expression plasmid was grown at 37 °C
with constant shaking in Luria–Bertani (LB) medium
supplemented with 50�g/ml kanamycin and chloram-
phenicol, until the culture reached an absorbance of 0.5
at 620 nm. ME1 protein synthesis was induced by the
addition of 1 mM IPTG to the medium and the culture
was grown for 3 h at 200 rpm under constant shaking. To
study the toxicity of the induced ME1 against the host
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