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A microsporidium, from cabbage white butterflies, Pieris rapae, collected in Korea, was purified and
characterized according to its gene structure, spore morphology and pathogenicity. From the obser-
vation of the isolate by SEM and TEM, the endospores, exospores and nuclei, about 12 polar filament
coils of the polar tube and posterior vacuoles were all identified. The nucleotide sequence was deter-
mined for a portion of genomic DNA which spans the V4 variable region of the small subunit rRNA
gene. Comparison with the GenBank database for 15 other microsporidia species suggests that this iso-
late is most closely related to Nosema species. The pathogenicity against cabbage white butterflies was
quantified by inoculating variable doses of spores to the second instar larvae. Peroral inoculation at a
dosage of 10° spores/ml resulted in the death of all larvae prior to adult eclosion, but at lower spore dos-
ages of 10°-10° spores/ml, many adults successfully emerged. The median lethal dose (LD,,) was deter-

mined to be 4.6X10° spores/ml and the isolate also transmitted transovarially to the progeny eggs at

a frequency of 92%.
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Microsporidia are obligate intracellular parasites and have
long been considered primitive eukaryotes, both on the
basis of morphological features and on the basis of molec-
ular, mainly ribosomal RNA-based, phylogenies (Peer ez
al., 2000). The rRNA genes have been shown to be evo-
lutionarily very highly conserved, but the intergenic
spacer regions around them are highly variable, even
between closely related species (Fedoroff, 1979; Long
and Dawid, 1980). The V4 variable region of the small
subunit rRNA (ssrRNA) gene, comprising two conserved
regions flanking a variable region, have shown marked
differences among species (Malone et al., 1994).
Micorsporidia were first recognized in 1857 when
Nosemd bombycis was described as a silkworm parasite
(Nageli, 1857). Microsporidia have subsequently been
reported as infecting major animal groups, from other pro-
tists to invertebrates and all classes of vertebrates; more
than 140 genera and almost 1,200 species have been rec-
ognized (Canning and Lom, 1986; Sprague, 1992; Mal-
one et al., 1994; Sprague and Becnel, 1999). Also a
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number of microsporidia of medical importance, which
cause opportunistic infections in AIDS patients, have
recently been identified (Weber et al., 1994).

Among almost ‘1,200 microsporidial species, at least
200 belong to the genus Nosema (Sprague, 1982) and
most Npsema species are parasitic in invertebrates (Spra-
gue, 1982). A majority of these such as N. bombycis
(Canning et al., 1999), N. mesnili (Nageli, 1857; Paillot,
1924; Cheung and Wang, 1995), N. tyriae (Canning et al.,
1999), N. algerae (Miiller et al., 2000), N. apis (Malone,
1994) and N. trichoplusiae (Malone, 1994) have patho-
genicity to various insects. Their development takes place
from direct contact with the host cell cytoplasm and
nuclei are paired throughout the entire life cycle (Vavra
and Larrson, 1999). Although microsporidia are spread
parasites, only a few cabbage white butterfly infections
with Nosema species have been reported.

In this paper, we report a strain of Nosema species
which was isolated from a cabbage white butterfly (Pieris
rapae) from Korea. The experiments were based on the
use of a partial nucleotide sequence for the V4 region of
sstRNA gene, along with conventional microscope and
insect pathogenicity experiments, to identify microspo-
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ridia species from the cabbage white butterfly, Pieris
rapae (L.), which is a widespread pest of brassicas.

Materials and Methods

Microsporidia isolates

Spores of an unidentified microsporidium were obtained
from P. rapae larvae collected from an insectarium (Na-
Bi-Na-Ra) in Go-Yang, Korea. Infected larvae were mac-
erated in phosphate-buffered saline and the resultant spore
suspension was filtered through cotton wool. Spores in the
filtrate were purified by the method of Sato and Watanabe
(1980) using a gradient of neutralized Percoll (Sigma).
After centrifugation at 73,000 g for 30 min, a’band of
purified spores was collected from the gradient. This band
was rinsed twice and the final suspension of spores was
stored in distilled water at 4°C until required. Spores were
quantified using a hemocytometer.

Light and electron microscopy

Spore samples were prepared for electron microscopy by
fixing for 7 days in a 2.5% (v/v) glutaraldehyde in 0.1M
cacodylate buffer (pH 7.4) counting 0.1% CaCl,. Samples
were postfixed in 1% aqueous OsO, (w/v) for 120 min,
dehydrated through ascending ethanol series, and embed-
ded in Epon-Araldite. Ultrathin sections were cut with a
diamond knife mounted on a ultramicrotome (Leica Ultracut
UCT), stained in methanolic uranyl acetate and then lead
citrate (Takaki, 1990), and examined with an electron
microscope (Zeiss LEO 912AB) operated at 100 kV.

Partial ssTRNA sequencing

DNA was prepared from spores using a Qiamp Tissue Kit
(Qiagen, Germany). Spores were incubated in digestion
buffer with 400 g of proteinase K (Qiagen, Germany) at
55°C for 3 days. 500 ug glass beads (425-600 um; Sigma)
were added and the mixture was vortexed for 1 min three
times daily (Miiller et al., 1999).

PCR primers were selected to amplify partial nucleotide
sequences, spanning the V4 region of the ssTRNA gene
(Malone et al., 1994). Primers had the following sequences:
5-GTTGATTCTGCCTGACGTA-3' (bases 7 to 25, Vair-
imorpha necatrix numbering as recorded in the GenBank
database accession no. M24612) and 5-ACCCGACGT-
GCGCGTTATGT-3' (bases 988 to 1007). The amplified
DNA fragments were cloned in pGEM-T easy Vector
(Promega). DNA sequencing was performed using ABI
377 Genetic Analyzer (PE Applied Biosystems, USA).

Phylogenetic analysis using PAUP and PHYLIP

Sequences of the following microsporidian species were
used in our analysis: Ameson michaelis, 1.15741 (GenBank
database accession number); Encephalitozoon cuniculi,
Z19563; Encephalitozoon hellem, 1.19070; Ichthyosporidium
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sp., L39110; Nosema apis, X73894; Nosema bombi,
AY008373; Nosema bombycis, 1L.39111; Nosema trichop-
lusiae, U09282; Pleistophora sp., U10342; Vairimorpha
lymantriae, AF033315; Vairimorpha necatrix, Y00266;
Vairimorpha sp, L39114; Vavraia oncoperae, X74112;
Vittaforma corneae, U11046. A protoctistan unrelated to
the Phylum Microspora, Trypanosoma brucei, M12676,
was included in the sequence comparisons as the taxo-
nomic outgroup for phylogenetic tree construction.
PAUP (Phylogenetic Analysis using Parsimony) ver 3.0
(Swofford, 1990) was used to infer possible phylogenetic
relationships among the microsporidia. The reliability of
the trees was tested by 1,000 iterations of boot strapping
(Felsenstein, 1985). As an alternative to the parsimony
analysis, we used the neighbor-joining (NJ) method and
the maximum likelihood (ML) method incorporated in

- PHYLIP (Phylogeny Inference Package) ver 3.5¢ (Felsen-

stein, 1993). To obtain a phylogenetic tree, the data set
was first iterated 100 times using the subprogram SEQ-
BOOT. Next, in the case of the NJ method, the iterated
data set was run using the subprogram DNADIST to
obtain the distance matrix with the option of Kimuras 2-
parameter method (Kimura, 1980), which attempted to
correct observed dissimilarities for multiple substitution in
sequences evolving with a transition bias. Individual trees
from each distance matrix were obtained using the sub-
program NEIGHBOR. In the case of the ML method,
individual trees were directly obtained using the subpro-
gram DNAML. In both cases, the T. brucei sequence was
included in the analysis of tree roots. Finally, a consensus
tree representing reliability at each branch in the tree was
obtained using the subprogram CONSENSE.

Pathogenicity

Second instar larvae were allowed to feed on a cabbage
containing 10°-10° spores/cm® of the microsporidia. Moths
obtained from the exposed larvae were provisionally
regarded as infected. Infected females (IF) were paired
with infected males (IM) for the studies of venereal trans-
mission. After mating and oviposition, all moths were
macerated and the wet mounts were examined for
microsporidian infection a under light microscope.

Results and Discussion

We isolated a microsporidium from a cabbage white but-
terfly, Pieris rapae which was collected from an insectar-
ium in Korea. For identification, the ultrastructure of the
isolate was observed by electronmicroscopy. Until recently,
the classification system of Sprague, proposed in 1977
and updated in 1982, was the most widely used (Sprague,
1977; Sprague, 1982). Species classification is based on
ultrastructural features, including the size and morphology
of the spores, the number of coils of the polar tube, the
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Fig. 1. Scanning electron micrographs of Nosema sp. CO1 isolated from
Pieris rapae collected in Korea.

developmental life cycle, and the host-parasite relation-
ship. When observed with the scanning electron micro-
scope, the shape of the microsporidia spores was spherical
and the surface sculpturing was crumpled (Fig. 1). The
spores measured about 3.8 to 4.7 by 1.9 to 2.6 um. Spores
had an endospore and an exospore with a wavy outline.
The anchoring disc of the polar tube lay within the polar
sac, which formed a deep dome at the anterior extremity
and extended laterally over the compact membranes of the
polaroplast. The coiled region of the polar tube was
arranged as 12 to 13 isofilar turns in various spores,
always in a single rank close to the spore wall. The
diplokaryon nuclei were slightly separated. At the poste-
rior end of the spore was a membrane-bound vacuole with
amorphous contents (Fig. 2). The cytoplasm occupying the
rest of the spore was packed with ribosomes. Sites of
infection were the gut epithelium and the fat body (Fig.
3). The microsporidium does not produce the panspono-
blast in the developmental life cycle. These features are
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Fig. 3. Cross section of the fat body of Pieris rapae larvae infected
Nosema sp. COL.

most closely aligned with the genus Nosema.

As well as ultrastructural morphology, the microsporid-
ial taxonomy has been expanded by the use of DNA-
sequence data, mainly sequences of ribosomal RNA (Mal-
one et al., 1994). Partial nucleotide sequence for the V4
region of sstfRNA gene of the isolated microsporidium
from P. rapae, was lodged in the GenBank database under
accession no. AF485270. The V4 region, comprising two
conserved regions flanking a variable region, was chosen
because comparison of microsporidia ssrfRNA gene
sequences has shown marked differences among species in
this part of the gene (Malone et al., 1994). Microsporidia
consist of nearly 150 genera, but only 4 genera (Nosema,
Vairimorpha, Thelohania, Pleistophora) as well as unclas-

A

Fig. 2. Transmission electron micrographs of Nosema sp. CO1 isolated from Pieris rapae collected in Korea. A, Longitudinal section of spore showing
insertion of polar tube into polar sac(ps) with lateral extensions (arrow) over the polarplast(pp); B-C, The diplokaryon(n), endospore(En),

exospores(Ex), polar tube(P) and posterior vacuole(pv) are visible.
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Table 1. Microsporidia described or reported from cabbage white butterfly

J. Microbiol.

Microsporidian species Spores sizes Host insects References

Nosema(Perezia) mesnili 3-4X 1.5-2 pum P, brassicae Pillot (1918)

P, rapae Tanada (1953)

P, canidia Cheung & Wang (1995)
Microsporidium(Thelohania) mesnili ?firil?lﬁsiri{ixﬁl)m P. brassicae Paillot (1924)
Pleistophora schubergi aporiae 2X 1.5 um P. brassicae Veber (1956)

. P, rapae Issi(1969)
Thelohania sp. 5.6-68x3.1-3.8 um P, rapae Laigo and Paschke (1966)
3.8 X 1.8 um(Free spores)

Vairimorpha sp 3.1 X 1.9 um(Octospores) P. rapae Malone & Meclvor (1996)

8.0 X 2.1 um(Macrospores)

Nosema sp. COL (AF485270)

Nosema trichoplusiae (U09282)
Nosema bombycis (L39111)
Nosema apis (X73894)

” Nosema bornbi (AY008373)
] Vairimorpha necatrix (Y00266)

86 Vairimorpha sp. (L39114)

Vairimorpha lymantriae (AF033315)

w [ Pleistophora sp. (U10342)

Vittaforma corneae (UI 1046)

I—O.E Encephalitozoon hellem (1.19070)
Encephalitozoon cuniculi (Z19563)
Ameson michaelis (1,15741)

99

100 Ichthyosporidinm sp. (1.39110)
l: Vavraia oncoperae (X74112)

Trypanoso brucei (M12676)

Fig. 4. PAUP analysis of nucleotide sequences for the V4 regions of
partial small subunit ribosomal RNA gene using sstRNA genes of Try-
panosoma brucei as an outgroup. The tree shown is an unordered tree
obtained with the option of “retain groups with frequency >50%” by
majority-rule consensus of 100 equally parsimonious trees from the
heuristic search. The numbers shown on the branches represent boot-
strap values for 1,000 replicates. Parentheses are Geneback database
accession numbers.

ified microsporidia have been described as pathogens in
Pieris spp. (Table 1).

A phylogenetic tree was constructed on the basis of the
ssStRNA sequence of 15 other microsporidia species

deposited. in GenBank, including the isolated microspo-
ridium. This tree based on sequence distance data trans-
formed by the mean distance values method is shown in
Fig. 4. The tree places the isolated microsporidium from
P. rapae closest to Nosema trichoplusiae, a microsporid-
ium pathogen from the Asian honey bee, Apis cerana and
Nosema bombycis, a microsporidium pathogen from the
silkworm, Bombycis mori. N. apis appear on another
nearby branch to this microsporidium, along with the lepi-
dopteran-infecting Vairimorpha species, Vairimorpha nec-
atrix, Vairimorpha sp. and Vairimorpha Ilymantriae.
Pleistophora sp. and Vittaforma corneae are closely
linked and in the same major grouping as the Nosema and
Vairimorpha species. The two Encephalitozoon species
are placed in a somewhat separate group. Ameson michae-
lis, Ichthyosporidium sp. and Vavraia oncoperae appear to
be quite separate from the other microsporidia. Also the
results of phylogenetic analyses using the neighbor-join-
ing (NJ) method and the maximum likelihood (ML)
method incorporated in PHYLIP showed an overall similar
branch pattern as shown in the PAUP (data not shown). In
our nucleotide sequencing result, the V4 region sequence
data suggest that this isolated microsporidium is most
closely related to Nosema species.

Mean distance values among the sequences of the V4
regions of the ssTRNA genes of the microsporidia species
varied more widely (0.5 to 47.3%). This wide diversity
among the microsporidia may be the result of their long
evolution as obligate parasites of a wide range of host ani-

Table 2. Effect of Nosema sp. CO1 infections on larval mortality and moth infectivity of the cabbage white butterfly, Pieris rapae

Inoculum No. larvae No. dead with infection No. moths emerging %

(spores/ml) infected Larvae Pupae % (%) Moths infected
1X<10° 19 0 0 0 19(95) 0
1x10* 18 0 1 6 17(94) 47
1X10° 20 0 0 0 20(100) 85
1x10° 20 5 3 40 12(60) 100
1x107 20 9 4 65 7(35) 100
1< 108 19 19 0 100 0(0) -
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Table 3. Assay on transovarial transmission Nosema sp. COl1 from
infected parents to the progeny

Paired moths*

Assayed
IFXIM IFXHM HFXIM HFXHM
No. tested 7 24 20 37
No. infected eggs 7 22 0 0
Transmission rate(%) ... 100 92 0 0

*IF : infected female, IM : infected male, HF : healthy female, HM :b
healthy male

mals (Vossbrinck et al., 1987).

In the quantitative bioassay, peroral inoculation of the
microsporidia to 2nd instar larvae at a dosage of 10°
spores/ml resulted in the death of all larvae prior to adult
eclosion (Table 2). At a lower spore dosage of 107 spores/
ml, a few adults successfully emerged. At 10* spores/ml,
many individuals survived to adulthood and only a few of
these adults were infected. The median lethal dose (LD,)
was determined to be 4.6x10° spores/ml and the median
infectious dose (ID,)) was determined to be 1.0x10*
spores/ml. The isolated microsporidium was virulent and
caused chronic disease at high concentrations, whereas it
was highly virulent and produced acute disease at low
concentration.

The examination of eggs showed that the microsporidia
was transmitted transovarially by all infected females. Mater-
nal-mediated transovarial transmission of the microsporidia
to the progeny eggs took place at a frequency of 100%
(Table 3). No transmission of the microsporidia to the
progeny occurred in the HF XIM crosses, an indication
that there was no venereal pathway for either microspo-
ridium. Although Kellen and Lingegren (1971) reported
the venereal transmission of a microsporidium in the
Indian meal moth, Plodoa interpinctella, that of the iso-
lated microsporidium in the cabbage white butterfly was
negative in the present study using surface-sterilized eggs,
suggesting that the microsporidium might not be trans-
mitted via sperm from male adults into the progeny eggs.

From these results, both morphological features and ssr-
RNA-sequence data, we propose that this species be
placed in the genus Nosema and named Nosema sp. CO1.
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