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Molecular Approaches to Determine the Character of Serralia marcescens
Associated with the Insect Pathogenicity to Brown Planthopper
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A bacterium, pathogenic to Nileparvata lugens Stal. causing high mortality in 3~5 dayvs, were
selected and identified as Serrafiz mercescens biotype A2a which is not a nesocomially infeclive
strain. In order to determine the characters of Serratic marcescens associated with insect
pathogenicity, TnS mulagenesis was carried out by conjugating with £, coli pJB4J1.
Transconjugants were plate-assayed for missing chitinase, protease and DNase activity. A
protease negative mutant was selected for missing 1nsect pathogenicity. SEM and TEM re-
vealed the presence of bacterial cells in the epithelial tissue of inner abdomal tissue of the
hypodermic Jayer of abdomen. Such a calonization was limmited to the subjacent tissue inside
the intacl cuticular epidermis. These cbservation supported our result of pathogenicity tests of
iransconjugants.

KEY WORDS Serratic marcescens, Tn mutagenesis, insect pathogenicity related character,
Nilaparvata lugens.
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Rice Brown planthopper{BPH} (Nilaparvaia
lugens Stal.) is one of the most importani insect
pests of rice, causing “hopper burn”, which has

been the subject of the intensive control practice

in rice paddies in Korea as well as elsewhere.
Moreover, this BPH highly variable so ihat very
low efficacies of agrochemical treatment are ob-

tainable recenily, either through “the develop-
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ment of tolerance” to chemical insecticides with-
in a short period of time from their release or
“the resurgence”, unexpected multiplication be-
yond the threshold population to epidemic level
by destroying natural enemies. Se, the varietal
resistance of rice has been the major concern
for the rice breeders to get over such problems.
Unfortunately, however, new biotypes appeared
again, within a shart period of time after
resistance-gene—exploitation, so  that  the
resistance of new cultivar was succumbed to
bph.

It is a migratory insect pest through the air
currents, which was confirmed not to
overwinter m Korea. IU's feeding site is at the
sheaths of rice plant just above the irrigation
water level, where high humidities are readily
available for microbial colonization. This same
ecological niche 1s the primary infection site for
rice sheath blight fungus, an endemic pathogen
in rice paddies and no germ-plasm sources are
available for resistance gene exploitatiorn.

Therefore, we have attempted to isolate the
microorganisms that are potentially pathogenic
on rice brown plant hopper, and to determine
the characters associated  with  insect
pathogenicily through the molecular biological

approaches.
MATERIALS AND METHODS

Isolation and identification of insect pathogenic
microorganisms from the ecological niche
Periodically collected samples of bph were di-
lution-plated on Nuirient agar and incubated at
25427 for 3days. Only virulent isclates were
selected for further standard identification pro-
cedure (Collins & Lyne 1584, Kado 1973, Krieg
1984) and biotyping (Grimont & Grimonl

1978h) together with repressantalive species of
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Serratia.

Tn5 mutagenesis of S. marcescens with E. coli
pJBAJI

The bacteria strains used and their relevant
characteristics are shown m Table 1. The E. coli
pJB4JI and the 5. marcescens(Rif*) were grown
overnight. in 5m] LB broth with Kanamycin{100
#l/ml) and Rifampicin{50x1/ml) at 28T,
from which 0.06ml of the suspension were ince-
ulated m 5 ml LB containing antibictics
respectively. these were grown to the log-phase
and cells were harvested. The cells pellels were
suspended in 1lml of 0.85% NaCl and pelleted
again respectively. Both bactemal cells were
mixed by suspending in the 0.2ml of 0.85%
MacCl and transferred to membrane filter on LB
without antibiotics and incubated ai 28°C over-
night. Bacterial cells on the filterpaper was
washed with disiilled water in test tube. The 0.
2ml solution was transferred to LB with both
antibiolics and spread with sterile glass rod.
Those transconjugants appeared in 12hours,
were picked up with sterile tooth pick and
streaked on the counter—seleclive media. Only
those actively growing colonies on counter—
selectivie medium containing bath Kanamycin
and Rifampicin but not on Sireptomycin and
Rifampicin were selected and stored f{;r futher

study.

Screening of S. marcescens and transconjugant
by plate assay

S. marcescens and several thousand tran-
sconjugatant were screened by replica plating
on the indicator media for chitinase, protease,
nuclease. Indicator media were: chitinase test
agar [Dehydrated nutrient broth, 5g: swollen
chitin, 25ml; Bactoagar, 8z, distilled waler, 1
2), Protease test agar [Bactopeptone, bg;
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Table 1. Bacterial strains transposons, and plasmids

Strain, phage, or plasmid Relevent characteristics

Serratia marcescens R. wild type
Serratia marcescens No. 1 wild type
Serratia marcescens No. 2 wild type
E. coli

HB101 F~ AhsdS20(rb mb™ YrecAl13 are-14 proA?Z
lacY 1 gallK2 rps20 (Strr) xyl-5 mil-1

supB44,™ thi leu

DHE ¢ F endAl hsdR17 (K mk')supFdd thi-1 rerAl

gvrA D6 relAl OBOdlacZM15

Plasmids

pLAFR3 pLAFRI conlaining Haell fragment of pUCS
pREK2013 IncP, Km® Tra Rk2" repRKZ repEl

pUW964 Km'(Tnb), Sm'(Tn7)
pB329  Ap', Te', Cm’

pJB4JI Km (Tn5), Sm*(Tn7)
pUC18 & pUC19 Cloning vector

Sourse

HEK. Kim
#”

K

N. Panopoulos

M. Chong

B. Staskawicz
N. Panopoulos
M. Schroth
M. Schroth

E. Ely

Messing el al.

Skim milk power, 10g; Bactoagar 156g; distilled
weter, 1 { ] and DNase test agar [DNase agar,
42g; methyl green, 0.07g; distilled weter, 1 ¢ 1.
Replica plates were observed in 48~72 hours
for protease or DNase aclivity and in 96~120

hours for chitinase activity at 28%C.

Growth of plant and maintenance of hopper pop-
ulation

Rice plants(Oryza sative L. cv. Chuchung
byeo) were grown for two weeks and three
plants of two week old seedlings were trans-
planted mnto pot{10ecm in diameter and 12cm in
height) in a growth chamber for two weeks and
then the plants were covered with a mylar
cages. Brown planthopper populations were
rountinely maintained in rearing cages feeded
with rice seedlings in laboratory. Development
stages of bphs were synchronized by intermit-

tent isolation of nymph of same stage from the

heterogenous mixture population and mam-
tained in the individual rearing cages. An adult
BPH populations that are just molted from 4th
instar nymphs was subjected 1o bioassay of bac-
terial sirains for insect mortality.
Bioassay of Tn5 mutants against hbrown
planthopper

The each of protease, chitinase and DNAase
negative sirains were grown in 10ml LB media
overnight. Bacterial cells were pelleted and
resuspended in 0.1M MgS0; solution. Inocuium
cancentralion was adjusted io 4> 10° per millili-
ter with Spectrophotemeter{Spectranic 20,
MILTONROY CO.}. The suspension of 3ml were
sprayed on the rice plants per pat, first. Then,
the lifteen adult bphs from routinely maintain-
ing synchronized popultion jusi molied {from 4th
instar stage nymph were iniroduced in each

caged pots with three replicates. Insect morlali-
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ty was rated in 5 days.

Electron microscopy

Scanning electron microscopy of healthy
vs. infected insect tissue! The healthy and the
infected adulis were longnudinally seclioned
with a razar blade in 90 hours after inoculation
(10? cells/m] of bacteria). prefixed in 10 volume
of 2.5% glutaraldehyde{pH 7.0} for 2~ 3 hours
and washed three times with 0.1M sodium phos-
phate buffer(pH 7.4}(PBS) for 1 hour. The
specimens of longitudinal sections then were
postfixed with 1% Os0,(Osmium tetraoxide)
for 1~2 hours, washed with PBS and subjected
to a series of dehydration with ethanol from 60,
70, 80, 90, to absolule absolute ethanol and ace-
tone. The specimens then were dryed and sub-
jected with the gold-coating and observed at 8,
000 X under the scanning electron microscope
(DS-130).

Transmission electron microscopy of in-
fected insect tissue:. The head, thorax and ab-
domen of the infected and/or healthy brown
planthoppers were carefully sectioned with a
razor blade, fixed in 2.5% glutaraldehyde (pH
7.0) for 2 hours at 4°C, and washed in 0.2M so-
dium phosphate buffer(SPB)(pH7.2) for 2
hours. The specimens were then dehydrated se-
quentially with ethanal from 30, 70, 80, 90, 95
to 100% and embedded in Epon 812. The speci-
men blocks trimmed to an appropriate shapes
were semithin—sectioned to 0.35xm thick with
ULTRA CUT),

stamed with Toluldine blue and previewed with

Ultratome({Reichert  Jung.

a lighl microscope at 800X magnification Lo
screen the most suitable specimen block.

For the transmisslon electron microscopy, the
infected tissue in specimen blocks were the
ultra-thin seciioned to 70nm thick, followed by

staining with a uranyl acetate and a lead cit-
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rate, and observed at 8,000X~10,000X under
transmission electren microscope(Hitachi, H-
600).

RESULTS AND DISCUSSION

Identification of insect pathogenic bacteria

Isclates were characterized 1o be gram nega-
tive, straight rod, oxidase negative and catalase
positive, which are differentiating traits of
Enterobacteriaceae from the other families of
facultatively anaerohic, gram negahve rods.
From other traits of red color pigment, gelatin
Hguefaction. and the ability of uulizing citrate,
this bacterium was classified as genus Serratia.
So far, 7 species of Serratia are described. It
was identified as Serratia marcescens from the
characteristics of methyl red negative, positive
for sucrose, negative for arabinose and
cellobiose(Table 2). Serratia marcescens 1S
known to oceur widespread in nature. This bac-
tertum has been isolated from 19 plant species
of wide diversity, representing 50% of all Serra-
tiz spp. in water and playing a mineralzation
role in scil. No phytopathogenic Serratic has
ever been reported but, interestingly enough, in-
oculalion of Serretic marcescens to tobacco and
bean leaves also produces a  typical
hypersensitivity reaction{Grimont & Grimont
1978a). This implies that this baclerium might
be asscciated, if not a pathogen, with plants
more ¢closely than many other microbes merely
existing as epiphytes at the surface of plants.
Sher et al, {1888) reported the colonization of
soy bean root by Serralia species. Ordentlich et
al. {1988) also abserved the biocontrol effect of
Serratia marcescens on Sclerotium rolfin

Serratia marcescens has also been responsible
for many diseases of many Insects in the field

as well as in insect rearing laboratory. Biotypes
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of Serratic marcescens are essentially pigmented, Table 2. Identification of insect pathogenic
representing 74.2% of all sirains, and non pig- microbes

mented biotype A4 and 3A are also ubiquitous,
reprasenting 12.3% and 3% respectively. Non
pigmented biotypes A8 and TCT are the cnes

Characteristics SMN.0] SMN.02  SMR S marcesens

Gram-reactlion — - - -

that are limiled to hospitalized human patient

{Grimont & Grimont 1978a),

fied the biotype of our bph 1sclate as AZ2a, ap-

parently different from those

fective strains according to

Grimont & Grimoent{1978h). Therefore, the use

of red pigmented Serratia marcescens for micro-

O/F test O/fF  OF  OF  OF
We b denti Motility + + 4 T
1 t1-
o nave e Pigment Pmk/Red P/R P/R P/R
. ) Oxidlase lest - — - _
nosocomially in- .
Ciirate tesl + + + +
the method of .
Gelalin
hquefaction + + + +
Catalase test + + + +
MR iest - — — -]

bial control of insect injurious to crops should

not he discouraged. A Serratia strain later iden-

tified as a new species, Serrafiz entomophiln

{Grimont ef al. 1998) was found as frequent

Utdlization of
Arabinose - - - -
Cellobiose - - —(+) -

natural pathogen of amber disease of grass

grups (Scarabidae) in New Zealand pastures.

S, marcescens SMR

S. marcescens SM1

S. marcescens SM2
Chi: :Tnb(SM,.02-24-28)
Chi: :Tn5(SM, 02-24-08)
Chi::TnB(SM. 02-8-4)
Prot::Tn5(5MR-28-157)

Prot::Tn5({SMR-28-177) |E

Prot::Tn5{SMR-28-174)
Prot::Tn5(SMR-28-9)
Prot: : Tnb{SMR-28-147)
Prot: :Tnb(SMR-28-173)
DN: : Tn5(SM. 01-14-42)
DN: : Tn5{SM. 01-15-170)
DN: : Tn5{SM. 01-27-66)
DN: : Tn5(SM. 01-27-74)
DN: : Tn5(SM. 01-10-37)

Sucrose + + + +

Screening of transconjugants by plate assay

1 10 20 30 40 50 60 70 80 90(%)

Wy, 41.48

78. 04
(ORI 7. 18
E 44,54
DN 18,78
fndnaEamaig 24,89
A WY 7775
S e e
LA . 58 5
V7 43. 67

NIRRT 28. 5

ERTAAARAIALLANL LA AR AR AL S AR L AR AR ALY, 3 4 50
A
T R S R .

Fig. 1. Mortalities of Nilaparvain lugens Stal. by Serratia marcescens and transconjugatants
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Grass grubs, ingested with Serrahia entomophila,
stop feeding very quickly, but deo not die for sev-
eral weeks. Howaver, this bacterium, Serralic
marcescens, 13 very aggressive, causing heavy
morlality of hest rice brown plant hopper in 3~
5 days.

We have assayed several thousand Tnb mu-
tants Tor missing protease, chitinase and DNase
and they were subjected Lo Lhe bioassay to de-
termine the characters associated with the in-
secl pathogemeity (INig. 1).

Hines et al.(1988} demonstrated the capabili-
ty ol Serralia marcescens to secrete extracellular
proleases, chitinases, a nuclease and lipase and
isolated many independeni mutations affecting
the extracellular enzyme after chemical and
transposen muiagenesis. Grimont et al.(1977)
implicated the taxonomic significance of prote-
ase pattern by investigating that Serratic
marcescens produced one to four cathodic pro-
teinases and patlerns were in good accord with
biotyping. However, none of the previous results
are available as to the relation or association of
these characters to insect virulence of Serratia

marcescens.

Pathogenicity of Transconjugants

As shown in [igure 1, protease negatlve mu-
tants, 1f nol all of them, are Lhe ones that viru-
lence is affected considerably to variable de-
grees. So [ar, chitinase aectivity of microbizl
agent have been the subjecl of many previous
works (Cho et al. 1990, Fuchs et al. 1988,
Lesenko 1974, Ordentlich et al. 1988, Sunheim
et al. 1988). In our system of bacteria -bph in-
teraction, it is suggested that chitinase activity
may not be as important as have one expecled.
Rather, protease or DNase may be important
traits that are contributing to the insecl

pathogenicity. This requires vertification, how-
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ever, through the complementation of mutant
sirains negative for given traits and bicassay of
complemented strains for bph mortality.
Currently, genomic libraries of S. marcescens
are being constructed in pLAFR3 according to
the strategy of Staskawicz et al. (1987) with

promising results.

Electron microscopy of healthy vs. infected tis-
sue of ingect

Preliminary cbservation by SEM of mntact
and/or longitudinal sections of morbid bph re-
vealed thal no bacterial cells were present at
the surface of intact bph or head of half-cut

specimen. Numerous bacteria were apparently

“18KU 3 @9kx T 25N 8113
Fig. 2. Morphological differences between healthy
and infecled excepithelial tlissue of inner abdomal
tissue of the hypodermic layer of abdomen of
Nigparvaela lugens Stal, by Scanning Eleclron Mi-
CTosScapy.
Top, nfected; Bottom, healihy.
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colonized inside the thorax and abdomen. Figure
2. shows distinet morphological difference he-
tween the infecled and the healthy ones at the
excepithelial tissue of the inner abdomal tissue
of hypodermic layer of abdomen. Figure 3. illus-
trated the presence of bacterial cells in the sub-
jacent tissues of abdemen and thorax epidermis

of infected N. lugens, episcopically on the upper
row. Bach corresponding tissues were cross-sec-
tioned to reveal that bacterial colonizalion were
limited to ithe subjacent tissues other than cuti-
cle layer. Peritrophic membrane in the mid-gut

is a thin acellular membrane of chitin{ca. 10%)

-protein{ca. 40%) complex, which surrounds

rh
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the focd bolus and lined with the gut epilhelial
cells and the gut contents, thersby proiecting
the gut epithelial cells. This membrane is known
to function as mechanical barrier to microbial
infection via intlestinal tract{Lysenko, 1981).
Bacterial amber disease of grass grub in New
Zealand pasture described by Griment et al.
(1988) would fall on this case of mechanism.
However, it would be possible that the microhial
enzyme may damage the peritrophic membrane
and assist the penelration of Serrafia marcescens
A2a, since heavy mortality resulls in 3~5 days.
Due to the little infermation on ihe anatomy

and ultrastruture of brown planthopper cur-

Fig. 3. Morphology of subjacent tissues and cuticular tissues of abdomen and thorax of infected Nilapervate

lugens stal.

Plate A and B, scanning eleciron mucrographs of inner tissue suhjacent lo epidermis of Abdomen and Thorax,

respectively (8,000X).

Plate C and D, Transmission electron micrographs of cross-sections of Abdomen and Tharax epidermal(C)
and subjacent{8) tissues corresponding with plate A and B, respeclively (17,000X).
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rently available, we have noi been able Lo work
out the intestinal tract in detall at the earlier
stage of infection unfortunately. Instead, we
have shown the bacterial penetration and multi-
plication at the later stages. We would like to
mention that our result supports the primary

role of protease on the pathogenesis of N. lugens.
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