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Abstract

The major insecticide resistance mechanism in the brown planthdfifzgrarvata lugendnvolves overproduction of esterases.
Esterases purified from a resistant strain appeared as a ladder of bands on isoelectric focussing (IEF) gels from pl 4.7 to 5.0. Two-
dimensional electrophoresis showed that isozymes ranged in size from 66 to 68 kDa with those of lower pl being apparently smaller.
All isozymes detected by two-dimensional electrophoresis were glycosylated. N-glycosidase A reduced the number of isozymes on
IEF to two, with increased pl and an increased molecular weight of 69 kDa. No O-linked glycans were detected. Deglycosylation
had no effect on esterase activity, hence glycosylation is not involved in active site conformation. As N-glycosidase F completely
deglycosylated the esterases, none of the glycans ha4,8rbound core fucose. Reactivity with the lectins GNA, MAA and DSA,
combined with differential cleavage of N-linked glycans with endoglycosidases F1 and F2, indicated that terminally linked mannose
is present in high mannose and/or hybrid type glycans and that terminally linked sialic acid and gf3ébiés&-acetylglucosam-
ine are present in biantennary complexes. Neuraminidase treatment had the same effect on pl of isozymes as complete deglycosyl-
ation. Therefore, the majority of the heterogeneity of elevated esterases on IEF is due to differential attachment of sialic acid to
glycans of the two proteing] 2000 Elsevier Science Ltd. All rights reserved.

Keywords: Nilaparvata lugensCarboxylesterase; Insecticide; Resistance; Glycoprotein; Glycosylation

1. Introduction zymes from Japanese strains. They reported that the

esterases had a dual role, hydrolyzing malathion and

Nilaparvata lugensthe brown planthopper (BPH), is transpermethrin and sequestering the oxon analogs of

a major pest of rice in many parts of Asia, with severe the OPs, the oxons acting as poor substrates for the ester-
infestations causing hopperburn and a reduction in rice ases which bind them rapidly but then hydrolyse them
yields. As a consequence of intensive chemical control slowly. However, a recent study of partially purified
measures, resistance to organophosphorus (OP) and caBPH esterases from a Sri Lankan strain, whilst con-
bamate insecticides has been selected in populationdirming their role in sequestering the oxons of OPs, did
from Japan, the Philippines, the Solomon Islands, Sri not detect any interaction with malathion or permethrin
Lanka, Indonesia and Japan (Hemingway et al., 1999; (Karunaratne et al., 1999).
Hasui and Ozaki, 1984; Tranter, 1983). The underlying When crude homogenates of BPH strains are sub-
mechanism of resistance to these insecticides, and possjected to native polyacrylamide gel electrophoresis on
ibly the pyrethoid permethrin, is an elevation of car- homogeneous gels, the esterases appear as a single dif-
boxylesterases (Karunaratne et al., 1999; Chen and Sunfusep-naphthyl acetate specific band (Karunaratne et al.,
1994; Chung and Sun, 1983). Chen and Sun (1994) pur-1999). However, on isoelectric focussing gels the ester-
ified and characterised several of the BPH esterase iso-ases resolve into a number of isozymeslQ) varying

in pl from 4.3 to 5.3 (Chen and Sun, 1994; Chang and

Whalon, 1987). Characterisation of several of these iso-

* Corresponding author for correspondence. Fatd-1222-876807. zymes suggested some slight variation i.n their _aC_tiVitY
E-mail addresssmallg@cardiff.ac.uk (G.J. Small). towards model esterase substrates but little variation in
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their interaction with the oxon analogs of organophosph- from rice plants in Batalagoda, Sri Lanka in 1980. Adult
orus insecticides (Chen and Sun, 1994). A decrease ifmalathion selection at the LgJlevel for five generations
pl of the various isozymes was correlated with a slight resulted in Sri Lanka-R, a strain homogeneous for an
increase in molecular weight (Chen and Sun, 1994). elevated esterase-based organophosphorus insecticide
From these results it was suggested that all BPH esteraseesistance mechanism. A strain homozygous for low
isozymes may represent the products of different post-esterase activity, Sri Lanka-S, was derived by single
translational modifications of the nascent protein (Chen family selection of the parental strain for five gener-
and Sun, 1994). In the small brown planthoppaodel- ations. Sri Lanka-R was 8.5-fold more resistant to mala-
phax striatellug=allen, where a similar complex of ester- thion than Sri Lanka-S at the I level.
ase isozmes of differing pl is found and where the corre-
lation with molecular weight also holds true, a study of 2.3. Purification of elevated esterases
the glycosylation of these isozymes suggested that these
polymorphic characteristics were due to differential  The BPH elevated esterases were purified from the Sri
attachment of N-linked glycans (Sakata and Miyata, Lanka-R strain by a further development of the method
1994). The purpose of this study was to investigate of Karunaratne et al. (1999). 4-5 g of adult Sri Lanka-R
whether the BPH esterases are glycosylated and, if soBPH was used as the starting material for purifications.
whether the nature of the attached glycans could accountDuring purification esterase activity was followed by
for the presence of the complex of BPH esterase iso-incubating 10ul aliqouts of fractions with 20Qul of 1
zymes and for the observed variation in their physical mM p-nitrophenyl acetateptNPA) in 50 mM sodium
characteristics. phosphate buffer (pH 7.4) in a microtitre plate well. The
increase in absorbance at 405 nm was measured continu-
ously for 2 min in a UVmax microtitire plate reader
(Molecular Devices, USA) at 2Z. An extinction coef-
ficient of 6.35 mM* (taking into account the pH of 7.4
and the path length of 0.6 cm) was used to convert
Q-Sepharose, phenyl Sepharose, Superdex 75 preﬁlbsorbar}ce to miI.IimoIes of pr_oduct in the vo_Iume of
grade, PD10 columns, PhastGels (IEF 4-6.5, Gradientthe reaction. Protein concentrations of the fractions were
4-15 and Gradient 10-15) and PhastGel buffer strips detérmined by the method of Bradford (1976) using Bio-
(Native and SDS) were purchased from Pharmacia LKB Rad protein assay reagent W!th bovine serum albumin as
(Uppsala, Sweden). Hydroxylapatite, protein assay thg stan_dard protein. 1£_]I allquo_ts of fractions were
reagent and broad range markers for SDS—PAGE wereMixed with 300ul of working solution (prepared accord-

purchased from Bio-Rad Laboratories (Hemel NG to manufacturer’s instr_uctions_) and the :?\bsorbance
Hempsted, UK). The DIG glycan detection kit; DIG gly- measured at 570 nm after incubation for 5 min at@2
can differentiation  kit.  peptide-N(N-acetyl - After Q-Sepharose, phenyl Sepharo_se and _hydroxylapa—
glucosaminyl) asparigine amidase (N-glycosidase A) tite. polumn chromatography, fractions _W|th esterase
from sweet almonds: peptidetNacetylf- activity were poo_Ied and concentrated in an Amicon
glucosaminyl) asparigine amidase (N-glycosidase F)Ceéntriprep 10 unit to a volume of 2.5 ml. Buffer was
cloned from Flavobacterium meningosepticunand ~ ©€x¢hanged with 25 mM Bistris propane, 0.15 M NaCl
expressed inE. coli; endof-N-acetylglucosaminidase ~PH 7-4 with 10 mM dithiothreitol using a PD10 column
F1 (endoglycosidase F1) cloned frof meningosep- according to manufacturer’s instructions and the _sample
ticumand expressed if. coli; endof-N-acetylglucosa-  further concentrated to a volume of 0.5-1 ml using an
minidase F2 (endoglycosidase F2) cloned frermen- ~ Amicon Centricon 10 unit. This was applied to 258
ingosepticumand expressed iB. coliand neuraminidase €M Superdex 75 column at 0.5 ml/min equilibrated with
(neuraminidase) fromrthobacter ureafaciensere pur- (e BisTris propane buffer. Elution was at 1 mi/min and
chased from Boehringer Mannheim (Mannheim, the eluate was collected in 3 ml fracpons. Active frac-
Germany). Hybond ECL membrane was purchased fromt"?”s were qoncentrated using Centriprep 10 and Cen-
Amersham Life Science (Little Chalfont, UK). Amicon tricon 10 units. An equal volume of glycerol was added,
Centriprep 10 and Centricon 10 protein concentrator ("€ concentration of dithiothreitol made up to 25 mM
units were purchased from Amicon (Stonehouse, UK). and the sample stored a20°C. Under these conditions,
All other reagents were purchased from Sigma Chemical BPH esterases were stable for several months.

Co. (Poole, UK).

2. Materials and methods

2.1. Chemicals

2.4. Electrophoresis
2.2. Insects
To check the purity of samples after purification, an
Two strains ofN. lugenswere used, both of which aliquot of BPH esterases was diluted in SDS—-PAGE
were derived from a heterogeneous population sampledsample buffer (10 mM Tris/HCI, 1 mM EDTA, pH 8.0).
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To this diluted sample was added SDS to 2.5% fnd electrophoretically transferred to Hybond ECL mem-
mercaptoethanol to 5%. The sample was heated &CL00 brane.

for 5 min and bromophenol blue added to 0.01%. After ~ Semi-dry electrophoretic transfer of proteins was achi-
a brief centrifugation to remove any insoluble material, eved by use of a Bio-Rad Trans-blot SD Semi-Dry
3 ug of protein was loaded onto a PhastGel gradient 10— Transfer Cell. Ten pieces of Whatman 3 MM filter paper
15 together with SDS—-PAGE standard markers. Follow- and a Hybond ECL membrane were equilibrated in
ing electrophoresis, proteins were visualised using transfer buffer (25 mM Tris, 192 mM glycine, 20%
Coomassie Blue R250. methanol, pH 8.3). After separating the 2-D PAGE gel

For isoelectric focussing, PhastGel IEF 4-6.5 gels from its plastic backing, the gel was equilibrated in
were used. Aliquots of BPH esterase were diluted in dis- transfer buffer and then placed into a blotting sandwich
tilled water and applied to gels together with IEF stan- consisting of five pieces of filter paper, the Hybond ECL
dard protein markers. To ensure that none of the bandsmembrane, the gel and another five pieces of filter paper.
seen in the purified BPH esterases were artifacts intro- Proteins were transferredrfd h at 20 V. Themem-
duced during purification and to study the banding pat- brane-immobillised proteins were then ready for the DIG
tern of non-elevated esterases, aliquots of crude homo-glycan detection procedure.
genates of individual Sri Lanka-R and Sri Lanka-S adults ) ] o )
were also applied to IEF 4-6.5 gels. Activities of the 2-5- Glycan detection using digoxigenin labelling
purified BPH esterases and of the Sri Lanka-R crude ) )
homogenate were adjusted to that of the Sri Lanka-S After washing the membrane in 50 ml phosphate buff-
crude homogenate to achieve similar rates of staining oféred saline (PBS, 50 mM potassium phosphate, 150 mM
all samples. Following isoelectric focussing, gels were NaCl, pH 6.5), glycans were visualised using the Boehr-
cut so that the BPH esterases and IEF standards couldn9€" Mannheim DIG Glycan Detection Kit and follow-
be stained separately, the former with an esterase activity"'9 ma'nufactur.er S Instructions. Incubation of the mem-
stain and the latter with a Coomassie Blue R 250 protein brane in blocklng solution was extgnded to 2 h as this
stain. The esterase activity stain was 0.04% (wivand was found to increase blocking efficiency.

B-naphthyl acetate, 0.1% (w/v) Fast Blue B in 100 mM
sodium phosphate buffer, pH 7.4.

Native PAGE was carried out on PhastGel 4-15 gels.
Samples of BPH were prepared as for isoelectric
focussing. After electrophoresis, esterases were visual-
ised by activity staining as for IEF.

For two-dimensional (2-D) electrophoresis, samples
were prepared as for isoelectric focussing and applied to
a PhastGel IEF 4-6.5. The PhastSystem was pro-
grammed with a sample application step (200 V, 2.5 mA
3.5W, 15C, 30 Vh) (2-D electrophoresis was found to

work best without a pre-run step) and a separation step . : :
galactose3(1-4)-N-acetylglucosamine; and asialofetuin,
(2,000 V. 2.5 mA, 3.5 W, I, 770 Vh). Atter separ- having an N-linked glycan with galacto§¢1-4)-N-ace-
ation of esterases on the IEF gel, the parts of the gel,thattylglucosamine and an O-linked glycan with galactose-
the electrodes rested upon were removed and a strip OfB(1-3)-N-acetylgalactosamine. After immobilisation of

gel cut corresponding to the lane to which the sample yhage proteins on the membrane it was incubated for 2

had been applied. This strip was equilibrated for 2 min 4t room temperature in blocking solution. After two
in 0.112 M Tris/HAc, 1% dithiothreitol and 2.5% SDS 10 min washes in 50 ml TBS the membrane was equilib-

followed by 2 min in 0.112 M Tris/HAc, 2.5% SDS,  rated in lectin incubation buffer (TBS; 1 mM MggClI1
0.26 M iodoacetamide and 0.001% bromophenol blue )\ MnCl,; 1 mM CaCl; pH 7.5). Five digoxigenin-
adjusted to pH 6.4. The equilibrated strip was placed, |apelled lectins were used for glycan differentiation:
gel side down, onto the stacking gel zone of a PhastGelGalanthus nivalisagglutinin (GNA), which recognises a
gradient 10-15 gel that had been pre-run (250 V, 2.5 terminal mannosei(1-3), a(1-6), anda(1-2) linked to
mA, 3.0 W, 18C, 5 Vh). Standard proteins for SDS— mannose in N- and O-linked glycanSambucus nigra
PAGE and a sample of BPH esterases (prepared as foagglutinin (SNA), which recognises sialic acid linked
SDS-PAGE) were also applied. Following a sample a(2-6) to galactose in N- and O-linked glycamsaackia
application step (250 V, 5 mA, 3.0 W, 16, 5 Vh), the  amurensisagglutinin (MAA), which recognises sialic
gel strip was removed and the proteins separated (250acid linkeda(2-3) to galactose in complex N-linked gly-
V, 10 mA, 3.0 W, 1B8C, 60 Vh). Proteins were then cans and the same linkage in O-linked glycans; Peanut
either visualised with Coomassie Blue R250 or were agglutinin (PNA), which recognises the O-linked core

2.6. Glycan differentiation using digoxigenin-labelled
lectins

Glycans were differentiated using the Boehringer
Mannheim DIG Glycan Differentiation Kit. ug of BPH
esterases was dotted onto Hybond ECL membrane
together with 1ug of each of four control glycoproteins:
carboxypeptidase Y, having a N-linked ‘high mannose’
glycan; transferrin, having sialic acid terminally linked
' 0(2-6) to galactose; fetuin, having sialic acid terminally
linked a(2-6) anda(2-3) to galactose; and an N-linked
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disaccharide  galactog¥1-3)-N-acetylgalactosamine; treated and control esterases for activity as previously
andDatura stramoniunagglutinin (DSA), which recog-  described.
nises galactosp(l-4)-N-acetylglucosamine in complex The effect of deglycosylation on BPH esterase mol-
and hybrid N-linked glycans and N-acetylglucosamine ecular weights was studied by cleaving N-linked glycans
in O-linked glycans. Each lectin was supplied as a 1 with N-glycosidase A under denaturing conditions. 0.5
mg/ml stock in 50 mM Tris/HCI pH 7.0 containing pl (0.5 pg) of purified esterases was incubated with 1
0.05% sodium azide (w/v). The required amount of lec- pl (50 pU) of N-glycosidase A in 8.5ul of denaturing
tin stock (for GNA, SNA and DSA 1@ each, for MAA incubation buffer (10 mM sodium actetate buffer, 0.5 M
50 ul and for PNA 100pl) was added to 10 ml of the  sodium thiocyanate, 0.1 N3-mercaptoethanol, pH 5.1)
lectin incubation buffer and the membrane incubated in for 24 h at 37C. As a control, the same incubation was
this solution for 1 h. Thereafter, the incubation with anti- set-up without glycosidase. 2Q@y of both deglycosyl-
digoxigenin-AP and staining of the membrane was as ated and control incubations of BPH esterases were elec-
described in the manufacturer’s instructions. trophoresed on two SDS—-PAGE gels as previously
described. One gel was Coomassie stained for proteins
and the other transferred to Hybond ECL membrane and
glycan detection performed as previously described.
To determine if N-linked glycans had ari,3-bound
core fucose residue, 018 (0.5 pg) of purified esterases
The different specificities of N-glycosidase A, N-gly- was boiled for 5 min in 8.5ul of denaturing incubation
cosidase F, endoglycosidase F1, endoglycosidase F2 anbduffer (20 mM sodium phosphate buffer, 10 mM EDTA,
neuraminidase were exploited in conjunction with gly- 0.5% (v/v) Nonidet P-40, 0.2% SDS, 1% (v/@§}mer-
can detection, glycan differentiation and electrophoresis captoethanol, pH 7.2), cooled to &7, 1 ul (0.2 U) of
to characterise the N-linked glycans of BPH esterases.N-glycosidase F added and the whole incubated &€37
Whilst N-glycosidase A has the ability to cleave all types for 24 h. The control had the same incubation mixture
of N-linked glycans from proteins, N-glycosidase F can without glycosidase. Both deglycosylated and control
only cleave those N-linked glycans lackigd ,3-bound incubations of BPH esterases were dotted onto Hybond
core fucose residues (Tretter et al., 1991). Endoglycosid-ECL membrane and glycan detection performed as pre-
ase F1 cleaves high mannose type and biantennarwiously described.
hybrid type glycans but not biantennary complex type  To characterise the structure of N-linked glycans of
glycans. N-glycosidase F2 cleaves only biantennary andthe BPH esterases, O\ of a 1 pg/ul stock of purified
to some extent high mannose type and biantennaryesterases was boiled for 5 min in 84b of denaturing
hybrid type glycans (Trimble and Tarentino, 1991). Neu- incubation buffer (20 mM sodium citrate phosphate
raminidase cleaves terminal N- (or O-) sialic acids which buffer, 10 mM EDTA, 0.5% (v/v) Nonidet P-40, 0.2%
are a2-3, 02-6 or a2-8 linked to glycans (Uchida et SDS, 1% (v/v)B-mercaptoethanol, pH 4.75), cooled, 1
al., 1979). pl (0.2 U) of either endoglycosidase F1 or endoglycosid-
N-glycosidase A was used to cleave N-linked glycans ase F2 added and the whole incubated &C3for 24
from BPH esterases in both their native form and h. Each of the posistive control proteins used in glycan
denatured form. For cleavage of N-linked glycans from differentiation were treated in the same way to confirm
the native esterases, L2 of esterases (lug/pl) in incu- results obtained with the BPH esterases. All incubations
bation buffer (100 mM citrate/phosphate buffer, pH 5.0) were dotted onto Hybond ECL membrane and glycan
was mixed with 24ul (0.6 mU) N-glycosidase A (in  differentiation performed as previously described.
incubation buffer, glycerol 50% w/v) and8 incubation The effect of removal of terminal sialic acid residues
buffer at 37C. As a control, the same amount of ester- on the pl of BPH esterases was investigated by removal
ases was incubated in the same buffer minus the glycosi-of these residues with neuraminidaseil44 pg) of BPH
dase. Aliquots were withdrawn at 0, 12, 24, 48 and 120 esterases was incubated witlul§60 mU) of neuramini-
h and frozen at-20°C prior to electrophoresis. il of dase and 1l 100 mM sodium acetate buffer, pH 5.0
each aliqguot was run on a PhastGel IEF 4-6.5 andat 37C. Aliquots were removed at 0, 4, 8 and 24 h and
stained for esterase activity as previously described. Tofrozen at—20°C. From each aliquot 0.5l was elec-
detect the presence of glycans attached to the glycosid-trophoresed on PhastGel IEF 4-6.5 and activity stained
ase-treated BPH esterasegyl df the aliquots withdrawn  as previously described.
at 0 and 120 h of glycosidase cleavage angl df the
control incubation (120 h) were dotted onto Hybond 3. Results
ECL membrane and glycan detection performed as pre-
viously described. The effect of deglycosylation on
esterase activity was investigated by assaying the ali- Esterase purification was achieved using sequential
guots from each of the time points of the glycosidase- column chromotography onQ-Sepharose, phenyl-

2.7. Enzymatic cleavage of N-linked glycans and of
sialic acids

3.1. Purification of BPH esterases
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Sepharose, hydroxylapatite and Superdex 75 prep grade.
An overloaded SDS-PAGE PhastGel 10-15 |(8)
showed only a broad single band of 67160 kDa (SE;
n=4) (Fig. 1). The specific activity of the purified ester-
ases withp-NPA was 11.85umol/mg/min giving a puri-
fication factor of 21.2 over the crude homogenate.
Recovery of activity after purification was 25.2%. This
low recovery was at least partly due to the sacrifice of
esterase activity in the tails of peaks eluted from col-
umns to ensure purity at the end of the purification pro-
cedure.

3.2. Physical charcteristics of BPH esterases

The purified esterases responsible for the elevation of
activity appeared as tw@-naphthyl acetate specific
bands on native gradient PAGE (Fig. 2). One was
intensely staining and diffuse, the other, of slightly lower
mobility, less intense but tighter. On IEF gels these same
esterases appeared as a ladder of five bands ranging in V
pl from 4.7 to 5.0 (Fig. 3). The same banding pattern
on IEF gels was seen for the BPH esterases in crude
homogenates of individual Sri Lanka-R and Sri Lanka-
S BPH. Therefore, despite the heterogeneity in the physi-
cal characteristics of these esterases, they purified
together throughout. On 2-D electrophoresis the purified Fig. 2. Native PAGE (4-15% gradient gel) of purified brown plan-
BPH esterases ranged in size from 66 to 68 kDa [Fig. thopper esterases. Esterases were visualised histochemically using

4(a)], with the esterases having a lower pl being appar- 0.04%a- ar_ld [}-naphthyl acetate as su_bstre_ttes and Fast Blue B stain.
. . The arrow indicates the direction of migration on the gel.
ently smaller in size.

3.3. Glycans of BPH esterases and the effect of their

removal on physical characteristics and enzymatic 1 2 3
activity Iﬂ
Glycan detection of Western-blotted, 2-D separated -5.4

esterases showed that all detectable isozymes were gly-
cosylated [Fig. 4(b)]. Cleavage of N-linked glycans from

kDa
B 208
ok -115
-4.2
B -
-— r 79.5
fed -49.5 . . . - .
Fig. 3. Isoelectric focussing (pH 4-6.5) of purified Sri Lanka-R
brown planthopper esterases (lane 1), crude homogenate of an individ-
-34 .8 ual Sri Lanka-R adult (lane 3) and of an individual Sri Lanka-S adult
2283 (lane 2).The enzyme activities of purified esterases and the Sri Lanka-

R homogenate were adjusted down to that of the Sri Lanka-S homo-

genate to give equal staining in all lanes. IEF standard markers were
Fig. 1. SDS-PAGE (10-15% gradient gel) of purified brown plan- run on the same gel for pl estimation. Esterases were visualised histo-
thopper esterases. SDS—-PAGE standard markers were run in the adjacehemically using 0.04%:- and 3-naphthyl acetate as substrates and
ent lane. Proteins were visualised by Coomassie Blue staining. Fast Blue B stain.
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(@)  Increasing gradient PAGE to 69 kDa [Fig. 6(a)]. Western-blotting
pH of N-glycosidase A treated esterases after separation on
N S SDS gradient PAGE showed that they had been com-

pletely deglycosylated [Fig. 6(b)]. Therefore, there are
no O-linked glycans attached to the BPH esterases. The
percentage remainingNPA activities of esterases incu-
bated with and without N-glycosidase A were equivalent
throughout the 120 h incubation, both glycosidase-
treated and control incubations of esterases losing
activity at similar rates [Fig. 7(a)]. Hence progressive
deglycosylation had no effect on active site confor-
mation. No glycans could be detected in the N-glycosid-
ase A digested BPH esterase following incubation for
120 h [Fig. 7(b)]. Cleavage of N-linked glycans using N-
glycosidase F again completely deglycosylated the BPH
esterases (Fig. 8). Therefore, none of the N-linked gly-
cans had am1,3-bound core fucose residue.

3.4. Differentiation of BPH esterase glycans

. Posistive reactions were obtained with the digoxig-
(b) Increasing enin-labelled GNA, MAA and DSA [Fig. 9(a—c)] indi-
pH cating that the N-linked glycans of BPH esterases have
—_ terminally linked mannose, sialic acid terminally linked

L‘ T 0(2-3) to galactose and terminally linked galact@gé-

e, : 4)-N-acetylglucosamine. The lectins SNA and PNA both
o gave negative results [Fig. 9(d—e)] indicating that there
are no sialic acid residueg2-6) linked to galactose and
. ’ confirming that there are no O-linked glycans, galactose-
; (1-3)-N-acetylgalactosamine commonly forming the
" core unit of such glycans. Reactivity with GNA was
v removed on incubation of BPH esterases with endogly-
: cosidase F1 but not with endoglycosidase F2 indicating
that the mannose residues are terminally linked to high
mannose and/or hybrid type glycans [Fig. 10(a)]. Reac-
tivity with MAA and DSA was removed by incubation
. with endoglycosidase F2 but not with endoglycosidase

" F1 indicating that both the sialic acwl(2-3) linked to
galactose and the galactoBét-4)-N-acetylglucosamine
are terminally linked to biantennary complexes [Fig.
10(b,c)].

-

Fig. 4. (a) Two-dimensional electrophoresis [isoelectric focussing

(PH 4-6.5) followed by SDS-PAGE (10-15% gradient gel)] of purified 3.5, The effect of cleavage of terminal sialic acid
brown planthopper esterases, together with the same esterases applie i n th | of BPH r
directly to the SDS—-PAGE gel (lane S). Proteins were visualised by Pes dues on the pl o esterases

Coomassie Blue staining. (b) Glycan detection of Western-blotted, . . . . .
two-dimensionally separated purified brown planthopper esterases. Reémoval of terminal sialic acid residues of N-linked

Glycans were detected using the Boehringer Mannheim glycan detec-glycans by incubation with neuraminidase, as with incu-
tion kit following manufacturer’s instructions. The arrow on each fig-  pation with N-glycosidase A reduced the number of
ure _shows the orientation of the isoelectric focussing gel strip when esterase bands seen on IEF gels to two and increased
applied to the SDS-PAGE gel. . . .

their pls (Fig. 11). Therefore, the heterogeneity of BPH

esterase isozymes on IEF is due to the presence or
the native form of the esterases with N-glycosidase A absence of sialic acid terminally linkexd2-3) to galac-
reduced the number of esterase bands seen on IEF gel®se in biantennary complex glycans. It is not possible
to two and increased their pls (Fig. 5). Cleavage of N- to determine the exact number of sialic acid-containing
linked glycans from the denatured form of the esterasesglycans in the two proteins by neuraminidase treatment
increased the apparent molecular weight, as seen on SD&nd the change in pattern on IEF without first purifying
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1 2 3 4 5 6 Oh 120h
EI 3
_ 5.4
_— = = = — | -5
= = |46 =
42

Fig. 5. Diagrammatic representation of the banding pattern of brown planthopper esterases applied to an isoelectric focussing gel (pH 4-6.5)
following incubation with N-glycosidase A under native conditions for 0 h (lane 1), 12 h (lane 2), 24 h (lane 3), 48 h (lane 4) and 120 h (lane

5) at 37C. Lane 6 is the pattern of brown planthopper esterases following incubation under the same conditions without glycosidase for 120 h.
The inset boxes show the actual banding pattern of these esterases on the isoelectric focussing gel at 0 h and 24 h. Esterases were visualise
histochemically using 0.04%- and B-naphthyl acetate as substrates and Fast Blue B stain.

them away from each other. However, the change in pl planthopperLaodelphax striatellusbut in this species
of the proteins during such treatment suggests that eachthere is no clear relationship between pl and molecular
protein must contain three or four such glycans. weight (Sakata and Miyata, 1994). The change in appar-
ent molecular weights of esterases on deglycosylation
also differs in the two species, the striatellusesterases
4. Discussion showing a marked decrease (from 70 to 66 kDa) (Sakata
and Miyata, 1994) whilst the BPH esterases showed an
Native gradient PAGE of BPH esterases in this study increase. No analysis of glycosylation has been carried
gave two distinct bands whereas a previous study usingout for the esterases af striatellus but these differ-
native PAGE found only one broad band (Karunaratne ences suggest that the nature of glycosylation of iso-
et al., 1999). This difference in banding pattern is prob- zymes is different in the two species.
ably due to the different acrylamide gels and buffer sys-  Glycosylation has been noted in the E4 esterase in the
tems used. Both the molecular weights (62—-64 kDa) and peach-potato aphiélyzus persicagDevonshire et al.,
pls (4.7-4.9) of the BPH esterases reported by Chen andl986), EST6 inDrosophila melanogastefMyers et al.,
Sun (1994) are slightly lower than those found in this 1996) and the juvenile hormone esterases (JHES) from
study. However, in both studies the esterases of lowerTrichoplusia ni(Jones et al., 1993; Wozniak and Jones,
pl had higher apparent molecular weights. Estimated 1990) andHeliothis virescengEldridge et al., 1992). In
molecular weights for other insect esterases are in thethe E4 esterase dflyzus persicaéTakada and Murak-
same range as the BPH esterases e.g. esterases E4 aachi, 1988) and both the lepidopteran JHEs several dif-
FE4 in the aphidMyzus persicagDevonshire et al.,, ferent isoforms exist (Eldridge et al., 1992; Wozniak and
1986), esterase-C in the fruitfrosophila melanogas-  Jones, 1990). As in the BPH esterases, the presence of
ter (Holwerda and Morton, 1983) and esterases & these isoforms in both the JHEs is due to differential
and E in the brown planthoppeNilaparvata lugens  glycosylation (Eldridge et al., 1992; Wozniak and Jones,
(Chen and Sun, 1994) hawd,s of 62 000—66 000. The 1990) and the same has been suggested for the E4 ester-
five esterase isozymes resolved by IEF in this study werease (Devonshire et al., 1986). No detailed analysis has
fewer in number than the-10 reported by Chen and been carried out of the glycans attached to these ester-
Sun (1994). This discrepancy may be due to a differenceases, but digestion of tHerosophilaEST6 with specific
in the resolution of the esterase isozymes by IEF in the glycosidases indicated that one of the attached glycans
two studies as the pH 4 to 6.5 gels used in this study was of the N-linked high mannose type whilst three
would not have resolved the esterase isozymes to theothers were more complex N-linked glycans (Myers et
same extent as the pH 4.5 to 5.4 gels used in the studyal., 1996). The function of these attached glycans has
of Chen and Sun (1994). The pls of the BPH esterasesbeen studied only in th®rosophila EST6 esterase in
are all within the range of pH 4.7—6.5 typical of car- which abolition of some glycosylation sites reduced ther-
boxylesterases (Heymann, 1980). mostability but had no effect on secretion, transfer, trans-
A pattern of isoforms similar to the BPH esterases location or activity (Myers et al., 1996). However,
on IEF gels is seen in the esterases of the small brownactivity did not persist for as long in the hemolymph as
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Fig. 7. (a) Mean percentage remainipgnitrophenyl acetate activity
of brown planthopper esterasesdgtandard deviations) incubated with
(e) and without (O) N-glycosidase A under native conditions for up

Fig. 6. (a) SDS-PAGE (10-15% gradient gel) of denatured brown to _120 h at 37Q (n=4)._ 10pl aliquots of incubgtions were withdrawn
planthopper esterases incubated with (lane 2) and without (lane 1) N- &t intervals, mixed with 20Qul of 1 mM p-nitropheny! acetatep
glycosidase A for 24 h at 3T. Proteins were visualised by Coomassie NPA) in 50 mM sodium phosphate buffer (pH 7.4) and the increase
Blue staining. (b) Glycan detection of denatured brown planthopper N @bsorbance at 405 nm was measured continuously for 2 mirf@t 22
esterases incubated with (lane 2) and without (lane 1) N-glycosidase () Dot blot of aliquots of the same N-glycosidase A incubations with-
A for 24 h at 3PC, run on SDS—PAGE (10-15% gradient gel) and drawn at 0 h (sample 1) and 120 h (sample 3). Sample 2 is brown
Western-blotted. Glycans were detected using the Boehringer planthopper esterases incubated in the same buffer without glycosidase

Mannheim glycan detection kit following manufacturer’s instructions. for 120 h. Glycans were detected using the Boehringer Mannheim gly-
can detection kit following manufacturer’s instructions.

in the fully glycosylated enzyme (Myers et al., 1996).
Glycosylation plays a role in protein folding, secretion, a(1,3) fucosylation of the core asparigine-bound galac-
activity, thermostability and persistence in other serine tose-N-acetylglucosamine and O-linked glycans found in
hydrolases (Robbi et al., 1996; Sheriff et al., 1995; Mor- some (Cociancich et al., 1994; Bulet et al. 1995, 1993).
lockfitzpatrick and Fisher, 1995; Benzeev et al., 1994; The effect of differential attachment or removal of sialic
Kronman et al., 1995; Velan et al., 1993; Abouakil et acid residues on the physical charactersitics of these
al., 1993). However, unglycosylated human acetylcholi- insect glycoproteins has not been studied. However, in
nesterase and human milk bile salt-stimulated lipase, likeother glycoproteins, sialic acid-induced heterogeneity is
the deglycosylated BPH esterases, had the same activityvell documented (Poly, 1997; Cousin et al., 1996; Veiga
as the glycosylated forms (Hernell and Blackberg, 1994; et al., 1995; Isaksson and Hultberg, 1995; Canonne et
Velan et al., 1993). al., 1995; Yasuda et al., 1992), as is the decrease in het-
In common with other insect glycoproteins, the BPH erogeneity following neuraminidase treatment (Poly,
esterases had high mannose and complex glycans coni997; Cousin et al.,, 1996; Yasuda et al., 1992). For
taining sialic acid attached (Altmann, 1996; Davis and example, neuraminidase treatment of the human serum
Wood, 1995). However, the BPH esterases lacked thebeta-hexosaminidase, recombinant thyroid-stimulating
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with the presence of two species after complete deglyco-
sylation, suggests there are two distinct BPH elevated
esterase proteins. In the small brown planthopper, two
proteins were seen after deglycosylation, but in contrast

to the BPH where the esterases have the same molecular
. weight, these deglycosylated forms differed in molecular
weight (Sakata and Miyata, 1994). As with the BPH
esterases, removal of sialic acids from two porcine intes-
tinal adhesion receptors caused them to migrate more
3 slowly on SDS—-PAGE. This suggests that the sialic acids

are contributing to the migration of these proteins on

SDS-PAGE and that their removal results in a reduced
migration (higher apparent molecular weight).

A key step in the linkage of glycans to asparigine resi-
dues is the transfer of the oligosacharide from the pre-
cursor to the polypeptide. It is commonly found that for
Fig. 8. Dot blot of 0.5ug of brown planthopper esterases incubated each potential glycosylation site transfer may or may not
with (sample 2) and without (sample 1) N-glycosidase F &C3for take place. This leads to heterogeneity in the observed
24 h. Glycans were detected using a Boehringer Mannheim glycan ppysica| characteristics of a protein (Shelikoff et al.,
detection kit following manufacturer’s instructions. . . . .

1997). Differential glycosylation has been noted in sev-
eral examples of over-expressed recombinant genes in
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Fig. 9. Dot blots of 1ug of brown planthopper esterases probed v@#lanthus nivalisagglutinin (a),Maackia amurensiggglutinin (b),Datura
stramoniumagglutinin (c),Sambucus nigragglutinin (d) and Peanut agglutinin (e)ugy of the glycoproteins carboxypeptidase Y (C), transferrin

(T), fetuin (F) and asiaolofetuin (A) were applied as positive and negative controls. Glycans were differentiated using a Boehringer Mannheim
glycan differentiation kit following manufacturer’s instructions.

hormone and beta-1 intergrins from mouse melanomainsect cell and yeast systems (Sato et al., 1986; Kuga et
cells converted the several isoforms into a single speciesal., 1986; Geisse and Kocher, 1999), possibly due to a
of a higher pl indicating a single protein (Veiga et al., shortage in processing enzymes (Geisse and Kocher,
1995; Isaksson and Hultberg, 1995; Canonne et al.,1999). However, this is not the cause of heterogeneity
1995). The BPH esterase isoforms were converted intoin the over-expressed esterases in insecticide resistant
two species after neuraminidase treatment. This, togetheBPH as the same heterogeneity was observed in the
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Fig. 10. Dot blots of 0.51g of brown planthopper esterases (H) incubated with endoglycosidase F1 (column 2), endoglycosidase F2 (column 3)
or without endoglycosidases (column 1) at'@7for 24 h and probed witlisalanthus nivalisagglutinin (a),Maackia amurensiggglutinin (b),

Datura stramoniunagglutinin (c). 0.5ug of the control glycoproteins carboxypeptidase Y (C), transferrin (T), fetuin (F) and asiaolofetuin (A) were
incubated under the same conditions and applied to the dot blots. Glycans were differentiated using a Boehringer Mannheim glycan diffetentiation ki
following manufacturer’s instructions.

1 2 3 4 5 Oh 24 h
pl
— 54
— E E — |51 $
= = |46 -
4.2

Fig. 11. Diagrammatic representation of the banding pattern of brown planthopper esterases applied to an isoelectric focussing gel (pH 4-6.5)
following incubation with neuraminidase under native conditions for 0 h (lane 1), 4 h (lane 2), 8 h (lane 3) and 24 h (lane°@) &aB& 5 is

the pattern of brown planthopper esterases following incubation under the same conditions without neuraminidase for 24 h. The inset boxes show
the actual banding pattern of these esterases on the isoelectric focussing gel at 0 h and 24 h. Esterases were visualised histochemically using 0.04Y
a- and B-naphthyl acetate as substrates and Fast Blue B stain.
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