Expression and Regulation of Phospholipase A,
in Venom Gland of the Chinese Honeybee,
Apis cerana cerana
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Phospholipase A; (PLA;) is one of the components of bee venom with a wide range of pharmacological functions. It operates
as a major allergen working with other venom components to defend the colony from intruder. In the present study, the cDNA
sequence of the Ac-pla, gene from cDNA library of the venom gland of Apis cerana was compared with the amplified corre-
sponding region of genomic DNA. The result showed that the Ac-pla, gene consisted of four exons and three introns. Southem
blot showed that the Ac-pla, gene was a single copy per haploid genome. The most active transcription period was during the
first 8 days of adults, which correspondingly was the period of sharp increase of PLA, protein. ELISA analysis revealed that the
PLA; was undetectable in pupal stage and the newly eclosed adult, but increased sharply to a maximum of 10—12 g per
honeybee by 8—10 days of adult life, followed by a gradual decrease to 8 g for the rest of adult life. Transcriptional or post
transcriptional regulation is the key step for Ac-pla, expression. The early secreted Ac-PLA; showed a low degree of post-
translational modification; with increasing age, glycosylation was detected by Western blot and glycoprotein staining analysis.
Different post-translational modifications were found among different individuals in A. cerana when compared to A. mellifera.

Archives of Insect Biochemistry and Physiology 60:1-12 (2005)

Arch. Insect Biochem. Physiol. 60:1—12, 2005.

© 2005 Wiley-Liss, Inc.

Kevworns: phospholipase Ay; expression profile; venom gland; Apis cerana

INTRODUCTION

Phospholipase A, (PLA,s) catalyzes the hydroly-
sis of the 2-acyl bond of 3-n-phosphoglycerides to
liberate free fatty acids and lysophospholipids
(Dennis, 1994; Uthe and Magee, 1971). The reac-
tion also produces arachidonic acid, a precursor of
eicosanoids including prostaglandins and leuko-
trienes (Ohsawa et al., 2002). PLA,s participate in
many other cellular processes such as modulating
the release of arachidonic acid from neuronal
membranes and rat Leydig cells (Rodriguez et al.,
2002; Ronco et al., 2002), delaying oxidant-in-
duced cell death (Zhao et al., 2001), host defense,
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atherosclerosis, and signal transduction (Murakami
and Kudo, 2002; Dennis, 1994). PLA, also is re-
lated to many human disorders such as rheuma-
toid arthritis, autoimmune uveitis, respiratory
distress syndrome, myocardial infarction, and sep-
tic and endotoxic shock (Mukherjee et al., 1994).
PLA, from bee venom is a typical group III se-
creted PLA,, which represents about 12% of the
dry weight of venom in A. mellifera (Habermann,
1972). It mainly acts as an allergen working with
other components for defense of the colony against
predators and intruders (King et al., 2000; Sobotka
et al.,, 1976; Light et al., 1976). Recently, a wide
variety of pharmacological properties such as neu-
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rite outgrowth induction were also reported (Naka-
shima et al., 2004).

pla, cDNA of A. mellifera (Am-pla,) has been
screened and sequenced from the venom gland
cDNA library ( Kuchler et al., 1989). The deduced
amino acid sequence consisted of a signal peptide
of 18 amino acids (pre region of PLA,), a pro re-
gion of 15 residues, and a mature peptide of 134
residues (Shipolini et al., 1974a). A total of 10 cys-
tine residues are included in the mature peptide,
which could form 5 disulfide bonds (Kuchler et
al., 1989; Shipolini et al., 1974b). The crystal struc-
ture and catalyzing mechanism of PLA, are also
well documented (Robert et al., 1996; Scott et al.,
1990a,b). cDNA encoding PLA, from Apis cerena
(Shen et al., 2002) and Apis dorsata (GenBank
B59055) have also been reported. Though PLA, is
one of the most important components in the
venom, many of its basic characteristics such as
the gene copy number, transcription, translation,
and regulation are still unclear.

The Chinese honeybee, Apis cerana cerana, is
largely bred in China. In this study, we demon-
strated that there is a single gene coding for A.
cerana cerana PLA, The high expression of Ac-pla,
mainly occurred during the first 8 days of adult
life, and was regulated at a transcriptional and/or
post-translational level. The PLA, modifications
among individuals and between A. cerana and A.
mellifera were also compared.

MATERIALS AND METHODS
Honey Bees

Larvae, pupae, and adults of A. cerana were col-
lected from the colonies bred at the Experimental
Apiary of Zhejiang University, Hangzhou, China.
The developmental stages of workers were identi-
fied according to the criteria proposed by Rachinsky
et al. (1990) and Michelette and Soares (1993).
Bees of known ages were obtained by marking the
newly emerged bees from a frame of capped broods
kept in an incubator at 34°C and 80% relative hu-
midity (Piulachs et al., 2003), and the bees were
returned to the hive and collected as and when
required.

Preparation of Polyclone Antiserum

The polyclonal antibody was prepared by im-
munizing the rabbits with pure PLA, (Sigma,
HPLC; St. Louis, MO). Prior to immunization, the
rabbits were bled to collect serum that served as a
control in the studies. Immunized rabbits were
bled through the ear vein one week after the last
dose and the blood was kept at room temperature
for 6 h for clotting. Serum was collected by cen-
trifugation, de-complemented at 56°C for 30 min.
Sodium azide to a final concentration of 0.2% was
added and then stored at -70°C.

Extraction of RNA From Venom Gland and
Construction of cDNA Library

The honeybees were anesthetized on ice, the
venom glands were dissected, and total RNA from
the venom glands was isolated using Trizol reagent.
mRNA was extracted using Poly (A) Quik® mRNA
Isolation Kit (Stratagene, La Jolla, CA). About 5
ug of venom gland mRNA was used to construct a
cDNA library, using the ZAP-cDNA® Gigapack III
Gold Cloning Kit*(Stratagene).

Amplifying and Assembling of Ac-pla, cDNA

The Ac-pla, cDNA sequence was amplified and
assembled from the cDNA library plasmid DNA
by two-step PCR, universal primers were used on
the cDNA library vectors, and the specific primer
based on the cDNA sequence we reported previ-
ously (GenBank accession No. AF321087) were
used as follows: forward 1: M13+, Reverse 1: 5’
ATAATATATCCAGGAACGTTGTGG-3’; Forward 2:
M13-, Reverse 2 5-TCAATACTTGCGAAGATCGA-
ACCA -3’ The amplification conditions were 3 min
at 94°C, followed by 30 cycles of 50 s at 94°C, 45
s at 52°C and 55 s at 72°C, and final extension for
10 min at 72°C. The amplified fragments were pu-
rified using QIAquick PCR product purification kit
(Qiagen, Chatsworth, CA), and cloned into the
pGEM-easy T vectors (Promega, Madison, WI) and
sequenced at Shanghai Sangon Bio-technology Cor-
poration on ABI377 automated sequencer.
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Extraction of DNA

Genomic DNA was isolated from female worker
bees according to Beye and Raeder (1993). Briefly,
10 unpigmented pupae were frozen in liquid ni-
trogen and ground to fine powder and transferred
to 2 ml polypropylene tubes containing 300 ul of
extraction buffer (0.1 M NaCl, 1 mM EDTA, 1.5%
SDS, 50 mM Tris-HCI, pH 7.5) with protease K
(0.5 mg/ml) and incubated at 55°C for 2 h, then
the homogenate was centrifuged at 12,0004 for 10
min and DNA was extracted from the supernatant
by repeated phenol-chloroform liquid-phase sepa-
ration, followed by isopropanol precipitation, the
extracted DNA was dissolved in TE buffer, and
stored at -20°C.

Amplification of Genomic DNA Corresponding to
Ac-pla, Coding Region

Genomic DNA fragment coding Ac-pla, was
amplified by PCR, using the primers based on the
Ac-pla, cDNA as follows: Forward3: 5-CTCCAC-
GATGCAAGTCGCGC-3’, Reverse3: 5'- AATTATTCT-
GTTATTTTATTACATC-3" The amplification conditions
were 3 min at 94°C, followed by 30 cycles of 50 s
at 94°C, 45 s at 52°C, and 2 min at 72°C, and
final extension for 10 min at 72°C. The amplified
fragments were purified using QIAquick PCR pu-
rification (Qiagen), cloned into the pGEM-easy T
vectors (Promega), and sequenced at Sangon Bio-
technology Corporation, Shanghai. The genomic
DNA sequence was submitted to the EMBL data-
base with the accession number AJ786346.

Southern Blotting

Ac-pla, coding region amplified from the cloned
cDNA using the Reverse primers 1 and 2 was Dig-
labeled (Roche). Ten micrograms of honeybee ge-
nomic DNA was digested overnight with restriction
enzymes, EcoR I, EcoR V Xho 1, Pst 1, Sal 1, Xba 1,
and Hind 11l (Takara, Japan), respectively. Five mi-
crogram of digested genomic DNA was separated
in 0.8% agarose gel in TAE buffer. DNA was dena-
tured and transferred onto Hybond N+ nylon
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membrane (Amersham, Arlington Heights, IL) by
capillary transfer in 10 x SSC buffer overnight
(Sambrook and Russeu, 2001). Afterwards the
membrane was washed for 5 min in 6 x SSC and
crosslinked with the transferred DNA in a UV-
crosslinker (TL-2000, UVP). The membrane was
then hybridized and detected using the DIG High
prime DNA Labeling and Detection Starter Kit II
(Roche).

Northern Blotting

About 4 pg of the isolated RNA samples (two
bees equivalent) were separated on formaldehyde
agarose gels and then blotted onto the Hybond-
N+ membranes (Amersham) for 8 h with 0.05 M
NaOH (Sambrook and Russeu, 2001). The trans-
ferred RNA was crosslinked with the membranes
in a UV-crosslinker (TL-2000, UVP). Prehybridiza-
tion, hybridization, and detection were performed as
per the manufacturer’s recommendations (Roche).

Venom Protein Preparation

Bees of known age were collected from the la-
beled workers. Their venom glands together with
the venom sac were dissected and homogenated
in 200 ul PBS (pH 7.4), then centrifuged for 5 min
at 12,000 rpm. The supernatant was stored at —
20°C and used as venom extract.

Enzyme-Linked Immunosorbent Assay (ELISA)

The 96-well microtiter plates with 5-ul venom
extracts and 95 ul coat buffer (0.05M Na,COs;-
NaHCO; buffer, pH 9.6) were incubated overnight
at 4°C, and then blocked with 200 pul of BSA solu-
tion (0.1% in PBS) for 1 h at room temperature.
Next, the rabbit anti-PLA, polyclonal antiserum
(diluted 1:3,000 in PBST/BSA) was added and in-
cubated for 1 h at room temperature. Then the
Horse Radish Peroxidase -conjugated goat anti-rab-
bit IgG (SouthernBiotech; diluted 1:10,000 in PBS,
containing 10 mg/ml BSA) was added and incu-
bated for 1 h at room temperature. Lastly, the en-
zyme substrate (4 mg O-phenylenediamine in 10
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ml solution of 0.025 M citric acid, 0.05 M Na,PO,,
15 ul H,0,) was added and incubated for 30 min
at room temperature. Then the reaction was ter-
minated by adding 50 u1 of 2 M H,SO,. The ab-
sorbance was immediately read at 492 nm in
Microplate Reader (LQuant, Bio-TEK). Pure PLA,
(Sigma, HPLC purity) was used to obtain standard
curve. The PLA, concentrations in other wells were
calculated according to the standard curve. Eight
repeats for each age were performed. Their average
value and standard deviation were calculated.

Western Blotting

The venom extract mixed with same volume of
2 x loading buffer (63 mM Tris.Cl, 10% Glycerol,
2% SDS, 0.0025% Bromophenol Blue, pH 6.8) was
denatured by boiling for 5 min and electrophore-
sed on 12% SDS-PAGE. The separated peptides
were electrophoretically transferred to the PVDF
membrane (0.22 um, Millipore, Bedford, MA) us-
ing a Bio-Rad Transblot (Bio-Rad). The membrane
was firstly immersed in 1% BSA in PBST (PBS+0.3%
Tween 20) blocking for 1-2 h, and then the anti-
PLA, polyclone antiserum was added and incubated
1-2 h at room temperature with constant agitation.
Lastly, the Horse Radish Peroxidase (HRP) conju-
gated rabbit anti-serum (1:2,000) was added and
incubated for 30-60 min at room temperature with
agitation. The resulting complexes were visualized
in color development solution (2 mg diamino-
benzidine in 10 ml, 0.1 M PBS, pH 6.4, 60 ul 10%
H,0,). The individual venom extract from the same
colony or different colonies were analyzed.

Determination of PLA, N’-Terminal Sequences

Venom extract was subjected to SDS-PAGE and
transferred to the PVDF membrane in the same way
as Western blot. After staining with 0.1% Coo-
massie Brilliant Blue, 40% methanol, and 1% ace-
tic acid for 30 s and destaining with 50% methanol,
the specific peptide band on PVDF membrane was
excised and sequenced on a protein sequencer (Ap-
plied Biosystems, model 492cLC) at Shanghai
Genecore Bio Technologies Co.

Glycoprotein Staining

Glycoprotein in venom was stained using the Gly-
coprotein staining Kit (Pierce, Rockford, IL). Glyco-
protein staining was performed according to the
protocol recommended by the supplier. Briefly,
venom extract was firstly subjected to SDS-PAGE, then
the gel was immersed in 50% methanol for 30 min,
washed for 2 X 10 min in 3% acetic acid, oxidized
for 15 min, stained and then the background was
reduced, respectively, using reagents provided by the
supplier. Soybean trypsin inhibitor and horseradish
peroxidase provided by the supplier were used as the
negative control and positive control, respectively.

RESULTS
cDNA Sequence

Ac-pla, cDNA sequence was 642 nt in length,
consisted of a 7-nt 5'-UTR, a 510-nt coding region,
a 99-nt 3’-UTR, and a 26-nt poly A tail. Both the
coding nucleotide sequence and the correspond-
ing amino acid sequence showed 93.5% identities
with those of A. mellifera (Fig. 1). The 3-UTR of
Ac-pla, cDNA was longer than that of Ac-pla, cDNA,
which was 51 nt in length (XM_391951).

The deduced amino acid sequence consisted of
a 20 amino acid signal peptide (preregion of Ac-
PLA,), a 15 amino acid proregion, and a 134 amino
acid mature peptide. Alignment analysis with Am-
PLA, (GenBank AAL30844) revealed two residue in-
sertions (Leu and Phe) sited before the 13th residue,
and the residues of 4th, 8th, and 12th in signal pep-
tide were different with the corresponding residues,
which were Ala, Trp, and Ala in A. cerana and Val,
Leu, and leu in A. mellifera. A total of 6 residues
sited at 14, 15, 66, 75, 77, and 115 in the mature
peptide were different between the two honeybees.
They were Val, Ala, Thr,Gly, Lys, and Arg in A. cerana
and Lys, Ser, Lys, Ala, Thr, and His in A. mellifera,
respectively. Though both belong to A. cerana, the
15th residue of the mature peptide in A. cerana
cerana differed from that in A. cerana indica; the resi-
due was Ser in Indian honeybee (GenBank A59055)
and Ala in A. cerana cerana (Fig. 2).
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Fig. 1. <DNA sequence and deduced amino acid sequence
of PLA, gene from Apis cerana. The coding region of
prepropla2 is in bold. The underlined and italic amino

Ac-pla, Gene Structure

The genomic DNA corresponding to Ac-pla, re-
gion was amplified by PCR using the primers de-
signed based on the Ac-pla, cDNA sequence. The

acids represent the preregion and proregion of PLA,, re-
spectively. Positions of introns are indicated.

amplified fragment was 1,314 bp in length. Com-
parison of the DNA sequence with the cDNA se-
quence revealed that the genomic sequence of Ac-pla,
consisted of four exons of 126, 160, 148, and 182
bp (Fig. 1), separated by three introns of 64, 523,

Lo MOVALGSWFLLALFLETSHGWQIRDRIGDHELEERTII¥EETLWCCHENVASGENE LGRFE &0

N R i T

................. e mommimn 58

B o S R R TR S R s e B Mo e 118
Ao MYFNLIDTHCYELEHPVIGCSERTEGSRCLIRY TVDESEPEVYOWFDLREY 1585
PUIICE  oocsonmsonss o oo I o S om0 M T 3 ot smmmmosmon syt s e e mmscns 1a7

Fig. 2. Comparison of the protein sequences of PLA,
from A. cerana and A. mellifera. Alignment of amino acid
residues was done employing the program CLUSTAL W.

September 2005
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and 112 bp, respectively. All introns contained the
consensus GT-AG borders (Breathnach and Cham-
bon, 1981).

Gene Copy Number

To determine the copy numbers of Ac-pla, in
genome, Southern blot analysis was performed us-
ing the genomic DNA of worker bees digested with
6 nt recognizing restriction endonucleases. The blot
was probed with the Dig-labeled Ac-pla, cDNA frag-
ment. There was only one positive band detected
in each of the seven restriction enzyme digested
DNA samples. The sizes of positive bands ranged
from 3.0 to 20 kb (Fig. 3). This result indicated
that the Ac-pla, gene was likely present as a single
copy gene per haploid honeybee genome.

Age-Based Transcription

Northern blot results (Fig. 4) showed that Ac-
pla, mRNA was undetectable in the pupal and the
adult stage from the 10th day onwards, but was
abundantly detected during the first 6 days of
adult stage. Two positive bands were detected, the
larger one was about 1,700 nt, and the smaller
one was about 700 nt, and they showed a similar
transcriptional profile.

Age-Based Expression

The content of PLA, in a venom reservoir of
different ages was determined by ELISA, and the
result is shown in Figure 5. PLA, was nearly unde-
tectable in the pupal stage, then gradually increased
at the first 2-3 days of adult ages, followed by a
rapid increase to its maximum (about 12 pug per
bee) from the 4th to the 7th day, and slowly de-
creased to 8.0 ug per honeybee for the rest of the
adult stage.

Western blot analysis was also performed to
measure the content of PLA, in a venom reser-
voir of different ages. To exclude the effect of in-
dividual differences, the mixed samples from 8
bees were selected, and the results showed that
PLA, was undetectable in the pupal stage and the

EeoR 1 Xhol
PeoRV

Sall
Xbal

Hind 111
Pal

kb

231 —
94—
65—
43—

25—
20—

Fig. 3. Southern blot analysis using a Dig-labeled Ac-pla,
cDNA as the probe. DNA samples digested with different
enzymes (from left to right: EcoRI, EcoRV Xhol, Pstl, Sall,
Xbal, Hindlll). DNA molecular weight standards (in
kilobases) are shown on the left.

first 2 days of adult life (Fig. 6); then it was con-
tinuously detectable in the samples of age from
the 8th day to the rest of the adult’s life. Two
bands with a molecular weight around 15 kDa
were detected in 8-day-old bees. With increasing
age, three bands of Ac-PLA, were detected in the
sample from day 12 onwards (Fig. 6). The pep-
tide sequencing showed that all three bands of
protein had the same N’-terminal sequence, ITYP-
GTLW, which was the N'-terminal sequence of the
mature PLA,. The lowest molecular weight of Ac-
PLA, at an early adult stage might not have un-
dergone post-translational modification. With
increasing age, various extents of post-translational
modification such as glycosylation were observed
in Ac-PLA,. Glycoprotein staining showed that the
biggest molecular weight of the Ac-PLA, band and
the two biggest Am-PLA, bands were glycosylated;
two other smaller Ac-PLA, or Am-PLA, bands with
no or low glycosylation could not be detected

(Fig. 7).

Archives of Insect Biochemistry and Physiology



Expression and Regulation of Phospholipase A, 7
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Fig. 4. Northern blot analysis using a Dig-labeled

0400 —
0280 — Ac-pla; cDNA as a probe. Time points (development
0155 stages) are indicated above the corresponding lanes.
Sizes of RNA molecular weight standards (in kilo-
bases) are shown on the left. RNA samples (4 ug
each) were pooled from 30 bees at different ages.
The portion of the gel containing rRNA stained with
:RNA S ethidium bromide are shown (lower panel).
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kD Am Ac Am Ac Am Am Ac Ac N- P+
— — e R N, Fig. 7. SDS-PAGE, Western
blot, and glycoprotein stain-
07 ing analysis of venom sample
66 from A. mellifera and A. cerana.
A: SDS-PAGE analysis of ven-
43 — g om sample from A. mellifera
and A. cerana. B: Western
, blot analysis of the corre-
31 sponding samples of A. C:
Glycoprotein staining of ven-
- — - om samples from A. mellifera
- e - and A. cerana. Am and Ac:
14 L The venom samples from A.
- a mellifera and A. cerana, N-
SDS-PAGE Western Glycoprotein staining and P+: the negative control
(soybean trypsin inhibitor)
and positive control (horse-
A B C radish peroxidase).
Venom samples from individuals of different e A2 3 4 6 1 2 34 3 6
development stages of adults were subjected to 3| o
SDS-PAGE and Western blot analysis to determine aa ad o n -
the individual differences in post-translational |, __ . - ::
modification. Among 35 worker venom samples o
of 15-day-old bees, 27 showed three Ac-PLA,
bands, which represent various extents of post-
translational modification such as glycosylation, 8 A
individuals had only one Ac-PLA, band, which was KD I 2 3 4 5 61 2 3 4 5 &
completely glycosylated and had a high molecular e - -
weight (Fig. 8). Venom samples of 25-day-old bees  # «
had a similar profile (Fig. 8). The difference in post- e T L LRl =
translational modification of PLA2 could be de- H — &= L ' ﬂ ' e +

tected among the individuals of A. cerana from the
same colony or different colonies. Thus, the post-
translational modification of Ac-PLA, among in-
dividuals was not identical.

Different post-translational modifications or
glycosylation were also found between two bee spe-
cies, A. cerana and A. mellifera. Three PLA, bands
in A. cerana and four PLA, bands in A. mellifera
were detected by SDS-PAGE and Western blot
analysis, respectively, when the mixed venom
samples were used (Fig. 9). Moreover, unlike in A.
cerana, such a post-translational process among in-
dividuals was identical in A. mellifera. Post-trans-

Fig. 8. SDS-PAGE and Western blot analysis of venom
extracts with PLA, antiserum. A: SDS-PAGE and Western
blot analysis of the venom sample prepared from 15-day-
old adults. Three Ac-PLA, bands were detected in lanes 1,
3, 5, and 6, and only one band was detected in lanes 2
and 4. B: SDS-PAGE and Western blot analysis of 25-day-
old bee venom extracts. Three bands of PLA, were detected
in lanes 1-3 and 5, only one band in lanes 4 and 6. The
arrows represent the three Ac PLA,; types.
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kKDa Makes cetana mallifera cerana  melifera

31

e e st
e - T - . “_'
. +

A

Fig. 9. SDS-PAGE (A) and Western blot (B) analysis of
mixed venom from workers >15 days old of A. cerana and

A. mellifera. The arrows indicate the corresponding PLA,
bands.

B

lational modification was more complicated in A.
mellifera than in A. cerana.

DISCUSSION

Our results showed that the Ac-pla, was a single
copy gene per haploid honeybee genome and its
expression was active during the first week of adult
age. Ac-PLA, was undetectable in pupae and newly
emerged adults, increased sharply during the first
week of adult stage, and reached the maximum of
10-12 pg on the 10th day, then slowly decreased to
about 8 ug for the rest of adult life. This is the first
work that elucidates the Ac-pla, gene expression
regulation. The interesting discovery is that the
post-translational modification of Ac-PLA, among
individuals of the Chinese honeybee and between
A. cerana and A. mellifera was not identical. The re-
sults are biologically significant and will lay a basis
for related research and future utilization.

The quantity of PLA, in the venom sac of A.
cerana was 10-12 ug per worker, much less than
that in A. mellifera, which was 30-40 ug per worker
(Owen et al., 1990). Similar observations were also
made on other venom components such as melittin
(Owen and Pfaff, 1995; Li et al, 2005). Moreover,
it has been documented that the total venom con-
tent in A. mellifera and A. cerana was 138 and 43
ug, respectively (Schmidt, 1995). More venom con-
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tent in A. mellifera was thought to have its biologi-
cal significance. Worker honeybees use their venom
for defense of the colony against predators or in-
truders, often against large mammals and other ver-
tebrates. Comparatively, A. mellifera often maintains
a big colony and fearlessly defends their nest while
the Chinese honeybee usually has a small colony
and is more willing to flee when confronting ad-
verse circumstances. More venom is helpful for A.
mellifera to defeat enemies and guard their nest,
but has no equal biological significance for the
Chinese honeybee though their body size is similar
to that of A. mellifera. The main venom component
including melittin and phospholipase A, reach their
maximum by the age of around 10 days when the
bees are ready to be guarders (Winston, 1987).
Venom secretion seems to be adapted to their be-
havior development and biological characters.

Ac-pla, mRNA was present at a high level dur-
ing the first 6 days of adult ages, undetectable in
the pupal stage and the adult life. The result sug-
gested that the transcriptional activity occurred
mainly during this period. Synthesis of PLA, or its
precursor in the early adult stage measured by
ELISA correlated with the Ac-pla, transcriptional
profile, which meant that the transcribed mRNA
was immediately translated. During the later adult
stage, Ac-pla, mRNA was undetectable and, there-
fore, had little influence on PLA, synthesis in the
protein level. Transcriptional or post-translational
regulation was the key step in Ac-pla, expression.

Two bands were detected in the Northern blot;
the smaller one was about 700 bp corresponding
to the matured Ac-pla, mRNA, and the larger one
was about 1,700 bp. Two reasons might be respon-
sible for the larger transcript. Firstly, though the
PLA, gene is single copied, two different transcrip-
tional initiation sites were possible. Secondly, the
larger Ac-pla, mRNA was identical to the genomic
DNA PCR amplified fragments of PLA, gene. The
larger transcript, therefore, might be the primary
transcripted PLA, mRNA that was not processed
in time.

Phospholipases A, had been quantified by titra-
tion assay according to the enzyme activity in A.
mellifera (Owen et al., 1990), which gives a similar



10 Li et al.

expression profile of low levels at the time of eclo-
sion, increasing steadily through the 10 days after
eclosion, and maintaining the maximal levels
through the rest of the life of a worker bee in sum-
mer. Because of the possible synergism with melittin
(Cajal and Jain, 1997), phospholipase A, content
might be over-estimated. ELISA is an ideal method
for detecting phospholipase A, depending on the
immunoreactions and has been successfully used
for quantitative analysis of spider venom antigens
(Chavez-Olortegui et al., 2001). Not the catalyzing
activity, but the allergenicity and immunigenicity are
the main biological functions of PLA, in bee venom.
Quantification of PLA, by ELISA in bee venom is
better than by enzyme activity assay in reflecting the
immunogenic function of PLA,.

A total of three types of Ac-PLA, were detected
in SDS-PAGE and Western blot analysis. In adults
less than 8 days old, only a small molecular size of
Ac-PLA, was detected. With the increase in age, a
larger molecular size of Ac-PLA, appeared, which
resulted from a post-translational modification such
as glycosylation (Lai and Her, 2000; Haslam et al.,
1994; Kubelka et al., 1993; Staudacher et al., 1992;
Weber et al., 1986). Such modification among in-
dividuals was different in A. cerana. While in Am-
PLA, it was uniform among individuals, four types
of PLA, were detected in all individuals, and the
fourth PLA, had the highest molecular weight. Pre-
diction of N-Glycosylation sites of Ac-PLA, and Am-
PLA, with NetNGlyc 1.0 Server (http://www.cbs.
dtu.dk/services/NetNGlyc/) revealed that they share
the same glycosylation sites. But our results showed
that the PLA, was not glycosylated in the same way
between the two bee species. The allergenicity of
the carbohydrate content of PLA, is well docu-
mented (Okano et al., 1999; Nakano et al., 1996;
Dudler et al., 1995; Gomi et al., 1994; Mori et al.,
1993; Prenner et al., 1992; Ohno et al., 1990). A
more complicated glycosylation of PLA, in A.
mellifera was thought to have a more intensive
allergenicity, which is essential for honeybees to de-
fend their colony and is, therefore, an adaptation
to their venom utilization strategy. In the Chinese
honey bee, the selection pressure for allergenicity
of venom components was less. Understanding the

mechanism involved in the difference of glyco-
sylation for PLA, in the two honeybee species
would make the honeybee an excellent material
to explore the glycosylation mechanism and its
biological functions.
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