CHAPTER I

INTRODUCTION

Honeybee is an economically important insect. Beside pollination that helps
increasing the crop yield and improving the seed and fruit qualities, honeybee
produces many valuable products used for health foods, cosmetics and medicine-like

products. There are two types of honeybee products, one collected from the hive such

as honey, pollen and propolis and the & §f gfoted by glandular cells such as royal
jelly (RJ), wax and venom. Ths ‘ ' arketable income to Thailand.
The honeybee is a Jugh [t ogether as the colony. The
social system of the hong queen, a large number of
workers and zero to a fg | different season of the
year. The queen and wgierd # Fhel Zygc 8, (@iploid 2n = 32) grown from
fertilized eggs whereas drgfic ! : 0id individuals) arising from
unfertilized eggs. The queer, : . the colony, mates with
several drones after developfhg g stores the sperm in her spermatheca

for the remaining fertilization gsiri, 1989).

The queen al o' e 21 and 9-hydroxydec-2-
eonic acid substances T_i'fr _;"_ W pring and suppress the
development of worker’ pvaries. Unikerterqueen, wo . rs are usually sterile and
play all of the tasks assogi with colonigh living. A division of labor among
workers is a dist 1%%2%&5”%&% ﬁ%kers are dependent

on their ages. Ne emerged worke? with 3-5 days old have nw.sk performing

owing to ﬂﬁﬁm hypojihatyng ewquorkers are
called nurs¢ bees, | generally ages ess than 14 days ‘posteclosmn, involve in

synthesizing, secreting and feeding the royal jelly to larvae. The older workers are

called foragers, ages more than 14 days posteclosion, forage for nectars and pollens

(Robinson, 1991; Pankiw and Peng, 2001; Page and Peng, 2001).



1.1 Honeybees in Thailand

Honeybees are distributed in all parts of the world and recognized as a single
genus Apis. Member of this genus could be allocated to three different lineages based
primarily on morphology and behavior; 1) the cavity-nesting bees composing of A.
mellifera, A. cerana and A. koschevnikovi, 2) the dwarf bees composing of 4. florea
and A. andreniformis and 3) the giant bee composing of A4 dorsata and A. laboriosa

(Smith, 1991).

Four species including 4" whifor rana, A. dorsata and A. florea
are indigenously distributed, itk alland @ lifera was introduced from
Europe and Africa for a be@ NO orul., 2000).

Commercial beekcg { mellifera and A. cerana.

Basically, beekeeping of e 5 - 8% 2 ful due to non-aggressive
behavior and simple maiiagg & over a million colonies has
been mostly found in M h) owever, A. cerana is a
promising species for bealec dse it shows more disease

resistance to bee mite, does | N2 and exhibits better climatic

adaptability than does 4. melliferd Ihoiaas erana has an ability to detect and

remove bee mites fronjiAelColonies CWOnNoSIFRer G -
y.- l"l' ‘,

Taxonomic iden HicatiC s follow (Borroe et al., 1976,

Gojmerac, 1980)

Phylum Al%uﬂqwﬂﬂ1WUqﬂ§
immmm INIINYIQY

menoptera
Super-family Apoidea
Family Apidae
Genus Apis
Species cerana

Scientific name: Apis cerana



1.2 Population genetics of the Asian honey bees (4. cerana) in Thailand

The Asian honey bee, Apis cerana, has been classified into four subspecies: 4.
cerana cerana, A. cerana himalaya, A. cerana indica and A. cerana jdponica, based
on morphology and geographic distribution (Ruttner,1988). This species is found over
a vast geographic area of Asia ranging from Iran to China and from Japan to the south
of Indonesia (Smith & Hagen, 1997).

Sylvester et al (1998) examiugd 128 samples of A. cerana collected

throughout its range in Thailan, d fre A ations in Malaysia (Selangor and
Johor) using morphometric analysis: Scograplicsiicassshowed distinct morphologies
and the populations could_Lg ged info foul i gat groups: (1), the north to
central region; (2), penin / RN
Phuket Island; and (4), Say

wMalaysian populations; (3)

Among honeybeg#pe it i iocH thiy | Mpis cerana, A. florea, A.
andreniformis and A. dg#fa interest for commercial

beekeeping because it can by mellifera (Wongsiri et al.,

1986). Nevertheless, knowled == gebetic diversity and population
subdivision of A. cerana in ;;-:— wiwell studied. This basic information is
important for understanding | pite iz fon of this species.

The use of mt dies 1n eusocial species like

honey bees allows simplér amphng strategies than those df nuclear DNA (Garnery et

al., 1995). The wgﬂﬁmlﬁﬂ: is identical; as a

result, one indiv lony obviating the

effects of ﬁ ﬁ h
imsh et al. 96) 1nvest1gated genetlc re atlonshlp gl subspecies

of A. cerana (A. c. indica, A. c. cerana, A. c. japonica and A, c. himalaya) covering
most of their geographic distributions using restriction analysis of total A. cerana
DNA with ten restriction endonucleases (Hae III, Hinf 1, Bcl 11, Bgl 11, Eco RI, Eco
RV, Hinc 11, Hind 11, Nde 1 and Spe I) and probed with the amplified fragment

between tRNAlCU and cytochrome oxidase subunit II (COII). Population



differentiation patterns of A. cerana samples were consistent with those based on

morphometric studies (Ruttner, 1988).

Biogeographic differentiation of A. cerana in most of its range was recently
examined by sequencing of the non-coding COI-COII region (n = 110). The first
major group (western) is composed of bees from India, Sri Lanka, and the Andaman
Islands whereas the other group (eastern) of A. cerana could be further divided to the
Asian mainland (India, Nepal, northern and southern Thailand, Hong Kong, Korea,
ian Peninsula, Borneo, Java, Bali,
on, Mindanao and Sangihe)

Japan and Taiwan), the Sundalan
Lombok, Timor and Flores) |
(Smith and Hagen, 1997).

oducts widely produced
W& fresh RJ that mixed with

other products and freeze-diy ¥ ~China is the world’s largest

producer and exporter of RI dJe “5% Opiginally based on cosmetics

with RJ and other related bce odus

tﬂl.. 4' -
multimillion dollar enterprise (Kre ";:w .

% o J

and consistently grew into a

RJ is the secretigH ct of hypopharyngeal

— ; -
i e bees (Figure 1.1). It is
aterial withi §lightly pungent phenolic

and mandibular glands, oy
T

whitish in color with yellgiv creamy, acid

odor and taste. It is lwaysf ectl to thefigueen throughout her larval and adult

stages. For non- nogewlu miawae) the RJ are

generously supplie only the ﬁrst three'days after elmrgmg Subse tly, a mixture

s G AT QAN PRBA oo

1955; lannuZzi, 1990 and Cardiff, 1994).

Due to different dietary feeding which is particular rich in queen, mechanisms
between queen and workers in the process of female cast determination and
differentiation is observed. In addition, queen attains a larger size than workers and
the reproductive organ is well developed to a mature stage and is able to lay several
thousand eggs a day. In contrast, workers are smaller in size. The reproductive organ

is not well developed but organs that related with their tasks such as pollen baskets,
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mandiblar, hypopharyngeal and wax glands are fully developed. Occasionally, when
the queen is absent in the hive, workers can lay eggs instead. Basically, the time
required for development of the queen larvae to the adult stage is about 15.5 days.
The life span of the adult queen was several years, while workers require 21 days for

growing up with only a few months of life span (Krell, 1996).

RNA-differential display of mitochondrial genes of Apis mellifera, including a

gene homologous to the nuclear-encoded mitochondrail translation initiation factor 2

(AmIF2,,), cytochrome oxidase .su ' -I; mitochondrial-encoded), and
cytochrome C (cyt c; nuclear Bnedses orted (Corona et al., 1999).

These genes revealed greater © 228 Ssion ir ques ks 1o than did worker larvae.

dvantageous effects of RJ.
and triglyceride level in
gt inhibit mild- and slow-
: 3\3 % al., 1985). O’Conner and

, which stimulated glucose

For example, RJ was suaé
blood (Cho, 1977). Mor:

incorporation into rat adipocy/#8. R M I A ameliprate the physical fatigue after

exercise. Mice administered wit Sowedssnificantly decreased accumulation

level of lactate and ammoniag “séruinval iei of glycogen after swimming

(Kamakura et al., 200 17 -

However, side efﬂls resulted frof
The automatic i balanc‘.ﬁ Eto msuﬂ as malaise, caumesthesia and

hypersensitivity uawj Q %wu;}n(ﬁlshlma, 1985). The

symptoms of ast and anaphylaxis gvere found ip.39 (accountm r 52 %) of 75
ymp W

e G ATV IR R Bt

responded t& RJ (Thien ef al., 1996).

er-musculari@djection of RJ were found.

For immunological effects, RJ could act as a potential immunomodulator for
stimulating antibody production and immunocompetent cell proliferation in mice.
However, RJ depressed humoral immune functions in rat (Sver et al., 1996). The
suppression of allergic reactions by RJ was investigated in DNP-KLH immunized
mice by oral administration. This significantly decreased the serum levels of antigen-

specific IgE and histamine release from mast cells in association with restoration of



macrophage function and improvement of Th1/Th2 cell responded in DNP-KLH mice
(Oka et al., 2001).

Additionally, an antibacterial activity of RJ was also found. The effective
protein, royalisin, was proposed and purified from acid extraction, gel filtration and
reverse-phase HPLC. The primary structure is composed of 51 amino acid residues
containing three intramolecular disulfide bonds, with the calculated molecular weight
of 5.5 kDa. It showed activity against Gram-positive bacteria such as Lactobacillus

spp., Bifidobacterium spp. and Leucopog! _at a low concentration (< 10 uM) but

not Gram-negative bacteria (Fuii ara et o 0 rude RJ in the freeze-dried form
inhibited the growth of Baci l.._* s, Jga ;“m.)l. aureus and Escherichia coli
at the minimum inhibitiond r SRl Tt “Siand 71 mg/ml, respectively
(Sanguandukul and Nim o\ as purified by DEAE-
Toyopearl 650M colummn@fog® _‘ fohy A \ I with the molecular mass
of 58 kDa wes characte@Cd # : 3 and \ _L-: tled that it had the growth
stimulating activity to the : 4 ' \¢ in a serum-free condition
(Watanabe et al., 1998).

1.3.1 Compositions of IRJ ;5 ..’:,:",
ﬂ’ﬂ' ;

RJ from A. melljfera ¢ ed.Chemical compositions

have been reported -;" —on—arrerent—anatyucal “ es, sample collection
methods and preservati ; 0Nt of 65.32-69.4 % in A.

mellifera RJ was report: JNhen determmed‘b}' dlfferent ‘methods either automatic

zcliagcty f ;sf;eem:? ﬂ wq)wq ﬂ"uaah Meydanoglu
il NI HAID RBARE). v i

kjeldahl method was used for the determination of organic nitrogen content of RJ. The
protein content was then calculated from the percentage of nitrogen content
multiplying by the conversion factor of 6.25 and protein content ranged from 11.6 %
to 16.7 %. In addition, the amino acids composition of RJ protein was also
investigated. RJ proteins are rich in essential amino acids (39.3 % - 51.4 %). Major
amino acids of RJ were aspartic acid and glutamic acid accounted for 16.1 % and

10.19 % of the RJ protein content, respectively (Howe et al, 1985).



The average percentage of lipid content determined by either a modified Folch
extraction or a Soxthlet method was 4.76 %. The highest lipid content (8.2 %) of
previously analyzed 4. mellifera RJ was found in that from Turkey (Karaali et al.,
1988; Table 1.1) followed by RJ from the United state (3.2 % — 5.6 %; Howe et al.,
1985) and Brazil (Plama, 1992). The most common form was found in a short chain
organic acids containing 8 or 10 carbon atoms, whether saturated or unsaturated,
linear or branched (Lercker et al., 1981). The major fatty acid was present as 10-
hydroxy-2-decenoic acid (10-HAD) at an average concentration of 50.3 % of the total
id chromatography and HPLC was
Foefslan, 1999). Among the criteria

fatty acid content (Howe, et al., 198 ! /
additionally used to determine A
for RJ quality, 10-HDA co
10-HDA content greater

0 freshness parameter. RJ with
\%!g and authentic. Under the
controlled storage tempera e 0.1 % and 0.2 % per year

at —18 °C and 4°C, respcCuvghy

As can be seen frory
10.45-11.5 %. The sugar
by HPLC. Various suga
erythritol, adonitol and ma ~l % as commonly found in all RJ
samples (Palma, 1992). LN

5% coutent in A. mellifera RJ was
in methanol and determined

sucrose, mannose, trehalose,

- = a
Recently, comfi Mud indica and A. cerana

Jjaponica were also exa ."r‘ Weerana R ontained 52.1 - 65.3 %
moisture, 16.4 - 19.5 % cnﬂijotems 9.4 - 83.0 % carbohydrates, 3.9 - 7.4 % lipid

i 1500 Bl wmq SWYARS: o wiciy of 4

cerana indica RJ ffom Thailand was s ificant M% r than that of “erana Jjaponica

Fom Japﬁ‘ﬁ‘?ﬁ@ﬂ?ﬂﬁd‘m ikl
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1.3.2 Hypopharyngeal gland secretions

Hypopharyngeal or food glands are paired acinous glands, which synthesize
and secrete a protein-rich substance (Brouwers, 1982). The ultrastructural changes of
hypopharyngeal glands in different developmental bees were analyzed ((Figure 1.2,
Knecht and Kaatz, 1990). The number of RER in hypopharyngeal cells increased
within a few days after bee emerged, reached the maximum number during the
A nature of brood signal involved and
e bees (Huang et al., 1989). In

addition, the secreting activity Ofh L@l ds of newly emerged bees was

nursing phase and decreased in forae

activated protein synthesis in thesg @ |

studied under different social t 0 o . aingly 1-0lated, caged bees with 6-day-

old companion bees or lig ot the @nd the results showed that

hypopharyngeal glands of iy »d with their parents were

significantly better develong ~econtent than those in other

conditions (Naiem et al., #99%¥.

:
h
%

Many enzymes const| - Amlase and glucose oxidase are
produced in hypopharyngeal ¢ de -ﬁ‘a dent role. The electrophoretic

e
profile of proteins in hypopharyfgess ctaae different ages of 4. mellifera
workers was analyzed. Three 227 .._;7 glecular mass of 50, 56 and 64

kDa were restrictively] '“" m""““"*""‘“‘"‘ ; )r 70-kDa protein was
specifically found in for? minst 50-, 56- and 64-kDa
proteins confirmed that they were only detected in hypop aryngeal glands of nurse

bees and also e i i ese proteins were
synthesized in hyMal lﬂﬂnn m g@d as constituents of
RJ. A 70- ﬁ % Ms positively
detected im MS u Lahﬁ protein was

further characterized and identified as an a-glucosidase (Kubo et al., 1996).

Molecular cloning and characterization of a-glucosidase cDNA in 4. mellifera
were reported. The deduced amino acid sequences of 650 residues revealed 41.9 %
identity with maltase of the mosquito (4edes aegypti) and 42.2 %, 46.3 % and 46.2 %
of maltase 1, 2 and 3 of the fruit fly (Drosophilla melonogaster), respectively (Ohashi
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(a)

()

(©)

Figure 1.2 Transmission electron microscopy illustrating high numbers of Rough
Endoplasmic Reticulum (RER) in hypopharyngeal cells of 4. mellifera workers: (a)
12 hours before eclosion, (b) 2 days, (c) 8 days nurse bee and (d) 29 days forager.

Bars =1 pm.
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et al, 1996). Moreover, genes encoding a-amylase and glucose oxidase in 4. mellifera
were cloned and characterized. These genes were specifically expressed in
hypopharyngeal gland of foragers. The deduced amino acid sequence showed 60.5 %
identity with D. melanogaster a-amylase and 23.8 % identity with Aspergillus niger
glucose oxidase. Recently, proteins having molecular masses of 57 and 85 kDa were
purified from hypopharyngeal glands of 4. mellifera foragers and determined by SDS-
PAGE These proteins showed amylase and glucose oxidase activity, respectively

(Ohashi et al, 1999).

1.3.3 Purification and chs ‘acteriz: “wMajor royal jelly proteins

(MRJPs)

MRIJPs of 4. melliferg Ps) have been extensively

studied and usually focusg jeterization of these major
proteins. DEAE celluloe g 'mc exchanger), has been
initially used to purify A#MEI P4 e FTARcaion Brodess Was performed by eluting
W0 at pH 7.2 The elution
centrations of 0.05 M, 0.10

asses of purified AmMMRJPs

the proteins out with a li
profile showed three protei .
M and 0.20 M, respectively. WEvg i
were not determined (Tomoda and.]

Hanes and Sini é;f'""‘“‘_——‘_"’ ““““ .‘ purchased from the

Institute of Honeybee RE
Two peaks of proteins eluted out at 0.05 M and 0.2 M Na

T AT
ol | g ey ksl

Recently, AmMRIPs were also isolated by a DEAE cellulose column

MOsetolumn chromatography.

Lo

concentrations at pH 7.5

chromatography. Three peaks of proteins were eluted out with a linear gradient 0.11-
0.16 M (peak A), 0.16-0.22 M (peak B) and 0.22-0.30 M (Peak C) NaCl
concentrations at pH 7.5. Each peaked protein was further purified by
rechromatography on DEAE cellulose column and characterized by SDS-PAGE. Peak

A and C proteins showed a single band with the molecular mass of 49 kDa and 55
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kDa, respectively, whereas a peak B protein showed two separate band with the
molecular mass of 55 kDa and 60 kDa. This chromatographic purification did not
recover all proteins compared to crude RJ proteins. To classify families of AmMMRIJPs,
crude RJ proteins were separated by SDS-PAGE, electroblotted onto PVDF
membrane and N-terminal amino sequenced. Four families (MRJP1, MRJP2, MRJP3,
and MRJP5) were identified from the N-terminal amino acid sequences as described
below. The AmMRIP4 amino acid sequence was deduced from the nucleotide
sequence of the cDNA clone RJP57-2. All components of MRJPs were glycoproteins
(Schmitzova et al., 1998).

AmMRIP1  possessc enéino acid sequence of
i ; -

“NILRGESLNKS”. This p adant protein (31 % of the
total protein) in RJ of 4.
kDa or 57 kDa on SDS-L
48 % of total amino acid cy
Simuth (1992) purified and gh
eight isoelectrophoretic variag o | | w vere found suggesting that

AmMRIJP1 was an acidic proie!

t molecular masses of 55
tent of AmMMRIP1 was
998). Previously, Hane and

result showed that at least

For localization of A R A5 sites, proteins from various organs
of honeybees (head, thoflx gland) were prepared and
separated by SDS-PAGLA
MRIJP1. Results suggest
gland. However, sizes of cmbgsgreacting proteins in head and hypopharyngeal gland

. ﬂﬂuﬂ NN WA G aing

transportation to torage in, the hon bee mouth

AMANIVAR INNEY . .

without the signal peptide sequence and expressed. The recombinant AmMRIP1

"Wuh antiserum against the

that MR geMocalized indl dead and hypopharyngeal

(rAmMRIP1) protein was purified and characterized. The different molecular mass
was found between rAmMMRIP1 (47.9 kDa) and native AmMRIP1 (55 kDa). The
rAmMRJP1 will be used for testing allergic reactions with patients (Judova et al.,
1998).



15

More recently, AmMRIP1 was isolated by ultracentrifugation and was
characterized by SDS-PAGE and size exclusion column chromatography. Three
different forms of MRJP1; a monomer (55kDa), oligomer (approximately 420 kDa)
and water insoluble aggregates resulted from interaction with fatty acids, were

obtained. The oligomeric form of AmMRIJP1 is water-soluble (Simuth, 2001).

To make an indicator for freshness of RJ, stability of AmMRJIP1 was
determined during storage under various conditions (at 4°C, room temperature, 30 °C,
40 °C and 50 °C for 0 to 7 days). Tha H ,
with a direct proportion to both A and period (Kamakuma et al.,
2001). —

AmMRIP2 which iggh 00U ] BNOER proteins possesses the
“ATVRENSPRNLEK” N-gflif ” weight Of AmMRIJP2
was 49 kDa on the basis of represented 16 % of total

RJ protein with 47 % of thgfcy ion (Schmitzova et al.,

1998).

Recently, cDNA encod iz A :,-s ofled and expressed in a pQE-30
vector (without signal peptide seq = . = -‘ “mbinant AmMMRJIP2 (rAmMRIP2)
protein was isolated fromg cr Stérfal lyzd iizeg-and compared to native
AmMRIP2. The mole g ':"""' was identical when
electrphoretically estimatéd by SE stlranglation modification of the

L3

native MRJP2 did not affeg, the molecular mﬁs of this protein. The native MRJP2

was resolved into grq ”\n mmmts of pH 7.5-8.5.
Therefore 1s a basic proteln Bilikova et al., 1999
RN M WK B § asvmmo

(R/K)KSANNLAHS” and exhibited size polymorphism. Therefore, an apparent
molecular mass of MRJP3s was between 60 and 70 kDa revealed by SDS-PAGE
analysis. The essential amino acid content of AmMMRIP3 was 39.3 %. A relative
content of AmMRIP3s was approximately 26 % of total protein (Schmitzova et al.,
1998). The deduced amino acid of MRJP3 contained a repetitive region at the end of
the C-terminus, which contained motifs of XQNXX, typically with 20 repeated units.
The amount of AmMMRJP3 mRNA was 8 % of total mRNA (Klaudiny ez al., 1994).
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AmMRJIP4 was not obtained from direct purification of A. mellifera RJ
(Schmitzova et al., 1998). Only a clone containing cDNA encoding MRJP4 from the
head cDNA library of nurse bees was previously characterized. The lowest expression
level (2 % of total mRNA) of AmMRJP4 transcript was found compared with other
AmMRIJPs. The deduced amino acid of AmMRJIP4 contained 44.5 % essential amino
acid content. The calculated isoelectric point of AmMMRIP4 was 6.2 (Klaudiny, ef al.,
1994).

AmMRIJPS exhibited different & ap weight (77kDa and 88 kDa on SDS-
PAGE) possessed an identical AV Nty Moot sequence of “VTV(R/N)E(N/Q)
SPR”. The amount of AmM®¥Bs 'Q“- - étotal protein and contained
51.4 % essential amino @ v' _ $)¥rom the cDNA encoding
AmMRIJPS5 nucleotide ss »
tri-amino acid motif whet
1999a).

of a 58 repeated unit of

-terminus (Albert et al.,

%
3
!

‘L,\m : " ‘
Gel filtration chrgffiai@d ghhy - ,. @ i\‘ "‘Azﬁh-“ ¢ used to purify RJ. This
chromatography does not rgfu #€ b1 een ‘1\ oins and the matrix. Proteins

are separated due to size diffCrgjis -soluble RJ proteins were firstly
isolated by Sephadex G-200. Tw j ith molecular weight of 14 kDa
(peak Al) and 33 kDaXF - . frotein peak was further

e No further separated

purified by re-chromsé v
protein was found. Pz [ ein peaks™ 72 we characterized by disc
electrophoresis. The fractldi contamed 4 gogmponents while the fraction AIl was

— ﬂgugt ym m 1S 5 bt cions

Obv1ously, RJ prot€ins were not succe fully purified and the molec@r mass of these

e QPRGN FRIARINNQ D

1.3.4 Molecular cloning of cDNA encoding MRJPs

Previously, the Uni-ZAP XR expression cDNA library was prepared from the
head of A. mellifera nurse bees. AmMMRIPs were immunologically screened with
polycolnal anti-MRJPs raised in mice. Two selected clones, pRIP57-1 and pRIP57-2,
were characterized by nucleotide sequencing and assigned to be AmMRIJP3 and
AmMRJP4 respectively (Klaudiny ef al., 1994). Two additional clones, pRJP120 and
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pRIP95, were subsequently identified as AmMRJP1 and AmMRIJP2, respectively
(Ohashi et al., 1997; Schmitzova et al., 1998). Recently, a new member of RJ proteins
AmMRIP5, was also found using the same procedure (Albert ef al., 1999a). A
summary for molecular characterization of cDNA encoding AmMRIJP families is

illusttrated in Table 1.3.

Putative promoter and genomic structure of AmMRIP1 were currently
analyzed (Malecova ef al., 2003). The genomic structure and an upstream binding site

over 3038 bp containing six exo L b romoter with the TATA motif of
AmMRLP1 was found and Hifhivee : ée sequence and the position
across AmMMRJP gene fami ’

amiined. Ultraspiracle (USP), a
anscription factor and binding

Regulation of Amlg
steroid hormone receptor s

hormone ligand. USP aétS tgfec " O activate transcriptton of

hormone responsive gene e Atiation and development as

@rmone (JH) was proposed to
ng as a mediator on AmMRJP

tionally predicted in the promoter

well as homeostasis and reg#fod th ;;»' '
be a physiological regulator fofoigding.
expression. The USP-TF binding
ding proteins that share an
b d

region. Moreover, the ddag

A/T rich interaction V positive or negative

transcriptional regulat10 bindir | site were also located in

i i ;m'éuzgssmmﬂm .
:;G:;;:@mmmgm e

Polymorphism of AmMRIJP3 is supported because at least 10 PCR products with
distinct sizes were obtained from random sampling clones. The repetitive region

consists of two distinguishable segments (Albert ef al. 1999b).
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The first segment was located in a more proximate region of the N-terminus
and more conserved. The repeat consisted of NQNA(D/N/G) encoded by
AATCAGAATGCT(A/G)A(C/T), where 13 nucleotides of these were 100%
conserved. This motif appeared in 6 — 8 copies in characterized AmMRIJP3.

The second repeated segment was less conserved. It consisted of (K/R)QN
(D/G)N encoded by A(A/G)(A/G)CA(A/G)AATG(A/G)TAA(C/T). The invariant

glutamine-asparagine (QN) motif is_gopgerved. The repeated unit ended with

asparagines at the 5" position. The A FFFf gent started with lysine or arginine
(positive charges) causing a b Siescharacter P @ i of AmMRJP3 (Albert et al.,
1999b).

The extensive repca IMIRIPS “Was recently characterized

(Albert et al., 1999a). th and 540™ amino acid

residues. The consens h encoded asparatic acid,

Using the differential ription-polymerase chain reaction
(DD-RT-PCR) technology, gene£u4 of various developmental stages
(newly emerged bee ;_______—_;_;,__;___;__ of A. mellifera were
examined. A cDNA e ;." ; d in a subset of Kenyon

cells in mushroom bodie ] . Lewéls of mRNA expression in
this organ were mﬁﬂﬁm is. A high level of
transcription wa@ﬂ ﬂcﬂeﬁr nce (Kucharski and
Maleszka, 19 % §
vaiﬁucgm em gsalm isolated and

characterized from a cDNA library prepared from the head of A. mellifera nurse bees.
Full-length cDNA of apisimin was obtained after sequencing analysis. Apisimin had
an open reading frame (ORF) of 234 nucleotides encoding a precursor peptide of 78
amino acid residues where the signal peptide was located at residues 1-24. Therefore,
a cleavage signal peptide site was located between Alays and Lyszs. Apisimin of 4.
mellifera was valine- (18.5 %) and serine-rich (16.7 %), and contains only one

aromatic amino acid, phenylalanine. Apisimin was synthesized for the entire life span
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of A. mellifera and may be involved in activation of different cellular processes

(Bilikova et al., 2002).
1.3.5 Phylogeny and evolution of MRJPs

Sequences of all AmMMRIP cDNAs were translated to amino acid sequences
and used to search the EMBL/GenBank databases with the BLITZ program.
Similarity was observed between AmMRIPs and the yellow proteins of D.

melanogaster and D. subobscura (27 %, identity and 51 % similarity) and four

genomic sequences (loci) of D. ‘\ Y / ,’L o acid sequences of AmMRIPs
and Drosophilla yellow protg then aHlae® .- subjected to phylogenetic
analysis based on parsimon P reshars - 1mony search and branch-
and-bound bootstrapping a - apping of the original protein

sequence data) approaches ” AW

Phylogenetic analygit letic relationship between
AmMRIP families but the
the AmMMRIPs family. The p;

5 o, ’ \} 5 s
as a consequence of multiple g o neatly simultaneous period of time.

iolitionary relationships within
=',| that AMMRIP genes occurred
Nevertheless, MRJP4 may possib iest divergence within these gene
families (Albert et al., 1999b

1.4 Importance and ob det

Genetic dlﬁ'erentlatlgn etween dlffer geographic regions of 4. cerana in

Thailand have b q;ﬁiand 6 colonies in

Deowanish et al and mlth agen 19 A respectlvelﬁ) Accordingly,

e TSN IR

management and conservation programs in this important bee species.

of genetic

etlc based-

Molecular characterization of AmMMRIPs at both nucleotide and DNA levels
has been reported and well studies. However, this basic information is rather limited

for A. cerana.
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MRJPs
100/10
202 t ;
yellow
proteins
9gaSter DS00929
Figure 14 A phylogeniegilfe 0f Amid ctgd using the maximum-

L

parsimony method (PA ,;:,‘ rocedure. Branch and

bound bootstrapped analiiis (26 *’Showi above lines, on the left
side of the slash. Bootstrapwd results (2000 replications) from PROTDIST (PHYLIP

Version 3.5¢) an uﬂ ?ﬂ(ﬂﬁﬂ?ﬁ slash. The most
parsimonious step een ranches 1S 1tahclzed ow th e tree was rooted
" RITIIINAMN INENE
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Recently, Takenaka and Takenaka (1996) reported that chemical compositions
of A. mellifera and A. cerana major royal jelly protein components (levels of proteins,
10-hydroxydecanoic acid and glucose/fructose ratio) were different. Analysis of water
soluble proteins in royal jelly by electrophoresis revealed 21 protein bands in each
species where 14 protein bands were shared between the royal jelly of these bees. A
highly aggregated protein was found in 4. cerana but not in A mellifera. Four (bands
6, 7, 12 and 16) of six major bands (bands 4, 6, 7, 12, 16 and 21) in the royal jelly of

A. mellifera were more heavily stained than those of 4. cerana. Additionally, two

protein bands (no. 10 and 11 with thesan s

Z

ial beekeeping in Thailand

66.2 kDa in size) were major and

specific to A. mellifera royal jel

Currently, 4. cerasm
due mainly to its disea een rearing experiments
supported differences o jelly because A. cerana

criroyal jelly and vice versa

queens could not be succgy

: ‘ \
The objectives of 15 31 ‘\L aliln of genetic diversity and
population genetic differentiali®n Vi iland and characterization of

As a result, ré ;;*“““'""' ssmentbd for genetic diversity

analysis was established ised Atgesubunit of ribosomal (Ir)

j

RNA gene against a large l ample size of A. cerana in Thailand. Representatives of A.
cerana from diff 1‘ -~ i > 1 itéghondrial (mt) DNA
polymorphism ongﬂzmm lgj‘s‘elﬂjé of the amplified
erNA geng. regi lepti m i i emearched for
the existela ﬁ\jﬁm mﬁ:ﬁl ﬁm ify'the analysis
to a diagnostic PCR-RFLP.

For the characterization of major royal jelly cDNAs and proteins of 4. cerana,
an EST library from hypopharyngeal glands of 4. cerana was established. The
cDNAs encoding AmMMRIP homologues and other important cDNAs (apisimin, o-
glucosidase and glucose oxidase) were searched. Expression levels of three major
royal jelly protein genes in A. cerana (AcMRJP1, AcMRIJP2 and AcMRJP3) were
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semi-quantified using a target/standard competitive PCR. In addition, major royal
jelly proteins of 4. cerana were chromatographically purified and further

characterized by SDS-PAGE, isoelectric focusing and amino acid sequencing.

quuﬁwawiﬁuwns
AN TN UM INYIRY
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