CHAPTER I

INTRODUCTION

Honeybees are social insects in Genus Apis. They are an economical insect.

They help pollination that increas 1d and improve the seed and fruit qualities.

The honeybees produce man as honey, bee wax, royal jelly and
pollen. They are used oods, cosmetics and medicine-
like products.

Honeybees are so ihséq " LIive as eolony. One colony is composed of 3
caste honeybees, that are e colony has only one queen,
a large number of workerg'a d of drones depending on different
annual period. The queeﬁ and work e, heterozygotes (diploid 2n = 32)

grown from fertilized eggs n-?_‘gﬁ;?, : ale, hemizygotes (haploid individuals)

arising from unfertilizéd-eges-CWongsir—i- ]

Queen bee hasEe greate colony wh@ compared with the others and

has fully developed ovafy#8he lays eﬁ § ﬁﬁs’tlﬁ heromone to control her
offspring and @H vgpmnﬂf rker's o v s er bees are sterile and have
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workers, alled nurse bees, generally age less than 14 days after eclosion, are involved in
synthesizing, secreting and feeding the royal jelly to young larvae and the queen. The
older workers, called foragers, age more than 10 day after eclosion, forage for nectar and

process it into honey. Role of drone bees is mating with the queen bee (Robinson, 1991;

Page and Peng, 2001).



Honey bees in Thailand

There are five species of honey bee in Thailand, 1) the giant or rock honey bees,
Apis dorsata, 2) the dwarf honey bees, Apis florea, 3) the small dwarf honey bees, Apis
andreniformis, 4) the eastern honey bees, Apis cerana and 5) the western honey bees,

Apis mellifera. For A. mellifera, thisl‘ pecies is not native to Thailand, they are imported

from Europe and Africa for a beekee; g A mellifera and A. cerana can be kept

COIIMErc QO non-aggressive behavior and
simple management. C g \\.Y ellifera is better studied than

those for 4. cerana, b ¢ resistance to bee mite especially

and managed in hive fa

varroa jacobsoni mit aibits be -  cl X\ aptability than A. mellifera. From

N

this reason 4. cerana w, atland (Wongsiri et al., 1990).

Royal jelly (RJ)

RJ (also callé . the hig} ek

‘ i A ‘
beekeeping. It can y: d ~1m g,

with other product. It is u‘ged as supplement food and used in cosmetics industry. China is

the world’s lﬁ %Hu%r%%ﬁ m‘ﬂxﬂv Japan has the highest

domestic consumptlon of royal jellyy'a large part @f which is imperted from other Asian
countnaI mgd,ﬁ ﬂsimtuow glmglrllarﬂcts is successful

that it grows into a multimillion dollar enterprise (Krell, 1996).

product widely produced in

freeze-dried RJ and mixed

Royal jelly is secreted from the hypopharyngeal and mandibular glands of the

worker honeybees mainly between the sixth and twelfth days of their life (Haydak, 1970).
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Figure 1.1 Diagramshowing the organysystems of an adult female honeybee
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These glands are located in the head of nurse bees (Figure 1.1). Royal jelly is a thick,
whitish in color, has a slightly pungent phenolic odor and a characteristic sour flavour
(Iannuzzi, 1990; Krell, 1996). It is always fed directly to the queen throughout her larval
and adult stages. For non-selective queen larvae (worker and/or drone larvae), the RJ is

supplied only the first three days aft erging. Subsequently, a mixture of honey and

ime (Johansson, 1995).

lﬁwulax rich in queen, mechanisms

> _'h\\ { female cast determination and

eggs a day. In contras > are's; §ize ‘ e reproductive organ is not well

pollen is supplied as their die

Due to different.
between queen and
arger size than workers and the

differentiation is obse

d is able to lay several thousand

developed but organs th ated-wit rifeir tas ch as pollen baskets, mandibular,
hypopharyngeal and wax glan 2Veloped. Basically, the time required for
development of the qu cen lar : 18! O 15.5 days. The life span of the
adult queen is seve /e t‘ for growing up with only a

|
|

few months of life span S‘Krell 1996).

Royalﬂl%%}eﬁ}i%ﬁ% ﬁpweﬁ}"}ﬂpﬁmacologmal activities in

experimental ammal For example, RJ can lower the cholesterol ig_blood (Vittek, 1995),
possesaqsw ;llalmtgmvunmglgpnﬂegfal Eﬁlal., 1990) and can
act as a potential immunomodulator for stimulating antibody production and
immunocompetent cell proliferation in mice. However, RJ depresses humoral immune

functions in rat (Sver et al., 1996). In human, RJ consumption in the amounts of 50-100



mg per day can reduce total cholesterol levels by about 14% in people with moderately
high cholesterol levels (Vittek, 1995).

However, allergic reactions are the most common side effect when consume royal
jelly. Allergic reactions from oral intake of royal jelly can range from very mild (e.g.,

mild gastrointestinal upset) to more, seyere reactions, including asthma, anaphylaxis

(shock), intestinal bleeding, and even d le who are extremely allergic to bee

products (Thien ez al., 1996siseung et alt, 19@’1& etal.; 1997).

Composition of RJ / \\
Numerous ch e i \\ been published. Royal jelly is

composition of fresh RJ of 4.
, sugars (11-12.5%), lipids (3-
5.5%) and mineral salt hino acids omposition of RJ protein is also
investigated. RJ proteins are richin ess 2 a io acids (39.3 % - 51.4 %), the most

important being aspar -} 0.19 %). For lipids fraction,

2

the major fatty acid w‘-! 0 1D A) at an average concentration

0f 50.3 % of the total fa ‘;y acid content. The sugars in royal jelly are dominant in fructose

o s i TG TLT T TE T S——

together account for 90% of the totdl sugars (Howe, et al., 1985, Ralma, 1992 and Krell,
A WIANINTUURIING1Q Y

q

Recently, compositions of fresh RJ from A. cerana indica and A. cerana japonica
were also examined and compared with that of 4. mellifera (Table 1.1). A. cerana R]
contains 52.1 - 65.3 % moisture, 16.4 - 19.5 % crude proteins, 9.4 - 23.0% carbohydrates,

3.9-7.4 % lipid and 1.5 % ash. Interestingly, moisture content of A. cerana indica RJ



Table 1.1 Composition of fresh RJ of A. cerana indica, A. cerana japonica and

A. mellifera.

Composition 4. ceran ndica/ A¥cerana japonica A. mellifera

Moisture (%) 68.3
Crude protein (%) 127
Carbohydrate (%) 11.9

Lipid (%) 6.1

Ash (%) 1.0
Acidity * 422
Reference ‘Takenaka and Takenaka and

al(1996)  Takenaka (1996)

.LI e |

* Acidity: Volunp &f. IN NaOH (mleOg of fresh RJ)
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from Thailand is lower than that of A.cerana japonica from Japan and A4 mellifera,
whereas crude proteins content, carbohydrate content and acidity of A. cerana indica RJ
from Thailand are higher than those of A. cerana japonica from Japan and 4 mellifera
(Kavinseksan, 1994 and Takenaka and Takenaka, 1996).

Hypopharyngeal glands secretions

Hypopharyngeal gl / are a pair of long tuberous organ

connecting to many acini e glas ds)bﬁhich is composed of about a dozen

of secretory cells. Thi royal jelly (Brouwers, 1982;

Knecht and Kaatz, fural. changes, of hypopharyngeal glands in
different developme | \- b‘ cof rough endoplasmic reticulum
» s after bee emerged, reached to
decreased in foragers (Knecht and
{Ubo, et al. (1996) showed that the protein
condensed in the ducho

4 e
N )
43 Pmrf

Royallizin was, tt the complete amino acid

as royal jelly proteins.

|
|

sequence was characten}ed Royalizin of 4. mellzfera bee is composed of 51 amino acid

resdues w,nﬂlug@w@m@gwgm B it e

antibacterial act1v1ty against Granfpositive bacteria (Fujiwara,@ef al., 1990). Further
protexa m&m ilmbum;g] :aiuﬂ’]gaf EJelr complementry
DNAs (cDNAs) : RJP 57-1 (MRJP3) and RJP 57-2 (MRJP4) (Klaudiny ef al., 1994), o

glucosidase (Ohashi, et al., 1996) and the dominant 56 kDa protein (MRJP1) (Ohashi, et

al., 1997).



Subsequently, Schmitzova (1998) isolated cDNA clones coding for RJ proteins
from uni-ZAP XR expression cDNA library, which prepared from the head of 8-day-old
nurse honeybees (4. mellifera). It was done in parallel with electrophoretic analysed and
N-terminal sequencing of RJ proteins. The result of N-terminal sequences of the proteins

cDNA sequence data concerning this

and by analysis of the newly obtai ed
proteins. It was found that ros H‘ ( jor proteins and that all the proteins

in famiby-desig major royal jelly protein). The
family consists of ﬁVM ‘ ‘m MRJP3, MRJP4 and MRJP5)

- \\\‘ ."MRIJPs contain high amount of
JPs have nutritional function in
\ ellifera MRJPs are illustrated in
addition, The MRJP gene family

encodes a group of closely relatéd-proteins that share a common evolutionary origin with

e J,_} e

the yellow protein of D ipibtein has a functions in cuticle

pigmentation in D. v‘* ¢

-

Recenty, three ne‘yv members of the MRJP family (MRJP6, MRJP7 and MRJP8

sl 1 VAR ) e o

honeybee bram expressed sequenceftags (EST) sequence databasej honeybee genomic
sequenq M :.rlla }lﬂj m;l)mg mﬂ r]lﬁ)fgje nurse honeybee
head cDNA library. Excluding MRJPs, cDNA coding for orthologues of Drosophila
yellow protein was reported. From its homology with tile yellow-f gene product of

Drosophila, the cDNA was designated am-yellow-f (Albert and Klaudiny, 2004).



Table 1.2 Amino acid composition of Apis mellifera MRJPs

MRJP1 MRJP2 MRJP3 MRJP4 MRJPS MRIP6*
Ala 3.9 6.2 4.9 43 3.8 5.8
Arg 34 3.8 4.9 4.1 9.0 3.1
Asn 6.9 i3 159 13.8 11.0
Asp 8.6 ¥l 12.0 6.5
Cys 2.5 1.5 1.2
Gln 2.9 W
Glu 3.9 4.1
Gly 5.6 5.0
His 2.3 2.6
Ile 6.0 7.4
Leu 9.5 19
Lys 5.1 6.0
Met 3.5 3.6
Phe 4.2 3.8
Pro 3.7 29
Ser 8.1 8.2
Thr 6.3 34
Trp 12 | 1.4
Tyr 4.4 %'Sn. 3.1 ._}.9 33 5.0
w | FUBINRNTHE T =
U ¢ -

Percent c?)ntent of amino acid in native protein was obtained by computer analysis of its
sequence (Schmitzova et al., 1998). Essential amino acids are marked in boldface.

* Amino acid composition of AmMMRJIP6 was obtained by computer analysis employing
the program ProtParam (Albert and Klaudiny, 2004).
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Characterization of major royal jelly proteins (MRJPs)

MRIPs of A. mellifera RJ (hereafter called AmMRJPs) have been extensively
studied, which focuses on characterization of both cDNAs and proteins. The Uni-ZAP
XR expression cDNA library was prepared from the head of 8-day-old nurse honeybees

(A. mellifera). AmMRIPs were immunologically screened with polyclonal anti-MRJPs

raised in mice. Two selected clones / and pRJP57-2 were characterized by
nucleotide sequencing and.de — : (RIP3.and. A [RJP4 respectively (Klaudiny
et al., 1994). Two additi RJIP9S, were subsequently identified
1997; Schmitzora et al., 1998).
cedure (Albert et al., 1999a).

Recently, thre _ Bl JPs were identified as AmMRIJP6,

AmMRIJP7, and AmM se’ntielebfide €q ences were assembled by using the

it - 2l | - .
honeybee brain expressed seq )ence fags sequence database, honeybee genomic

LT

=

sequence data and mugle nce from iow product of the nurse honeybee
head cDNA libr *:3". summary for molecular
characterization of cmNA and deduced ammo acid Sequences of the AmMRIPs is

illustrated in ﬂluﬁ ’J V] EI VI ‘3 W EI ’] ﬂ ‘i

s characterizaion, AmMRJE were punﬁe y a DEAE cellulose

commﬂ #2 BT bimbbiibn} o BE&D 'L&%lcolm i

charactenzed by SDS-PAGE. The result showed that only 3 bands with molecular weight
of 49, 55 and 60 kDa can be purified. The purification did not recover all proteins

compared to crude RJ protein. To classify families of AmMMRIPs, crude RJ protein was
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separated by SDS-PAGE, eletroblotted onto PVDF membrane and N-terminal amino acid
sequenced. Four families (MRJP1, MRJP2, MRJP3 and MRJPS5) were identified from the
N-terminal amino acid sequences, which correlated with cDNA sequences obtained
(Schmitzova et al., 1998). More recently, AmMMRIP4 protein has been identified in royal

jelly of A. mellifera by using two-dimensional gel electrophoresis and the N-terminal

amino acid sequencing (San
MRJP1

AmMRIJP1 protei ‘ N nal a 10_acid sequence NILRGESLNKS.
From deduced amino whigh amount of the 10 essential

protein in RJ of 4. mellifera, that

comprises 31% of the i tas termined DS-PAGE. This protein exhibits

molecular weights ma

e

€ proteins during transport, or

storage in, the ho w: nth, 1992; Schmitzova et al.,

1998). m
For 1rﬂ%ﬁ§% ﬁl% é’tw Wﬁjs a glycoprotein, purified

56 kDa protelrﬂs treated with N-glycosidase F. he molecular 1ght of the resulting
dlges& w;}ﬁ ha a irm ulwdf]:a m'&l:r]navﬂrotem lacking the
signal sequence (46.8 kDa) (Ohashi et al., 1997, and Schmitzova et al., 1998).

MRJP1 was reported to have three different forms; a monomer (55 kDa),
oligomer (approximately 420 kDa) and water insoluble aggregates resulted from

interaction with fatty acids (Simuth, 2001). In the royal jelly, MRJP1 associates with a



13

small peptide named apisimin (Bilikova et al., 2002) and possibly with other compounds
in a large complex of 420 kDa. The oligomeric form of AmMRIP1 is water-soluble
(Kimura et al., 1996; Simuth, 2001).
MRJP1 mRNA was found to be differentially expressed in the heads of early
T), nurse and also forager honeybees (Ohashi et
Is ( tmﬁs) of mushroom bodies-presumed
centers of learning an bee | ram (Kucharski et al., 1998).
_/. / AN \ .
AN

emerged honeybees (Kucharski ez al.,

al., 1997). Its expression wa aryngeal glands (Ohashi et al, 1997),

and also to a subset of

Therefore, it would seg as a component of larval food
but also plays a role in

The cDNA engbdiug d into pQE32 vector without signal
peptide sequence for express oli-sy em. e recombinant protein was expressed
AS chlaracterized by SDS-PAGE and the

and purified. Purified recombifian

molecular weight was, 4 ) as compare Da ifi native AMMRJPs (Judova et
al., 1998). v, . ""

MRJP2 m
The Nﬁ%%ﬁﬁ%%’ WﬂiﬁﬂVRENSPRNLEK. The

relative content'yfthis protein is 16% in total royah'.elly protein wi&),47 % of the essential
aminoQiW);])ai‘a Rcﬁxmm w ;-49{8; ng}l;]ﬁa r&lecular weight of
native A‘rlnMRJPZ protein is 49 kDa that can be resolved into at least eight variants with
different isoelectric points of pH 7.5-8.5.

The cDNA encoding AmMRJP2 without signal peptide sequence was cloned and

expressed in E. coli expression system. The recombinant AmMRJP2 protein was purified
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and characterized by SDS-PAGE. The result showed the molecular weight of
recombinant MRJP2 protein to be 49 kDa which was the same as the native AmMRIJP2
protein (Schmitzova et al., 1998, Bilikova et al., 1999).

The 50 kDa protein that had the same molecular weight with MRJP2 as detected

ot in the forager bee hypopharyngeal gland

"/4; 1996). Interesting; MRJP2 mRNA

of ¢ pex@gers when using microarrays and

in nurse bee hypopharyngeal gland,
when using immunoblotting
was found to be express
northern blot analysis (Ku
MRJP3 .

AmMRIP3 pro s detected by SDS-PAGE. The
apparent molecular magSe and 70 kDa. They have almost
identical N-terminal a 2 (R/K) KSANNLAHS, which is
1dentical to the amino acid seque R.ITP57-1 cDNA. A relative content of
AmMRIJP3 is appr I rofCin. The essential amino acid
content is 39.3% (S “V i V . VJ o acid of MRJP3 contains a
repetitive region at th C termmal part, repetltlve motlm of XQNXX, typically with 20

s GBI ARG e v e

detection of theq'upolymorph]sm of the MRJP3 remtltlve region, &1} result showed that
repeat &1%&&%5 mm%a@m glm‘lﬁs EJC alleles found in
10 indiv?duals from the same colony (Albert et al, 1999b). In other species, the study of
repetitive sequence motifs in Gaint bee, Apis dorsata found that repettitive sequence also

existed in MRJP3 gene liked those in A. mellifera (Albert et al., 2002).
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The MRIJP3 protein was reported to have two different forms; a monomer (70
kDa) and trimer (210 kDa) (Okamoto et al., 2003).

MRJP3 mRNA and protein are expressed specifically in hypopharyngeal gland of
nurse honeybees (Kubo et al., 1996, Ohashi et al., 1997). The amount of AmMRIJP3
mRNA is 8% of total mRNA (Klaudi

'7#4..

taining m&ng MRIJP from the head cDNA

MRJP4

Only a clone (
library of nurse bees e MRJP4. It showed the lowest
expression level (2% pino acid of AmMRIP4 contains
44.5% essential ami 1 overall essential amino acid
content, but possesse eu (9.7%) and Val (8%). The
calculated isoelectric 1s 6.2 (Klaudiny et al., 1994,
Schmitzova et al, 1998).

MRIP4 cariy ained " fron o experiment and SDS-PAGE

analysis of RJ. It V'

\§iohal gel electrophoresis of RJ

J

following by N-termi al amino acid ana1y51s From two-dimensional gel electrophoresis

of European lﬂe%%’a waﬂ % @Wtﬂ@zﬂaﬁj and E28, were identified

as MRIJP4. Th y possessed the N-terminal arpino acid sequemge (GVVRENSSRK)
1dentla w:-]ea' ﬁlﬁ}’ﬁfm711 m\la Q‘%]lﬂ :;lcﬁdﬂy Klaudiny et al.
(1994). For Africanized honeybee RJ, five spots; HBRJ A24 to A28, were identified as
MRJP4, and possessed the N-terminal amino acid sequence of AVVRENSSRK. The N-
terminal amino acid sequence of the 2 species were different by only one amino acid

residue.
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The molecular weight and isoelectric focusing point of MRJP4 of Africanized
honeybee RJ and European honeybee RJ were compared. The results showed that the
molecular weight average of MRJP4 was 60 kDa and isoelectric focusing point was 5-6
(Sano et al., 2004).

MRJPS

AmMRIPS5 exhibits lar weights (77 kDa and 87 kDa) on

SDS-PAGE. They pos i -t@no acid sequence of " VTV (R/N)

E (N/Q) SPR". The M | A “* $9% of total royal jelly protein and

g (9%) and Met (11.4%)

d from MRJP5 cDNA shows the
" amino acid residues. This repeat
unit is composed of a consens AGAATG) which encodes for tripeptide
(DRM): aspartic acig (I in€" (M) occurred 58 times and
interrupts a conse ‘.-' ‘ S-S N- uence. This repeat region is

U

fml of this protein and 1nvar1ant in repetitive unit size (Albert et al.,

1999a). ﬂuﬂ\"]ﬂﬂ‘wiw&]ﬂﬂ‘s

5 repetitive region was chara(ﬁnzed in A. dgrsata. The repetitive

regmq Wlﬁtﬁeﬂ:ﬁ DUUBAINGAR Ehe 0,

occurred 23 times compared with 58 times in 4. mellifera (Albert et al., 2002). From two-

located at the C-term

dimensional gel electrophoresis, the MRJPS proteins were found in both the Africanized

and the European honey bee royal jelly. The MRJPS protein from this 2 species posses
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the identical N-terminal amino acid sequence (VITVRENSPRK), however, molecular
weight and pl value were different (Sano et al., 2004).
MRJP6-8
Three new cDNA members of the MRJP family (MRJP6, MRJP7, and MRJPS)
were identified (Albert and Klaudiny, 2004). They were assembled using the honeybee
\
brain expressed sequence ta ' L&/Iatabase, honeybee genomic sequence
@oduct of the nurse honeybee head

database and nucleotide se om_amp

cDNA library (K]audin'}f-—' I ‘ .
v \\~§t s, to MRJPS, but does not have

repeat sequence encodi JRM)., The 5’ non-coding region of

MRIJP6 cDNA

MRIJP6 cDNA sequen A : ntre with the conserved AG motif,
Ova et al., 2003).
MRIJP7 c¢cDNA sequene! S r;', fom only the honeybee brain EST

RJP7 shows high homology

sequence database. ~The FEAE e 0 j

to MRJP2 protein ( ‘f Pabith MRIP2).

-
MRIJP8 cDN sequence was found only one€” clone in the honeybee brain

expressed seqﬁndwﬂliﬂr%Wﬁﬂw quﬂl% MRJP8 cDNA sequence

was identified %y using genomic Jsequence database and nuc]&gtlde sequence from

oo RGN SUNIINHI A B

Genomlc structure of MRJP

The genomic structure of the gene coding for AmMRIP1 and putative promoter
regions of AmMMRJP1-5 were studied. The AmMRJP1 gene sequence spans over 3038 bp

and contains six exons separated by five introns. The nucleotide sequences flanking the
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5’ ends of AmMRIP2-AmMRIPS genes were obtained by using inverse polymerase
chain reaction. From computer analysis, putative promoters were predicted upstream of
all AmMRIJP genes. The predicted promoters contained the TATA motif (TATATATT),
highly conserved both in sequence and position across AmMRIP gene families.

Ultraspiracle (USP) transcription factor (TF) binding sites and clusters of dead ringer TF

binding sites were predicted i / gions. The juvenile hormone (JH) was

proposed to be a physiolo : r&g of USP and acted as a regulator
of MRJPs expression. 1(" . r-

P1-5) were a single-copy gene
-.:\'; blot analysis (Malecova et al.,
2003). |
Characterization of
imited. Previously, Takenaka and
Takenaka (1996) reported sitio  of A. cerana royal jelly compared
with A. mellifera rayal j They showr leyels of proteins, 10-HDA and

e S —————

glucose/fructose rat W' ““ . Analysis of water soluble

proteins in RJ by elcmophorems revealed 21 protein ﬂnds in each species where 14

protein bands ﬂrﬂﬁiwﬂmw E]mTﬂﬁ Four (bands 6, 7, 12 and

16) of six majoﬂ)ands (bands 4, 6, } 12, 16 and 21) in the royal Ec}ly of A. cerana were
more IQ w Qra ﬂaxﬂog W 'ul% anai%m at& bands (no.10 and
11 with the range of 42.7-66.2 kDa in size) were major and specific to A. mellifera royal
jelly.

Recently, MRJPs have been first characterized in A. cerana for both the

expression level and the protein level. The expressed sequence tag (EST) library of
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A. cerana hypopharyngeal glands were constructed (Srisuparbh et al., 2003). Sixty-six
recombinant clones that had insert sizes greater than 500 bp were sequenced in
unidirection. The nucleotide sequences showed that forty two of these (63.6%) were
identified as homologues of AmMRJPs, homologues of AmMMRIJP1 (50%), AmMRJP2

(6.06%), AmMMRIP3 (6.06%) and AmMRIP4 (1.52%). The MRJPs 1, 2 and 3 of A.

2002). Nowadays, “ifie
2 have been reported. The ﬂnplete nucleotide sequence of

AcMRIP2 cnﬂwﬁp%%wé’wﬁﬁ fﬂaﬁ amino acid residue with

two predicted Niinked glycosylatioa. site (Imjonggiluk, C., 2004 Wublish).

RRARIRTI MRV I FR e s
q
characterized using Q-sepharose and Sephadex G-200 column chromatography. The N-

AcMRJP1 and ACMEP

terminal and internal peptide sequencing were used to identify the purified proteins. The
molecular weights of denatured proteins were determined by SDS-PAGE. Three types of

MRJP (MRJP1, MRJP2 and MRJP3) that homologue to AmMMRIJP were found in
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A. cerana royal jelly. AcMRJP1 was reported to have two different forms, a monomer
(50kDa) and oligomer (300kDa) with isoelectric points of 5.2-5.7 and 5.7, respectively.
The molecular weight of AcMRJP2 was 55 kDa which had isoelectric points of 7.0-8.0.
The native form of AcMRJP3 had the molecular weight of 115kDa, whereas denatured

form was 80 kDa. The AcMRIJP3 isoelectric point was 8.3 (Srisuparbh et al., 2003).

Advantages of MRJPs in other biologi
Several advantages"6f ‘;-r in }th@al system have been studies. The

MRIJP1 protein enhan( rolife .t hepatocytes (Kamakura et al.,

\ 1a serum-free medium (Watanabe
et al., 1996) and shovd (it N K amakura et al., 2001a). The
n a mammalian immune system. This
\ y by anti-CD3 mAb-stimulated T
oduction in vivo when MRJP3 was

administered intrapesitone ized BALB/C mice (Okamoto et al.,

2003) 7 Y]
Recently, royﬂ jelly which had MRJP3 inﬂne component, showed anti-

inflammatory ﬂtw ﬂiﬂ?}}ﬂ}ﬂtﬁ %’iw.ﬂﬂﬁﬂkine production such as

TNF-a, IL-6 and IL-1 by activated r&acrophages (Kohno et al., 2004
I D YR a frds aLeTye @),

Val-Tyr (VY), Ile-Val-Tyr (IVY)) inhibited angiotensinl-converting enzyme (ACE)

activity and had an antihypertensive effect in repeated oral administration for 28 days on

spontaneously hypertensive rats (SHR) (Tokunaga et al., 2004).
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Phylogeny and evolution of MRJPs

MRIP gene family encode a group of closely related proteins that share a common
evolutionary origin with the yellow protein of D. melanogaster. The duplications and
subsequent divergence within this gene family, which accompany the development of

social behavior in the honeybee. This results in the novel nutritional function of the

Amino acid sequenée*of- AmMRJPs a yellow protein and Drosophila
yellow protein were a 1hj¢ \ enetlc analysis using exhaustive
i g : : d bootstrap analysis. The analysis
showed that both hone ” ph 211¢ rotein was a monophyletic group
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Figure 1.2 Ph@ﬁu WM§OH£I :1.] rﬂlgra. This is an unweighted

maximum parsimony tree (938 steps) found withsan exhaustivegsearch. The results of
bootstQ W@eﬁﬂﬂm@%ﬁ&w&?eﬂ&a alﬂtions) are shown
above theé branches. The numbers below the branches are maximum likelihood
quartet-puzzling values found using TREEPUZZLE V5.0 (WAG + C evolutionary
model, 5000 puzzling steps). Only bootstrap or puzzle values >60% are shown (Albert
and Klaudiny, 2004)
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