CHAPTER 1V

DISCUSSION

Molecular cloning and characterization of AcMRJPs cDNA

MRJPs ¢cDNA have been fi

erized in Apis cerana by constructed the
expressed sequence tag (ES: eybee hypopharyngeal glands. The
nucleotide sequence fro iX eCom 'nes show that the AcMRIJPI,
AcMRJP2, AcMRJP 4 et eXp \:' with different expression level in
: 12 to the number of sequenced
recombinant clones ] - igher expression level than
AcMRIJP4. The Ac ' \ ombinant clones which has been
1e complete nucleotide sequence of
AcMRIJP1 (Srisuparbh et al, -2003),  AGMRJP2 (IrnJong]alluk et al., 2004) and

=

ACMRIP3 (Srisuparih¢2002) and partial nucleotide se4 & te of ACMRIP4 (Srisuparbh,
e ‘
J

et al., 2003) were rew'te. ; ﬂana was directly purified and

characterized. Three types of f AcMRJP (AGMRIJP1, AcMRJP2 and AcMRIP3) could be

pric som il b a mmm G ALRRs were not found i
ATl Anay
a 1 , the reverse transcriptase polymerase chain reaction (RT-PCR) was

selected tool for the in vitro synthesis of AcMRJP4 and AcMRJP5 cDNA using RNA
extracted from hypopharyngeal gland of 4. cerana nurse bee. The MRJP4 and MRJP5
specific primers were designed from AmMRIJPs cDNA sequence in Genbank Database.

The PCR product sizes of 400, 1,500, 1,600, and 2,000 bp were amplified by primers for
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AcMRIJP4 ¢cDNA. In addition, one PCR product (1,900 bp) was amplified by primers for
AcMRIJP5 ¢cDNA. The PCR product size of 1,500, 1,600, 1,900, and 2,000 bp from both
amplification reactions were cloned by ligated with pGem® - T easy vector. The ligation
products were electro-transformed to E. coli JM 109 host. The recombinant plasmids

were extracted and used for identified the cDNA insert. The cDNA inserts in recombinant

22nd nucleotide sequencing. Recombinant

plasmids containing 1,500 1§ @seﬂ DNA were characterized by

) fragments from digestion were
compared with the siz ts expected from “AmMRJPs cDNA sequence. The
result showed restricti ombingnt PlaS, o aining 1,500, 1,600, 1,900 and
RIP6, AmMMRJIP4, AmMRJP5
and AmMRIJP3 respectively. fFhe rechitbinan plast nid'containing 2,000 bp cDNA insert

was sequenced using M13 fo Jard 2

—and-MI13 reverse primer. The recombinant plasmid
_TRY A T/

R 8 P -"-‘"..-
containing other siz€§yo

: :}]', the entire length of cDNA

insert. The nucleoti .!*:} ; > bl ‘ against GenBank database.

U

The result of nucleotle sequences and restrlctlon pattern of recombinant plasmids

showed that rﬂnuxﬂ ’Jl WB%‘%W(EJ Qﬂ %OO and 2,000 bp insert
DNA were related to AmMMRJP6, AmnMRJP4, AmMRIPS and AmMRIP3, respectively.
These cﬂNﬂn’slﬁvgem jmgml mglmlla&JS and AcMRIJP3,
respectlvely.

The result showed AcMRJP3, AcMRJP4, AcMRJP5 and AcMRIJP6 were
expressed in hypopharyngeal gland of 4. cerana nurse bee. This result corresponded with

the expression of MRJPs in 4. mellifera. In A. mellifera, the expression of AmMRIJP3
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was localized in hypopharyngeal gland of nurse honeybee (Ohashi, et al., 1997). And the
AmMRIJP4, AmMRJPS and AmMRIP6 cDNA was identified from the head cDNA
library of nurse bee (Klaudiny, et al., 1994, Albert, et al., 1999a, Albert and Klaudiny,
2004).

e of AcMRJP4, AcMRJP5 and AcMRJP6 cDNA

, wecombmam clones obtained from RT-

w&m cDNA was obtained from
one clone.

Partial nucleoti _ \\\3 [Avwere almost 100% identity in
ERER \\

same group (Srisuparb y ; /) | \

In overlap nucleot . a, RIP3 cDNA, six positions of single

(Jebons = 2l | .
nucleotide substitution or so catlsingle nuc de polymorphlsm (SNP) were observed,

B

The complete nucleotide seque.

were derived from three nucl

PCR cloning while parti

ORF previously report from the

excepted of two po i' D _ﬁ' trol of the primer. Four of

six SNPs altered -y Ny 1s result correlated with the

a the SNPs were observed m AmMRIJP3, AmMRIJP4 and

AmMRIPS (ﬁ%ﬂ@%ﬁ%‘?ﬂ BV, |idiEGfide sequence of the 3

untranslated reg%n (3’ UTR) of A¢eMRIP3 w ag.obtained in this; study. The unique

el bt bbbl ﬂl’l’] ALEL LA EL et or e

partially overlapplng consensus sequences was found only in AcMRJP3 ¢cDNA sequence.

observed in A. mellifé

The same characteristic was found in AmMRIP3 at the same position (Klaudiny, et al.,

1994).
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Nucleotide sequence of AcMRJP4, AcMRJPS5 and AcMRJP6 cDNAs showed
high homology with those of AmMRIJP4 (89%), AmMRIP5 (91%) and AmMRIJIP6
(92%), respectively. The identical consensus polyadenylation signal sequence was
observed almost at the same position in these cDNA sequences.

The sixteen nucleotides seque om start codon of AcMRJP3, AcMRJP4 and

AcMRJP6 cDNA sequence wWert uence. So, the five to six amino acid

ce er@ in AcMRJP3, AcMRJP4 and

ive 1 -.,_ﬁ_ It was excepted in AcMRJPS5

residues deduced from the
AcMRJP6. Some of th :
because the forward prig
The deduced 2 nferred from their cDNA show the
extensive repeat region doca esidue position 367 and 540. The
repeat unit was domina t occurred 51 times and interrupted a
conserved region of the ce. It located deep inside the protein

molecule (Figure 3.17). The AcMRJPS r ? compared with the MRJPS

I,:,,—— \-.‘
repetitive region pre < d A¥mellifera. The result showed
the repetitive region o these 3 species was located at the same position but differ in

— 1 BNV B ATt et et 5

times, 23 times and 58 times, respectively (Albert, etal., 1999a, Albert, et al., 2002).
aqeﬁ;lm i&um&&nﬂa avﬂant in repeat unit

sizes (Appendix D) like that observed in AmMRIP3 repetitive region (Albert, et al.,
1999b).
The duduced amino acid sequence of AcMRJP4-6 inferred from their cDNAs

were used to predict for signal peptidase clevage site by using SignalP V2.0.b2 programe.
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The predicted N-terminal amino acid sequence of AcMRJP4, AcMRJPS and AcMRJP6
was AVVRENSSRK, ATVRENSSRN and AIHRRKSSKN, respectively. Comparison of
the N-terminal amino acid sequence of MRJP4 and MRJPS obtained from this study with
those previously reported in A. mellifera and Apis mellifera scutellate species, the
e of AcMRJP4 was 100% identical with the N-

%bee (Apis mellifera scutellate) MRJP4

ed with N-terminal amino acid

predicted N-terminal amino acid sequ

terminal amino acid sequence
and differ only one ami
sequence of A. mellifera redlcted N-terminal amino acid
sequence of AcMRIJPS oneybee species (4. mellifera

and A. mellifera scutellg FINS ':\\ ano, et al., 2004), they differ in

only three amino acid rg§idu€s. SSince: IRIPG cc \ tillinot purified from all species of
[\ \\
honeybee, therefore there repg +or the -te.' al amino acid sequence. Using the

I

L S ' . 7 . .
same criterial as those for Ac ~.‘-‘ AGMRIPS, the predicted N-terminal amino acid

sequence of AcMRIR6. RK om this comparison can be

-

proposed that the signél p RIPG may be correct position. It
seems likely that this di ference in N-terminal am1no acid residue may originate from the

7o it UHANYNITNEING

Deduced amino acid sequenge after elimipated the signal gpeptide were used to
predict&ﬂqﬂﬂut ta ﬁﬂcﬁyﬁ”numaganﬂ:l@)aeoretical pl and
amino acid composition.

The number of putative N-glycosylation site of MRJP4 and MRJPS5 in A.cerana
were 7 and 5 sites compared with 8 and 4 sites in 4. mellifera, respectively. Moreover,

two putative N-linked glycosylation sites were found in AcMRJP6 that lower than 5 sites
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observed in AmMMRIP6. The O-linked glycosylation site was not found in any AcMRJPs
like in A. mellifera (Schmitzova, et al., 1998).

The predicted plI values of AcMRJP4, AcMRJP5 and AcMRJP6 were 5.84, 8.75
and 6.44, respectively. These were roughly comparable to values determined by IEF

analysis of purified AcMRJPs like tha rted in AcMRIJP1-3. The pl values of purified

1cted from deduced amino acid of

AcMRJP1-3 (Srisuparbh ﬁy factors effected the plI values of

MRIJP such as polymorpii Ps and phos orylatlon sites in the protein
molecule. ‘ \

The predicted MW of dCMRiP4 ;_f ndJACMRIP6 were 52.8, 66.2 and
47.4 kDa, respectively. #Thg ff?:a _, .w /ere expected to be larger than that
of predicted MW, becau slycoproteins. The attachment of the
sugar chain to the protein can akerthe siz h1 proteins (Schmitzova, et al., 1998

Srisuparbh, et al., m‘
v oM

The homology ded AcMRJPs cDNA showed high

sequence homology among MRIJPs sequence The homologies were interrupted by the

oo S BV w317

sequence homologles it is possible t conclude that the AcMRJPs.are members of one
oty |6V TTIELHVATINE TR E

All members of the MRJP family share an N-terminal hydrophobic sequence that
functions as a cleavable signal peptide as well as putative N-linked glycosylation sites,

suggesting that these proteins are also secreted from the cell.
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The members of the AcMRJPs family posses some common structural feature: the
conserved position of four cysteines; the presence of several blocks of conserved amino
acid; and a highly hydrophilic character mainly in their C-termini. This indicates
similarity in tertiary structures and the possibility of similar biological function.

Structural difference could be expected for MRJPS because of the long repetitive region

located deeper inside the protei ' tructural features was found like in 4.

mellifera (Schmitzova, et ——

MRIP2, MRJP5 and fained-ashigh amount bf essential amino acids (45%-
51.9%), comparable wi ‘ 1alproteins [(casein (49.1%), chicken ovalbumin
(51.6%) and quail ovalbumi 8% (Schmi ova, fal., 1998)], MRJP3 and MRJP4

possess a high amount of some ess 0" acids; MRJP3 Arg (5.6%), Lys (6.6%)

v
o

eir dominant content in RJ,

The amino ?_’, C
indicated that they toge er represent a balanced mixture of the amino acid essential for

st i B YV YR ors s e

that contain lower amounts of essenfial amino agids and exist ingRJ with low content
may plz:aq)ﬂ aﬁrﬂ'nncim ;Jsm’g]’lum:l a (EJ98) reported that
MRJPs may had an other physiological function since AmMRJP1 was also found to
expressed in honeybee brain.

Three new members (MRJP4, MRIP5 and MRJP6) of the 4. cerana MRJP cDNA

were identified in this study. However, there proteins data had not been studied since



107

these proteins could not be detected and purified, because they existed in very low
content. This corresponded to the result reported by Klaudiny, et al., (1994) that
AmMRJP4 mRNA was expressed in low level (2% of total mRNA). Two-dimensional
gel electrophoresis of RJ follow by N-terminal amino acid analysis was a suitable method

for studies these proteins that had tl

lower amounts in RJ (Sano, et al., 2004). In
addition, more extensive cDN w

7 @encing could reveal new members of

_‘.

this protein family in A4. —

The origin of t d1ed in A. mellifera. AmMRIJP

family showed similati 1ila melanogaster. In structural

NN

features, four cystein ound in yellow protein (Albert, et
protein to gain a novel nutritional
rotein was identified (Albert and
Klaudiny., 2004). The nucleo fde—se _ and deduced amino acid of A. mellifera
yellow cDNA was §8leotéd for phylogenetic ¥itl{ AcMRIP cDNA (Figure 3.18-
3.19)

The average seqllligznce divergence between the same MRJP family from different

bee species (ﬂ %EJ ?%&Wﬁmﬂf'}ﬂﬁlwa than that between

divergence calc"lated from pairs of different protein family withimthe same species (e.g.
compari q H’lﬁﬂ mmmq M’;—] QI\EJP etc.). The
bootstrapped phylogenetic tree revealed closer relationships between the same RJ protein
families. The phylogenetic trees constructed from both nucleotide and amino acid

sequence show the identical tree, it supported the occurrence of MRJPs through gene
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duplication. The MRJPS8 exhibited the earliest divergence within MRJPs gene families
whereas MRJP3 and MRJPS5 exhibited the recent divergence.
Overexpression of AcMRJP4 protein in E. coli

At the beginning of this study, MRJP4 cDNA have been identified in cDNA

library of 4. mellifera nurse honeybee pBut protein (MRJP4) was not identified in

A .
| | 7 @ession studied. However, the E. coli

>asi , time saver and produced large

RJ. Therefore, the MRJP4 w

system was used in this st

p——

amount of target protein. . cloning vector. The recombinant

plasmids pET 19b contai structed and introduced to the

expression host (E. coli ain was designed to enhance

the expression of euk lons rarely used in E. coli by

supply the tRNA genes.

and showed highest expression level a 31 tion with IPTG. The molecular

i ‘. o
weight of induced p v* oil:-u to the calculated molecular

U
weight of recombinant A cMRJP4 protein deduced from DNA sequence (55.7 kDa). It can

e o S A GBI T i e

in this recombmﬁt protein were used for further purification andddentification of this
protein. ﬂnﬂ,’lﬂeﬁlnhimmﬂa s’}-']tg mtﬂe’)oﬁrajced AcMRIJP4

protein.
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