CHAPTER III

RESULTS

3.1 Cloning and characterization of AcMRJPs cDNA

The full length of AcMRJ - ACMRIJP5 ¢cDNA family was prepared by

cDNA sequence in GERBARK-Database. A -pa primers for AcMRJP4 c¢DNA

amplification were 5’-4 2 AG\AAA \ GAC AAA ATG GTT GC-3’
(MRJP4) and 5°-GG ITT 30T \ T TTT TTT TTT TTT TA-3'

ation were 5°-CTG TCG TTT
GCA AAA TAT TTG/CAE @83 (MRIPSI)latd 5-GGG GTA 5 R o O 0
TTT TTT TIT TTT TTT I 2.1 and Figure 2.1). The expected

full length of AcMRJP4 and A _‘ RIPS cl vere about 1,600 bp and 1,900 bp as

NTrespi

eStlmated ﬁ-om thel K \J m“"'."ll. ‘Ik‘l‘ﬁ--l-
== \d

Y.

PCR product of 4 ¢ ' edahen amplified by primers for

AcMRJP4 cDNA (Flgurer3 - The sizes o4PCR products were 400, 1,500, 1,600 and

2,000 bp in 1en&1 ueﬂcgpmﬂ 1@ jlwoﬂ ’J)Q jooo bp were recovered
from agﬁ Lﬁ(ﬁg mwﬁﬁWHw a HR products were

ligated wi [ easy vector and electro- transformed to E. coli JM 109 host.
Amplification of first stranded ¢cDNAs with specific primers (MRJP5 2 and

RMJ2) of AcMRJP5 cDNA, only one PCR product of 1,900 bp was obtained (Figure

3.2). The PCR product size of 1,900 bp was the expected size as calculated from

AmMRIJP5 cDNA. This PCR product was then clone as described before.
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Figare 3 2 ¥*PCR amplification for full lengthl cDNAJof AcMRJP5

LaneM = ¢A/ Hind III gtandard molecular weight marker
Danell =4 The amplification preducts'éf first strand cDNA
Lane2 = Negative control

Lanem = A 100 bp DNA ladder
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The recombinant clones were screened by blue-white screening on selective plate.
The white colonies were randomly picked for culture. The recombinant plasmids were
extracted from the cell culture. After plasmid extraction, recombinant plasmids were
mapped by digestion with restriction endonucleases. If they contained MRJP cDNA
sequence, they should have the restriction map related to restriction map predicted from

%es EcoRI and Sspl were selected for

-T easy vector multiple cloning

A. mellifera MRJPs cDNA.

region was flanked by recoghition Sifes | 'i ¢tion enzyme EcoRI. For AmMRIJPs
sequence, the restriction’” enaVynie _ \

except in AmMRIP6_Fhege is' I ::‘ ' in AmMMRJP6 cDNA, after

y AmMRIJP cDNA sequence

digestion 2 fragments : 44 : 1 ‘ e obtained. Thus, the recombinant
plasmids containing otheér A JpicDh A .resv tion enzyme EcoRI can be used to
: = vector has 2 Sspl recognition sites and
all AMMRJP cDNA) seq o aln g ognition sites. The position of
recognition sites fo i he 7 ‘ ‘ ed in each AmMRIJP cDNA
sequence. So, it can be used to charactenzed the fam11y of MRJP cDNA. Restriction

e ) ARSI BB s o e

digestion with SspI are shown in Table 3.1.

Qnﬁaﬁ ﬂsﬂdiﬂin&l WO’O] :lon am EJO bp insert DNA
were characterlzed by restriction endonucleases digestion with EcoRI and Sspl (Figure
3.3, 3.4 and 3.5). The recombinant plasmid containing 1,500 bp insert DNA, when
digested with EcoRI two fragments of 380 and 950 bp was obtained. In addition, the

digested product of restriction enzymes Sspl was 790, 1200 and 2300 bp (Figure 3.3).
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Comparison of size of digested product to those of AmMRIJP cDNA (Table 3.1). It
showed that 1500 bp cDNA insert was most likely be AcMRJP6 cDNA.

Digestion of the recombinant plasmids containing 1,600 bp insert DNA with
restriction enzymes EcoRI, two DNA fragments size of 1,600 and 3,000 bp was obtained.

It showed that EcoRI can not cut w't 1 the cDNA insert. In addition, the digested

product of restriction enzymes.S @1150 and 2200 bp (Figure 3.4). These
tg hoM from AmMRJP4 cDNA (Table

3.1). Therefore, it was mo ‘ 00 bp e ert was AcMRJP4.

The recombinb Aid ontainin 1 000, bp insert DNA were digested with
restriction enzymes E ‘..,—-"-‘ \ cts sizeyof 1,900 and 3,000 bp were
detected. It showed that tior 1 .' Thes | AN N t cut within the cDNA insert. In

18

gCsted product were compared with those

and 2150 bp were obtained after

of AMMRIP cDNA (Tat The result showed that 1 900 bp cDNA insert might be

csiin o LN INEAR o o 20

detected. It showed that restriction engzymes EcoRIean not cut withivthe cDNA insert. In
additio ,qtlﬁl:;alﬂﬂj m ;Jlm),f];ag ﬂ&l;} a \Eele obtained after
digested with Sspl. The sizes of digested product were compared with those of AmMRJP
cDNA (Table 3.1). The result showed that 2,000 bp cDNA insert might be AcCMRJP3.
These four types of recombinant plasmids were further identified by DNA

sequencing using M13 forward and M13 reverse primers. The nucleotide sequences were
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compared with the DNA sequences deposited in the GenBank database. The results of
nucleotide sequence and restriction pattern of recombinant plasmids showed that 1,500,
1,600, 1,900 and 2,000 bp cDNA insert were AcMRJP6, AcMRJP4, AcMRJP5 and

AcMRIJP3 respectively.

AcMRJP3

3 atainiy @NA insert from one clone was
sequenced using M13 M 1 2 .\\ Nucleotide sequences obtained

(Figure 3.6) was almo ‘ 1 RJP3.cDNA previously reported by
ons \also called Single Nucleotide

Polymorphism (SNP) inuthis otide ience. These changes leaded to

residue at position 66, 529, 533 an 6 change when compared with those of

Srisuparbh’s ACMRIJP3 ¢
Y

The consenstis'pa es-were observed. The sequences

]
AATAAATAAAATA contamed two separated or three partially overlapping

consensus polﬂ !u Hf}%ﬁ] &Ju%eiwgq ﬂ?ed 14 bp upstream from

the poly(A) ta11

QW']ﬁ\ﬂﬂ‘iﬂJ URIAINYAY
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Table 3.1 Restriction map of AmMRIJP3-AmMRJIP6 cDNA in pGEM®-T easy vector

digested with restriction enzyme Sspl

Reference

Klaudiny et al. (1994)

Klaudiny et al. (1994)

Klaudiny et al. (1994)

Klaudiny et al. (1994)

Albert et al. (1999a)

Albert et al. (1999a)

Family | Direction of Predicted size of digested

insert DNA A fragment (bp)
MRJP3 + a U,, 80, 2256
MRJP3 B2, 383, ST
MRJP4 + 4
wwrs |- _ A AN
wrs | o /{ﬁ% :e\ il
wors |- A o, 65, s

F

MRIJP6 +
MRIJP6 -

Albert et al. (2004)

Albert et al. (2004)

ﬂUEJ’JVlEJWI‘iWEHﬂ‘i

QW’]Mﬂ‘iﬂJﬂJVI']'JVIEJ’]ﬂEJ
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Figure 3.3 R;rs%?tion analysis of recombinant piaé;;ﬁ containing 1,500 bp
cDN?Q(}i insert. -
Lan® MS\ANIHind 901 standard DNAriatker
Lane 1 = Undigested pGEM
Lane 2 = pGEM digested/With EeoR T
Lane 3 = Undigested recombinant plasmid
Lane 4 = Recombinant plasmid digested with EcoR I

Lane 5 = Recombinant plasmid digested with Ssp I

Lane m = A 100 bp DNA ladder
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Figure 3.4 Ré&?ijction analysis of recombinant pl;i-;zﬁd containing 1,600 bp

cDNA insert. -

Lah@N SAWIHind Q11 stan ddrtl DNA) iat et

Lane 1 = Undigested pGEM

Lane 2 = pGEM|digested/With EcoR'T

Lane 3 = Undigested recombinant plasmid

Lane 4 = Recombinant plasmid digested with EcoR I

Lane 5 = Recombinant plasmid digested with Ssp I

Lane m = A 100 bp DNA ladder
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Figure 3.5 }ic?t_riction analysis of recombinant pla;rdid containing 1,900 bp

CDNIA insert. -

Lare M= AN HindM staridatdiDNA tarker

Lane 1 = Undigested pGEM

Ivang 2 = pGEM digested with E¢oR |

Lane 3 = Undigested recombinant plasmid

Lane 4 = Recombinant plasmid digested with EcoR 1

Lane 5 = Recombinant plasmid digested with Ssp I

Lane m = A 100 bp DNA ladder
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CLUSTAL X (1.81) multiple sequence alignment

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ATGACAAAGTGGTTGTTGCTGGTGGTGTGTCTTGGTATAGCTTGTCAAGATGTGACAAGC
ATGACAAAATGGTTGCTGCTGGTGGTGTGTCTTGGTATAGCTTGTCAAGATGTGACAAGC

hhkhkhkhkhkhkk hhkhkhkhkhk IhhkkhkhkhkhkhhkhkhhhhA Ak bk hhhrrrhkA kA Ak A Ak kb bk ok ok k*k

GCAGC‘I\'GTGAACCATCAAAGAAAATCTTCAAAAAATTTGGCACATTCGATGAAGGTGATC
GCAGCTGTGAACCATCAAAGAAAATCTTCAAAAAATTTGGCACATTCGATGAAGGTGATC

khkkhhkhkhkhkkkkhkhkhkhkhkhkhhhhd b bk kb kb hhkhkhk kA khkhkhhhhhh kb hkk kA kkk kK

TACGAATGGAAACATATTGATTATGATTTTGGTAGCGTTGAAAGAAGAGATGCTGCGATT
TACGAATGGAAACATATTGATTATGATTTCGGTAGCGTTGAAAGAAGAGATGCTGCGATT

% kg ok K ek ok ke ke ok ok ok ok ok R dhkkhkkkk hhhkhkhkhkhhhkhkhhkhkhhhkhkhdkhkhdkhkhkkhdhkhk

AAATCTGGCGAATITG! i j. f AATTACCCTTTCGATGTGGATAGATGGCGTGAT
AAATCTGGCGAAT \“\‘ G ’_.:;x FACCCTTTCGATGTGGATAGATGGCGTGAT

* %k k ok ok ok ok ok ok 3 *F*************t*************

AAGACAT [CACEETAGAAAGCTEECCGATGGTGTACCTTCTTCTTTGAACGTGGTAACT
AAGAC ACCETH G ACCTTCTTCTTTGAACGTGGTAACT

AGAAAGGTTC
*ok ke k ok ke ok ArT A '\&\ KKK KK KK ARk khhhkkkhkkh Kk KKk
A AR A AGE A
3

245

:

cle TCTTCTAC] TATCCTGATTGGTCGTGGGCGAAC
T M ACD ]

i

TTGCGGTCGACAAATTCGACAGA

AATAATCAACCCATGTGCTCTCCAAAATTG

i}\]

GTAACCTTCGATT Jv“mm,- CTG ATTGCTTAAGCAAGTCGAGATACCACATAATATT
NPT :
NN

C
ot i

1; “T ACTAGCTGTTCAAGCTGTAGAT

CCTACGAATACTATGGTGTACATAGCAGACGAAAGAGGTGAAGCTTCAATCATCTATCAA

AMEANETIENG, .

I S i © A
AN AR R 1R Y2 e —

2000bpRCy

(continued)
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Figure 3.6 Alignment of the partial nucleotide sequence of recombinant plasmid

containing 2,000 bp cDNA insert (2000bpRC) with AcMRJP3 cDNA (Srisuparbh, D.,

2002). Conserve residues are indicated by asterisks.



ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJIP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

ACMRJP3
2000prc

ACMRJIP3
2000prc

ACMRJP3
2000bpRC

ACMRJP3
2000bpRC

CTTAGTCCCGTGACGAACAATCTTTATTACAGTCCTCTCGCTTCTCACAGTTTGTATTAT

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GTTAACACAGAACAATTCAGGAATCCACAATATGAAGAAAATAACGTCCAATATGAAGGA

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

TCCCAAGATATTTTGAACACTCAATCATTCGCTAAAGCAGTATCGAAAAATGGCGTCGTT

TTCTTGGGACTCGTGAGTAATTCAACTGTTGGCTGTGTGAATGAACATCAAGTACTTCAG

SAAGAGACACTTCAAATGATCGTTAGTATG

NN

AATGATCCAGGAAATGAATATATG

ACAATCAAAATGCTACCAATCAGAAT

GATACCAACCA ( P »; 7 GGAGGAATGGTAACAACCAAAATGGTAAC

h

E—J

L AG GCTAACAAGCAGAATGCTAAC

AAGCAG‘ETAACAAGCAAAA"FI‘AACAAGCAAAATGATAACAAGCAAAATGGTAAC

qJAGACAAAATGATAATA GAATGATAACAAGCAAAATGATAA' CAGAATGATAAC
NNNNNNNNNNNNNNNNS&SQNNNNNNNNN GAATGATAAC

m@qnimumwﬁ@ﬁ

CAAAATGGTAACAGACAAAATGGTAATAGACAGAATGATAACAAGCGGAATGGTAAC
AAGCAARATGGTAACAGACAAAATGATAATAGACAGAAAGATAACCAGCGGAATGGTAAC

Fhhkkkkkkhkkhhhkkkkkhhhkkkh kkdkkokhhkkkkh Fhhkhkhkk dhhkkhkhkhkhkhkhhkhi

AGGCAAAATGATAATAGACAGAATGATAACAAGCGGAATAGTAACAGGCAAAATGATAAT
AGGCAAAATGATAATAGACAGAATGATAACAAGCGGAATAGTAACAGGCAAAATGATAAT

******************i*********ﬁ******i************************

AGACAGAATGATAACAAGCGGAATGGAAACAGGCAAAATGATAACAAGCAAAATGATAAC
AGACAGAATGATAACAAGCGGAATGGTAACAGGCAAAATGATAACAAGCAAAATGATAAC

Fhhkkhhhhkhhk ok rkrrhhhkhhdr *********************************

Figure 3.6 (continued)
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ACMRJIP3 AAGCAAAATGATAACAGGCAGAATGATAACAATCAGAATGATAATCAGAATGATAATAAT

2000bpRC AAGCAAAATGATAACAGGCAGAATGATAACAATCAGAATGATAATCAGAATGATAATAAT
Ak Ak hkhkhkhkhkhkhhhkhk kA Ak Ak AR AR A AT A A AR AR AR A A A Ak ko k ok kkhkhhkhkkdkhkkk

ACMRJIP3 CGAAATAATCAAGCTCATCATTCTTAA = = === === =eommassemomossmmoomcc=-

2000bpRC CGAAATAATCAAGCTCATCATTCTTAAAAATCACATTAAATCAATTAATTATCAATTAAA
J ok dedeodeok ok ko k ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

BOMRIPE =~ mmmmmemmiee s i i e i i e e i i

2000bpRC ATCAATTAATTAGGATGTAAACCAAATTATTTTTTAAAATATTTTTTCGATGTAAACAAA

AGMRIP3 ~ =-=cscemcessmscsssssonnesSe S S Ge S SRS TE S e S e s e = S

2000bpRC TATAAATAAATAAAATAAATATCGTTTTCGCATAAA

ACMRIP3  -=-e-e---oa

2000bpRC  AAAAAAARZ

Figure 3.6 (continued)

¥
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CLUSTAL X (1.81) multiple sequence alignment

ACMRJP3 MTKWLLLVVCLGIACQDVTSAAVNHQRKSSKNLAHSMKVIYEWKHIDYDFGSVERRDAAI
2000bpRC MTKWLLLVVCLGIACQDVTSAAVNEQRKSSKNLAHSMKVIYEWKHIDYDFGSVERRDAAI

Ahkhkhkhkhkhkhkhkhkhhkhkhhkhdrhrhdhhhhkhkhrhdhhhhkdrrhdr b hhk kbbb bk bk kb kb bk kkkkkkkx

AcCMRJP3 KSGEFDHTKNYPFDVDRWRDKTFVTVERFDGVPSSLNVVTNKKGKGGPLLHPYPDWSWAN
2000bpRC KSGEFNHTKNYPFDVDRWRDKTFVTVERFDGVPSSLNVVTNKKGKGGPLLH---~--~-~-~-~

Khkhkkhk . hhkkhkhhkhkhhkhkhhhhhkhh kb hrkhhhkhkhhhkhkrhkhkr bk kkkhhkhk

ACMRJP3 YKDCSGIVSAFKIAVDKFDRLWVLDSSLVNNNQPMCSPKLVTFDLNTSKLLKQVEIPHNI
2000DPRC e e e e e e e e e e e
ACMRJP3 \VDP IADERGEASIIYQNSDDSFHRLTSNTFDYDPRY
2000bpRC e s T
ACMRJP3 TRNGT ) ‘@EHSLYWNTEQFRNPQYEENNVQYEG
2000bpRC ~  -—-=----2% S - - e m ST _ ..
AcCMRJP3 EAK? JavVELGE ‘.‘\ /i HOVLQKENFDVVAQNEETLQMIVSM
2000bpRC ~ ------ - : - ,‘N\\ -------------------------
ACMRJP3 ) ',- AL SNKMO N DVNFRILGANVNHLTRNTRCAK
2000bpRC . P A - - - -
ACMRJP3 A A N2 DT IGNNQNGNRQNDNKQNDNKQNANKQNAN
2000bpRC  mmmmme- e Ve e
ACMRJIP3 ' fﬁ'“’i‘ﬂh”’ DNKONDNRQNDNKQNGNRQNGNRQNDNKRNGN
2000bpRC ~  mememmemeeoooC = = - - - -QNDNRQNDNKQNGNRQNDNRQKDNQRNGN
' hkkkkkkkhkkkhhkkkh hhkk k. kkkk
ACMRJP3 DNRC INDNKQNDNRONDNNQNDNQNDNN
2000bpRC CINRONDNKRNSNRC IDNKQNDNRQNDNNQNDNQNDNN
E _' dhkhkkhkhkhhhkhhkhhkhdkhhkkhkk

ACMRJP3 Qﬁ:

2000bpRC RNNQAHHS

******fr

AUBANENINGINT
T e T

2002). Conserve residues are indicated by asterisks.
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AcMRJP4

Recombinant plasmids containing 1,600 bp ¢cDNA insert which was expected to
be AcMRJP4 cDNA as study by digestion with restriction enzyme EcoRI and Sspl.
Further identification of this cDNA insert, the recombinant plasmids containing 1,600 bp

cDNA insert were sequenced by four primers (M13 forward and M13 reverse, MRJP4 2

y 2.1. Two internal sequencing primers
; d@m nucleotide sequences obtained

Wil
using M13 forward an ‘ 1 IVN m Binant plasmids from two clones

and MRJP4_4) that shown in

(namely MRJP4 2 and

-

were sequenced along s ; . 8 -4-\‘ quences of the insert from these
two recombinant plas : \\\ DNA from another clone and
AcMRIJP4 cDNA seq i ES] "\__, ary of A. cerana hypopharyngeal

glands (GenBank Acc. 5) W re \ d (Appendix C). The complete

s I st s 2 . 5
nucleotide sequence was compared with DNA sequence deposited in GenBank

database using nucleatide “(BlastN) and latec in Blast (BlastX). The result
showed that simila », J A most likely to be AcMRJP4

P SIPEW5-s rcs

sequence conta Jthed an open readlgg frame (nu‘g_‘eotldes 1- 145Q1wh1ch encoded 485

i AT FATR 8 B VAP cnsn o

partially overlapping consensus polyadenylation signal sequences (AATAAA) was

cDNA.

located 15 bp upstream from the poly(A) tail. The computer sequence analysis predicted
that the signal peptidase cleavage site was located between Gly 20 and Ala 21. A

comparison of AcMRJP4 and AmMRJP4 nucleotide sequences analysis by blast N
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program revealed an identity of 89%. For blast X program protein sequence of AcMRJP4
was showed 79% sequence identity and 85% sequence similarity to AmMRIJP4. But
program was calculated by disregard partial amino acid sequence of the C-terminal. The
deduced amino acid (without putative signal peptide) composition of AcMRJPt.l

comprised of 36.77% hydrophobic, 35.70% neutral and 27.53% hydrophilic amino acid

The nucleotide educed ani cid sequence of AcMRJP4 cDNA
ced amino acid sequence of

AmMRIP4 cDNA. The aligglientvas shown ifi Figure 3.9 and Figure 3.10.

]
AUEINENINYINS
RIMNITUNRINGIAY



ATGACAAAATGGTTGCTGTTGATGGCATGCCTTGGCATAGCTTGTCAAAATATTAGAGGT
M T KW L Im b M @A € L6 I A € @ N I R Gx

GCCGTTGTTCGAGAAAATTCCTCGAGAAAAAAATTAACAAATACGTTGAACGTGATTCAC
AV ¥V R E N 8 8 R K K L T N T Ly N V I H

GAATGGAAGTATGTCGATTATGATTTCGGTAGCGACGAAAAAAGGCAAGCTGCGATTCAA
E W K ¥ VvV DY DF G s D E KR Q@A & I ©Q

TCTGGCGAATATGATCGTACGAAAAATTATCCTCTTGACGTCGATCAATGGCATGATAAG
S G E ¥ D R T K N ¥ P L -D ¥V D @ W H D K

ACTTTTGTCACTATGTTAAGATACGATGGTGTGCCTTCCTCTTTGAACGTGGTATCTGAC
T B VT M L R Y D G S S Ly N M VW OIS D

AAAACTGGCAACGGTGGACCGCTTCTACAA ATTGGTCATTTGCTAAGTAT

K T G N G G P L =ESGaas W S B A K X
GAAGATTGCTCTGGAATCGTGA CAZ T' CGAATATGAGAGATTG

E D €€ 8 6@ T - I =heesimemi® E Y E R L

TGGGTTCTGGACTCGGGC{ A2 CCTAT TCCAAAATTGCTT

W V L D S G P K L L
GCCTTTGATTTGACTACTTC _ GCAAGTCGAGATACCGCACGATGTTGCC
E F D L T T _ z H D V A
GTAAATGCCACCACAGG AAGCTATGGATTCT

v N A T T @G

4

A

\
Al

~OTGT]
\\ A M D S
SCRTT ‘.;“ TTGTCTACCAAAAT

GTAAATACTATGGTGTACA! 7
¥ N T W WY \ \\ V Y Q0 N
GCCGATGATTCTTTCCATCG QCACATTTCCARTCACAACTTTAGATCTGAC

A D D S F H | 5 N N F R S D

AAAATGTCGCAAGAAAATCTCACCTTC SAMGT ACAGAGTTTTTGGAATGGCA
K M S Q ENTL T N R V F G M A

CTTAGTTCCGTGACGCATAATCTTTA { CT TPCTCAGAATTTATATTAC
L & § Vv T Cond Ly 'Y X

ot

GTTAACACAACATCG ? > E J AGTATGAAAGT

Vv N P g g G Cm ﬁ Q Y E s
GTCCAAGACGTTTTCAGCAGTCAATTATCCGCTAAAGCAGTATCG TGGCGTACTC
VQ DV F S g¢ & L S A KQJ\ V S K N G V L

TTTTTCGGATT 2 TTGACAGA
F F G F | 4 | sd. D R

CAAAATATCGATIQTGTAGCTCGAAATGA CGCTTCAAATGGTCGTTGGTAT! GATT
T

TG

L L

R EPRERE T, T

R N E H

(continued)
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Figure 3.8 Nucleotide and deduced amino acid sequences of AcMRJP4. Initiation and

termination of translational codons and putative polyadenylation signal are boldfaced.

The signal peptidase cleavage site was indicated by arrow. N-linked glycosylation sites

are underlined.



GCTTTAACCAACAAAAAGCAGGACGTGCTAAACAACGATCTTAATCTCGAACATGTGAAC
A L T N K kK Q@ DV ILh NN DL N L E H V N

TTCCAAATTTTGGATGCTAATGTAAACGACTTGATACGGAATAGTCGTTGCGCAAATTCT
F Q I L. D A NV NDULTIRNS R C A N S

GACAATCAGGATAATAATCAACATAATTATAATCATAATCAAGTTCGTCATTCTTCAAAA
D N Q DNNQHNYNUHN QV R H S S K

TCTGACAATCAGAATAACAATCAACATAACAATCAAGCTTATCATTCTTCAAAGTCTGAC
S DN Q NNNQHNNOQA AYH S S K S D

AATTGGGATAACAATAACAATCAAGCTCATCATTCCTCAAAATTTGATAATCAGAATAAC
N W D N N N N Q A H S K F D N Q N N
| 1

\\/7/

AATCAATATAACAATTAGGTTCATCgl; ATGTTAAATCTGATAATTAA

N Q ¥ N N *

TCTTTTCTCGATGTAAGTCAAAIATTETAAAAAAT PTOATTACATTATARAAACGAATAAA
ATAAATATCGTTTTTCGCATARARRARAAAAA, ' 1608

Figure 3.8 (continued

AULININTNEINT
ARIAIATAUNMIINYINY
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CLUSTAL X (1.81) multiple sequence alignment

AcMRJP4
AmMRJP4

AcMRJP4
AMMRJP4

AcMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcCMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcCMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

AcMRJP4
AmMRJP4

------------------------------------- ATGACAAAATGGTTGCTGTTGAT
GTCACTTGTAAAATATTTGTAATATCCTAGAAAAAAAATGACAAAATGGTTGCTGTTGAT

kkhkhkhkhkhkhkhkhkhkhkhkhkhkkkhhhkhhk

GGCATGCCTTGGCATAGCTTGTCAAAATATTAGAGGTGCCGTTGTTCGAGAAAATTCCTC
GGTATGCCTTGGCATAGCTTGTCAAAATATTAGAGGTGGCGTTGTTCGAGAAAATTCCTC

*k Khkhkhkkhkkkkhkhhhhhhhdhhkhhkrhkhhkhhkhhhdhhhhdk dhhkkhkdhhkhkdhhhhhdhhhodhdkdhx

GAGAAAAAAATTAACAAATACGTTGAACGTGATTCACGAATGGAAGTATGTCGATTATGA
GGGAAAAAACTTGACAAATACGTTGAACGTGATTCACAAATGGAAGTATCTCGATTATGA

* dkhkkkkkk *k khkkokk kdkhkkhkhkhkhkhkhkhkhd *hkhkhkhkhkhkhkhkdd dhkhkhkhkhkhhk

AAATTATC Y ; 7 AT ATGATAAGACTTTTGTCACTATGTTAAGATA

AAAT ACAACAAGACTTTTCTCGCTGTAATAAGATA
ok ok ke k k 3*‘““5\******** *k kk ok kkkkkkk

CGATGGHE AACGTCGTATEIGACARAACTGGCAACGGTGGACCGCT
CAATREE CTTIGAACCTCG TATC TGACAAAACTGGCAACGGTGGACGACT

* ***** ********************* * %

TCTACAR ICGGAT TRTCCTA GAAGATTGCTCTGGAATCGTGAG
TCTACAMECGIATECTCAR ‘ [C? 3 TACGAAGATTGCTCTGGAATCGTGAG

% % %k k& % % khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkdhkhkhhkkh

CGCCAACAANZ é% ATATGAGAGATTGTGGGTTCTGGACTCGGGCCTTGT
CGCTCA “* TG AC S AGAGATTGTGGGTTCTGGATTCGGGTCTCGT

* k% *  kk *; 3 khkkhkhkkkhkhkhkhkhkhkhkhkdx *hkhkkkx *k &
é

CAATAATATTCAACCTATCT! F: CAAAATTGCTTGCCTTTGATTTGACTACTTCGAA
CAATAATAC iQﬂf;%;H& GTTCTC AACTGTTCGCTTTTGATCTTAATACCTCGCA

o
* k- * * * k3 * * khkkkkk Kk Kk khkk kkk *x
[

BCGTAAATGCCACCACAGGARAGGG
-------- ACCACAGGAAAGGG

%k ok ok ok ok ok ok ok * K d ok ok ok ok ok ok ok ke ok k ke ok

CGGATTAGCATCTTTAGCTGTTCAAGCTATGGATTCTGTAAATACTATGGTGTACATGGC
CGAAT GEATCTTTAACTGTTCARECTATGGATTCGACAAATACTATGGTGTACATGGT
Um EJ ﬂn&j; EI[‘EAAMI ?*****************
A GA CT TGTC GCCGATGATTCTTTCCATCGATT
AGACAACAAAAATA--iFTTTGATCATCT CCAAAATGCCGAT TCTTTTCATCGATT

% % Kk Kk ok k ok k ok ok ok ok *hkkk  kokkokokokkok

wour® WAL A LA ELIALL e

AmMRJP4q

(continued)

GTCTTCCCACACTTTGAATCACAACTCT -GACAAAATGTCAGATCAACAAGAAAATCTCA

*hkhkhkhkhkhkhkhkhkk k¥ khkhkkhkhkhkhkhkk * Khk * * * % khkkhkhkkhkhkhkkhkkk
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Figure 3.9 Alignment of the nucleotide sequence of AcMRJP4 cDNA with AmMRJP4

cDNA published sequence (GenBank Acc. Z26319). Conserve residues are indicated by

asterisks.
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AcMRJP4
AmMRJP4

AcCMRJP4
AmMRJP4

AcMRJP4

LA G E

AcMRJIP4
AMMRJIP4

ACMRJP4
AmMRJP4

CCTTGAAAGAAGTAGACAACAGAGTTTTTGGAATGGCACTTAGTTCCGTGACGCATAATC
CCTTGAAAGAAGTAGACAACAAAGTTTATGGAATGGCACTTAGTCCCGTGACGCATAATC

LRSS SRR R SRR R R R R SRR NEEEEEE R R RS R EEEEREREEEEEEESESE]

TTTATTATAGTCCTCTCTCTTCTCAGAATTTATATTACGTTAACACAACATCGTTAATGA
TTTATTACAATTCTCCGTCTTCTGAGAATTTGTATTATGTTAACACAGAATCGTTAATGA

*hkhkhkkkk * * khkk *hkhkhkhkk Khhkhkhkhhkk hhkkhkkx dkhkkkhkhkkhk * ok ok ok ok ok ok ok ok ok ok

ACTCGCAAAATCAAGGAAATGACGTGCAGTATGAAAGTGTCCAAGACGTTTTCAGCAGTC
AATCGGAAAATCAAGGAAATGACGTGCAATATGAAAGAGTCCAAGACGTTTTCGACAGTC

* khkk hhkhkhkhkhkhkhkhhkhkhhkhkhhkhkhkhhkhkd dhhhkhkhkhkhkdk dkhkhkhkhkhkhkrhhkhkhhkk *kk kK

AATTATCCGCTAAAGCAGTATCGAAAAATGGCGTACTCTTTTTCGGATTCACGAATAATA
""" TGGCGTACTCCTTTTCGGACTCGCGAATAATA

khkhkhkhkhkhkhkhkhkdhkd hhkkhkhhhd *hk *hkkkdkdhhkkk

ACAGACAAAATATCGATGTCGTAGCTC

*khkkkk &k 3 3 kkdkkhkkkhkhkhkhkhkhkhkhkk * *hkhkkhkkx

“GTTGGT: GAAGATTAAGCAAAACCTTCCACAAT
"&ﬁaﬁ; ATGAAGATTAAGCAAAACGTTCCACAAT

* Frkkkkkkokkokokokokok okokokokokokokokok

"T7 CAAA Al TGTTGGCTTTAACCAACAAAAAGC
CTGGCAG A TACGCARAT A ATTTGTTGGCTTTAAGCGACAGAAACC

* % %k % & Ehkkkdkhkdkkkhkhhdhd * *kk dkkx *

AGGACGICCTARACAACGATCHTA? AACATGTGAACTTCCAAATTTTGGATGCTA

AGAA JGGJ’k_ AAGIH%§’ 3 ‘ﬂx TGAACTTCCAAATTTTGGGCGCTA
*k hkkkk * vég f} * 3 E\* Fokkkkkkok ok ok ok ok ok ok ok ok ok * ok ok ok

Al Y
ATGTAAARCGACTT ' T CGTTGCCCARATTCTGACAATCAGGATAATAATC
ACGTAAACGACTIGATACC I TTGCGCAAATTTTGACAATCAGGATAATAATC

* khkkhkkk **’ Khkhkhhkhkhhkhhdk Ahhkhhhhkhhhhkhhkkhhkhr

"ATTCTTCAAAATCTGACAATCAGAATAACA
‘ﬁ"‘TCTGACAATCAGAATAACA

* * bk KA KAK KRR KRS Fokkkkkkkokokkok ok ok ok ok ok ok ok kok
L
GACAATTGGGATAACAATAACA

TAACAATCGGCATAACAATAACG

* kkkkk kk khkkkkkkkhkk

ATCAACATAACE AAAGT

* % % khkkkk khkkkkkkk *************

ATCAAGG&EIECATTCCTCAAAA‘W&GATAATCAGAATAACAATCAATATAACAATTAGG

T ; - TCAGAATAACGATTAAT
* * k% hak ok * *| L/ *| d Rk ok Rk kR ok * ok ok k khkhkkhkk hhkkk

TTCATCATTCTTCATCQHATCATGTT CTGATAATTAATC TCTCGATGTAAGTC
CGATGTAAGTC
* Kokkkokokok ok ok ok ok

AAATATTTTAAAAAA-TTTCATTACATTATAAAACGAATAAAATAAATATCGTTTTTC-G
AAATATTTTAAAAAAATTTCATTACATTATAAAACGA-TAAAATAAATATCGTTTTTTTG

Fhkhkkhhkhhkhhhhhhr hhhkhhhhhhhhhkk bbbk ok Ak khh kA Ak kA rkdkh*hh *

CAT.

Figure 3.9 (continued)
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CLUSTAL X (1.81) multiple sequence alignment

AcMRJP4 MTKWLLLMACLGIACQNIRGAVVRENSSRKKLTNTLNVIHEWKYVDYDFGSDEKRQAAIQ
AmMRJP4 MTKWLLLMVCLGIACQNIRGGVVRENSSGKNLTNTLNVIHKWKYLDYDFDNDERRQAAIQ

LA SRR LR NESE SRR SR NS EEEEEENEEEEEEEEENESEIEEEE NSRS LRSS

ACMRJP4 SGEYDRTKNYPLDVDQWHDKTFVTMLRYDGVPSSLNVVSDKTGNGGPLLQPYPDWSFAKY
AmMRJP4 SGEYDRTKNYPLDVDQWHNKTFLAVIRYNGVPSSLNVVSDKTGNGGRLLQPYPDWSFAKY

KAk kk kK khkkkhkkkkk o hhkk s o o shk o hkhkkhhkhkkkhkkhk Ak kkhkkkhhk ko
AcMRJP4 EDCSGIVSANKIAIDEYERLWVLDSGLVNNIQPMCSPKLLAFDLTTSKLLKQVEIPHDVA

AmMRJP4 EDCSGIVSAHKIAIDEYERLWVLDSGLVNNTQPMCSPKLFAFDLNTSQLLKQVEIPHDVA

khkkkkkkhk . kkkkkkkok Fhkhkkhkhhkk hhkhhkhhkkk . hhkkk *k . hkhkhkhkkhhkkhkk

AcMRJP4 KDDALIVYQNADDSFHRLSSHISNHNFRSD

il s
AmMRJP4 T---TGKG 1 MDS' WY (N-TLIIYQNADDSFHRLSSHTLNHN- -SD
- . chkk o kkkkkkkkhkkkkk  kkk Kk

AcCMRJP4 T LK ] A FHNLYYSPLSSQNLYYVNTTSLMNSQNQGNDVQY
AmMRJP4 g e KV ;“AiL#N SENLYYVNTESLMKSENQGNDVQY

*kk ‘ \Q&; qﬁh‘hh**:******* KK ok kkkkkkkk
AcMRJP4 ESVQDVi A KAV IKNGY -j\hkgxt”h‘ HQSLDRQNIDIVARN-ETLQMVVG
AmMRJP4 ERVQE D AN QSLDRQNIDVVARNEDTLQMVVS

* ok ok ok ok ok ***********:***t shkkkkkk

AcMRJP4 MKIKONLE TORNEH! ‘; Ji fi DLNLEHVNFQILDANVNDLIRNSRC
AmMRJP4 MKIKQ GRVNNTQRNE ATISD NNDLNLEHVNFQILGANVNDLIRNSRC

* %k k ok ok * * ~ 7 ‘ kkkkhkhkhkhkhhkhk hhkhkhkkhkhkkkkkk

ANSDNQDNN HNQVRHS SKEDNONNNOHNNQA YHS SKSDNWDNNNNQAHHSSKFDN

ACMRJP4 N
AmMRJP4 ANFDNQDN 31 QAHHSSKSNNRHNNND- - - - = = = - - -
ACMRJP4
AUMRIP4 ~ mm----e-
\7 Y}
Figure 3.10 Alignmexﬂof the dedr no acid se(@nce of AcMRJP4 cDNA with

AmMRIP4 c¢DNA publihed ﬁuence GefiBank Acc. Z26319). Conserve residues are

indicated in astgl 514 .qu.e:as iﬁ‘J} aci lmnﬂaefslmjgmup of side chains and
R TR UM T Ny

different’size.
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AcMRJP5

Recombinant plasmids containing 1,900 bp ¢cDNA which might be AcMRJP5
cDNA as analyzed by EcoRI and Sspl digestion. Further identification was performed by
sequencing the insert cDNA using five primers as showed in Table 2.1 and F igure 2.1.

The recombinant plasmids were sequenced using M13 forward and M13 reverse

primer. Three internal sequ ﬁner name MRJP5_A, MRJP5 B and

MRIJP5_C) were design nuc, ti@es obtained. The inserts of two

recombinant clones w \\\ length and the insert of one
recombinant clone was_pértially / \ e sequence of two recombinant

L1

clone and partial sequefice c ---i T ¢ ’ c were .assembled (Appendix D). The
%
».:‘i the DNA "sequence deposited in GenBank

nucleotide sequence was
database using nucleotidefBl: (B‘Eﬂ id ¢ u protein Blast (BlastX). The result

shown that similar to A *quence was most likely to be AcMRJPS

cDNA.

e

AcMRIP5 cBNA ncludmg poly (A) tail) the

sequence contained aﬂopen reading frame (nucleotld 1-1740) which encoded 579

amino acid reﬂuﬂm inﬂ’x?q %WWTAAA containing two

partially overlaﬂnng consensus pglyadcnylatlolhmgnal sequenges (AATAAA) was

1ocatequa W&Mﬁ&yﬂ)jﬂxﬂlﬁ m : ;;l apﬂce was observed

nonanucleotide repeat sequence, GATAGAATG that encoded to tripeptide (DRM).

The computer sequence analysis predicted that the signal peptidase cleavage site
was located between Gly 20 and Ala 21. A comparison of AcMRJP5 and AmMRJP5

nucleotide sequences analyed by blast N program revealed an identity of 91%. For blast
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X program, protein sequence of AcMRIJP5 showed 90% sequence identity and 96%
sequence similarity to AmMRJP5.

The deduced amino acid (without putative signal peptide) composition of
AcMRIP5 comprised of 42.04% hydrophobic, 24.51% neutral and 33.45% hydrophilic

amino acid residues. The essential amino acid content was 51.9%.

The nucleotide se id sequence of AcMRJPS ¢cDNA
were compared with ced amino acid sequence of
AmMRJP5 cDNA. Th mentwas shown i Figure 3.12 and Figure 3.13.

om AcMRIJPS5 cDNA show the

extensive repeat region ciwoeh \\

region located at the C-te prot e repetitive region consists of a 51-fold

id"residue 367 and 520. This repeat

repeated tripeptide mioti ue motifs (Figure 3.13). The

N

result from nucleotide s ; “ contained AcMRJP5 cDNA
" L rﬂ
insert show the repedt' region of the AcMRJP5 was olymorphism that invariant in

repeated tripe eﬁﬁ%ﬁﬂm ‘%;w EJ ’] ﬂ ‘j

The repe”tive region of A. cegana was locﬂd at the same position as found in

A. mez%ﬁaﬁaﬂ,ﬁ]zﬁmurmﬂgsmg ahEJ times in

A. mellifera (Albert et al., 1999a)



ATGACAAGTTGGTTGTTGCTGGTGGTGTGCCTTGGCATAGCTTGTCAAGGTATCACAGGC 60
M T S W L n L VMV €@ L @ T A © @ ¢ T T @ A

GCCACTGTTCGAGAAAATTCTTCGAGAAATTTGGCAAATTCGATGAACGTGATTCACGAA 120
AT VR E N S S R NL A N S M N V I H E

TGGAAGTATCTTGATTATGACTTCGGTAGCGACGAAAAAAGACAAGCTGCGATTCAATCT 180
Ww K'Y L B ¥ D F 6 8 D E K R Q0 A & T © 8§

GGCGAATATGACCATACGAAAAATTATCCCTTCGATGTCGATCGATGGCATGATATGACT 240
G E Y D HTX KN Y P F D VDIRWUHIDMT

TTTGTCACCGTACTAAGATACAAAGGTGTACCTTCCTCTTTAAACGTGATATCTAAGAAA 300
B "V T M RO K G W FaagS S L N V I S K K

ATTGGCAACGGTGGACCTCTTCTGCAGC CA ’t/\ GGTCGTGGGCGAACTATAAA 360

15 S W A N Y K

GTTCGACAGATTGTGG 420
F DR L W

*CAAAATTGCATGTC 480
Pl K Ia H W

GATTGCTCTGGAATCGTGAG
D€ 8 6@ I WV

GTTCTGGACTCAGGTATTALE
VL DS 6 T

TTTGATCTCAATACCTCACAGSH GCC ATGATATTGCCATA 540

F DL N T S T & T
AATGCCACTACAGGAAAAGCAGCACTA es \GCTATGGATCCTATG 600
N AT T G K " \ \ M D P M

AATACTCTGGTGTATATGG
N T i ¥V ¥ M

'TGTTTATCAAAATTCC 660

GATGATTCCTTCCATCGATTG
D D S F H R

GATCCCAAATATATCAAA 720
fAD* P K Y I K

ATGATGGCCGCAGGAGAAAGTTICACKTFGCAAGA T TGGAATGGCACTCAGT 780

M M A A G E S F T '-”-—': 2 I F G M A L s
Lo N LS
CCCATGACAAACAATCTTTATTACAGTCOTE [CGCTTX TTGTATTATGTTAAT 840

P M T N N L] A Y V N

ACGAAACCCTTCATGAAATCACA. ' A AGGTGTCCAA 900

T K P F M K Ell o ﬂ E G V Q

GATATTTTCAATACTC LCAATTGCTAAAATAATGTCGAAAAATGECGTTCTCTTTTTC 960

B N T o s‘ r & B I M K N G V L F F

GGTCTCATGAA GAGACAA 1020

G L M N N@gE

AATATGGATATG GCTCAGAATGAAGA%ACACTTCAAACGGTCGTTGCTATG 1080
M D M

e R mm

(continued)
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Figure 3.11 Nucleotide and deduced amino acid sequences of AcMRIJPS. Initiation and

termination of translational codons and putative polyadenylation signal are boldfaced.

The signal peptidase cleavage site was indicated by arrow. N-linked glycosylation sites

are underlined.



ATGGATAGGATGGATAGAATGGATAGGATGGATAGGATGGATAGGATGGATAGGATGGAT
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AGGATGGATAGGATGGATAGGATGGATAGGATGGATAGAATGGATAGAATGGATAGGATG
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GATAGGATGGATATAATGGATAGGACGAATAAAATGGATAGGATGGATAGGATGGATATA
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D K M D K I
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DT R I DT R M
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Q M N E Y M M : NN g".F I N N D
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N K M H R M R
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Y N F N E V E4FR ] \ D Iy I M
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N T R C A N o - H N N =*
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AAAAAAAAAAAAAAAAAAAND

Figure 3.11 (continued)
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CLUSTAL X (1.81) multiple sequence alignment

AcCMRJP5
AmMRJPS

ACMRJPS
AmMRJP5

ACMRJP5
AmMRJPS

AcCMRJP5S
AmMRJP5

AcMRJP5
AmMRJP5

AcCMRJPS5
AmMRJP5

ACMRJP5
AmMRJP5

AcMRJP5
AmMRJP5

ACMRJPS
AmMRJPS

ACMRJPS5
AmMRJP5

AcCMRJP5
AmMRJP5

ACMRJP5

I

TACACTGCGTTCTCTTGAAACTGTCGTTTGCAAAATATTTGCAGCATCCAAGAACAATGA

* %k k k

CAAGTTGGTTGTTGCTGGTGGTGTGCCTTGGCATAGCTTGTCAAGGTATCACAGGCGCCA
CAACTTGGTTGTTGCTGGTCGTGTGCCTTGGCATAGCTTGTCAAGGTATCACAAGCGTCA

Khkk hhkkkhhkhkhhkhhhhhdh Ahkdkhhhhhkhhhhkhhhhk bk kkkhhkkkhhhkhkhhd *hkk &k

CTGTTCGAGAAAATTCTTCGAGAAATTTGGCAAATTCGATGAACGTGATTCACGAATGGA
' TTGGCAAATTCGATGAACGTGATTCACGAATGGA

dookkok ok ok ok ok ok ok ok ok ok J-> hEkkhkkkhkkhkhhkkhkhkhhkhkhhhkhkhhkkhhhhkhhkhkhkhk

GACAAGCTGCGATTCAATCTGGCG
GGAGGCAAGCTGCGATGCAATCTGGCG

_t“‘FGATCGATGGCATGATATGACTTTTG
ATCAATGGCGTGGTATGACTTTTG

* kM ; . dhkhkkk hkdkkk kk hhkkhkhkhkokkokokk

¢ g AAAGS CC ACGTGATATCTAAGAAAATTG
TAACCGRACCSE AAAGET CC1 \\.TGAACGTGATATCTGAGAAAATTG

* kk khkhkhkkkhhhkhkdhkdx dhkdkhhkdhhk

GCAACGE ( : AG A .‘ GGTCGTGGGCGAACTATAAAGATT
GCAACECTGEACEACTTCTA : > TCGTGGGCGAACTATAAAGATT

* ok ok k ok ok ok ok khkkhkhhkhkhhkhkhhhhhhkkhkhhhkhdkdx

GCTCTGGAATY ' ¢ \ATTGCEATCGACAAGTTCGACAGATTGTGGGTTC
GCTCTGGAA] G;1§Rﬁ¢fffi‘v TGCGATCGACAAGTTCGACAGATTGTGGATTC
ke e

hokhkkdk ok khkk ok Rk ek Khkhkhkhkhkhkhkkhkhkkkhhkhrhhhhhhhhkkkx % kk

ATGTGTTCACCAAAATTGCATGTCTTTG
GTTCACCAAAATTGCATGTCTTTG

:i'*********************

ATCTCAA ATGCCGCATGATATTGCCATAAATG
ATCTGARTACCTCAC: GCAAGTTGTGATGCCGCACGATATTGCCGTAAATG

* * Kk k Khkkkkkhkhkhkk hkk khkkdkkkkkdkkk kK khkhkhkkk hhkkkhkhkhkh *hkdkkkokh

A , TATGGATCCTATGAATA
STT TATGGATCCTGTGAATA
) * % Khkkhkhkhkhkhkdhhkx hhkhkkkk

CTCTGGTGTATATGGCA‘hTAACAAGGGTﬁa?GCTTTAATTGTT‘ﬂECAAAATTCCGATG

AR ﬁ@ﬁWﬂW?ﬂBﬁﬁwfffofc‘f

AcMRJP5
AmMRJP5

(continued)

ATTCCTTCCATCGATTGACTTCCAACACTTTCGATTACGATCCCAAATATATCAAAATGA
AATCTTTCCATCGATTGACTTCCAACACTTTCGATTACGATCCCAAATATATCAAAATGA

* kk *************i**i******t********************i**********
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Figure 3.12 Alignment of the nucleotide sequence of AcMRJP5 cDNA with AmMRJPS
cDNA published sequence (GenBank Acc. AF004842). Conserve residues are indicated

by asterisks.
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AmMRJPS

AcMRJPS
AmMMRJP5

AcMRJP5
AmMRJP5

AcMRJPS
AmMRJP5

ACMRJP5
AmMRJP5

AcMRJPS

AmMRJPQ
q

ACMRJP5S
AmMRJP5

AcMRJPS
AmMRJPS

TGGCCGCAGGAGAAAGTTTCACATTGCAAGATGGAATTTTTGGAATGGCACTCAGTCCCA
TGGACGCGGGAGAAAGTTTCACAGCGCAAGATGGAATTTTTGGAATGGCACTCAGTCCCA

khkk hhkk Kkhkkhkhkkhkhkhkdkkhok Khhkhhkkhkhkhkhhhk kA Ak hh bk hkh kA kkhkhkhkokk okt

TGACAAACAATCTTTATTACAGTCCTCTCGCTTCTCGCAGTTTGTATTATGTTAATACGA
TGACAAACAATCTTTATTACAGCCCTCTTTCTTCTCGCAGTTTGTATTATGTTAATACAA

Khkhkhkhkhkhkhdkhkdkhkhhkhkhhhkhhhkh *kkhkk Khhkhkkhkhkhhhkhhk kb hkhhkkhkhhkhhh *

AACCCTTCATGAAATCACAATATGGAACAAATAACGTACAACATGAAGGTGTCCAAGATA
AACCATTCATGAAATCAGAATATGGAGCAAATAACGTACAATATCAAGGTGTCCAAGATA

khkkk hhkhkkkhkhkhhkdhhr hhkkkkhhd Khkhkhkkkhkhkhhkhkhhk *k hhhkhkkkhhhhhk ko

AAAATAATGTCGAAAAATGGCGTTCTCTTTTTCGGTC
ATAATGTCGAAAAATGGCGTTCTCTTTTTCGGCC

Khkkkkkkhkhkkhkhhhkhkkhkkkkhkkkkk &

AGCACCAACCACTTCAGAGACAAAATA
TTGEFEGEAACGAGCATCAACCACTTCAGAGAGAAAATA

* * * kk khkkkkhkkhkkhkkhhhk kkhkhkk

: \‘. G h SAAACGGTCGTTGCTATGAAAATGATGC
--Nf":‘ ... GGTCGTTGCTATGAAAATGATGC

ey N
kN ************************

ATCTCC
ATCTC@ER

* ok k * % e ' .
ATAGGATGGATAGA SATAG . '‘GEATAGGATGGATAGGATGGATAGGA

ATAGAATGEATACAAT GATAGS AGPE 93'*GGATAGGATGGATAGGATGGATACAA

*hkkk kK i 2 * Khhkhkhkkkkhkhhkhhkhhkkhkdr *

\ \\t‘{ ATAGGATGAATAGTATGAATAGAATGG
uh* ATGAATAGAGTGAATAGAGTGA

%k ok ok ok ok ok ok ok *hkkhkhkkkk Kk

TGGATAGGATCGA, X AT AGAATGGATAGAATGGATAGGATGGATA
TGGATACAATGGAL AATAGATA ATAGGATGGATAGAATAGATAGGATAGATA

% Kk ok ok ok * %k %k ok ok kA = x Fhkhkhkkhk hkkhkhhkhkhhhkdk hhhhhkdksk * Kk k ok

2l A
e;ﬁ al L GGA A A7 ;. A

. G AGATAAGATGAGTAGCATGG
Py = Y |

gﬁG AATA ATﬁTATAATGGATAAGATGAATAAAA
ATA GGATAGAATGGATAGGGTGGATAGGAT TACAATGGATAGAACAGATAAGA

khkk K kkk khkkhkkhkhkhhok Fhdkkhkhkkhkkhhkhkddx hhhkhhkksk * *hkkk ok

AATGGATAGAATGCATA
GG TGGATACAATGGATA

a ,

q* * khkkkkhkhkkx *kk khkkhkkk kokokok hkhkkkk hhhkhkhkkkk *Akk kkk
[ : ol

GAATAGAT, TAGAATGGATAGAALCGATAGAATECACACAA 4 - - - - GAATAG

G AGGAT! T ATAGGATGG

* |k * * Hkk kx| x * * *x * % ok k & Rkl

ATACAA------ GAATGGACAGAATGGATAGAATGGATAAAATGGATAAGATAAATAAGA
ATACAATGGATAGAACAGATAAGATGAGTAGGATAGATAGAATGGATAAAATAGATAGAA
*okokok ok k FhE  kk ok kAR kkKk Kk kkhkk kA Ak kkAk KAk kkk &

TGCATAGGATGGGTAGGATGGATAGGATGGATAGAATGAATAGAATGAATAGACAAATGA
TGGATAGGATGGATAGGACAAATAGAATGGATAGAATGAATAGGATGAATAGACAAATGA

khk hkkhkhkhkhkhkk hokkohok Khkkk hhrkkhkhkhkkhkhhhkhkhkhk dhkkkkhkkhhkokkkkhh

Figure 3.12 (continued)

74



AcMRJP5
AmMRJP5

ACMRJP5
AmMRJP5

AcMRJP5
AmMRJPS5

AcCMRJP5
AmMRJP5

ACMRJPS5
AmMRJP5

AcCMRJP5
AmMRJP5

Figure 3.12 (continued

ATGAATATATGATGGCTTTAAGTATGAAATTACAGAAATTTATAAACAATGATTATAATT
ATGAATATATGATGGCTTTAAGTATGAAATTACAGAAATTTATAAATAATGATTATAATT

Fhkhkhkhkkhkhkhkhkhkhkhkhkhkhhkhkhhhhhhhkhkhhkhhhhhhhhkhhhhhhrdbddx *Ahkkhkkhxhkhxhk

TCAACGAAGTAAATTTCCGAATTTTGGCTGCAAATGTAAACGATTTAATAATGAACACTC
TCAACGAAGTAAACTTCCGAATTTTGGGTGCAAATGTAAACGATTTAATAATGAATACTC

khkhkhkhkhkhkhkhkhkdhhkdx *hkkhkhkhhkhhhhkdd dhkkdhhhhhkhhkhhkhkhkhkhkhkhhrhkhkhhhdhdr hhkkk

GTTGTGCAAATTCTAACAATCAGAATGATAATCAAAATAAGCATAATAATTAAGGTAGTC
GTTGTGCAAATTCTGACAATCAGAATAACAATCAAAATAAGCATAATAATTAAGATGATC

khkhkhkhkhkkhkhkhkdhhkhk hhkhhkhkhkdhkdhkhdr * khkkhkhhkhkhkhrhkhbkhdhrkrhkrhhohkhkdddx * * %

ATTAGTCTTTTCTCGACTATAAACCAAATATTGTTTC

GTTCTTTATATTAAAATCTGTTAATCAGTCTTTTCTCGA-TATAAACCAAATATTCTTTA
Kok ok k ok ok ok ok k ok ok ok K » khhkkkkkkhkkk hhkkkkkkkhhkkkhkk kkk

.........
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CLUSTAL X (1.81) multiple sequence alignment

ACMRJPS MTSWLLLVVCLGIACQGITGATVRENSSRNLANSMNVIHEWKYLDYDFGSDEKRQAAIQS
AmMRJPS5 MTTWLLLVVCLGIACQGITSVTVRENSPRKLANSMNVIHEWKYLDYDFGSDERRQAAMQS

Fhokkkkkkhkkhkkhhhhkh  hkkkkk Lk okdkkkkkkkkkkhkkhhkkkkhk . kokkk . kk

AcCMRJPS GEYDHTKNYPFDVDRWHDMTFVTVLRYKGVPSSLNVISKKIGNGGPLLQPYPDWSWANYK
AmMRJPS GEYDHTKNYPFDVDQWRGMTFVTVPRYKGVPSSLNVISEKIGNGGRLLQPYPDWSWANYK

Fhhkhkkhkhkhkkhhkhhk k. *kkkkh Fhkkhkhkhhkhhhhk . khhkkhhk hhkhhhkhkhhrdkhx

AcCMRJPS DCSGIVSAYKIAIDKFDRLWVLDSGIINNTQPMCSPKLHVFDLNTSQQIKQVMMPHDIAI
AmMRJPS DCSGIVSAYKIAIDKFDRLWILDSGIINNTQPMCSPKLHVFDLNTSHQLKQVVMPHDIAV

d koo ok ok ok ok ok ok ok ok ok ok ok ok ok ok **********************:*:**f:******:

AcCMRJPS ‘QAMDP / NKGDALIVYQNSDDSFHRLTSNTFDYDPKYIK
AmMRJPS LV MDPVNTIVWWHMADDKEDALIVYONSDESFHRLTSNTFDYDPKYIK

ACMRJPS IALSP R SELASRSLYYVNTKPFMKSQYGTNNVQHEGVQ
AmMRJPS YYVNTKPFMKSEYGANNVQYQGVQ

*k kok k% : ‘ * %3 K kok ko ko kkk ok ok ok Kk Kk kk . kA

ACMRJPS [ORLORONMDMVAQNEETLQTVVAMKM
AmMRJIPS NEHOPLQRENMDMVAQNEETLQTVVAMKM
*kokkk ook ****:********************
ACMRJPS MHL 28 RIS M RMDRMDRMDS }‘. RMDRMDRMDRMDRMDRMDRMDRMDRM
AmMRJPS MHLPQSNKMN] TRUNRVA 2 TBRMDRMDRMDTMDTMDR I DRMDRMDRIDRT
’ \\ *hkkk kK ***:********:**:
ACMRIPS ~ DR----- : DIMD- 5 -=8------ KMNKMDRMDSMIRIDKMDRM
AmMRJIPS DRMDTMDRTDKMSSMDRMDRMDRVDTMDTM
3 **..***** * * .k kk K
ACMRJPS DRMDRMDKMDK I NKMHRMGRMDRMDRMNRMNR
AmMRJIPS 1SR IDRMDKIDRMDRMDRTNRMDRMNRMNR
. *::*‘**.* shkkkkokokkokk ok
ACMRJIPS QMN T YMMATSMKLOKF INNDY KBTI MNTRCANSNNONDNQONKENN
AmMRIPS oMt VMDY TMNTRCANSDNQNNNQNKENN

§ |

'***j KAKKK KK KKK hkk  hkkkk kK

A

Figure 3.13 A“%ﬂﬂ ﬁ mﬂdﬂfﬁﬂﬂﬂeﬂi AcMRIJP5 cDNA with
L R N (.

indicatedq' : means amino acid which have the same group of side chains and

* kKK ﬁ‘***

similar size while . means amino acid which have the same group of side chains but

different size.
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AcMRJP6

Further identification of 1500 bp c¢DNA insert of recombinant plasmid was
performed by sequencing of the insert DNA using four primers that showed in Table 2.1
and Figure 2.1. The insert DNA was sequenced using M13 forward and M13 reverse

primers. One internal sequencing primer (MRJP6 A) was designed from nucleotide

The sequence o isobtaine equencing of the insert DNA
from three recombinan : ] . s sequences show 100% identity
with assembled sequengé. u idedsequénce ined was compared with the

translated protein Blast (BlastX ) The ‘

g"'r’:f‘ v _‘;_-
to AmMMRIP6 cDNA:“Eh ‘de:

AcMRJP6 cDNA h

poly(A) tail). The sequence
contains an open readit g frame (nucleotldes 1-1308) which encoded 435 amino acid

residues (Flg'-\ﬂ um wﬂqu.ﬂ ‘}ntalmng two partially

overlapping cons%‘nsus polyadenylatign signal sequences (AATAAA) was located 14 bp
upstreaxﬂq‘rm ta ﬁyﬂmlmum s’;llgcm;i];ﬁﬁﬂd that the signal
peptidase cleavage site was located between Ser 20 and Ala 21. A comparison of
AcMRJP6 and AmMMRIJP6 nucleotide sequences analysis by blast N program revealed an
identity of 92%. For blast X program protein sequence of AcMRJP6 was showed 88%

sequence identity and 93% sequence similarity to AmMRJIP6. The deduced amino acid
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(without putative signal peptide) composition of AcMRIP6 comprised of 42.89%
hydrophobic, 29.40% neutral and 27.71% hydrophilic amino acid residues. The essential
amino acid content was 46.8%.
The pl value was estimated to be 6.44. The estimated molecular weight was 47.4
kDa. Two putative N-glycosylation site
The nucleotide seque ce and ded #o acid sequence of AcMRJP6 cDNA

were compared with the_nuclegtide @duced amino acid sequence of

AmMRJP6 cDNA. The re ant was R in Flgure 3.15 and Figure 3.16.
A summary fo chas, zation ¢ A and deduced amino acid

The amino acid « itiof-< 6 a‘ MRJIPS are illustrated in Table 3.3. Four

AcMRIJPs contained high amonn: ssential amino acid: MRJP5 (51.9%),

= {“‘ v .-:'

MRJP1 (47.4%), MRIPS 1] P2 (45%). M _,':" P5 is rich in Arg and Met

N,
. «q .1%). MRJP3 and MRJP4

c

(8.9% and 12.5%). Vie.

I

have a lower overall cG tent of essentlal ammo acids, but they possess relatively higher

ot of S°fﬂ 1184 Wﬁ%@%fm R e e

(8.6%), Val (7.7 o)

ﬂ m‘;] adﬁ'ﬁdm u m‘l’] gomm ﬁ \E‘Al show in Figure
317 Four cysteine residues are conserved in these proteins. The regions of high
sequence similarity was found in N-terminal region of the protein. Protein sequence of
PYPDWS, DCSGIVS, RLWVLDS, NLYYSP and LYYVNT are conserved among

AcMRIJP.



ATGACAAAATGGTTGCTGCTGATAGTGTGTCTTAGCATAGCTTGTCAAGATGTCACAAGC 60
M T K W Ly Ly Iyn T ¥ € L S I A € ©Q D ¥V T IS A

GCGATTCATCGAAGAAAATCTTCAAAAAATTTGGAACATTCGATGAACGTGATTCACGAA 120
A I H R R KBS S K N L E H S M NV I H E

TGGAAATATCTTGATTATGATTTCGATACCAATGAAAAAAAACAAGCTGCGATTCAATTT 180
W K ¥ Iy b ¥ b F D T N B K K @ A& A T @ P

GGTGAATACGACTATACGAAAAATTATCCCTTTGACGTCGATCAATGGCATGATAAGACT 240
G E ¥ Db YT K N ¥ P F DV D Q@ W HD K T

.TTTGTCGCTGTAATAAGATACGATGGTGTACCTTCCTCTTTGAACGTGATATCTGACAAA 300
F VvV AV I R Y D G VP S L N V I 8 D K

ACTGGCAACGGTGGACGCCTTCTCCAACCGTAT GGTCGTGGACGAACTATAAA 360
TGNGGRLL‘ S W T N Y K

GATTGTTCTGGAATCGTGAGCGHET
D i€ 8 6 & M

AATTCGACAGATTGTGG 420
A=msspmm® rF D R L W

GTTCTGGACTCAGGTCTTAT 1 I CAAAATTGCTTGCC 480
V L D S G L ; P K L L A

TTTGATCTGACAACTTCGARAFTCETGA ARGTC  ;f‘~”g;‘CGATATTGCTGTA 540
B D g T AT IS 1 2B ' D I A V

AATGCCAGCACAGGAATGG
N A S T G M

\GCTATGGATCCTATG 600
M D P M

AATACTATGGTATATATAG
N T" M WV ¥ I

“ATCTATCAAAATTCC 660
Y Q N S

GATGATTCTTTCCATCGATTG
D D S F H R L Sps

( CCCAGATATTCTGAA 720
D™ P: Rl ¥ [SI B

- i
TTGACGGTCGCGGGAGAAAGTT CA?¢71>“ TTTTTGGAATGGCACTTAGT 780
. T V A G E S8 F =T == F G M A L §

CCTGTGACGAACAATCTETATTATAGCCCTETEACTTC ; ATTACGTTAAC 840
P V T N N & —_— Y V N

Y — y Y
ACGGAACCATTTATGAAM PABEAAGGAATTCAA 900

T BE P F M K ] Q

g E G I Q
GATATTTTCAACACTCAA "ATCCGCTAAAGTAATGTCGAAAAATGGCGTCCTTTTCTTC 960
D F NTOQ S8 A KV Mg$ KN G V L F F

Gz“zmscﬁﬁ*ﬁﬁﬂ%ﬁmﬂﬂ%ﬁﬁz%?

AATATGGATATGG@EGCTCAGAATGAAGAQﬁCACTTCAAA%Q?TCACTAGTGTQE’AATT 1080

e e bbbl b SR B 1o
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(continued)
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Figure 3.14 Nucleotide and deduced amino acid sequences of AcMRJP6. Initiation and

termination of translational codons and putative polyadenylation signal are boldfaced.

The signal peptidase cleavage site was indicated by arrow. N-linked glycosylation sites

are underlined.



GCTTTAAGTAACAGAATGCAGAAAATAGTAAACAATGATTTTAATTTCAACGACATAAAT
A°'L S N R M Q K I V N N D F N F N D I N

TTCCGAATATTGGGTGCGAATGTAAAGAACTTAATAAAAAACACTCGTTGTGCAAATTCT
F R I L GANUV I KNTLTITZ KN T R € A N 8

AAAAATCAGAATAACAATCAAAAGAAACATAAGAATCAAGCTCATTAGATCTTTTCCAAG
K N Q N NN Q K K H K N Q A H =«

ATCATATTAAATTCTATAGATTAATTTTTTCTCGTGGTAAATCAAATATTTTTAAAAATT
TATTTGCATTATAAATTAATAAAATAAATATCATTTTCGCATAAAAAAAAAAAAAAAAAA
AAAAAAAAAA 1450

Figure 3.14 (continued)
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CLUSTAL X (1.81) multiple sequence alignment

ACMRIPE6 =  sheEeesss-dscrims s rme e s s s S S S s S R s S s s s o
AmMRJP6 ATTAAATATTTGCAGCTTCCCTCCATAAGTGTTTCCATATATCTTAATTGTATTTATTTG
ACMRIJP6 @  =-csececcececcccccccecemre e m e mmm e mmmmmm e ATGACAAAATGGTTGCTGCT
AmMRJP6 CAATCTTTCATTTATCTAACACGAAATATTTTGTAGAAAAATGACAAATTGGTTACTGCT
*hkhkhkhkhkkk khkhkhkk KAhkhkkk
ACMRJP6 GATAGTGTGTCTTAGCATAGCTTGTCAAGATGTCACAAGCGCGATTCATCGAAGAAAATC
AmMMRJP6 GATAGTGTGTCTTAGCATAGCTTGTCAAGATGTCACAAGTGCGATTCATCAAAGAAAATC
khkkhkhkhkhkhkhhhhkhkhdhkhkd kkhkhhkhkdkhkhkhkhkhkkhhk *hhkhkhkhhhhkd *hkhkhkhkkkkhh
AcCMRJP6 GATTCACGAATGGAAATATCTTGATTATGA
AMMRJIP6 , TTCACGAATGGAAATATATCGATTATGA
* Kk Kk k ok k ok ok ks dhkhkhkkhkhkhkhkhkhkhkrhkhkhkhkdk * *hkkhkhkkkk
: —
AcCMRJP6 TTTCGATA! C.- A ATT AATTTGGTGAATACGACTATACGAA
AmMRJP6 TTTTGE G ATCTGGCGAATACGATTATACGAA
dkk * ko khkhkk hhkk Khhkkhkhkkhkkx hhkkkhkhkk
\.
ACMRJIP6 GACTTTTGTCGCTGTAATAAGATA
AmMMRJIP6 \GACTTTTCTCGCTGTAATAAGATA
****i*** khkhkrkhkhkhhkhx Khkhkdkkhhkhkhkhkhhdhkdkk
AcCMRJP6 CGAT@EGTGT ( '”.vV '] ‘Q\ A ACTGGCAACGGTGGACGCCT
AmMRJP6 CGATGGTGTA PGAACGTGA" SAGAAAATTGGCAACGGTGGATGCCT
***** * %9 1‘ L k| khkkk hhkhkhkhhkhkkhkhhkhkkx *hkkhkk
ACMRJP6 TCTCCAACS S TGATTCGTEETCCACGARGTATAAAGATTGTTCTGGAATCGTGAG
AmMRJP6 TCTACAACCGT AT GTCEs "GAACTATAAAGATTGTTCTGGAATAGTGAG
dodkk ok ok ok ok ok ok . ‘********************* *kkkk
AcCMRJP6 ACAR [CGACAGATTGTGGGTTCTGGACTCAGGTCTTAT
AmMRJP6 CGCTTACAAAA ] ACKE AGATTGTGGGTTCTGGACTCGGGTCTTAT
*k dokokk o £k k ok k khkgkkhkkhkhkhhhhkh hhkkhkkkhk
~ R, |
AcCMRJP6 AATARTATTCI AARCTTAT [ \f'CTTTGATCTGACAACTTCGAA
AmMRJP6 CCTTTGATCTCAATACCTCAAA
khkhkhkhkhkhhkkkk * X Kk Rk
AcMRJP6 ATTGCTCAAGCAAGTCGAGATACCGTACGATATTGCTGTAAATGCCAGCACAGGAATGGG
AmMRJP6 GTTGCT TCGAGATACC‘QHTAATATTGCCGTAAATGCCAGCACAGGAATGGG
gﬂgﬂﬁmjﬂﬂ [I]Gj*“““**“*“”*
AcCMRJP6 TACTATGGTATATATAGC
AmMRJP6 GGACCCGTATCGCTAG GTTCAAGCTATGGATCCTATGAATA TACGGTGTATATAGC

khkhkkk khkk kk * %k % *********** dokokkokkokkkkkk *hkk  kokkokokokok ok

sz P LGEN kool ok Dk e

AmMRJP6 q AGACGACAGAGGTGACGCTTTAATCATCTATCAAAATTCTGATGATTCTTTCCATCGATT

LR AR SR EE R RS E R R R R R R R R R R R R ]

(continued)

81

Figure 3.15 Alignment of the nucleotide sequence of AcMRJP6 cDNA with AmMRJP6
cDNA published sequence (GenBank Acc. AY313893). Conserve residues are indicated

by asterisks.



AcMRJP6
AmMRJP6

AcCMRJP6
AmMRJP6

AcCMRJP6
AmMMRJP6

AcMRJP6
AmMRJP6

AcMRJP6
AmMRJP6

AcCMRJP6
AmMRJP6

AcMRJP6
AmMMRJP6

AcMRJP6
AmMRJP6

AcMRJP6
AmMRJP6

AcCMRJP6
AmMRJP6

ACMRJP6
AmMRJP6

AcMRJP6
AmMRJP6

ACMRJP6

AcMRJP6
AmMRJIP6

GAGTTCCAATACTTTTGATAACGATCCCAGATATTCTGAATTGACGGTCGCGGGAGAAAG
GACTTCCAAAACTTTTGATAACGATCTCAGATATTCTGAACTGGCCGTCGCGGGAGAAAG

*k Khkhkhkhkk Kkhkkkkhkhkkkhkhkhkhkhhkkx hhkkhkhkhkhkhddhhkhk hk * *kkdkhkkhkhkhkkkhx

TTTCACAGTGCATGATGGAATTTTTGGAATGGCACTTAGTCCTGTGACGAACAATCTTTA
TTTCACAGTGCATGATGGAATTTTTGGAATGGCACTTAGTCCTGTGACGAACAATCTTTA

khkhkhkhkhkhkhhkhhhhkhhhkhhkhkhkhkrhbkhkhhkhh bk hkhAkhh bbbk kkkrrkkhhkkdkhdx

TTATAGCCCTCTCACTTCTCACAGTTTGTATTACGTTAACACGGAACCATTTATGAAATC
TTACAGCCCTCTCACTTCTCACAGTTTGTATTATGTTAACATGGAACCATTCATGAAATC

khkhk hhkkhkhkhkhkhkhhhhdkhkhhhkhhhhhkkhhhdh *hkhkkhhk *hkhkhkkhkd *khkkkkhkk

ACAATATGGAGAAAATAATATACAATATGAAGGAATTCAAGATATTTTCAACACTCAATC
ACAATATGAAGAAAATAATA AATATGAAGGAATCCAAGATATTTTCAACACTCAATC

khkkhkkhkkk Kkkkkk ik 3 dkhkkkkhkhkkhkkk dhhkhkkhkhkdkhkhkhkkhkkkkhkrkhkkhkk

'TECTTTTCTTCGGACTTGTGAATAATTCAGC
TTTTCTTCGGACTTGTGAATAATTCAGC

*k kkkhk * s tE AR E R SRR SRS RS R EREEREREES]

CAAAATATGGATATGGTCGCTCA
CAGAGACAAAATATGGATATGGTCGCTCA

\\\\\ dkkkkkkkkkhkkdkhkkhkkkkkkkkk

G ATTATACAAAATCTTCCATATTC
"TTATACAAAATCTTGCATATTC

\ dkhkhkkkhkhkhkhkhkhkhkhkhrdx *hkkkkkk

ATGTTGGCTTTAAGTAACAGAATGCA
‘0GTTGGCTTTAAGTAACAGAATGCA

*ok kK ., s LJ \\ \ Kkkkkkkkkkhkkokkkkok ko okkkk
GAAAATAGTZ 'H.f ACGACATAAATTTCCGAATATTGGGTGCGAA
GAAAATAGTAAA TA FCGACCAAGTAAACTTTCGAATTTTGGGTGCGAA

* ok kkkkkKk * khkkhk kk khkkkk khkhkkkkhkkkokk

TGTAAAGAA;féEEq%%ﬁﬁf A TGCAAATTCTAAAAATCAGAATAACAATCA
Taﬁ;iﬁ AAAA ¢ GTCTAACAATCAGAATAACAATCA
* !

SEEMESEEEEE LSRR SRS S

CATe TTCCAAGATCATATTAAATTC

AGATCTTTTTCAAGATCATATTAAAATC
Ak Rk hhhk khkkhkkkhhkhhkhk Kk

AAATARATE

* k *x Jl * kkkhkkkkkkkkkrkkkk kK

TATAGA‘mTTTTTTCTCGTGGMATCAAATATTTTTAAAAATTTATTTGCATTATAA

TTTATTTGCATTATAA
Fokkkkkk ko kk ko k ok ok ok K

ATTAATAAAATAAATA TTTTCGCAT

Figure 3.15 (continued)
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CLUSTAL X (1.81) multiple sequence alignment

AcMRJP6 MTKWLLLIVCLSIACQDVTSAIHRRKSSKNLEHSMNVIHEWKYLDYDFDTNEKKQAAIQF
AmMRJP6 MTNWLLLIVCLSIACQDVTSAIHQRKSSKNLEHSMNVIHEWKYIDYDFGSDEKRQAAIQS
R P e R L 23
AcMRJP6 GEYDYTKNYPFDVDQWHDKTFVAVIRYDGVPSSLNVISDKTGNGGRLLQPYPDWSWTNYK
AmMRJP6 GEYDYTKNYPFDVDQWHNKTFLAVIRYDGVPSSLNVISEKIGNGGCLLQPYPDWSWANYK

hhkkhkhkkhhkhkhkhhdkhhk . hhk . khhhhhhdhhdhhdhhhhkdh .k dhkhk *hhhhkkhrhkh . khx

AcMRJP6 DCSGIVSVYKIAIDKFDRLWVLDSGLINNIQLMCSPKLLAFDLTTSKLLKQVEIPYDIAV
AmMRJP6 DCSGIVSAYKIAIDKFDRLWVLDSGLINNIQLMCSPKLLAFDLNTSKLLKQIEIPHNIAV

khkkkdkkk *kkkkkkkkk Kk kkkkkkkkhhhhkhhhkkhhhkk Fhkkkkhk,kkk . . hkk

ACMRJP6 NASTGMGGLVSLVV \ ‘ MV YT ADDRGDALIIYQNSDDSFHRLSSNTFDNDPRYSE
AmMRJP6 NASTGMGGPVSLWV IDPMN' / PDRGDALIIYQNSDDSFHRLTSKTFDNDLRYSE

* ok k ok ok ok ok ok » a**************:*:***** * %k k%

ACMRJP6 LTVAGESFTVHDGI ‘) ; NLYYSPLTSHSLYYVNTEPFMKSQYGENNIQYEGIQ
AmMRJP6 LAVAGE 3 Y"_-:J ‘-»'J YYVNMEPFMKSQYEENNIEYEGIQ

% o K ok ok ok ok ***** khkkkhkkhkk hkkk. . khkkkk

ACMRJP6 D:;:FNTQ gafcn ,/,/f ] :\\\;\

“ VLFE GCWNEHQP LQKQNMDMVAQNEETLQI ITSVKI
AmMRJP6 DIFNZE AKWVM KN ORQNMDMVAQNEKTLQMIISVKI

* ok ok ok ok ok ok * 7 . * A :, Khkhkk khkhkhkkhhhkhkdk . kkk .k kkkk

ACMRJP6 ION GHEMNE N - LENR ! [ DINFRILGANVKNLIKNTRCANS
AmMRJP6 IQNLAYSGRMN (NEYMI: NRMOXKIV \\ FDEVNFRILGANVNNLIKNTRCAKS

*kkk ok shhkkkkkkkok . kkkkkhhhk .k

ACMRJIP6 KNQNNNQKKHKNO
AMMRJIP6 NNQNNNQ
kKRR KKK k.

Figure 3.16 Alig of AcMRJP6 ¢cDNA with

C. (” Y313893). Conserve residues

i

L7
AmMRIJP6 cDNA pub ll S

are indicated in asterisksg: means amino acid which have the same group of side chains

S—TY AN TN DT s e
“““’o‘i‘%'m\aﬂim UYRIAINYIAY
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Table 3.3 Amino acid composition of AcCMRJPs

MRJPI MRJP2 MRJP3 MRIP4 MRJP5 MRIP6
Ala 4.1 5.2 5.1 52 43 48
Arg 4.1 2.5 5.6 3.2 8.9 2.9
Asn 8.0 14.8 20.2 14.0 10.0 10.6
Asp 8.0 6.1 8.0, ,, 80 i3 7.0
Cys 1.5 I I/ 1.0
Gln 3.6 5.6 M 4 | . 53
Glu 4.1 ' 3.4
Gly 5.6 5.1
His 2.4 2.7
Ile 5.8 7.0
Leu 9.2 5.
Lys 5.3 6.7
Met 2.7 34
Phe 4.1 4.1
Pro 39 3.1
Ser 9.2 8.0
Thr | 58 74543 A3 4.6
Trp 1.2 :,l 1. 14
Tyr 4.6 6 2.7 39 3.4 5.1
o | gy NIRRT ©
Ess. a A5.% < 407 0 9/, A 8
Sk L Aa AR bt 2T ALY LaLa ki Cala Rk ]

Percent gontent of amino acid in native protein was obtained by computer analysis of its
sequence employing the program ProtParam. Essential amino acids are marked in
boldface.



CLUSTAL X (1.81) multiple sequence alignment

ACMRJP2
ACMRJP3
AcMRJP1
ACMRJP5
AcMRJP6
AcMRJP4

ACMRJP2
AcCMRJP3
AcCMRJP1
AcCMRJP5
AcMRJP6
AcMRJP4

AcMRJP2
AcMRJP3
AcMRJP1
AcMRJP5
AcMRJP6
ACMRJP4

AcCMRJP2
ACMRJP3
AcCMRJP1
ACMRJP5
AcCMRJP6
AcCMRJP4

AcCMRJP2
ACMRJP3
ACMRJP1
AcMRJPS
AcCMRJP6
AcMRJP4

ACMRJP2
AcCMRJP3
AcMRJP1
AcMRJP5
AcCMRJP6
AcMRJP4

MTRWLFMVACLGIACQG- - - -AI IRQ-NSAKNLENSLNVIHEWKYIDYDFGSEERRQAAI
MTKWLLLVVCLGIACQDVTSAAVNHQRKSSKNLAHSMKVIYEWKHIDYDFGSVERRDAAI
MTRWLFMVVCLGIVCQG----- TTSSILRGESLNKSLSVLHEWKFFDYDFDSDERRQDAI
MTSWLLLVVCLGIACQGITG--ATVRENSSRNLANSMNVIHEWKYLDYDFGSDEKRQAAI
MTKWLLLIVCLSIACQDVTS--AIHRRKSSKNLEHSMNVIHEWKYLDYDFDTNEKKQAAT
MTKWLLLMACLGIACQNIRG-AVVRENSSRKKLTNTLNVIHEWKYVDYDFGSDEKRQAAI

*k hk... Kk Kk Kk S SR RO b b IR G S O

QSGEYDHTKNYPFDVDQWHDKTFVTILKYDGVPSTLNMISNKIGKGGRLLQPYPDWSWAE
KSGEFDHTKNYPFDVDRWRDKTFVTVERFDGVPSSLNVVTNKKGKGGPLLHPYPDWSWAN
LSGEYDYRKNYPSDVDQW! JFVTMLRYNGVPSSLNVISKKIGDGGPLLQPYPDWSFAK
QSGEYDHTKNYPFD ‘il i }F LRYKGVPSSLNVISKKIGNGGPLLQPYPDWSWAN
QFGEYDYTKNYP DVIX WHDK DGVPSSLNVISDKTGNGGRLLQPYPDWSWTN
QSGEYDRT‘ ‘\ l" l DGVPSSLNVVSDKTGNGGPLLQPYPDWSFAK

A
*K Lk &h‘ Rakkk kKo K K KK KK kAKkRK:

NKDCSGIVSAFKLAFD FD';WV DSGLINRTEPICAPKLHVFDLKNTKHLKQIEIPHDI
YKDCS #'9’{' DR DS NNNC SPKLVTFDLNTSKLLKQVEIPHNI
YDDCSG K ] “ﬁPuCSPKLLTFDLTTSQLLKQVEIPHDV
YKD@ " f?yl'» R SPKLHVFDLNTSQQIKQVMMPHDI
YKDCSGIWSV fg DR ‘ k\“ 1 l‘;CSPKLLAFDLTTSKLLKQVEIPYDI
YEDCSGTVSANKIZ »YN'-_ SG N ICSPKLLAFDLTTSKLLKQVEIPHDV

RAALES S8 o O a_ﬁw"; ! - sk cReRNoRE REEL N

AVNATTG SUV: Qﬂﬁggb MNTLV KGDALIVYQNSDDSFHRMTSNTFDYD
B TMVYIADERGEASIIYQNSDDSFHRLTSNTFDYD

AVNATTE VS w:v-%%
AVNATIZEC AVQREDC] EGLIVYHDSDNSFHRLTSKTFDYD

AINATTGKEGL, ) JOQ' ! f ’N DALIVYQNSDDSFHRLTSNTFDYD
AVNASTGMGG SL7'2ﬁﬁ¥f:,;‘ \ ADDRGDALIIYQNSDDSFHRLSSNTFDND

AVNATTEKGGEASLAVOAMDS AD KDDALIVYQNADDSFHRLSSHISNHN

*okk .k ok A — -~ . kk B sk okkkok . ok, :
‘ ;

PRYAKMTINGESFTLEN MALSPVTNNLYYSPLASHGLYYVNTEPFMKSQFGDNNN

PRYTKLTVAGES] A ATCOR INNLYYSPLASHSLYYVNTEQFRNPQYEENN -

] SFTTQSG- ISGMA SPYASTSLYYVNTEQFRTSNYEQNA-

SRSLYYVNTKPFMKSQYGTNN -

b;.i~HSLYYVNTEPFMKSQYGENN-

8 SQNLYYVNTTSLMNSQNQGND-

sl kR RE g oo *

VQYEGSQDTLNTQSLAKAVSKDGVLFVGLVGNSAL@CLNEHQPLQRENLELVAQNEKTLQ
VQYEG Q}bNTQSFAKAVSKNG‘MFLGLVSNSTVGCVNEHQVLQKENFDVVAQNEETLQ
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Figure 3.17 Alignment of deduced amino acid sequence of AcMRJP ¢cDNA. Accession

number of AcMRIJP as follows: AcMRIP1, AF525776; AcMRIP2, AF525777;

AcMRIJP4, AY532368; AcMRIJPS, AY532369. AcMRJP3 amino acid sequence obtained

from D. Srisuparbh (2002). Conserve residues are indicated by asterisks.
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Phylogenetic relationships between AcMRJPs and AmMRJPs families

Nucleotide and deduced amino acid sequences of AcMRIP4 (AY532368),
AcMRIJPS (AY532369) and AcMRJP6 cDNA obtained from this study and sequence of
AcMRIP1 (AF525776), AcMRJIP2 (AF525777) and AcMRJP3 (Srisuparbh, 2002) cDNA
previously reported were aligned with he sequence of AmMMRIJP1-AmMRIP8 cDNA and

A. mellifera yellow-f protein ¢DN retri the GenBank database [ AmMRJP1

(AF000633), AmMRJP2 A"" ' (7Z26318), AmMRIP4 (Z26319),
AmMRIPS (AF004842), ), AmMMRJIP7 (BK001420), AmMRIPS8
(AY398690) and AmY eliov

Genetic distancg t both nucleotide and protein
levels. The lowest and highe 1CE) 3 ide level was 0.0660 (AcMRJP1-
AmMRIP1) and 0.5066 (AcMR P ’ '- JP5), . ctively. At the protein level, the

lowest divergence was 0.09 90 (ASMIR i' £ ’1) whereas the highest divergence

-r:: "'I.-*"'? ',,.‘:-

was 0.8556 (AcMR & -A

The original' I c’ 00 times for nucleotide and

protein data, respectiﬂy. Bootstrapped neighbor—joinﬂ trees were then constructed
']

(Figure 3.18 aﬂ Wﬁﬁt%ﬁﬂ%ﬂﬂeﬂl?mtein levels of MRJPs

indicated phylo&netxcally closer relationships begeen the same s families from
dxffereapw r}ﬁﬁuﬁ]ﬂ? mfulﬁwﬂxmaﬂ species.

The identical trees were obtained from two types data either nucleotide and amino
acid sequences. The same families from different species were grouped together. The
result showed A. mellifera Yellow-f protein was a monophyletic group distant from

MRIJPs. The MRJP8 exhibited the earliest divergence within MRJPs gene families.
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Figure 3.18 A bootstrapped tree illustrating relationship of MRIPs of 4. cerana, A.
mellifera and A. mellifera yellow protein. The original nucleotide sequence data was

bootstrapped 1000 times. Values at the node indicate the percentage of times occurred out
of 1000 trees.
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Figure 3.19 A bootstrapped tree illustrating relationship of MRIPs of A. cerana, A.
mellifera and A. mellifera yellow protein. The original deduced amino acid sequence data
was bootstrapped 500 times. Values at the node indicate the percentage of times occurred

out of 500 trees.
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3.2 Overexpression of AcMRJP4 protein in E.coli

In this study, The pET system was used for overexpression of AcMRJP4 protein
in E. coli system. E. coli Rosetta (DE3) pLysS was selected for expression of the insert
DNA, AcMRJP4 cDNA of pET 19b vector. The pET 19b contains T7 lac promotor,
amplicillin resistance gene, lacl gene, sequence encoded a Histidine peptide (His-tags) at

N-terminal of produced protein and sequi¢ #/led protein sequences for enterokinase
@ purification and identification of

cleavage site. The His-tag « a

expressed protein while en avage. for removed His-tags from the

erase gene and plasmid that
harboured the rare tRN A le gene and chloramphenicol resistance gene.
For amplificatio » 116D primers were newly designed from

AcMRJP4 cDNA sequence. “4F i mers was designed over predicted N-

— -

terminal amino acid seque jithout signal pe d ad Ndel restriction site to the
: . v Y

5’-end of the primers edover stop codon and BamHI

restriction site was ad"md to the 5’-end of the primer. @ecombinant plasmid contained

AcMRIJP4 cDﬁ ﬂrﬁaﬁjﬁﬁﬁrﬁﬂ%’ Wﬁ% used as template DNA

for PCR amplit{ﬂation process. The Pfu DNA polgxerase that ha&eJ3' to 5' exonuclease
activitﬂaﬂa 1&&@@%%&@%&% c&lpleted, amplified
product v?'as eletrophoretically analyzed through 1 % agarose gel.

Only single PCR product of 1,400 bp was obtained (Figure 3.20). The PCR
product was digested with proteinase K and purified by NucleoSpin® column. The pET

19b vector and purified PCR product were digested with Ndel and BamHI restriction
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endonuclease. The digested products were eletrophoretically analyzed and eluted from
agarose gel by using QIAquick gel extraction kit. The Ndel-BamHI digested PCR product
was ligated with Ndel-BamHI digested pET 19b vector, and then eletro-transformed into
E. coli JM109. Twelve white colonies containing the recombinant plasmid were

randomly picked for plasmid extraction and double digested with Ndel and BamHI. The

result of eletrophoretically an f twelve clones contained recombinant

plasmid with AcMRJP4 c

The transforme clom
Bioservice unit for plaguid /// sequenc The T7 forward primer was used
for sequencing. The amifnoacid '7 £ Rt m nucleotlde sequence obtained

showed that gene fragmént fia ”ﬁ-f-. 2ading frame and 100% sequence identity with

g p
those of plasmid MRJP405 gure%‘g‘@‘ _7 abinant plasmid Exp401 and pET 19b
vector were eletro-transfo %. coli Rosetta (DE3) pLysS. The

transformants that ggown “selective plat g ampicillin and chloramphenicol

were expected to ""l-s Kb t plasmid. The recombinant

clones were identiﬁeﬂy colony PCR method. The retﬂnbinant clone number one that

contained the ﬁeﬁén%ﬁlﬂ %’W ﬁfﬂﬁvector (Figure 3.23) were

induced by IP’I@ for AcMRJP4 prosem productlon For culture cevarbourmg the vector
DNA a qu 'alaa ;ﬂn‘; m% MQQ}MtEJ ’] a]\gras used to induce
the protem production. The cell pellet was collected before induction with IPTG as a
refercice, and then collected after induced at 1 hour interval for 5 hours. The cell pellets
were analyzed by SDS-PAGE. The results showed that E. coli Rosetta carried pET 19b

vector and E. coli Rosetta carried the recombinant plasmid at 0 hours of induction, the
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expected protein band that overexpressed was not observed. The protein band of 53 kDa
was observed at 1-5 hours after induction. The highest expression level was 3 hours after
induction with IPTG. The molecular weight of induced protein band was 53 kDa, which
corresponded well to 55.7 kDa, the calculated molecular weight of recombinant

AcMRIJP4 protein deduced from DNA sequence (Figure 3.24).

AUEINENINYINS
RN ITUNMING AT
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Figure 3.20 ﬁwthﬂmﬁ@ﬁ ﬂtﬂ;ﬁgnal sq. for expression

LaneM = gA/Hind I ﬂ‘andard molecu}ﬁr, weight marker

o VAT B el ™3 T B Whdblohud ot b con

Lane 2 = Negative control

Lanem = A 100 bp DNA ladder
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Figure 3.21 Cloning-of pET19b expression vector containing ACMRIP4 cDNA in E.coli

= —-p
TM 1094 oL
Lane M‘“"l = A/ Hind III standard molecular weight marker
lang 1 ¥ =" undigested pET, 19b
Lane2 = pET 19b digested with Nde I and BamHI
Lang8 % #+ | undigestedirecombinant plasmid
Lane4 = recombinant plasmid digested with Nde I and BamHI
Lane5 = AcMRIJP4 insert digest with Nde I and BamHI
Lanem = A 100 bp DNA ladder



CLUSTAL X (1.81) multiple sequence alignment
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Figure 3.22 Aligniér
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;‘," ence of AcMRJP4 c¢cDNA

transformant numberg(MRJP40 ) with deduced amm) acid sequence of AcMRJP4

¢DNA in pEFix ﬂ\éﬁ‘tww ‘S;WIEIJ (Tﬂ(]ﬁ Conserve residues are

indicated in astéfisks. :

means ammo acid which have the same group of side chains and

QO GRF AN W SRS s

dlfferent size.
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Figure 3.23 Co]orfy{_?CR for identified cloning to expr(:_ssi%)n host

Lane W =

lsdne 1| ¥ =

Lane 2 =

Lane 3 =

Lane 4 =

Lanem =

A / Hind 111 standard molecfﬁ’ar weight marker

Positive control 5ug of véctor dortaining AcMRJP4 cDNA
The amplification products of vector ¢ontaining
AcCMRIPAEDNA in Rosetta host

The amplification products of vector in Rosetta host
Negative control

A 100 bp DNA ladder
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Figure 3.24 Protein pﬂem rud F’ f A ein producing tranformant

,, X
I

y
Lane M Protein molecu ar wel ght marker

e B SRR BT B i

Lane 2 E. coli R%Isetta cells carried re¢ombinant ACMRJP4 plasmidsat 0 hours induction.
Lane 3Bl S S0 brd il K e b b cion

Lane 4 E. coli Rosetta cells carried recombinant AcCMRJP4 plasmid at 2 hours induction.

vary in ifidt

Lane 5 E. coli Rosetta cells carried recombinant AcMRJP4 plasmid at 3 hours induction.
Lane 6 E. coli Rosetta cells carried recombinant AcMRJP4 plasmid at 4 hours induction.

Lane 7 E. coli Rosetta cells carried recombinant AcMRJP4 plasmid at 5 hours induction.
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