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1ATAau cDNA 983 Major Jelly Protein wpia Tnss Apis cerana (AcMRIP) Tnvldmindmaan
RT-PCR udafnuautidmnzwud 14 Inauves MRIP1 uaz MRIP2 TAt Open Reading Frames (ORF) 484
AcMPIPT Ua¥ MRIP2 S 1302 uay 1392 andToInd deszymrosasmiunsaosiTu 433 uas 463
residues AMAWY AWAAIATIYB: MRCIP1 Ay MRCIP2 :r:w:'nﬁ:r'[ﬂﬂun:i{qﬁuﬁ (Apis mellifera)
i 93 uaz 92 wedidun dmivdrduiiedTeInd uazidlu 90 uas s6 WediFud dmTuniassliTuaw
daLiile subclone cDNA 489 AcMRIP1 Tagl¥ expression vector, pET17b uasnsmeefudng £ coli
Rosetta (DE3) pLys S WUMIUAAIBaRiBHAR T15An AcMRIP] 'lu';ﬂ'l:ihzmmir‘lﬂ'umﬁ 47.9 kDa N3
Sin3124 1o ¥ Western blot uerrsiniimisiaateanld AcMRIBL W E. coli 18 msuaassanmumdanindn
wdae PTG Whuna 1 $2Tue_uasseAumsugamengegansimdasmhld 4 2l mrdsade
pmismadluimau | dns ez hindanalilsfiu AcMRIPI Uszunm 20 dadndy
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Abstract

Major Royal Jelly Proteins cDMNA of Apis cerana (AcMRJIPcDNA) were cloned and
characterized. The Open Reading Frames (ORF) of AcMRJP1 and AcMRJIPZ were 1302 and
1392 nucleotides encoding 433 and 463 amino acid residues, respectively. The similarity of
AcMRIP] and MRJIP2 and their homologues in Apis mellifera were 93 and 92% for nucleotide
whereas 90 and 86% for deduced amino acid. The complementary DNA of AcMRIP1 was
subcloned into expression vector, pET17b, and transformed into E. coli Rosetta (DE3) pLys S.
Recombinant AcMRJP1 47.9 kDa was expressed as inclusion bodies. Western blot analysis
revealed successful expression of recombinant AcMRIPI after 1 hour of IPTG induction and
reached saturation level afier 4 hours. The yield of purified AcMRIP1 was approximately 20 mg

protein per litre of liquid culture,
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U 1. PCR product 149 1nMsFuns129 full length cONA wosAa Tnga
Wi 2 drduiiondToInduazdiwunsnesi Tuves AcMRIPI
Wi 3. duiinale Induazddunsaesii Tuves AcMRIP2
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ATCG
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dNTPs
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Apis cerana major royal jelly protein

cDNA of Apis cerana major royal jelly protein
nucleotide containing the base adenine, thymine, cylocine and guanine,respectively
base pair

degree celeius

complementary deoxyribonueleic acid
deoxyribonucleic acid

deexyribonucleotide triphosphates (dATP, dTTP, dGTP, dCTP)
Escherichia eoli

gravity force

hydroehloric acid
isopropylthio-f3-D-galactoside

Lauri-Bertani medium

mullilite

millimofar

major royaf jelly protein

major royal jelly protein complementary deoxyribonucleic acid
massenger ribonucleic acid

sodium chloride

nanogram

nanpmetre

polyacrylamide gel eléctraphoresis

polymerase chain reaction

ribonucleic acid

Reverse transeription polymerase chain reaction
sodium dodecyl sulfate

M, N, N', N' — teytramethylethy lenediamine
tris (hydroxy methyl) aminomethane

ultraviolet

microgram

microlitre

micromolar
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sedanadillundadusininiafiiiyanigafiqa lndhemaadudfiethgaquamifinssanayion
lugvsedinmadion s Sadia uor undya sedanadndnvindeyldnenes (hypopharyngeal gland) azsay
. ’
¥IN33 1N (mandibular gland) YBIHIUNUBIY 5-15 U (Brouwer, 1982; Knecht and Kaalz, 1990; Lensky and
-y W . - oy -
Rakover, 1983) HaiFonflaanumariii Amumna (nurse bee) sadawafidiue msmdniidowialdidoms
: PN 4 . —— —
BOU (larvae) Y097 mmlszm (Hafd, 9 azfisnang) sefanadiiumumdAgioniseigian
[ 4 ; = " - ] a & .
WuIsTneA1a 9 Y833 (Moritz and Southwick. 19920 nas 143 usadanad luusiag 3 s s vesAnTLuAniTg
9 = 1 " L e - - - ¥ - L J - - - e - -
i Wssauveaiwidy IATusoload 18 Sy aswatgaufsa ey 18Susedanadiive 3 Tuusnlaoia
3 - e - o . P - - - -
seuiiieny | JustlAfulTiiennniige vasiddeudanmos: WWusedanadlulfineannoenidn
4 - v ¥ - - - - -~ 4 ™
dhug Waannmgldnvezuendislvinfsmums 9 fllumedomiiouiu TavAnnamgeziivum
T - LR . v - - . - -
Trgjn HnsTapianivesdt imhibfannsosmiuguasn W8 susifsrssdinewane Soes
meadsafunsyimhfimeuss (@nafaaeu nawazerads desiuss wnimuuounasaen ) 129
- - i -l = : - - [ -'J &
voanawigiv Tnvndaaen il i Juvesiian e lunueduniies 15-16 Su varRRsesld
E E - - - - - -
a 21 Tu wenvnfinnomoiziengiulauede 23 1 vusfidsesiogios 23 deu (@5l
2532, Krell, 1996)

sefavvafiliumlsshoviidiunsa 1 pH BTN 32442 Wsznevdan AR 66-70
waiidud, Tsdu 12-17 nlodigus, -fwm =123 mlodidd, ot 3-5.5 ledidud uasdh 122 e
veaimminuwta (Howe, Dimick and Benton, 1985, Paima, 1992) azviu a1 Tusaudluesmlssneunanis
Uhnuindiga ﬂwwffqﬂu'iﬁiuiﬂimmumuﬂmmm taazgniiaeansingy niedinariilisg
poredy Lt wﬂummmunmmmnn'luwm (Craisheim; 1990) 9103103 MamMaTinAAI T

Iﬂmu'lmauauanuumﬂnﬁmqnummﬁmmulﬂwamaaumamamn

Ueytdlafinisfne TUsAuTus ddatvaalis: gavluana laowuilinisuanieanyesdus
duns 1,1"11]59714'luiaumlﬂmmnau'lﬁnnﬂau (hypopharyngeal gland) 'umilrmuwm Schmitzova lns
Az (1998) TAdandu-MrIP ar-mmﬂuﬁiummn'ﬁumummmnwmq (Apis mellifera) oomilu 5 ¥iln
(family) MRIP1, MRJP2, MRIP3, MRIP4 to¥ MRIPS amunTmusndtsdidunsaesd Tuiisumieniadou

daw N Tﬂu'Iﬂsnumuuﬁuunma.,u'lumuﬂu (essential amino acids) uﬂunqﬂﬂs”ﬂawmq 40-51 % #1
ueraslusiziad |



asnlszneuniaezilueallsfunanlusedamadiusiuna s viin

MRJPI MRJP2 MRJP3 MRJP4 MRJIPS
Ala 19 6.2 4.9 43 ig
Arg 34 3.8 4.9 4.1 9.0
Asn 6.9 1.3 15.9 13.8 8.7
Cys 2.5 1.5 I 13 1.0
Gin 1.9 5.1 11 6.3 38
Glu 19 3.8 38 3.9 2.5
Gly 5.6 6.0 6.4 4.1 4.0
His 2.3 24 2.2 39 1.8
lle 6.0 5.1 4.0 3.2 4.8
Lue 9.5 8.2 6.8 9.7 5.2
Lys 51 6.9 58 5.0 43
Met 3s 14 2.2 2.4 11.4
Phe 4.2 4.4 1.7 2.2 1.6
Pro 37 31 2:5 22 26
Ser 8.1 8 3.9 84 6.2
Thr 6.3 4.6 4.0 4.7 5.6
Trp =2 13 0.9 13 1.1
Tyr 4.4 35 3.1 39 i3
Val 6.5 7.5 6.8 8.0 5.6
Ess.Aa. 48% 47% 39.3% 44.5% 51.4%

wuomg N3zl Tufduilu (essential amino acids) RuMAof 2Ty

fioyaen Sehmitzova , et. all, 1998,

wenumiufernnzoTnau cDNA uasAmIEWULIEYEY cDNA dmiy MRJP W2 § wiinvesia
W (Apis mellifera) 1Rud (Klaudiny et al., 1994; Schmitzova et al., 1998) TUsAuTungy MRUP fifiegludn
dm 82-90% veslusAudmualusedornad uenvinubmuhTsiundnlusedanadns 5 siiaitiu
InaTaTus@u (Schmitzova et al., 1998)

n153iuﬂ%'a'f:ﬁ'mn‘ﬁ'ﬁi:Pﬁ1W&'ﬂﬁuqnsmua:m*Jiﬂ‘numuﬁﬂummﬂmunﬂmq MRJPcDNA

4 ) 4 - ' - -
V0IH1 N33 (Apis cerana) TUIZVVBU (heterologus system) FaTuiil 1Aun £ coi Taoms3ToszTusinms



- 4 T T
AT full length MRJPcDNA veaHa Iwsamminiwu¥euny Expression vector (pET system) Udg transform
‘ ¢ - - v . - A ’

g E coti wnTl nindeyadduiiong [oInAves cDNA 481 MRIP Vi3 5 %1in Y8IHINUT (Apis mellifera)

Fl 44 oa . . - < -

Futhisiudoavasg sl ilfennsoeenuuy nswed sumziie [9mudTua cONA vas MPIP ¥iinla
u i g 4 a 4 d z

THAMTY YR INIY (dpis cerana) FuiluRsiudleaveadszmainedis pcr 14 Tasdumeuusne:

Funs 1z first sirand cDNA #720 Reverse transeription polymerase chain reaction (RT-PCR) VIR mRNA

T ¥ > a4 i i ol Ty =

fafandnaivears Taold oligoldT) i nswad neufiez1d first sirand cONA TiiuuRunFuns1ed

MRJPcDNA 20 Insweifieanuuulisiathl



IEMINAanl

iuRI0e1aRaINT 3 Apis cerana
o 4 - ' [ - vud e -
wudaedais Inssluszosiannunaiiiiengegluga 5-15 u TaousAaaadsluTnssumad dieh
widaealfiamstaiy 13lug -soc

afif total RNA

4R total RNA 9INAITINBIHIMUNNA 3050 /2 #0 Trizol Reagent (Gibeo — BRL) UAT12H
Yhe RNA faialdTnedn 0D260 uazfidn DNA figiabudlouTaonisiasdan RNase - free DNase |
nInfuda1d RNA T |#iliad o first-strand eDNA il

MITAATIEN first-strand cDNA 182 full length MRJPeDNA
HUR312H first-strand eDNA Tng1% Omniseript RT kit (Qiagen) n1ﬁimﬁ'iuu=ﬁ1'umu?ﬁ'm}'nﬁm
Tao14 total RNA fiefinaantiusynafla Iwsavemina 2 pg i RNA template 19 oligo(aT) ,, it primer
AT first-strand cDNA #20 reverse transcriptase (Huaa1 1 $31ua # 37°C
WU first-strand cDNA Viiflunneneon q vaeans 5 i itax14 first-srand cDNA it
duns 129 full length cDNA A28 PCR #in Tl
MIFUATIEN full length cDNA 489 MRJP 90373 Insaszrin Taold PCR une Insweddumiziisen
uvunndeyadnuiing lalndAves cDNA 1o qvfai'ﬂf (Apis mellifera) 10 forward primer 921 restriction site
4B EcoRl 62U reverse primer 9341 restriction site 483 Kpnl 338 il 03 To Induudanie il
EcoRl
- Forward primeér 3'-TAG GAA TTC TAA ATG ACAAGG TGG TTG TTC ATG -3*
Kpnl
- Reverse primer M =-CGOGGTACCCTTITTIETTITTITTITTITTITTITITIT TA -3

FURTIZH full length cDNA Y84 MRIP usaia In3adas PCR TumsnaulbbifaUfsorilseney
1120 20 mM Tris-HCI, pH 8.8, 10mM KCI, 10mM (NH.) SO, 2 mM MgSO,, 200, mM of cach dNTPs, 0.6
MM of each primers, 1 U Pfu DNA Polymerase (Promega) Ufji301 PCR 95¥11TA0dl (nitial denaturation 92°
C, 3 min UA% 5 3DUYDI Denaturation 92° C, | min, Annealing 50” C, 1.30 min UDE Extension 68° C, 4 min Aif
ATUAIY Denaturation 94 C, | min, Annealing 60" C, 1.30 min 11D Extension 72" C, 4 min

PCR product ficfaina ey IIw3ins1:9#a0 1.2 % agarose gel electrophoresis ud2HouA0 ethidium

bromide 1li‘|‘dﬂ'§"l‘ii‘|’ﬂ1.ll'l"lil".ilﬁillﬁﬂ'ﬁﬁﬁlm‘u DNA Tao UV transilluminator
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M38313 recombinant DNA 122n131AW recombinant DNA

it cDNA Afauns e &iaomiin (siricky end) TAON13AARIY EcoRl A Kpnl nimfusalé
DNA ligase (promega) doutu cONA WIfunaIaDa pUCIS AARdI0 EcoRl uaz  Kpnl udatandou
recombinant DNA J.'i"l:j E. coli DHSCt A30n13M1 electroporation  AT19M7 recombinant clone Tau 1% blue white
colony (Sambrook 1A% Russell, 2001) 11 clone ﬁmﬁﬁwmuﬁﬂmﬂﬁhu: ampicillin M10A recombinant
plasmid MEMITINAOUVLIATURIBUS  insert AWMIARRIW EcoRl uaz Kpnl Wmiias1svinaiaY 1.2 %

agarose gel electrophoresis udTadins 1A wmuTING T8 Tnddo 1y

MIdnszHawiuTionalo Indves full length cDNA Y81 MRIP

S dduionaloMAvestan DNA insert 910 recombinant plasmid fiAAWATEEIAIIN
recombinant clone AL3TY84 Sanger(Sanger et al., 1977) '[ﬂu'lﬁm‘:im automated DNA sequencer (ABI377, PE
Applied Biosystems, USA) wituifieudifutiandTanan 1iudoyndiduiiong T Indves MRIPCDNA 101
Aot (Apis mellifera) A 0aMangliugran 5B GenBank)

mslnauiiv MRIPCDNA 141 expression vector

FuRs1E full length MRIPCONA 014 subclone @30 PCR Tanlédaynd duiiondloIndves
MRIPDNA vosia Insaitiins i Beanduuse s nsued Wi ddiutiong To Indfidhuyadnves Viel uaz
Kpnl waziiduvossimiugnasuiiszitlassioihi histidine (CAT) 6 residues madmnnlatw C terminal ves
MRIPCDNA Rz dans e Insweinoanuuy 14 fe

Nhel
- Expression forward primer §' - CATGCCATGGCTAGCCATCATCATCATCATCATAGCAT
TCTTCGAGGAGAATC - 3°
Kpnl
- Expression reverse primer) 5'- CGOGOTACCTTACAGATGTATTGAAATTTTGA -3

3T MRIPCDNA 'lﬁ.lﬁﬁ'il‘.l‘l PCR fiusznaufat Initial denaturation 92" C, 3 min Upz §
30UY04 Denaturation 92" C, | min, Annealing 50" €, 1.30 min U8z Extension 68 C, 4 min AR 1WA 35
38UY03 Denaturation 94" C, | min, Annealing 60° C, 1.30 min iaz Extension 72" C, 4 min

waamafiuin MRIPCDNA #38 PCR 1A014 recombinant plasmid (pUC18- MRIPDNA) (i
i waz 1 nswed S umzfivenuuy Vidheduuds Aandadast PCR Srusaninduoulsd (Vhel uox
Kpnl) M i Fouiy pETI7b Afndusem3nsiuenland Vel uaz Kpnl #0 DNA ligase tazd1
Towdig E coli rosseta AU electrophoration AR recombinant clone MamNIoA AN MABLIIGTILE
ampicillin A% chloramphenicol TAAWATIIATIN recombinant clone AIABUIY insert cDNA Hau PCR
TavswaxiBoavesTimsen 9 i lmuduuziveauSindnan pET17b (Novagen, Madison, USA)



MIANINISUTAILBNYEY MRIPACDNA

[B03 recombinant clone Taog1A 37 smuwaifor Tu | ml LB medium fweruonlfFous
ampicillin 50 Lg/ml ua¥ chloramphenicol 34 pig/ml YUDITTUE log phase (OD,,, ML 0.6) yimbumilinh
yldifansuansesnyes MRIPCDNA Taonsidy (PTG WTinanududugaioiiu 0.4 mM vudorof 37
aaruadoe Wuian 1- 5 %2 Tus fuad Tasnsilu 10000 xg figunail 4 ssruadve o 10 W

azmoad uilivles pBS {phosphate buffered saline) Wiliuan Taen1s sonicate A5I93ATIEH MM YTIA
wazvu1aved IusAuTlaeld SDS-PAGE w3l Laemmli 1970

m3ugnlUifu MRJP 90 recombinant dnne'lﬁ'u?qﬁ;

(@63 reconbinant clone tnzmiiomin i unTe MRIP #20 1PTG (Amududuraiodiu 0.4
mM) nsthufuisadudansaiuisadaan binding buffer (20 mM Tris-HCI pH 8.0, S mM imidazole, 500 mM
NaCl, | mM phenylmethyl sulfonyl fluoride) W1lRiaauan#an sonicator ilumnAznBuinLG 0
10000 xg Tguinni 4 ssrrmadon Wisat 30 wiA uonTulsiu W3 Taul¥ affinity column (HiTrap
Chelating HP columns, Amersham Phamacia Biotech) ¥ T1l3#ufii) Histidine $117U 6 residues (Histag) 3241
Anagiunedl ve TsAuf i columa 89n#a0 eltion buffer (20 mM sodium phosphate, 500 mM NaCl,
500 mM imidazole, 8 M Urea, pH 74) ifuTtlsiufindn 18130 ~80 sammaidon Iins e Tsaufiuond
#2012 % SDS-PAGE

m3dnTzinallsiiu AcMRJIP1 #30 SDS-PAGE 1 Western blot

ain TUsfAu AcMRIP 1ﬁu5'qﬂi"[nu’l¢ affinity column UAZLUNYUIAATY 12 % SDS-PAGE Yin13
lnﬁinuﬁwmiﬁui‘m SDS-PAGE gel Tuilsusiy PVDE membrane {Hybond-F, Amersham Pharmacia Biotech)
AIEMIVEL Towbin (1979) iy membrane #20 skimmed milk-PBS figamgines dhum | $2lu
H19usu membrane 70 PBS-Tween20 84A3S LNIHU membrane A Anti-His-HRP (1:1000, Penta-His,
Qiagen, USA) T 5% non-fat dried milk-PBS haam 1 #2Tus smfudald H,0, unz diaminobenzidine
(DAB) unz IAHAN 151ARUGNS 61984 peroxidase



HanTinaned

A13FAATIEN full length cDNA Y83 MRJP

duns1ed full length Y83 MRIPcDNA A0 PCR Tauld specific primers 1 § (Forward primer
5'- TAG GAA TTC TAA ATG ACA AGGTGG TTG TTCATG-3'  udz  Reverseprimer 5 - GGG GTA
CCC TTT TTT TTT TTT TTT TTT TTT TTT TTT TA- 3) unzl¥ first-strand cDNA 1Hhunifiud  PCR
product AdunTiEinT W T3AT 1A 1.2 % agarose gel electrophoresis HAIOUAIW ethidium bromide
WALAITIVABUNITIT BINTIYOUOU DNA TAY UV mansilluminator WU liiny DNA Y119 1500 uaz 1600 bp
qd'r‘; 1) TRouou DNA Yu9 1500 Uz 1600 bp yumadniesiiu cDNA Y99 MRIP] Lo MRIP2 ﬂmifq

o - P
.[“14 MIUMSLIINYTUHIRYea MERIPL RS MRIP2 ““'U'luﬂﬂﬂu{ {APIIS meﬂ:fera}

1V/2.8

7Ufi 1 PCR product 1A INNISTUATIEN full length cDNA vo3f Tns
BT | : ABWOUIAMTIIU A (Hindlll
TBafi 2 : ABWOUINTTIU 200 bp ladder

%841 3 : PCR product



pr3lAEM cDNA Y04 MRIP vosRaInga

WENKOY DNA 14IA 1500 12 1600 bp fiduAs 12 A9 PCR TAun1siuunesnsain agarose gel
& ums¢ Qiaquick gel extraction kit (Qiagen) 1 cDNA Y118 1500 uag 1600 bp Muenfundialysau
Trom3taeRau proteinase K (50 pg/mi 11 0.5 % SDS) A 65" C a1 $2Tus mmfunia oNa W
u?qni?w Nucleospin (Nagel) iBUAA cDNA ¥171A 1500 Bz 1600 bp fuen'ld%20 Ecorl unz Kpnl ¥y
$uu cDNA wiiain fu pUCIS RifindaY EcoRl oz Kpnl 11MTSeld recombinant DNA Tusdon1Aidng £
coli DH50L A07T electroporation 111 recombinant clone 2181A plasmid NFIATINABUIIIATEIU DNA

# L i
insert Ud291MAUT 0T full length cDNA #i Tnaw 1839 1500 wax 1600 bp uAMT I AWLIEAE T

dadfuitandleTndues ful length cDNA ¥83 MRIP ¥03i3T¥38 (AcMRIP1)

MA@ RLiTang To Induasiu cDNA i 1500 bp wuinlszneudaoiiandle’ng 1423 bp
iludu open reading frame 1392 bp FaermuisnoeasimilunIABEH TR 433 residues W TsAuvu
vszanu 49 kDa dWerhiduiiaaf Talndves cDNA 118 1500 bp AT ouifvufud duiiong Te Indves
MRJPI i"iﬂﬂrmu'lm{lﬁui, Apis mellifera (AmMRIP1) Wuiinamumiouruta 93 % uazdwvezsTull
ATumMioufuia 90 %

diedinTmiddunineri i 18 Tauns0easianIn cDNA wud1 MRIPI weaialwss, Apis
cerana (AcMRIP1) Usznovaldensaesi Tuniiu hydrophobic 44.1 %, neutral 28.4 % waE hydrophilic
27.8 % WA pl Uszaa 5.4 Hdumss N-link glycosylation (NXS/T) g 3 fuvniadi 29, 145 uas 178
(Ui 2)

ATGACAAGGTGGT TG TCATGETGGTATGCCTTGGCATAGTTTETCARAGSTACGACARGT 60
M T R W LIFFM ¥V VT CO LGt Ic T T 5

AGCATTCTTCGAGGAGAATCTTTAAACAAATCATTARGCGTCCTTCACGAATGGARATTC 120
SILRGESLNIE]S‘JLHEHKF

TTTGATTATGAT TTCGATAGCGAT GAARGARGACAAGATGCAATTCTATC TGGCGRATAC 180
F D T DLERSD“3QDIEIRYEIQ |8 PSS 1L VWG E ¥

GACTACAGGARAAATTATCCATCCGACGTTGATCARTGGCATGGTARGATTTTTGTCACT 240
D Y R KW Y P 58 D VD Q W H"G K I F V-T

ATGCTARGATACARTGGCGTACCTTCCTCTTTGAACGTGATATCTARAARGATCGETGAT 300
M LR ¥ W G V P § 5§ L H vV I 8§ K K I G D

GGETGGACCTCTTCT TCARCCTTATCCCGAT TGGTCGTTTGCTARATATGACGATTGCTCT 360
G 6 P L L &P Y P DWW S F A EKYODTUDTC 8

GGAATCGTGAGCGCCACARARCTTGCGATCGACAAATGCGACAGATTGTGGGTTCTGGAC 420
G I vV 5 AT KILATI DI KT CDU RILUWUWV L D

TCAGGTCTTGTCAATAATACTCAACCCATGTGTTCTCCAAAACTGCTCACCTTTGATCTG 480
S G LV N[N TOQ®PMOCSUPI KTILTLTTFTDL
ACTACCTCGCAATTGCT GTCGARATACCGCATGATGTTGCCGTAAATGCCACC 540
TTSQLLKQ\FEIPHDVAU’




BCAGGRAAGGGAAGACTATCATCTCTAGCTGTTCARCCTTTAGATTGCAATATAARTGET
T G K G R L 8 5 L AV g PILUDTCWHNTIWNSG

GATACTATGGTATACATAGCAGACGAGARAGETGAAGGTTTAATCGTGTATCATGATTCT
D T M VvV Y I A DEEKGEGTULTIWV Y HUD S

GATAATTCTTTCCATCGATTGACTTCCAAARCTTTCGATTACGATCCTAARTTTACCARR
D N 8 F H R LTS KTV FTDJYUDZPI KT FT K

ATGACGATCAATGGAGARAGTTTCACAACGCARAGTGGARTTTCTGGAATGGCTCTTAGT
M T I N G E &8 F T SNGQISSE I 5 G M A L 5

CCCATGACTAACAATCTCTATTACAGTCCTGTAGCTTCTACCAGTTTGTATTATGTTARC
P M T H N L Yo 0P V A7 ST 8 L ¥ Y ¥V N

ACGGARCARTTCAGARACATCCAATTATGARCAARATCCCGTACATTATGARAGGAGTTCAR
T E Q F R T 5§ HM gD HVASH Y E G V Q

AATATTTTGGATACCCAARTCGTCTECTARRGTAGTATCGAARRGTGGCGTCCTCTTCTTC
H I L D T Q 4 SFAFES T3V SSNRASGE V L F F

GGACTGGETGGECGATTCAGCTCTITGECTGCTGCARCGARCATCGATCACTTGAAAGACAC
G L v G D S/ L G /)C W N E H R S L E R H

AATATCCGTACCGTCGCTCAAAGTGATGAGACACT TCARATGATCGTTGGCATGAAGATT
N I R T V A Q8 BDLELT ks M I V G M K I

ARGGRAGCCCTTCCACACGTGCCCATATTCGATAGRTATATARACCGTGAATACATATTG
K E AL P HV P I- £ D R T ,I N R E Y I L

GTTTTAAGTARACAGARTGCARRRAATGECGAATAATGACTATARCTTCARACGATGTAAAC
vy L 8§ N R M g K M A N N'D"Y N F N D V N

TTCAGAATTATGGACGCTAATGTAAATGACTTGATATTGAACACTCGTTGCGARRATCCT
F B I M D BN V N D LT EHEERESC E N P

AATARATGATARACACCCCTTTCAAAATTTCAATACATCTGTAARATCTGTTTTTTTCGATA
W N DN TUPTFIEKTI S IHL .

TATATTAARATATTGTTCGARAT TTCTTATGAATGTATTATGRATGTATARAATARATATT

GTTTTCGCATAAAAAAAAAAARANAAARAAAAAARRAARRR 1421

il 2 S wuilonaTe iduasdiRuniaesii Tuvey AcMRIP) dLang 1o Tndfunidaod

nusiBoaihiei e forward 1Az reverse primer, d1RuTiaAG 1o nAnvadu1Ailudmvea signal peptide

1 ' 3 -
#UMIY89A17 AD termination codon UAT AWML N-glycosylation LaRRILNaBafMALY

msanseiind lendvestu cDNA wa 1600 bp  wudilidwuiiandTe Indvianua
1565 bp Usznow &0 reading frame 1392 bp AonnsoneanimilunsaesiTuld 463 residues 1 T1sAu
vietlssane 52 kDa iilevidduiiang Te ndi Idun S sufivufudwuliand To Indves AmMRIP 7l

600

660

720

780

B840

900

960

1020

1080

1140

1200

1260

1320

1380

e Vuda wuddinoumileu AmMRIP2 6492 % uazdnuezi lullnrmmileuniuns 82 %
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diedinswiarduniaesiiTui 18 Taonsneanioein cDNA WUl AcMRIP2 Uszneyludaensa

peiiTufiiiu hydrophobic 42.3 %, neutral 31.3 % WUA% hydrophilic 26.4 % YW wA1 pl Ussuim 7.88 &

#uemia Nelink glycosylation (NXS/T) 8¢l 145 uag 178 (3 3)

ATGACAAGGETGGTTGTTCATGETGGCATGCCTTGECATAGCTTGTCAAGGCGCCATTATT
M T R W L F M VvV & C L 6 I A C Q@ G A I I

CGHCHRHATTCTGCAAAEEACTTGGAﬂAATTCGTTGﬂACGTHATTCREGRATGGAEATAT
R @ N S A KUNILEW®N S8 L/ ¥ I HEWEKY

ATCGATTATGATTTCGGTAGCGAAGARAGAAGACAAGCTGCGAT TCAATC TGGCGAATAL
I DY D F G SEWE"R R QAAMT 0 5 G E Y

GATCATACGAARAATTATCCCRTCGATGTCGATCARTGGCATGATAAGACTTTTGTCACC
D HT KN Y@ ESFDFA/D\Q W H DWE T T F V T

ATACTARAGTACGATGGIGTGECTICTACT TTGAACATGATATCTARCAARATCGGTAAG
I L K Y D G VPSS ML N M I. S N KTI G K

GGTGGACGCCTTCTACRACCATATCCTGATTGETCGTGGGCAGAGARTAAAGATTGCTCT
G GR L L Q BYPD/W .85 WAEWNIEKTDC 5

GGAATCGTGAGCGCTTTCAARATTGCGATTGACARATTCGACAGATTGTGGGTTTTGGAT
G 1 vs AP FGKISA I'D/K,F DRLWVTL D

TCAGGTCTTATCAATAGAACTEAAGCTATATGTECTCOARAGT TGCATGTCTTTGATCTG
SGLIEPI,E&_FKLH‘JE‘DL

AARAACACAARGCACCTTAAGCARATCGAAATACCGCATGATAT TGGCGTAAATGCCACC
K N T KH MK QTIETI®PHDTI ANV A T

ACAGGAARGGGAGGGETAGTCTCTCTAGTTGITCARGCCATGGATCCTATGAATACTTTA
T G K66 G6GL WV SLWVVQAMODEMMNTL

GTATACATAGCAGACCATAAGGGTGATGCTTTGATCGTCTATCAARRTTCCGATGATTCE
VY I ADU HE K®SGD &L I V Y0 N S D D S

TTCCATCGAATGACTTCCAACACT T ICGATTACGATCCCAGATATECCARANTGACGATC
F HRMTSUNTTFDJYUD PR Y A KMT.I

ANTGGRGAAAGT TTCACATTGARAAATGEAATT TGTGEAATGGCTC T TAGTCECGTGRCE
N GE'S A ¥ K Wi acd il M a8 lLls) il T

ARCAATCTTTATTACAGTCCTCTCGCTTCTCACGGTTTGTAT TATGTCAACACGGAACCA
N NL Y Y S PLHBASUHEGTLTVY VY V NTTE P

TTTATGARATCACAATTTGGAGACAATAATAACGTGCAATATGAAGGATCCCAAGATACT
F MK S Q F GDNIMNMNUVGOQYETGSSOQTUDT

TTGAARCACGCAATCATTGGCTAAAGCAGTATCGARAGATGGCGTCCTCTTCGTCGGACTT
LNTQSLAI KA BV SEKDGVIULTFU VG L

GTGGGTAATTCAGCTCTTGGATGCTTGAACGAGCATCAACCACTTCAGAGAGAARATTTA
VGNSALGT CTLWMNEUHG GOTPTILGOT RIENL

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

9860

1020
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GARCTGGTCGCCCAAAATGAARARACACTTCARATGATCGCAGGTATGAARATTRAGGAR 1080
E L ¥V A Q W E KT L QM I A G M K I K E

GAGCTTCCACATTTCGTAGGAAGTARCAARCCTGTAAAGGACGAATATATGTTAGTTTTA 1140
E L P H F VG S H K P V KDEVY MIUL V L

AGTAACAARATGCAGARRATAGTAAATARTGATTTTAATTTCAACGACGTAARCTTCCGA 1200
S BN KM @ K I V N NDFMNUFMNDUVMHTF R

ATTTTGGGTGCGAATGTAARGGAATTAATGAGAARTACTCATTGCGCARATTTTAACAAT 1260
I LG ANV EKEIULMUZ BRWBNTHTCM-AMNTFMN N

ARRAATAATCAGAAGAATAACAATCAGAAGAATAACAATCAGAACAATAACAATCAGAAG 1320
k v I UNSRNER v oo v oy v

AATAACARTCAGARAARTAACARTCAGAAGRATARCAATCAGAAGAATAACAATCAGAAT 1380
N Q N

ACTARCARTTAGAATGATAATCARGTTCGTCGTTCTTCAAAATCGCATTARAATCAATAA 1440
T H N *

ARCCARATTATTTTTTARAATATTTTTTCGATGTAAACARRRATTTTTTAARATATTTCATT 1500
ATATTATAARTARATAARATAARTATCGTTTTCGCATAAAAAAAAAAAAAAAAAAAAAAA 1560

AAAAA 1565

it 3 dduinile IndinsdrdunsapsiTuwes AcMRIP2  dviuitandTo Indiunidan
wadnuaBsuiudnees forward oz reverse primer, dRueriivaduIRiThudmvDe signal peptide
AWMUWOIAT D termination coden WAL AUMMA N-glycosylation urmIdIondesdmAcy viafidi
napaftuud iy Nitrogen-rich pentapeptide repeats (NQKNMN)

nineziiTuftldTanisaasWiaein cDNA wud1 AcMRIP2 wusmiadmilat N veadAunsa
pxiilu exlliumisues Nitrogen-rich pentapeptide repeats aq’ﬁ:wun 6 Aumia Fadszneuludonse
ozii U arginine, glutamine WA lysine

maknilatemedesii lunUvosis ‘AcMRIPI ot AcMRIP2 TdRuninezdTudusia
hydrophobic 4qﬁmmmﬁa~urTuﬂnwmA’ma:ﬁIuni’ﬂ-uaa MRIPs #1519 170 Schmitzova et. al. (1998)
Fonvinthudiduveansnes A Tusvimdaithy signal peptide MTvinNeyadnvoniuszit Indves signal
peptide BBNYIN structural protein ¥i11A814T1)3un3Y SignalP (hup:/www cbs.diu.dk/services/SignalP) W1
AcMRIP! fiyndnegiinsnozi Tudumia ser20 UAz ser21  AcMRIP2 figadnagimumia gly-17 uaz
ala-18
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n13lnau MRJIPCDNA i'ITI"lq' expression vector (pET17b)

18%1n715 subclone #7U MRJIPIcDNA 910 pUC18-recombinant plasmid 'l‘l_]fj expression veclor
(pET17b) {ABASIIMIUTAIBBNYBY MRIPIcDNA niouisinavinavenandust Tusaui 1dnnms
(EAIBN uBNIINLIIN purified wdnfo T suniudae msAnnuas purified TusAuszilao
oo anmaf TUsAuRduns 1 au 18970 recombinant plasmid  histidine tag (His6) aﬂ'ﬁﬂmuﬂﬁunﬂin
voa Tusiiy

AT MRIPeDNA @ao BCR Taol¥Iwsiwes Expression forward primer
(5"- CATGCCATGGCTAGCCATCATCATCATCATCATAGCATTCTTCGAGGAGAATC - 3')  Unz
Expression reverse primer (5" COOGGTACCTTACAGATGTATTGAAATTTTGAAAGG - 3°) PCR
product AidanT izl inT1EWA18 1.2 % agarose gel electrophoresis UA20BUAIY ethidium bromide

UAZATIIABUNITTBMAIVEAUOU DNA TA0 UV wansilluminator WUIHIHOU DNA YUIR1400 bp AILTAT
Tugu 4

20 kb-

-1.4 kb

1.0 kb-

< d - 4
Ui 4 PCR product 1 1@91nN151AT 0% full length MRIPACDNA ¥83H3 TN
i - -
YOIN | : ABUBNIATT I A /Hindlll
9311 2 : ABWBLIATTIU 200 bp ladder

9849 3 ; PCR product
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MSUAABOALRAZMSULN MRIPDNA 910 recombinant clone U3 qni

\iie subclone AcMRIPICDNA 111y pETI7b fidadamseminduien el Vrel was Konl iile
milenhlinsuanieentes AcMRIPI &aun1sidy 1PTG arududugaio 0.4 mM senuhiinaumas
ponwealulsiudad 1 luausnszdunsuanisensziviunmiindanioni 4 $2lue Ui s
AcMRIP ﬁuﬁm’fuamﬂu;ﬂ insoluble lsimumseesmrmeves Tsauidunsediusznhansmiioni
Wiinmsdansed Iﬂﬁﬁuﬂﬁnnnnrrﬁnuun'tﬁu?qni‘#uu affinity column (HiTrap Chelating HP columns
muldanazfvanmaan 8 M urea 1az 250 mM imidazole) UAZUUNABAIY 12 % SDS-PAGE wuiillvuia
47.9kDa (3 ) Vinamsuonada WS nideiusend 1 s sxounsondn AcMRIPI 1 20 mg

- 4T 9 kDa

it 5 TsAuitldvinnmuonvinado sDS-PAGE
yoaf 1 Tsunnsgm
4099 2-3 : TusAuiA 18970 £. coli 11} recombinant plasmid pET-AcMRIP
(Lifimamilonidae 1PTG)
4097 4-8 : TsAUR1ANIN £ coli 7Tl recombinant plasmid pET-AcMRJP
(ilenidan 1PTG fhuszozam 15 $1Twa)
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47.5 kD - - 479 kDa

325 kDw -

307 6 Tus@udt I nmsainliuiqnaAa affinity column LAzuNYUIAR2Y SDS-PAGE

dosii 1 ¢ Tilsfuunmsgu

$ovii2 ) © Tdsdud1vin £ bdli i rebombinari plasmid pET-AcMRIP
(hifimsmileniae 1PTG)

09713, TusAuii 14990 £ coli 4l recombinant plasmid pET-ACMRIP
(ilonida IPTG)

'IiEH‘F; 4 crude extract, 1M09M soluble fraction

'ﬁBQ‘F] 5 Tus@u Tudau insoluble fraction

¥0a7 6 : AcMRIPI Aion ¥ uTenT affinity column
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mstaReanveallsiu AcMRJIPI #38 SDS-PAGE Uz Western blot

wisarinlusiu AcMRIPI WuSqnilaold affinity column woxusnninvesTusiudan 12 %
SDS-PAGE uda 191 Western blot TasnsadeutoTusiulyiusiy PVDE membrane uaznsngey
v vea Tz Tao 1 antibody Aéun1zAu histidine tag wudh TsAufis iz iy Anti-his Sv1m 47.9 kDa
Fauarnalugalil 7

jlﬁi 7 Tushuiinnmunaday Wesiem blot
voeil 1 : Tusduii 1o peT-AcMrip (hiimsmilonindae 1PTG)
o9t 2 Tusiudi1den PET-ACMRIP (iiiumidan IPTG)
'ﬁaa'r'i 3 crude extract, 7% soluble fraction
'ﬁl.'hl‘?ll 4 : @ insoluble fraction

103l 5 AcMRIP| ﬁllﬂﬂ‘lﬁuiqﬂfﬁ"mafﬁnit}-mlumn
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nsandsemHaniinaany

maiSinafiiueyss MRIPCDNA w039 Tnss (pis cerana) Taowsasfivenuuun
duiing lelnAves MRIPCDNA umﬁaﬁui (Apis mellifera) Hiis 109 IUBUIATTTY (GenBank) A963%
RT-PCR 1AkGnfasl PCR v imilszua 1500 uaz 1600 bp iileridu DNA TinTaauasiy pUCI8 uazm
dvuinalelndves  DNA  Mamessuiinuhdduindloindadondsdy  MRIPIGDNA  uas
MRJP2cDNA Wﬂﬁﬁui (Apis mellifera) AeMRJIP1cDNA i open reading frame 1302 bp naasvald
nyAoziiTuld 433 residues 27U ACMRIP2CDNA i open reading frame 1392 bp neasWa hinsaesdiTu'ld
463 residues 3 AcMRIPIDNA Ua¥ AcMRIP2EDNA Sidduiianale Indmiloufuves MRIPI unt
MRIP2 YouRau (pis mellifera) 8993 ude 92 MIBSEUA Dardunsnesi Tumilouiuds 00 uax 86
wefidudmuddy i1 pl Tf s TH9IMI3 ACMRIPICDNA LAt AcMRIPZcDNA S0/ 5.4 uaz 7.88
mwidy Fairiivzaeandoine pl Alfomnufinuqumuiiues AcMRIPI uaz AcMRIP2 A3
chromatography UMl 5.2:57 WA 7.0-8.0 AWAINY (Srisuparbh et al,, 2003) (eA NS MNTA
peiiTuiulu (essential amino acids) Tifluaarlszneuly AcMRIPI oy AcMRIP2 euviiy 485 uas
454 wWedduadathnSuaigs unsaanfotiuBnunsnesi Tuduihuitiswanegly MRIPs veq
ﬂqﬁuﬁ, Apis mellifera (Schmitzova et al,, 1998) = 910775 IABY cDNAMRJP ﬂﬂaﬂﬂﬁﬂ (Apis cerana)
afel ensoTnaw @i Ful length cDNA N3 start codon itz stop codon AT IIIONINGY
¢DNA  Aiduns i Wi WS lunmoenu nsive s el adae MRIPcDNA  Timunzeiie 14
subclone cDNA H’J"tq' Expression vector (pET} #i8 11 1%

M3 subclone. ACMRIPISDNA 181 Expression vector (pET17b) 11 1Raenuuy'wswedTave e
druilandTe Indi IdAnu Vudadhadu Taolulwsmedifussiudnivesiwuiiand Te Inddnensiald
Histidine §117U 6 residues 14110420 M3 TnaudunfaiiIdiin pET-MRIPICONA WG £ coli miug
rosetta FadueewugiousonensinninesiTuiif codon Fmon (rare codon) W Sesiiumsan
anwAnnaalufifiosasfavee Tsie “DmRRirsmdonh BRar s e Uiy AcMRIP!
26 1PTG (rrwidiudugaiin 0.4 mM) wullnsuanseenvesllshudeus 1 92 1us szfunisuantesnes
wudusunsfidelfiaumilonii 4 2 Tuadudn bl NI A3 1LY total protein NAURTIEWAI0 SDS-PAGE
(U ) wud AMRIPI Sivin 47.9°kDa aisleviimsBinsetinadas Wesiem blot MiARALHAAIY
antibody 484 His-tag wuiwad WWineuufeld AcMRIPI 4108 47.9kDa  AcMRIP! findnRifuszeyg
Tuzy insoluble  Umnumsuonaia lsaulduiqniidedonsad 1 fns sxrmsondnTusiuld 20 mg

unz'11i1mm:tilaurrmﬂ'uaqIﬁiiwmxﬁm15m{imﬂﬂﬁ;ﬁﬁnmmmuanwﬂu

Judova unzAMY (1998) uaz Bilikova uazauy (1999) Idimsneass Inaudu AmMRIP] uas
AmMRIP2cDNA 14711/ 1 expression vector ¥1in pQE-32 ung pQE-30 uFI30IM3 transfrom g E. coli

mofuf Mis wuhedinsuaaseenvesTlsaudemiioni®n PTG wiwinldom 1 42T
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5 dsia 2 ; o -
(AmMRIP1) uazaa 5§31 (AmMRIP2) 3 Tsiunameanzaglugy insoluble InAsidsaad | dng
aunsouonadialusiuves MRIP1 WuTand 1Kifivs 0.6 mg uazaz 18 MRIP2 TulSanaidie uenvimiu
i oA a » " - -
dauiudiedsuyod liduszeznammesihl MRIPI uaz MRIP2 gntoumais1#%20 proteases Tinan

170 host cell

: -.' ] i J ' " -
wamsnmasanisiuaadlitiuhinusonin MRIP veaia InsaInolumed £ coii Wedaiigu
- 4 [ - - e A
amuazIinandnluuTinugs Jwanabiviuiine Inautu coNa vea MRIP hgdiFinsuTauam:
oy Wuandififnonmga
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aglwaniimanes

13019 RT-PCR Fa1A37121 MRIPCDNA 49979 Tn3a (Apis cerana) 18 2 wiin Tao1¥ Inswediioen
WU cDNA 183 MRIPs wqﬁqﬁui (Apis mellifera)

MRIPICDNA 183Aa 133 (ACMRIPEDNA) fid open reading frame 1302 bp neaTimilunIAezii Tu
433 residues

MRJP2cDNA 48343 W73 (AcMRIPCDNA) fiti o open reading frame 1392 bp neAsaTunsAexii Ty
463 residues

ASUAAIBBNYDI ACMRIPLEDNA i £ coli roseita W TilsAuaniin 47.9 kDa nsucnsoanwudaus
1 $2TususanFaniiondae PTG SEAUNITUAALBBNTEILAY unsAsTndamilonit 4 92 Tus
AcMRIP! findin1d agluglinsoiuble uaz hivunisdesaaioyes AcMRIP! szviunamiloni

- i -
ANNIONAR AcMRIPL 1484 20 mg Miniwal £ coli Midvaduu | Ans
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ABSTRACT

Major Royal Jelly Proteins cDNAs of Apis cerana (AcMRJP) were cloned and
characterized. The open reading frames (ORF) of AcMRJPI and AcMRJIP2Z were
1302 and 1392 nucleotides encoding 433 and 463 amino acid residues, respectively.
Sequence divergence between AcMRIPI and AcMRIP2 and their corresponding
protein families in A. mellifera was 0.0618 and 0.0934 at nucleotide level and 0.0912
and 0.1438 at the protein level, respectively. Phylogenetic analysis supports
orthologous similarity between these protein families. Deduced amino acids
indicated high essential amino acid content of AcMRIPI and AcMRJP2 (48.5 and
45.4%, respectively). Genomic organization of AcMRJP1 and AcMRIPZ were
determined. Both AcMRJP1 (3660 bp) and AcMRJP2 (3875 bp) genes include six
exons and five introns where all boundaries conform the GT/AG rule. AcMRJP1 and
AcMRJP2 cDNAs were cloned into pET17b and transformed in E. coli Rosetta
(DE3)pLysS. Both recombinant (r) AcMRIP1 (47.9 kDa) and rAcMRIP2 (51.7 kDa)
were expressed in the insoluble form. Western blot analysis and N-terminal
sequencing of solubilized proteins revealed successful expression of rAcMRJP1 and
rAcMRJP2 < in-vitru. The yields of  purified rAcMRIP1 and rAcMRJIPZ were

approximately 20 and 8 mg protein per liter of the flask culture, respectively.



INTRODUCTION

Royal jelly (RJ) is secreted from the hypopharyngeal and mandibular glands of 5 -
15 days old nurse bees and plays an important role for larval development (Lensky
and Rakover, 1983; Knecht and Kaatz, 1990; Kubo ¢r al., 1996). Newly emerged bee
larvae are fed by RJ for 3 days but only larvae that are developed into queen bees are

continually fed throughout their lives (Schmitzova ef al., 1998).

RJ of A. mellifera comprises 12.7 = 0.8% proteins, 11.9 = 0.7% carbohydrates, 6.1 =
0.4% lipids and 68.3 + 1 4% moisture contents (Takenaka and Takenaka, 1996).
Major royal jelly proteins (MRJPs) represent 82 — 90% of total proteins in RJ of A.
mellifera. Five families of MRJIPs of A. mellifera (AmMRIP1 - 5) with the
molecular weight of 49 — 87 kDa were identified based on N-terminal sequences of
purified proteins and cDNA sequences (Klaudiny ef al., 1994; Schmitzova ef al.,

1998; Albert er a/., 1999b; Simuth ef al., 2001).

Recently, Okamoto er al. (2003) reported that AmMRIP3 has potent anti-allergic
activity by inhibition of interleukin—4 (IL-4)," IL-2 and IFN-y production.
Intraperitoneal administration of AmMRIP3 inhibited anti-OV A IgE and 1gG1 levels
in the serum of immunized mice indicating clinical significance on potent

immmunoregulatory effects of AmMRIP3.

The full length of AmMRIP3 (RJP57-1) and AmMRIP4 (RJP57-2) cDNA were
isolated and characterized using the cDNA library established from heads of 4.
mellifera carnica nurse bees (Klaudiny er al., 1994). Subsequently, complete

sequences of highly expressed transcripts encoding AmMRIP1 (Judova ef al., 1998,



Schmitzova ef al., 1998) and AmMRIP2 (Bilikova efr al., 1999) were characterized

and expressed in vitro,

In Thailand, an alternative honey bee species A. cerana is indigenously found and
widely used for commercial beekeeping primarily owing to its resistant to the bee
mite (Varroa jacobsoni). The composition of A. cerana RJ is composed of 16.4 +
2.5% proteins, 9.4 + 0.6% carbohydrates, 7.4 +£0.6% lipids and 65.3 + 2.5% moisture
content, respectively (Takenaka and Takenaka, 1996). Queen rearing experiments
illustrated that A. mellifera queens could not be successfully reared with 4. cerana
RJ and vice versa (Pothichot and Wongsiri, 1993). This implied possible differences

of potential composition of RJ from A. mellifera and A. cerana.

Takenaka and Takenaka (1996) analyzed water soluble proteins in RJ of A. mellifera
and A. cerana by electrophoresis. Fourteen of twenty one protein bands were shared
between RJ proteins of these bees. A highly aggregated protein was found in A.
cerana but not in A..mellifera. Two protein bands {bands 10 and 11; 42.7 - 66.2 kDa)

were major and only found in A. mellifera RJ.

Recently, Srisuparbh ef a/ (2003) constructed an expressed sequence tag (EST)
library from hypopharyngeal glands of 4. cerana. Forty-two of sixty-six sequenced
ESTs were homologues of AmMRJIPs (families 1, 2, 3 and 4). The ORF of
AcMRJP! deduced from 3 separate clones; pCUACI147, pCUACI71 and
pCUAC322, was 1302 nucleotides encoding 433 amino acids. In addition,
AcMRIP1, 2 and 3 were chromatographically purified by Q-Sepharose and

Sephadex G200 and further characterized by N- terminal and internal peptide

sequencing.



We then extend our studies by isolation and in vitro expression of AcMRJPI and
AcMRJP2 cDNAs. In addition, gene organization of AcMRIP1 and AcMRJIP2 were

also elucidated.

AONUUINYUINNS )
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MATERIALS AND METHODS

Biological specimens

Nurse bees of 4. cerana ( < 10 days) from a single colony (Bangkok, central
Thailand) were collected when they were feeding the brood. The head of each nurse
bee was dissected out and immediately placed in liquid nitrogen and stored at -80 °C

until needed.
Total RNA and genomie DNA exiraciion

Total RNA was extracted from heads of 4. cerana using TRlzol (Invitrogen) and
further treated with DNase I (Promega, USA; 2 units/ug of total RNA) at 37 °C for
20 minutes. Genomic DNA was extracted from the thorax of each bee using a

phenol—-chloroform-SDS method described by Smith and Hagen (1997).

Isolation of AcMR.JP 1 and AcMRJP2 cDNAs

Two micrograms of total RNA were reverse transcribed using an Omniscript RT Kit
(Qiagen, USA). Five microlitres of the first strand cDNA was subjected to PCR in a
25 pl reaction volume containing 20 mM, Tris=HC|, pH-8.8, 10 mM KCI, 10 mM
(NH4):S0s, 2 mM MgSOy4, 200 mM of each dNTP, 0.6 puM of FMI 5-

TAGGAATTCTAAATGACAAGGTGGTTGTTCATG-3, with the introduced

initiation codon ATG and Eco Rl site and RMJ: §~-GGGGTACCC(T),A-3" with an
introduced Kpn I site (Albert er al., 1999b; Klaudiny ¢f al.,, 1994; Schmitzova ef al.,
1998) and 1 U Pfu polymerase (Promega, USA). The amplification reaction was
composed of denaturation at 92°C for 3 minutes followed by 5 cycles of denaturation

at 92°C for | minute, annealing at 50°C, for 1.5 minutes and extension at 68°C for 4



minutes and additional 35 cycles of 94°C for | minute, 60°C for 1.5 minutes and 72"

C for 4 minutes. The final extension was carried out at 72°C for 10 minutes.

The amplification products (1423 bp and 1565 bp in size) were treated with
proteinase K (50 ug/ml in the presence of 0.5% SDS) at 65 "C for | hour and purified
using a Nucleospin PCR Purification Kit {Nucieospin, MACHEREY-NAGEL)
before digested with Eco RI and Kpn I DNA fragments were then purified using a
QIAqucik Gel Extraction Kit (Qiagen, USA) and ligated with Eco Rl and Kpn [ -
digested pUC18 and electrotransformed into E. coli XL1-Blue. Recombinant clones
were selected by a fac 7' system (Maniatis e/ al, 1982). Sizes of inserts were
verified by colony PCR using pUCIL: 5’-CCGGCTCGTATGTTGTGTG(A-3" and
pUC2: 5'-GTGCTGCAAGGCGATTAAGTTGG-3", as primers. Restriction
cleavage sites of inserts were examined by single and double digestion with Ssp 1,

Bam HI, Eco BR1, Cla I, Pvu L.

Isolation and characterization of AcMRJP1 and AcMRJP2 genes

AcMRJP] and AcMRIP2 genes were obtained from amplification of three
overlapping regions (Fig. 1 and Table 1). Initially, genomic DNA was amplified by
FMRJP and RMRJP primers using identical conditions as described for RT-PCR.
Semi-nested PCR (#MI1F + RMRIJP and nM2F + RMRJP) was carried out using the
gel-eluted PCR product from FMRIJP + RMRJP as the template. The resulting
product was ligated to dephosphorylated and Sma 1 — digested pGEM-3Zf(+),

electrotransformed to E. coli XL1-Blue and sequenced.

The second overlapping region of MRJP1 and MRIP2 were amplified using 3M1/2F

(positions 660™ — 687" nucleotide) + 3MIR (1364™ — 1387" nt) and 3M1/2F (654" -



678" nt) + 3M2R (1425" - 1449" nt), respectively. The gel—eluted PCR product was
then subjected to semi-nested PCR using 3#MIF (685" - 710" nt) + 3MIR and

3nM2F (682" — 706") + 3M2R, respectively. The amplification products were

processed as above.

The upstream 5° region of AcMRIP| and AcMRJP2 were amplified from genomic
DNA of A. cerena using SMIF (604 bp upstream region, accession number
AF388203) + SMIR (374" = 395" nt of AcMRIP1) and SM2F (859 bp upstream
region, accession number AY078399) + SM2R (352™ - 378" nt of AcMRIP2).
Semi—nested PCR was carried out for the AcMJRP2 using the original forward

primer and SPM2R-1 (133" - 160" nt). The resulting products were cloned and

sequenced.

DNA sequencing and data analysis

Plasmid DNA was extracted from each recombinant clones and sequenced for both
directions using an automated sequencer (ABI377, PE Applied Biosystems, USA).
DNA sequences were further edited with GENETYX (Software Development Inc.)
and blasted against ~data- in the GenBank using BlastN and BlastY

(http://www, nebi.nlm.nih.gav). The putative cleavage site of the signal peptide, the

TATA box and ultraspiracle-transcriptional. factor (USP=TF)- binding sites were

predicted by SignalP (http://www.cbs.dtu.dk/services/SignalP/), Neural network

Promoter Prediction, NNPP2.1 (http://www.fruitfly org/seq-tools/promoter html) and

Genomatixsuite (http://www.genometix.de), respectively.

Multiple sequence alignments of nucleotide and translated amino acids were

performed using Clustal W (Thompson er al, 1994). Aligned sequences were



bootstrapped 1000 times using Segboot. Sequence divergence between different
families of MRJPs were calculated based on the two parameter method (Kimura,
1980) using Dnadist. Boostrapped neighbor—joining trees were constructed using
Neighbor and Consense. All phylogenetic reconstruction programs are routine in
PHYLIP (Felsenstein, 1993) Trees are appropriate illustrated using TREEVIEW

(http://taxonomy.zoology.gla ac.uk/rod.heml).
Construction of AcMRJP I and AcMR.JP2 expression vectors

Fragments coding mature AcMRIP1 and AcMRJP2 were amplified using primers;
ExplF (5-CATGCCATGGCTAGCCATCATCATCATCATCATAGCATICTICG
AGGAGAATC-3") and ExpIR (5~CGGGGTACCTTACAGATGTATTGAAATTTTGA
AAGG-3') and Exp2F (5-GAAGATCTGGCTAGCCATCATCATCATCATCAT
GCCATTATTCGACAAAATTC-3') and Exp2R (5'-CGGGGTACCTTAATIGTTAG
TATTCTGATTGTTATT-3'), respectively. A Nhe 1 site (underlined) and six His
encoded nucleotides (boldface) and a Kpn 1 site (underlined) were introduced to the

forward and reverse primers.

PCR was carried out as described previously. The amplification product was digested
with Nhe Land Kpn 1, ligated to compatible pET 17b (Novagen, Madison, USA) and
transformed into £, cofi XL 1=Blue: Plasmid DNA was extracted from recombinant
clones (pCUAcMRIP1 and pCUAcMRIJP2) and subsequently transformed into £

coli Rosetta (DE3)pLysS (Novagen, Madison, USA) for expression in vitro.



Ixpression and purification of rAcMRIP 1 and rAeMIIP2

Aliquots of | ml of recombinant /2. coli Rosetta (DE3)pLysS, cultured in LB medium
containing 50 pg/ml ampicillin and 34 pg/ml chloramphenicol at 37 "C to 0.6 ODgy,
were taken at one hour intervals (1 - 5 hours) after induced by 0.4 mM [IPTG and

centrifuged at 10000 g for 10 minutes at 4°C and stored at —80 "C. The crude extract

was examined by SDS-PAGE according to Laemmli (1970).

For purification of rAeMRJIP1 and rAcMRIP2, aliquots of 100 ml of IPTG-induced
culture were harvested by centrifugation. The pellet were resuspended in the binding
buffer (20 mM TrissHCl. pH 80, 5 mM imidazole, 500 mM NaCl, 1 mM
phenylmethyl sulfonyl fluoride), sonicated and centrifuged. Soluble and insoluble
fractions were analyzed by SDS-PAGE. AcMRIPs in the insoluble fraction were
purified under denaturing conditions (8 M urea and 250 mM imidazole) using
HiTrap Chelating HP affinity chromatography following the protocol recommended

by the manufacturer (Amersham Pharmacia Biotech, Sweden). Purified proteins were

stored at —20 °C.
SDS-PAGE and Western blot analysis

Purified rAcMRJP! and rAcMRJP2 were analyzed in 12% SDS-PAGE.
Electrophoresed proteins ‘were  transferred toca PVDF membrane (Hybond-P,
Amersham Pharmacia Biotech, Towbin, 1979) and incubated with 5% dried
skimmed milk-PBS for 1 hour at room temperature. The membrane was washed
twice in PBS-Tween20 and incubated with diluted Anti-His-HRP Conjugate

(1:1000, Penta—His, Qiagen, USA) in 5% non-fat dried milk—PBS for 1 hour. The
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peroxidase activity was detected by adding H;0: and diaminobenzidine (DAB)

chromogenic substrates.

N—terminal amino acid sequencing

Purified rAcMRIPI and rAcMRJP2 were resolved in 12% SDS-PAGE and
electroblotted onto a PVDF membrane. N-terminal sequences of these proteins were
examined using an ABI 494 protein sequencer (Applied Biosystems, Department of

Biological Science, National University of Singapore).
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RESULTS AND DISCUSSION

Isolation, cloning and characterization of AcMRJIP 1 and AcMRIP2 cDNAx

PCR products (1423 bp, pRT-AcMRJP1 and 1565 bp, pRT-AcMRIP2) representing
complete ORFs of AcMRJP1 (1302 bp encoding a polypeptide of 433 amino acid
residues, accession number AF525776) and AcMRIJPZ (1392 bp encoding a
polypeptide of 463 amino acid residues, accession number AF525777) were
successfully cloned and sequenced. The putative single (AATAAA) and multiple
(AATAAATAAAATAAA) polyadenylation signals are found at 14 nucleotides
upstream from the poly (A) tail of AcMRIP1 and AcMRJP2 cDNAs. The latter also
contain a consensus AATAAA at 73 bp upstream from the multiple polyadenylation
signal sequence. Identical overlapping consensus polyadenylation signal sequence
was previously found in MRIP3 of A. mellifera (AmMRJIP3) at an identical position

with that of AcMRJP2 (Klaudiny er al., 1994).

Similarity of AcMRIP1 and AcMRIP2 and their homologues in A. mellifera were
93% and 92% (nucleotides) and 90% and 86% (deduced amino acids), respectively.
The putative cleavage site of signal peptidase was located between Sy — S2; and Gy
~ Ayx. Three (29", 145" and 178" amino acid residues) and two (145™ and 178"
amino acid residues) predicted N-linked glycosylation sites (NXS/T) were observed
in the deduced proteins and their homologues in A. mellifera. The calculated pl of
AcMRJP1 and AcMRJP2 was 5.4 and 7.88 which are concordant with pl of 5.2 - 5.7
and 7.0 — 8.0 examined from chromatographically purified AcMRJP1 and AcMRJP2,

respectively (Srisuparbh ef al., 2003).
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Sequence comparisons showed 14 mismatches between AcMRIPI in the present
study and that previously deposited in the GenBank (Srisuparph ef al., 2003). Ten of
these did not cause amino acid replacement. Nevertheless, non-synonymous
mutations were found from P,y to Q, Ajiz 10 S, Gig to V and Lysy to M by
substitutions of Cij7, Gia, Gajs and Caqw to A, T, T and A, respectively. Internal
peptide sequencing of purified AcMRIP I supported the existence of Qo and Sy for
AcMRJP1 in this study. Nevertheless, Nig of AceMRIP1 found in both studies was D
as revealed by internal peptide sequencing (Srisuparbh er al., 2003) suggesting allelic
variants of AcMRJPI. The cDNA and genomic sequences of AcMRJP2 are first
reported by this study No sequence differences were observed between genomic
DNA sequence of A¢MRIPI and AcMRIP2 and their corresponding cDNA
sequences. The essential amino acid content of deduced AcMRJP1 and AcMRJP2
was relatively high (48 5% and 45 4%, respectively) which is comparable to that of

AmMRIP1 (48%), AmMRIP2 (47%) (Schmitzova ef al., 1998).

Multiple alignments revealed four conserved cysteines typically found across
different families of MRJPs (data not shown). No repeated units of amino acids were
found in AcMRJP1, AmMRIP] and AmMRIP4 but repetitive regions with different
sequences and localization were found in the remaining protein families. AcMRJP2
contains six complete repeated units; NQKNN encoded by, AATCAGAA(A/G)
AATAAC, at the C—terminus (423" to 457" residues). Apparently, pentameric
amino acid repeats with Q(N/K)D/N/T/A/G)(N/G/D)(I/N/K/R) sequences were
found in the C terminus of AcMRJP2, AmMRIP2 and AmMRIJP3. In addition, DRM

and its variants (DRI, DRT and DTM) were found at the C terminus of AmMRIJPS

(Schmitzova ef al., 1998).
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Genes coding for AmMRIPs are present as single copy genes per haploid genome
(Malecova ef al., 2003). Bilikova ¢f al. (1999) illustrated that the single protein band
of purified AmMRJP2 analyzed by SDS-PAGE was composed of at least 8 different
isoelectricfocusing variants of pH 7.5 — 8.5, Schmitzova er al., (1998) examined
nucleotide differences of 4 AmMRIP3 and 2 AmMRIJPS isoforms and indicated that
polymorphism of the proteins are related with length variability of repetitive regions
among honey bee individuals in the colony. Therefore, intra~ and inter—colonial
variability of an AcMRJP2 gene in different populations of 4. cerana in Thailand

should be further examined.
Gene organization of AeMRJP 1 and AeMR.JP2

Complete gene sequences of AcMRIP1 and AcMRJP2 were deduced from
nucleotide sequences of overlapped clones of each family. As in A. mellifera, both
AcMRIP1 and AcMRIP2 genes comprise 6 exons and five introns from the
translational initiation site to the stop codon (3660 bp and 3875 bp in length;
accession numbers AY515688 and AYS515689; Figs. 2 and 3). The length of each
exon varied from 133 bp (exon 5) - 284 bp (exon 4) and 133 bp (exon 5) — 287 bp
(exon 4) for AcMRJP1 and AcMRJP2 genes, respectively. The GC content reflects a
slightly greater thermal stability in exons (34% — 42% and 28% - 42%) than in

introns (15% —29 % and 16% — 24%) of AcMRJP1 and AcMRJP2 genes (Table 2).

Exon/intron boundary sites determined by the corresponding cDNA sequences are
consistent with the GT/AG rule. Introns 2, 3, and 5 of AcMRJP1 and AcMRIJP2
interupt ORFs between two codons (type O intron) whereas the remaining introns

interrupt the coding sequences after the 1™ or 2™ of the codons (type 1 intron).
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Malecova er al. (2003) reported two ultraspiracle transcriptional factor (USP-TF,
GGTCA) binding sites in AmMRJP| and only one binding site in AmMRJP2 - 5
immediately downstream from the predicted TATA box. The predicted CAAT
regulatory box (CCAAT) is located between 69 — 65 nucleotides downstream from
the transcription starting point in AmMRJIPI but is absent from AmMRJIP2 -
AmMRIJS. USP is a member of ligand — modulated transcription factor that regulate
cell homeostasis, reproduction and differentiation and development (Sergaves, 1991).
In Drosophila melanogaster, USP— TF specifically binds to active juvenile hormones

(Jones and Sharp, 1997)

The putative TATA box of AcMRIP| and AcMRIP2 was found at — 31 and 32 nt
upstream from the transcription imtiation site, respectively. The putative CAAT box
was also found in AcMRIP1 (CAAAT) at an identical position with CCAAT
reported in AmMRIP1 (Malecova er al., 2003) but that consensus sequence was not
found in AcMRJP2. Both AcMRIP1 and AcMRJP2 contained a single USP binding

site at the 5" UTR immediately following the TATA box.
Genetic Distance and phylogenetic relationships of AcMRJPs

Interspecific sequence divergence between MRIP1 and MRIP2 of A. cerana and A.
mellifera: was low (0.0618 ~ 0.0934 and 0.0912 — 0.1438) whereas divergence
between different families of MRIPs in A. mellifera was 0.2419 (AmMRJP2 -
AmMRIP3) - 0.4490 (AmMRIP3 - AmMRIPS) and 0.4252 — 0.8439 at nucleotide

and deduced protein levels, respectively.

Bootstrapped NJ trees constructed from sequence divergence of nucleotides and

deduced amino acids (Fig. 4) revealed close relationships between AcMRIP1 -
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AmMRIP| and AcMRJP2 — AmMRIP2 from different bee species as typically found
in genes born from gene duplication process (Mitsuo er al, 2001). Albert e al
(1999a) determined evolutionary relationships of AmMRIJP family and reported that
family variants of MRJP genes are resulted from near—simultaneous gene

duplication, with MRJP4 was possibly the earliest divergence from other families.

Expression, characterization and purification of rAcMRJP | and rAcMR.JP2 proteins

AcMRIJP1 (pRT-AcMRIP1) and AcMRIP2Z (pRT-AcMRJIP2) were subcloned into
pET17b for expression sn vitro (called pCUAcCMRIP! and pCUAcMRIP2,
respectively). Overexpression of these proteins was induced after the addition of
[PTG (0.4 mM final congentration) for | hour and reached the saturated expression
level after 4 hours (Fig. 5). Both proteins were expressed as the insoluble form and
did not degrade during longer incubation period. Sizes of purified rAcMRJP1 and
rAcMRJP2 (HiTrap Chelating HP affinity chromatography under denaturing
conditions of 8 M urea and 250 mM imidazole) were 47 9 and 51.7 kDa determined
by SDS-PAGE and positively identified by western blot analysis. (Fig. 6). N-
terminal amino acid sequencing revealed ASHHHHHHSILRGESLNKSL
(rAcMRJP1) and ASHHHHHHAIRQN(S/N)(S/A) KNL (rAcMRJP2) matched with
those of expected sequences except a lack of an'N-terminal methionine (M) which is
often removed from expressed proteins in the E. coli expression systems (Hirel ef al.,
1989). The yield of purified rﬁcMRJP] and rAcMRJP2 from the 1 liter flask culture

was 20 mg and 8 mg, respectively.

Judova et al., (1998) and Bilikova ef al., (1999) cloned AmMRIP1 and AmMRJP2

cDNAs into pQE-32 and pQE-30 vectors and expressed recombinant constructs in
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E. coli M15[pREP4]. The highest production of recombinant proteins was observed
at | hour (rAmMRIP1) and 5 hours (rAmMRJP2) after the addition of IPTG,
respectively. Both proteins were dominantly expressed in the insoluble form. Only
0.6 mg of purified rAmMRIJP| and lower amount of rAmMRIJP2 were obtained from
I liter culture. Unlike rAcMRJP2, rAmMRIP2 was degraded by proteases of the host

cells with prolonged culture period.

Our results indicated successful isolation and i vitro expression of AcMRJP1 and
AcMRIJP2 in the E. coli expression system. Relatively high amount of recombinant
proteins were obtained from a small scale culture and larger quantity of rAcMRJP1
and rAcMRJP2 can be scaled up using batch or continuous culture systems for

further use of these expressed proteins in other applications.
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Table. 1 Primers and primer sequences used for amplification of AcMRIP1 and

AcMRIP2 genes
Primer Sequence (5'- 3°)
SMIF ACATCACTATTCTCATTGCATCAGA
SMIR TTGTCGATCGCAAGTTTTGTGG
FMRIP TGCCTYGGYATAGYTTGTCAA
RMRJP TCAYGGGACTRAGWGCMATTC
nMIF AAACTGCAGCTAGCAATTCTTCGAGGAGAATC
IMI/2F TGATTCYTTCCATCGAWTGACTTCC
3IMIR CGAAAACAATATTTATTTTATACATTCA
3nMIF TCCAAAACTTTCGATTACGATCCTAA
SM2F TGAGAATGAATTGCAGAATATGGTCGCT
SM2R GAAAGCGCTCACGATTCCAGAGCAATC
SnM2R-1 CAGCTTGTCTTCTTTCTTCGCTACCGAA
nM2F AAACTGCAGCTGCCATTATTCGACAAAATTCTGCAA
IM2R TAATTTGGTTTATTGATTTTAATGC

3nM2F ACTTTCGATTACGATCCCAGATATG
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Table 2 GC content and length of exons and introns in AcMRJP| and AcMRIJP2

genes
Exon Genomic DNA GC Intron Genomic DNA GC
(No. of nucleotides) content (No. of nucleotides) content
(%) (%)
AcMRJP1
I 1-223 (223 bp) 37 I 224-333 (110 bp) 15
2 334-497 (164 bp) 40 2 498-581 (84 bp) 20
3 582-803 (222 bp) 41 3 8041383 (580 bp) 21
4 1384-1667 (284 bp) 35 4 16681997 (330 bp) 20
5 1998-2130(133 bp) 42 5 2131-2693 (563 bp) 29

6  2694-2969(276 bp) 34

AcMRJP2
1 1-223 (223 bp) 37 | 224-360 (137 bp) 20
2 361-524 (164 bp) 40 2 525-612 (88 bp) 18
3 613-825 (213 bp) 39 3 826-1353 (528bp) 16
4 1354-1640 (287 bp) 37 4 1641-1815 (175bp) 20
S 1816-1648 (133 bp) 42 5 1949-2816 (868 bp) 24

6  2817-3188 (372bp) | 28
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FIGURE LEGENDS

Fig. | Schematic diagrams of A. cerana MRIP1 (A) and MRJP2 (B) cDNA and
genes. Complete cDNAs were obtained by RT-PCR whereas genomic DNA
fragments of AcMRIJP1 and AcMRIP2 were obtained from amplification of
overlapping PCR amplification products. Non-coding regions are represented by
solid bars. Introns (with numbers) are gray-shaded. Primers used for amplification of

genomic AcMRIP 1 and AcMRJP2 and corresponding clones are illustrated.

Fig. 2 Organization of AcMRIP1 gene. Coding nucleotides and deduced amino acids
of each exon are capitalized. Introns are shaded and illustrated with lower letters. The
TATA box and start and stop codons are shaded and bold-italicized. Signal peptide

sequence and poly A additional signal site are underlined.

Fig. 3 Organization of AcMRJIP2 gene. Coding nucleotides and deduced aminolat:ids
of each excn are capitalized. Introns are shaded and illustrated with lower letters, The
TATA box and start and stop codons are shaded and bold-italicized. Signal peptide
sequence and poly A additional signal site are underlined. Pentameric amino acid

repeats are found at the C terminus of this deduced protein.
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Fig 4 Bootstrapped neighbor—joining tree illustrating relationships between different
families of AmMRIPs (1 = 5) and AcMRIJPI and AcMRIP2 Values at the node
(nucleotides, above and deduced amino acid, below) indicated the percentage of
times that the particular node occurred in 1000 trees that were generated by

bootstrapping the original nucleotide or deduced protein sequences.

Fig. 5 SDS-PAGE analysis to examine expression of pCUAcMRIPI (A) and
pCUAcMRIP2 (B) under non—induced (lanes | — 2, panels A and B) and induced
with 0.4 mM IPTG for | — 5 hours (lanes 3 — 7, A and B) in the crude extract of £.

coli Rosetta (DE3)pLysS. Lanes M are protein standard ladder.

Fig. 6 SDS-PAGE and Western blot analyses to examine subcellular localization of
rAcMRJP! (A and B) and rAcMRIP2 (C and D) in non—indu‘ced (lanes 1) and
[PTG- induced (lanes 2) crude extract, soluble (lanes 3) and insoluble (lanes 4)
fractions and purified rAcMRJP1 (lanes 5 panels A and B) and rAcMRJP2 (lanes 5,
panels C and D) of recombinant E. coli ‘Rosetta (DE3)pLysS clones. Both

recombinant proteins are expressed in the insoluble form.
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