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20

cDNA
PCR
94°C 40s 50°C 40s 72°C 1min 30

Tmin

94°C 3min
72°C
PCR 1.5%
pGEM-T Easy
DH5a PCR
1.5 cDNA 5’

E. coli

5'RACE ’
5'RACE

cysA GSP1 = 5'-AGTGTCCAGCGTCAATGGCTA-3'
GSP2 = 5'-GATGTCTACAAAGCCGGTGTCGG-TTG-3'
nestedGSP = 5'-ACCAGGGCCAGTGCGGCTCCTGCTG-3'
cysB GSP1 = 5'-TAGACAC-CTTCCGAGTAGAAC-3’
GSP2 = 5'-CGTGGCTGGCGTCGATGGCAACTGAGAC-3’
nestedGSP = 5'-ACCAGGGCCAGTGCGGCTCCTGCTG-3'
5'RACE cDNA 5’
pGEM-T Easy E . coli DH5a
PCR
mRNA

5 (A

3'¢c...cc

AAP l GSP2

AUAP nestedGSP

1 cysA  cysB 5
Fig.1 Overview of cloning 5" ends of cysA and cysB

1.6 cDNA

5/
cysA GSP = 5'-GAGCTCTCCACCAGGTGC-

ACC3" ¢ysB GSP = 5-AGGTCACTTGGGGTCTCCG-
GC-3' 3'RACE S eysA cysB

¢DNA 94°C 4min 94°C 40s
53°C 40s 72°C 2min 35 72C 7min
PCR pGEM-T Easy E . coli
DH5a PCR
1.7

Blastx Gentyx-

MAC
1.8 RT-PCR CysA CysB

cysA cysB

RNA lug  RNA
2uL, PCR
5'-AAGCTTCTTGCCTCCACC-
ATGCTGAG-3’ 5'-CTCGAGGACGAGTGGG-
TAGCTGGCG3'  cysB 5-
GAATTCATGCGGGGGTACATTGTTTTGTGCTGC-3'
5'-GCGGCCGCGACGAGAGGATAGCTGGCG-3!

cDNA
cysA

cysA  cysB PCR
RNA
PCR 5pL. PCR 1%
2
2.1
PCR 500bp
20 2
NCBI Blastx
cysA  cysB
2.2 ¢cDNA 5 5'-RACE
5'-RACE PCR Nested
PCR 500bp pGEM-T Easy
PCR
50
2.3 cDNA
5'-RACE
3'-RACE PCR
1.2kb
pGEM-T Easy PCR
cysA 2 1168bp 3’ polyA  polyA
AATAAA 58
1053 332
36.33kD
Www. psort. org 16
16 17 cysB
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AATAAA 43 1047
335 37.56kD L-

WWw. psort. org 63%
18 18 19

1 gcagggtgcattgaaagagtcgagetcteccaccaggtgcacegtecttgectecaccatgetgagattaagectactttgegecattgtggeggtaaceg 101
M L R L $§$ L L ¢C A I V A V T V
101 ttgccgcaaactctecatgaaatcctacgecacccaatgggaggeattcaaaactacacacaagaaatcctacgaategeacatggaggagetectgaggtt 201
A N 8 HEILRTQWZEM AT FI KTTUEEI KZ K S Y E S HMEETULTULRF

201 caaaattttcactgaaaacagcctgatcattgeccaagcacaacgcgaagtatgeccaagggtectegtttcttacaageteggaatgaaccagtteggagat 301
X I F T ENGS L I I A KHWNAI K YA AIKUGTLV S Y KL G MNGQTF G D
301 ctgectggegecacgaattegcocaagatcttecaacggttaccgtggtecagegeacataeccgeggatecacattecatgecaccagcaaacgtcaacgacagea 401
L L A B EVFAKTIVFNUGY YU RGQRTSRG STV FMUPUPANUTYVYNDS S
401 gcctgecaagcactgteg ag gctgtcacacctg ggccagtgeggetectgetgggegtteagtgecactggate 501
L P 8 T VvV D WREK K G AV T P V KD QG C G S C WAV F S ATG 8

501 tctggagggacagcattttctgaaggacggeg tggtttcactcagt cttggtcgactgctct:;;tcctttggcaacaatggttgcgag 601
L E G Q B F L K DG EUL V S L S E QN NILUVDUCS8S Q 8 F G NINGC E
601 ggcggcctcatggacaacgctttcaagtacattaaggctaacgatggtatecgacgecgaggagagetatecatatgaggetatggatgacaagtgteget 701
6 6 LM D NAVFI KYTI KA ANDTGTID AEZESYUP Y E AMDUDIEKTCTRF
701 t agacgttggty cega gctttgtagacat t gatgacttgaaaaaagcegtegetacegttggeccaat 801
K K ED V 66 A TDTGF VDI E G G S EDDIULEKI KAV ATV G P I
801 tteccgtagccattgacgetggacactcgteattecagetgtattecgaaggagtgtacgatgageeccgagtgtageagegaagaactggaccacggtgtg 901
S v A I DAGH S S F QL Y S EGV YDEUPETECSS$SEETLD E* G Vv

901 cttgctgteggctatggtgttaaggacggaaagaagtattggetogte agctggggtgggtcctggg caacggctacatectgatgtcece 1001
L A VvV 6 ¥ 6V KD G KI K YW1 V KNS WG G S WGDDNG Y I L M S R
*¥
1001 gtgacaagaacaaccagtgcggcattgcctecageggecagetacececactegtetaaacaagtgatttcacgtagtgacgttegectgaatgtttectaaa 1101
D KN NQ@CGI A S A A S Y P L V *
1101 atgtacataacttattaacctaaataaattgcccatatttegccactgt aaaa 1168

2 cysA

Fig.2 Nucleotide and the deduced amino acid sequence of cysA. The arrow indicates the putative cleavage point for

the release of the signal peptide. Astericks = The conserved residues involved in catalysis.

1 gaggtcacttggggtgtceggetccacacgettectaaaaaaatgegggggtacattgttttgtgotgettgttegtgactgetgetgecaattacgecate 101
M R G ¥ I VL ¢ ¢ L F V T A A A I T *F Q

101 aagagctcgttggtgetgagtggtcagegttcaaggeattacacggaaaggactatgegtectgacacagaagaatactacaggectgaagatectacatgga 201
E L V G A E W S A F KAULUHG KD YA S DTETETZYZYRILIE KTITZTYEME

201 aaacaggttgaagattg tgagaag g aagccaggtctegtacaagettgegatgaatgaatttggegacttgetacaccacgag 301
N R L K I A R HNEK Y A K 8 0 V 8 ¥ KL AMNEF GDULTULIUEHEHE
301 tteg cacgcaa: c ctacagggactctccacgagagggcagettcttcgtcgageetgagggetttgaggatttgeagetge 401
F V S T R N G F KRN Y R D S PREG S F F V EU©PEGFEUDILGQTDLP
401 ccaagactgtcgactgga aaggcgetyg ccectgtcaagaace: agtgeggctectgetgggea ctacgggatcectgga 501
K T v D W R K K G A V TP YV KNQGQC G S CWAF S TTG S L E
kk
501 g ttccg ttgtgtcccteagtgageagaacctggtegactgeteccagaagettecggecaacaacggetgegagggtggt 601
G P H F R KT R KIULUV S LS EQNULVDUCSI RSV FGUNNINGU CEGG
601 ctcatggacaatgctttcaagtacatcaagtccaacaagggcattgacacagagtggagctacccttacaatgecac tgtctg ttcaaca 701

L M D N A F XK Y I K S N K G I DTUEWS Y P Y NUSATUDG V CHTFNR
701 ggagtgatgtgggtgccacegacactggettegtegacataccagaaggggacgagaacaagetgaagaaggctgtggecgetgttggaceegteteagt 801
S DV 6 A TDTGVF VDIUPEGDENIZ KILI KI KA AVAAV G PV s V
801 tgcecatcgacgcecagecacgagtcattecagttetacteggaaggtgtctatgatgaaccagagtgeageagtg tgtccttgtt 901
A I DA S HE S VP Q F ¥ S E GV ¥ DEUPETZCS S E QLD ;& G Vv L V

901 gttggctatggaaccaaggatggecaggactattggetegtecaagaacagetggggcacaacctggggagacgagggectacatctacatgacaaggaaca 1001
vV 6 ¥ G T KD G QD Y WULV KNGS WGTTWG D EGUYTIVYMTRN K

1001 aggacaaccagtgcggaatcgccagctccgccagctatcctctcg;;tagttacgcgcggttttttacatgctcg gtttcatattg 1101
D N Q C GG I A S S A S Y P L V *
1101 tecactcggcacaaataaactttttttttgtacag aa 1153
3 cysB
Fig.3 Nucleotide and the deduced amino acid sequence of cysB. The arrow indicates the putative cleavage point for
the release of the signal peptide. Astericks =~ = The conserved residues involved in catalysis
2.4 56.7% ~ 89.8%
CysA  CysB 2.5 cysA cysB
Tenebrio molitor
Sarcophaga peregrina RNA
cDNA cDNA
¢* H® N7 RT-PCR 5
4 L- cDNA cysA
CysA cysB CysA
58.5% ~79.8% CysB CysB
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AF227957-1 1:-==mm= MLRLSVLCAI -VAVTVAASSQEILRT -QWEAFK TTHKKSYQSHMEELLRFXKIFTENSLI TAKHNAK YAKGLVS YKLGMNQFGDLLAKEFARIFN 92
AY207373-1 1 :MNFL-IFL--A- ICVAGSQAVSFF - - -DL - VOEQWGAFKMTHNKQY QSETEERF RMX I FMENSHTVAKENKLY AQGLVSFKLG INKYADMLHHEFVQVLN 92
AY20BB22-1 1:--—MRGFI--A-LCCLEVAARAVTH-QEL - I GAEWSAFKSLHGKEYDSDTEEY YRLKI YMENRLKLARHNEK Y AKSQVEYKLAMNEFGDLLHHEFVSTRN 92
AY20BB24-1 1:-=-w=- MILRLSLLCAT -VAVTVAANSOEILRT - OWEALKTTHITSYQSNMEELLRFKIFTENSLI IAKHNAK Y AKGLVSYKLGMNQFGDLLAREFAKIFN 92
cyshA-P lr=====- MLRLSLLCAI -VAVTVAANSHEILRT - QWEAFKTTHKKSYESHMEELLRFKIFTENSLIIAKENAKYAXGLV SYKLGMNQFGOLLAHEFAKIFN 52
cysB-P 1:---MRGYI--V-LCCLFVTAAAITH-QEL-VGAEWS AFKALHGKDYASDTEEYYRLKI YMENRLRIARHNEKYRRXSQVSYKLAMNEF GDLLHHEFVSTRN 92
D16533-1 1 :MRTVLVALL-A~LVALT-OAISPL---DL- I KEEWHTYKLQHRENY ANEVEERFRMKI FNENRHKI AKHNQL FAQGKVS YKLGLNKYADMLHHEFKETMN 93
N U S B LR * Wk -k LW kN L L B L S __t‘t'lri-i &

AF227957-1 53:GHHGTRKTGGSTELPPANVN--D$S-LPX- - VVDWRKKGAVTPVEDQ Y TGSLEGQAFLENGELVSLSEQUNLVDCSQSFGNNGCEGGLME 186
AY207373-1 93:GFNRTKSGLRSGESDDSV--TFLPPANVOLEGOIDWRDKGAVTPVKDQGRCCSCWSFSATGSLEGQHFROSGKLVSLSEQNLVDCSEKFGNNGCNGGLMD 190
AY208822-1 93 :GFKRNYRDTPREGSFFIEPEGFEDLHL- - - PKTVDWRKKGAVTPVINGGRCGSCHAF ST TGS LEGQHUFREMRKLVS LSEQNLVDCMQKLGNNGCGGGLMD 189
AY208824-1 973 :GYHGRAHNRRIDLPATSNIN--DS---S6—-OVCRLAQERSCHTRQDYGQCGS CHAF SATGSLEGQHIIKDGELVSLSEQNLVDCSQSFENNGCEGGLMD 185
cysh-P 93 : GYRGORTSRGSTFMPPANVN- -DS §-LPS - - TVDWRKKGAVT PVKDQGOCGS CHAF QATG SLEGOHFLKDGELVS LSEQNLVDCSQSFGNNGCEGGIMD 186
cyeB-P 93 : GFKRNYRDSPREGSFFVEPEGFEDLOL- - - PKTVDWREKEGAVTEVING TGSLEGPRFRKTRKLVSLSEQNLVDCSRSFGHNGCEGGLMD 189
D16533-1 94 : GYNHTLROLMRERTGL- VGATY I PPAHVTVPKSVDWREHGAVTCVEDY TGALEGQEFRKAGVLVSLSEQNLVDC STKYGNNGCNGGIMD 192

- . . . P .. _t_***tﬂ_t*_i'_tﬁﬁ'*___ itt.tttt.iii.‘..t*tif_'t'!.
AF227957-1 187 :DAFKYIKANDGIDTEKSYPYEAVDGECRFKKEDVGATDTGYVEIKAGSEVDLKKAVATVGPISVAIDASHS SFQLY SEGVYDEPECSSE bY 286
AY207373-1 191 :NAFRYIKANGGIDTEQAYPYKAEDERCEYKPKNKGATDRGYVDIESGNEDKLYSAVATVGPVSVAIDASHOSFQLY SGGVYYEPDCSASQLDHGVLVVEY 290
AY208822-1 190 :NAFKYIKANKGIDTELSYPYNATDGVCHFKKSGVGATATGFEDIPARDENSWDAVAP-VGEVSVAIDASHESFQFY SEGVLDEPECSSDQLOHGVLVVEY 288
AY208824-1 1B6 : NAFNYIKANDGIDTEEGY PYEAVDGECRFKKEDVGATDTGFVDIPGGIEDDLKKASFCWPPPWLWRSPS - - SFQLY SEGVYDESDCSSEQLDHGVLVVEY 283
cyaA-P 187 : NAFKY I KANDGIDAEE S Y PYEAMDDRCRFKKEDVGATDTGFVDIBGGSEDDLKKAVATVGPISVAIDAGHS SPQLY SEGVYDEPECSS HGVLAVEY 286
cysB-P 150 : NAFKY IKSNKGIDTEWSYPYNATDGVCHFNRSDVGATDTGF VDI PEGDENKLRKAVAAVGPVSVAIDASHE SFOFY SEGVYDEPECSSEQLDHGVLVVEY 289
D16533-1 193 : NAFRYIKDNGGIDTEKSYPYEGIDDSCHFNKAT IGATDTGFVDIPEGDEERMEKAVATMGPVSVAIDASHE SFQLY SEGVYNEFECDE BY 292

.ii‘i‘i‘i wkdk ok kkE LI '_tit__t__.t. M NLCYL L. * e tit_tt_t-__ﬁ._t___.ﬁittrt_iti
AF227957-1 287 :GVKGCEK MWESWGDQGYIIMSRDWQCGIASQASYPLV 332
AY207373-1 291: GTEDDGH'YWLWSWGTSWGDQGYIMRNRNNNCGIATEASYPLV 337
AY208822-1 2869 :GTKDGQ-DYWLVKNSWETTWGDEGY I YMTRNKDNQCGIAS SASYPLY 334
AY20B8824-1 2B4: GVKGGEKT YWLVINSWAESWGDQGY ILMSRDKNNQCCIASARSYPLY 329
cysA-F 287 : GVKDGKK{ YWLVKNSWGESWGDNGY I LMSRDKNNQCGLASAASYPLV 332
cysB-F 290 : GTKDGO =D YWLVIISWG T TWGDEGY IYMTRNKDNQCGIASSASYPLV 335
D16533-1 293 .-GmESG-SEIWLVENSHGTTHGEQGYIMRNQNNQCGIATASSYPTV 339

*_ . .t.tttttt_ .t&__fi* * Wk k| ‘ttt.t

Bl 4 CysA I CysB i FSN G EE 51 5 f H R O R0 Bt 2R 3R P ) ] DR LRR

Fig.4
CysA = Rhupicephalus haemaphysaloides haemaphysaloides cathepsin L-like cvsteine proteinase A(CAY3I36797 ). CvsB = Rhipicephalus haemaphvsaloides

Amino acide sequence similarity of CvsA and CysB to known cysteine proteinases {rom the database

haemaphvsaloides cathepsin L-like cysteine proteinase BUAY336798) . AY208824-1 = Rhipicephalus appendiculatus midgut evsteine proteinase 3 protein (amino
acid sequence homology to CysA and CysB. 79.8% and 56.7% respectively) . AF227957-1 = Boaphilus microplus cathepsin L-like proteinase precursor pro-
teinf aming acid sequence homology to CysA and CysB.89.2% and 66.6% respectively) . AY207373-1 = Tenebric molitor cathepsin L-like cvsteine proleinase
protein, (amino acid sequence homology to CyvsA and CysB.63.1% and 61.1% .espectively) . AY208822-1 = Rhipicephalus appendiculatus midgut cvsteine
proteinase 3 protein. (amino acid sequence homology 1o CysA and CysB.64.5% and 89.8% respectivelsy ) . D16533-1 = Sarcophaga peregrine cathepsin L-like
Astericks{ * ) = homologous regions. Box = motifs

precursor protein . { amino avid sequence homology to CysA and CysB.58.5% and 61.4% . respectively) .

conserved in all papain-like cyvsteine proteinases

3 W b

FHEEEOE 2 ET &ML ET.
IR AT RS R B REEE A AL
e . SRR ETE. RO AR A DS
{ Haemaphysalis longicornis ) ( Albert Mulenga % ,1999) .

{8 /1 4 88 ( Boophilus microplus ) { Gaby Renard 5 ,2000)
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A

5 ¢sA A cysB B
A Exprssion of cysA in the different periods of Rhipicephalus haemaphysaloides haemaphysaloides development

Fig.5
B Expression of cysB in the different periods of tick
unfed adult parcially fed adult and rabbit leukocyte respectively 6 indicate

1~5 7 indicate RT-PCR products of total RNAs from eggs larva nymphae

PCR product from recombinant plasmid of cysA or cysB.

6 cysA A cysB B
A Expression of cysA in the different parts of Rhipicephalus haemaphysaloides haemaphysaloides

Fig.6
B Expression of cysB in the different part of Rhipicephalus haemaphysaloides haemaphysaloides
shell salivary

A 1 indicates PCR product from recombinant plasmid of cysA 2 ~5 indicate RT-PCR products of total RNAs from partially fed adult tick
B 1 indicates PCR product from recombinant plasmid of cysB 2 ~5 indicate. RT-PCR products of total RNAs from shell salivary

gland gut respectively
gland gut partially fed adult tick respectively
16

I-
DNA
24.2% 34.9%

cysA

cysB CysA  CysB
& H® NP
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Molecular Cloning of Two Rhipicephalus haemaphysaloides haemaphysaloides
Cathepsin L-like Cysteine Proteinase Gene

CHEN Ling-Zhi' > ZHOU Jin-Lin'* ZHOU Yong-Zhi' GONG Hai-Yan' 1I Pei-Ying’
' Shanghai Institute of Animal Parasitology Chinese Acadamy of Agricultural Sciences Shanghai 200232  China
> Anhui Agriculture University ~Hefei 230036 China

Abstract Ticks are obligate ectoparasites and vectors of arboviruses vickettsiate spirochetes and parasitil protozoa of humans
and domestic animals. Immunological protection of mammalian hosts against tick infestation has been proposed as the most sus-
tainable alternative tick control method to the current use of acaricides. The success of this method is dependent on the identifica-
tion of key molecules for use as tick vaccine antigens. Proteolytic enzymes are involved in a wide range of cellular processes thus
they can be considered as good target antigens for a tick vaccine. In the present study we used rapid amplification of cDNA ends
protocol and primers that were designed based on the consensus amino acid motifs flanking present in all papain-like cysteine pro-
teinases to amplify sequence and characterize two Rhipicephalus haemaphysaloides haemaphysaloides cathepsin L-like cysteine
proteinases named as cysA and cysB. The full length of cysA is 1168bp encoding a 332 amino acid residue polypeptide with
36.33kD predicted molecular mass the full length of cysB is 1153bp encoding a 335 amino acid residue polypeptide with
37.56kD predicted molecular mass. The consensus amino acid motifs flanking presence in both deduced amino acid sequences.
And both genes show high sequence homology to other tick cathepsin L-like cysteine proteinase so they were identified as mem-
bers of the cysteine proteinase gene family. Expression analysis by RT-PCR revealed that cysA and cysB were expressed differ-

ently in different periods of tick development.

Key words cathepsin L-like cysteine proteinase Rhipicephalus haemaphysaloides haemaphysaloides
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