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Cloning and Expression Analysis of Cathepsin L from Haemaphysalis flava

WU Cong-ying, WU Zhi-feng, CHENG Tian-yin (College of Veterinary Medicine , Hunan Agricultural Uni-
versity »Changsha 410128,China)

Objective To clone and analyze the expression of Haema physalis flava cathepsin L-likecysteine proteinase
B gene. Methods Primers were designed based on Contig731 sequence in salivary gland transcriptome library of H. fla-
va,the full-length ¢cDNA of cathepsin L-like cysteineproteinaseB (cathepsin L-lcpB) was amplified by RACE,and the ex-
pression levels of Hf-CLICPb in different tissues of female adult ticks in different feeding states were analyzed by qPCR.

Results The total length of Hf-CLICPb was 1 547 bp,the ORF frame was 1 005 bp,and it encoded 355 amino acids.
The expression of HI-CLICPb was the highest in salivary glands, followed by ovaries, midgut and body shell in semi-en-
gorged and engorged H. flavas (%) ;the expression of HI-CLICPb in semi-engorged H. flavas (%) was higher than
that in engorged H. flavas ($%). Conclusion The full-length Hf-CLICPb gene of H. flavas was successfully cloned,

and the high expression of Hf-CLICPb gene in salivary glands of H. flava was detected by qPCR.
QOGO N Haemaphysalis; Hi-CLICPb; RACE;qPCR
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Cathepsin L-like cysteine protein(Cathepsin L-
lep B) s — A2 B & M2 £ 1 . 2 5 0 W 0K 28 1 10 B
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LG W At 4 22 Fh 2 2 B Cathepsin L-lep BeD-
NA, JFESE M2 Cathepsin L-lep B g 8% b ifi £
HFCHD) ! P BB 8 11 (vitellin) 20 i L 76 1
AR A: B 3 R R AR T . A T 0T A A i O
MR 5% 520 % 48 & B — Unigene (Contig731), £ 437
bp, 5 AB020491. 1 AL N 90. 34% . AB020491. 1
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1.1 Bk HPAE B0 MOR A T R A1 FHTAL .
1.2 £%& AN SMARTer RACE 5/3" Kit fil TB
Green™ Premix Ex Taq™ II (Tli RNaseH Plus) g F
EAY T RECKE) AR A ; Easy Pure RNA Kit fll
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A3 pGM-T SE A & A TaKaRa(db i) E H B4R
Y1+ AR A PR Al ; EasyPure® PCR Purification Kit 4
A4 4 dba) EYH AR A R A X-Gal, DH5 o J&
TR, IPTG Ml Ampicillin 1 3 14 T4 BR 2
Al

1.3 EEZME PCR (A F 2720) #= Real-time
PCR AL (B 5 SetpOne) Jy3EE ABI 2 ) 4 7= ; B i
W14 & 5 (Qantum ST5) Nk E Vilber Lourmat 43 &
AP BLUK A (LS DY9Y-60) I TAb 5l — X 2%,
2 AHiE

2.1 34kt 546 & ET Contig73l J¥3 ik it H
5'RACE.3'RACE.qPCR 519, 51 ¥ )F 5k 1, i |
WA T AR TR R A R WA .

&1 RACES|#
Table 1 RACE primer sequences

Usage Primer Nucleotide sequence(5'-3")
S RACE GSP-R1  GAGCTGAGCTACCCGTACAG
’ GSP-R2 TGAAATGGCACGTGCCGTCCGT
GSP-F1 TACTCTGAAGGTGTTTACGATGAGC-
3'RACE « FECCATTTCAAGAAGACTGCTGT-
GSP-F2 GGG
F-y  CCATCAAGAACTGGTCGGA
qPCR forH{-CLICPb
R-¢py CCCACAGCAGTCTTCTTGAAA
e AGATCTGGCACCACAC
qPCR for B-actin
R, CTTCTCCCGGTTAGCCTTG

2.2 HEREKRFTHENM L i T IR
W T b R UBE T A L SR AR AR L O
B K5 P, AEE Trizol W B L% ,-80 C1E
7,
2.3 RNA R 5 5 BiE FH 5 (CGEi0f 40048 3
S R B AR G P M I S R R) TEANA Tr-
izol M1 ¥ 3% 388 51 A& TP WE . #% Easy Pure RNA
Kit 6 F 3B RNAL-80 CIR-AE.
2.4 HI{-CLICPb A B # ¥ 3 HIEikH & SMAR-
Ter RACE 5/3"Kit U B 45 43 il & i 5" 55 — & 52 4
cDNA 1 3"%5 —HEAM . LIS —5E cDNA M, H
GSP-R1 5 GSP-F1 fil UPM H 5| ¥, #% SMARTer
RACE 5/3" Kit Feil sV & . W R ¥ - 94 C HiAR
3 min;94 “CAEHE 30 5,68 CiB k 30 5,72 ‘CHEAH 2
min, 3% 35 NEI; 72 °C FLEH 10 min, PCR f=4) 4
CIRAFE. DA —% RN ™= W) A B AR, BL GSP-R2 5%
GSP-F2 il UPS 4 5| ¥, % SMARTer RACE 5/3'
Kit i #85 S N AR R AT 50 83 0 )y . 94 C
AFPE 3 min; 94 CAEPE 30 5,61 ‘CiE K 30 5,72 °C ZEAH
24 5,35 35 MEH ;72 °C FAEMH 10 min, PCR F=4) 4
CHRAF . B 20 pl 58 Z 84T 1. 500 B A B i
LUK %5 5 , TR AT e 2k BT,

B4 3 ul,pGM-T 1l T 16 °C 64 5

B ERE T WAL DHS o B2 25 20 0 L 6 46 20 1 04
i T8 X-Gal . IPTG 1 Amp 19 LB B & 1555 ,37 °C
Bige 12 ho BRIl @7 T8 97 R K 5% PCR ¥ %85 FH 1
TR AT i A T AR TR A A R FLI Y

2.5 Cathepsin L-lecp BAR G EH F/Z &5 H
DNAMAN %} Contig731 K 535 33 /7 51 #E 47 Bf
LA RN 4K, Y ORF Finder Chttps://www.
ncbi. nlm. nih. gov/orffinder/) # ¥ HI-CLIcpB, 4k )5
it E £ Ik F ¥ EfEE http://www. cbs. dtu. dk/
services/SignalP/#1 https://meme-suite. org/meme/
tools/meme FEAT(R 5 IR AL 1A 4549 73 o 2= hetp://
www. cbs. dtu. dk/services/Net NGlyc/Fl http://
smart. embl-heidelberg. de/#E 174 B Ak A7 25 F1 25 4 45
I3 .

2.6 Hf-CLICPb A B # qPCR # nl

2.6.1 qPCR 7ML A0 36 B 1 09
I RNAS pl, A EasyScript One-Step gDNA Re-
moval and ¢cDNA Synthesis SuperMix & i ¢cDNA,
L EASY Dilution ¥ H.# B 1.5.25.125.625 f%. 4>
ML Feep A1 Recpys Fooo MR- A G, 2 1R TB
Green™ Premix Ex TaqTM I3 57 & Bt B K R b 1
H{-CLIcpB.B-actin ¢cDNA , £ il 155 fift i Ze Fn 4y 34 h £&
AT bR 2

2.6.2 HECLICPb e A0 AL 8 25 1 29 AN [
2 AU R IK T A1 43 S DA AR e i o i e
Ji B0 B A SE PRI RNA B, 17 2.6.1 &
BUES —%E cDNA J5 # 17 gPCR ¥ 34, B AFEM ERE 3
W, HE 2740 e Hr HEECLIepB 78 A R RE §h b i 26

N

ik

=,
& R

1 Hf-CLICPh EEMRES S
1.1 Contig731 # 5'5 3 5% KPP RS
Contig731 i 5" 3" Fr B, LUK &5 R WA 1., W7 Bow
HAK MK R 1 010 bp Fl 547 bp.

1.2 HE-CLICPb & % % # DL DNAman % Con-
tig731 .5 i A 3" Uit P 5 i 47 PR 4 , 79 3 HI-CLICPb 4
£, K/NA 1547 bp (GenBank: MH400438. 1), ORF
K7V 1005 bp., % cDNA %ifih & 1K 335 aa. IG5
Jik (signal peptide) BT il 3 (propeptide) FI i 4 ik
(mature peptide) = #/r4L. N ¥ij 1-16 aa N5 %
JIR o 1A K FE TE A 250 IR 57 BT GCXGG, % Cys
(C), His (H) . Asn (N) fil Gln (Q) %5 1 B 4 <7 7
AUTE 2)

1.3  Hf-CLICPb 4% < % & #7
AOA023FWK4,  A0A023GN26,

EFAEAM
AOA023FPAG.,
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AO0A023GN18, AO0A224YBR4 ., AO0A131Z011,
AO0A0S2ZX71,  AO0OA4D5RGJ6. AOAOKSREAO,
AOA2RSLIHG 45 H fih 18 25 Cathepsin L-like cysteine
protein FFHI, 73 HFiZ 2R 8 LS5 (& 3) . 1% 45
MRS PRSP 8 A,

bp M 1 bp M 2

2000 2000

1000
750

1000
750

500 500
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100
100

M  DNA #5 & # (DL2000) 1
RACEPCR %4

1 Hf-CLICPb EE PCR 74 1%

M Marker(DL2000) 1  Amplification product of
Amplification product of 3'RACE

5'RACERCR /=4 2 3’

5 E R PR Ok 43 A
5'RACE 2

Fig. 1 Agarose gel electrophoresis results of Hf-CLICPb gene
amplification products
1 ctctacatatatecttttatgeaattttcaaggacaatacaaggttttgtegeategtetacgattatttttectttgeaaact
85 ttagacaacgacttcaactctgaccteacctteeggaaaatttgeacccagtataatttgetaaatategtgtetacettggecaggegt
175 tgatgggttatataaaccccettttgggeecttatgaggeeccataaggtettttattagtetetatatggggaaaacaggggtataage
265 cgagggaactgggggagtaacgatttgageggtgtgtggt teacaggegtegtcagt tgategtegget ttactgtgact titt teaac

355 atgeggs,
1 A

ggcLcaccatcltngcctgncngtcgtggcngcngcggcgmLLcccauaagaacLggchgagcagaanggtcgucatLc
G LT 1L ACLV AAAAYSHQELVYGAEWNSARN

145 aaggeact tacca ctacaggatgaaaatctacat tgaagattgcgeas
31 6 G 5 A A
535 cacantgegangt tgaagtctegtacaagetegeoat gaacgagt toggagact tgetgeaccatgaat tt gt gageace
61 ] AKYANNEVSYKLAMNTETFGDTLTLTIHRETFIVST
625 t tacct tetgeca

R.\GFK](NYREQI’REGSTYLE[’I:(:\/I:I:QHJLI

715 aagaccatggact, teacgeeegt tgeggateetgetgggect teageactacggga
121 KTMDWREKEKGAVTPVYKNQGQCGSCWAFSTTG®G
805 tecet cgteteget teetggtggactgeteccaggact tagggaac
151 SLL(:QH\IRKS(:KLVSLSEQILVDCSQDL(}V
895 aacggetecraggatgnceteatggactatgecticaagtacat t tgagetaceegtacagt
181 NGCEGGLMDYAFEKYTITKANEKGTIDTETLSTYPVYS
985 tgecattt getgt tacgttgacat

211 GTDGTCHFEKEKTAVGATDSGYVDIPEGDEKHEK
1075 cteaagaaggeagtggecaccgtgggeeceateteggtegecategat cettecaattctactet, tgtitac
241 LKKAVATVGPISVYAIDASHESTFQFYSEG GVY
1165 at tt tgtettgtggtiggetacggcaccaaggatgacaaggactactggetegte
271 DEPECSSEQLDHGVYLVVYVGYGTE KDDEKDYWLV
1255 t t agatga tacatctacat, gtggaat tgea
301 KNSWGTTWGDDGYTITVYMTRNEKDN QCGTIASTSA
1345 agetatccacttgtetagetgegtecatetgtatgeaget tttttttttttttttttttttececccegggggtittitectttttttt
331 S Y P LV ¥

1435 tttt tt tt

1525 caaaaaaagaaaaaaaaaaaaaa

T TR A 155 MK, 7 E 5 43 o T50000 099 15 U400 ok 2% 4 8L

Sk 7R AR TR A Sy UMK 1) VD KA R, B8 5 A 4 Sy 4 SUIR I L A

%J‘%‘ﬁu GCXGG; E B FIH Gln(Q) Al 3 AR SF 19 fiE 4L A7 45 Cys(O) .

His(FD Al Asn(ND B HIAR1E .
B 2 Hf-CLICPh EFE &K

Notes: Putative signal peptide sequence are underlined. The predic-

ted propeptide inhibitor domain is in box. The putative cleavage site for

propeptide is indicated by vertical arrow. The cathepsin L signature se-

quence GCXGG is showed in shadow. The oxyanion hole, glutamine

(Q) and and three conserved catalytic sites (Cys, His and Asn) are
bold.

Fig.2 The full length of Hf-CLICPb gene

2 Hf-CLICPb EE B RIEH
2.1 %4 B-actin A1 HI-CLICPb PIZEH ) Tm
B35 4 88. 2 “CF1 86. 8 °C , Hoz il ih £ 35y Bl , 4,

38 51 0 4 S M o, 8 SRR 7 A (BT )

Name p-value  Motif Locations
AOA411HES4,H.flava 0.00e+0 I I 1 I [ 1
AOA023FWK4,A.parvum 0.00e+0 I I i I 1
AOA023GN26 A triste 0.00e+0 - I | I 1
AOA023FPAG,A cajennense 0.00e+0 | I ] |S— T 1
AOA023GN18 A triste 0.00e+0 - I ] I Ll 1
AOA224YBR4,R zambeziensis 0.00e+0 - 1 1 I I 1
AOA131Z011,R.appendiculatus 0.00e+0 I I ] |S— I 1
AOAOS2ZX71,R 0.00e+0 - I ] I Ll 1
AOA4DSRGJB,|.scapularis 0.00e+0 - 1 1 I I 1
AOAOKBREAG, Lricinus 0.00e+0 - 1 1 I [ 1
AOA2RSLIHB,0 turicata 6.85¢-286 - 1 1 I — I 1
Motif Symbol Motif Consensus

1. — KEAVTWKNQGQCGSCWAFSTTGSLEGQHFRKTGKHVSLSEQNLVDC

2. [ LVVGYGTKDGQDYWLVKNSWGTTWGDEGYIYMTRNKENQCGIASSASYPL

3. RLK!YHENRLKIARHNEKYANNE 'SYKLAMNEFGDLLHHEFVSTRNGFKR

4 EEENEN TDTGFVDIPEGDENKLKKAVATVGPVSVAIDASHESFOFYSEGVYDEPE(

5. ] RSFGNNGCEGGLMDNAFKYIKANKGIDTELSYPYNGTDGTCHFKKSDVGA

6. [ VLCCLFVTAAAVTHQELVGAEWSAFKALHGKEYQSETEEYY

7. PREGSFYIEPEGIEDLHLPKT

8. m SESLDHGV

& 3 Hf-CLICPb 5 E 1 #2# Cathepsin L-like
cysteine protein # & ¥ bk 3¢t
Fig.3 Motif comparison between Hf-CLICPb
and other tick species Cathepsin L-like cysteine protein
R oo
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B 4 pactin EE (A)F0 HE-CLICPb % [ (B) i 5 2 # 28
Fig. 4 Melting curves of B-actin gene(A)
and Hf-CLICPb gene(B)

2.2 AR A AN EMFE G Fra 4 I ) B
A RNA AP 8 HE-CLICPb 1 B-actin, 22 i F5 1
Mgk (| 50, = F B (R2) 4 4l 4 0.999499 Fi
0.995598, ¥ 14 &l % (slope) 43 %l K 3. 323107 Hi
3.322703, ¥ HEHORE (E) 43 51 99. 95% F1 99. 97%,
T R R A

2.3 HI-CLICPb f& ¥ 48 o 48 d0 6 B¢ I A [ 40
LU (18 6 3K 40 BT LA AR I P I 4 B W C ) M A R
B L (RS2 Frh s RNA SHER #E17 qPCR, it 5% Ct
B, 3158 2725, He# HI-CLICPb 78 2 1fiL 41 if 46 &%
I e ) AR e R O L B9 SR Ak 5 R b g 1 R Gk OK T R4
il 6) . AT LLE L HE-CLICPD 7848 i | 4 1fiL
oy B I ) i VR R O o e D EE L Pl IR
e Z s H HE-CLICPb ~F 21 1fi 45 %% ifn W ¢ %) i 3%
T 04 B

B
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Fig. 5 Standard curve of B-actin gene(A) and Hf-CLICPb gene(B)
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relative transcript level
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Fig. 6 Expression of Hf-CLICPb gene in H. flava
at different organization
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¥ MM (Haema physalis flava) J& T 8 WRL | ifi
LA A S e P I o R S O s el S B = R N
MR TR P AR A Oy B P S R TR B A L B
A U EL SRV S R RE LR L E Y R A
LI A M A 0 AR AT T A JE R L G
PREY 7 SRS A R R AR | ELRGE A 3R ST
PR RLFF TR A5 X N B R A H WA DA R
el

VB 25 17 30 DAARS 4 et O 260 i) 96K B VP A
WA FE 5 MK BE NSWGTTWGDDGYIYMTR Al
TAVGATDSGYVDIPEGDEK, ## 2% [ # i # &% IfiL
WA O U SR A2 SO R B X A K B3 A A T
Contig731 4% A9 £ ik b, Contig731 K 437 bp, 5
AB020491 A1 L7 90. 34 %, AB020491 J& & ff 1 i
Cathepsin L-lep B B4t FE [, Contig731 #EE £ ik
£ 132 aa, 5 b 3k M Ay Cathepsin L-lcp B (Uniprot
No. A0A131Z011) [7] P54 90. 9% , & LA A Contig731
it FE H O B 1Y Cathepsin L-lep B. 5

AB020491 #H It , Contig731 #t2k 5'-end F1 3'-end.

AHWFTE R A RACE $AR Y1 51X 26 5k 5 5 51, 153 2]
i) Contig731 1K ¢cDNA K/NHA 1 547 bp(GenBank:
MH400438. 1), ORF #E 1 005 bp., 4 #% 2 [1 335 aa, H
{5 5 Ik (signal peptide) \Hf P& il 4 (propeptide) Fl ik
K (mature peptide) =#4r4H A%, H N ¥ 1-16 aa
155 ks AR AE T A 254 DR 57 B2 7Y GCXGG, & A
Cys(C) His (H) , Asn(N) Fl GIn (Q) % 5 Ji { ~F fi
& . cathepsin L BURPRSFAL S COH N A4 LA AL
IBRAARGE Y L 2 B HEAL TG PR A, Q BEHS BT U B
TR T A B B T s U A ) HE ) L AT g
55 I T A ST T o U S G R R E A L T
BURAL ISR R S LSE A 8 MASFRLA

1990 4F . Fagotto 55" ¢ A P i Zk Wt 19 v 4G ) 3]
cathepsin L-like cysteine protease., IN N HIEMRIGE AT
Hh i 44 W fifk B9 8 2 A9 AE T 2000 4F, Renard %"
A /N 4 8 T B M B 4% cathepsin L-like cysteine
protease cDNA, H4 K 1 123 bp, 2010 %, Franta
AU Wy B 5% % B cathepsin L-like cysteine proteases
WARTE T 1o/ 20 W50 B 7 A 08 %) i 3l b, 2013 4R
Yamaji 25 B BIF 5% A0 52 K i 98 B cathepsin L-
like cysteine protease ] LB HAI 4 ML EH .
2019 4F, Xavier 25 BF 58 & 90/ Sk B0 R B ca-
thepsin L-like cysteine protease Agi it H #EH) 6 Fh 4T
Y25 1 BV A TS AR ] TR 0 S 0 4T 4 A
I BEL Lk il 2 € [, A28 R W il B ]

ABFFER M qPCR #7047 T HECLICPD 122411
L B TLAS F2 2R AL R 3k, 45 R R W], HI-CLICPD
A0 10 10 T 0 L ) PR 9 R TP 3R KK P B B R
WY& 7> WY Cathepsin L-like cysteine protein #f A
1% J5 At A 1L 21 25 1R 0 A o AEL R FEAE T AR AL A R
55 PR A A 1) T AR LR 43 Rk L BRI T A 3 A B A A7
IV A 21 40 M D RE 1Ml 21 48 1 A9 [ A ok 72 = 2 AE i b
F2 ARy digestive vecicles GHALIE) H1 5E 1% .
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