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ABSTRACT Objective: The cathepsin L family is an important cysteine protease found in lysosome.Its main function is catalyzing
proteolysis, and participating in numerous biological processes by proteolysis. The family contains cathepsin L, V, S, K, H and F in verte-
brates according to sequence alignment and traditional function classification. The evolutionary relationship of this family members has
not been clearly elucidated. Our study focused on the phylogeny of Cathepsin L-like family members. Methods: 177 cathepsin L-like
gene and protein sequences of 22 species were sourced on database. Phylogenetic tree was constructed to trace the evolutionary relation-
ship of the cathepsin L family genes with these sequences. Results: Tandem repeat duplication happened in the evolutionary history of
cathepsin L family. Cathepsin L in zebrafish, cathepsin S and K in xenopus, cathepsin L in mouse and rat experienced obvious tandem re-
peat event. The results of phylogeny trees showed the evolution relationship of cathepsin H, S and K, L and V. Cathepsin S and K differ-
entiated from cathepsin L in the appearance of vertebrates, which coincide with their special function role in the differentiation of verte-
brates. Conclusions: Cathepsin L-like family members F, H, S and K, L and V diverged chronologically in the evolution of species. This
indicates that the structure and function divergence of cathepsin L-like family and the appearance of new species and new function are
closely related.

Key words: Cathepsin; Tandem repeat; Phylogeny

Chinese Library Classification(CLC): Q593, Q78, Q95-3 Document code: A

Article ID:1673-6273(2014)08-1401-06

T TEVR RV | S 1 BN i e 25 AN [ £ Pl (MR ) BERILZH 7
KA — R ER AV B A A AR . O T A RO T A A A
HAVE AN e A PR B E I POK RS . Ay FREA AR TR IR (. & T R BN TRI RS , (G R G

* AT H | TS ALY & R “O73 i H (2012CB426504) ; [E 6365 7 Je 2> 25 M3 H (201205020-09;20130502)
VEZ A : RHETR(1984-), 55 W H-RF g2k , T 05 1m) AR5 B4
NSEIRAEE 28 1E(1966-), Tt )5 , FEMF5T 7 ) SR O SR 3 s i 45
(ks H :2013-10-11 43252 H 1#1:2013-10-30)



- 1402 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.8 MAR.2014

TER T , N R TRIE . 7229 50 R E 0 BYIA BEHA K el
KEERHLVE AN , 22 Z IR ZUE A WA e 2R 2R i

I, A e s R 2R (AR B R AR
it R SRR o ALY T2 e SRR 2 4R 8 1 i 1 B R e
R CA G, AR T2 4345, 3 H R A3 s i
TR R 2 — o AU AUL, EAT R b E R AR K iR,
KA RS RZ HAINE AR C1 FEh s, a4
AR P LA SR G R A Tt 2%, s el DA R 25 A U Y A 2
fiff , F& PO AR AR A2 , W DR 2 R 2R 1 i, i
I, RN R M R 4 2V (G,

ENRRIEE A FH h— I 2 A 11 Fpl a4t
HEg, B E4H48UE AR B,C,F,H,K,L,0,S, V. X fl W, i
SRR B A M AT R A 27 A 1 TR 9 2518,
VAL 2VER B B — R R, TAORR PR BE (AN g A
BIIREE ) , RAAFF AR TE MRS . BRIL, 2P DE (R 21 207 il
BRI R AU N AL, 2 5 ORI T 09 i P Ak sk
VR P R ARRR P Y, IR A PR RN S MR M 1Y) B B K i
R, SR AR PR AR AN E AME S5 T
FA AR S A A FR B

FEH LR AR A RS Rl AE R R, ISR
fitt B,H,L,C,X,F 1 O, flifi A3 1555 53 DX LL -5 40 i Py
P TE 5 2R R B RN A AT G o T — LR 20 202 (1 il , AnZH 41
FE KRS RIVH R B AR AL 10, RAENSS
THRR B R N, AR A K e B i, R4
) b Bz A4 LRI XU P DT 98 ST A ) e R T 4 240 o v v
Fik, TERLTRMEMERE T, 278 R IR R HSUR AR K
A R )-8 W s 4 P sl 7 o e G A A — 1

HAE AR S AP AN (APCs ), {51 404 SR 21 it A1
B 4iififg, 2 @ EMEFRIEY, FHN AR AR VRl L2) f
REHLVEAR L mERE, (A 5880 A LiBfr s AR
MR, AR ARG V RERRIR I B2 AR 35K, SR, Bt i F
jdyzfju e AR A A2 A AT TR R R L8V AL R AR, T
YHAAX , LB AN BT . EUR EARIE PERY L 4V Il LAY AR
MRAEAN A ol e o ok, EEXHAH R 1 H3 R 9 N A i 4 il
IR AETITRE , e AN AR I AR P A — 2 I R 534,
BHOFE LI, M T4 T Bel-2 1 FZEE [ Bid, RE A NE
IR EC oY MRS & T A ZE o IGhi A B HUR 40
MAT-O, FERANSEE AT, 2RV R AR RES ) Bid,
JFHAETCAMARRT AL E AR B K L M H #E87E &0 ik
i Bid, (58I T HIE N, 3 — RIS [R] A 4 A R R
PIESE . ML BR T Bid 2240, 4143 7K i RIS R A b 40 i o
T F Bel-2 i &H 1, W Bel-2 Bel-xl Mcl-1 il XIAP, M ifii
DAD VR B9 SR g T, BRI 2 A0, 2R 2 A T
R A SR AR EE A O, (A2 R H
HTA AT H %

RS VR AR 2R A A i T g, (BT TR 5
JUAHE I S LR T A X IR K 3% 5 T2 B V10 iy 5 Ik
J5 B RCEAEEIE 2UHT, K 2B B A A4 AR R T e ff
R B o 3CTT AR AT , AR L DA% i 380 PN 5 Vs 1A /) B
(') B2 i 5 B4 Ak BTG AR A T B 2t R v, TR B e B AT o L

[RIVER B A AL T BE
A JNEE S G40 00 )7 51 43 AT 2 B A0 2 25 g R 224y
PR, AP E AR L-like F% AL LN i B-like % ,

I AT RS AR AT S BRI DL IR 002, X BN R R =2
(i) 3 LA DOAE AR B VI 5 SRR P A T, 208V A
fitf L-like Z i (HE R AN L, V, K, S,H)EIFE—4 K44 100
AEHER K E BT IR, A AR <P A R 37 : ERFNIN
FLF AN GNFD 37, 28 H g B R R S/ ERFNIN
HFF.

ZHZUE G B F1 B-like S0 AR FEAE Y gk 30, IE B2
SUR AR B R EHER IR, M ZUE [ L & L-like
FI R B AR AR o R B, U B 4] 2028 P g L-like Z% AYE
VRZE M T4 2R AWl B-like FRJi%

UL R AR L-like ZEP, XATLIA A —L/ MO A,
WA ZVE ARG LAV AR, 2R A K S A (HZHE1
FIf L-like ZEIE A5 2 (1) RS RIRSRB A TG 2 Rl
RHLR ARG L-like FES A5 Z A1 E 0GR 6 F4181
F i X — B R R Ak e R G EAERIST , B K, TiZH4]
AR RS LITST  BEAE I 5T — MWJE%*%QE%%EI@&E
Yl B D REAR AL R R, SRl AT AGIE I, R R fE
(] I AEIR R R AE T 2 2R S IEE

AW FEH F A W15 B A 045 0 R ) 45 2R A7 B 80
RSP 2R G L-like S0 1 R G HEGIET TR A
5T, EENEA  HBUE A L-like FEEE KA OMK FAYE
PEFHEAR A5 B 971 3k P R L A g W) P 1] 1) 2R 558
HEfb e R Rk B E A H VR G L-like S0 A5 AT 5C &
FENL, BTN, e n sh R SV U L-like 545 AL
B2 AR b s e A &R

1 MR 575

1.1 SEB5 cDNA FJlige

T 2R P IO 8 R 2, SRS [F 4 Fh A 2L AR g
L FREHEIR'S cDNA J¥51|, I3, B 5E#E NCBI M)
A B R T R AR ZUR A L WA AR 5 cDNA JF

FUS SR J5 18 115 Ensemble ) BLAST/BLAT # % (http://asia.en-

sembl.org/Multi/blastview) FI UCSC ) BLAT £t /& (http:
//genome.ucsc.edu/cgi-bin/hgBlat) i#f 17 4 5L 41 7 51118 & , AT
BEIAERN Y2 cDNA 58 H B E AR 7507, F50 758
SR JGI 3/15 . #8437 538 ik EMBOSS Transeq F2J7 17
PPN AR T8 o SR 5 H IX 2L 7 51 78 NCBI [l 1 ]
BLAST #2J7, 7 GenBank %t AT LU X IO, B A RLHI 9
AR, &5 AT 5 — 8 A FASTA %X,
12 BERAEMSEREHSHT

FI A )15 2% M3 Ensembl f) BLAST/BLAT F&J¥ (http:
/www.ensembl.org/Multi/blastview) A UCSC f#] BLAT % ¥
(http://genome.ucsc.edu/cgi-bin/hgBlat) , X} 22 /™ B, 58 4 % K
20 )55 7 0 Wy R i 20 2R 1 g L-like SR AR 7R B R 40 rh
BB VAT AR TR L, [RIAT 345 A W 6 R A1 f - P 5
AT
1.3 REEZBHWHIETL



REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.8 MAR.2014

+ 1403 -

kA 22 AR 177 SRAHLUE ARG L 500 R D 2R
J5)iE it Clustal X 1.83 B F# AT 2750 xS, I T3l
BRAERAAESERE, RN Y L SRR A Aln
Phylip 1 Nexus 1) 3C k& =09,

AT 4 4561 (neighbor joining, NJ) #R/ 2 fE 3 (min-
imum evolution, ME) , Il 7% (Bayesian) Fl % Kl 9k 32 (maxi-
mum likelihood , ML) PUF 7 i G 57 s ALAR M, 4R4230 Be/Nafk
ik F#5E E MEGA 4.0 BEF @RI, 85 Clustal X £2)¥ 2751
O 45 5 2B i Aln 4% =X SC 13 5 MEGA 4.0 8 )7 5 48 il
Mega %X, #-53 5I7E MEGA 4.0 F2J7 N (i X P R0 75 TE @i
ST FERBERFENME . DA AR AR L 1 56K
i Prottest F£ /& (http:/darwin.uvigo.es/software/prottest_server.
html) 7347, 15 2 SRRl WAGH BRI, DL Sy
Afi ] MrBayes3.1.2 B2 7 A RGEH AR, K Nexus #2009 &
FEli2 7 51 SC 4% 5 BioHPC il 55 2% (http://cbsuapps.tc.cornell.
edu/mrbayes.aspx) AT 2, UMk F MC3(Metropo-
lis-coupled Monte Carlo-Markov Chain method)fii 3 ¥ b A B )5
B o I SR ot B AN H S AR N A 15 R 58
WOMERIA TR . DU B FZ SO A TAT BA R
SERIREPUR , B HT I 4 S50k 4G 3 ST 1 4004,
0106 18, SEIMERE RN 1.0, SRR 100 ARHEE—
U, HL R 5 B 2500 ARE b —IR o 5 AR —1> 95% = ZE )
— I RRTTHE S WA . ML 4§ ] PhyML F2)% (http:
/Iwww .atge-montpellier. fr/phyml/) ®H14 $45 , ¥ Phylip % =3¢
1 A% 2 MR 55 %% (http://www.atge-montpellier.fr/phyml/) , 5 fQ
T HE WAGH A5

IRFRIF AL R GRS, 7 MEGA 4.0 27 i
No

2 &R

2.1 HLAFAE L-like SKIRHIFF T 4R

WAL AR, 53] 22 YR 177 S8R (il
L-like KGR0 H 555 M cDNA JF51,3% 22 IR : A
(Human, Homo sapiens) ., 22 J% J& (Chimpanzee, Pan troglodytes)
WM (Macaque, Macaca mulatta) ., /)N i, (Mouse, Mus musculus).,
K E.(Rat, Rattus norvegicus) . i il (Guinea pig, Cavia porcellus)
Z 4 (Rabbit, Oryctolagus cuniculus), %4 (Pig, Sus scrofa), 4+
(Cow, Bos taurus), i (Dog, Canis familiaris). /i fi{,(Opossum,
Monodelphis domestica) . & £.(Platypus, Ornithorhynchus anat-
inus) ., ¥ (Chicken, Gallus gallus). i %5} (Lizard, Anolis carolinen-
sis), JNUE (Frog, Xenopus tropicalis), 77 KX (Fugu, Takifugu
rubripes) . 7 #f (Medaka, Oryzias latipes) . Ji] ffi (Stickleback, Gas-
terosteus aculeatus), Jif &1 (Zebrafish, Danio rerio), L il fig
(Lamprey, Petromyzon marinus) , 3 £ ffi(Lancelet, Branchiostoma
floridae) . /i #(Ciona, Ciona intestinalis), X SE4Fh 1 751, A 55
T MEARSF AR Y, Bl m R EHESI Y F N IR
P WX SE RSN AT R B R R, W LR R N H
HEZh W, HEUE FI g L-like GG R B LR i1k
KFRo HINEE 2 FIFIUWERIMNE: NS A F ryz
FRIF 5 Bt Bt R il F R BR8], TEILER 1.

R 1 20MHFE 177 FALREQE Llike REEEREEFIE
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A3 Amphibia JTUHE Frog(Xtr) 16
SRR Fugu(Tru) 6
i Medaka(Ola) 6
e #ll & Stickleback(Gac) 8
Actinopterygii B O fa Zebrafish(Dre) 21
FLhiZE Agnatha +&888 Lamprey(Pma) 6
3L Z Y Cephalochordata 32 5 & Lancelet(Bfl) 9
RBZEF Urochordata 885 Ciona(Cin) 5
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Fig.1 Phylogeny trees built with four methods for 177 sequences of cathepsin L-like family members
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Fig.2 Phylogeny tree of cathepsin L-like family: MrBayes was used to build phylogeny tree of 177 cathepsin L-like family

members and two sequences as outgroup, numbers at nodes are posterior probabilities from MrBayes.
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o)cathepsin L 1 F #£47 BLAST, #5554 cathepsin L i1 F 7
XL TR AN R A5 Ry 3 (R, 7Rk S cathepsin L i 3 [
BT 5 5Pkl TO3E6.7.2 (B ID,ENSEMBL), cathep-
sin F X B R A T 5 5 YL (A 1K) FA1E6.6.1 (11 ID,EN-
SEMBL), A8, 24 cathepsin L. V.S K Fil H 54k i 3L A
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A3 15 R ke B ] L T2k L T cathepsin HL V.S il K 4315 H 5k
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FEHAENE . XA AL cathepsin S il K J& e A HESh 4 1 91
JEA B . Cathepsin S 1 K Je o 142 i 1Y 45 R HA B T
J5F cathepsin L 2 G5 L BRI 1) £ 1 H 42 iy i R A2 il 42 DA

TR gs b, FRATITLIE H cathepsin S I K B 1EHHEShY
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B, XYL cathepsin S F1 K 1] i I8 T A MHEsh W rAH 6 -
TCaHEHESI ) . Cathepsin K 7585 20 M Hh & 2352, R0 —
1) —ANTE B WS A 3 3 e A TG 2 1 il , X7 AR B
P E AR EESLP, Cathepsin S B FEPL IR L6 40 IE( APCs)
F3A, LN B 40 240 i (DCs ), 3 LL 40 il 5 15 3 345 1
SupE R He AN MHC-T A S S A 7. 9B 4
RGN NOR IR T8 HESI I A S50 X cathepsin S I K i
TFHIRE T, FATTTLIFE | cathepsin S F1 K #4943 544 3]
YIE AR S5 K I U AR HOGHR Y o 32 53 4h—AN1E 1 cathep-
sin S 1 K Ay IFATES o
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Table 2 Chromosome localization of Cathepsin S and K from partial species

FH AR B4 ﬁarﬁzyu%fg cdna FRIAGL E EfasE
Sequences Species Length of protein Initial position Chains exon
sequences

Hsa K Human 329 Chromosome 1: 150,768,684-150,780,799 - 8
Hsa S Human 331 Chromosome 1: 150,702,672-150,738,433 - 8
Ptr_03 Chimpanzee 329 Chromosome 1: 128,975,594-128,987,818 - 8
Ptr 04 Chimpanzee 331 Chromosome 1: 128,913,629-128,947,089 - 8
Sus K Pig 330 Chromosome 4: 102,342,678-102,354,617 + 7
Sus_03 Pig 342 Chromosome 4: 102,368,163-102,393,283 + 8
Ocu_K Rabbit 329 Chromosome 13: 41,346,878-41,360,274 + 8
Ocu_S Rabbit 331 Chromosome 13: 41,370,897-41,392,664 + 7
Aca_S Lizard 342 Scaffold GL343862.1: 18,139-36,017 + 7
Aca K Lizard 290 Scaffold GL343862.1: 1,635-8,701 + 6
Dre K Zebrafish 333 Chromosome 16: 31,753,228-31,762,840 + 8
Dre_Sbl Zebrafish 330 Chromosome 16: 31,769,424-31,773,725 + 8
Ola_K Medaka 331 Chromosome 16: 24,479,790-24,492,011 + 8
Ola_S1 Medaka 339 Chromosome 16: 24,494,714-24,503,215 + 8
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