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[Abstract]  Objective  To clone the genes coding for cysteine proteases (CPs, TvCPs) from Trichomonas vaginalis
and to analyze their genetic variations with the related sequences from NCBI database (GenBank) and T. vaginalis Genome
Project database from The Institute for Genomic Research (TIGR). Method TvCP genes were amplified using PCR,
and inserted into vector pET28b or pBS-T. The recombinant plasmids were then transformed to Escherichia coli BL21 or
Top10 strain. The recombinant plasmids were used for sequencing. Homologous TvCP genes were blasted based on NCBI
GenBank and TIGR T. wvaginalis Genome Project database. The sequences of cloned TvCP genes were aligned and clust-
ered by Clustal X (1.83 version) with retrieved sequences. Comparisons of amino acids among cathepsin L-like TvCPs,
human L-like cathepsins and papaya papain were performed using DNAstar software, and their phylogenic tree was
constructed based on neighbor-joining method using Clustal X. Results  Two TvCP3 clones and one TvCP2 had a
high identity of more than 99% with their responding TvCPs. Three clones of TvCPA genes, GZ-CP4-clone 1-3, belonged
to two members of a family showing a high percentage identity of more than 97.5% with the sequences of TvCP4 genes
from databases (GenBank and TIGR) both at amino acid and nucleotide levels. Nine homologous TvCP4 pro-enzymes
with 304 amino acids and other two members with deletions of N-terminal sequence existed in T.vaginalis sharing a simil-
arity of 62.3-96.7% amino acids, which may evolve by means of gene replication and deletion. TvCP1-4, TvCP12,
TvCP25 and CP65 had an identity of 61-88.2% at amino acid levels. So far, all reported sequences of C1 family from
T. vaginalis belonged to capanthesin L-like subfamily with the same enzymatic active sites, conserved cysteine residues and

similar structural features such as ERFNIN-like motif in pro-enzyme region, suggesting that they might result from gene
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duplication and mutations. ~ Conclusion
the same active amino acid residues,

derive from one ancestor.

cysteine residues and similar structural characteristics,

TvCPs belong to cathepsin L-like family with genetic diversity, but they have

suggesting that they may
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BHIE 1% HL ( Trichomonas vaginalis ) J&=—FhHePER
AHIE R, FAETAKRRE, AE, nfsEYE
T HUR (trichomoniasis ) , 1R B EZRER AL 55 2ok
Bl . TESUR ., IRIER, FPERFIIRR LA
FEIE MR IEREIR, AT SR A R s, [J]iE
B RS T E B0 . AT (HIV) . &
BRI 5 5 B8 (HBV ) BB LU K B = S B U1 C R 12

2K e & R 75 H i (cysteine proteinase, or cysteine
protease, CP)Z[EBHREBLEIHHEFZ—, =
5P B S e ek AR ) R
CP, Z/DAE 23 P EE AP0 CP, XY
S F i (Mr) 2974 23 000~110 000, BIIEEif R CP
(TvCP) FE M LIt MR E 1 A 28 (papain-like pro-
tease, AN FIBG) FIE e MR & B D 2 (legu-
min-like, EREEHME)A M, 2581k, Bk
1) CA 2€ TvCP K& A 1y 2H 2VEE 1 g L AR R 10
H T A (Toepl1~4, Toepl12, Twvep25 F Tvep65), H
LRGN B B DIECH AR L R R
138 B iRt L PR 2 2 B IR s, BHIE BT R CP 4L
R, HAREZ, hik—0 1 i B1E B i 2t
R MR AFIE , ARBFFEXT TvCP2, TvCP3 FI
TvCP4 &5 H B P8 AT, [m iz AR S
2TV R R A% TR B H: i % R 1 1) R R
Feo i T o4

M EFE

1 Mk, E¥RE RN

3 = 37 HRL I PR 0 B ik GZTV20 (T S A ]
PR KA RERURS) I GZTV29 (A S JEAA BH M |
Xof F s N EEURR) BRI TS N RSB I IR
iz B, OB pET28b (+) FI KI5 75 1 (Es-
cherichia coli)BL21(DE32)#1 Topl0 Hitk, HARMF
HURFE, Bk pBS-T 14 B AL R AEHAEY A F]

2 FERAF S

Taq DNA fifi | T, DNA #EHEE N E A TE (K
A RRAF ™, DNA B2kl &oh A TAE
Y TREABRAF =5, DNA FREH (D12000) Kb at

KAWHACLE A L=

3 Tvcr EREEE

[ B i L 2 DNA #2850, HAYREER PCR §-
M4 R DNA $RHUSCE 2 okl DNA S5, #5%
SCHR (14317, R4EC &RE TvCP FEH P51
H Oligo F A iit514, M54 TvCP2F (5'-ATG TTT
GCT TTC TTG CTT TCT-3') HITvCP2R (5-TTA GAG
AGC CTT TGG AAT GAT AGC-3") 3" M52 B IF itk il
BEHE (ORF); FHTI# TvCP3-F (5'-TCG AAT TCG TTC
TCT GCT TTC TTT GCT AC-3') F1 TvCP3-R (5'-AAC
CTC GAG CTC TAC CTG TGG GAT GAT AA-3' )31
ORF, H51% TvCP4-F (5'-TCG AAT TCT ATT GCT
AAC GCT GAC TGT GAC TGG-3') F1 TvCP4-R (5'-AA
CTC GAG CTT GTC TTG AGG GAT GCA GGC CA-3")
P HE B LA 53 (T RIZEH 7350 3R EcoR T Fil Xho
I BEOIALL, S mAb T A A ARG ) . 37
WM. 94°C 5min; 94°C 30s, 55°C 30s, 72°C
90s, 35 MEH; 72 °C 10 min, PCR ¥4 7=¥17F 10
o/L SiREbsEERe vk, UIT HIWAH, F DNA gl
AR & e gifb = 4, % B A0 S R RN B R 28k 44
pET28b(+)DNA B pBS-T A& #EEE A, 4 PCR %
AN BAMEE L Ok, PR SO i b A 3 R A ]
J¥ . F DNAstar B2 7 FIEC XA OGP 41, 1 =
20 SOk A R IE A M

4 TvCP EREFIILLRS

| F DNAstar B8, %0 7 153 2] 19 TwCP2 |
TvCP3 Fl TvCPA FE 351 B i SE 1) 751 5 95 [
FERABFFEIT (TIGR)T. vaginalis 538 E (http < //www.
tigr.org/tdb/e2kl/tve/) 13 [ [ 57 A= P BOARAF B Pl
(NCBI) %44 /£ (GenBank ) (http: //www.ncbi.nlm.nih.gov/)
FIFIN. S % P51 (TvCP2-3 BB S-S540 3R X77219,
X77220, TvCP4 FPESRS I X77221, 92602.m00073
Fl 96423.m00256) AT AHIPEFI 22 PR L # .
ClustalX #4 (1.83)%F TvCPA LR T2 5 751 He X
FIEKEC (alignment), FEARHEAT 47 (neighbor-joining
method) % il TvCP4 73 F R G4 #, FH A Bk
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(bootstrap test) Farg it LA [1618:0

5 TvCP R LEHAARREBLEFIIMNLENIST
Ein A SUE AL ES

| A Blast ¥: 2 T.H. M GenBank I TIGR H4% F-
FHIE B 1R TvCP2-4 3 AR [FIEF 51, M ClustalX
B T Z 75 X FIEKEL (alignment) , AR4E2B
$%15 (Neighbor-joining method) % il TvCP 7> 1 R4
HEAEAR O8]

# =X

1 TvCP ERERESEHERE SN

1.1 TwCP AR LRI E I B H IR
DNA 9§38 ToCP B YL UKo a5 e 1 o, H
H A B/ NS T3k,

M 1 2 3

bp
2 000
1000

750
500

250
100

M: DNA#REY) (DL2000), 1. TwCP3, 2. TvCP4, 3: TvCP2,
M: DNA marker (DL2000), 1. TvCP3, 2. TvCP4, 3. TvCP2.

1 TvCP EE PCR ¥ 7= i e ik B i
Fig. 1 Electrophoresis of PCR products of 7vCP genes encoding
T. vaginalis cysteine proteinase

A TvCP JE IR ) PH A v B G 0 7 &5 SR 6
TvCP2, TvCP3 2 ToCPA FEFS5IR 954, 957 2 672 bp,,
TvCP2 #:KH5 GenBank H TvCP2 KNS ¥4 (& 5%
58 XT77219) A Eb, ORF %8 402 {37k C 1fidE G (Bp
tec—teg, [F]XXEMST), 676 (A CIMAE A(cag—aag,
AR LT, BEIR K> BEE Q), 789 fih C
MEE T(ED gge—get, [ T, TwCP3 EH TS
TvCP3 3R S P5 (G550 X77220) ML, 14758
FERY ORF 2f 66 Nl el T ik C (t—tie, [F) X5
), 5 1A TEFER) ORF 55 66 (it T, 45 77407
R GmdE A (BP teg—tea, [F] SRS T ) FIEE 382
i TR C (B tce—cce, JER] X RAY | 228 R
SR P).

M GenBank HI TIGR T. vagindalis 508 E H R 1
ToCPA FER P, w1 XA pr g SR, 3453 3 4>
AR R P51, DCNCD147-CP4(AY-679763,

X77221) 1 96423.m00256 (XM_001325970) , (292602.
m00073  (XM_001310116), @  90246.m00109
(XM_001316379) F1 CNCD147-CPT 91 733 %
TvCPA SN 3 D FefE AT T, TvCP4-clonel 5
TwCPA %= 2% J¥ %] ( CNCD147-CP4, X77221,
AY679763) ORF AL 765 i T 2L C (tgt—tgce,
A SC5AE) | 5 826 i G R A (get—act, JEF] LR
A5 TvCPA-clone2 %5 289 i}y GIliidE A (gaa—aaa,
RIS | 45 391 oL ABUR C (aac—cac, FEF X5
Y6 826 i T AN A (tca—act EA] LR,
TvCPA-clone3 f 474 i T A& C (tat—tac, [F] X%
AR) . AT CARER T (gac—gat, [A] XRAR) FIES
826 N TAVEE A (tca—act, FE[R X HEAR),

BETRF IV TR AT R IR 1, i SeRER
ToCP4 FEH | B TP 5 2 BB R)Y 5, 55
P PE TvCPs FEHS25 9 5 1 57 F R Gk AL L
& 2, GZ-CP4-clonel 5 96423.m00256 2L 75 5¢
2 AME, 5 CNDC-CP4 HA 1 MEIERIRFLN) 2557
(1/198); GZ-CP4-clone2 435 5 CNDC-CP4 F1 92602.
m00073 2% 3 N1 4 ANRIEFRFRIE (3/198-4/198) ;
GZ-CP4-clone3 5 CNDC-CP4 F1 96423.m00256 ¥J4H 2%
5 MEIEMRIREE (5/198).

F1 TvCP4 BEEEBME TR (L4 AW i)

Table 1 Mutations of amino acid residues of TvCP4 protein

e RN
EilE 4 Sites of mutations of amino acid residue
TvCP4 19 81 97 10 12 13 16 16 19 27
92602.m00073 S vV E G A N 1 N K S
96423.m00256 G A K D S T vV K K A
CNDC-CP4 G A K D S T \Y K K T
TvCP4-clonel * * K D S T \Y K K A
TvCP4-clone2 * * K D S T 1 N K S
TvCP4-clone3 * * E D A N v K E S

7 92602.m00073 1 96423.m00256 3 [ TIGR %4fi /%, CNDC-CP4 3k
H GenBank, * F/RAME,

Note: 92602.m00073 and 96423.m00256 from TIGR database, CNDC-
CP4 from GenBank, * Not available.

2 TvCP HEHERE Blast R, TvCP BRRTRIFR
S

2.1 TvCP #9#¥% % Blast #%  FAIETBIRHHR(G3 #R) 4
SN EFRY, Cl e EiRE AR 347
A, Hrp LAAHZUE AR 41 4>, 5BERERETCP2 |
TvCP3 1 TvCPA DL e C 3B s RE ) ToCP HAl R A -
TvCP1(X77218) . TwCP12(AY371180, AY-463697) .
TvCP25 (AY371181) Fl ToCP65 (AY463696) A %% &
foIvE, BA LAFAHLUER AR M R A 26 1,
22 TvCP4 % M EFHF S,  FAEPEEIHR
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Papain
CNCD147-CP4
GZ-CP4-clonel
98

60 11" 96423.m00256
100 GZ-CP4-clone3

55 GZ-CP4-clone2

92602.m00073

— CNCD147-CPT
0.05 _i

100 90246.m00109

. TN ARME (EE 100K), WRNBEEER (%);
CNCD147-CPT il CNCD147-CP4 43 5l 25 CNCD147 73 B % 19 CPT il
CP4, 90246.m00-109, 92602.m00073 % 96423.m00256 43 7|4 TIGR %%
i TvCP 2K | GZ-CP4-colnel, clone2 % clone3 43 7| A B i & iiF HL
UMk CP4 SR sl 1, 2, 3,

Note: Numbers at nodes indicate the number of repeated times (100
repeats), the scales represent the genetic distance unit (percent diver-
gence or percentage), papain used as an outgroup.

E 2 #RE TvCP4 HFE 95-293 iz MEEBKEN A
ClustalX 2 F B 025 BN RS H LR

Fig. 2 Phylogenetic tree based on 199 amino acid residues
(No.95-293, R-C) from TvCP4 constructed by ClustalX
with the neighbor-joining method

(G3 #k) ", TvCP4 2R LM )F FIAHE (305 4~
k), WAXEN CP T 94, 54
TVAG_151460 Fl TVAG_484350 15 B 14X N 35435
B EE 20 S F0 14 ANEIERRIRIE N — /NN, A
BT A5 TvCP4 @ BEARRL, B3R 4 i — A
WM, TvCP4 551 [8) & LR 17 51 AH B ik 62.3%
~96.7%, FEIEE F BT, BAERRT Y2 5
AU LA L2 2,

%2 5 TvCP4 K/MERMEH R BSEBF 5T RIEMB ML S
Table 2 Divergence (%) and similarity (%) of amino acid
residues of TvCPs with the same number of amino acid residues

P Identity percentage (%)

TvCP
N, 1 2 3 4 5 6 7 8 9 10 11

1 - 967 92.1 84.2 748 748 7T1.1 75.1 759 784 669
2 34 - 90.8 849 738 741 70.8 73.8 749 78.0 66.6
3 83 98 - 846 744 757 71.8 751 75.6 78.7 64.9
4 17.8 169 173 - 758 71.6 68.1 71.6 73.7 754 66.7
5 30.8 323 31.3 298 - 698 662 692 722 72.1 62.6
6 30.8 31.8 294 363 385 - 869 78.0 749 75.1 643
7 36.4 369 354 421 447 145 - 751 722 72.8 639
8 30.3 324 303 357 39.6 26.0 303 - 773 774 649
9 29.1 30.6 29.6 32.0 34.8 30.6 348 271 - 76.6 643
0 25.6 260 25.1 303 348 303 33.8 270 28.1 - 656
1 43.6 441 47.1 433 514 483 489 47.1 483 459 -
i 1~11 AP TR AR E R (TVvCP) N, A TIGR
P ; 1. TVAG-467970, 2. TVAG-355480, 3. TVAG-298080, 4:
TVAG-151460, 5: TVAG437820, 6. TVAG228450, 7. TVAG043620,
8: TVAG-096740, 9. TVAG-484350, 10: TVAG-465470, 11: TVAG-
164120; & TVAG_151460 il TVAG-484350 4}, 4 TvCP 4> F 3
305 NERRRIRHELUR

Note: No.l1-11 represents TvCP molecules from TIGR database. TvCPs
consist of 305 amino acid residues except for TVAG_151460 and
TVAG-484350.

22 M Divergence (%)

—_ =

23 HATVCP % &M, R4 &4 Hil TvCP
5 TvCP4 K/NEL, FPAIMML, ¥HEA L AL
B4 AE P 9 ERFNIF BE 5L  fH AR AR AE , (EAN 51
it} 7371 TVAG_228710 Fl TVAG_146680 fitfifi {1k 1%
PGS, CHREEC RS, RN G BRI,

24 TvCP 5AMAREZE G L ILEF 5T 2 LT NHM
FEE TvCP SAEHEE (papain, AAB02650), A4141
HEABG (cathepsin L 5554350 M20496, NM_148979
F1NM_004390, cathepsin K #5%5 4 AAH16058, cathe-
psin S B 55 NM_004079) 2 FE MR 51 K /NG
GERRAL, B 07 A5 0 2E A 1 2 e A PR e
FHYORSF 2 BT Z MR T 91 25 5 AR L L
g R LR 3, AR AR TvCP 15 PEAL S Q FIJE AL
B3 A TR G — A C 2 VR LR A H g 4y
FRGMM R WA 3, NhEH, N LEE48
HOBRATREARE &, RZ5TvCP 7T
RHE—&, ME 2 TvCP 43+ W TVAG_228710, TV-
AG_146680, TVAG_325040 Fl TVAG_267850 5 A L
P SV B MO VR I RSR T — i, R T Wi
e FoRE R,

it #

BF 3 B 3 H TvCP2 F1 TvCP3 & 3L MR ¥ 41 76 A [
HURR ] B BEAR ST, ToCPA LR i E 20 9 Ak B4 AR,
K/NHTA] (305 SR FERR IR ), & LM A% AT B AU
P25 63%LA I, Mallinson 25519\, ToCP4 FHAR
ARERZ DL, ORI S R A /N B 9T 45
B TE] R RE AR AR, (EOR Rl R B R A R 2 3 i) m BE 45
PR 45 2R AR S0 R BE AR 15 5 90246.m00109
(TVAG_355480)CP4 3 KA [R) 19 ¥ 51, & i T B H
LUEsI YA G S H B A ECXT, A1THE 5 TVAG_467970
(96423.m00256) FI TVAG_355480 (92602.m00073) i
AN B B3 A 25 R e 81 AN S KT v R, 5 SR R GZ-
CP4-clone2 Flclone3 ¥ [ A 6 MR IERIRFEZE R,
X AT RE 5 il A HORE R 26 58 B B A1 5 24 7
., HAH B E TVCP4 KK 96423.m00256 Al
92602.m00073 43 F 1 & 3 R )7 51 76 A 5] M Bk 2 5]
FAEM/NE S, 1 96423.m00256 (G3 #k) ., CNDC-
CP4 (CNDC-117 #) H1 TvCP4-clonel (GZ ¥k) ZI[H]
2 1~3 DRI, 92602.m00073 F1 TvCP4-
clone2 (GZ #k) ZI[AIFHZE 4 A ILMRIR I

PATERFSE 45 RRA MR 45 R /R, TvCP1~4,
TvCP12, TvCP25 Fil CP65 K/NHHIE (£ 300 M4 3%
MREkAL), @HEMIPHE AL, W TvCP4 5 TvCP25
R R A AH Lk 1k 88.2% , TvCP4 5 TvCPI,
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*3 TvCP EANELAZEAH, AIEABSEBRFIERE (%, XRA%LLH) FEMNE (%, MRETH) &
Table 3 Divergence (%, above diagonal) and identity (%, below diagonal) of amino acids among TvCPs,
human cathepsins and papaya papain

TvCP No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
1 - 73.2 66.2 61.8 58.8 62.4 64.0 68.9 68.9 69.3 64.9 65.4 62.3 62.3 65.4 61.4
2 43.0 - 70.6 65.4 58.8 65.9 69.7 73.7 73.2 71.9 70.2 68.0 65.4 67.1 69.3 62.7
3 56.1 45.8 - 66.2 60.5 63.9 64.5 69.3 69.3 69.3 65.8 68.9 64.5 64.7 67.5 60.1
4 68.4 58.8 56.8 - 85.5 64.9 66.2 68.9 72.4 71.9 68.0 65.4 61.8 62.7 69.3 62.3
5 76.3 76.3 71.0 572 - 61.5 59.6 61.8 62.7 61.8 61.0 58.3 57.9 59.6 61.0 57.0
6 67.9 58.6 63.9 61.9 70.0 - 79.5 77.6 78.0 77.1 80.0 75.1 70.7 71.2 71.2 61.5
7 62.9 48.8 61.9 579 75.0 30.4 - 80.3 81.1 79.4 80.7 76.8 70.2 71.9 72.8 64.9
8 50.8 40.2 50.1 51.5 68.5 34.1 28.9 - 93.9 88.2 83.8 79.4 71.1 73.7 79.8 65.8
9 50.8 41.1 50.1 43.6 66.0 332 27.3 79 - 89.5 83.8 79.4 70.6 71.9 82.0 66.7
10 49.2 433 494 43.9 67.8 34.3 29.9 15.4 13.5 - 89.5 80.7 69.7 73.2 79.4 67.1
11 60.6 47.8 585 53.6 71.0 29.6 28.1 22.9 22.9 24.5 - 78.5 74.1 72.8 76.8 66.7
12 59.5 529 51.1 60.1 79.1 38.9 354 30.4 30.4 27.5 32.1 - 69.7 71.1 70.6 64.0
13 67.8 59.5 61.9 69.8 80.6 48.2 49.1 47.1 48.1 494 40.6 50.1 - 66.2 68.9 63.6
14 67.8 55.0 61.9 67.2 75.0 47.1 45.2 41.5 45.2 41.8 433 47.1 58.5 - 68.0 62.7
15 58.3 48.8 532 494 89.8 46.1 42.4 28.9 25.1 29.1 34.5 47.1 51.1 53.2 - 67.1
16 69.1 65.3 73.0 67.2 82.0 70.8 60.8 58.5 56.3 54.6 56.3 63.1 64.3 66.7 559 -
17 70.9 69.7 82.0 82.8 93.8 96.5 86.5 79.1 73.7 78.4 79.1 83.5 85.0 71.7 73.7 86.5
18 88.2 91.5 98.2 81.3 104 82.3 83.5 71.7 74.9 74.9 71.7 74.9 98.2 89.7 71.7 89.7
19 113 113 114 102 125 122 121 123 116 121 116 128 123 119 124 122

i RNBEEATETEN S Q AR AL B BE — 1 C AR IEZ MR IR 41 LLAR s S, 1. TVAG_518810, 2. TvCP2, 3. TvCP3, 4. TvCPI12,
5. TVAG_034140, 6. CP65, 7. TVAG_228450, 8. TvCP4, 9. TVAG_298080, 10. TvCP25, 11. TVAG_465470, 12. TVAG_437820, 13.
TVAG_047960, 14: TVAG_164120, 15: TvCP1, 16: TVAG_003650, 17: TVAG_267850, 18. AHZUHMEGL, 19. AJRNEFE,

Note: Data are based on amino acid sequences between active site Q and the last C residue that forms the third -S-S- bond. No.1-17 stand for
TvCPs from TIGR database. No. 18 is human cathepsin L and No. 19 is papaya papain.

TVAG 043620

TVAG 228450
TVAG 096740-CP65
TVAG 484350

TVAG 465470

TVAG 355480
’_|—|: TVAG 467970

TVAG 298080
L TVAG 151460=TvCP25
TVAG 437820

TVAG 164120

TvCP4-clonel=TVAG 047960
TVAG 053440

TVAG202090=TvCP1
TVAG 003650
TVAG 034140
TVAG 410260=TvCP12
TVAG 405280
— TVAG 135480
L_TVAG 518810
TVAG 057000=TvCP2
TVAG 090100=TvCP3
TVAG 267850
TVAG 325040
T TVAG 146680
| L TVAG 228710
r—human-L

_I L_human-S
human-K

1

TVAG 485880

Papain

0.1
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Fig.3 Phylogenetic tree constructed using the neighbor-joining method by ClustalX
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