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WO, BOVLe, WA, R Eh Y, EORIE?, A AR, BRRIR
(PR PIEZRE 1. T4 R E, 2. REEFHEFE, TR 510089;
3. SPHBE SR A R =, RN R 550004)

W E: (B8] WA S P gk SR R R R RS A [ S AR BT S AR YT
REBVSEIRATSY . (U] FIHEEEREYHEARGFRE P OMHEEYEBRFMENNEAINERRETH
FERFE LN FIIFSE RS ITRSF TR 456 ALY E B ¥ 0T 44, 40 Pegene Fl Vector NTI
suite, MY LR 2 cDNA BURLSCZE PRy 7 Bl 2k R B L Gm g X, 43-# | 00000 12 5k R 4 14 28 14 g
ARRE IS RO IE AL D RB AR SRR B AL TN RS S MR, (4R ] mEE &K
1737 bp, JifS X A5 205~1503 bp, 4ifith 433 NEIEER , @K E, GenBank H -5 N R HUR B EF R IR 7
IR , i 78%, M4 FEIEISTNE N 46653.5 Ku, ¥AH R LhiEE T, MllGABEESE
IAEEIEIX 3 ANSRKERROL, 5 HUR R EEIE L R RE .  [450) R AEWIE B 5 1 L 4% HUAL
B cDNA SCPE e T W 4 RUREERE cDNA £ KB HER AW S mEER,

KB WL JREERE; 41, Thee, £VERY

FESHEE . R383.3+42 SCERERIRAS; A XERS: 1672-3554(2008)05-0575-06

Structure and Characteristics of Gene and Protein of Enolase
from Taenia asiatica

HUANG Yan', HUANG Jiang’, HU Xu-chu!, XU Jin', CAO Kai-yuan?,
YU Xin-bing', BAO Huai-en®, LANG Shu-yuan®
(1 Department of Parasitology, 2 Department of Immunology, Zhongshan School of Medicine, SUN Yat-sen

University, Guangzhou 510089, China; 3 Department of Parasitology , Guiyang Medical College,
Guiyang 550004, China)

Abstract;  [Objective] To get the messages on the structures and characteristics of enolase from Taenia
asiatica (T.2.ENO) by bicinformatics. ~ [Methods] A full-length ¢cDNA sequence encoding enolase from ¢cDNA
plasmid library of Teenia asiatica was identified by using tools of bioinformatics at webs sites of NCBI.  The
characteristics of the deduced protein including the physico-chemical characteristics, modification sites after
translation, domains, subcelluar location, topological structure, secondary structures, and 3D structure were
predicted by employing bioinformatics software package supplied by the website of ExPaSy.  [Results] The full
c¢DNA sequence encoding T.a.ENO includes a complete open reading frame of 1299bp which encoded a putative
protein of 433 amino acids. The coding region is 205 bp ~ 1503 bp. The amino acids sequence has a high identity
with enolase from other species in GenBank. The protein has one transmembrane region and stable physico-chemical
characteristics. The molecular weight of T.a.ENO is predicted to be 46653.5u. The protein has three hydrophilic
regions. The relationship of phylogenesis between T.a.ENO and enolase of other trematodes is close. [ Conclusion ] The
cDNA sequence encoding enolase was screened from ¢DNA library of adult Taenia asiatica by bioinformatics. The
structure and characteristics of the gene and protein of T.a.ENO were obtained.
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500 %

SN 45 L ( Taenia asiatica, T.a.)] 253 F
AEW, OFEREAE X EEE, HE wEH,
Ep R AR AR A, AT RS B4 s SR
WY S TR R M R SRR R E, N
JAERETT RS, X 55 3l A 7= 0 A& 7 R AR Ok
ST 2% B RO 2S5 4 4% O BURR B {ELHS
o SN S 4% O JE R AR L, S YN 2R R A
5 2R A 2% e A AT S AR R AR AL, AT LA
SRABAE P 4% HORIA D R A AR R, 140 80
FEAR ISR AT BB A8 2 JiAT o0 A B A fg
K SE UG s ) B AR 2 HEAT T 0T (B ER
TAEAT R BRAE 40 Bl KP4, AR AR T I
7 4 R Y cDNA BRI SCEE, R7E T REK
Unigene,Tfii%l’ﬁfE‘J%ﬁﬁﬂi}F%Tm‘%ﬁl‘]%%
HEL R KR A A S TS, DU 5K
TR 3 T gk e B AR UR | R AL AR TE] A R 0
R I8 RPN T AR R R A B 58 . AR S
B BE T (enolase , ENO) R HEATIX 77 T 5T A gk
MM TZ—

1 ##E 7%

L1 #

VI 5 2 AR 4 cDNA BRSO, B b
VBRI R AR, AU P A5 B 23R8
¥ %) tr % (EST), Washington University BLAST
(WU-BLASTX) /7 £33 EST 3875 UniGene’, [
AR 5IZA T AETE L At Y0 S R
B (T.a.ENO ) K& [l ) S KL 45 28 HC1-G6,
oAt FF A R A W) B Y ENO 22 B R P 41 IR
H GenBank (http://www.ncbinlmnihgov/Genbank/
index.html) . FF B 7 W B4 BF B 2 K (Fasciola
hepatica ENO %5575 AAAS5TA50) , R CT I HUJd B i
FLIK (Echinostoma caproni ENO &35 ABI26619),
75 BT 26 UG BB FE R (Caenorhabditis elegans
ENO, %5%5 CAH10783), A FGHE AR IE A2 A
(Trypanosoma brucei ENO, & 55 EAN77714), A
JIENEEERE (Homo sapiens ENO1, 5555 AAY43128;
Homo sapiens ENO2, % 3% 5 AAH02745;Homo
sapiens ENO3 % %5 AH17249), & B (Raitus
norvegicus ENO % 55 AAH83566), 4 I I ik 3
(Bos taurus ENO % 3¢5 AAL02989) , B 5 I i
M5 (Sus scrofa ENO B35 ABC75829),

12 77 i

121 T.aENO X B eyRA  WidEEERAY
AR E B AL (National Center for Biotechnology
Information, NCBI, http://www.ncbi.nlm.nih.gov/)
P 35k A 3 A R 5 b X #8 R T B (basic local
alignment search tool,BlastX,http://www.nchi.nlm.
nih.gov/BLAST/)ﬁﬁm, P S R SOk g 5 o HC -
G6 13 AJFH 5 GenBank 9 A FHEAT LLXT, 43
Mg IR ) B P 9 5 HAth B B TR R LR R 1 Y
— Btk TR A K, R rpsblast 43
MrH LRy IRERL, '

1.2.2 T.aENO ## = 8EBF I 5W  Liaik
TE {0 T A A (vector NTI suite) i) ORF
Finder i € H 52 AU 465 7 41 (complete coding
sequence, cds), #RJ5 H Translation 72 /5 #E-5 I 4
HAEEFRFF , AlignX X T.a.ENO 5 GenBank
HoAth R0 04 R R AR B BRER R P 9 AT HO X AT
45 HEALA

123 T.aENO & & ZALW R A LM oA Eid
WL AEYERFHRATMEA ST ERAS
(Expert Protein Analysis Systerm,ExPASy, http://
ca.expasy.org/) T HEHEAYEE 4 =T 5 534 T
B ot B EE KT AR B
Mo T T.a.ENO BYBALAMEST, 05 78 S5 il
A B TR L N B AR O R A A W) TR 2
BRI Tk 1 W 7L 30 4 A L e ) 2 B TR U R
foRa e ML T T.a. ENO — 454 R34k |
PEEEAL B R 1L | B R 1b S8 AL L T 40 il e
N, TS IR 7 51 (1 5 B DX AN 4 A A LA B —
PEEW | AT REEKNE . W TIESS,
AT T H XTI &, X2 R B0 A (Rl R
R

1.2.4 T.aENO 6 FKHEH5H  Pegene B4
L R EMR R, B SRR K PR e
RAALE,

2 % R

2.1 CERRHRIRES A HC1-G6 N F 5 Y Blastx
5

DR EER A R RN, 5 GenBank H
W E W 52 ( Echinostomatidae caproni) B4 TS 7] 5
PEFIK 78%., 1ZFEMEFELA Y 57 35 5 T30 R
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Hh, 4. LY 2% HURBRRESE R B 1 R A 454 5 Th B

577

HUGTRERR SR RTEF S, BT LOZEE R AR T
PHH 2 HUR BRI B 2 K BE R P 51, LKA ORF

RS IS X (] 1), FH rpsblast 434 & 30
B RHE N T AR SF S5 MR (B 2)

1 GGTTCGTGACTCCTC GAGGTCGACGGTATC GATAAGCTTGATATC GAATTCGTATCGGCC ATTACGGCCGGGGGA CAGTGTGGTGGGTCT
91 TTTGTTCATTCTGGT GTCGCTGAGCTCGAA CTACTTCGAATTCAT GCTTCTACTTTTATC ACGCAGAGGCTGTGT ATCTAACTAGAAGTT
MSsS T QKTIH ARQIF DSRGN PTVEV
181 TTCATTCATTGAGGC TTCAACGGAATGTCC ATCCAAAAGATTCAT GCTCGTCAGATCTTC GACAGTCGTGGAAAT CCCACTGTTGAGGTT
bLTTA KGMFR AAVPS GASTG VHEAV ELRTDG
271 GATCTAACCACCGCC AAGGGGATGTTTCGC GCTGCCGTTCCCTCT GGTGCCTCCACTGGT GTACACGAAGCGGTT GAACTCCGCGATGGT
DKNAY MGKGV LNAVEK NVNEV I APAL LKTETKTF
361 GACAAAAATGCCTAC ATGGGCAAGGGTGTT CTCAATGCCGTCAAG AACGTCAATGAAGTC ATCGCTCCTGCTTTG CTAAAGGAGAAATTC
I v1TbQe EXKIDE FMIZ KL DGSPN KGKLG ANATIIL
451 ATCGTCACCGACCAG GAGAAGATCGATGAG TTCATGATCAAGCTG GATGGATCACCAAAC AAAGGCAAGCTGGGA GCAAACGCCATCTTG
GVSLA VCKAG AAEKG VPLYR HIADIL AGNT KT D
541 GGTGTTTCTCTGGCG GTCTGCAAGGCTGGA GCTGCCGAGAAGGGT GTTCCCCTCTACCGC CACATTGCTGACTTG GCTGGTAACAAGGAC
vVviLPV PSFNV LNGGS HAGNTEK LAMQE FMITLTP
631 GTCGTCCTTCCTGTG CCCTCATTCAACGTG CTCAATGGTGGCAGC CACGCTGGGAACAAG CTGGCTATGCAGGAG TTCATGATTCITCCC
T GAKN FTEAM KMGTE VYHHBL KSVIK GKYGL
721 ACCGGTGCCAAGAAC TTCACAGAAGCCATG AAGATGGGCACCGAG GTATACCATCACCTC AAGTCCGTTATCAAG GGCAAATACGGTCTA
DACNV 6GDEGG F APNTI EHME GLEVLTL KTATITD
811 GACGCCTGTAACGTT GGCGATGAGGGTGGC TTTGCTCCTAACATC CAGGAACATATGGAG GGTCTTGAACTTCTC AAGACCGCCATTGAC
RAGYT GKVEKI 6GMDVA ASETFY QNGEKY NLDTFHK
901 AGGGCAGGCTACACC GGCAAGGTCAAGATC GGCATGGATGTGGCC GCTTCTGAATTCTAC CAAAACGGCAAGTAC AATCTGGACTTCAAG
NPAAV ASSITIV PG6GSKL AEIYL EMLSEK YPTIVS
991 AATCCCGCGGCGGTT GCGTCTTCCATCGTT CCTGGATCGAAGCTG GCTGAGATCTACTTG GAGATGCTTTCCAAA TACCCTATTGTCTCC
I' EDPF DQDDW AAWTA FNAKA GIQTITV GDDLT
1081 ATTGAGGATCCCTTC GATCAAGATGACTGG GCCGCCTGGACTGCC TTTAACGCCAAGGCT GGGATTCAGATTGTT GGGGACGATTTGACT
VTNPE RVQQA IDKIKACNALTL LEKVNQ IGSVT
1171 GTGACAAACCCCGAG CGTGTGCAGCAAGCT ATCGACAAGAAGGCT TGCAACGCCCTTCTG CTGAAGGTGAATCAG ATCGGGTCGGTGACG
ESTKA CKMSR AAGWG VMY SH RSGET EDSTI
1261 GAGTCTATCAAGGCT TGCAAGATGTCTCGC GCTGCTGGTTGGGGC GTAATGGTGTCGCAC CGCTCAGGTGAAACG GAGGACTCCACAATT
ADI VY GLRTS®G I X TG6G APCRS ERLAK YNQTLTL
1351 GCTGACATCGTTGTC GGTCTCCGCACCGGA CAGATCAAGACTGGT GCGCCATGTCGCTCA GAGCGTCTAGCTAAG TACAACCAGCTTCTG
R T EEE LGFZ KA VYAGE HFZRNP L *
1441 CGTATTGAGGAGGAA CTTGGCTTTAAGGCC GTTTACGCTGGCGAG CACTTCCGCAATCCT TTGTAATCACTGTTT ATGGTACCTTGTCGT
1531 CTGGCGCGATTGTCG TAGATTTAACTGCGT TTGTTATTACAACCT CCTCGACAGCGGTAG TGATTTGCCGAATTT TTTAAATTAAATTTT
1621 TTGGAAGTTACAAAA AAAAAAAAAAAAAAA AAAAAAAAAACATGT CGGCCGCCTCGGCCT ATGTGCGGCCGCCAC CGCGGTGGAGCTCCA
1711 GCTTTTGTTCCCTTT AGTGAGGGTAAT

The full length sequence of T.a.ENO contains 1 737 base pairs(bp). The complete coding sequence (CDS )is between 205-1 503 bp which encodes

E 1 T.a.ENO £ cDNA F3I & E ORF B S5 &

Fig.1 Full-length cDNA sequence of T.a.ENO and the amino acid sequence encoded by ORF

a putative protein of 433 amino acids. There are untranslatable sequences at the 5’ and 3’ termini.
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B 2 rpsblast il T.a.ENO B4R~ 5 g1 E
Fig.2 Prediction of conserved domain of T.a.ENO by rpsblast
The number stands for the ordinal number of amino acid
22 T.aENO EHFRHEW MR ¥k 89.47, BiKPERE,

T.a.ENO FAH T 2 5 BEIS (B A5 540 3]
4 46 653.5 1 6.77, &A 5 AFMEAR, T 5
A B ER 2 [RTY B BRI T RE RN, R
H A KW 280 nm Ak A9 BE JR T4 % R %k
33 140 mol - L' em™ ; B VKR E N 1 o/L B, E B4R,
PRI I — BRSO R B (Abs) S 0.708, #H:
FCAR N Bk 2R S ERR , ETFLSh Y IR LT 40 A
VRN IR B2 H 30 h, TEMREEERI KR A
HRIB R BT 20 h A 10 b, IR A
AR E SRR 32.33, TERW P RIEE . Bk

2.3 T.a.ENO #iFEJE&5 ., I 40 B 7E (L 19 T
H Motif scanning (Motifscan) 43 #7 T.a.ENO 4%
NSRBI, T.aENO &7 6 MEENIREN
PG L (CK2) BRI AL AL, 5 /M TE R R 1 B
C(PKC)BRIRUAL L, 2 N IR e B TR LT A,
10 METER) N-PI IO, 1 MR R L
FRNEFALNL A, T.a.ENO WA 5 IME 5 B 51 F
Bk L B bk e 71
24 T.aENO BYIE NG Z R G A0k HERFAE
H Predict protein FUM 45 SR WE 3 B8, Him
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WMz EAE—MEEA, B 1 AEEX(M),N WE(H) B I8 (E) MICHLE M (25 |35 ) 09 L4l
WAL TR (1), C S T RSN (o), Sec TN o 1R Ay 40.42 1 21.15 : 38.43,
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U AT 8 it 9 iy 100, 1, 12
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| PHD htm o , MVMMMMMMMM
- PiMohtm  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiTTTITTITTIITIT
g PROF sec  HHHHHHHHHHHHHHHHHH HHABHHAHHHHH HHHAHHHHHHHAH
. 184 1B 16 17...,....18
éﬁp . ﬁﬁAAEKGVPLYRHIADLAGNKDVVLPVPSFNVLNGGSHAGNKLAMQEFMILPTGAKNFTE
m
PiMohtm TTTTT0000000000000000000000000000000000000000000000000000000
PROF sec HHHHH  HHHHHHH EEE  EERE EEEEEE HHR
e 1920, 2T 22, 93, ., .... 24
%%D o AMKMGTEVYHALKSY TKGKYGLDACNVGDEGGRAPNTQRHMEGLELLKTAIDRAGY TGKY
PlM-C_)htg 000000000000000000000000000000000000000000000000000000000000
PROF_sec HHHHHHHHHggHHHHHHHH26 97 ggHHHHHHHHggHH :
éﬁD b KIGHDVAASERYQNGKYNLDERNPAAVASS TVPGSKLARTYLEMLSKYPTVSTEDPFDQD
m
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PROF sec  EEEE HHHHHH ~ EEEE HHHOHAONHAOAHE  EEEE
T S DT TN & PP S |- A 36
%ﬁn b DWAAWTARNAKAGTQTVGDDL TVTNPERVQQATDKKACNALLLKVNQTGSVTES TRACKM
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m
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PiMohtm 0000000000000

PROF_sec HHHH

B3 T.a.ENO MRTMEH L5 E
Fig.3 The topology, secondary structure of T.a.ENO by Predictprotein

AA : amino acid; PHD htm;neural network prediction of transmembrane helices; PROF sec:secondary structure; PiMohtm; prediction of membrane

topology

2.5 T.a.ENO BYZEAKMED T 31
| Pcgene B 4G T T.a.ENO ZEHMR 1Y 2]

SRR (B 4), S HL PR E R AL 1]

FEHME. OAh = 2.03 From 50 to 55; Arg-Asp- WW

Gly-Asp-Lys-Asn;@Ah = 1.73 From 86 to 92: Asp-
Gln-Glu-Lys-Tle-Asp-Glu; @ Ah = 1.48 From 373 to

380 ; Arg-Ser-Gly-Glu-Thr-Glu-Asp-Ser (Ah, average -2 1
hydrophilicity , “F-3I5EK M) . R e T
1 80 160 240 320 400

RIERINE , HAAOMQF TR, OFF
HILTF AN , B 5 — AR SRR R IR AL, R T
FLTFREAN K, T B F 52 ENO & 1 BitF
MEFEEUFI o The ordinates and abscissa stand for the Ah and amino acids
26 TaENO H=4EEEHEMMECEIERNE respectively. The vertical line stands for the amino acid site with

) A [ JR AR 1 AR 95 4% (SWISS-MODEL) K¢ highest Ah.

B4 T.a.ENO KIzR/KIES W E
Fig.4 Hydrophilicity profile of T.a.Eno
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T.a.ENO 52 H 45 M B0 22 i 0y 8 B B =4k 254
PEATUCI , By E A3 B9 T.a. ENO =4E45 M K], 3o
HEGAEE AR T B P IF%E A RS
RSO, AR T T s B SR S I BR AR R A
S5HE I ENO f S SE TR 550 58 211 1 HY)
BETR (Glu211) 55 343 {7 BT E IR (Lys343) . Al
5371 S A AR (His371) [, B 1SS Al B 1
+43&EiE , 3 H His 371 HITE ENO B BT84
XIHEI(E 5),

5 T.a.ENO K 3D 54l dO S B ER Y == 8 i & &
Fig.5 3D structure and spacial position of key amino
acids of active site in catalytic center

The globes stand for the sites of three key amino acids. Ball
with stick stands for the sites of finger-print region (amino acid

sequence; SHRSGETED) of ENO

2.7 T.a.ENO HEMHFH ENO Kb BF 5> Fit ik
W

M FH vector NTI suite ¥ 4 4F 37 #8 % &
(neighbour joining %)%t 9 M0 11 4~ ENO &
BB T I 7w (B 6) . 45 R BRTEX 9
MY FH T.a.ENO 5 W HUE A9 ENO A9 1k o6 R
Bl , IR ENO A9 5 SR ER Ab 7E AR it
PRFE XS, 2S5 AR 3 ASELAI A ENO Xt
H,T.a.ENO 5 ENO3 #9 [F] I8 14 & ik 74.7% , 5
¢ Bos taurus ENO(0. 0064)

Rattus norvegicus ENO(0. 0052)
Caenorhabditis elegans ENO (0.1281)

Echinostoma ENO (0. 0295)
_,I E:mﬁasciola hepatica ENO(0. 0401)
Taenia asiatica ENO(0.0990)

Trypanosoma brucei BNO(0, 2547)
Homo sapiens ENOL(0. 0000)
I Homo sapiens ENOZ (0. 0000)

- Homo sapiens ENO3(0.0130)
L Sus scrofa ENO(0. 0104)

Bl 6 T.a.ENO 5E{tt4%h ENO #5153 E
Fig.6 Phylogenetic analysis of T.a.ENO with ENO from

other species
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3 W #
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WAV THBEEE ) , XL R B D BEE AT W 45 O B
o, A HD B R TR R, LR BN A
F14) 2 i X SR A P TR B L G s 1 B P R B
FEPERR (LGS 0T & P et ik
PESE) BT, A BY T REUA BRI LR AN IA TR
EFIE Ak B B B B8R 1 R T s
FARBIAT BN FRAT A TR R EHE ALY,

ASCATAT I 5 2 AU BERG L R, 7E GenBank
FHEEREFS, @240 %E01E BN R
T, 2 25 DR -5 b Ay e A9 s G - 56 R ) 52 4
B, ELA R TR R S R P 5 R ST Th g
I, BT XA FEE AT LU LG A 52
6 B F HOR TS B AL 2-BE IR H I R S IR A
1 X S R R (A1 564 B0 v 1 . 75 LR A I Y
b BB A A AR A, AT S LR 5 S ST 4%
T A A L R

FEATRAEYER TAERE, 49115 B2Ea ik
PR 2SR (0 IR TR 4> T2 VS5 S TR TR
R e M EAR L R GRS A i P 2 s BT 45 ) AT L)
B B BA T A oA TS0, A LRI H B,

075 T A TR A 12 P L 2-BRIR H MR S5
BEIR 7 B ST B R 22 A EA T 5 AL I e, R — A L
WARSFREH, WE R HT AT AR — 20 T
ZHMLEER . Bl T HES GenBank HFiLBA
BRI AR R A S R R B SR LR
JE3I, B AZEASCHR UK T.a.ENO BT 5
B DAAE A Sy 4 R B s BN AR R, DA
Hofl Z5 A A A IR TEREEAT T O R T A
LA H St 25 SR B AR R BE FI T T.a. ENO 5 5 4
U AR 4 R s A 4k A E AL e R B G0 SR
T.a.ENO fEN 254 i, E0E N ST Ak
WHRER, WLTEEET5E EHEEE LR
[ B, B T.a. ENO 575 £ 2201 (B X b i
R P F SR B4 T SLIRF AT

TGk TaENO $rFMSHR N 7 , T.a ENO
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