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Structure Analysis of Thymidylate Synthase Gene from LCDV-C
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Abstract: Thymidylate Synthase (TS) is an enzyme involved in making one of the major building
blocks for DNA deoxythymidylic acid (dTMP), and plays a critical role in cell growth and division and
is overexpressed in the majority of cancers. Lymphocystis disease virus (LCDV) belong to iridoviridae,
and the causative agent of lymphocystis disease, which has been reported to occur in over 100 different
fish species worldwide, and viral infection that causes cells to become megaloblastic, thus forming
small tumors (bumps or growths). The complete nucleotide sequence of the LCDV-C genome was
recently determined. Among the sequenced vertebrate iridoviruses, lymphocystis disease virus isolated
from China (LCDV-C) is of the largest genome. Computer-assisted analysis revealed the potential open
reading frames ORF 011L of LCDV-C was TS gene, the first report of complete TS gene from
vertebrate iridoviruses. The LCDV-C TS gene consists of 858 bp in length with a base composition of
28.2% G+C, and encoded a protein of 286 amino acids with a predicted size of 32.7KD. Comparison of
the LCDV-C TS w0 TS from Chilo iridescent virus(CIV), Ambystoma tigrinum virus (ATV) and tiger
frog virus (TFV) three iridoviruses and other sixteen species, showed extensive amino acid similarities
of TS between four iridoviruses and other species. The predicted LCDV-C TS amino acid sequences
contain the folate-binding site in 44-70 residues and dUMP-binding site in 163-206 residues. The
secondary structure of LCDV-C TS was predicted with 8 alpha helixes, 6 beta sheets and 23 loops,
showed the structure flexible and torsional rotation. Phylogenetic tree was constructed based on the
multiple alignments of TS amino acid sequences from twenty species, and LCDV-C TS is a branch alone.
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Fig.1

Start and stop codon are presented in boldface type. Deduced signals for transcription and polyadenylation are boxed. Prediction was underlined as the

TTAAACTATATACAAATGAG[TATATAAT

-90 TTAGGTGTTAAAGGGTGAATATCCTTCACACACICAATAATACTAATGTGTTTAGAGTTAAAGGGTTAAAAGATTACTGTTTAATTTAAAA
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ATGGCTAATGAAGAAGGTTATTTAAATCAACTTAAGTATATTTTAGCAAATGGAAGACTTAAAATTGATAGAACTGGAACAGGTACTCTT
MANEEGY LN Q@ULEKYTLANGRLIKIDRTGTOGTL

CTTTTATGGTTCCTTAAAGGATCTACAAATTCTTTAAATTTATCAAAAAAATCTGTACATATTTGGGATGCTTATGGATCAAAATCTAAT
L LWFLKGSTNS STILNLSIKI KSVHTIUWDAYG GSI KT SN

NCHTNYEG QGIDAQLQ T I I TKLZEKTNZPNDTRTE RTI

TTAATGACTCCTTCGAATCCATCTGATATAGATCAGGCTGTTTTACCTCCATGTCATGTATTGTGTCAATTTTATCCTATAGACAATATT
LMTAWNEPSTDTID A VLPPCHVLC F YA IDNII

L s cCQCYQRSADMGLG GV PFNVASY ALLTTYTLTI
GCTCAAGCTGTTGATATGAAACCAGGTGAATTTATTCATACGCTAGGAGATGCTCATATTTAT TTAGATCATATAAAAGCTATAAAAGAA
A QAVDMIEKEPGET FTHTILGDAHTYULUDHTIZKATITZKE

L LDY N PHP ATSLTDTLS I *

Bl 1 LCDV-C TS HEHEZERFH. HSNEEBFH R ZREHTRNEE R

Complete nucleotide sequence of LCDV-C TS gene, the deduced amino acid sequence and secondary structure of LCDV-C TS.

reliability is over 82%, beeline indicates a helix, undee line indicates B sheet and broken line indicates loop.
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Table 1 Comparative analysis of TS and TS gene in different

iridoviruses
GC%* Length(aa) Mw(kDa)" pI°
LCDV-C 28.2 286 32.7 7.1
CIv 27.5 295 339 8.5
TFV 554 124 14.0 52
ATV 55.6 95 11.0 52

a. G+C Content; b.Molecular Weight “ +*; c.Isoelectric Point.
LCDV-C, lymphocystis disease virus isolated from China; CIV, Chilo
Iridescent Virus; TFV, Tiger Frog Virus; ATV, Ambystoma tigrinum Virus.
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2.1 LCDV-C TS & & & HmAsr=4F1i

LCDV-C TS #: A4 K 858bp, GC & & 4 28.2%,
1 LCDV-C £ R HAM GC &8 27.25%3 ; 7Ek
REETF ATG _LiF-93 #-107 (i BH N H#AK
TATA #E, -54 (L BH CAAT #fF, L IEFERT
TAA Ti#F Poly(A)45¥f55 (& 1). LCDV-C TS
HEHEWE—NE 286aa HIEEEH, HOoTEH
32.7kD, ZHE A (DK 7.1. A$ LCDV-C TS &EF
R, REEEHE TS HEFHEKEH T F5 R
FREBLE 45 AREEANSTERXNEHSE
BN AR AR (R 1); BHITERSF CIV
(Chilo Tridescent Virus)TS 4 295aa, {{tt LCDV-C
TS £ 9 MEHEM; HELUE TFV (Tiger Frog Virus)

FE S O ATV(Ambystoma tigrinum Virus)iX p§
FEHSILERER S TS EHE A B, #HEWHY
BRI TS %2 124aa fl195aa 54, 717tk LCDV-CTS
4G 162 1191 MEEMR, £ LCDV-C TS EFN
H - HOE WSS E SR & TS BE.
2.2 LCDV-C TS WEERXRENRFEUFFEH TS
gL 2 IR E
LR, EBRATETON .. ME163F 20641

HARRRAEZ 7], 45 ZLCDV-C TSHM R4 X
(folate-binding site) M dUMP & & X (dUMP-
binding site) (E2), XZTSKIEINRELASAT D HIFR
AIhEERR YA, 3 AClustal XE 4 X LCDV-C TS
BTN 04, BRfESEUIERREM B LT
K24 NEFE B A, LCDV-CH HE S sMTS
HEERTHD, mEEKELESA S (PCH) &
4 Prol67. Cys168FIHis169 = MEFEE. Ak,
Xt VAR R B TS ThEEAT i thAR, BRERER
TR ECIV TS 7EF48F 7407 . #EH162FE 2108
R 4, thBRE SHERMAUMPE 4 15N Th
REX, [EAFEFHDIPEERE, H—, TFV TS
BRK T AUMPS & IX LT A &2/ H -, ATV
TSR RAUMPE; & X _FHFHI BT B 23R, 5k
%k T AUMPH & I XE Ay B AR, S¥EPCH
(=P

folate-binding site

TFV 0 - -

ATV 0

LCDV-C 1 ~—MANEEG-YLNQLKYILANGRLKIDRYGTGTLSYFGLQNRYDLST-FPLFTTRRMFWRGIVEELLWFLKGSTNSLNLSK
CIV 1 MDINNEEKQYLNLLEKVLFQGEDRDDRTGIGTKNVFGEQLKFNLRTSFPLLTTERVFWKGVVEELLWFISGSTDVSVLNQ
TFV 0 -
ATV 0

LCDV=C 77 KSVHIWDAYGSKSNLNRLGFNHREEGDLGPIYGFQWRHFGANY INCHTNYEGQGIDQLQIIITKLKTNPNDRRILMTAWN

CIv 81 KGVKIWNKNAESFYTQQNLFK~--KN-DLGPIYGFQWRHYGENYIGCDNKYG~-GIDQLKNI ITTIQNEPWDRRMILLAWN

N dUMP-binding site I
TRV 1 ————-MATPPCIAMCQFYVSDGE-——-- LSCHLY QRSGDMGLGAPFNIASYSLLTYMMAHVTGLE -~~~ PGEFVHTLG :
ATV 1 MGFGVPFNIASYFLLTYMMAYVTGLE—-——— PGEFVHTLG E

LCDV-C 157 PSDIDQAVIPPCAVLCQFYATDNI-~—-— LSCQCYQRSABMGLGVP@V ASYALLTYLTAQAVDMK-—~——PGEFIHTLG
CIv 156  PKDNSKMALPPCHCIAHFDVSSKINGKRELSCHLFQRSABMGLGVPPNIASYALLTHI JAHVSSTNTELIVPGDFVHTLS
Rokipk RRKIbORE REREEE . B KRR

TFV 65 DAHVYLDHVEPLKTQLEREPRPFPTLRINRSVESLDDFKAEDFSLEGYDPHPTIKMRMAV
ATV 36 DAHVYLDHVEPLKTQLEREPRPFPTLRINRRVESLDDFKAEDFSLEGYDPHPAIRMRMAV £
LCDV-C 227 DARIYLDHIKAIKEQLTRSIKPSPVVILKKKSDNLCDFKFEDFELLDYNPHPAISLDLSI
CIv 236 NVHIYKNHIKALTEQISRIPRKFPTLEI INKNKNIDAFSSKDFVLKDYNPYPALEMEMAL

Boxipk R R Rtk B kB B L U H ok bk ok KPR B HEH

B 2 DFATERE TS H T4 3R
Fig .2 Alignment of the amino acid sequence of the TS from different iridoviruses.
Identical amino acids are denoted by asterisks, the dot indicates the position of well conserved amino acids. Dashes indicate arificial gaps that have been

introduced to achieve maximal amino acid matching. The critical amino acid residues for catalytic function are presented in italics, other 21 required

amino acid residues are presented in boldfaced letters with gray background
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FIHREHMEE, B LCDV-CTS BEAEENZRME
AR, X R EERIE T 5 F HT R R85 IR E
2.4 LCDV-C 5XE# TS BELEX R R RGiH

ki

BLCDV-CH H T 19N F I TS B E R /T 51
AT T WX, FHEBTREHMAN (B, GRE

JRLCDV-C TSYH AKREMER = H61%, T4
AR A36%, TECIVHRENREF h47%
(%£2). ERGHLH S, —+DMUREITSH T
HEEAKEE, + N\ REZAEY R HRER
B, B XN RBEAY RIILREE M. LCDV-
C TSHEH eI ERERAER LR, HENDF
AFE—H8L, LCDV-C TSEZA S — A% . IXAEA
T#ELCDV-C TSHI L BFE XA 518 EHAEERN
HLERMETHRE R,

£ KRBT IARARRNRERAE (TS) AE RN KRB,

Table 2 Comparison of length and homologies in amino acids of thymidylate synthase (TS) from twenty species.

Name Species' Accession Amino acids Identity/
Number number Similarity(%)

oh i R EEbR(Lymphocystis disease virus-China) v AY380826 286 100/100
A (Homo sapiens) A X02308 313 61777
/N R (Mus musculus) A M13019 307 60777
B K B (Rattus norvegicus) A L12138 307 59177
BE Ty i1 (Danio rerio) A AY005804 319 60177
¥ B 75 1% 8 (Saimini Herpesvirus”) \Y M86409 294 60776
SRR 22 5% B (Areles Herpesvirus®) A M22036 291 59774
BAERE (Ateline herpesvirus®) v T42984 290 60775
EXRBRSHF | B (Heliothis zea virus 1) v AF264019 291 54172
B SR AT 9 8 (Chilo iridescent virus) v AF303741 295 47/66
B2 2L 953 B (Rana tigrina ranavirus (TFV) ) \Y AF389451 124 53172
FREUEE O R E (Ambystoma tigrinum virnus) v AY150217 95 52175
BAWEREEE (Saccharomyces cerevisiae) F J02706 304 57172
A & 2K # (Candida albicans) F J04230 315 55/69
B £ LR R(Trichinella spiralis) N AAF80470 307 56/72
75 W8 5| ¥ B (Caenorhabditis elegans) N AF099673 315 53172
% X(Arabidopsis thaliana) P L08593 518 55774
ARG I+ . (Zea mays) P AF073488 521 54173
KB ¥ 8 (Escherichia coli) B Jo1710 264 44/64
T (¥ % 4& (Bacteriophage T4) \ M12742 286 36/56

Note: a,Abbreviation of species: A, animal; V, virus; P, plant; F, fungi; N, nematode; B, bacterium

b.They are subfamilies of herpesvirus
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CESE DNA mERFEERDH TR M &R
HEZRY, GFEES. BEXOERAREPIFEN
. RTIAARABNE R RENEH
HFEM19 41 o S H RIS S S R 2
AL s AR AR —. BT TS 7
DNA &/ @i XMEER+THE EEER, B
HIRFR TS RS2 K.

OWiE T LRI R ESEREARFS 1
181 LCDV-C H i N B HESI WAL %% 5 o
— B R RBTSEF M. AHA\/R, LCDV-C
FITSEH RIS R & B ThEEX . 24AMRFIhBEAL
. ARSI ILREE. HIMAST 4

HHTSEERTFHRAEHIUHER: EZEVMRE
WEAN DB, FEREYREFEN 74K
B, XAREFETSHEFRREFIEFRHE T KIE.
LCDV-C TSH&t—8:, S ML wmEES
BEKHMEAEERY, ARt FR ST e A F T
AN TEANE, B SBEmHTSERER
Hr=YptiTDNAS i, X4 H QL3 178 E R4t
THAENR. Bk, HEATITLCDV-C TSHIEIE 7]
B, BT REIRE X TLCDV A Atk h) 2 1
HERFR.
HoHBENAEE DNA REEHGE, L%
FAMNTE E AR R B R, Fn T B4
ARRIER RN AR = A B A . Hai iR

TS HEEKIREFARSHNRAZHE. KR
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BEH B ERERLMEEEMEBRRTA. B2
5 B3 LA B AR 18 2 B B FORG B RO R 2 PR AR O R
iE, X-—AH5 LCDV 52k~ AFTEM M. &
BIREE £ SRS, eSS TS XE FAMA
p53 ERMREMFIVERE K, FFHERI TS ZERZ W
HFFES MR A ERRERY. THERRENR,

BEEWREEY, AL TS ZFEAEKANIINRAR
IREREERE AL R A, 3 A A P TG PR TR R L T
B, B TS BEERERKENME, TH MR,

AT, B LCDV-C B TS, #H BT A By
3% LCDV BUR 4 THLEE

Mus musculus
98 Rattus norvegicus
Homo sapiens
Danio rerio

100 r— Ambystoma tigrinum virus
‘ Rana tigrina ranavirus
Heliothis zea virus 1
Trichinella spiralis

C rhabditis elegans

Saimiri herpesvirus
Ateles herpesvirus
Ateline herpesvirus
Zea mays

Arabidopsis thali
T P

Chilo iridescent virus
LCDV-C

Candida albicans
Saccharomyces cerevisige

LT Phage T4

Escherichia coli

()

B3 HE20 R (R)MTSE R T IR R Gt
Fig.3 Phylogenetic analysis of TS based on the deduced
amino acid sequence from 20 different species.
LCDV-C (P EMHEEMREL) ; Homo sapiens (N) ; Mus musculus (/)
B): Rartus norvegicus (K R.); Dario rerio(BE % #4); Saimiri herpesvirus
(R RBAZHE); Areles herpesvirus(YRIRAIZ /2 ); Ateline herpesvirus
CBRIEZIRE) ; Heliothis zea virus | (KPR EE 1 BY) ;Chilo iridescent
virus (R REITRIRH ) ; Rana tigrina ranavirus (EEUEEE ) ; Ambystoma
tigrinum virus (SR VSEIREE) ; Saccharomyces cerevisiae (RRIERER}) ;
Candida albicans ( A &K ) ; Trichinella spiralis (FeEHEH);
Caenorhabditis elegans (W51 FF ) ; Zea mays (£K); Arabidopsis thalina
(FLBIFF3E); Escherichia coli KA B ) ; Phage T, (T4 BB 4) . Accession
number of 20 species was listed in table 2.
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