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BF 7% 5 R o #E B (55 3C) : Lymphocystis disease virus (LCDV) is the causative agent of
lymphocystis disease (LCD). In this study, we investigated the mechanisms of lymphocystis cell
(LCC) formation in the fin of the fish infected with LCDV by microarray experiments. LCCs firstly
appeared in the fish at 21 days post infection (dpi). The microarray detected a few gene
expression changes until 28 dpi. However, the number of expression changed genes
dramatically increased between 28 and 42 dpi in which LCCs formation was active. From the
microarray data analyses, apoptosis-related genes and cyclin-dependent kinase (CDK) 1 gene
were down-regulated, whereas cell fusion and collagen related genes were up-regulated at 42
dpi. Together with the observation of morphological changes of LCCs in previous reports, it is
suggested that the following steps are involved in LCC formation: the virus infected cells (1)
experienced inhibited apoptotic death before enlargement, (2) experienced inhibited cell
division by G2/M cell cycle arrest, (3) were hypertrophied by cell fusion, and (4) were
surrounded by a hyaline capsule associated with the alteration of collagen fibers.

SEATIRTERR
(AL - 1)
[EEESES Rk & &t
AR ERH 3,400,000 1,020,000 4,420,000




Fesy 8

B DR Al B K PES: K PESE— %
F—T —R VR AT 2AH, VRS AF AT A )L A
1. WFIEEAE S WO =

VRV AFAFICRB LI MEO OB -
BE- R 0T, EAD 1mm Bl EIch7e5Y)
VARV AT AN (lymphocystis cell; LCC)E R
ENDE RSB END(X 1). 20X
N, RIFIIRRENIZW TZHZenn, 13
FZHREH SN TEY, Kb E<mbmmsiTn
HRFETVANAIFTHD. AFIL, ZRETICH
H 100 FEFELL EOP K f I JOMEKfCRS
JENHESINTERY, BARZELRMmET V7 i
[E T, BIEETATERTHIENALIL T
5.

JER ™ AV AD T AV AFEH 2T FE DN T
1%, LCDV Z 84545 7= O IERA L AR N E
ENETFAELIRNZEDND, 2 LLTHATIA
noT=. LL72inh, 1980 SRS RAY O
F2TF — L8 LCC D OAFL e A v i 1%
W, RK7ALAT 2 &84 DNA 24 ) 2MZHFiD
TANATHDHEEHLNIC LT, £2, 1997
FERBLW 2004 FIZNAY EHFEOBFZES L —
TNEHS T, I—my /T AT AEGET 5
LCDV O&%7 ) AELHIN iz S T-. Zhbns
ST AXX, ENZE UK 100 kbp & 200 kbp
ThHHIERHLIZSIL, RFEOT AN AT
Bbnd, 7 LERIIKRESRRDZENHE
Shic. F7-, #ESD open reading flame
(ORF)IZZZ14) 100 L 240 fH STV
%78, BIIEETIZ LCDV D& {5 T H CHERE N
BHONZ 72> TWDH DL, MCP, ATPase 725
ETe 10 IRV, oSO, K
WRIZBE T 2RI <M BIThTETV DL
DD, KRR KDOFFRTHSD LCC DA
H =X AT A FEIE <A TV,

2. DB

RRETIL, Vs ATF 2AJH{ O B KO R
THAHMMILDIE KA AT =X L% fig B35 7=
WIZ, LCDV YD1 B IO A LA
DELF RIS aT AN T~ A0 T LA ER
THALNCT 5. I, Lo ERERICEKS
&, WSODDBERERIN DD A )V A8 AL % A
ML AL, MAE o IR RIEICBI 5L
TWAEE T 2L T A2 BT 5.

3. gD J5 ik
(1) Vo iRy AF A7 A L A& fa D HE GRS
F R BLARAT

%%ﬁé’] IZET AT RS AF AT A )L A% [ s
L, figlck I o8B R8s be~Ararv A
TR TR ZIRAT LTz,

ETAMRER 1.09)% 60 B3> 2 X #EfiFL,
FEBRIXIZIE LCC EEREE, % IR XIZIXBEH
WA iR UTe . BRI, JKIRIE 20

IR,
bl Oy
YL 0,1, 3,7, 14, 21, 28, 42 BL 1156 H
H (dpi)lZZNZE LD XG5 EIR T >R M
YTV LT AV U ER A D
JEfEn>5 DNA 2L, V7 %45 PCR Tv
ANABEFERER Lz, — 7, SEEDDI
mRNA ZHHL, 5 EB IOV ANV ADE T
FEREEB b E~A7aT L AER TR, ~A
a7 L AEBRITIE, BT AD MR« B D
it I8 (3 DD EIRDHAT — ) «fAR R D
EST M1 3-3< 13,240 7 u— 7 NE#HEn
=79 N7 A —LE AW £, BT ANDSY
HES 7= LCDV 1ZBEICY ) MEMT M T T
HIEMD, F—H_R—2 FOHEFESIS ORF
WL T e —TE2ERL, ~//aT7L LD
TN — DI HE LT,

AAENE— A — AR EIF L T 1%

(2) LCDV &A1& F DR REfEHT
FEBRQOOFRICE S, BEMEE HW
N7 AT 272 a 5T, IERICBEDS
VANABIEFERET S22 HE L
THEBREZIT- 7.

KT AT 2l va R EIE5720
(1Z1%, DNA DOEARREZmDDH T &N
BEL 72 % . £ T TAMIZETIX, DNA OEA
LIRSV N AN B a7k S o 5 WAL Nl IS
7o, b ofEE, T AT =T v
a RIEOFEE, I L DNA OEM L,
S HIZDNA REZME Lo, BRAEAII I
~ A ) A0 M H KR LA (CHSE-214 #f
fa)E 72T e T A GEHRRLMIL(FFN A
J)zERv, F T AT 27 va rilEiT
FuGENEG6 Transfection Reagent
(FUGENESB) % 7= 1% Transfast Transfection
Reagent (Transfast)%ﬂﬂb\t DNA D& A
ERIL, St ¥ v /7 B (GFP) %388
THRY Z—L il ~E AL, GFP %%
BLTWD iR G EZFEET 52 L TR
Oz,

RIZ, LCC Rk T Bl A i > o T2
5 -5(053L, 007L, 019R, 081R, B LW
163L)»> ORF fHIk % 7 v—=27"L, [alHH
FlZEAL, JEREFII AL & i~ 7.

B e S
(1) ViR AF A7 A L A e fa D M8 FE R &
TR BUEAT
21dpi MOFIEER I BIEL S, FEIE TR
eI AN, 60dpil21292.9% 28 LT-. &7
AV A1 14dpi [Z910 TR &4, 28dpi 7265
42dpi DT 260 fFIZBE L. ZDZEND,
LCDV 13514, 2 HF?@WM%H@%&



FHWETANATHY, TANVABN 5B 0L
72o71%1C LCC Uk FB R THI LML E
ot
~ AT L ARBRORE RS, 28dpi T T
LA DG TREEE n'u&)%hfofzp
ST LUERRS, TA NN ADREANERLT
V= 42dpi T, 913 DR T I3 CREL R
AP BIERS N, ZNHDIFEAE I FBLIMN
i‘fﬂﬁ%ﬂéhfz’ob (Table 1), ¥FIZT7 HRb— A
(2B DB AR T HE DR BLHIH S AT
71(F|g. 1).

‘Table 1 The number of expression altered GO term annotated genes in the virus infected fish at |Azdp i by Blast2GO analysi
30 50 number

Number of gen
< 1.5-fold down (total)  Pvalue | 5-fold up (total) P value

13 (68) <0.001

10 (66) 0.002

y (0006919) 4(10) 0.003

\00430(() 3(12) 0.029

6.(46) 0.032
11 (60) <0.001 8 (60) 0013
9(53) 0.002 7(53) 0.020

3(15) 0.048

14 (44) <0.001
7(36) 0.003 5(36) 0.039

y 34 0.003

ent (0005884) 3(13) 0.035
2 ing (0003779) 10(101) 0.037
on (0007155) 10 (69) 0.003 9.(64) 0010
n (0030054) 6(22) 0.001
4(16) 0012

5(17) 0.003

ation (0030198) 5(17) 0.003

3(4) 0.003

6(26) 0.003

1 (0008544) 4(12) 0.005
e (0008360) 5(24) 0.010 4024 0.038

5615) 11(99) 0.018
nent (0007517) 4@ 0.026 41 0.026
skeleton (0005200) 4(22) 0.030

5(14) 0.001

0.050

Fig. 1 Up-regulated and down-reg the fected cells in apoptosis pathways analyz dbyth KEGG
PATHWAY Database (Filters: p < ousua hange JS)G o ell; up-re gung . black ol dow regulated gen
‘white cell; not-changed gene, blank cell; no homologous gene in the microarray plat tform used n ths (dy

—RHNZT ANV AL IX T AR — A& D
M FHEINADIZX LT, LCCIET AR
— VAP EENDI LIRS,

7o, AR E BB E OB AR TR BLUCH 22 b
OO, FRIZ, G2 #1HDH M HIOBATIZE
5-4% CDK1 ux%@%éfﬁmi 39fEFEAL T
72 (Fig. 2) . ZOZENG, TA VARG a1 35
fia /\ﬁ”@ﬁﬂiéh’cwtk%zghé =51,
KEBGy DIBAR T HBBIHI S CTzich
73%9%@“, AR S REEEE T B L7 —S
VBB R OFBLEITIEINL Tz,

LL EOFERDS LCC FERAD =K D&HER T
DL, TANVAREGEHIIL T AR — v ADFEE S
ctUw‘Eﬂﬂ’V\ﬁ”#Tfﬂﬁ%Uéhé %@?ﬁfz, A A
MY, LCC DR EMIIX, ZHETI _n’ﬁ%%
%E’ﬂﬁnf%ﬂ éhfu\é:*;—ﬁ/fﬁfﬁ
> TR & Iﬁ)%bhé_kb>rﬂ*ﬁéht
(Fig. 3).

Fig. 2 Up-regulated and down-regulated gen

celcyce pathways by the KEGG PATHWAY Da t base (Fier: p
0.05, fold change > 1.5). Gray ny ene\k\l g
blank cell; no homologou g in the microa yp\ latform used in this stu dy

G2/M cell cycle
related genes

lllllllllll
cellanhmnce d vl oskeleton
late

Collagen related genes | |

Fz, VANVARUR T DR BLACZT 22,
LCC JZhki§i2 5 >(053L, 007L, 019R, 081R
BEO 163L)DBAR T ORHSHEIML THDHT
ERHBIIENT.

(2) MIRRALHIRIZ BV TEVY DNA O A%)
KNRESLNT-DIX, FUGENE6 % W4
TH-o7=. CHSE-214 fEicB W\ T, Ik KD
DNA O AR (31.5%) 185700, &
KL DNA DERELA 6:1 DS F T, DNA I
4 0.3 pgmbL ELI= A Tholz, — T,
FFEN #ifaiziv T, uftﬁé: DNA D EM
723 3:1 @%#FTT*, DNA &% 0.5 pg/mL
LA, B kKD DNA O A %h=R
(18.3%)73% %m_ ZEDHE R g Hip e
b, AP CHWERLHRICBIT 58T
VAT 27 a2 Tlk FUGENEG O 23 %) 5
BITHY, ARIELFAVEN BV DI CHSE-214
I Th D ENP B L2 -7(Fig. 4).

RIZ, LCDV &inFDEEMAT D72, A
RCHESNL LTSk Chov AT = ar &7
7-. LCDV &=z 1 »5H 5 >(053L, 007L,
019R, 081R, BXW 163L) %, = h T h
CHSE-214 fifl@icE AL, REFMZELZH
N7 KRNI LCDV BisFid,
RERHEG T OO, ALY RIS T
VW% LCDV-1 BLW LCDV-C [ THIFETH
D, LCC ORI EAHRNTHRIEL Tz
BE T ThD. JF MBI T A BleL
7oL A, & XM CTHLMNRERE A LI T
PRENZ2D T, WIS, FHRAE M Tt
ez BlgELEs 5 007L ww) 4 >0
LCDV #E{z+%E AL/ TIL, BlaFD



FHBUZ MO B LT b
Motz —JF, 0070 #\IE a3 B g7/ ia
T LT VIR BIE SN (Fig. 5).

z
2

m CHSE-214 cells
0 FFN cells

Rate of GFP expression cells (%)
3 T

°

025 05 |075| 1 025 05075 1 |025|05 075 1 | DNA (ug/mL)

11 ‘ 21 ‘ 31

‘ Transfast : DNA

cells (%)

Rate of GFP expression

FuGENES6 : DNA

Fig. 4 Ratio of GFP expression in the two cell lines. Transfection was conducted (A)
FUGENE6 and (B) Transfast. The combination between charge ratio and DNA amount was
investigated in each cell line.

Fig. 5 CHSE-214 cells transfected with LCDV genes.
(=) Golgi body, () rough-surfaced endoplasmic reticulum (ER)
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